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LOI NOI PAU

“Hgi nghj toan quéc Trdc dja cong trinh vi sw phat trién bén viing” (ESDD 2023) duoc
t6 chuc tai Truong Dai hoc Mo - Dia chét, thanh phd Ha Noi trong ngay 21 thang 9 nim
2023. Hoi nghi do Truong Pai hoc Mo - Pia chit, Vién Cong nghé Xay dung IBST, Vién Po
dac Ban d6 Viét Nam, Cuc Do dac, Ban do va Thong tin dia ly Viét Nam, va Hoi Trac dia -
Ban d6 - Vién tham Viét Nam dong t6 chuc.

Ban T6 chirc Hoi nghi da nhan duoc hon 40 bai bao cua cac nha khoa hoc trong ca nuéc
guri d&én Hoi nghi. Cac bai bao khoa hoc ding trong tuyén tap nay trinh bay nhitng két qua
nghién ctru V& cac linh vuc: Tu dong hoa Tric dia va Xt Iy s6 liéu; Dinh vi - dan duong va hé
thdng dinh vi vé tinh toan cau; Céng nghé méi trong do dac, xir ly sb liéu va quan tric cong
trinh; Cong nghé quét laser hang khong va mat dat, Cong nghé may bay khong ngudi l4i trong
ng dung doi song sé 4.0; Ung dung nén tang cong nghé 4.0 trong Tric dia cong trinh; Kiém
dinh chat luong cong trinh; Cong nghé Pia khong gian trong quan Iy bat dong san di duoc
Ban Khoa hoc cua Hoi nghi thim dinh, bién tap.

Ching tdi hy vong rang, Hoi nghi khong chi la dién dan dé cac nha khoa hoc chia s¢, thao
luan nhiing két qua nghién ctiu méi vé cac linh vuc khoa hoc lién quan ma con la dip dé cac
t6 chtrc, ca nhan gap g, ky két hop tdc nham nang cao hiéu qua hoat dong khoa hoc va cong
nghé trong cac linh vuc chuy&n mon.

Trong qué trinh chuén bj t6 chirc Hoi nghi, Ban T chtrc da nhan duoc sy hd trg ca vé tinh
than va vat chét caa cac té chirc va ca nhan. Ban Té chac Hoi nghi xin guri t6i cac td chic, ca
nhan 11 cam on siu sic vé su ung ho, giup d& quy bau do.

Cuébi cuing, thay mat Ban T6 chuc, t6i chan thanh cam on Pang uy, Hoi dong trudng, Ban
Giam hiéu Truong Pai hoc Mo - Dia chét va cac don vi lién quan da tao moi diéu kién thuan
loi, g6p phan vao thanh céng cua Hoi nghi. Dac biét, tran trong cam on cac tac gia bai bao,
cac phan bién, cic nha khoa hoc va cac nha tai trg da c6 dong gop quan trong vi su thanh
cbng chung cua Hoi nghi.

Xin chan thanh cam on Nha xuat ban Khoa hoc tu nhién va Cong nghé da giup d& xuat
ban tuyén tap nay.

Thay mit Ban t6 chiic

Trudng Bo mon Trac dia cong trinh
Truong Dai hoc Mo - bia chat

PGS.TS. Nguyén Viét Ha
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banh gia thut toan BeamForming va MUSIC trong ud6c lugng
van toc xuyén tam cua dong chay beé mat bién trich xuat tur dix li¢u
radar mang tan so cao

Pao Duy Toan" ", Hwa Chien?, Cheng- Da Lee®, Tran Dinh Trong Ha Thi Hang®,
Nguyén Binh Huy', Khiic Thanh Déng®
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2 Vi¢n Khoa hoc Thity van va Dai duwong, Pai hoc Quéc gia, Padi Loan (ROC)
3 Vién Cong nghé Cang bién va Hang hdi, Vién Giao théng van tdi, Bé Giao théng van tai, Pai Loan (ROC)

TOM TAT

Nghién ciu nay sir dung thuat todn BeamForming (BF) va MUtiple Signal Classification (MUSIC) dé
xé4c dinh van toc xuyén tdm cua dong chay bé mat bién tir phd Doppler - khoang céch thu nhan bai hé
thdng radar mang tan sé cao. Két qua woc tinh s& dwoc so sanh véi quan sat do tai chd dé danh gia hiéu
suit cua cac thuat toan. Két qua so sanh cho thiy thuat toan BF cung cap dir liéu van téc xuyén tam 6n
dinh nhung d¢ phan giai goc dinh hudng thap, trong khi thuat todan MUSIC cung cap dir liéu c6 do phan
giai goc dinh huong cao hon, khong gian bao phu rong hon, nhung ty 1¢ ¢o san cua dir liéu & muc trung
binh. So sanh chudi thoi gian va biéu do phan tan cho thdy két qua udc tinh tir ca thuat toan BF va
MUSIC phu hop véi dit ligu do tai chd vaéi hé s6 twong quan, R = 0,795 va sai s6 trung phuong rmse <7
cm/s. Két qua nghién ciu chi ra thuat todn MUSIC cung cap két qua wdc tinh van tdc Xuyén tam co hiéu
sudt twong dwong véi thuat todn BF, ching minh thuat toan MUSIC c6 thé &p dung dé thu thap dir liéu
van tdc xuyén tdm dong chay bé mat bién tir phd Doppler - khoang cach cua hé théng radar mang tan sé
cao vdi d6 phéan giai khdng gian cao.

Tir khéa: Van tbc xuyén tdm dong chay bé mit, radar mang tan sé cao, conventional BeamForming,
MUItiple Signal Classification.

1. D3t van dé

Hé thdng radar tan sb cao ven bo (high-frequency coastal radar) la cong cu chu lyc trong giam sat su
van dong I6p nuéc bé mat bién khu vic ven bo va vang duyén hai caa nhidu quéc gia trén thé gioi
(Roarty va nnk., 2019). Cong nghé radar tan sb cao da duoc tng dung trong thu thap dit liéu dong chay bé
mat bién tir nhitng nam 70 cua thé ky XX (Barrick, 1971; 1972a; 1972b; Crombie, 1972). Phién ban
thuong mai dau tién cia céng nghé radar tan sé cao ¢ ang ten thu nhan di liéu duoc ché tao vai cau hinh
don cyc chéo/vong (cross/loop monopole), dugc phat trién bai Phong thi nghiém Truyén song, Cuc quan
ly Khi quyén va Pai duong (NOAA), Hoa Ky vao nhiing nim 1980, duoc biét dén vai céi tin CODAR
(the Coastal Ocean Dynamics Application Radar) (Rubio va nnk., 2017). B phan thu nhan cua hé théng
CODAR c¢6 3 ang ten thu, gdm 1 ang ten don cyc dat thing dung dé thu nhan tin hiéu phé tan xa nguoc
ctia séng radar va 2 ang ten dan ngang vudng goc véi nhau duge dung dé xac dinh huéng dén cua tin hiéu
radar. Pho Doppler - khoang cach ciia mdi dng ten thu 1a da hudng. Véi cau hinh ang ten cua hé théng
CODAR, c4c phuong phap xac dinh hudng dén cua tin hiéu, ma cu thé 1a thuat toan MUSIC (MUTtiple
SIgnal Classification) duoc sir dung dé xéc dinh huéng dén cua van toc dong chay xuyén tam tur tin hiéu
pho Doppler bac 1 (the first-order Doppler spectra) (Barrick, 1972a; Barrick va Lipa, 1985; Kirincich,
2017; Liu va nnk., 2014). Phuong phap nay cung cap dir liéu van toc xuyén tdm dong chay mat véi do
phan giai goc dinh huéng cao (1°), nhung do chinh xéac cua két qua thu dugc phu thudc 16n vao db hinh
pha ang ten thyc té (Barrick va Lipa, 1986), do nd dé bi bién dang dudi anh hudng cua cac nguon nhiéu
khéc nhau va phai dugc do hiéu chinh lai hang nam. Tir nhitng ndm 1990, mét hé théng ang ten thu mang
pha tuyén tinh (the linear phased-array receiving antenna system) duoc phat trién bai Pai hoc Hamburg,
Duc di duoc dé xuat dé thu nhan dit lidu truong séng va gio trén bé mat bién tir tin hiéu phd Doppler thi
cip (the second-order Doppler spectra), dugc biét dén véi cai tn WERA (Wellen Radar) (Gurgel va nnk.,
1999; Helzel va nnk., 2006; Rubio va nnk., 2017). Trong hé théng mang pha tuyén tinh, 8, 12, 16 hoic 32
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ang ten don cuc duoc sap xép theo mot dwong thang tuyén tinh véi khoang céch ngang d giir 2 dng ten
lién ké nam trong khoang tir 1/3 dén 1/2 chiéu dai budc song radar phat di (1). Do bd phan thu tin hiéu 1a
cac ang ten don cuc nén d6 hinh pha thyc té rat gidng vai do hinh pha ly thuyét. Cac thuat toan tao chum
tia, ma cu thé la thuat toan BeamForming (BF) duoc sir dung dé trich xuat phd Doppler - khoang cach cua
tin hiéu radar tan xa nguoc & cac hudng khac nhau (Bhuiya va nnk., 2012; Gurgel va nnk., 1999). Thuat
toan BeamForming cung cap tin hiéu thanh phan phd Doppler thir cAp manh mé hon, két qua udc lugng
tham sb truong song ciing dat do chinh xac cao, nhung d phan giai goc dinh hudng khdng cao do gioi
han bai sé lwong phan tir ang ten thu (Gurgel va nnk., 1999). Bé tim kiém phuong vi chinh xac hon,
nghién ctru nay thir nghiém ap dung thuat toan MUSIC dé xac dinh van téc xuyén tdm dong chay bé mat
bién tir di liéu phd tin hiéu tan xa nguoc thu thap boi mot hé théng radar mang tuyén tinh tan sb cao. Bai
béo ciing trinh bay khai quat qua trinh x4ac dinh van téc dong chay xuyén tam tir tin hiéu radar tan xa
nguoc st dung thuat toan BF va MUSIC. Céc két qua s& duoc so sanh vai dit liéu do tai chd va cac thao
luan duoc dua ra dé danh gia hiéu qua cuaa thuat toan MUSIC.

2. Co so ly thuyét va phwong phap nghién ciru
2.1. Phwong phap nghién ciru
2.1.1. Thugt toan BeamForming

D¢ xac dinh van tdc xuyén tam cua dong chay bé mat bién tir dir liéu tan xa nguoc thu nhan bai hé
thdng radar mang pha tuyén tinh tin sé cao, dau tién can trich xuat phd Doppler - khoang cach (Doppler-
range spectral) tir c4c hudng dén cua tin hiéu sir dung thuat toén BeamForming. Trong phan nay, cac tac
gia sé trinh bay cach xac dinh hudéng dén cua tin hiéu d6i vai mot mang pha tuyén tinh thong nhat.

Trong mét hé théng mang pha thu tuyén tinh thdng nhat, bo phan thu gdm M phan tir ng ten dugc dit cach
nhau mot khoang cach khong d6i d (Hinh 1). Cac ang ten thu nay s& thu nhan tin hiéu tan xa nguoc tir nhiéu
huéng va tin hiéu dau ra duoc st dung dé tinh toan pho khong gian theo cac phwong hudng khac nhau.

Huéng .
nhin Nguon phat
’ A
ch | nh / / / ) y ) y
cua Y, y

mang

/ / / /)

v

M-2
Hinh 1. Mang radar tuyén tinh véi M dng ten va nguon phat dén tir huréng tao véi hieéng nhin chinh
cua mang radar mét goc 6

Gia sir, ton tai tin hiéu tan xa nguoc xuit phat tir ngudn xac dinh c6 huéng dén hop voi huéng nhin
chinh cua mang radar mot géc 6; va tin higu di chuyén mot khoang céch nhét dinh téi ang ten gan nhat
(ang ten s6 1), IaS i(t)- Sau do, tin hiéu tiép tuc di chuyen lan lugt t6i cac phan tu khac trong mang pha
ang ten. Gia st rang tat ca cac tin hiéu duoc tao tir tit ca céc ngu0n D, S;(t) (1 <i < D), téng tin hiéu va
nhiéu duoc thu nhan boi ang ten thr M tai thoi diém t c6 thé duoc biéu dién nhu sau (Bhuiya va nnk.,
2012):

o xy(t) = S () B, /MM 4y (), M = 1 (1)
Phuong trinh (1) c6 thé dugc biéu dién duéi dang ma tran nhu sau:
x = As(t) +n(t) (2)

trong do: x 1a tin hiéu tong, s la vector cot dir liéu thu nhan dwoc boi M phan tir dng ten, n 1a nhidu cua
c4c ang ten d6 va A la ma tran 14i, bao gdbm vector l4i cia mang ing ten dap (g theo mot hudng cu thé.

Y tudng la diéu khién mang pha thu theo mot huéng nhit dinh trong mot khoang thoi gian va do cong
suat dau ra. Khi huéng li tring véi huéng dén cua tin hiéu tan xa nguoc s& thu dwoc cong suat dau ra toi
da, co nghia 1a phuong vi cua tin hiéu dugc xac dinh. Lic nay, hé thdng mang pha tuyén tinh radar tan sé
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cao c6 thé duoc xem nhu 12 mang dién tir. Mot vector trong s6, w, duoc thiét ké dé két hop tuyén tinh dir
liéu & cac ang ten thu nham tao thanh mat tin hiéu dau ra duy nhat Y (¢):

ﬂ o Y () = T, wixi(£) = wHX(t) (3)
Tong cong suat dau ra trung binh cia mang pha trén K Ién chyp nhanh la:
P(wW) = =T Y ()17 = =Tk whX ()X (1) w )
hoic:
P(w) = WHRxxW (5)

trong do: w; 1a trong s tai ngudn i, dau “*” thé hién cho su phirc hop, “M*” thé hién cho su chuyén vi lién
hop cua vector va R 1 ma tran hiép phuong sai cua tin hiéu.

Gié tri ciia w; ¢6 thé thay ddi tuy theo thuat toan BeamForming ap dung khac nhau. Déi véi thuat toan
BF thong thudng (conventional BeamForming), A(8) véi goc quét 8 dugc lra chon nhu vector trong sb:

- w=A(0) (6)
Thay (6) vao (5), cong suat pho dau ra dugc xem Ia ham cua phuong vi, xac dinh nhu sau:
P(0)sr = A(O)RA(O)" ()

Huéng tao ra cong suat dau ra dang ké nhat 1a hudng uéce tinh cua tin hiéu mong muédn (maya va
nnk., 2012). Qu4 trinh xir Iy nay s& gidp tao ra ph Doppler - khoang céch ¢ tat ca cac goc diéu khién 6
(Hinh 2).

Tir phd Doppler - khoang cach tai mdi huéng dén 6;, cac tham sé cai dat dau vao gom van téc xuyén
tam cuc dai, tan sé phét cua tin hiéu radar, gisi han can duéi cua ti s6 tin hiéu trén nhiéu (signal-to-noise
ratio - SNR), gi¢i han ciia phd Doppler bac 1 s& dwoc xac dinh. Dya trén thuat toan phét hién theo ngudng
hogc ky thuat xur ly anh (Kirincich, 2017), vi tri va ndng luong cua thanh phan phd Doppler bac 1 s& dugc
xéc dinh. Cudi cuing, van téc xuyén tdm trung binh cua dong chay bé mit bién tai mdi khoang cach va goc
nhin 8 dugc udce luong.

So db tém tit quy trinh tinh toan, wdc tinh van tdc xuyén tam caa dong hai luu bé mat duoc trinh bay
trén Hinh 2. Trong do, quy trinh xac dinh phd Doppler - khoang céch cia ting ang ten thu c6 tham khao
chi tiét trong tai liéu (Dao va nnk., 2019).

Hé toa dé cla cac phan tir
ang ten thu Phé Doppler — Khoang cach
culia cac anten thu
s

dsing " dsing

F = +f 3 +f
a o a

M ‘M1 m-2 2 1

Tinh vector diéu khién

A(0) = [a1(8) az(8) - am(8D]T
= w(6)

: 2 3

! Y = wiX(t) Cira s8 lam muot
Lap lai 1 K — (Hamming,
v&i géc P(o) = EszIIY(tk)IZ Blackmanbharris,..)
0; khac

E ______ Phé Doppler-Khoang cich Than:n s6 dau vao

(tai mdi géc didu khién, ;) (Maximum Vy-qq_vet)
| |

Tinh van t&c xuyén tam
s dong chdy bé mit bién

A
Veaavet = (Frbragg = Fr_pragg) 2

Xac dinh vij tri cia phé bac 1
(o)) > RCS + 2*std)

Hinh 2. So dé udc tinh van toc xuyén tam dong chay bé mat bién tir tin hi¢u tan xa ngurot ciia mang radar
tuyen tinh tan sé cao sir dung thudt toan BeamForming

2.1.2. Thugt todn MUSIC

Nam 1986, thuat todn MUtiple Slgnal Classification (MUSIC) di dwoc dé xuit boi Schmidt dé xéac
dinh huéng cua ngudn phat tin hiéu (Schmidt, 1986). N6 la tién dé cho su ra doi va phat trién cua cac
thuat todn cu trac dic trung va trg thanh mot ky thuat tim huéng dién hinh trong hé thong 1y thuyét vé
wéc luong hudng cia phd khong gian. Cac phuong phap tinh toan phd trudc d6 nhu chudi Fourier,
phuong phap Maximum Likelihood, phwong phap Maximum Entropy, ... déu dwoc xir ly truc tiép cho ma
tran hiép phuong sai (covariance matrix) cua dir liéu radar mang nhan duoc, trong khi thuat toan MUSIC
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thuc hién phan tach riéng trén ma tran hiép phuong sai ctia bat ky tin hiéu du ra nao dé thu duoc khdng
gian con tin hiéu (signal subspace) va khdng gian nhiéu (noise subspace) truc giao véi nd. Sau do, tinh
truc giao cua 2 khong gian con nay duoc sir dung dé thiét 1ap ham phd khong gian theo bién goc dé xéac
dinh huéng dén cua tin hiéu thdng qua tim kiém dinh pho. Thuat toan MUSIC kha nhay cam véi vi tri ang
ten thu, do lgi clia dng ten (antena gain) va nhiéu (noise). Noi dung cua thuat toan MUSIC sé& dugc trinh
bay nhu sau day:

Tin hiéu X thu nhan béi mang radar véi M phan tir 1a su két hop tuyén tinh caa N ngudn phat va tiéng
dn, va X c6 thé dugc md ta dudi dang téng quat nhu (Schmidt, 1986):

X1 E wy
X F. 1%
J|=1a@) a@) - al)]|’, - 8)
” , xM FD WM
hoac c6 thé viét la:
X =AF + W 9

trong d6: X 1a tin hiéu tong hop thu nhan bai M phan tir ang ten thu, F 12 tin hiéu dén cua D 1a ngudn phét
bao gém ca nhiéu (W), N = M - D, la s6 lugng khong gian nhiéu, A 1a ma tran hé s6 co kich thudc MxD.
Ma tran hiép phuong sai cta tin hiéu dugc xac dinh nhu sau:

R = E[XX"] = E [AFFHAH] + E[WWH] (10)
hay:

R = APA" + o?] (11)
trong do: P 1a ma tran tu twong quan (auto-correlation) cua tin hiéu radar, o 1a nhiéu noi tai cia timg ang
ten thu va I 1a ma tran don vi.

Gia su:

Ry = APAH (12)
trong d6: Rg & ma tran hiép phuong sai, bao gém ca gia tri tw twong quan va gia tri trong quan chéo
(cross-correlation), chi cua tin hiéu radar co6 kich thuéc MxM va hang la D. Do d6, M-D vector riéng sé
c6 gia tri bang 0. Lic nay, tdn tai mot vector riéng g, dam bao:

Rsqa =0 (13)
Thay (12) vao (13):

APAPq, =0 (14)
hoac

qs"APARq, =0 (15)
Do P la ma tran lun duong, nén (14) c6 thé hiéu thanh:

Afqy =0 (16)

Phuong trinh (15) 6 nghia rang N = M-D vector riéng (vector nhiéu riéng) trong ma tran hi¢p phuong
sai tin hiéu la truc giao vdi tat ca céc vector diéu khién tin hiéu D. Py chinh 1a ¥ nghia cta thuat toan
MUSIC. Do d6, ton tai ma tran riéng Q,, cua cac vector riéng qq va c6 kich thugéc MxN. Pho gia cia
thuat toan MUSIC c6 thé duoc xac dinh nhu sau:

) Pyysic(0) = m 17)

Trong thuc té, ching ta khong cd Rg¢ ma chi cd R. Nén Q,, s& duoc tinh toan tir viéc phan gia gia tri
(eigenvalue decomposition) ciia ma tran hiép phuong sai R theo biéu thic sau:

= Q4 + o*NQ" (18)

Ldc nay, Q bao gdm ma tran tin hiéu Qg (MxD) twong tng véi gid tri riéng caa D ngudn tin hiéu va Q,,
(MxN) tuong ng véi gia tri riéng caa N vector nhiéu riéng, va Qg L Q.

Mot diém dang luu y 1a gia tri riéng nho nhat cua R 12 gid tri riéng cua nhidu va déu bang o2, Nén, viéc
xac dinh céc gia tri riéng nho bang nhau cé thé gitp phan biét giira gia tri riéng cia tin higu va nhiéu. Tuy
nhién, diéu nay 1a khong hé dé dang. Do d6, dau vao thuong gia dinh s6 lugng nguon dén tdi da. Néu nhu
¢6 M ing ten thu thi s6 lugng ngudn dén nam trong khoang tir 1 dén M-1, con lai s6 lwong nhidu. Tdn tai
vector g, 1a mot trong N vector nhidu (1 < m << N), néu 6 1a hudng dén ciia mot tin hiéu, thi a(8) L q,,
va a(0)q,, = 0. C6 nghia 1a dinh cua Pyysic(0) duoc xac dinh 14 cac hudng dén cua tin hiéu.
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1&Q data Cau hln’h
Radar mang
FFT1 1 l
Phd khoang céch Xéc dinh
—thoi gian A(0)
FFT2 1 :
Auto-correlation (ant;) | Ma tran hiép
[FFT 2y FF T2 ] phuong sai
- (theo khoang
Cross-correlatlon (anHt(i) &antg) | el i 0 6 )
[FFT2p0 FFT2M a1 Doppler) Tinh
Pyusic
Phé Doppler- Xac dinh vi tri
Khodng caich —— cac dinh bac

trung binh nhat

Tinh vén tdc xuyén tdm
dong chay bé mit bién

Veadvel = (Fr bragg = FT_bragg)E
Hinh 3. So do xdac dinh vdn toc xuyén tam dong chay bé mat bién tir tin hiéu tan xa nguoc
cua mang radar tuyen tinh tan so cao si dung thugt toan MUSIC

Pé thuan lgi trong viéc trién khai thuat toan MUSIC, nguoi ta phai gia dinh sé lwong ngudn tin hiéu
dén téi da (D) va xac dinh ma tran Qg, Q,, twong ng Véi s6 lwong ngudn phét gia dinh (1 < i < D). Véi
gia tri dau vao cua 6 tir -90° dén 90° so va&i hudng nhin chinh cia mang radar, gia tri Pyysic dwoc tinh
toan tuong tng Véi s6 lwong ngudn vao i. Néu sé lugng dinh ciia Pyysc bang gid tri cua i thi gia tri goc @
tuong tng Véi cac dinh Pyysic(0) 14 dau ra cua thuat toan MUSIC. Néu so sanh trén 1a sai, gia tri khac
cua i s& duoc 13p lai cho dén khi két thic. So dd wdc tinh van téc xuyén tdm dong chay bé mat bién tir tin
hiéu tan xa nguoc cia mang radar tuyén tinh tan sé cao sir dung thuat toan MUSIC duoc trinh bay nhu
Hinh 3. Cac budc thuc hién gom:

Budéc 1: Tinh toan pho Doppler - khoang cach cia M ang ten thu thong qua 2 1an bién doi Fourier
nhanh (Fast Fourier transfrom, FFT).

Budc 2: Tinh ma tran hiép phuong sai cua tat ca cac tin hiéu thu dugc tir M ang ten. Tinh pho Doppler
- khoang cach trung binh cua tat ca cac ing ten thu.

Bude 3: Xac dinh vi tri phd Doppler bac 1 trong phé Doppler - khoang cach trung binh.

Budc 4: Xac dinh ma tran hiép phuong sai con cua cac phd bac 1 & timg khoang cach va tan sé
Doppler.

Budc 5: Tinh todn ma tran diéu hudng A(0) tir cAu hinh cua hé théng ang ten thu.

Budc 6: Gid dinh s6 luong nguon phat c6 thé doi vai tin higu pho bac 1 tai mbi tan s Doppler va
khodng cach, tinh toan gia tri cia Pyysic, xac dinh s6 lugng dinh va kiém tra lai gia dinh ban dau.

Budc 7: Xac dinh thong tin ve goéc dinh hudng, kh0ang céch, vi tri toa d9, van toc xuyén tam trung
binh. SNR, ... ctia ngudn phét tin hiéu twong wng véi cac vi tri phd Doppler bac 1 di xac dinh ¢ budc 3.
V& ban do van téc xuyén tam cta dong chay bé mat bién.

2.2. Da# ligu thuc nghiégm

Thang 11 nam 2018, mot hé thdng radar mang pha tuyén tinh phién ban MK-I1l cua hé théng Least
Expensive Radar (LERA) hoat dong & tan s6 27,75 MHz va bing thong 300 kHz da duoc lap dat ¢ phia
Bic cang Dai Trung, Dai Loan (Trung Quéc) (Hinh 4(a)) phuc vu cho muc dich quan sat sy bién dong bé
mit bién va giam sat van tai bién xung quanh cang Dai Trung va khu vuc phia Tay trung tam eo bién Dai
Loan (Trung Qudc). Hé thdng radar nay dugc phét trién boi Phong thi nghiém V6 tuyén Hai duong hoc
(Radio Ocenography Laboratory), Pai hoc Hawaii, Hoa Ky, dugc dau tu xay dung boi Vién Céng nghé
Cang va Hang hai (Institute of Harbor and Marine Technology - IHMT), Vién Giao thdng van tai
(Institute of Transportantion), Bo Giao théng van tai va Truyén thong (Ministry of Transportation and
Communications), Dai Loan (Trung Qudc) va hién dang duoc giam sat, van hanh boi Phong thi nghiém
ciia Nhém nghién ciu quan sat Vat Iy bién (Marine Physical Observation Research Group - MPORG),
Pai hoc Quéc lap Trung wong (National Central University - NCU), Pai Loan (Trung Qudc). Trong hé



’-\, ~ 05 T HOI NGHI TOAN QUOC TRAC BIA CONG TRINH
Cessp

DD nd VI S PHAT TRIEN BEN VNG (ESSD 2023)
L
ENGINEERING SURVEYING

FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

thdng radar tan sé cao nay, bo phan phat tin hiéu géom 2x2 ang ten don cuc sap xép theo hinh chit nhat vai
khoang cach lan luot 1a A/4 va A/2 theo huéng nhin chinh caa hé thng radar va theo huéng vudng goc
(Hinh 4(b)), gidp cho tin hiéu truyén di dugc xa hon theo hudng nhin chinh ciia mang radar va triét tiéu
cac tin hiéu tan xa nguoc ¢ phia sau (A 1a chiéu dai budc song cua tin hiéu truyén di). Tin hiéu cua bo
phan phét 1 cac song lién tuc dugc diéu ché tan sé (Frequency-Modulated Continuous Wave - FMCW)
vé6i chiéu dai nhip xung (chirp-length) 1a 0,21666 gidy. Bo phan thu gdm 16 ang ten don cuc dwoc sip
xép theo duong thang tuyén tinh (Hinh 4(c)), véi khoang céch giira 2 phan tir ang ten lién k& 1a 4 m va dat
céch bo phan phat khoang 201 Tin hiéu tir mdi dng ten thu s& dwoc truyén dan theo mot tuyén cap riéng
t6i bo phan thu nhan va phan tach tin hiéu (Dtacq) dat trong mot nha container (Hinh 4(d)). C4u hinh hé
thong ang ten thu cho phép trién khai thuat toan tao chum tia (BF) dé trich xuat phd Doppler - khoang
céch cua tin hiéu radar tan xa nguoc tir cac huéng khéc nhau. Céc phd Doppler - khoang cach duoc tao ra
v6i d6 phan giai goc dinh hudng va khoang céch lan luot 12 10° va 0,5 km, khoang céch thu tin hiéu lon
nhét 1 40 km tinh tir vi tri dat tram radar. Do phan giai thoi gian cua quan sét 1a 30 phat. Cac tham sb
radar lién quan khac c6 thé tim thay trong tai liéu tham khao (Dao va nnk., 2019).

Pé kiém tra cac két qua udc tinh tir dit liéu radar, mot thiét bi song am dé do truong séng va dong chay
(Acoustic Wave And Current profiler - AWAC) da dwoc ldp dat ¢ vi tri 24°18,199° vi do Bic,
120°29,916’ kinh d6 Pong va ¢ d6 sau 30 m dudi mat bién (Hinh 4a) dé thu thap céc thong s6 hai duong
gan 16i vao cang Dai Trung. Thiét bi AWAC nam hoan toan trong viing quan sat ciia tram radar tan sb
cao, c6 phuong huéng va khoang cach tuong tng 12 267° va 4,59 km so véi vi tri tram radar. Thiét bi nay
hoat dong & tan sé 600 kHz va cé cdu hinh Janus véi 4 chum (beams), gdm 01 chum doc theo than thiét
bi, va 03 trum dat can xtng 3 goc, c6 hudng tao véi hudng cua chum doc mot goc 25°. Dit liéu duoc thu
thap theo ting gio va dugc xu ly boi phdm mém Storm do nha san xuét cung cip. Dit liéu dong chay,
tham sb s6ng va phd tan sb - huéng cua truong song dugc wdce tinh, truyén qua mot tuyén cap dan, va luu
trix trong hé théng may chu dit tai try s& caa IHMT theo thoi gian thyc. Dit liéu dong chay tai chd thu
thap boi AWAC dugce xem nhu 1a dir liéu that trén bién va s& duoc dung dé kiém tra d6 cay cua cac két
qua udc tinh tir tin hiéu radar.

Latitude [°N]
N N N N N
& H > > -
S (4.} [+] ~ [+

)
o
w

24.2

241

24

120.1 120.2 1203 1204 120.5 120.6

Longltude[ E]
Hinh 4. Khu vizc nghién cizu va cdu tao hé thong radar tan S cao. Trong do, (a) la vi tri, hudng nhin
va pham vi bao phu cia hé thong radar, (b)va(c) la cau tgo cua hé thong dng ten phdt va thu tin
higu, (d) 1a bg phdn diéu khién truyén, thu, xit Iy va leu triv dit liéu radar
3. Két qua va thao luan

Nghién cru nay phan tich di liéu tai tram radar HTCN thu nhan trong 3 giai doan, gdm:
+ Giai doan 1: 24-30/01/2019 dudi anh huéng cua gié mua Bong Bic.

+ Giai doan 2: 24/4 -24/5/2019 dudi anh hudng cua gié mua cudi mua xuan.

+ Giai doan 3: 06/7-16/8/2019 du6i anh huong cua &p thap nhiét doi va thoi tiét mua he.
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Hinh 5. Bdn do van toc xuyén tam dong chay bé mat bién uéc hrong tir dit liu radar tén sé cao dusi
anh hwong cua gio mua Pong Bac (a, b) va ap thap nhiér déi DANAS (2019) (c, d) sir dung phuong phdp
BeamForming (BF) va MUSIC (MS)

Trudéc tién, so sanh sy phan bé khong gian cua dong chay xuyén tam bé mat bién. O Hinh 5, dong
huéng tim mau d6 chay vé phia tram radar, trong khi dong huéng tim mau xanh chay ra xa tram radar.
Hinh 5(a) va (b) thé hién phan bé khéng gian cta truong van tbe huéng tim dong chay bé mat wc tinh tur
thuat toan BF va MUSIC liic 14h00 ngay 26/01/2019, khi anh hwéng cia gié mua Pong Bic gan nhu
manh nhat véi chiéu cao song dang ké xap xi 4 m va thay tridu tién gan dinh nuéc cao nhat. Hon nira, d&
dang nhan thay c6 su tuong dong vé phan bé khéng gian cia dong chay xuyén tdm & Hinh 5(a) va 5(b),
vé6i dong hai luu chay vao ¢ khu vuc phia Ty Bac va dong hai luu chay ra & khu vuc phia Tay Nam.
Trong Hinh 5(c) va 5(d), két qua wdc tinh tir dir liéu radar thu thap ldc 15h00 ngay 17/7/2019 sir dung
thuat toan BF va MUSIC déu chi ra ¢ viing xa bo ¢6 mot dong chay tir giira eo bién Pai Loan (Trung
Qudc) chay (cham) vé phia tram radar, trong khi khu vuc gan bo c6 mot dong hai luu chay ra vé phia Tay
Nam. Anh huong cia ap thap nhiét d6i DANAS lic nay la khong rd rang mac du gié va huéng séng di
chuyén theo huéng Dong Bic - Tay Nam va chiéu cao song dang ké dat khoang 3 m. Ca hai truong hop
trong Hinh 5 déu cho thay hai thuat todn c6 su tuong dong tét vé phan bd khong gian cua van téc dong
chay va huéng dong chay.

Ty 18 d@ ligu van tdc xuyén tam coé '5';',,/ ) Ti 1@ dir ligu van téc xuyén tam coé sin
(S dyngy SssWoryning) 2’10 (St dung MUSIC) (%) o

100
24.7 ( a ) 290 247 ( b) 920
246 09 6

Hinh 6. Phan bd di liéu van téc xuyén tam dong chdy bé mat thu thap bai radar tan s cao si dung
phuong phdp BeamForming (a) va MUSIC (b) trong khodng 2 thang rudi

Hinh 5 ciing chi ra ban db van toc xuyén tam dong chay bé mit wéc lwong tir phwong phap BF 1a ¢
dinh véi 8 nam trong khoang tir -60° dén 60°, trong khi cac ban d6 wac tinh tir phuong phap MUSIC cho
két qua phan b khong gian thay ddi tlly thugc vao chét luong tin hiéu. Dya trén cting mét dir lidu, cac tin
hiéu pho bac 1 ¢6 gia tri SNR > 15 dB duoc lya chon va ban db phan b ty 1& ¢6 sin cua dir liéu van toc
xuyén tam dong chay bé mat dwoc thé hién trén Hinh 6. Nhan thiy rang dit liéu van téc xuyén tam uéc
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tinh tir thuat toan BF trong pham vi bao phu cua tin hiéu radar tir 236° dén 356° vé goc dinh huéng, tir 1,5
km dén 30 km vé khoang cach luén trén 90 %, trong khi dir liéu van toc xuyén tam uéc tinh tir thuat toan
MUSIC kha day da ¢ gan hudng nhin chinh cia radar va thua dan vé hai phia ciing nhu ra xa bo. Diéu
nay la do thuat toan BF cung cap két qua udc tinh trong ludi toa do cuc ¢ do phan giai goc dinh hudng
trung binh 12 10°, trong khi thuat toan MUSIC cung cap dit liéu & d6 phan giai géc dinh huéng la 1°. Tuy
nhién, cé thé thay rang thuat toan MUSIC cung cap dit liéu & pham vi goc dinh huéng rong hon (-70° <
6 < 65°) so véi thuat toan BF vai mirc d6 ¢6 sin cua dir liéu ludn trén 35 %. Diéu nay cho thiy vu diém
cua thuat toan MUSIC 1a d6 phén giai goc dinh huéng cao va pham vi bao pha goc huéng tam rong, trong
khi thuat toan BF cung cap dir liéu trong mot pham vi ¢ dinh vai ty 1é ¢6 san cua dir liéu cao, nhung do
phan giai géc dinh huéng thip. Mac du vy, vin dé do phan giai goc dinh huéng trong thuat toan BF c6
thé duoc cai thién bang trich xuat dix liéu phé Doppler - khoang cach véi d6 phan giai goc cao hon (co thé
dén 2°), nhung didu nay s& lam tang thoi gian xir 1y s liéu.

Dé danh gia hiéu suat cua thuat toan BF va MUSIC, dit liéu dong chay bé mit bién thuc duoc sir dung
dé so sanh véi két qua van téc xuyén tam dong chay bé mat bién woc tinh tir dit liéu radar. Két qua so
sanh dugc trinh bay trong cac Hinh 7 va 8. Hinh 7 thé hién sy so sanh giira dir liéu dong chay xuyén tam
theo thoi gian wac tinh tir thuat toan BF (hinh thoi mau xanh), thuat toan MUSIC (tam giac mau d6) va dit
liéu tai chd (chdm mau den) ¢ 3 giai doan khac nhau. Cac tham sé théng ké nhu gid tri twong quan
(correlation coefficient, R), sai s6 trung phuong (Root-Mean-Square Error, RMSE) giira dit liéu ugc tinh
va dir liéu do tai chd ciing duoc tinh toan va thé hién trén cing hinh v&. Két qua cho thay van toc xuyén
tam dong chay bé udc tinh tir dir hiéu radar kha dong thuan véi két qua dir liéu do tai chd dudi moi didu
kién thoi tiét va mia véi hé sé tuong quan tir 0,75 dén 0,97. Hon nita, nhan thdy riang két qua van toc
xuyén tdm dong chay bé mat wéc tinh boi thuat toan MUSIC cho gia tri rmse nho hon, ngoai trir truong
hop trong Hinh 7(a) khi van téc dong chay chiu anh huong cua gié mua Dong Bic véi van toe dat hon
100 cm/s. Céc két qua wac tinh tir thuat toan BF twong dbi tron chu, nhat quan véi dit liéu tai chd & Hinh
7(a) du bién d6 dong chay wdc luong thap hon (under estimation), nhung thudng bi ude lwong vuot qué
(over estimation) so véi dit liéu tai chd trong Hinh 7(b) va (c). Diéu nay c6 thé 1a do nhuoc diém cua
thuat toan BF khi lay trung binh gia tri dong chay xuyén tdm trong mot khong gian c6 d6 phan giai goc
dinh huéng thap.

Hinh 7. So sanh két qua woc lmrng vdn toc xuyén tam dong chay be thu thap bm radar tan so cao si
dung thugt toan BF (hinh thoi mau xanh) va MUSIC (tam gidc mdu do) véi két qua do dong chay tai ché
(chdm tron mau den) dudi anh hwong cua thoi tiét gié mia Pong Bdc (a), gié mua cusi miia xuan (b), va

ap thap nhiér @oi DANAS trong mua hé (c) trong niam 2019

Hinh 8 thé hién biéu d6 phan tan gitra két qua tir thuat todn BF va MUSIC va dir liéu tai chd thu thap
boi AWAC trong khoang 2,5 thang. C6 thé thdy két qua wéc tinh tir dit liéu radar (dung thuat todn BF
hodc MUSIC) déu khé pht hop véi tri do tai chd (R = 0,795, rmse < 7 cm/s). Biéu nay minh ching cho
tinh kha thi cua thuat toan MUSIC ap dung trong woc tinh van toc xuyén tam dong chay bé mat tir dir liéu
tan xa nguoc thu nhan bai hé théng radar mang tan sé cao.
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Hinh 8. So do phan tan giiza vdn toc xuyén tam wdc heong tir thugt toan BeamForming (a)
va MUSIC (b) va dir liéu do tai cho

Dé danh gia sy khéc biét vé& phan b twong quan khong gian cua dir liéu dong chay hudng tim wdéc tinh
tir hai thuat toan BF va MUSIC, ban d6 twong quan khong gian duoc thé hién trong Hinh 9. Két qua cho
thiy twong quan dong chay trén mat bién cua hai thuat toan & khu vuc bién phia Nam tét hon khu vyc
bién phia Bac. Nguyén nhan chu yéu la do dong chay mat bién khu vuc phia Bac kha phic tap va toc do
dong chay khdng cao (Kao va nnk., 2008) dan dén sai s trong qua trinh udc tinh van toc dong chay bé
mit, dua t6i hé s6 twong quan gitra hai thuat toan kem & khu vyc nay. Tuy nhién, van can thém thoi gian

va dir liéu tai chd dé kiém chimg két qua tuong quan & khu vic nghién ctu.
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Hinh 9. Ban do phan bo hé s6 tuwong quan giira vdn toc xuyén tdm dong chay be mat
woc tinh tir phwrong phdap BeamForming va MUSIC

4. Két luan

Két qua nghién ctu cho thay vé su hién dién cua dir lidu, thuat toan BF cung cip dit liéu van téc xuyén
tdm dong hai luu mat 6n dinh hon, trong khi thuat todn MUSIC cung cip dir liéu voi do phan giai géc
dinh huéng t6t hon va khong gian bao phu rong hon. V& phuong dién d6 chinh xéc, két qua van toc xuyén
tam dong chay bé mat wac tinh boi hai thuat toan trén 1a twong déng va hoan toan phi hop véi dir liéu do
dong chay tai chd, voi R = 0,795 va rmse < 7 cm/s. Su phu hop vé két qua gitra hai céch tiép can tdt khi
van téc dong chay du I6n, nguoc lai khi van tdc dong chay nho, phuc tap thi cac két qua wdc tinh chua
tuong quan t6t. Két qua nghién ctru chi ra rang bén canh thuat toan BF, thuat toan MUSIC c¢6 du kha nang
ap dung dé thu thap dir liéu dong chay bé mat bién tir tin hiéu tan xa nguoc cia h¢ thong radar mang tan
so cao. Trong twong lai, ca thuat toan BF va MUSIC s& tiép tuc duoc cai tién nham khic phuc nhing
nhuoc diém con tdn tai va nang cao hiéu qua trong thu thap dix liéu dong chay bé& mat bién, ca cac tham sé
truong séng, gié, phd séng tir dit liéu radar mang tan sé cao.

Loi cam on

Nghién cau nay nam trong khuon kho dé tai nghién ciu khoa hoc trong diém cap truong duoc tai tro
boi Truong Dai hoc Xay dyng Ha Noi, ma s6 20-2023/KHXD-TD. Nhom tac gia chan thanh cam on Vién
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ABSTRACT

Assessment of BeamForming and MUSIC algorithms in estimating
ocean surface current radial velocity from sea-echoes data of a
phased-array high-frequency radar system

Toan Duy Dao" ", Hwa Chien?, Cheng-Da Lee?, Dinh Trong Tran®, Thi Hang Ha’,
Dinh Huy Nguyen', Thanh Dong Khuc'

'Department of Geodesy & Geomatics Engineering, Hanoi University of Civil Engineering, Vietnam
%Institute of Hdrological and Oceanic Sciences, National Central University, Taiwan (ROC)
%Institute of Harbor and Marine Technology, Institute of Transportantion, Ministry of Transportation and
Communications, Taiwan (ROC)

This study utilized BeamForming (BF) and MUItiple Signal Classification (MUSIC) algorithms to
determine the current radial velocity using the Doppler-range spectrum acquired from a linear phased-
array high-frequency radar system. The performance of these methods was evaluated by comparing the
output results with in-situ current measurements. The comparison revealed that the BF algorithm yields
stable radial velocity data but with lower nominal bearing resolution, while the MUSIC algorithm
provides higher bearing resolution and wider coverage space, albeit with a moderate level of data
availability. Time series and scatter plot analyses demonstrated that both the BF and MUSIC algorithms
produce results that closely align with the in-situ data, exhibiting a correlation coefficient of 0.795 and a
root-mean-square error of less than 7 cm/s. Additionally, the research findings also indicate that the
MUSIC algorithm performs comparably to the BF algorithm in estimating radial velocity data. Thus, the
MUSIC algorithm can be employed to acquire ocean surface current data from the Doppler-range spectra
of a linear phased-array HF radar system, offering superior bearing resolution.

Keywords: Radial velocity, phased-array high-frequency radar, conventional BeamForming, MUItiple
Signal Classification.
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Nghién ctu tng dung cong nghé Georadar dé thanh lap
ban @6 cbéng trinh ngam ty I¢ 1:500 tai khu vuc Ha Noi

Diém Cong Huy
Vién Khoa hoc cong nghé Xay dung, B Xay dung (IBST)

TOM TAT

Noi dung bai béo trinh bay tém tit vé cong nghé Georadar (Ground-Penetrating Radar - GPR), kha ning
g dung caa céng nghé Georadar trong cong tac thanh lap Ban db cong trinh ngam ty 1¢ 1:500 trong
pham vi d6 su nho hon 3 m so véi mat dat. Tur cac két qua do dac thuc nghiém, danh gia kha nang tng
dung caa cong nghé Georadar trong cong tac thanh 1ap ban d6 cong trinh ngam ty 1¢ 1:500 tai khu vic
quan Tay Ho, thanh phd Ha Noi.

Tir khod: Cong nghé Georadar, ban d6, cong trinh ngam.
1. Pat véan dé

Hién nay, & Viét Nam cong tac thanh 1ap ban dd cong trinh ngam & cac khu vuc d6 thi 12 rat can thiét,
nhiam phuc vu cho cong tac thi cong cac cong trinh co s& ha tang ciing nhu quy hoach phét trién khong
gian ngam. Trong khi do, hd so tai liéu vé cong trinh ngam (CTN) & nuéc ta tir truée dén nay chua dugc
quan ly théng nhit va dic biét 1a chua c6 ban db cong trinh ngdm thdng nhit. Pay 1a mét trong cac
nguyén nhan gy kho khan rat 16n cho cac don vi thiét ké va thi cdng céc cong trinh quan trong trong khu
vuc d6 thi. Tat ca cAc yéu to da néu trén dat ra mot yéu cau mang tinh cap thiét do 1a can phai thanh lap
ban d6 cong trinh ngam & khu vure d6 thi véi muc dich phuc vu quan ly, khai thac va quy hoach phét trién
khéng gian ngém & cé&c khu vuc do thi tai Viét Nam.

Diém khac biét khi do v&, thanh lap ban db cong trinh ngam va do vé& thanh lap ban do6 dia hinh trén
mat dét la: Cac ddi tuong do v& ban dd6 CTN déu nam dudi mat dat, & nhitng do sau khac nhau nén phai
thé hién cac dbi tugng trén ban dd6 CTN ¢ dang 3D. Cac cong trinh ngam lai dugc xay dung rat da dang
biang nhiéu loai vt liéu nhu kim loai, dng nhua PVC, gach, bé tdng,... Do d6 van d& quyét dinh d6 chinh
xéc trong cdng tac thanh 1ap ban d6 cong trinh ngam la thiét bi do tim va phat hién d6i tuong cong trinh
ngam. Dé dap tng duoc yéu ciu nay dd co nhidu nha san xuét thiét bi trén thé gioi da va dang ché tao
nhiéu loai thiét bi, cong nghé khac nhau. Mot trong nhimg phuong phap do tim ddi twong cong trinh
ngam dé thanh 1ap ban dd CTN Ia st dung hé théng thiét bi, cong nghé Georadar (Ground Penetrating
Radar - GPR) (Tran Viét Tuan, 2011). O khu vic Ha Noi do diéu kién dia chét va diéu kién ty nhién c6
nhitng dic diém khac biét so véi cac noi khac, nén viéc khao sét, thir nghiém va danh gia kha nang do tim
cong trinh ngam bing cong nghé Georadar dé thanh lap ban d6 CTN rat can thiét.

2. Co sé& ly thuyét va phwong phap nghién cieu
2.1. Céng ngh¢ Georadar (Ground Penetrating Radar - GPR)

Cong nghé Radar xuyén dit hay con goi la cdng nghé Georadar (Ground-Penetrating Radar - GPR) la
mot trong cac cong nghé hién dai phuc vu cong tac do tim cac dbi twong dudi long dat dé thanh lap ban
dd cong trinh ngdm. Cong nghé GPR c6 thé do tim dugc cac dbi twong ¢ cAu tao bang cac chét lisu kim
loai va phi kim loai nhu: Hé thong dudng dng xa thai ngam, céng ngam, bé ngam, day cép thong tin, cap
dién, h6 ga, 6ng dan dau, dan khi,... Cong nghé GPR ciing x4c dinh dugc d6 sdu cua cac dbi twong dudi
long dat tuy thudc vao cu hinh cua cac thiét bi GPR (Phan Vin Hién va nnk., 2004).

* Téac gia lién h¢
Email: dchuyibst@gmail.com
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2.2. Nguyén ly hoat déng ciia cong nghé Georadar (Ground Penetrating Radar - GPR)

Cdng nghé Georadar (Ground Penetrating Radar - GPR) la phuong phap Dia vat ly néng dua trén
nguyén 1y thu phat song dién tir & tan sb siéu cao tan (tir 15-2.600 MHz). Khi d6 song dién tir duoc truyén
theo tia phat ra tir cac ang ten phat va thu séng phan xa duoc tao ra tir cac ddi twong 1a nhitng mat ranh
gidi trong moi trudng dia chat. Cac dbi twong d6 dwoc tao thanh do cu tric dia chat nhu: ranh gioi da
mong, cac 1op vat ligu trAm tich c6 tinh chat vat Ii khac nhau chira vat liéu sét, nhitng hang héc, cac hang
rdng, cac khdi xam thuc ciing nhu cac vat thé bi chén vii nhan tao hoic céc khéi bé tong, céc 15 rdng lién
quan dén vi tri ham éch, t6 mdi,... P6 1a cac ddi twong dugc phét hién khi do tim bang céng nghé
Georadar (GPR). Hinh 1 la nguyén Iy hoat dong cua cong nghé Georadar (Bd Minh Tinh, 2021), (Tran
Viét Tuén, 2011).

Do sau tham thau cia phuong phap phu thugc vao tan sb cua ang ten phat, thu va tinh chat vat Ii cua
moéi truong dia chat trong dé gia tri hang s6 dién moi twong doi (&) va d6 dan dién (o) 1a chi yéu. Tan so6
cang cao, d0 dan dién va hang s6 dién méi cang Ion thi chiéu sau khao sat cang nhé va nguoc lai.

Céc dai lugng vat 1i ddc trung cua séng dién tir duoc dung trong cdng nghé Georadar nhu: Van téc
truyén séng (V), budc song (1), hé sé suy giam (), hang s dién moéi twong ddi hay do dién thim tuong
dbi (g,), do tir tham (p), d6 dan dién (o),... Song dién tir lan truyén trong méi trudng dét véi van tde duge
biéu dién theo cong thurc:

Cc
V=172 @
gT
trong dé:
& - Hang sé dién moi cua dét.
C - Van tc truyén song dién tir trong khdng khi (C = 0,3 m/ns).
V - Van toc truyén séng dién tir trong moi truong dat (V (m/ns)).
Bién d¢ don Vi tri do

- ()—+

>

v

TX ¢ Rx ™ Rx /| scale
R TN : g osmen Ay
\‘\\\\i;s \ W \\\\\‘ = airwave ‘ i i
\.\ \ ) surface wave m
\\‘ N \\‘ A e e
N\ \R > o
\\\\ ﬂ Wb mi Ry NR I L
\\\\\ NN )
reflector
1
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§
)
Phat xung song dién tir va thu tin hiéu phan xa.
Anglenp htite”z(nTr)r{l;tV:‘u;t:‘;L(l;Rh; (: S‘;?C feoden Ph?n xa tin Dang két q}xé thu nhan
* hiéu don tir tin hiéu don.

Hinh 1. Nguyén ly hoat déng cua cong nghé Georadar (GPR)
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S¢ di cong ngh¢ Georadar c6 thé phat hién vi tri duong 5ng ngam 1a vi khong khi trong duong 6ng co
gié tri hang sé dién moi khac biét so véi moi truong dat da xung quanh. Chinh su khac biét nay khién cho
song dién tir bi phan xa manh tai ranh gigi tiép xuc gitta dudng dng va méi trudng xung quanh, vai hé sé
phan xa duoc tinh theo cong thirc sau:

1/2_ g;/z
R:—l/2+g:21/2 2)

trong do:
- Hang s dién moi tuong ddi cuia méi treong thir nhat.
& - Hang s6 dién moi twong ddi cua modi trudng thi hai.

Duya trén nguyén ly truyén song va phan xa cua song radar dé xir ly, phan tich tin hiéu song dién
tir phan hoi nay dé dua ra thong tin vé dic diém va vi tri cia cac ddi tuong quan tam bén dudi bé mat dit.

Hinh 2. Hinh anh Radar thé hién cac d; vdt dudi long dat

Nhu vay ranh gidi cac moi truong vat chat cang khac nhau vé hang sé dién mai thi p dung cong
nghé Georadar cang c6 do chinh xc cao va hiéu qua. Bang 1 1a bang tong hop hang so6 dién mdi cua mét
s6 vat chat thuong gap trong tu nhién.

Bang 1. Gia tri hang sé dién mdi cia mgt s vat char thirong gap trong tue nhién

STT Tén vat chat Gia tri hang s dién moi &, Ghi chi

1 Khdng khi 1

2 Dit kho 5

3 Dat udt 25
4 Nudéc ngot 81
5 Dit boi 5-30
6 Dat sét 5-40
7 Da phién sét 5-15
8 b4 granit 4-6
9 D4 voi 4-8
10 Cét kho 35
11 Cat uét 20-30
12 Nudc bién 80
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2.3. Khdo sat, thyc nghiém #ng dung cbng nghé Georadar (Ground Penetrating Radar - GPR) dé
thanh I@p Bdn do cong trinh ngam ty I¢ 1:500 trong pham vi dj sdu nhé hon 3 m so vdi mdt dat

2.3.1. Thiét bi GPR khdo sat thuc nghiém

Téc gia va cong su sir dung thiét bi Georadar RIS MF Hi-Mod ciia Tap doan IDS (Italy) cho cong tc
khao sat, thyc nghiém dé thanh 1ap ban d6 cong trinh ngam ty 1¢ 1:500 trong pham vi d6 sau nhé hon 3 m
tai khu vuc phuong Pha Thuong, quan Tay Ho, thanh phd Ha Noi. Day 1a thiét bi tién tién hién nay trong
viéc do tim va thanh lap ban db cong trinh ngam. Thiét bi gom c6 04 ing ten GPR xur ly tirc thoi dam bao
dinh vi khdng gian 3D, viéc tng dung cong nghé Georadar cho phép xac dinh cac ddi twong va cong trinh
k¥ thuat ngam khac nhau mot cach nhanh va tin cay.

Hinh 3. Thiét bj RIS MF Hi-Mod
2.3.2. Thdng so kj thugt thiét bj RIS MF Hi-Mod

Thiét bi RIS MF Hi-Mod cung cip hé théng radar hiéu suat cao da muc dich, ¢6 kha ning quét manh
(d6 sau, xuyén thau) trén khu vuc khao sét trong thoi gian ngan, cung cp hinh anh 3D chinh xac long dét
v6i do phan giai cao. RIS MF Hi-Mod cung cap mét giai phap hoan chinh tir viéc thu thap dir liéu thuc
dia cho ra két qua la cac ban v& twdng minh trén cac phan mém dé hoa thdng dung.

Bang 2. Bang thong sé ky thudt cua thiét bj Georadar RIS MF Hi-Mod

STT Tén thir RIS Théng sr RIS MF H
1 | Khbi lugng tong thé (khong bao gdm may 31 kg (1 antenna) va 58 kg (4 antenna)
2 | May Laptop Panasonic CF-19 Tough-Book
3 | Thoi gian quét tiéu chuan 9 kph (5,6 mph)
4 | Dién nang tiéu thy 13,3 W/1 antenna va 26,6 W/4 antenna
5| Pinhvi Bing GNSS hoic ToTal Station
6 | S6 don vi diéu khién 1 DAD MCH FW
7 | Tbc @9 quét Tir 181 scan/sec dén 741 scan/sec
8 | Khoang mat d6 queét 42 scan/m
9 | Antena Center Frequencies 200 MHz, 600 MHz, 80 Mhz, 40 Mhz, 25 Mhz
10| Ngudn dién SLA Battery 12VDC 12 AH
11| Do sau t6i da cho phép xac dinh Tir 0-25 m (tiy mdi trudng va tan sb ang ten st dung)
12| Do chinh xac xac dinh bé ngang ctia muc tiéu| Trong khoang 16n hon 1 cm (theo timg dng ten)
13| Do chinh x4c do sau Trong khoang 10 % d¢ sau dat dugc

2.3.3. Phurong phdp khdo séat thyc nghiém
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- Budc 1: Trudc khi tién hanh khao sét thuc nghiém, téc gia va cong sw chuan bi mat bang, xéac dinh hi¢n
trang trudc khi thi cong, mét bang thi cong phai an toan cho con ngudi va thiet bi may moc. Nen dat noi
thiét bi GPR lam viéc phai bang phang, khéng ngép nudc,... lap dit thiét bi bién bdo, canh bdo an toan,
khoanh pham vi cong truong.
Vi yéu cau d¢ sau khao st thuc nghiém nho hon 3 m va nén dia chét thyc té tai hién truong la
nén dat, tc gia va céng su dung 01 b thiét bi radar xuyén dat Ris Hi-Mod gom:
+ May tinh chuyén dung: 01 bo.
+ May dong hudng: 01 bo.
+ Ang ten tan s6 kép 200 va 600 MHz.
+ B6 diéu kién trung tam.
+ Hé théng khung, cang, banh xe cdng tac, thiét bi dinh vi, gié lap thiét bi.
- Budc 2: Lya chon dng ten tan s thich hop twong tmg ddng bd vé céc yéu cau ky thuat co ban:
+ Kiém tra két ndi, hé thong dién, truyén dan tin hiéu quét.
+ Xéc dinh céc thong s lién quan dén ddc diém nén dat, vi tri noi tién hanh ra quét.
+ Kiém tra may de¢ khang dinh tinh trang ky thuat hoan hao cia mdy (den, coi, tay lai mdy,...)
trude khi dua thiét bi vao van hanh. Néu khéng dam bao chat luong phai ¢6 bién phap khac phuc
ngay méi cho phep hoat dong. ) ) ) i
- Budc 3: Biéu kién ,méy cho méy chay tht ¢ qhé d6 tu dong nhan biét méi truong lam viéc toi th‘iéu 20
m, sau do tién hanh diéu chinh théng s6 ky thuat thu nhan theo yéu cau ky thuat khao sat dé ra.
+ Lép dat va kiém tra két ndi tin hiéu cua thiét bi: Bo diéu khién, cac loai ang ten c6 man chén va
khong man chan, may tinh xéach tay, khung, gié deo, cap noi tin hiéu, bo do khodng cach, h¢ thong
dinh vi GPS (Khi sit dung GPS-RTK), may toan dac dién tir, b phat wifi, thiét bi do dién tir,
nguon dién.
+ Kiém tra may ¢ trang thai tinh: Dat may tai mot vj tri 96 dinh va ghi s liéu. Kiém tra moi hoat
dong cua mdy va theo ddi truong song trén bang ghi. Néu truong song trén bang ghi tai moi thoi
diém giong nhau Ia may hoat ddng binh thuong.
+ Kiém tra hoat dong ciia may ¢ trang thai dong: Chon khu vuc trong khang ¢6 cac anh huong lam
nhiéu song radar, tién hanh do lap trén 2 doan tuyén c6 chiéu dai téi thiéu 10 m.
+ Két qua giira cAc lan do trang thai trén can dat: Hinh anh cac bang ghi s6 liéu phai giéng nhau.
- Budc 4: Nguoi sir dung thiét bj can chinh Iap luéi quét theo hinh vuéng, huong dan may di chuyén theo
dung hang, cot da dugc dinh tuyén tranh dé sét va chong dé duong quét qua lon.
Cén Iya chon toc do thu nhan dir ligu phi hop véi dia chat khu quét, can dam béo thu nhan day du
dir lieu nhung tranh dugc nhiéu nhiéu nhat, trong qua trinh di chuyén thiet bi can dam bao toc d di
chuyén cua thiét bi trén bé mat dat c6 toc do on dinh déu, tranh truong hop toc dé6 khdng on dinh anh
huong dén qua trinh thu nhan dit liéu.
Trong qua trinh van hanh nguoi diéu khién thiét bi cn luu y:
+ Tuyét dbi di dung hang 16i theo so dd quét da duoc thiét ké.
+ Tbc do6 di chuyén phai 6n dinh va phi hop voi théng sé thu nhan dit liéu.
3. Két qua khao sat thuc nghiém
Khu vuc khao sat thyc nghiém c6 dién tich 18,6 ha tai phuong Pha Thuong, quan Tay Ho, thanh phd
Ha Noi, khu dat giap duong Lac Long Quan & phia Dong va bao quanh dwuong noi bo ¢ cac mét phia
Nam, phia Bac va phia Tay. Toan b khu vuc khao sat duoc chia thanh 05 khu. Moi khu tién hanh chia
thanh 03 dudng quét danh so tir 1; 2; ... 3. D& két qua khao sat thuc nghiém thyc hién cé d6 tin cay, tac
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gia va cong su lién hé vai co quan quan ly chuyén nganh cua thanh phé Ha Néi xin cip céc sb liéu cap
nhat méi nhat vé hé thong ha tang k¥ thuat ngam xung quanh khu vic khao sét thuc nghiém. Dya trén s6
liéu duoc cip tac gia va cong su tién hanh kiém tra va xac minh ngoai thuc dia vi tri cac cong trinh ha
tang k¥ thuat ngam: Cap dién, cap thoat nudc, chiéu sang, thong tin lién lac xung quanh va nam trong khu
vuc khao sét thuc nghiém. Két qua quét ngoai viéc xac dinh dugc bé day tang phi, con xac dinh trong
khu vuc c6 mot sé dbi tuong cong trinh ngam. Cu thé hinh anh mat cat séng phan xa radar nhu Hinh 4 va
Hinh 5 (B4o c4o cuia Vién KHCN Xay dung, 2018). Két qua quét tai cac tuyén tir s6 1; 2;...; 3 cho thay
dia chat cua cac 16p dia ting theo tuyén quét cha yéu la cat va cac vat lieu xay dung cil, tai d6 sau dudi
1,5 m la nén dit nguyén thd, 6n dinh déng nhat. Trén toan tuyén quét c6 mot s6 doan 1a nén duge db tir
chac vira, phé lidu xay dung cii va coc bé tong,... Tac gia va cong su da thuc hién quét 347,6 m tuyén dai
v6i do rong tuyén quét 1a 1 m tai thuc dia, khong thiy c6 xuét hién cac cong trinh ha tang ngam va tién
ich ngdm di qua tuyén quét. Két qua nay phu hop véi két qua kiém tra, xac minh ngoai thuc dia vi tri cac
cong trinh ha tang ky thuat ngam dua trén s6 li¢u do co quan quén Iy chuyén nganh cua thanh phé Ha Noi
cung cap.

Acquisition: 180502AD Scan: 1 IDS
Date:' Wednesday 2 May 2018 INGEGNERIA DEI SISTEMI S.p.A
e -_— @0

Hinh 4. Mt cat séng phan xa Georadar phan chia cac I6p dia tang dén d sau 3 m tgi tuyén sé 3-5

Acquisition: 180502AE  Scan: 1 IDS
Date: Wednesday 2 May 2018

. INGEGNERIA DEI SISTEMI S.p.A
Page: 1 y’

Hinh 5. Mt cat séng phan xa Georadar phan chia cac I6p dia tang dén dé su 3 m tai tuyén sé 2
4. Két luan

Tir céc phan tich vé mat ly thuyét va thong qua két qua khao sat thuc nghiém thuc té néu trén co thé
nhan thay:
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- Cong ngh¢ Georadar (Ground Penetrating Radar - GPR) cho két qua quet la cac hinh anh mat cit
radar nén rét tryc quan, cung cap cho ngudi str dung “Birc tranh téng thé” vé khdng gian ngam va cac doi
twgng cong trinh ngam.

- Cong nghé Georadar phu thudc vao tan s cua ing ten khi xac dinh do sau tham do. Tan sb ang ten
cang thap thi chiéu sau thdm do cang l6n nhung do chinh xac cang thip va nguoc lai, GPR ¢6 thé do tim
dugc cac d6i twong dugc cau tao ter chat lieu kim loai va phi kim loai. Cong ngh¢ nay khong chi do tim
chinh xac do1 tugng cong trinh ngdm ma con cho biét cac bat thuong trong cAu tric ngim bén dudi long
dét nhu (15 rdng, ham éch,...).

- Cong nghé Georadar hoan toan c6 thé dugc két hop sir dung véi cac phuong phap do dac trén mat dat
khac dé thanh 1ap ban db cdng trinh ngam ty I¢ 1:500. N6 la giai phap cong nghé hiéu qua nhét hién nay
trong cong tac do tim va thanh l1ap ban d6 cdng trinh ngam, GPR khéng chi gidp giam chi phi khao sat ma
con cho két qua nhanh va c6 d6 tin cay cao.

- Can tiép tuc nghién ctru céc giai phap ky thuat va phuong phép xir 1y s6 liéu nham nang cao kha nang
ung dung cong nghé Georadar khi thanh Iap ban d6 cdng trinh ngam ty 1€ 1:500 ¢ Viét Nam.
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ABSTRACT

Studying on the application of GEORADAR (Ground-Penetrating
Radar - GPR) to establishing of maps for underground structures with
a scale of 1:500 in Hanoi area
Diem Cong Huy”

Vietnam Institute for Building Science and Technology, Ministry of Construction (IBST)

This paper briefly presents the Georadar (Ground-Penetrating Radar - GPR) technology, the applicable
ability of this technology in establishing of maps for underground structures with a scale of 1:500 within
the depth less than 3m from the ground surface. Based on the experimental surveying results, the author
evaluates the applicable ability of Georadar technology in establishing of maps for underground structures
with a scale of 1:500 in the Tay Ho district, Hanoi.

Keywords: Georadar technology, maps, underground structures.
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Nghién ciru mé hinh du béo nguy co chay rirng bang cong nghé
bia khong gian, thir nghiém cho khu vuc phia Tay tinh Nghé An
Doan Thi Nam Phuong® ", Nguyén Vian Trung', Tran Xuan Truong', Lé Thi Thu Ha',
Nguyén Tién Hon? D& Ngoc Sang?

'Nhém nghién cizu Cong nghé Dja tin hoc trong Khoa hoc Trdi ddt (GES),
Trw&yg Dai hoc Mo - Dja chat )
2Hoc vién cao hoc K44 nganh Ban do vien thdm va Hé thong tin dia ly, Truong Pai hoc Mo - Dia chat

TOM TAT

Céc vu chay rimg thuong xuyén dang gy ra tac hai nghiém trong cho méi truong ty nhién, chiang han
nhu 1am giam chat luong khong khi va de doa cac loai khac nhau. Nghién ciru mé hinh du bao nguy co
chay rimg 1a mot nhiém vu rat quan trong, cé tinh cap bach trong diéu kién hién nay. Cong nghé dia
khong gian, trong d6 chii dao 1a cong nghé vién tham va hé thong tin dia 1y (GIS) da duoc st dung rong
rdi va hidu qua trong xay dung cic mé hinh du bao nguy co chay riung trén thé giéi. Vién tham va GIS
cho phép thu thap dir liéu vé tham phi ring va sir dung chung dé phan tich, quan 1y, md hinh héa nhim
canh bao sém nguy co xay ra chay rimg. Dé du bao nguy co chay rung, 04 phwong phap dugc thir
nghiém, bao gdm: phuong phap phan tich thir baic AHP va 03 phuong phap hoc may (RF, SVM, CART).
So sanh gia tri AUC cta cac mo6 hinh dy bao, két qua nhéan duoc cho théy, thuat toan Random Forest véi
tham s numberOfTrees bang 100 (RF100) c6 d6 chinh x4c cao nhét, gia tri AUC 1a 0.951 thir nghiém &
khu vuc phia tiy tinh Nghé An. Ban d6 nguy co chay rimg tir nghién ctru nay c6 thé hiru ich cho cac nha
hoach dinh chinh sach va chinh quyén tinh Nghé An, hd trg quy hoach va sir dung dat bén vimng.

Tur khéa: Nguy co chay ring, GIS, Random Forest, Nghé An.

1. Pit véan dé

Céc md hinh hoc may (machine learning) di dwoc sir dung rong rii trong cac nghién ctru trén thé gisi
va ¢ Viét Nam nhim xay dung cic mé hinh du bao nguy co chdy rimg. Jaiswal va cong su (2002) sir
dung phuong phap phan tich thir bac (AHP) dé thanh 1ap ban dd du bao nguy co chay rimg khu vuc
Gorna Subwatershed (bang Madhya Pradesh, An D0) trén co s& dit liéu anh vé tinh IRS va cong nghé
GIS. Anh vé tinh IRS 1D LISS III duoc st dung dé thanh 1ap ban d tham phu thue vat, két hop cac 16p
thong tin khac nhu d6 déc ban dd dia hinh, khoang cach dén khu dan cu,... dé thanh 1ap ban dd nguy co
chdy rimg, trong do mdi yéu t6 duoc xac dinh trong . s6 anh huong dén kha nang chay Ket qua nhan duoc
cho thiy, gan 30 % dién tich khu vuc nghién ciru nim & nguy co chay rimg ‘cao’ dén ‘rat cao’, phut hop
v6i cac dia diém xay ra chay ring (Jaiswal et al., 2002). Yassemi va cong su (2008) tich th str dung
cong ngh¢ GIS, cac md hinh méi trudng va cac thiét bi di dong (Cellular Automata - CA) nham xay dung
mot md hinh du bao chéy rimg, ap dung cho khu vuc Nordegg Alberta (Canada). Két qua nhan dugc cho
thdy sy phu hop gitta két qua mo phong tir mo hinh d& xuét va dit lidu chay tai khu vuc nghién ctru. Viée
tich hop cong nghé GIS-CA cho phép mé phong thuc té cac kich ban chay rimg (Yassemi et al., 2008).
Chowdhury va cong su (2013) str dung anh v€ tinh MODIS nham dy béo nguy co chay rung khu vuc phia
Bic Alberta (Canada). Tir anh MODIS, cac tac gia da tinh toan cac thong so dau vao, bao gdom: nhiét do
bé mit (land surface temperature), chi sé han (Normalized Multi-band Drought Index - NMDI), chi sé do
am thyc vat (TVWI - Temperature Vegetation Wetness Index) dé xay dung ban dd du bao nguy co chay
rimg (Chowdhury et al., 2013). Két qua nhan dugc cho thdy, 91,63 % s vu chay ring xay ra trong khu
vuc duge phan cap mirc d6 chay 13 “‘rat cao”. Pé nang cao do chinh xac ctia cac mé hinh du bao nguy co
chay rimg tir dit liéu vién tham va GIS, mot sé nghién ctru da st dung cac ky thuat tri tué nhan tao (mang
neural nhan tao, random forest, support vector machine,...) két hop phuwong phéap phan tich thir bac AHP
dé nang cao do chinh xéac (Vasilakos et al., 2009; Oliveira et al., 2012; Dieu Tien Bui et al., 2016).

* Tac gia lién h¢
Email: doanthinamphuong@humg.edu.vn
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Céc k¥ thuat hoi quy nhu hoi quy da bién (multiple regression) (Oliveira et al., 2012), hdi quy logistic
(Pourghasemi, 2015), hoi quy trong s dia ly (Geographically Weighted Regression - GWR) (Fernandez
et al., 2012), ky thudt khai pha dir liéu (data mining) (Arpaci et al., 2014) cling duoc str dung dé xay dung
c4c md hinh du bao nguy co chay rimg trén co so danh gia mdi quan hé gitra cac yéu td tu nhién, xa hoi
va kha nang xay ra chay.

Arndt va cong sy (2013) da nghién ctiru mdi quan hé giira cac hoat dong du lich, co s¢ ha tang, nong
nghiép va 1am nghiép va su phan bd khong gian ctia cac dam chay rirng trong khoang thoi gian tir 1993 -
2009 bing phuong phap hdi quy logistic. Trong nghién ctru nay, 59 bién sb kinh té - x& hoi doc lap da
dugc duoc phan tich véi cac mé hinh khac nhau, két qua nhan dwoc chi ra rang mat d6 duong sét, duong
rimg va dudng mon cing véi hoat dong nong nghiép va 1am nghiép c6 anh huéng dang ké dén nguy co
chay rirg (Arndt et al., 2013).

Enoh va cong su (2021) st dung dit liéu anh vé tinh Landsat 8 OLI, mé hinh s d6 cao DEM xéc dinh
tir dir liéu Aster, anh vién tham d¢ phan giai cao Google Earth dé xdy dung cac 16p thong tin nhu ban d6
16p phu mat dat, cac thong tin dia hinh (d¢ dbc, d6 cao, do dai suon), mang ludi duong bd, khu dan cu,...
nham thanh 1ap ban db nguy co chay rimg khu vuc Cross (Niger). Két qua nhan dugc trong nghién ciru
cho thay su hiéu qua ctia cong nghé vién tham va GIS trong du bdo sém nguy co chay rimg, ciing nhu
chimg minh ngudn gdc chu yéu ciia chay rimg tai khu vuc Cross 1a do cic hoat dong clia con ngudi gy ra
(Enod et al., 2021).

Nghién ctru ciia Ruano va cong su (2022) st dung chi s6 thuc vat NDVI xac dinh tir anh vién tham va
cac dit liéu khac vé dia hinh, vat lidu chay, ha ting giao théng nhim xdy dyng mot s6 md hinh du bao kha
nang chdy rimg do anh huong cua cac yéu t6 ty nhién, xa hoi. Céc tac gia da Iya chon thir nghiém vdi cac
md hinh nhu mé hinh tuyén tinh tong quat hoa (GLMs - Generalized Linear Models), m6 hinh tong quat
GAMs - Generalized Additive Models dé danh gia nguy co phat sinh chay rimg do con ngudi va cac yéu
t6 ty nhién gay ra. D chinh x4c cua cac md hinh dugc danh gia trén co s duong cong AUC, trong d6 dat
0,84 va 0,89 voi cac mo hinh GLMs, GAMs (Ruano et al., 2022).

O Viét Nam, mot s6 nghién ctru da sur dung dir liéu nhiét do bé mit dét tinh toan tir anh hong ngoai
nhiét Landsat va MODIS dé canh bao som cac viing c6 nguy co chdy rimg cao (Vuong Van Quynh, 2005;
Do&n Ha Phong, 2007; Tran Quang Bao va nnk. ,2016). Dt liéu vien tham hong ngoai nhiét cling dugc st
dung trong nghién ctru (Trinh va Zablotskii, 2017) dé phat hién chay than dudi bé mit trong cac mo than.
Céc nghién ciru (Nguyén Ngoc Thach va cong sur, 2015; Dang Ngo Bao Toan, 2021; Hoang va cong su,
2020) ciing di sir dung dit lidu vién tham va GIS dé 1ap ban do nguy co chay rimg ¢ cac khu vuc khac
nhau & Viét Nam dua trén k¥ thuat may hoc. Két qua thu dugc cho thay k¥ thuat may hoc cho phép phan
loai rui ro chay ring v6i d6 chinh xac cao hon so v6i phuwong phép truyén thdng sir dung k¥ thuét phan
tich thir bAc (AHP). Nhin chung, cic nghién ctru trén da chirmg minh hiéu qua ctia cong nghé vién tham va
GIS trong xay dung mé hinh du bao nguy co chay ring phuc vu cong tac giam sat, giam thiéu thiét hai do
chay rirng gay ra.

Céc md hinh dy bdo nguy co chay rimg déu c6 nhing wu, nhuoc diém riéng va viée lya chon mé hinh phu
hop véi diéu kién tu nhién, xa hoi, dir liéu ¢ timg khu vuc cu thé 1a mot van dé c6 tinh thyc tién cao. Do vay
bai bao nay nghién ciu cac md hinh dy béo nguy co chay ring bang céng nghé Bia khong gian, thir
nghiém cho khu vyc phia Tay tinh Nghé An.

2. Dit li¢u va phwong phap nghién ciru
2.1. Dir ligu

Khu vuc nghién ctu (Hinh 1) ndm & phia Tay tinh Nghé An, thudc ving Béc Trung Bo Viét Nam, c6
toa d6 dia ly tur 18°33'—20°01'N, 103°52'-1pS°48'E. Khu vye nay c6 dia hinh da dang va phuc tap, bi chia
cat manh béi doi, ndi va hé thong séng sudi.

Dit liéu vién tham 14 c4c dnh vé tinh quang hoc §entinel 2 MSI va Landsat 8, thu thap tir co s& dfr liéu
Copernicus cua Co quan Hang khong vii try chdu Au (anh Sentinel 2 MSI) va Cuc Khao sat Dia chat My
(USGS, anh Landsat 8). Dir li¢u vién tham dugc thu thap va xu 1y truc ti€p trén nén tang dién toan ddm may
GEE.

20



(f\
ESS% HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
— Vi SU PHAT TRIEN BEN VIPNG (ESSD 2023)
ENGINEERING SURVEYING

FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

p——— S
4 GLANG. cAC WNG TINH NGHE AN
$ ;
P et o {
v culane. -
T \
Nsy? pe—
1t 0Lt e e
yars X
b . S
ool y
7 C\ —— e - R
1. ; e
——-—_——0\‘ T
ey 0 g — = i
e 5 PN S
LN g o oot 3
iy X il
’\\ o v
QA o T ey T
QUA.N DAO HOANG SA ‘\-’\\
Gloa T
7
TS itnan e
DA NANG
QUG NAM
g o

o Tum

QS\ ‘BANDO

Hinh 1. Khu vién tham duoc thu thap va xur Iy truc

65 canh anh Sentinel 2 MSI, bao gdm anh Sentinel 2A va Sentinel 2B & c4c phién hiéu T48 QUG, T48
QVG, T48 QWG, T48 QVF va T48 QWF chup giai doan tir 15/11/2021 dén 16/01/2022 dugc sir dung dé tao
anh khong may khu vuc nghién ctru (phia Ty tinh Nghé An). Anh Sentinel 2 MSI khu vure thuc nghiém
dugc tién hanh loc may va loc bong may bang céch sir dung thuat toan Google cloudScore dé tao mat na
cho ddm may va Temporal Dark Outlier Mask (TDOM) cho bong may.

M5 hinh s6 d6 cao DEM SRTM véi d6 phén giai khong gian 30 m duoc thu thap trén nén ting Google
Earth Engiqe (GEE). Dt li¢u vé mat d¢ dan cu dugc thu thép tir co sé dir liéu WorldPop. Trong khi do,
dir liéu ve toc do gio va lugng mua trung binh thang dugc thu thap tir co s¢ dir licu WorldClim

2.2. Phuwong phap nghién ciru
2.2.1. Phuong phap phdn tich thir bgc AHP

Phuong phap AHP duoc phét trién boi Saaty 13 mot trong nhitng céch tiép can phén tich da chi tiéu
(MCA) linh hoat va thuan loi nhat, da duoc sir dung rong réi trong xay dung cac mé hinh dy béo nguy co
chay ring tr dir liéu vién tham va GIS. Trong md hinh du bao nguy co chay rimg theo phuong phap
AHP, mdi yéu té dau vao co gia tri trong s6 anh huong riéng, tir d6 xay dung ban d6 phan ving nguy co
chay rung.

Buéc 1: Xéac dinh cac yéu to ¢6 lién quan dén nguy co chdy rung (16p phu thue vat, do am bé mit,
nhiét d9, do ddc, hudng dbc,...), sip xép chiing theo cau tric thir bac.

Buéc 2: Xac dinh mirc d6 quan trong turong ddi cua cac chi tiéu bang cach so sanh cap.

Viéc so sanh dugc thuc hién giira cac cap chi ti€u v6i nhau va tong hop lai thanh mét ma tran gém n
dong va n cot (n 1a sb chi tiéu). Phan tir ajj thé hién muc d6 quan trong cua chi tiéu hang i so vdi chi
tiéu cot j.

1 a12 s aln
a 1 az
A= (aij)nxn = 21 : : fn (1)
Qn1 Gnz .. 1

Mic d6 quan trong tuong ddi cua chi tiéu i so véi j duoc tinh theo ty 16 k (k tir 1 dén 9), nguoc lai cua
chi tiéu j so véi i la 1/k. Nhu vay, ai> 0, a;; = 1/a;, ;i =1 (Saaty, 2000; Saaty, 2008).

Budéc 3: Tinh ti s6 nhat quan (CR) cua ting ma tran so sanh cap. Nhitng ma tran so sanh co ti s6 nhat
quén (CR) < 10% thi dua vao tinh toan tdng hop, nguoc lai thi can phai tham dinh lai mirc d6 quan trong
ctia c4c chi tiéu. Chi sb nhat quan dugc xac dinh theo cong thirc (Saaty, 2000; Saaty, 2008):

Cl
= — 2
CR = 2
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trong do: CI - chi s6 nhat quan, 1a chi sé do ludng mic d6 chéch huéng nhat quan, duge xac dinh theo
cong thic (Saaty, 2000; Saaty, 2008):

Cl =% ©)

V6i Amax 12 gid tri trung binh cua vector nhat quan va n 1a sé chi tiéu:

Zaij.w

_ A (@)
max Wi
) RI 14 chi s6 ngau nhién, hay gia tri trung binh caa CI khi nhan dinh so sanh ngau nhién, phy thuoc vao
s0 chi tiéu duoc so sanh. )
Budéc 4: Tinh toan trong so (W) cho tung chi tiéu theo phuong phép vector riéng hodc phuong phéap
chuan héa ma tran. )
Budéc 5: Tong hop chi so thich nghi theo cdng thic:

A

S=3(W.X;) 5)
trong do: S l1a chi sé thich nghi, W; 1a trong s6 cua chi tiéu i, X; |a gié tri (dd luong héa) cua chi tiéu i, i la
chi tiéu (i =1, n).

Buéc 6: Chuyén ddi tir chi sb thich nghi sang mirc d6 thich nghi (S1, S2, S3, N).

Trong md hinh dy bao nguy co chay rumg tir dir liéu vién tham va GIS trén co s& phuong phap phan
tich thir bac AHP, g v&i mdi chi tiéu (yéu t6 anh huong dén kha ning xay ra chay rimg) s& xay dyng
mot 16p thong tin chuyén dé GIS, tién hanh tong hop va chdng xép céc I6p thdng tin, tich hop cac trong
sb danh gia va phan loai theo cip d6 anh huang phi hop dé thanh 1ap ban d6 du bao nguy co chay rimg.

2.2.2. Phuong phap svr dung thudt toan Rrung tir div

Thuét toan Random Forest t0 ra hiru ich dbi vai nhiéu loai dir liéu khac nhau, bao gdm ca cac 16p dir
liéu khong gian. Pay 1a thuat todn dé su dung, qua trinh dao tao nhanh va két qua phén loai (dy doan) c6
d0 chinh xac cao.

J{ g % 1 9

Cay quyét dinh 1 Cay quyétdinh2 .. Cay quyét dmh)l
" -

| Phuong an duec lwva chon —I

nhiéu nhat
-

K&t qua
Hinh 2. So do thudt todn RF trong phén loai (chinh sira tir nguon: https://www.section.io/)

RF ho://www.section.io/.section.io/" phan loai yét dinh (decision tree) trén cac mau hudn luyén, m01
cay quyet dinh s& khac nhau (c6 yéu t6 ngau nhién). Sau d6 ¢ bude du doan, v6i mot dir liéu mdi, voi mdi
ciy quyét dinh s& di tir trén xudng theo cac diéu kién dé thu duoc két qua du doan.
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2.2.3. Phuong phdp sir dung thudt todn May hé tro vector

Méy vector ho torg phap sir dung thuat toan May hd trg yét dinh (decision tree) trén cac mau huén
luyén, moi cay quyét dinh sé khac nhau (c6 y€u to ngau nhién). Sau d6 & budc duy doan, hi€u (twong ing
voi N dac trung) dé phan loai cac diém dir lidu.

\ °

J

N

N
\

Vector hd trg

\ Siéu phang phan

tach t8i vu

Hinh 3. M6 td cdc Vector hé tro trong thudt todn SVM
2.2.4. Phiong phdp sir dung thudt todn cdy phan loyét dinh (dec

Cay phan loai va hoi quy (CART) 1a mét k§ thudt hoc may c6 giam sat thuong duge sir dung dé du
doan bién muc tiéu dinh tinh, tao lai cay phan loai hoac bién muc tiéu lién tuc, tao cay hoi quy. Viéc phan
loai cia CART doi hoi mot cay nhi phén, 1a su két hop ciia niit gbc ban dau, nat quyét dinh va nat két
thiic. Nut gbe va mdi nat quyét dinh dai dién cho mét dic tinh va gid tri ngudng cta nd.

Decision Node ) Nut goc

------ e

Cay phu  Decision Node Decision Node

i | |

v v v v

e e s e s s e e

Leaf Node Leaf Node Leaf Node Decision Node
N o e e — |
Nhanh la Leaf Node Leaf Node

Hinh 4. M6 ta thudt todn Cay phan loai va hoi quy CART (nguon: https://www.javatpoint.com/)
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Khao sat khu vuc nghién ciu, thu thip dit liéu

I

Dit ligu vién thim b h’(‘g‘;\’ g‘-’ 20 Dit liéu khac
| |
1
AnhLandsat | | Ach Sentinel 2 Dgbicthoat || Mitds || Técds Luong mua Dit liéu cic diém
hoi nudc dan so 216 trung binh thang chay ring
l T
= Nhiét d6 bé i| Huong Goc D6
Chi s6 NDVI mit i dée déc a0
1
Xay dung mé hinh du bao nguy co chay ring
|
L §
Phuong phap Random Support Vector Classfication and
AHP Forest (RF) Machine (SVM) Regression Trees (CART)
1
Danh gia d6 chinh xac cac mé hinh dv bao nguy

co chay rimg

Lua chon mé hinh dv bao nguy co chay ring pha
hop véi khu vue thi nghiém

I

Xay dung ban d6 du bao nguy co chay rimg

Hinh 5. Quy trinh xdy dung bdn @6 du bdo nguy co chdy rimg bang cdng nghé dia khong gian
3. Két qua va thao luin

3.1. Két qua xay dung cic 16p thong tin chuyén dé

Hinh anh Sentinel 2 MSI sau khi thu thap va tién xir Iy duoc sir dung dé tinh toan chi s6 thuc vat
NVDI. Trong khi d6, anh Landsat 8 dwoc ding dé tinh toan nhiét do bé mat dat theo mé hinh cia NASA.
Két qua thanh 1ap ban d6 16p phu thuc vat (chi s6 NDVI), bic thoat hoi nuréc bé mat va céc tang nhiét do
bé mat dat khu vuc phia Tay tinh Nghé An tir tur liéu vién tham dugc trinh bay trong Hinh 6.
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Hinh 6. Cac I6p diF liéu NDVI, NMDI va nhiét dé bé mdt dat cho mé hinh du bdo nguy co chdy rimg

24



HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
Vi S PHAT TRIEN BEN VNG (ESSD 2023)

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

T8

[l [ I6HHPE 05 E

IALLCIRY I BN RN N VN

I hortz
s
I S " NN

e

SN TN ey

TAW N R - Us N WA i (R

TN T i 3 - N N

b | G AO—— Kb | [0 - —— D
n L I

161 oAtz [0 [T 162°17E W3 E

Hinh 7. Cac lép di liéu dg cao, dg ddc va hudng swon cho mo hinh du bdo nguy co chdy rimg

Hinh 8 trinh bay tc do gié, lvong mua trung binh thang va cac 16p dau vao mat do dan sb ciia md
hinh dy bao nguy co chay rung ¢ khu vuc phia Tay tinh Nghé An. Do d6 phan giai cua dit liéu dugc thu
thap tir co so dir liéu WorldPop va WorldClime 12 1000 m nén dé phu hop véi cac 16p dit liéu khac cua
mo hinh du béo rii ro chay rung, cac 16p dit liéu nay duogc ndi suy thanh kich thude pixel 10 m.
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Hinh 8. Cac lop di liéu vé toc do gié, livong miea trung binh hang thang va mdt dé dan so
cho m6 hinh du bdo nguy co chay rimg

3.2. Két qua lap ban dd du bao nguy co chay rirng

104°00°E 105°00°E

1400°L
20°00°N N 20000°N 20°00°N - 20000°N
Forest Fire Danger Forest Fire Danger
" Anp . Jo | RE(100) P
100N = " Ihip 19°00°N 19°00°N -=1R’fil ﬂlsp 1900°N
“Thip Thip
[ 1 Trung binh [ Trung binh %
I Ceo o S )
e [ R -~ e B -
104°00'E 105°00°E 10400°E 105°00"E
Hinh 9. Két qua Idp ban do nguy co chdy ring Hinh 10. Két qud ldp bdn do nguy co chay
bang ky thudt AHP rung bang thudt toan RF
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Hinh 11. Két qua ldp ban do nguy co chay riemg Hinh 1?' Ket;qua lapA ban’ db nguy co chdy
béng thudt todn SYM rung bang thudt toan CART

3.3. Panh gia @ chinh xac cia md hinh dw bao nguy co chay rirng
Dir liéu thyc dia tir co s dit liéu ciia Cuc Kiém 1am (B6 NN&PTNT) gom 36 diém chay va 61 diém
khong chay dugc sir dung dé so sanh, danh gia d¢ chinh xac ciia cdc md hinh du bao nguy co chay rimg
(Bang 1). Két qua thu duoc cho thdy, mé hinh sir dung thuat toan RF100 c6 do chinh xéac cao nhat, trong
d6 31/36 diém chay phan b & khu vuc 6 mirc do chay cao va rét cao.
Bdng 1. So sanh két qud duw bdo nguy co chdy rimng giita cdc mé hinh

Thuét Cap do nguy co chay rirng ]
toan RAt thap Thap B Cao Rat cao
biém chay 0 2 3 8 23
RF100 Piém khong chay 14 25 15 5 2
Diém chay 0 2 2 8 24
CART30 = y y
biém khéng chay 10 19 2 1 29
Diém chay 1 3 11 18
SVM25 I 5i&m knong chay 3 17 8 28
Diém chay 0 15 6
AHP Diém khong chay 0 1 22

Panh gia dya trén duong cong ROC
Ngoai ra, nghién ctru con sir dung duong cong ROC va chi s6 AUC dé danh gia dé chinh xéc cia cac
mo hinh dy bao nguy co chay rimg (Bang 2), trong d6 thuét toan RF100 ciing c6 gia tri AUC cao nhat.
Bang 2. Gia tri AUC cua cac mé hinh hoc may

RF RF CART SVM
3 (100) (30) (25)
AUC | 0.947 0.951 0.916 0.756

3.4. Thao luan

Trong nhimng nim gan diy, do anh huong cia bién doi khi hau cic vu chay rimg xay ra ngay cang
thuong xuyén va trén dién rong, gdy ra nhimg hau qua c6 hai cho moéi truong ty nhién, bao gébm giam
chat lwong khong khi va nude, giy nguy hiém cho nhiéu loai khac nhau va thiét hai kinh té. Vi vay, bai
bo nay trinh by cac mé hinh dy bao nguy co chay rimg va lya chon mo hinh t&i wu nhat cho khu vuc
nghién ciru. 09 16p dit liéu dau vao ciia mé hinh dy bao nguy co chay rimg bao gdm: mat do dan sd, 16p
phii thuc vat, boc thoat hoi nudc bé mit, do cao, do ddc, khia canh, téc do gi6, nhiét do bé mat dit va
lwgng mua trung binh hang thang.
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Pé du bao nguy co chay rimg, 04 phuong phap di dugc thir nghiém bao gdm: k¥ thuat AHP va 03
phuong phap hoc may (RF, SVM, CART). D¢ chinh xdc cua cac phuong phap nay dugc danh gia va so
sanh dua trén s6 liéu thuc té cia Cuc Kiém 1am (Bo Nong nghi€p va Phat trién nong thon) va duong
cong ROC. Két qua thu dugc cho thiy thudt toan RF véi tham sé numberOfTrees 100 cho phép du bao
nguy co chdy rimg v6i do chinh xéc cao.

Do kha niang chu dong cua ngudn dir liéu vién tham va GIS, budc tiép theo cd thé xay dung phan
mém tu dong cap nhat va boc tach cac 16p dau vao cia md hinh du bao nguy co chay ring, tir d6 duwa ra
két qua du bao Kip thoi.

Ngoai dit ligu tai chd tir co s¢ dir liéu cua Cuc Kiém lam (Bo Néng nghi¢p va Phat trién nong thén),
can thu thap céc dir lieu khéac vé cac khu vyc tirng xay ra chay rimg dé giup ting d6 chinh xac cia mo
hinh hoc may trong qua trinh hoc tap va phén loai.

4. Két luan

Nghién ctru cac md hinh du bao nguy co chay rimg bang cong nghé dia khong gian, thir nghiém cho
khu vyc phia Tay tinh Nghé An dat hiéu qua cao.

Trén co s& so sanh, danh gia két qua du bao nguy co chay rimg tir mé hinh d& xuat va di liéu cac diém
chay, diém khong chay tir CSDL cua Cuc Kiém 14m, Bo Nong nghiép va Phat trién nong thon cho thiy,
phuong 4n sir dung thuit toan Random Forest v6i gia tri tham sb numberOfTrees bang 100 (RF100) cho
d% chinh xac cao nhét, thé hién & ti 18 cac diém chay phan bd & cac khu vuc c6 cép d6 du bao nguy co
chay ‘cao’ va ‘rét cao’, dat cao nhat.

Ban dd du bao nguy co chay rimg dwoc xay dung trong nghién ciru nay cé kha nang cung cap nhitng
thdng tin cho cac nha quan ly ring va chinh quyén tinh Nghé An, hd tro quy hoach sir dung dét va phong
chéng chay ring.
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Frequent forest fires are causing serious harm to the natural environment, such as reducing air quality and
threatening various species. Researching forest fire risk forecasting models is a very important and urgent
task in the current conditions. Geospatial technology, mainly remote sensing technology and geographic
information system (GIS), has been widely and effectively used in building models to predict the risk of
forest fires in the world. Remote sensing and GIS allow the collection of data on forest cover and use
them for analysis, management, and modeling for early warning of the risk of forest fires. To predict the
risk of forest fires, 04 methods were tested, including: AHP hierarchical analysis method and 03 machine
learning methods (RF, SVM, CART). Comparing the AUC values of the forecasting models, the obtained
results show that the Random Forest algorithm with the numberOfTrees parameter equal to 100 (RF100)
has the highest accuracy, the AUC value is 0.951 trials in the western region. western Nghe An province.
The forest fire hazard map from this study could be useful to policy makers and Nghe An provincial
authorities, supporting planning and sustainable land use.

Keywords: Forest fire risk, GIS, Random Forest, Nghe An province.
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Tha nghiém quan trac ty dong cac cot thu phéat song bang cong nghé
GNSS RTK

Duong Thanh Trung"*, Lai Dirc Truong? Nguyén B3 Quang Duy® Diém Céng Trang*
1Tru“o‘ng Pai hoc Mo - Dia chat
2Céng ty CP Cong nghé ha tang co sé Aitogy
Truong Pai hoc cong nghiép Ha Noi
4Cuc Po dac, Ban dé va Thong tin dia ly Viéet Nam

TOM TAT

Céc cot thu phat séng cho cac muc dich truyén thanh, truyén hinh, vién thdng,... dugc xay dung dé lap
ddt cac dng ten thu phat song nhdm cung cp dich vu thong tin va vién thong. Dé toi wu pham vi thu phat
song, cac cot nay thuong dugc xay dung ¢ do cao tr 60 -100 m. Trong thuc te do c6 chiéu cao I6n va
chiu su tac dong truc tiép cua cac didu kién moi truong nhu bio, gié va mua nang,... C&c tram thu phét
song thudng xuyén bi rung lic, chuyén dich khoi vi tri thiét ké. Piéu nay lam anh huong dén tinh nang
van hanh va sy an toan cua cot. Do vay, viéc quan tric do 6n dinh cac cot thu phéat séng 1a can thiét.
Nghién ctru nay gisi thiéu phuong phap va thuc nghiém viéc quan tric cac cot phat séng vién thong st
dung GNSS RTK. Trong nghién ctu, cac tram quan tric duoc két ndi véi tram tham chiéu lién tuc
(CORS) qudc gia dé téi uu vé gia thanh va d6 chinh xac. Céc giai phap nham giam nhiéu gay ra boi séng
vién thong va nhiu da duong dan trong do GNSS dugc dé xuét dé nang cao d¢ tin cay cua két qua quan
trac.

Tir khéa: GNSS RTK, cot vién théng, quan tric ty dong, CORS.

1. Pat véan dé

Ngay nay, cling véi sy phét trién kinh té va xa hoi, cac cong trinh co so ha tang quy m6 I6n ngay cang
gia tang. Cac cong trinh xay dung Ién thuong phai chiu tdc dong manh cua nhiéu yeu to ngoai canh nhu
tai trong, gio, nhiét do, dong dét,... Nhiing tac dong nay gay ra su bién dang va sy thiéu 6n dinh cta cong
trinh. D& dénh gi4 tinh trang cua cong trinh va kip thoi phat hién nhiing van dé bét on trong qua trinh thi
cong va van hanh cong trinh, viéc quan trac cong trinh 1a réat can thiét. O Viét Nam, cac phuong phap
quan trac truyén thong duoc ap dung phd bién. Trong cac phuong phap nay, mot Mang ludi vai cdc moe
quan tric duoc thiét 1ap, viéc quan tric duoc thuc hién dinh ky theo cac chu ky véi mot khoang thoi gian
nhat dinh. Sy bién dang ctia cong trinh dugc phat hi¢n va danh gi chu yéu thong qua viéc quan trac Iin
sir dung cac may thuy binh c6 do chinh xac cao va quan trac chuyén dich ngang bang may toan dac dién
tr. Uu diém cua cac phuong phép truyén thdng 1a cho dd tin ciy cao, quy trinh da dugc hudng dan chi tiét
theo cac tiéu chuan & trong nudc. Tuy vay, nhugc diém cua phuong phap truyén théng 1a do dwoc thuc
hién theo cac chu ky voi mot khoang thai gian nhat dinh nén khdng kip thoi phét hién nhiing bién cé tirc
thoi trong qua trinh thi cong va véan hanh cong trinh. Mt khac, viéc quan trac ciing gap kho khan dbi véi
mot s6 dang cong trinh co do rung lic 16n hoac kho tiép can truc tiép nhu cac cong trinh cau bic qua
sdng, cac cong trinh dang thap cao tang hoac trong nhing diéu kién thoi tiét khac nghiét nhu gié bio,
dong dat,...

Gan day, voi sy phat trién cua cong nghé dinh vi vé tinh toan cdu GNSS ciing véi su ra doi cua cac
cam bién quan tric, viéc quan tric cong trinh c6 thé dugc thuc hién mot cach ty dong va tuc thoi (Kaya
va Safak, 2013; Xiaolin Meng, 2002). Trong phuong phép quan tric nay, cac thiét bi chuyén dung nhu
méy thu GNSS d6 chinh x4c cao, may do do nghiéng, cam bién nhiét do, &p suat,... dwoc gan ¢ dinh vao
cong trinh va duoc tich hop thanh mét hé thdng. Viéc thu, xir ly va phan tich sb liéu duoc thyc hién tic
thoi, do vay tinh trang thuc té cua cong trinh dwoc phan anh mot cach lién tuc, tirc thoi. Tuy véy, cong
nghé quan trac nay hién tai con kha dit trong diéu kién cua Viét Nam do hai nguyén nhan chinh Ia cac
méy mac thiét bi va phan mém chuyén dung c6 gia thanh cao va quy trinh van hanh con chua duoc
nghién ctu, chuan héa mot cach chi tiét.

* Téac gia lién hé
Email: duongthanhtrung@humg.edu.vn
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Muc dich chinh cta viéc quan tric cong trinh thoi gian thyuc 1a dé theo dbi tinh trang stc khoe caa cong
trinh (Structure Health Monitoring), danh gia cac nguyén nhan tac dong va Kip thoi phat hién nhirg hu
hong (Kaya va Safak, 2013).

Trong d6, cac thong sb dé danh gia tinh trang cua cong trinh bao géom muc do chuyén dich, chuyén vi,
IGn, nghiéng, van soén, do rung lic, strc cang két cau,...

Nhiing tinh trang nay c6 thé dugc danh gia thong qua cac thiét bi do dac, cam bién nhu may thu
GNSSS, may toan dac dién tir tw dong, cam bién nghiéng, cam bién rung, cam bién stic cang,... CAc yéu tb
chinh gay nén va 1am anh hudng dén stc bén cia céng trinh bao gom tai trong cua cong trinh va tai trong
mang, cic tac dong tir moi trudng nhu nhiét do, ap suat, gi6, dong dat va anh sang mat troi. Mirc do tac
dong cua cac yéu td moi truong cé thé tinh toan, phan tich thdng qua cac cam bién nhu nhiét ké, &p suit
ké, phong ké, camera giam sat va cac thiét bi phu trg khéc (Alojz KOPACIK va nnk., 2015).

Alojz Kopagik va nhém tac gia (Alojz KOPACIK va nnk., 2015) gi¢i thiéu viéc quan tric thoi gian
thuc cau day vang nhip I6n Lafranconi & Bratislava, Cong hoa Slovak. Theo bai b4o nay, hé thong quan
trac ty dong bao gom hai nhém cam bién chinh 1a nhém céc cam bién tric dia bao gdm may thu GNSS,
méy toan dac dién tir ty dong, cam bién nghiéng véi do chinh xac cao va nhom cam bién khi tuong bao
goém cam bién nhiét do, 4p suat, do am, téc do va hudng gio,... Cac cam bién nay dwoc két ndi vao mot
may tinh chu dé dong bo héa vé thoi gian va cac s liéu do dugc xir Iy bang phan mém Geomos cua hang
Leica dé dua ra cac s6 liéu phan tich.

Xiao Meng, (2002) da phan tich chi tiét va danh gia kha nang cua viéc quan tric bién dang cu & thoi
gian thyc sir dung may thu GNSS va gia toc ké. Theo két luan cua tac gia, viéc lya chon va nang cao do
chinh xé4c dinh vi cia GNSS 1a can thiét dé c6 thé dap img dugc yéu cau quan tric chuyén dich cong trinh
& mac milimet vé do chinh xac.

Mic di d3 c6 nhidu nghién ctu va tng dung GNSS trong quan tric cong trinh, viéc tng dung GNSS
RTK trong quan tric cac tram thu phét séng van con nhiéu thach thire ma nghién ctru nay hudéng dén giai
quyét nhu yéu cau tdi wu vé gia thanh thiét bi va kha ning loc nhidu séng dién tir dé dam bao yéu cau ky
thuat dat ra. Trong nghién ctu ndy s& tap trung dé xuit giai phap ki thuat va bao céo céc két qua thu
nghiém, tir d6 d& xuét cac wng dung trong thyc té.

2. Thiét ké tram quan tric lién tuc thai gian thuc
2.1. Pic diém cong nghé quan trdc lién tuc

Cong nghé quan tric lién tuc dwoc tng dung cho cong tac quan trac dich dong cac tram thu phat séng
di dong (Base Transceiver Station - BTS) dua trén cdng nghé dinh vi vé tinh, dinh vi dong thoi gian thuc
(Real-Time Kinemtic) véi ung dung mang lugi Base-RTK dwoc sir dung. Uu diém 16n nhat caa cong
nghé nay la co thé do dugc trong moi diéu kién thoi tiét va khong can thong huong mit dat nhu déi véi
phuong phap sir dung méy toan dac dién tir. Dir lidu thu thap dugc cia Rover dugc ty dong truyén vé
trung tam xu ly thdng qua mang internet, mang vién théng 3G, 4G.

2.2. Bé tri trgm quan trdc va lap dat thiét bi quan trac

D¢ thyc hién quan tric bang cong nghé GNSS RTK, ¢6 céc loai tram bao gom céc tram tham chiéu
lién tuc (CORS), tram quan trac co s& (Base) va tram quan trac (Rover).

2.2.1. Tram tham chiéu lién tuc

L4 cac tram CORS nha nude, c¢6 d 6n dinh cao (theo tiéu chuan lugi mat bang, d6 cao hang I1, 111 nha
nuéce) phét tin hiéu cai chinh lién tuc (Hinh 1a). Tuy nhién, véi tong s6 65 tram hién nay, mat do cac tram
CORS hién nay 1a khong du dé 1am tram co so trén pham vi toan quéc. Mt khéc, viéc thu tin hiéu lién
tuc tir tram CORS cuia CAC tat ca cac tram quan trac BTS ciing s& gap van dé vé duong truyén va chi phi
cip phat tai khoan sir dung CORS.

2.2.2. Tram quan trdc co sé

Tram quan tric co s0, dugc lip dat tai cac tram BTS c6 do on dinh cao va dugc diéu Chinh théng §6
lién tuc dua} trén viéc két noi vai tram CORS quoc gia. Tram quan trac co so vira duge dung dé quan trac
chinh nd, dong thoi lam tram co sé (Base) cho cac tram khac (Hinh 1b).
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2.2.3. Tram quan trac thuwong

Tram quan tric c6 ang ten may thu GNSS RTK duoc géan trén dinh cua tram BTS duoc trang bi bo
truyén tin hiéu 3/4G dé truyén tin hiéu vé Server.

Toa do cac diém méc quan trac 6 thé dugc cap nhat lién tuc theo tan suat thoi gian theo yéu cau cua
cong tac quan tric, do d6, né cho phép xac dinh sy dich dong cua cac tram BTS mot cach lién tuc véi do
chinh xac cao (Hinh 2).

GNSS

L - oy M
A Ang ten mang A “
— 4— vién théng : :

Ha ting vién
44— thing thu diéng

Base Smtion

Hinh 2. So do bé tri hé thang quan trac BTS
2.3. Truyén va thu nhan thong tin

Phuong thirc két néi dir liéu caa cong nghé do dong thoi gian thuc dugc miéu ta nhu Hinh 2. Béi véi
quan trac lién tuc thoi gian thyuc cac tram BTS, trung tam xir ly s6 ligu s& thu nhan dit liéu quan tric thong
gua mang internet, 3G, 4G. Dir liéu nay duoc xir Iy dé phan tich hién trang dich chuyén cia cAc tram BTS
va dwa ra nhitng canh bao can thiét.

2.4. B chinh xac quan trdc

Do chinh x4c duge xac dinh phu thudc vao muc dich quan tric, diéu kién dia hinh va d6 dich chuyén
trung binh du kién. Nguyén tic co ban xéac dinh sai sé cho phép 1a sai s6 xac dinh toa do phai bé hon tir 2
dén 3 Ian do dich chuyén dy kién giira cac chu ky quan tric gan nhau hogc nho hon 10 % bién d6 dao
dong lsén nhét. Vi du, véi bién do dao dong ngang cho phép trung binh 15 cm, yéu cau do chinh xac ti
thiéu cua thiét bi 1a c6 thé xac dinh duoc sy chuyén dich cua hai chu ky lién tiép la £1,5 cm vé mat bang.

2.5. Thiét bj va phan mém cho cong tac quan tréc tw déng
Yéu cau thdng sb k¥ thuat, chirc nang ciia phan cang va phan mém duoc liét ké & Bang 1.

Déi véi may thu GNSS, dé dam bao dong thoi vé thong sé ky thuat va chi phi thiét bi.
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Bang 1. Yéu cau théng sé kj thudt, chire ndng ciia phan ciing va phan mém

STT Hang muc Yéu cau thdng sb ki thuat, Thiét bi thu

chitc néng nghiém

- GNSS RTK 2 tan 850 kénh

GPS, GAL,GLO,BEI,QZSS Aitogy B290 Multi

RTCM 3 output chanel GNSS

Base-rover covertible Reveiver

- Toc do dinh vi (1 Hz)

1 | GNSSRTK - Thong sé d6 chinh xac RTK

+ M3t bang: 8 mm+0,5 ppm
+ B¢ cao: 15 mm+1 ppm
- V6 hop tiéu chuén 1P65
- Chéng nhidu dién tir 2 16p

- Quan ly dir liéu ngudn va dir liéu ra theo chuan

NTRIP ‘ Phan mém quan ly
- Cap phat va quan ly tai khoan dir liéu nguon NTRIP Caster trén
- Cap phéat va quan ly tai khoan nguoi s dung dir | Server:
Phan mam ligu i . Ai-Caster
s A - Tinh toan va hién thi vi tri cac tram trén nén ban
2 | quanly trén b
server 2 o LA s oA 2
- Kiém soét chat Iugng do dac va bao cao chuyén
dich

- Cai dat duoc thoi gian do toa do va bao cao
- Lién két véi co so dir liéu quan ly website va tng
dung di dong

[Phan mém quan ly NTRIP Caster trén server dugc nhom nghién ctu thiét ké va lap trinh trén nén hé
dieu hanh Window OS thong qua ngon ngir C#. So do khoi cua phan mém duoc trinh bay ¢ Hinh 3 va
hinh anh giao dién ctia phan mém dugc thé hién ¢ Hinh 4.

Tham 50 hé toa dd Mang ludi CORS

3

RTCM RTCM
L 3 Y
RTCM
NTRIP Source/3G RTK Processing NTRIP Caster
3
RTCM XY, H dX, dY, dH

¥ L 4

May thu GNSS RTK Cap nhat vi tri Web quan trac

Hinh 3. So do khai cuia phan mém Aicaster
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“= Quan Iy lubng NTRIP - [m] X
File  Help
Il | & == 1P 103.150.51.72 - Céng 2101 - Han muc khach 1000 5/6/2022 11:16:06 AM
Quén lykhach Dlliéungudn NTRIP  Map
X &
Mo Identfier Mourttpoint Password Data Pasition AuthRequired NMEA Requied  Show Posttion GalPositir_Displacement ~
0 Demo Mountpoint test 12345 0 21.0689652.105 7867575
1 Demo Mountpoint 500051 12345 0 21.0682372.105 7672581 O O (]
2 Demo Mountpaint 500039 12345 [] 223802341.102.8049026 O ] O
3 Demo Mountpoint 500068 12345 0 21.4974096,103.1260995 O O O
4 Demo Mountpoint 500086 12345 [] 21.8114961.102.7609085 O ] O
5 Demo Mountpaint 500060 12345 [] 21.4531307.103.3694656 O ] O
3 Demo Mountpoint 500085 12345 0 47.0000000.8.0000000 O O O
7 Demo Mountpoint 500107 12345 [] 221773212.102.4811563 O ] O
2 Demo Mountpaint 500132 12345 [] 47.0000000.8.0000000 O ] ]
B Demo Mountpoint humga 12345 188662 21.0717543.105.7734804 [m] [m] [ @ ][ oowoo0zo00 |
10 VinhPhuc lapthach 12345 0 21.4275727.105 4925577 ] O ]
il VinhPhuc vinhyen 12345 623345 21.3197844,105.6133316 | Bl | 2021250
12 XN5 HY . MyHao 12345 0 20.9187139.106.1513449 O O O
13 TETP 12345 [] 20.4434848.106.3512772 O ] O
3 14 500126 12345 0 21.0678000.105.7678000 ] O O
15 500113 12345 0 21.0678000.105. 7678000 O O O
16 500110 12345 [] 17.3192422.106. 7204317 O ] O
17 500043 12345 ] 21.3487735.105.2465603 ] 0 O ~
5/6/2023 11:15:58 AM: Add Client: trung : vinhyen ~
5/6/2023 11:15:38 AM: Add Client: trung : vinhyen
5/6/2023 11:15:32 AM:vinhyen Got enough Datum Parameters
5/6/2023 11:15:12 AMhumga Got enough Datum Parameters
5/6/2023 11:15:05 AM: Add Client: trung - hur
5/6/2023 9:20.30 AM: Add Client: attogy.vinhphuc : vinhyen
5/6/2023 B:58:17 AM: Server Disconnected: 125 234.228.185:57562
5/6/2023 8:57:50 AN New Server: 125.234 228 135:57562: 80180 v

Hinh 4. Giao dién cia phan quan ly
3. Xir ly s6 liéu quan tric
3.1. Tinh toan chuyén dich

Phuong phéap quan trac tu dong lién tuc &p dung cong nghé dinh vi vé tinh d6 chinh xac cao RTK cung
cap thong tin toa do cac diém quan trac tai thoi diém hién tai. S6 liéu dugc chuyén vé trung tam xir ly dé
phan tich sy dich chuyén cua céc cot BTS. Cac thdng sé dich chuyén duoc tinh todn dya vao hiéu cua toa
d6 tai thoi diém hién tai so véi toa do & chu ky trude theo céc cong thirc nhu sau:

- Chuyén dich ngang:

AX = X,y — Xp, (1)
AY =Yp =1y 2
- Chuyén dich tong hop:

b = \/AX? + AY? ®)

trong do:
n la thir ty chu ky quan trac;
X Vva'Y latoa d6 mat bang diém quan tric, don vi mm.
Hién twong dich chuyén va cac dic diém lién quan dén ciu tric hién trang cua cot BTS va diéu kién
méi truong tu nhién.
Viéc quan tric tram vién thong bing cong nghé tu dong lién tuc c6 thé duoc bleu dién tryc quan trén
may tinh. Khi mie d6 chuyén dich cua cac diém quan tric téi cac muc gidi han can phai lap tic dua ra
cac canh bao dé phong tranh rui ro va kip thoi sira chira, khic phuc sy cd.

3.2. Gidam va lgc nhiéu tin higu

Nhiéu tin hiéu duoc gy ra do nhidu nguyén nhan nhu céc loai séng dién tir, do cac tang khi quyén,
diéu kién thoi tiét, nhidu da dwong dan,... dan dén sai s6 vi tri trong quan trac bang cong nghé GNSS
RTK, lam giam d¢ tin cay cta sb lidu bao cdo. Dé giam nhiéu trong cong tac quan tric, co cAc giai phap
chinh duge dé xuét trong bai bao nay bao gom:

3.2.1. Giam nhiéu do séng dién tir

Tai cac tram BTS, do Ia ngudn phat song vién thong, séng dién tr manh co thé gay nhiéu tin hiéu vé
tinh di voi may thu GNSS RTK. Bé khic phuc véan d& nay, ang ten GNSS can dugc thiét ke it nhét 2 1op
phan/tdn xa song dién tir chuyén dung va dugc lip dit cao hon céac ing ten phat song vién thong mot
khoang nhét dinh theo thir nghiém thyc té, phu thugc vao cong suat phét caa tram vién théng va kha ning
chéng nhiéu cua may thu GNSS RTK.
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3.2.2. Giam nhiéu do céc tang khi quyén va méi trueong

Nhiél;l do moéi truong trong do dac péng GNSS gay ra chu yéu do tang dién ly va tang dbi luu. C6 2
cach khac phuc nguon nhicu nay bao gom: ) ) )

- Ap dung cé&c md hinh thuc nghiém phu hop va tién tién trén thé gigi trong qua trinh xa ly so6 liéu
GNSS.

- Chi tién hanh do dac va bao céo vao nhiing thoi diém ma nhiéu gy ra bai cac tang khi quyén Ia it
nhét.

3.2.3. Loc nhiéu sé liéu trueéc khi tao bao cao

Khi d4 khic phuc dwoc cac ngudn gay nhiéu chinh da dé cap o trén, trong thuc té do dac van luén ton
tai cac nhidu khéc gay ra sai s6 ngau nhién. Sai s6 ngau nhién thuong khong 16n bt thuong nhung khong
theo quy luat vat 1y va ciing khong triét tiéu duoc hoan toan ma chi cé thé giam thiéu bang cac bién phap
xtr 1y s6 liéu. C6 2 giai phap s& dwoc &p dung trong nghién ciru ndy nay bao gdbm: Kiém soat chat lugng
do va loc Kalman.

- Kiém soat chit luong do: Trong dit liéu diu ra, ngoai cac thong tin chinh nhu toa do (X, Y), do cao
(H) can dé tinh toan do chuyén dich, can kém céc thdng sb vé chat luong do dac nhu trang thai do, do
chinh xac mat bang, d6 cao, ratio 10i giai fixed. Can cir vao céc thdng sé chat lugng do dac dé lya chon
céc thong tin do dac phl hop voi yéu cau vé d6 chinh xac dé 1am céc bao cao quan trac.

- Loc Kalman: La mot phuong phap loc nhiéu tuan hoan dya trén nguyén Iy ti thiéu hoa phuong sai
do dac, tir 46 nang cao d6 tin cdy cua thong tin do dac sau xu ly.

4. Thuc nghiém

Muc dich cua cdng tac thir nghiém nham thir nghiém kha nang dap wng cac yéu cau ddi véi cong tac
quan tric tram phét song vién thong BTS biang phuong phap GNSS RTK, bao gom:

- B chinh x4c cua thiét bi va phan mém xur ly.

- Mitc d6 anh huéng cua song vién thong 1én thiét bi do dac.

Tram quan tric co s& trong thir nghiém la tram CORS dit tai khu A Truong Pai hoc Mo - Bia chét, 1a
méy thu GNSS Leica GR50. Tram quan tric thuong sir dung may thu GNSS Aitogy B290, dit tai tram phét
s6ng vién thong BTS trén ndc toa nha tai s6 399 Pham Vin Ddng, Xuan Binh, Bic Tir Liém, Ha Noi.

+ Két ndi voi tram VNGEONET CORS cua Cuc do dac, Ban db va Thong tin dia ly Viét Nam dé
thdng nhét viéc quan trac trong hé toa d6 VN2000.

+ Két ndi vai hé thong xtr ly va quan 1y CSDL dé cung cap cac théng sé chuyén dich cia tram BTS va
khai thac dich vu vi tri.

Pé thyc nghiém do chinh xé&c ctia phuong phap do RTK GNSS trong quan tric c¢ong trinh, mot ban
dich chia vach dén milimét duoc thiét ké dé co thé dich may cb ¥ (Hinh 5). May thu GNSS B290 dugc
dat trén ban dich dé do va dich cb y tai cac diém 0,1 cm, 2 cm, 2,5 cm, 3 cm, 5 cm va 10 cm. O mdi
khoang dich do 10 tri do dé lay trung binh, sau d6 tinh toan phan tich (Hinh 6). Dit liéu trich xuét tir dir
lieu thuc té duoc trinh bay ¢ Bang 1. Bang phan tich vé d6 chinh xac duoc tinh theo sé hiéu chinh xac
suit va sai sb thuc duoc trinh bay ¢ Bang 2.

Hinh 5. Thyc nghiém dé chinh xac
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581554.2 581554.3 581554.3
— VN-2000-KTT-105-0
2330788.4
2.5cm
lecm
2330788.3 @
: g2 mm
2023 Microsaft Corporstion, €2023 NAVTEQ, €20TS TSas Comasy o NESE
Hinh 6. Thuc nghiém dé chinh xac
Bdng 2. Bang trich tri do thuc dia

STT N(m) E(m) H(m) code hAcc | VvAcc Time
1 2330788,347 581554,288 | 99,578 0 0,01 0,013 09:57:05 AM
2 2330788,342 581554,291 | 99,592 0 0,01 0,013 09:57:13 AM
3 2330788,345 581554,29 | 99,586 0 0,01 0,012 09:57:22 AM
4 2330788,344 581554,288 | 99,606 0 0,01 0,013 09:57:28 AM
5 2330788,344 581554,29 | 99,604 0 0,01 0,012 09:57:31 AM
6 2330788,343 581554,29 99,6 0 0,01 0,012 09:57:38 AM
7 2330788,344 581554,288 | 99,593 0 0,01 0,013 09:57:41 AM
8 2330788,342 581554,288 | 99,585 0 0,01 0,013 09:57:43 AM
9 2330788,343 581554,285 | 99,594 0 0,01 0,014 09:57:45 AM
10 2330788,342 581554,288 99,59 0 0,01 0,014 09:57:47 AM
11 2330788,352 581554,285 | 99,586 | 1 cm 0,01 0,014 09:58:17 AM
12 2330788,354 581554,283 | 99,582 | 1cm 0,01 0,013 09:58:45 AM
13 2330788,353 581554,283 | 99,573 | 1cm 0,01 0,013 09:58:52 AM
14 2330788,355 581554,284 | 99,571 | 1cm 0,01 0,013 09:58:57 AM
15 2330788,357 581554,282 | 99,572 | 1cm 0,01 0,013 09:59:01 AM
16 2330788,355 581554,284 | 99,569 | 1 cm 0,01 0,014 09:59:04 AM
17 2330788,357 581554,284 | 99,574 | 1cm 0,01 0,013 09:59:06 AM
18 2330788,355 581554,284 | 99,576 | 1cm 0,01 0,013 09:59:07 AM
19 2330788,357 581554,286 | 99,581 | 1cm 0,01 0,013 09:59:08 AM
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20 2330788,357 581554,287 99,58 | 1cm 0,01 0,013 09:59:09 AM
21 2330788,36 581554,282 | 99,571 | 2cm 0,01 0,013 09:59:35 AM
22 2330788,364 581554,282 | 99,575 | 2cm 0,01 0,013 09:59:42 AM
23 2330788,361 581554,28 | 99,563 | 2cm 0,01 0,014 09:59:44 AM
24 2330788,364 581554,276 | 99,566 | 2cm 0,01 0,014 09:59:47 AM
25 2330788,364 581554,281 | 99,587 | 2cm 0,01 0,014 09:59:49 AM
26 2330788,363 581554,282 | 99,568 | 2cm 0,01 0,013 09:59:50 AM
27 2330788,363 581554,281 | 99,575 | 2cm 0,01 0,013 09:59:52 AM
28 2330788,363 581554,282 | 99,574 | 2cm 0,01 0,013 09:59:54 AM
29 2330788,361 581554,278 | 99,579 | 2cm 0,01 0,013 09:59:56 AM
30 2330788,362 581554,28 | 99,576 | 2cm 0,01 0.013 09:59:58 AM
31 2330788,365 581554,279 | 99,573 | 2,5cm 0,01 0,013 10:00:43 AM
32 2330788,368 581554,284 | 99,573 | 2,5cm 0,01 0,013 10:00:48 AM
33 2330788,366 581554,282 | 99,572 | 2,5cm 0,01 0,013 10:00:51 AM
34 2330788,365 581554,281 | 99,559 | 2,5¢cm 0,01 0,014 10:00:54 AM
35 2330788,366 581554,28 99,58 | 2,5¢cm 0,01 0,013 10:00:57 AM
36 2330788,368 581554,283 | 99,563 | 2,5cm 0,01 0,014 10:00:59 AM
37 2330788,366 581554,28 | 99,567 | 2,5 cm 0,01 0,013 10:01:02 AM
38 2330788,37 581554,28 | 99,558 | 2,5 cm 0,01 0,013 10:01:03 AM
39 2330788,368 581554,277 | 99,563 | 2,5cm 0,01 0,013 10:01:06 AM
40 2330788,37 581554,279 | 99,556 | 2,5¢cm 0,01 0,013 10:01:.07 AM

Céc tham Séqdé phan tich d6 chinh xac do dac bao gom:

Po léch chuan:

sTp = |21 @)
trong d6: v la sb hiéu chinh xac sut, bang hiéu cua tri do va tri trung binh day tri do.

n 1a sé tri do.
Tri do la khoang dich tinh duoc tir cac tri do toa d6 & cac vi tri dat may thu.
Tri thuc 14 khoang dich thuc té doc tryuc tiép trén ban dich.
Sai s thuc: A = tri do - tri thuc
Cac chi tiéu danh gia d6 chinh xac duwgc trinh bay & bang sau:
Bang 3. Phan tich c4c chi fiéu danh gia d6 chinh xac ¢ thir nghiém thiz nhat

Khoaing dich
STT (tir-déen) 0-1cm 1-2cm 2-25cm 2,5-3cm 3-5cm | 5-10cm
Do léch chuan
1| (m) 0,0023 0,0025 0,0028 0,0031 0,0036 0,0041
2 | Trido (m) 0,0124 0,0082 0,0047 0,0053 0,0207 0,0492
3 | Tri thye (m) 0,0100 0,0100 0,0050 0,0050 0,0200 0,0500
4 | Sai s thuc (m) 0,0024 -0,0018 -0,0003 0,0003 0,0007 -0,0008

Sau khi c6 day sai sé thuc, tinh duoc sai s6 trung phuong:
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= [AA]—13
m = — =1L (mm)

Dé thir nghiém murc d6 anh huong cua tram phat séng vién théng dén do chinh xac GNSS chung t6i da
tién hanh thir nghiém do dac GNSS tai cac tram BTS khac nhau dit tai néc nha C12 tang, Truong Dai hoc
Mo - Pia chét véi 2 loai may, chéng nhidu 1 I6p (Hinh 7a) va chéng nhidu 2 I6p (Hinh 7b).

Thuc nghiém tai hién truong cho thdy rang khi dt truc tiép méy thu GNSS vao mat phat séng cia ing
ten vién thong, song vién thong s& anh huong dang ké dén tin hiéu GNSS, diéu nay lam cho may thu
GNSS kho nhan duoc loi giai Fixed, véi do chinh xac ¢d xentimet. Tuy nhién, khi dit ang ten GNSS
khong ¢ mat phéat song truc tiép va cach dng ten phat song vién thdng tir 0,5 m tré 18n, may thu GNSS
RTK c6 thé cho 10i giai Fixed.

Véi may thu GNSS véi 2 16p chéng nhidu c6 thé cai thién dang ké vé kha niang va thoi gian cho loi
giai Fixed so vai may c6 1 16p chdng nhidu. Trung binh 10s véi khoang cach dén tram CORS < 10 km.

Dé danh gia do chinh xac cua may thu GNSS RTK trong diéu kién nhiu song vién théng, mot thir
nghiém vé& chuyén dich cb ¥ duoc tién hanh. Méy thu GNSS Aitogy-B290 duoc dat trén mot ban dich c6
khic vach dén 0,5 cm (Hinh 8). Ban dich dat cach ang ten tram phat séng vién thdng gin nhat khoang
céch 0,5 m. Tién hanh dich ¢ y may thu di cac khoang 0,5 cm, 1 cm, 2 cm va 3 cm. Céc tham s6 sau d6
duogc danh gia, phan tich dya vao s liéu do dwoc nhu & Bang 4.

Bdang 4. Phén tich céc chi tiéu danh gia d¢ chinh x&c ¢ thu nghiém the hai
STT | Khoang dich (tir-dén) 0-l1cm| 1-15cm 1,5-2cm 2-4 cm 4-7cm
1 | Do léch chuén (m) 0,0025 0,0015 0,0041 0,0023 0,0022
3 | Trido (m) 0,0087 0,0036 0,0062 0,0281 0,0290
4 | Tri thyc (m) 0,0100 0,005 0,005 0,020 0,030
5 | Sai s thuc (m) -0,0013 -0,0014 0,0012 0,0081 -0,001

Sai s6 trung phuong tir sai s6 thuc:

Hinh 7. a) May 1 lép chang nhiéu va b) May 2 lép chang nhiéu trong thyc nghiém
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Hinh 8. Thut nghiém dé chuyén vi may trén ban dich
5. Két qua va thao luan

Tir két qua thuc nghiém c6 thé thay raing may thu GNSS RTK B290 véi 2 I6p chdng nhidu song dién
tir va song da duong dan cé thé cho do chinh xac quan tric c& milimét. Néu liy do nhan biét mic do dich
chuyén bang 3 lan sai sé trung phuong thi trong diéu kién thdng thoang, méay GNSS RTK B290 c6 thé
nhan biét khoang dich 1a 3 x 1,3 = 3,9 mm véi xac suat 99 % sau 10 s hay 10 tri do.

Khi quan tric c4c tram vién thong, vai khoang dit dng ten cach ang ten song vién thdng 16n hon 0,5 m
va khong & mat phét séng vién thong truc tiép, may thu GNSS RTK B290 c6 thé nhan biét duoc khoang
dich 3 x 3,8 = 11,4 mm véi xac suit 99 % trong khoang thoi gian tdi thiéu 10s hay 10 tri do.

6. Két luan

Bai bao da dé xuit glal phap quan tric tu dong lién tyc d6 6 6n dinh cac tram V|en théng str dung cdng
nghé GNSS RTK véi cac giai phap phan ctng va phan mém dé chng nhidu séng vién thong.

Di tién hanh thuc nghiém dé danh gia d chinh xac cia may GNSS RTK Aitogy-B290 trong trudng
hop thong thuong va diéu kién quan trac tram phat song vién thong.

Céc két qua thuc nghiém cho thay rang khi sir dung may thu GNSS RTK cho quan tric cac tram phat
s6ng vién thdng thi vi tri dat may thu GNSS nén cach it nhat 0,5 m vé phia sau hozc 1én phia trén cia ing
ten phat song vién thong dé tranh nhiéu tin hiéu GNSS gay ra boi song vién thong.

Vi diéu kién nhidu song vién thong, o phan giai dé phan biét dugc mirc do chuyén dich ngang cia
cot phét song vién thdng vao khoang 1 cm sau it nhat mdi 10 s.
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ABSTRACT

Deformation monitoring of Base Transceiver Station using
GNSS RTK

Duong Thanh Trung® ", Lai Duc Truong? Nguyen Do Quang Duy* Diem Cong Trang*
*Hanoi University of Mining and Geology
?Aitogy Infrastructure Technology., Jsc
*Hanoi University of Industry
*Department of Survey, Mapping and Geographic Information of Vietnam

This study introduces a method and experiment for deformation monitoring of Base Transceiver Station
using GNSS RTK technology. In the research, a network of monitoring sation is connected with the
national CORS netwok for optimizing in terms of cost and accuracy. Strategies for elimnating noise

causing by mobile signal and GNSS multipath was proposed to improve the reliability of the monitoring
result.

Keywords: GNSS RTK, BTS, deformation monitoring, CORS.
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Nghién ctru danh gia sy tuong quan sO li¢u do mdn gitra cac tram
quan trac bang phuong phap hé so twong quan r

Bui Duy Quynh™*, Ha Thi Hang® Luu Thi Diéu Chinh?, Trin Xuan Truong®
Khoa Cdu dwrong - Truong Pai hoc Xay dung Ha Ngi
?Khoa Cong trinh thuy - Trirong Pai hoc Xay dung Ha Ngi
*khoa Trdc dia - Ban do va Quan Iy ddt dai - Triong Pai hoc Mé - Dja chdt

TOM TAT

Bong bang sdng Ciru Long ¢ Viét Nam dwoc xem 1a mét trong nhimg dong bang dé bi ton thuong nhat
thé gisi do tinh trang xam nhap man. Xam nhap méan da va dang de doa truc tiép toi cude séng, sinh ké,
mdi truong sdng, suc khoe va sy phat trién kinh té caa khu vuc nay. Hau hét cac nghién ctiu hién nay déu
quan tdm dén nguyén nhan, uéc tinh mirc d6 xam nhap man, hoic danh gia tac dong cua xam nhap man
t6i cac khia canh khéc nhau cua doi séng kinh té - x4 hoi tai khu vuc ddng bang séng Ciru Long, trong do,
sb liu do d6 man tai cac tram quan tric thuong duoc sir dung lam dit liéu dau vao hodc 1am dir liéu kiém
chung déi voi cac md hinh du bao xam nhap médn, ma khong dugc danh gia hay kiém tra mirc d6 tuong
quan cua céc sb lieu do do man nay. Chinh vi vay, nghién cuu nay trinh bay két qua danh gia sy tuong
quan sé liéu do d6 man giita cac tram quan tric bang phwong phap hé s6 twong quan T. Két qua cua
nghién ctru nay khong don thuan chi thé hién mirc d6 twong quan s6 li¢u do mgn gitra cac tram quan tric
ma con cho phép cac nha nghién ciu, cong dong dia phuong nam rd dugc nhitng thay doi ciia méi truong,
tir do, cho phép 1ap ké hoach quan 1y méi truong mét cach hiéu qua hon.

Tir khoa: Mirc d6 twong quan, hé sb tuong quan r, s6 lidéu do d6 man, tram quan trac, ddng bang séng Ciru
Long.

1. Pit véan dé

Xam nhap man la hién tugng Xdy ra khi nuéc bién xam nhap vao khu vuc c6 nuéc ngot, thuong 1a vao
hé théng séng va sudi hoic dat dai co nguon nudc ngot (Ippen & Harleman, 1961). Hién tuwong nay
thuong xay ra & cac khu vuc ven bién va ddng bang noi su giao thoa giita nuéc ngot va nugc bién
(Mahmuduzzaman et al., 2014). X4m nhap min co tac dong tiéu cuc rat 16n téi moi mat cua doi séng con
ngudi, tir siec khoe, moi trudng séng, hé sinh thai va sinh ké ciia con ngudi (Shammi et al., 2019; Miah et
al., 2020). Bong bang séng Ciru Long (PBSCL) 1a ving cyc Nam cua T qudc - mot dia ban ¢o vi tri
chién lugc dac biét quan trong, ¢6 vi tri dia chinh tri, dia kinh té va dia quan su hét suc trong yéu ddi voi
ca nu6c (Huu-Thoi & Gupta, 2001). Clng véi dong chinh - Song Tién va Song Hau, PBSCL ¢6 h¢ thong
kénh rach chang chit tao diéu kién thuan lgi cho xam nhap man do thuy triéu dua nuéc man vao sau trong
song va noi dong, dac biét trong moa can, khi ma luu lwong dong chay tir thwong ngudn séng Mé Kong
giam thap (Xiao et al., 2021). bac bi¢t, DBSCL cua Viét Nam dugc coi la mét trong nhitng vung dé bi
tén thuong nhét trén the gidi trudc han han va xam nhap man, nhét 1a trong bdi canh bién ddi khi hau
(Xiao et al., 2021), chinh vi vay, trén thé gisi cd kha nhiéu nghién ctru quan tdm va danh gia tinh trang
x&m nhap man, nguyén nhan va tic dong cta xam nhap man téi cdc khia canh khac nhau cua doi séng
kinh té - x4 hoi tai day.

Huu-Thoi & Gupta (2001) danh gia va du doan dong chay va d6 man cia nudce tai cac vi tri khac nhau
trén mang ludi séng ngoi tai day bang ky thuat phan tich séng (Huu-Thoi & Gupta, 2001). Nguyen &
Savenije (2006) thi tién hanh do d6 man tryuc tiép tai cac ctra song bang céch di chuyén bang thuyén vao
nam 2005, tir d6 du bao tinh trang xam nhap man cho toan vung. Md hinh du bao xdm nhap man nay
dugc xac thuc bang cac két qua do do man vao nam 1998 va 1999 (Nguyen & Savenije, 2006). Kotera et
al. (2014) thi cho rang nhing thay déi trong chu ky cay trong va mat mia & DPBSCL lién quan dén ca li
lut v xdm nhap man (Kotera et al., 2014). Vu et al. (2018) thi cho ring tinh trang xam nhap man &
DPBSCL c6 lién quan dén nudc bién dang va bién déi khi hau (Vu et al., 2018). Hoan et al. (2019) thi danh
gia kha nang thich (ng cua ndng dan véi xam nhap man ¢ tinh Tra Vinh nhim dua ra cac phuwong an thich
rng pht hop, sir dung phuong phap tiép can Motivation - Ability (Pong luc - Kha ning).

* Téac gia lién hé
Email: quynhbd@huce.edu.vn
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Nghién ciru nay da khao Sat 187 nbng dan vé nhan thirc, dong co va kha niang cua ho trong cac moi
truong man khac nhau, bao gom 3 vung ving nudéc bién, vung nu6cC lg va ving nudc ngot. Két qua cua
nghién ctu ndy cho thiy, ndng dan cé nhan thirc kha cao vé xam nhap man, dic biét 1a néng dan séng &
ving bi anh huong, song dong luc va ning luc thich tng véi do man gia ting cua ho déu khé thap, thap
nhét vé trinh d6 hoc véan va ty Ié tham gia vao cac to chic phi ndng nghiép (Hoan et al., 2019). Hoang-Phi
et al. (2020) da tién hanh phan tich mdi quan hé giira md hinh xam nhap man va sy phan b vé khéng
gian - thoi gian canh tac 10a vy Bong Xuén cac ndm 2015, 2016, 2019 va 2020 tai PBSCL. Trong d9, di
liéu anh vé tinh Sentinel-1 dwoc st dung dé trich xuat thong tin phan bé khdng gian cua sau giai doan
sinh trudng cua cdy lta dua trén thuat toan tudi la (Hoang-Phi et al., 2020). Trong nghién ctru méi nhit,
Tran et al. (2021) dénh gia kha nang d& bi tén thwong vé sinh ké va kha nang thich tng caa nguoi dan ven
bién ving PBSCL duéi tac dong caa han han va xam nhap man. Trong do, phuong phap tiép can da linh
vue di duoc ap dung, bao gdm danh gia tai lidu trén may tinh, khao sét thuc dia, phong van va thao luan
nhom tap trung véi 120 ndng dan va 30 can bo dia phuong & hai ap tiéu biéu cua tinh Soc Trang, mot tinh
ven bién ciia PBSCL (Tran et al., 2021). Bén canh d, Xiao et al. (2021) thi cho rang cac hoat dong cua
con ngudi (khai thac nudc ngam qua mtc, cac kénh thoat nude khong duoc kiém soét, van hanh cac dap
thiy dién va viéc phat trién nuoi trong thiy san tran lan) két hop voi bién d6i khi hau (Mue nudc bién
dang tuong ddi, triéu cuong, thay doi ché do mua va nhi¢t do) la cac yéu t6 g6p phan 1am tram trong tinh
trang xam nhap man ddi vai hé thdng nudc ngam ¢ PBSCL (Xiao et al., 2021).

O Viét Nam, cac nghién ciru danh gi4 tinh hinh xdm nhap man tai PBSCL ciing dugc cdng bé rat
nhiéu trong hon thap ky qua (Nguyén Thanh Binh va cs., 2012; Tran Qudc Pat va cs., 2012; Pang Vin
Diing va cs., 2018; Lé Van Hai, 2021; Nguyen bang Tinh va cs., 2021). Nguyén Thanh Binh va cs.
(2012) thi cho rang nhitng nhom cong ddng dé bi ton thwong nhit do xam nhap man bao gom ngudi
ngheo dan toc Kho me va cong dong Song ngoai dé bao. Trong d6, xdAm nhap man, khan hiém nudc ngot
va anh huong cua tridu cuong la nhiing hiém hoa quan trong nhat & PBSCL (Nguyén Thanh Binh va cs.,
2012). Xam nhap man 1a mot trong nhiing van d& lon & BPBSCL va né ¢ xu hudng tram trong hon trong
tuong lai do myc nuéce bién dang va luu lwong tir thwong nguon suy giam (Lé Van Hai, 2021). Do vay,
nhiéu nghién ciru st dung md hinh thay van MIKE11 dé mé phong nhiing kich ban khac nhau do muc
nuéce bién dang va luu luong thuong nguén giam (Tran Qudc Pat va cs., 2012; bing Van Ding va cs.,
2018). Nghién ctru gan day nhit, Nguyen Ding Tinh va cs. (2021) biéu dlen dlen bién mirc d6 man céac
thang mua kho theo chi s6 chuin héa ndng d6 man (SSI) lam co SO dé xay dung tuong quan biéu thi bién
trén cia mire dd man tir binh thudng, man vira, man nang, man rat nang va chiéu sau xam nhap man 4 g/l
tinh tir cira séng duoc xac dinh 1am co sé ddnh gia xaAm nhap man (Nguyén Ding Tinh va cs., 2021).

Nhin chung, phan 16n c&c nghién ctru nay déu sir dung cac sé liéu do d6 man tai cac tram quan tric 1am
dir liéu dau vao hoac lam dit liéu kiém chang két qua danh gia, ma khong quan tim dén sy twong quan sd
liu do man giita cac tram quan tric. Trong khi dé, sb liéu do d6 man gitra cac tram quan tric con tly
thudc vao vi tri cac tram quan tric trén song, luong tram tich trong nudéc, the do cua tridu cuong,... (Huu-
Thoi & Gupta, 2001; Xiao et al., 2021). Nhitng diéu nay c6 thé dan tGi sé liéu do d6 man giira cac tram
quan trac khong tuong quan véi nhau va su khong tuong quan nay c6 thé dan téi sai khac kha lon néu sir
dung trong cac nghién ciru danh gia hoc du bio xAm nhap man sau nay. Chinh vi vay, nghién ciru nay dé
Xuét str dung phuong phap hé s6 twong quan r trong danh gia su twong quan s liéu do man giira 68 tram
quan tric trén dia ban PBSCL.

2. Khu vec nghién ciru

Ddng bing sdng Ciru Long 14 mot bo phan va nam phia cudi cua chau thd séng Mé Kéng, c6 vi tri lién
k& voi ving Pong Nam B9, phia Bic giép voi dat nuée Campuchia, phia Pong Béc giap TP. Ho Chi
Minh, phia Tay Nam giap véi vinh Thai Lan va phia Dng, Pong Nam 1a Bién Dong. Véi dién tich dat
lién 12 39.712 km?, PBSCL bao gdm 13 tinh, thanh la: An Giang, Kién Giang, Tién Giang, Hau Giang,
Bén Tre, Bac Liéu, Ca Mau, Can Tho, Long An, Pong Thép, Tra Vinh, Soc Tring va Vinh Long (Hinh
1). Bdng bing séng Ciru Long gom ba tiéu viing. Ving cao & phia Tay gém céc tinh dau ngudn séng Ciru
Long 1a Bdng Thép, An Giang, Can Tho, phan phia T4y céc tinh Long An, Tién Giang, Vinh Long, Hau
Giang va phan phia Pong Kién Giang. Pay 1 ving thuong bi ngap vao mua muwa boi nudc sdng Cuu
Long dang lén. Ving thap & duyén hai phia Dong gom cac tinh Bén Tre, Tra Vinh, Bac Liéu, Ca Mau,
phan phia Déng bao gom céc tinh Long An, Tién Giang, Vinh Long, Hau Giang va phan ven bién Kién
Giang. Bay la ving thuong xuyén bi tinh trang mian xam nhap vao mua kho.
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3. Dir liéu va phwong phap nghién ciru

3.1. Nguén d# liéu thu thap

Nghién ctu nay sir dung dir liéu d6 man cua 68 tram quan tric trén khu vic PBSCL duoc thu thap
trong 6 thang mua khd cua nam 2020, tinh tir ngay 01/01/2020 dén ngay 30/6/2020. Céc dit liéu d6 man
dugc do lién tuc trong ngay (2 gid /1an) tai cac tram do man thudc sy quan Iy cia S& Nong nghiép va Phat
trién nong thon va Trung tam Khi tugng thuy vin cua cac tinh khu vuc Nam Bg. Pay 1a mua khé trong
nam tai DPBSCL va ciing 1a thoi diém duoc danh gia 1a kha nang man xam nhap siu bat thuong cé thé xay
ra boi nhitng bién dong dong chay ¢ bat cir thoi diém nao do van hanh thiry dién thuong ngudn (Téng cuc
Khi tugng thuy van, http://vnmha.gov.vn).
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Hinh 1. Khu viec nghién cizu va vi tri cac trgm quan trdc dg man
Bdng 1. Mgt so tram quan trac dé man dau va cuoi trén cdc nhanh Song Tién va Song Hdu

Gia tri d man trong khoér)g thoi gian
tir ngay 01/01/2020 dén ngay
TT Tram Séng 30/6/2020
D6 man 16n nhat | D6 man thap nhat
_ _ (9/L) (9/L)
1 Tran Dé Hau (cua Tran DE) 26,0 0,04
2 An Lac Tay Hau (cira Tran D) 8,00 0,00
3 Tra Kha Hau (ctra Binh An) 25,90 2,00
4 Tra On Hau (cira Dinh An) 2,20 0,10
5 Vam Hung My Tién (cira Cung Hau) 20,20 0,20
6 Qudi An Tién (cira Cung Hau) 6,20 0,10
7 Bén Trai Tién (ctra C6 Chién) 27,2 1,30
8 Vinh Binh Tién (cira C6 Chién) 1,90 0,10
9 An Thuan Tién (cira Dinh An) 29,50 1,90
10 Cho Lach Tién (ctra Pinh An) 6,70 0,10
11 Binh Dai Tién (Cira Pai) 29,20 3,62
12 Phi Tac Tién (Ctra Dai) 5,60 0,00
13 Vam Kénh Tién (Cura Tiéu) 25,40 3,40
14 Xuan Hoa Tién (Cira Tiéu) 9,90 0,00
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Vi tri cac tram quan tric nay ciing duoc téc gia Bui Duy Quynh xé&c nhan va déi soét trong chuyén
khio sét thue dia vao thang 02 nam 2023 (Hinh 2).

a. Tram thuy van Phuoc Long b. Tram tuw ghi muc nuwde Binh Dai
,-g;azﬁéiﬂr‘ig - L

L : S
¢. Tram quan trac thiy van Ben Trai

f T d. Tram thuy van Tdn An
Hinh 2. Hinh anh mét so tram quan trac tai PBSCL ghi nhdn tai hién truong vao thang 02 nam 2023

3.2. Phwong phdp hé s6 twong quan r

Hé s tuong quan r con dugc goi 1a hé sb twong quan Pearson (Pearson correlation coefficient) dé ton
vinh nha théng ké ngudi Anh, Karl Pearson, ngudi di cong bd cong thic tinh hé sé tuong quan tuyén tinh
nay vao cubi thé ky XIX va dau thé ky XX (Cohen et al., 2009). Hé sb tuong quan r 1a mot dai lwong
thong ké duoc sir dung dé do luong mirc d6 tuong quan tuyén tinh giita hai bién s6 dinh lwrong. N6 1a mot
trong nhimg phuong phép thong ké quan trong va pho bién nhét duoc sir dung trong phan tich s6 lieu va
thong keé.

Hé s tuong quan r ¢é gia tri nam trong khoang tir -1 dén 1, trong d6 (Ratner, 2009):

- Néu r = 1: ching t6 hai bién s c6 muc d¢ twong quan tuyén tinh hoan hao va déng phuong (ciing
tang hodc cung giam).

- Néu r = -1: chung t6 hai bién s6 c6 mirc do twong quan tuyén tinh hoan hao nhung nghich phuong
(khi mét bién tang thi bién kia giam).

- Néu r = 0: chiing t6 hai bién s khong c6 mirc d twong quan tuyén tinh.

C6 khé nhiéu hé sé twong quan trong danh gia muc do twong quan tuyén tinh giira hai bién sé dinh
lugng, trong do, he s6 twong quanr la pho bién hon ca (Hauke & Kossowski, 2011). Theo dé, khi c6 hai
bién s dinh lugng X vay tir n mau, hé s6 twong quan r duge udce tinh theo cong thirc sau (Pearson 1909):

_ Dic1(xi —X) X (y; — ) 1)
VI = )2 X (y; — )2

trong dé:
xi va y; 1a cac gi tri cua hai bién x va y tuong Gng.
% va y la gia tri trung binh cua hai bién x vay.
Hé s6 tuong quan r khong bi anh huong bai viéc doi vi tri giita hai bién sb, ngoai ra, hé sé tuong quan
r chi do lwong mdi quan hé tuyén tinh gitra hai bién va khdng thé chi ra méi quan hé nhan qua giira hai
bién s6 d6 (Cohen et al. ,2009).
Trong nghién ctru nay, méi quan hé gitra cac 50 lieu do man tai cac tram quan trac dugc xac dinh theo
phuong phéap hdi quy tuyén tinh don st dung hé sb trong quan r. Hé sb twong quan r la mét chi s6 dé do
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muc do manh yéu gitra hai bién s va duoc st dung trong nhiéu linh vuc (y té, kinh te khoa hoc,...). N6
cung céap thong tin vé mirc do quan trong cua mbi twong quan, mol quan hé hoic méi lién hé. Viéc déanh
gia muc do twong quan cua Cac mbi quan hé tuyén tinh theo hé sb twrong quan r c¢6 thé manh hay yéu tiy
theo tung quan diém danh gia, tiy theo timg linh vuc, nhin chung, cic quan diém déu théng nhit nhu sau
gia tri cua hé sb twong quanr c6 thé chia theo cac muc nhu sau (Mukaka, 2012; Akoglu, 2018).

Bdng 2. Hé s6 twong quan r va y nghia cua nd (Mukaka, 2012; Akoglu, 2018)

Hé s tuong quan r Y nghia
lr] > 0,8 C6 twong quan tuyén tinh rit manh
|r| =0,6+0,8 C6 twong quan tuyén tinh manh
lr] = 0,4 +0,6 C6 tuong quan tuyén tinh
|r| =02 +04 C6 tuong quan tuyén tinh yéu
lr] < 0,2 Khong cé twong quan tuyén tinh

4. Két qua va thao luan

Pé kiém tra danh gia sy twong quan sb liéu do man giita cac tram quan trac thu thap dugc, nghién cau
nay di tién hanh so sanh sé liéu man cua cac tram thu thap trong 6 thang cua nim 2020 trén cing mot
nhéanh séng vai nhau. Trén co s két qua thu thap va phan tich dir liéu tuong quan, ta thay dir liéu d6 man
clia C4c tram trén cac nhanh séng déu co do tuong quan manh (h¢ s6 r>0,7). Mbi quan hé tuong quan
déu 1 dong bién, nghia 1a d6 man co xu hudng tang dan tir trong noi dong ra phia ctra bién. Cu thé 1a trén

n‘hanh S6ng Hau, ctra Tran D&, hé s6 trong quan tir tram An Lac Tay, Dai Ngai, Long Phi va Tran Dé
lan luot 12 0,828; 0,902 va 0,948 (Hinh 3).

e s M camaen e p. " CatiSmin i
+ Giatr d& man S ',' ! 1 —y=0.§87.8 'y 1 567 B f_l_,.,' . =y = 0.8177 "x-2.104
—y=0.3789 "x - 0.5408

r=0.948

=
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o
-o.!_t_".

AR

Tl Tl
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Tram Bai MNgai (M)
)
=

Tram An Lac Tay (%)
o B

Tram Long Phi (%)

0 501 15 B B
Tram Trén D& (%)

An Lac Tay
Bai Ngai
Long Phu

Tran bé

Hinh 3. Twong quan s6 liéu do dé man giira cac trgm trén nhanh Séng Hdu - cira Tran Pé

Trong khi do, tai cira Dinh An, h¢ s twong quan r ¢6 gid tri lan luot |2 0,857; 0,908 va 0,814 giira céc
tram Tich Thién, Puong Buc, Cau Quan va Tra Kha (Hinh 4).
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Hinh 4. Tuwong quan sé liéu do dé man giira cac tram trén nhanh S6ng Hdu - ciza Dinh An
Trén Song Tién, cira Cung Hau (Hinh 5), h¢ s twong quan ciing & mic manh va kha manh giira cac
tram Qudi An, cong Nang Am, Bic My, Lang Thé, Tra Vinh va Hung My lan luot 1a 0,855; 0,847;
0,922; 0,926 va 0,897.
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Hinh 5. Tuwong quan sé liéu do dé man giira c4c tram trén nhanh Séng Tién - cira Cung Hau
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Tuong tw, ddi véi cua Cod Chién, hé sb twong quan nhé nhat 1a 0,756 (giita tram T4n Thiéng va Vinh
Binh); trong khi hé s6 cao nhét la 0,915 (gitta tram PhU Nhuan Tan va tram Vam Thom). Cac hé s6 twong
quan gitra cac tram con lai déu ¢ hé s6 twong quan r > 0,8 (Hinh 6).
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Hinh 6. Twong quan s6 liéu do dé man giira c&c trgm trén nhanh Séng Tién - ciza Cé Chién

- 14

+ Gia | 40 ma - . et - G U gg man
oates . 1 JEaeman S [ R e AN s P 6
¥ = 0.7696 "X - 0.4473 12 ¥ = 0.6108 *x - 0.5591 7= 08222 - 0.4811
- F . . "
Is 2 - =0.971
® E- 8 r=0.956 3£ 10 £ =1z
Y 2
84 2 & a FRLE
] E: :
Zs § £ s R
5 =
& z a- E 5 &
g2 2 e &
£ =, N
1 2
2
o 0 ! . . @ o
o 2 a G 8 10 oz 4 &8 B W 12 . o s 10 e 5 5 o s n
Tram Vam Mom (%) Tram An Higp (%6} Tram My Hoa (%:) Tram Vam nuge rong ()

. 20 © o GiA g6 mEn 25 * Giatri 46 méan
e b g —¥ - 08185 - 09555 —y = 1068 " - 7,330
- s r=0.968 0 r=0923

S z

Sz s

z & 15

E " rE

j;‘ & E10F

E s =

oa 5

2
of % T Q
o s is 20 25 s 5 )
Tram Son Bc (%) Tram An Thudn (%)
o
/>
©
)
S &
%
0& Che Lachan Hiep
%, b My Héa

Hinh 7. Twong quan s6 liéu do dé man giira cac trgm trén nhanh Séng Tién - ciza Ham Luéng

Tai nhanh Séng Tién, cira Ham Ludng (Hinh 7), céc hé sb twong quan déu & mirc rat manh r > 0,9. Gia
tri cao nhét 1a 0,971 giira tram An Hiép va My Hoa va thip nhat la 0,923 giira tram Son Ddc va An
Thuan. Cubi cuing, trén nhanh séng My Tho, tai Cira Tiéu, Cira Pai cua tinh Tién Giang (Hinh 8), céc gia
tri trong quan déu & muc rat manh. Méi tuong quan déu dong bién va do man déu c6 xu huéng giam dan
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tir ngoai cira sGng VAo sau trong noi dong. Gié trj tuong quan thap nhat, r = 0,768 la giira tram Vam Kénh
va Hoa Binh. Trong khi do, gia trj twrong quan cao nhat r = 0,950 la gitta hai tram Xuan Hoa va Giao Hoa.
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Hinh 8. Tuwong quan sé liéu do dé man giira cac tram trén nhanh séng My Tho - Cira Pai va Cua Tiéu
5. Két luan

Vi dit liéu d6 man cia 68 tram quan tric trén khu vac PBSCL dugc thu thap trong 6 thang mua kho
cta nam 2020, tinh tir ngay 01/01/2020 dén ngay 30/6/2020, nghién ctru nay da sir dung phuong phap hé
s6 twong quan r dé danh gia mirc d6 twong quan s6 liéu do d6 man giira cAc tram quan trac. Két qua phan
tich va danh gi4 cho thay, sb liéu do do man giira cc tram trén cac nhanh séng cia PBSCL déu c6 muc
do twong quan tir mirc manh (hé s6 r > 0,7) dén mirc rat manh (hé sd r > 0,8) va déu la dong bién, do man
c6 xu hudng tang dan tir phia trong noi dong ra dén phia cura blen Két qua danh gia cua nghién ctu nay
khong chi cho thidy mirc do twong quan manh, ddng bién cua 50 liu do d6 man gitra c4c tram quan tric
ma con cho phép cong dong dia phuong, cic nha nghién ctru nim duoc nhimg thay déi cua méi trudng
cling nhu 1ap ké hoach quan Iy méi truong mot céch hiéu qua hon.

Nghién ctru nay méi dung ¢ viéc danh gia mic do twong quan s6 lidu do @6 man giita cac tram quan
tric trén dia ban khu vuc DBSCL, trong nghién ctu tiép theo, s& tim hiéu va lya chon mét sé mé hinh hoc
méy (machine learning) phu hop cing véi cac s6 liéu do do man da dwoc kiém tra mic d6 tuong quan
nay dé xay dung ban do du béo xam nhap man cho khu vyc DPBSCL.
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ABSTRACT

Research to evaluate the correlation relationship of salinity
measurement data from various monitoring using the r correlation

coefficient
Bui Duy Quynh"*, Ha Thi Hang®, Luu Thi Dieu Chinh? Tran Xuan Truong®
'Faculty of Bridges and Roads, Hanoi University of Civil Engineering
%Faculty of Hydraulic Engineering, Hanoi University of Civil Engineering
*Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology

The Mekong delta in Vietnam is considered one of the most vulnerable in the world to saline intrusion.
Saline intrusion has threatened the local communities' lives, livelihoods, habitats, health, and economic
development. Most of the current studies are interested in the causes, estimation of salinity intrusion, or
assessment of the impact of saline intrusion on various aspects of socio-economic life in the Mekong
delta, in which, salinity measurement data from monitoring stations are often used as input data or as
verification data for saline intrusion prediction models. Therefore, this study evaluates the correlation
relationships of salinity measurement data from various monitoring stations using the r correlation
coefficient. The results of this study not only show the correlation relationships of salinity measurement
data from various monitoring stations but also allow researchers and local communities to understand
changes in the living environment as well as make a more effective management plan for the
environment.

Keywords: Correlation level, r correlation coefficient, salinity measurement data, monitoring stations,
Mekong delta.
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Nghién ctu tng dung GIS trong quan ly thong tin quy hoach xay
dung @06 thi tai xa Hai Tien, thanh pho Mdng Cai, tinh Quang Ninh

Ha Thi Hang", Pao Duy Toan, Ha Trung Khién
Khoa Cau duwong, Truong Pai hoc Xay dung Ha Ngi

TOM TAT

Bai b&o nay trinh bay két qua wng dung cong nghé GIS trong xay dung co sd dit liéu phuc vu quan Iy
thdng tin quy hoach xay dung do thi tai x4 Hai Tién, thanh phé Mong Céi, tinh Quang Ninh. Trong do,
céc nguon dir liéu dau vao bao gdm: Ban dd hién trang st dung dat, ban dd dia hinh, ban d6 quy hoach
chung xay dung va cac so dd dinh huéng phat trién hé théng ha tang ky thuat, hé thdng thong tin lién lac,
hé thong cap dién. T4t ca cac ngudn dit liéu nay dugc chuyén ddi dinh dang, chuyén di hé toa 6 va nhap
céc thdng tin thugc tinh nham xay dung co s& dir lidu théng tin quy hoach xay dung dé thi trong phan
mém ArcGIS 10.5. Két qua cua nghién ciu ndy cho thiy nhiing hiéu qua vuot troi cia cong nghé GIS
trong viéc xdy dung co so di liéu phuc vu quan ly théng tin quy hoach xdy dung d6 thi, nhu: xay dung
dugc mot hé thdng cac 16p dir liéu dong bo, thdng nhat trong cling hé toa do; tra ctiru thong tin don gian,
nhanh chéng; cap nhat, chinh sira, tim kiém thong tin dé dang,... Ngoai ra, co s& dir liéu xay dung duoc
con cho phép xuat béo céo, thanh lap cac ban do chuyén d¢, ciing nhu c6 thé d& dang chia sé dit ligu giira
cac cap quan ly.

Tir khoa: GIS, co so dit liéu quy hoach xdy dung d6 thi, quan ly théng minh, x& Hai Tién, thanh phd
Mong Cai.

1. D3t vén dé

Quy hoach xay dung d6 thi la viéc té chirc khong gian kién tric va bé tri cong trinh trén mot khu vuc
lanh thé trong tung thoi ky, lam co s¢ phap ly cho viéc chuan bi dau tu xay dung, quan ly xay dung va
phét trién kinh té, xa hoi (Luat Quy hoach, 2017). Thong tin quy hoach xay dung d6 thi cung cap nhiing
théng tin Ve ké hoach phat trién db thi trong twong lai, bao gdm céc thdng tin vé khu dat quy hoach, mat
d6 dan sb, dia diém xay dung, ha tang cong cong, hé thong duong glao théng, khu vuc danh cho cong
nghiép, thwong mai va dich vy, ciing nhu cac quy dinh vé kién tric va xay dyng. Thong tin nay rat quan
trong trong quan ly, quy hoach va phét trién d6 thi, gilip cho cac nha quan ly va cac chuyén gia c6 thé dua
ra cac quyét dinh hop ly va hiéu qua trong qué trinh quan ly va phét trién do thi (Yigitcanlar et al., 2008).
Chinh vi vay, quy hoach xay dung do thi dong mot vai tro rat quan trong trong viéc dam béao phét trién do
thi mot cach bén viing, quy hoach xay dung do thi gitip cho cdc d6 thi dugc phat trién mot cach hop 1y,
ddng bo va dap tng dugc nhu ciu cua da sO nguoi dan trén dia ban. Quy hoach xay dung d6 thi mot cach
hop 1y ciing giup giam thiéu cac van d& vé moi truong va xa hoi, dam bao sw an toan, hiéu qua va tiét
kiém tai nguyén thién nhién. Tuy nhién, bén canh d6, quy hoach xay dung db thi can phai dwoc cap nhat
va diéu chinh lién tuc dé phi hop véi cac thay ddi v& méi truong, kinh té, van hoa va xa hoi (Yigitcanlar
et al., 2009).

Ngay nay, h¢ thong thong tin dia Iy GIS (Geographic Information System) duoc xem la mot giai phap
quan trong va hiéu qua trong quan ly thdng tin quy hoach xay dung d6 thi béi né c6 kha nang thu thap,
luu trit, quan Iy va phan tich dir liéu dia 1y, nd co thé xay dung co s¢ dir liéu (CSDL) 1a noi chira dung va
tao ra nhiing thong tin quan trong vé quy hoach d6 thi, vé str dung dét dai, vé hé thong ha tang k¥ thuat,
vé moi truong, mat do dan sd, kinh té va cac yéu té khac co lién quan dén quy hoach do thi (Dale P.F.,
1991). Véi viéc xay dung co s¢ dit ligu quy hoach xay dung d6 thi trong méi truong GIS lam cho cong
tac quan ly thdng tin quy hoach xay dung do thi tré nén dé dang va hiéu qua hon. Trong mdi truong GIS,
ngudi ding co thé dé dang tra cau, truy xuét, cap nhat va chinh stra thong tin, thuc hién cac phép phan
tich khong gian, dua ra cac quyét dinh thdng minh va hiéu qua hon trong viéc quan ly va giam sat quy
hoach do thi (Yeh, A.G., 1999).

* Téac gia lién hé
Email: hanght@huce.edu.vn
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Trén thé gidi, cong nghé GIS ngay cang dugc quan thm va ung dung kha nhiéu trong cac nghién ctu
lién quan dén linh vuc quy hoach xay dung d6 thi (Masser 1., 2001; Oh K., 2001; Banzhaf et al., 2009).

Li & Yeh (2000) da tich hop may ty dong di dong (Cellular Automata - CA) dé xay dung CSDL d6 thi
trong hé thong Grid-GIS nham tao diéu kién truy cap d& dang hon ciing nhu gitip cho cac nha quy hoach
c6 thé tim kiém nhiing dang db thi tot hon cho muc tiéu phat trién bén viing (Li & Yeh, 2000). Dai et al.
sir dung GIS cho viéc danh gia diéu kién dia ly - méi truong thuan loi cho quy hoach sir dung dat d6 thi
tai khu dé thi thudc thanh phé Lan Chau va viing phu can & Tay Bic Trung Quéc.

Panh gi4 nay két hop dia hinh, dia chit bé mat va da gdc, didu kién nudc ngam va cac tai bién dia chat
lich sir (Dai et al., 2001). Trong khi d6, Marzouk & Othman thi dé xuét tich hop M6 hinh théng tin xay
dung (Building Information Modeling - BIM) va hé thong thong tin dia ly (GIS) dé lap ké hoach va du
bao nhu cau co s ha tang tién ich cho cac thanh phd dang mo rong va cac khu dé thi méi, trong dé, sir
dung théng tin quy hoach sir dung dét, thong tin vé loai cong trinh va nhiéu loai thong tin lién quan khac
(Marzouk & Othman, 2020). Géan ddy nhat, Chen et al. da thao luan vé viéc phét trién hé thong thong tin
quan Iy quy hoach d6 thi théng minh dua trén nén tang GIS. Trong d6, mé hinh dit liéu khong gian chi
tiét da duogc thlet ké va xay dung theo cac vin ban phap ly lién quan, sir dung chirc ning phan ting dé
nham cung cap mo hinh dit liéu tuong Gng dya trén cac théng tin thudc tinh dugc luu trir trong CSDL
(Chen et al., 2021).

O Viét Nam, cong nghé GIS ciing duoc tng dung rat nhiéu trong linh vuc d6 thi va quy hoach xay
dung d6 thi (Nguyén Van Tudn, 2011; Nguyén Thi Thay Hién, Pinh Viét Hung, 2013; Nguyén Bich
Ngoc va cs., 2014; Nguy&n Thanh Phi va cs., 2018; Luu Dinh Hiép va cs., 2019). Hau hét cac nghién cau
déu thuc nghiém wng dung cdng nghé GIS trong quan Iy quy hoach xay dung tai mot sé dia phuong trén
ca nude va phan ndo chimg minh dwoc tinh hiéu qua ciia cong nghé nay.

X& Hai Tién 1a mot trong 17 don vi hanh chinh caa TP. Méng Céi, tinh Quang Ninh, day 14 xi co vi tri
chién Iuoc trong ké hoach phét trién Khu dé thi dich vu tich hop caa thanh phé trong tuong lai. Hién nay,
cac ban do hién trang sir dung dat, ban do dia chinh, ban d quy hoach xay dung d6 thi tai xa Hai Tién
déu duoc luu trit dudi dang *.dwg, thude dinh dang ciia phan mém AutoCad, trén d6 chira dung cac théng
tin khong gian caa ddi twong (vi tri, hinh dang thira dat). Trong khi d6, cac thdng tin thugc tinh lién quan
dén thura dat (cha so hitu, dién tich, loai dat,...) lai dugc luu trit dudi dang *.docx, thude dinh dang cua
phan mém Microsoft Word, hogc dudi dang *xlsx ciia phan mém Microsoft Excel. Vi dix li¢u khong gian
va dir liéu thudc tinh cua cung mot dbi tuong dugc luu trit riéng biét trén cac phan mém khac nhau nén
viéc quan ly va tra ciru thong tin rat kho khan, mat nhiéu thoi gian, ngoai ra, diéu nay con gdy kho khan
trong viéc chia sé¢ va dong nhat dit liéu giita cac don vi quan ly. Nham khic phuc nhitng bat cap nay,
nghién ctru nay dé xuét (g dung cdng nghé GIS trong quan ly thdng tin quy hoach xay dung dé thi tai
x& Hai Tién, thanh phé Méng Cai, tinh Quang Ninh. Trong d6, CSDL thong tin quy hoach xay dung d6
thi xay dung dugc trong nghién ctu s& cung cap nhiing thong tin lién quan dén quy hoach sir dung dat,
hién trang sir dung dit va cac thong tin lién quan dén ha tang ky thuat d6 thi (hé thng cip, thoat nuéc;
hé thng thdng tin lién lac; hé thong cip dién). Két qua nay sé& gilp viéc quan ly, tra cau, cap nhat,
chinh sira va chia sé théng tin quy hoach xay dung d6 thi trén dia ban dugc nhanh chdng, thuan tién va
hiéu qua hon.

2. Khu vuc nghién cau

Hai Tién 1a mot xa trung du ven bién nam & phia Tay, cach trung tdm thanh phé Méng Céi 12 km, Vi
téng dién tich tu nhién 3.446,31 ha, chiém 17,81 % tong dién tich dat cua thanh phé Méng Céi. Trong do,
@4t 1am nghiép va mat nudc, bai tridu ven bién chiém gan 3/4 dién tich tu nhién cua xa. Pia ban x Hai
Tién gdm 09 thdn, véi 1.829 ho va 6.822 nhan khau.

= ~ e

Hinh 1. Khu vic nghién ciu
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3. Dir liéu va quy trinh nghién ciu
3.1. Céc nguén diz liéu thu thap

Trong nghién ctru nay, dé phuc vu cdng tac quan ly thdng tin quy hoach xay dung do thi trén dia ban
x& Hai Tién, cac ngudn dit liéu thu thap dugc cung cap boi UBND xa Hai Tién vao nam 2021, bao gdbm:

- Ban d6 hién trang st dung dat nam 2020 tai dia ban x& Hai Tién - thanh phé Méng Céi - tinh Quang
Ninh, ty I& 1/5000, do S& Xay dung tinh Quang Ninh cung cip.

- Ban d6 dia hinh Khu dan cu hai bén Qudc 16 18 thudc dia ban xa Hai Tién - thanh phd Moéng Céi -
tinh Quang Ninh, ty I& 1/500, do Vién Quy hoach va Thiét ké xay dung cong trinh Quang Ninh lap theo
phuong phap do v& tryc tiép ndm 2021.

- Ban dd quy hoach chung xay dung (giai doan 2022-2030) trén dia ban xa Hai Tién - thanh phd Méng
Céi - tinh Quang Ninh, ty I& 1/5000.

- So @6 dinh huéng phéat trién hé thdng ha ting k§ thuat phuc vu quy hoach xay dung dé thi trén dia
ban x& Hai Tién - thanh phé Méng Cai - tinh Quang Ninh.

- So db dinh huéng phét trién hé thdng thong tin lién lac phuc vu quy hoach xay dung d6 thi trén dia
ban x& Hai Tién - thanh phé Méng Cai - tinh Quang Ninh.

- So d6 dinh huéng phat trién hé thdng cap dién phuc vu quy hoach xay dung d6 thi trén dia ban xa Hai
Tién - thanh phé Méng Céi - tinh Quang Ninh.

3.2. Xay dung co sé dir ligu thong tin quy hoach xay dung d@é thi trong phan mém ArcGIS 10.5

Vi céc dir ligu da thu thap dugc, tién hanh to chirc co so dit liéu phuc vu cong téc quan Iy thdng tin
quy hoach xay dung d6 thi trén dia ban x& Hai Tién, thanh phé Mdng Céi, tinh Quang Ninh nhu sau:

- Ban do hién trang sur
dung dat;
- Ban d6 dia hinh.

Ban db quy hoach sir dung dét; So d6 phit trién hé thong ha ting ky
thuat, hé thong thong tin lién lac, hé thong cap dién,. ..

Chuén hoa th T A . o
uan 1oa theo Chuyen doi va xay dung dir liéu thong tin quy hoach xay dung do thi
quy dinh B trong phdn mém ArcGIS
TNMT Ep ’
y \ \J/
Dit ligu Quy hoach sir Hé thong cap, Hé¢ thong Hé thong thong
nén dia ly dung dét thoat nudc cép dién tin lién lac

CSDL thdng tin quy

hoach xay dung
do thi

Hinh 2. So' do té chirc CSDL phuc vu quan 1y théng tin quy hoach xay dung dé thi
3.2.1. Xay dung di liéu nén dia ly
Dir ligu nén dia ly 1 co s¢ dé dinh vi ndi dung chuyén dé cua CSDL, tao diéu ki¢n thun loi dé dinh
huéng va lam sang to cac déc diem cling nhu quy luét phan bo cua cac hién tugng nam trong chuyén de
cua CSDL. Trong nghién ctru nay, dit liéu nén dia 1y duoc st dung la ban do hién trang st dung déat nam
2020 trén dia pén xa Hai Tién, ty 1é 1/5000 va ban d6 dia hinh khu dan cu hai bén Quéc 16 18 thudc dia
ban xa Hai Tién, ty I¢ 1/500.
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Hinh 3. Ban do hi¢n trang su dung dat ty I¢ 1/5000 (a) va bdn dé dia hinh khu ddn cuwr hai bén QL 18

ty 1¢ 1/500 (b) trén dia ban x& Hdi Tién trong phan mém AutoCad

- Chuyén d6i dinh dang dit liéu: Do nhitng dit liéu nén thu thap duoc déu luu trir dudi dang *.dwg cua
phan mém AutoCad (Hinh 3), do d6, can phai chuyén ddi dit liéu va bién tap lai cho pht hop véi dinh
dang CSDL trong phan mém ArcGIS 10.5. Khi tién hanh thém céc ngudn dit liéu nay vao trong phan
mém ArcGIS 10.5 s& hién rat nhidu cac 16p thong tin khac nhau, trong do6, cac dinh dang phé bién 1a
Annotation (thudng twong (ng vai cac ki hiéu ghi chd trong phan mém Autocad); Point (twong tng véi ki
hiéu dang diém); Polyline (twong ung véi ki hiéu dang duong); Polygon (twong tmg véi ki hi¢u dang
vung);... Sau khi lya chon dugc dbi tugng can chuyén doi thi s dung lénh Feature Class to Feature Class
trong phan mém ArcGIS 10.5 dé chuyén dbi sang dinh dang shapefile (*.shp) ciia phin mém ArcGIS.

- Chuyén ddi hé toa do: Thong thuong, cac lop dit liéu nén sau khi chuyén ddi vé dinh dang shapefile
(*.shp) trong phan mém ArcGIS thuong chwa duoc gan trong hé toa do cu thé nao. Tién hanh sir dung
Iénh Project trong phan mém ArcGIS 10.5 dé chuyén di hé toa do phii hop cho tit ca cac file dit liéu nén
nham phuc vu cho viéc quan ly théng tin quy hoach xay dung d6 thi.

Co s¢ dit lieu hé théng thdng tin quy hoach xay dung db thi trén dia ban x& Hai Tién, thanh phé Méng
Cai, tinh Quang Ninh can duoc thanh lap trong Hé toa do Quéc gia VN- 2000: Ludi chiéu UTM qudc té,
mdi 6°, kinh tuyén truc Lo = 107°45°, hé sb bién dang ko= 0,9996; Ellipsoid WGS-84 duoc dinh vi phu
hop vai 1anh tho Viét Nam, trong phan mém ArcGIS 10.5.

- Nhap thong tin thudc tinh: Can ctr vao thong tin thugc tinh duge luu trir roi rac theo vi tri hoac theo
bang ghi cha hoac theo ki hi¢u trong phan mém Autocad, tién hanh nhap théng tin thugc tinh cho tng
Io‘p d6i tuong twong wng trong phan mém ArcGIS 10.5. CAc thong tin thugc tinh nay c6 thé nhap truc tiép
bang cach str dung cong cu Editor = Start Editing trong phan mém ArcGIS 10.5 roi nhap lan luot; hoic
két ndi véi mot bang thong tin & phan mém khac tuong thich voi GIS nhiam hoan thién co sé dir liéu tich
hop quy hoach ha tang d6 thi trong GIS, bang cach str dung cong cu Joins and Relates = Join trong bang
thugc tinh cua déi tuong.

3.2.2. Xay ding CSDL thong tin quy hoach xay ding dé thi trén dia ban xa Hai Tién

CSDL théng tin quy hoach xay dung d6 thi trén dia ban x& Hai Tién bao gdm: Ban d quy hoach
chung xay dung (giai doan 2022-2030) ty 1& 1/5000 va cac so dd dinh hudng phat trién hé thong ha tang
ky thuat, hé thong thong tin lién lac, hé thong cap dién, ... trén dia ban x& Hai Tién, thanh phé Méng Cai,
tinh Quang Ninh dwoc cung cap boi UBND x4 Hai Tién vao nam 2021. Do tit ca nhing dit liéu nay dugc
lwu ¢ dinh dang *.dwg cua phan mém AutoCad, do dé, ciing can phai thuc hién chuyén doi dir liéu,
chuyén doi hé toa do va nhap thdng tin thugc tinh cho tat ca cac ddi tuong nay trong phan mém ArcGIS
10.5.
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Bang 1. Té chirc cac lop dir liéu trong CSDL thong tin quy hoach xay dung do thi trén dia ban
x& Hdi Tién trong phan mém GIS

Loai d6i twong

Céc thong tin thudc

TT Céc lop dix liéu Néi dung khong gian tinh
, ; Quy hoach sir dung . Loai hinh str dung dét,
1 Quy hoach sir dung dat gt Ving dién tich.
NSRS . A N . . Thai han dung, duong
2 buong 6ng cap nudc Cong trinh cap nudc bPuong P
kinh ong.
R . z , .2 Tén cbng trinh, toa d6
3 Tram bom Cong trinh cap nudc biém X, toado .
4 Duorng’ongvt_h oat Cong trinh thoat nudc buong TI;nh trang, duqng k,'.nh
nudc thai ong thoat nudc thai.
5 Budng ong thodt | s inh thodt nuéc | Budng Thoi han dung, dwong
nudc mat kinh ong.
6 Puong dién chiéu sang |  Hé théng cap dién Puong Cong Suzti'élﬁa' duong
7 Duong day thong tin H¢ thong thong tin Puong Ghi chd, loai éng.

lién lac

lién lac

4. Két qua va thao luan

Sau khi xay dung dugc CSDL thong tin quy hoach xay dung d6 thi trén dia ban xa Hai Tién - thanh
phé Méng Cai - tinh Quang Ninh trong phan mém ArcGIS 10.5, nhan thay, viéc quan ly thong tin quy
hoach xay dung db thi trén dia ban x4 Hai Tién da trd nén don gian va dé dang hon kha nhiéu, cu thé: cac
16p dit liéu dugc luu trit ddng bo trén cing mot hé toa do, viéc tra ctru thong tin quy hoach xay dung d6
thi theo vi tri khong gian duoc lién tuc, két ndi dugc ca théng tin khong gian va thdng tin thugc tinh,...

a). Thong tin quy hoach sir dung dat

] Dét rimg phong ho
[ Dét rimg phong ho hién trang
[ Dét rimg san xudt
Dit thé duc thé thao
[7]Dét trang trai
] Pét truong hoc
EJDstyte
[TDét & do thi

b). Thong tin hé théng ha t?mg k¥ thuat

do thi do thi
= @ QHSDD_Hai_Tien = Tram_bom_CTR

SOD: Loai
B Dét an ninh quéc phong
[C]Dét cy xanh dé thi Vi § Tram bom nuéc
i bat cong cong )
B Dét co quan = yois > &
=104t dutr pht trén L Tram x(r ly chét thai ran
[C] Dt giao thong :
B304t hanh chinh = ¢ Dg_dien
Dt ha tang giao thong Loai
2 Dt ha tang ky thuat 100KV
[1Dét logistic w— 22KV
[ D&t mat nudc )
2 D&t nghia trang = Cap_quang_thong_tin
303t ngap nuée Loai
[C]Dét nudi tréng thiy san — 3 dng PVC

& ndng nghitp = Thoat_nc_ban
1 Dét rimg ngép man hién trang GO
-

thoat_nc_mat
Dg_cap_nc
Layer

— cn-ppc-dk_ngan han

— cn-td-dk

Hinh 4. Cac 16p di liéu chuyén dé xay dung dwoc trong CSDL théng tin quy hoach xay dung dé thi

tai xa Hai Tién

,Bén canh do, viéc‘ tra cau, truy xuét thdng tin vé thong tin,quy hoach g(éy dung d6 thi cling nhu hé
thong cong trinh ha tang ky thuat do thi trén dia ban xa Hai Tién, thanh phé Méng Cai, tinh Quang Ninh
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trong phan mém ArcGIS 10.5 ciing s& gilp cho céc nha quan Iy vira xem duoc dit ligu khong gian va vira

cap nhat dugc vao bang thudc tinh cua do6i twong mot c‘éch dé dang, diéu nay gop phan han ché sai so do

nhap thdng tin thu cong, dam bao tinh lién két va tinh dong bo trong cong tac quan 1y, dieu hanh.
- i)

@) Map_hai tien - ArcMap X

Fle Edi View Bookmaks Insei Selection Geoprocessing Customize Windows Help
Degda B> - K EEERE ¥ st »
L THEH E-Ok@ B NE = BEEE
Table Of Contents 3x ~ @
Esesd z
5 & thoat ne_mat o :
580
5 ap.nc
e densfyfom: [ cop-most ye> z
— cn-ppc-dk_ngan han E-GHSDD_Hai Ten -
— cn-td-gk ~ Bt rimg ngép mén hién trang z
SR =] OHSOD Ha Tien) -
s F]
DAt an ninh quéc phang 7 A o
19 céyxanh 34 thi - 5
20t cong cing Ly|s ) 2
Location: | 508,015.748 2,378,070, 364 Meters - =
SR coqun 1 =
30 dutr phit trén Feld Vake b o
194 gisothéng o . - H
50 hinh chinh Sepe Py 5 E
393 ha fing gizo théng EETD 0 i Y =
304 ha ting K thuit FD.Datha 0 . ?,F':H’ LY E
Coftlogstic i 0 2 iy \ H
395 mét nuic ™ 85t rimg nglp minhén rang ‘ :7(7&% .>7>—<: B
[ Détnghiatrang Shiape_Jeng 2002538158 o =giglirantio® g
B ngép nudc FID_Rerh g 0 atatyRete¥ £
50 nudi tibng thiy sin shape L2 1 0 J{E ihﬁkf}:H B
(1Bt néng nghiép. Shape Area 194391259753 HEH F'QSJ‘
D4t rimg ng3p mén hién trang HO )—(P})?)—’_l.“
B3t rimg phéng ha H*D*: H
[JB#trimg phéng hg hién trzng St
[J8atring sin xudt -0
‘Dt the duc thé thao igBatiat;

)8 trangtri \ ’);HH e e et
DR tuinghoc e e
Dty >

SoRy Identified | festure e —
S 27807034 eters
= - = MG 1058
O Typeheretosearch ﬁ =4 e " ﬂ n e t: A A3 aBo L W2 )
’ A -
a) Tra cizu théng tin
Q) Mep_hai tien - ArcMap - 8 x
Fle Edt View Bookmads e Seedion Geoprocessng Customize Windows Help
D@84 BRx 2 olb. mm M EEEED oy B
0 e [@Ox0/ESNDS DI :
Ttle Of Conents ax -
L
— Jéng PUC P §
& B Theat nc_ban o
& B thoat_nc_mat g
& B Dgcapnc H
Layer Tl ox
— ¢n-ppe-dk_ngen hen ERCIT Y ?
CHSDD_HiTien = g
g | shape’ | oBJSECTID | FID Dat ha wﬁ $00 Shape leng | FID_Ranh g | Shape Le 1 2
» [ 4ifrolygen 2w [ o ofphisimi 0 0] [ ]
[Pt cayxanh dé thi 46 |Polygen 24 0| o ojpksstm o L ) i
bt cing cdng A7 |Polygen W [ o Okisim o ) [] 2
e o L :
) 1 fohgon s g aaE
3D dutrd phittridn 213 Folggen 24 [ 0] 0ok phat rdn 361 208253 ' 1 @
(14 gieo théng ¥
EJBét hinh chinh H
Bt ha g gianthing H
[ESID# ha ting kj thuit s
Bt logisic \ £
(188t mat nuge. Y kil
IRt nghiatrang
(1Bt ngép nutc
(1D musi tring thiy s
(Bt néng nghidp
[EJB8 ing ngp mén hién trzng o 10 0 BT (st or 35 seecte)
Bt ring phéng hj
[t rimg phéng hé hén trang
DRt rimg sin vuit ‘
it thdduc thi thee viEejznc

5116417 ZTT400M Melers
NG 1118

W P Type here to search Us w2 L)

b) Lién két thong tin khong gian va théng tin thugc tinh

Hinh 5. Thyc hién tra cizu thong tin (a) va lién két thdng tin (b) trong CSDL thdng tin quy hoach xay
dung do thi trén dia ban xa Hai Tien trong phan mém ArcGIS 10.5

Ngoai ra, véi CSDL thdng tin quy hoach xay dung d6 thi trén dia ban xa Hai Tié'q da xdy dung dugrc,
phan mem ArcGIS con cho pheép the hién cac CSDL nay dudi dang ban do chuyén de phuc vu cho nhicu
nganh, nhiéu muc dich khac nhau hoac xuat bao cao dé bao céo cdng viéc hang nam (Hinh 6).
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BAN ©6 OUY HOAGH XAY DUING B THI XA AL TIEN - THANN PHG MONG GAL- TINH GUANG NINH

Hinh 6. Ban do thong tin quy hoach xay ding dé thi trén dia ban xa Hai Tién, thanh phd Méng Cai,
tinh Quang Ninh

5. Két luan

Véi cac ngudn dit liéu thu thap duoc, nghién ctru nay di xay dung thanh cong co so dir liéu phuc vu
cong tac quan ly thdng tin quy hoach xay dung db thi trén dia ban xa Hai Tién, thanh phd Méng Céi, tinh
Quang Ninh trong phan mém ArcGIS 10.5. Trong dé, cac dbi twong khong gian duoc gén véi cac théng
tin thudc tinh di kém trong cing mot hé thong phan mém, diéu nay gidp cho viéc tra ciru thdng tin, cap
nhat va chinh stra thong tin dugc nhanh gon, hiéu qua. Ngoai ra, vgi CSDL thdng tin quy hoach xay dung
d6 thi trén dia ban x& Hai Tién con gilp céc co quan quan ly d& dang trong viéc chia sé dir liéu, tra ctu,
cap nhat, chinh sira thong tin, tim kiém ddi twong, Xxuat bao cdo,... déu tro nén dé dang, thuan tién va hiéu
qué hon so vai cong nghé quan ly truyén théng nhu hién nay.

Nghién ctru nay budc dau méi chi thuc nghiém tng dung cong nghé GIS trong xay dung CSDL thong
tin quy hoach xay dung do thi tai x4 Hai Tién nham danh gia va ching minh tinh hiéu qua cua cong nghé
nay, chinh vi vay, dé xay dung dugc ddng bo CSDL théng tin quy hoach xay dung db thi cho toan thanh
phé Méng Cai va tinh Quang Ninh nham hudng t6i cong tac chuyén doi sb trong twong lai, can kién nghi
st dung céng nghé GIS trong cong tac quan 1y ciing nhu ban hanh cac van ban phap 1y lién quan dén
CSDL thong tin quy hoach xay dung d6 thi n6i chung cho toan tinh.

Loi cam on

Nghién ctru nay dwoc tai tro boi Trudng Dai hoc Xy dung Ha Noi ddi voi nhom nghién ctru “Nghién
ctru ing dung cong nghé GIS & RS trong phan tich, danh gia rai ro thién tai nham thich &ng véi bién doi
khi hau”.
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ABSTRACT

Research and application of GIS technology in construction planning
information management in Hai Tien district, Mong Cai city,
Quang Ninh province

Ha Thi Hang", Dao Duy Toan, Ha Trung Khien
Faculty of Bridges and Roads, Hanoi University of Civil Engineering

This paper presents the application of GIS technology in building a database for information management
of urban construction planning in Hai Tien commune, Mong Cai city, Quang Ninh province. The input
data sources include the current land use map, the topographic map, the general construction planning
map, and development-oriented diagrams of technical infrastructure system communication and power
supply system. All these data sources were converted and imported into ArcGIS 10.5 software to generate
a database of urban construction planning information. These obtained results demonstrate the
outstanding effectiveness of GIS technology in database management for urban construction planning
information, such as building a system of synchronous data layers, enabling simple and fast information
lookup, and easy updates, edits, and information searches. Additionally, the built-in database allows for
exporting reports, establishing thematic maps, and easy data sharing between management units.

Keywords: GIS, database of urban construction planning, intelligent management, Hai Tien commune,
Mong Cai city.

58



(’\
ESS% HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
— Vi SU PHAT TRIEN BEN VIPNG (ESSD 2023)
ENGINEERING SURVEYING

FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

Nghién ctu binh sai va phan tich chuyén dich ngang
cong trinh xay dung tng dung cong nghé GNSS

Hoang Ngoc Ha ™
Truwong Pai hoc M6 - Dja chat

TOM TAT

Trong bao céo tap trung nghién ctru tng dung cong nghé GNSS va cac phuong phap hién dai xtr ly s6 lidu
trong tréc dia cong trinh. Nghién ciru sir dung s6 liéu do GNSS trong céc chu ky khac nhau dé phan tich
chuyen dich ngang cong trinh. Da g dung binh sai ty do, phép loc Kalman, xac dinh cac tham so dich
chuyén, tinh toan van toc va gia téc dich chuyén caa cong trinh. Ap dung céc tiéu chi thong ké dé phan
tich. Cac két qua thu dwoc cho phép danh gia birc tranh bién dang ngang cia cong trinh va mé ra kha
nang du bao phuc vy c¢ong tac an toan. Tinh toan cu thé dbi vai mot cong trinh cu thé.

Tir khoa: Phan tich chuyén dich, GNSS, binh sai tric dia, loc Kalman.
1. Pit van dé

Bai toan phan tich bién dang chuyén dich ngang cong trinh dwgc dé cap trong nhiéu cong trinh nghién
clru trong va ngoai nudc: Welsch W.M., Heunecke O. (2001); Tran Khanh, Nguyén Quang Phtc (2010);
Lé Duc Tinh (2017),... Dic diém chung cia cac phuong phap 1a trén co sé két qua binh sai cua cac chu ky
so sanh do dich chuyén so véi chu ky dau tién dé phan tich danh gia.Viéc img dung cong nghé GNSS voi
d6 chinh x4c cao da lam thay dol birc tranh cdng nghé truyen thong véi wu viét vi su tién loi trong do dac
va khong phu thudc vao thoi tiét va anh huéng cua tia ngdm. Tuy nhién, GNSS duoc xac dinh trong hé
toa do khong gian va phan tich bién dang ngang lai x4c dinh trong hé toa do phang. Mot véan dé nira dit ra
la c&c chu ky do khong phai véi khoang céch thoi gian nhu nhau nén danh gia, phan tich d6 dich chuyén
khong lién két duoc yéu té thoi gian. Trong béo céo di trinh bay két qua nghién ctru bai todn phan tich
chuyén dich ngang cong trinh trén co s¢ tng dung |y thuyét binh sai ludi tw do va phép loc Kalman va
xéc dinh cac tham sé dich chuyén bién dang. Tinh toan minh hoa véi mot cong trinh cu thé.

2. Co s6 ly thuyét va phwong phap nghién ciru
2.1. Binh sai luwdi mgt bang sie dung baseline do GNSS

Ly thuyét binh sai luéi ty do va binh sai luéi GNSS trong hé toa d6 phing di dugc trinh bay cu thé
trong cudn sach: “Binh sai tinh toan ludi tric dia va GPS”, NXB KHKT 2005. Ung dung binh sai ludi ty
do phyc vu quan trac bién dang cong trinh duoc nhiéu tac gia nghién ciru va phat trién (Tran Khanh,
Nguyén Quang Phc, 2010),... Trong nghién ctru nay ching toi ap dung ly thuyet néu trén dé tién hanh
tinh toan binh sai trong moi chu ky do cuia lugi GNSS phuc vu quan trac chuyén dich ngang cong trinh.

2.2. Ly thuyét loc Kalman theo théi gian trén co sé trién khai cong thic Taylor béc 2

Mb hinh dong theo thoi gian voi toa do, van toc va gia toc duoc biéu dién bang cong thuc sau
Toa dd cac diém j ¢ thoi diém (ty.q) theo cong thac khai trien Taylor lay dén bac 2 sg 1a:

ax 1 ,0%x 2
X(tiear) = x(te) + (5D (e — t) +5 (55t — ) @
P
Y(terr) = y(te) + (a_}tl)tk(tkﬂ = te) + ( azt)tk(tk+1 - t)? 2
xj(k+1):Xj(k) + (tket - BV +1/2 (tes - 1) 2 axj (3)

* Téac gia lién h¢
Email: hoangngocha@humg.edu.vn
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682X 4 (e - BV +1/2 (te - t) % ax o
Y=Y (e - by T2 (b - 1) Py ?

Ki hiéu:
x®D=x (1), xM=x(ty,), Ve Z_J:)tk ax:(%)fk "~
Y D=y (141, xO=y (), vy =( at)tk 2= ( 62t) (6)

Khi d6, dbi véi mdi mot diém j chung ta CO hé phuong trinh sau:
(k+1)_x © 4 (tk+1 - tk)VXJ +1/2 (tk+1 - tk) axj
"‘”)-y ® 4 (te - ti)vj +1/2 (tier - t) 2 ayj
,, ™
O day cac ky hiéu la:
(k+l , y(k+1 toa do phang dlem] & thoi diém chu Ky (tiss).
X(k) y : toa do diém j & thoi diém chu ky (t).
Vi, Vyj o Van toc dich chuyén ciia toa d6 X,y cua diém j.
&, ayj , &;: gia toc cua toa do X, Y, Z ciia diém j.
k=1,2,...,i(i: s tha tu chu ky do).
ji=1,2,...,n (n s6 thir tu cta diém trong ludi).
Hé phuong trinh dang ma tran cia mo hinh chuyén dong dugc st dung dé du b4o cac tham sé chuyén
dong bang ky thuat loc Kalman trong cac ludi 3D ¢6 thé dugc biéu dién nhu sau:
Yir1 = Mpgq Yy (8)

O day cac vector:

s
Y @)= (XyVx Vy acay )ue

Y= (XY Ve Vy acay )y 9)
_ E  E.(te:-t) E(0,5(tus - t)?
Micak o) E E.(teer- t)
o) 0 E
Cac ma tran:
_[00] ~_f10
O‘[o o]  B= [0 1 (10)

Y:ikﬂ - vector gid tri du b4o cua toa do, van téc va gia tic.
Y\ - vector trang thai tai thoi diém t,.
M .1 - ma tran dich chuyén.
Phuong trinh (11) la phuong trinh du bao trong phép loc Kalman.
Phuong trinh ¢6 yéu t6 nhidu s& nhu sau:
Yarny = Maany Yy, + Skrik
(11)
Kyks) =Mk Ky M keik + Skeik Ks Sien’
O day, ma tran Ky 1a ma tran hiép phuong sai cua vector trang thai Y da dugc loc o thoi diém t.
Matran Ks 1a ma tran hiép phuong sai cua vector nhiéu hé thong ¢ thoi diém t,.
Tai thoi diém ty., ching ta thuc hién do dac c6 thé thanh lap hé phuong trinh do (phuong trinh 19c)
nhu sau: R
Vi 1= A1 Yl (12)
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Hay la:
les1 Vit = Ast Yl

Két hop cac biéu thirc (18) va (23) ching ta ¢6 cdng thirc sau:

, V =Ax1Yia-L
O day ching ta ky hiéu:

v= (i)

At = ()

At = ()
L=-()

Ma tran hiép phuong sai:

K. — (K?(k+1 0 )
TN 0 Kien

Ma tran:
AT, =(EO00).
E ) - Ma tran don vi, k - s6 an sé.
Tir cong thie (14) c6 thé viét:
Rit1Vks1 +b = 0
Ris1 = AZ+1KE}-1AI¢+1
b= Af 1Kii1Lia
Ma tran Gain s€ dugc xac dinh nhu sau:
Gr1 = KY(k+1A11;_+1 (KZI%+1 + 13‘k+1KY(k+1A£+1)_1
Vector trang thai ¢ thoi diém ty,, s& Ia:
Yiesr = Yieer + Graq (a1 = Aar Yisr)
Tur cac cong thirc(16), (18) va (20) ching ta co biéu thirc sau:
Ri41 = Kl_,k1+1 + A£+1Kf1<1+1 Ag+1

Ma tran hiép phwong sai cua vector Yy, s& ¢6 dang:

— -1 __ -1 T -1 -1
Kit1 =Rier = (Kiggr + Ags1Kiger Aksr)

Tir cong the truy hdi ching ta c6:
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(K§(1k+1) + Ak+1Kigr1 A1) ™" = Kygerr — Kyger 18541 N1 Ak Kygern (26)
N = (K1 + Axs1Kyges1Ake1)-

Tém lai, két hop cac biéu thirc (22), (25), (26) chiing ta c6 ma tran hiép phuwong sai cua vector trang thai &
thoi diém tk+1 sé la:

Kit1 = Kyger1 = Gt At Kygern (27)

3. Két qua va thao luan

Pé tinh toan thir nghiém da 1dy sé liéu cong trinh quan trac chuyén dich ngang tuong chan véi 5 chu
ky. So dd lugi quan tric chu ky 1 dwoc trinh bay & Hinh 1. Muc tiéu cua cong viéc quan tric la nham
cung cip sb liéu dé danh gia, kiém chimng két qua tinh toén thiét ké, bién phép thi cong, cac tac dong do
qua trinh thi céng gay nén, canh bao sém cac rui ro c6 thé cho cong trinh.

S0DO LUGI QUAN TRAC CHU KY 01, DO NGAY 17/10/2017

8, S0 Wl i chudn HEB-1
A

118528 LH10-IL
) HPE-2

Ghichi:

W chudn: 118528, HPE-1, HPE-2 LH1EHI (04 mékc) a7
b, S 0 i quan i

A

118528

Ghi g QT
~ MBochuin: 118528, HPE-1, HPB2, LICHI (04wt
= Mz quan trac; OT1, QT2 OTT (07 méx)

Hinh 1. So dé luéi quan trdc
Mang luGi quan tric gdm cac méc chuan va mdc quan tric dugc do dac bang 04 may GPS Trimble R3
cia My. Thoi gian thu tin hiéu trong 1 ca do = 60 phit. Mang luéi quan tric duoc thiét ké va do dac ¢
d6 chinh x4c sai sb vi tri diém yéu nhat sau binh sai mp <+ 5 mm.
Muc tiéu ciia phan tich bién dang trong bao c4o nay la danh gia do dich chuyén cua thoi gian mot
quy (90 ngay) théng qua 5 chu ky quan trac lan lugt la:
- Chu ky 1: 17/10/2017.
- Chu ky 2: 15/11/2017.
- Chu ky 3: 31/12/2017.
- Chu ky 4: 13/3/2018.
- Chu ky 5: 26/5/2018.
Céc budc tinh toan duoc thue hién nhu sau: i )
a) Trong ting chu ky ti€n hanh binh sai lu6i GNSS trong m6 hinh phang. Két qua ching ta c6 toa do
phang binh sai va ma trn hiép phwong sai twong g cua cac diém quan trac. .
b) Thyc hién tinh toan theo cac cong thirc (11), (23) va (27) voi cdc s6 liéu cua 2 chu ky lién nhau va tinh
gia s0 toa d6 so voi chu ky 1.
Keét qua tinh toan dugc trinh bay trong cac Bang 1-4:
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Bdng 1. Cdc tham s6 dich chuyén ngang theo chu ky 1-2

QT1 QT2 QT3 QT4 QT5 QT6 QT7

dx(mm) 1,0 4,0 3,0 1,0 4,0 4,0 2,0
dy(mm) 1,0 0 1,0 3,0 4,0 4,0 1,0
V,(mm/quy) 3,0 12,2 9,2 3,0 12,2 9,2 6,1
V,(mm/quy) -3,0 0 3,0 9,2 12,3 12,2 -3,0

Bdng 2. Cdc tham s6 dich chuyén ngang theo chu ky 1-2-3

QT1 QT2 QT3 QT4 QT5 QT6 QT7

dx(mm) 0,0 2,0 0,0 -2,0 1,0 -2,0 2,0
dy(mm) 3,0 0 1,0 4,0 3,0 -4,0 -2,0
V,(mm/quy) -3,7 -12,0 -11,0 -6,3 -13,4 -13,7 -4,7
V,(mm/quy) 7,7 0 -2,3 -5,7 -10,8 -20,1 1,0
a(mm/quy) -4.4 -15,8 -13,2 -6,2 -15,1 -21,1 2,6
a,(mm/quy) 7,04 0,0 -3,4 9,6 -15,1 -21,1 2,6

Bdng 3. Cdc tham s6 dich chuyén ngang theo chu ky 1-2-3-4

QT1 QT2 QT3 QT4 QT5 QT6 QT7

dx(mm) 1,0 -1,0 1,9 -2,1 -11 -3,5 -3,0
dy(mm) 2,1 4,9 3,0 9,8 6,7 1,7 1,0
V,(mm/quy) -0,1 -8,6 1,6 0,6 -2,6 -1,2 -7,9
V,(mm/quy) -0,0 6,1 2,7 9,1 6,3 10,9 4,9
a(mm/quy) -0,1 -6,1 1,8 1,8 -0,4 15 -5,4
a,(mm/quy) -1,3 3,6 1,6 6,6 4,3 11,0 3.8

Bdng 4. Cdc tham s6 dich chuyén ngang theo chu ky 1-2-3-4-5

QT1 QT2 QT3 QT4 QT5 QT6 QT7

dx(mm) -1,7 -2,7 15 0,12 -3,2 -2,5 -0,7
dy(mm) 1,1 6,7 5,9 15,19 8,7 11,0 2,2
V,(mm/quy) -4,0 -2,7 -0,1 2,8 -2,8 1,2 -2,9
V,(mm/quy) -1,7 2,7 4,3 10,8 6,7 17,6 5,2
a,(mm/quy) -2,1 -0,4 0,2 2,1 -0,4 2,1 -1,4
a,(mm/quy) -1,6 0,4 1,8 44 3,1 10,1 2,7

Néu ching ta dung 4 chu ky dé phan tich va du bao chuyén dich bién dang caa chu khu ky thi 5 thi
theo két qua tinh toan c6 thé thay do chuyén dich so véi chu ky 1 caa tat ca cac diém, chénh léch so voi
thuc té 12 nho hon 5 mm.

C6 thé thay mot uu diém cua phuong phap vira trinh bay 1a ¢6 thé danh gia chuyén dich ngang va xac
dinh van téc va gia toc chuyén dich trong khoang thoi gian quan tam (vi du 1a mot quy).

4. Két luan

Trong béo céo di phat trién phuong phap binh sai va phan tich chuyén dich ngang cong trinh trén co
s¢ str dung dir liéu do GNSS va phép loc Kalman theo bién thoi gian. Uu diém ndi bat cua phuong phap
1a c6 thé danh gia dugc sy chuyén dich cua cac diém trong khoang thoi gian quan tam do yéu cau ky
thuat. (Trong bao céo thoi gian danh gia 1a mot quy), mac do chu ky do c6 thé khac hoan toan. Pa tinh
toan cac tham sb chuyén dich bao gém ca van téc va gia toc chuyén dich véi ma tran hiép phuong sai cia
céc tham s6. B nghién ctru ban dau vé dy béo két qua cua chu ky 5 trén co s6 s6 liéu quan tric cua 4 chu
ky trudce do.

Loi cdm on

Téc gia tran trong cam on TS. Tran Ngoc Pong di hd trg cung cap sb liéu dé 1am vi du tinh toan.
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ABSTRACT

Research on adjustment and analysis of horizontal displacement in

application construction works using GNSS technology

Hoang Ngoc Ha"
Hanoi University of Mining and Geology

In the report, the focus is on researching the application of GNSS technology and modern methods of data
processing in engineering geodesy. The study uses GNSS measurements in different cycles to analyze the
horizontal displacement of the building. Has applied free adjustment, Kalman filter and determined the
displacement parameters and calculated the velocity and acceleration of the displacement. Statistical
criteria were applied to the analysis. The obtained results allow to evaluate the horizontal deformation
process of the building and open up the possibility of prediction for safety work. Specific calculation for a
specific project.

Keywords: Displacement analysis, GNSS, geodetic adjustment, Kalman, filter.
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Xay dyng md hinh nhay cam nguy co truot 16 dat bang ham niem tin
bang chung (EBF) tai khu vuc huyén Van Yén, tinh Yén Bai

Khic Thanh Béng" *, Ha Thi Hang®, Trin Van Anh?, Bui Dirc Phong?, Trurong Xuan Quang®,
Nguy@n Chi Cong®, Tran Thi Hong Minh?, Truong Manh Pat®
1Trwc‘rng Dai hoc Xay dung Ha Ngi
2Trw&ng Dai hoc M6 - Dia chat
*Truong Pai hoc Tai nguyén va Mbi truong

TOM TAT

Truot 16 d4t 13 tai bién thién nhién thudng xuyén xay ra & cac khu vuc ving nii phia Bic cua Viét Nam,
gay thiét hai cho cac khu dén cu va co 56 ha tang. Céc nghién ciu trude ddy thanh 1ap ban db phan ving
khong gian nguy co truot 1& dat vai hai cach tiép can chinh Ia dya trén danh gia chuyén gia va dua trén dir
liéu. Trong do6, cac thuat todn théng ké dua trén dir liéu cho thay tinh khéch quan va su cai thién hiéu suat
hon khi so sanh véi ciac md hinh dénh gia chuyén gia. Nghién ctru nay da ap dung mé hinh ham niém tin
bang ching (EBF) dé xay dung mé hinh nhay cam truot 1o dat va ban db phan ving khong gian nguy co
truot 1o dat tai huyén Van Yén, tinh Yén Béi. Dau tién, dir liéu cia 301 diém kiém ké truot |5 dat dugc
thu thap va st dung theo ty I¢ 8/2 dé huan luyén va kiém tra mo hinh. Sau d6, nghién clru da su dung 10
I6p dit liéu nhan té anh huong dén truot |6 dat dé danh gia mirc do niém tin cua cac yéu to nguyén nhan
Vi hién tugng truot 16 dat Dién tich dudi duong cong (AUC) dugc st dung dé danh gia hiéu suit mo
hinh. Két qua dat duoc cu0| cung cho thdy hiéu qua tét trong viéc xay dung mo ‘hinh nhay cam truot 16
d4t cia md hinh ham niém tin bang chung véi AUC = 0,857. Cudi cuing, gia tri niém tin (Bel) téng hop tir
tat ca 10 yéu t6 nguyén nhan duoc sir dung dé tinh chi Sé nhay cam va thanh lap ban dd phan vung truot
|6 dat. K&t qua cua nghién ctru la ngudn tai lidu c6 gid tri trong cong tac phong ngira rii ro va giam thiéu
thiét hai do truot 1¢ dat gy ra.

Tur khoa: Truot |6 dat, ham niém tin bang ching, EBF, Vin Yén.

1. Pit vén dé

Truot 16 dat 12 hién twong tai bién thién nhién xay ra khi dit da bi chuyén dong, lan, truot hodc chay
thanh dang dong du¢i anh hudng cua cac luc tac dong (Myronidis et al., 2016). Hi¢n tuong nay xay ra
pho bién tai Viét Nam, dic biét Ia tai khu vuc vung ndi trong mua mua 1di. Trong do, céc tinh mien ndi
phia Bic la khu vuc ¢6 nguy co cao kém theo nhiéu thiét hai vé con ngudi va cac cong trinh xay dung
(Luu et al., 2023).

Ban db phan ving khong gian nguy co truot |6 dat dong vai tro quan trong trong viéc danh gia va giam
thiéu tac dong cua hién tuong nay dén con nguoi va tai san (Truong et al., 2023). Cac nghién curu trudce
déay da chi ra rang, viéc xac dinh va phan loai cac ving c6 nguy co truot 1 dét gidp cai thién hiéu qua
quan ly rui ro, tang kha néng dua ra cac bién phap phong ngura va giam thiéu tac dong cua truot 1o dat. Ap
dung cac bién phap phong ngura va quan ly rui ro dua trén cac ban dd phan ving nay con gitp tiét kiem
chi phi déng ké so véi viéc xir ly hau qua sau khi xay ra su cd truot |6 dat. Didu nay dong nghia vai viéc
xay dung ban d6 phan ving khong gian nguy co truot 16 dit dong vai trd quan trong trong viéc duwa ra cac
quyét dinh va lap ké hoach vé quy hoach d6 thi va phat trién kinh té - x& hoi (Ha Thi Hang va nnk., 2023).

Céc phuong phéap du bao trugt 16 dét da duoc nghién ctu va &p dung trong nhiéu nim qua. Trudc tién,
c6 thé ké dén mot so phuong phap dya trén Kién thic chuyén gia nhu: phuwong phap AHP (Analytic
Hierarchy Process), phuong phap DEMATEL (Decision-Making Trial and Evaluation Laboratory),
TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) (Ali et al., 2021). Cac phuong
phap nay cho phép xac dinh mirc do quan trong cua cac yéu té thanh phan dén nhau va dén kha ning xay
ra truot 16 dat, tir 46 dua ra trong sé dé danh gia mirc quan trong cia cac yéu td. Nhom phuong phap nay
¢6 wu diém 1a tich hop duoc y kién cua cac chuyén gia trong cac linh vic khac nhau nhung d6i khi cac y
kién van mang tinh chu quan (Pham et al., 2021).

* T&c gia lién hé
Email: dongkt@huce.edu.vn
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Hién nay, cac phuong phap nghién ctru dinh lugng théng qua dir liéu sir dung cac mé hinh thong ké dé
danh gia mic do anh huong cua timg loai yéu td dén hién tugng truot 16 dwoc 4p dung rong rai. Nhom
céc phuong phap nay di cai thién dwoc su chu quan cia phuong phap chuyén gia bang cach sir dung hoan
toan céc thong ké dinh luong dya trén dir liéu. Mot s6 phuong phap da dugc ap dung thanh cong c6 thé ké
dén nhu: phuong phap trong sé bang chung (Weight of Evidence - WoE), ty sé tan suat (Frequence Ratio
- FR), ly thuyét gié tri thong tin (Information Value Method), ham niém tin bang ching (Evidential Belief
Function - EBF) (Khtic Thanh Pong va nnk., 2023; Ali et al., 2021). Trong d6, mé hinh EBF st dung ly
thuyét niém tin bang chimg dé tinh ton gia trj niém tin cua bién doc Iap dya trén bang chimg. Phuong
phap cho phép xac dinh mirc @6 tin tuéng vao tirng yeu t6 va tuong quan chinh xac v6i nguy co truot 4]
dét. M2 hinh nay duoc ap dung thanh cong trén mot s6 khu vyc trén thé gioi nhu Iran, Trung Quéc va
mot sé khu vuc tai Viét Nam nhu Lang Son, Hoa Binh (Bui et al., 2015; Rahman et al., 2020).

Muc dich cua nghién ciu nay 1a tng dung ham niém tin béng ching dé xay dung md hinh nhay cam
truot 16 dat va thanh 1ap ban do phan ving nguy co truot 1¢ dat tai huyén Van Yén, tinh Yén Bai. Day 1a
huyén mién ndi c6 hién tuong truot 16 dat xay ra thudng xuyén, dac biét 1a vao mua mua. Vi dit liéu ban
do6 kiem ké truot & va céc yeu t6 anh huong dén truot 16 dat, nghién ciu s& phan tich cac thanh phan cia
mo hinh ham niém tin bang chang trén khu vuc nghién ctru cling nhu dénh gia hi¢u qua cua phuong phap
nay trong xay dung mo hinh nhay cam truot 1o dat va thanh Iap ban d6 phan ving nguy co truot | dat.

2. Co 6 ly thuyét va phwong phap nghién ciu
2.1. Gigi thigu khu verc nghién ciru

Huyén Vin Yén, tinh Yén Bai c6 toa do dia ly tir 21°50'30"-22°12'00" vi do Béc va tir 104°02'30"-
104°03'00" kinh d6 Doéng (Hinh 1). Huyén c6 tong dién tich dét ty nhién rong 1391,54 km?2 véi dia hinh
da dang, cao dan tir phia Dong sang phia Tay va tir phia Nam Ién phia Bic. Huyén c6 Séng Hong chay
qua va day nui Con Voi cao 1.460 m, cung day Hoang Lién Son ¢6 cdc dinh ndi tir 1.300-1.900 m ¢ phia
hitu ngan. Khi hau ciia Vin Yén thudc loai nhiét dsi am gié mua, c6 luong mua 16n va nhiét do trung
binh tir 22-24 °C hang nam. Diéu ndy tao diéu kién thuan loi cho su hinh thanh cac vu truot & dat. Voi
dia hinh va diéu kién ty nhién nhu vay, Van Yén 1a mét trong nhiing huyén chiu anh huéng nang né tir
hién tuong truot 16 dét, dac biét vao mua mua (Khac Thanh Dong va nnk., 2023).
104°20'0"E 104°40'0"E

- Ghi chu
+ Piém kiém tra

Diém huén luyén|
Do dbc
Emo-10
I 10-20
7120-30
7130-40

140-50
. >50

22°0'0"N
22°0'0"N

/

Ddo Phi Qudc
Q. Trudng Sa

2km

21°40'0"N

104°20'0"E 104°400'E
Hinh 1. Khu vic nghién cizu huyén Van Yén, tinh Yén Bai
2.2. DiF ligu
2.2.1. Dix ligu kiém ké truot |
Dir liéu kiém ké truot 1¢ 12 yéu t quan trong trong qua trinh xay dung cac mé hinh nhay cam truot lo
dét théng qua phan tich dit liéu va mé hinh hoa. Théng thudng, viéc ghi nhan vi tri khdng gian cua céc
diém truot 16 dwoc tién hanh bang phuong phéap khao sét thuc dia hodc thdng qua giai doan tir anh hang
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khong va vién tham. Nghién ciru nay da két hop ca hai phuong phap trén dé thanh 1ap ban do kiém ké.
Ddng thoi, cac diém kiém ké thong qua giai doan anh déu dwoc kiém ching thong qua khao sat thuc dia
trude khi sir dung trong mé hinh. Nghién ciru da sir dung téng s6 301 diém truot 16 dé tién hanh phan tich
(Hinh 1).
2.2.2. Dir liéu céc yéu té dieu kién

Céc yéu to diéu kién khi dwa vao md hinh nhay cam truot 1¢ d4t gidp phan nao mé ta co ché hinh thanh
ciing nhu nguyén nhan xay ra hién tugng nay. Hién nay, trén thé gidi va tai Viét Nam chua c6 nguyén tic
cu thé dé xac dinh chinh xéc cac yéu t6 diéu kién cho tit ca cac truong hop nghién ciu. Viéc lya chon cac
I6p yéu t6 ndy phu thudce vao dic diém khu vuc nghién citu, ngudn dir liéu va co ché hinh thanh truot 16
dat tai khu vuc do. Nghién ctru st dung 10 16p ban d céc yéu t6 ¢& mo ta sy anh huong cia cac nguyén
nhén thanh phan gay ra truot 1o dat (Hinh 2).

ks,
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Hinh 2. Cac ban do yé’u’to" diéu kién gdy truot lo dit a) Hudéng dac, b) Khodng cdch dén dwong giao
thdng, ¢) Khoang cdach den song suoi, d) D¢ cong theo chiéu doc dia hinh, e) Dg cong theo chieu ngang
dia hinh, f) Khodng cach den dut gay, g) Chi s6 do am dia hinh, h) Lép phu, i) Thach hoc
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Céc 16p ban do nay dugc chia thanh ba nhém yéu té chinh: nhém dir liéu dia hinh, nhém dir ligu thay
van va méi truong, nhém dit liéu dia chat. Nhém dit liéu dia hinh bao gom: d¢ dbc (Hinh 1), hudng suon
(Hinh 2a), &6 cong theo chiéu doc dia hinh (Hinh 2d) va d¢ cong theo chiéu ngang dia hinh (Hinh 2e).
Nhom dir liéu nay dwoc xay dung tir dir liéu md hinh sé d6 cao (DEM) cua san pham ALOS PALSAR tir
vé tinh co s¢ Alaska nham danh gia tac dong cia dia hinh dén nguy co truot 16. Nhém dir liéu thuy vin va
mai truong bao gom chi sé d6 am dia hinh (Hinh 2g), khoang cach dén séng subi (Hinh 2c), khoang cach
dén duong giao thong (Hinh 2b) va dit liéu 16p pha (Hinh 2h). Cudi cling, ban db thach hoc (Hinh 2i) véi
5 phén I6p dai dién cho cac mirc do cing khac nhau trong d6 do cung kém nhét 13 nhém 1 va cing nhét 1a
nhém 5, cing véi khoang cach dén dut giy (Hinh 2f) duoc st dung dé danh gia tac dong cua cac yéu to
dia chat dén nguy co truot 1o dit.

2.3. Phwong phdp nghién ciru
2.3.1. Md hinh ham niém tin bang ching (EBF)

M6 hinh ham niém tin bang chang (Evidential Belief Functions - EBF) dua trén ly thuyét Dempster-
Shafer vé thuat toan bang ching. Uu diém chinh cua ly thuyét Dempster-Shafer 1a kha ning tinh toan
muc do khong chac chan (Uncertainty) va kha ning két hop céc gia tri do tin twong (Belief) tir nhicu
nguon chimng cir (Bui et al., 2015). Thay vi wéc tinh xac suat mot gia thuyét 1a dung, ly thuyet Dempster-
Shafer wdc tinh mirc @ ma ching ctr ching minh tinh dung dan cua gia thuyet do. Ham niem tin bang
chimg da dugc ung dung trong viéc thanh 13p ban d6 phan vung nguy truot I& dat tai mot s6 khu vuyc trén
thé gisi. Cach tiép can ndy giup danh gid d¢ tin cdy cua cac yeu t (chung cir) ¢6 lién quan dén truot 1o
dét trong mot khu vuc nhét dinh.

Théng qua viéc st dung ham niém tin bang chung, cac nhém dit liéu yéu t anh huong dén truot 16 dat
nhu dja hinh, dia chit, thiy van, moi truong va cac yéu té khéc c6 thé duoc két hop dé danh gia cac khu
Ve ¢6 nguy co xay ra truot 16 dat cao hay thip. Ham niém tin bang chiing st dung cac ham thanh phan
nhu Bel (muc d6 tin cay), Dis (mirc d6 khong tin cdy), Unc (mac d6 khong chic chan) va Pls (mirc do
hop 1y) dé do ludng mirc do tin cay hoac khong tin cay mot khu vuc ¢ kha ning truot 1. Bel va Pls dai
dién cho gigi han dudi va gisi han trén cua xéac suat. Unc 1a su khéc biét giira mirc do tin cay va mac do
hop 1y dai dién cho mirc do khéng chic chan. Dis 1a mic khong do tin ciy trén co sé cac chung cur da
cho. Ta ¢6 mi quan hé Dis = 1 - Pls hoic 1 - Unc - Bel va ludn c6 Bel + Unc + Dis = 1. Him EBF dugc
tinh todn bang cach xéc dinh s6 luong pixel c6 sat 16 va pixel khdng c6 sat 16 cho mdi 16p yéu t6. Gia sir
Cij la thugc tinh phan 16p thtr j cua yeu t didu kién sat 16 Ci (i = 1, 2,..., n), c4c ham thanh phan caa mo
hinh ham niém tin bang ching dugc xac dinh nhu sau (Bui et al., 2015):

Bel C — 1] (Landslide)
(C) 271 Weij(Landslide) @)
. Cij (Non- Landslide) )
Dis(C;) = !
! Zln=1 WCij(Non— Landslide)
w _ N N L(Cij)/N(L) .
Cij tanastiaer [N (Cy5) = N(L 0 Cy)]/[N(C) = N(L)]

" [N(C;;) = N(Ln Cy)]/N(L) 4)
Cij(Non - Landsllde) [N(C) N(L) N(Ln Cl]) /[N(C) N(L)]
Trong cong thuc (1) va (2): Bel (Cyj) 1a mire d6 tin cay cua Ip thir j trong yéu td i, We,; anastiae 12 dai

lwong ang ho niém tin c6 mat cua cac diém truot 16 dat xuét hién trong 16p yéu té Cij, Dis (C.J) la mirc
khong do tin cay cua lop th j trong yéu t6 i, WCU (Non—Landstide) I dai lugng ung ho niém tin c6 mat cua

cac diém khong truot 1o dat xuét hién trong 16p yéu t6 Ci.

Trong cong thuc (3) va (4): [N n L(C;;)] va tong S0 p1xe1 truot 16 cua 16p yéu té C.,, N(L) 1a tong sb
pixel sat 16 trong khu vyuc nghién cau; N(Cy) la tdng s pixel trong 16p Cij, N(C) la téng sb pixel trong
khu vuc nghién cau.

Sau khi tinh todn cac ham thanh phan caa md hinh EBF cho tét ca cac yéu tb didu kién sat 16, quy tic
két hop ciia Dempster duoc st dung dé thu dugc cac ham EBF tich hop. Quy tic té hop nay duoc ap dung
dé tinh toan céc thanh phan cua ham niém tin bang chtng tir cac ban db thanh phan da thanh 1ap. Gié tri
Bel sau khi tong hop dwoc sir dung dé 1am chi s6 nhay cam truot I& (Bui et al., 2012; Beheshti et al.,
2021):
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Belg, Belc, + Belg; Unce, + Bel,Unce,

Bel. . = 5
ez 1 — Belg;Disc, — Dis¢qBelg, ®)
Dis __ Disc;Disc, + DiscyUncc, + Disc,Uncey ©)
€1¢2 1 - Belc1DiSC2 - DiSClBelcz
UnccyUnce,
UTlCClCZ T1- Belc; Discz~Disc1Belcz (7)

trong do: Belcycz, Discicz, Unceica lan luot 12 muc do tin cay, mirc do khong tin cay va mirc do khong
chac chan tich hop tir 16p yéu té ¢; va c,. Belcy, Belgy, Discy, Discy, Uncey, Unce, lan luot 12 murc do tin
cay, mirc do khong tin cay va mirc do khong chac chin cia cac 1op yéu té ¢, va c,.

2.3.2. Danh gia mo hinh.

Puong cong ROC (Receiver Operating Characteristic) la mot cong cu danh gia hiéu suit cua cac mo
hinh du bao. Puong cong ROC dugc xay dung bang cach sir dung d6 nhay (sensitivity) 1am truc tung va
1- d6 dic hiéu (specificity) 1am truc hoanh véi cac ngudng cét khéc nhau. Khu vuc nam dudi duong cong
ROC duoc goi 12 dién tich dudi duong cong (AUC). Gia tri AUC bang 1 cho thiy mot mé hinh hoan hao,
trong khi mot gié tri AUC bang 0 chi ra mot mo hinh khéng cé théng tin. Mot gié tri AUC cao hon cang
cho thdy kha ning dy bao tét hon ciia md hinh. Mdi lién hé giita hiéu suat mé hinh va AUC c6 thé dugc
dinh Iuwong nhu sau: xuét sic (0,9-1), rat tét (0,8-0,9), tét (0,7-0,8), trung binh (0,6-0,7) va kém (0,5-0,6)
(Truong et al., 2023).

Cong thirc tinh d6 nhay (sensitivity) nhu sau:

Sensitivity = ———— 8

. (TP+FN) .
trong do: TP (True Positive) la so lugng dwong tinh duge xac dinh chinh xac va FN (False Negative) la s6
lrgng mau am tinh dwoc xac dinh sai.

Codng thirc tinh d6 dac hiéu (specificity) nhu sau:

Specificity = —— )

(TN+FP)
trong do: TN (True Negative) 1a s6 lugng am tinh duoc xac dinh chinh xac va FP (False Positive) 1a s6
luong mau duong tinh dugc xac dinh sai.

Phuong phap danh gia d6 chinh xac str dung duong cong ROC va AUC la mot cong cu hiru ich dé
kiém chirng mé hinh truot & dt. Viéc s dung duong cong ROC va AUC gitp danh gia mue do tin cay
cua két qua, so sanh hiéu suét gitra cac md hinh khéac nhau va tim ra md hinh tt nhat cho muc dich du
doan trugt 16 dat.

3. Két qua va thao luan

Két qua phan tich cc thanh phian md hinh ham niém tin bang chiing caa khu vuc nghién ctru dugc thé
hién trong Bang 1. Két qua thé hién mdi quan hé giita céc yéu t6 anh huong va cac diém sat ¢ trong qua
kht. Gi4 tri Bel cao hon, Dis thap hon twong tng véi kha ning truot 16 cao va nguogc lai. Db voi yéu td
d6 dbc, trong phan 16p 40°-50°, gia tri Bel 14 0,281, Dis 1a 0,031. Pay 1a gia tri Bel cao nhét, gié tri Dis
thap nhét trong cac phan I6p cho thay mire do niém tin cao xay ra hién tugng truot I¢r dat trong phan 16p
nay. Khu vuc nay tap trung nhleu hoat dong cua con nguoi va cac hoat dong xay dung. Khi do déc tang
I&n cho thay c6 hién tugng ting s6 luong cac diém truot 16. Yéu t6 hudng dbc duoc chia ra chin phan 16p
trong d6, cac gia tri Bel cao thudc vé hudng Pong Nam va Bac an luot 14 0,177 va 0,142. Két qua ciing
cho théy s6 lugng diém truot 1 dat dugc thong ké ciing c6 ty 1é 16n thudc vé hai hudng doc nay.

Céc nhém yéu té khoang cach dén séng sudi, khoang cach dén duong giao thong va khoang cach dén
dut gdy cho thay xu huéng chung 1a s6 lugng diém truot 6 giam di ddi véi khoang cach ving dém lon
hon. Trong yéu t6 khoang cach dén song sudi, ving dém 50-100 m c6 gia tri Bel cao nhat (0,254) cho
thdy murc do tin cay cao nhat, tham tri vuot troi hon hai phan 16p 0-25 m va 25-50 m véi Bel lan luot 1a
0,232 va 0,229. Ddi véi yéu td khoang cach dén duong giao thong, khi d6 16n ving dém ting 1én 1am gia
tri Bel giam dang ké. D4i vai phan I6p (> 500 m) gia tri Bel chi con 0.007, trong khi Dis va Unc ting 1én
lan luot 12 0,442 va 0,550. Didu nay cho thiy su khong tin cay va khong chic chin ddi véi hién tuong
truot 1& dét trong phan I6p ndy. Tuy nhién, gia tri Pls van duy tri & mac kha cao (0,558) cho thiy kha
ning dy doan cia md hinh van twong ddi t6t. Khi d6 I6n ving dém giam xudng, gié tri Bel tang dan, chi
sb Dis giam, trong khi gié tri Unc va Pls thay doi khong dong déu. Piéu ndy cho thdy mé hinh ¢6 do chéc
chan va tin cdy cao hon trong viéc phan I6p cac khoang cach gan hon dén duong giao thong.
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Bang 1. Bang phan tich cac thanh phan mé hinh ham niém tin bang ching cua khu viec nghién ciru

S6 |Tylediém|
Lép yéu td | Cac phan lép g'lli;n’t tfrgl:\('g)]{!gc cffc?é((le(l’rp Bel Dis | Unc | Pls
fig phan lop

0-10° 28 0,133 1494428 | 0,127 | 0,148 | 0,724 | 0,852
10 - 20° 56 0,267 2670605 | 0,142 | 0,315 | 0,542 | 0,685
bo déc 20 - 30° 74 0,352 2965953 | 0,169 | 0,367 | 0,463 | 0,633
’ 30 - 40° 37 0,176 1371300 | 0,183 | 0,134 | 0,684 | 0,866
40 - 50° 15 0,071 361696 | 0,281 | 0,031 | 0,691 | 0,969
> 50° 1 0,005 70093 0,097 | 0,006 | 0,90 | 0,994
Bing phing 16 0,077 899596 | 0,083 | 0,103 | 0,814 | 0,897
Bic 36 0,172 948477 | 0,177 | 0,108 | 0,715 | 0,892
Péng Bic 25 0,120 944986 | 0,123 | 0,108 | 0,769 | 0,892
] Déng 25 0,120 891344 | 0,131 | 0,102 | 0,767 | 0,898
5%:’:"”9 Pong Nam 33 0,158 1081346 | 0,142 | 0,122 | 0,736 | 0,878
Nam 20 0,096 1185350 | 0,079 | 0,132 | 0,790 | 0,868
Tay Nam 17 0,081 1038390 | 0,076 | 0,117 | 0,806 | 0,883
Tay 16 0,077 908905 | 0,082 | 0,104 | 0,814 | 0,896
Tay Béc 21 0,100 916941 | 0,107 | 0,105 | 0,788 | 0,895
>200 m 27 0,128 2404560 | 0,092 | 0,256 | 0,652 | 0,744
Khoang 100-200 m 33 0,156 1391479 | 0,194 | 0,163 | 0,643 | 0,837
cach dén | 50-100 m 68 0,322 2189294 | 0,254 | 0,238 | 0,508 | 0,762
song sudi | 550 m 40 0,190 1411858 | 0,232 | 0,165 | 0,603 | 0,835
0-25m 43 0,204 1536904 | 0,229 | 0,178 | 0,594 | 0,822
>500 m 8 0,038 4571013 | 0,007 | 0,442 | 0,550 | 0,558
Khoing 200-500 m 24 0,114 1932782 | 0,052 | 0,232 | 0,716 | 0,768
;fé‘nge” 100-200 m 60 0,284 1022061 | 0,245 | 0,134 | 0,621 | 0,866
giao thong | 50-100 m 45 0,213 643143 | 0,292 | 0,088 | 0,620 | 0,912
0-50 m 74 0,351 765096 | 0,404 | 0,103 | 0,493 | 0,897
(()-’%,392)1)-(- 0 0,000 47953 0,000 | 0,008 | 0,992 | 0,992
bj cong. (-0,009)-(- 26 0,123 747809 | 0,268 | 0,110 | 0,622 | 0,890

theo chiéu 0,004)
ﬂ;}:hdia (()',%’8104)' 102 0,483 5287239 | 0,149 | 0,530 | 0,321 | 0,470
0,001-0,007 78 0,370 2745171 | 0,219 | 0,335 | 0,446 | 0,665
0,007-0,177 5 0,024 105903 | 0,364 | 0,017 | 0,619 | 0,983
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S6 | Ty Ié diém
o gk | ma s .| diém | truetlé | S6 pixel .
Lép yéu té | Cac phan lop trgt | trong CAc | ciia cac 6p Bel Dis Unc Pls
fig phéan lép
(-1,60)-(- 4 0,019 469107 | 0,079 | 0,063 | 0,858 | 0,937
0,136)
bj cong. (()-%,2156)-(- 47 0,223 1769884 | 0,246 | 0,208 | 0,546 | 0,792
theo chiéu ,026)
ngang dia | (-0,026)- 77 | 0365 | 3445379 | 0207 | 0,351 | 0443 | 0,649
hinh 0,015
0,015-0,111 60 0,284 2325760 | 0,239 | 0,260 | 0,501 | 0,740
0,111-0,919 23 0,109 923945 | 0,230 | 0,118 | 0,652 | 0,882
> 500 m 13 0,062 6115621 | 0,004 | 0,589 | 0,406 | 0,411
Khoang 200-500 m 11 0,052 1546065 | 0,014 | 0,214 | 0,772 | 0,786
cach dén | 100-200 m 23 0,109 558240 | 0,083 | 0,085 | 0,832 | 0,915
daat gay 50-100 m 53 0,251 318816 0,334 | 0,050 | 0,616 | 0,950
0-50 m 111 0,526 395353 | 0,564 | 0,061 | 0,374 | 0,939
3.710-7.367 60 0,284 2837782 | 0,203 | 0,312 | 0,485 | 0,688
7.367-8.563 90 0,427 3567321 | 0,242 | 0,369 | 0,389 | 0,631
Chi s6dd | 8563-10.159 | 49 0,232 1753344 | 0,268 | 0,212 | 0,520 | 0,788
am dia 10.159-
hinh 12087 10 0,047 635647 | 0,151 | 0,086 | 0,763 | 0,914
12.087-
20,663 2 0,009 139981 | 0,137 | 0,020 | 0,843 | 0,980
Nuéc 5 0,024 187679 | 0,095 | 0,030 | 0,874 | 0,970
Pét xay dung | 18 0,085 136303 | 0,472 | 0,022 | 0,506 | 0,978
Ruong lda 50 0,237 680359 | 0,263 | 0,104 | 0,633 | 0,896
Rugng bac 1 0,005 65564 | 0,055 | 0,011 | 0,935 | 0,989
. . thang
Lop phi
Tham thuc
vat khong 58 0,275 2931556 | 0,071 | 0,364 | 0,566 | 0,636
phai ring
Rirng 52 0,246 4183414 | 0,044 | 0,469 | 0,486 | 0,531
Khac 27 0,128 748044 | 0,129 | 0,114 | 0,757 | 0,886
Nhom 1 85 0,394 1602104 | 0,312 | 0,196 | 0,491 | 0,804
Nhom 2 54 0,250 4086169 | 0,078 | 0,405 | 0,517 | 0,595
Thach hoc | Nhém 3 28 0,130 1014983 | 0,162 | 0,132 | 0,706 | 0,868
Nhom 4 38 0,176 2038879 | 0,110 | 0,240 | 0,650 | 0,760
Nhom 5 11 0,051 191960 | 0,337 | 0,027 | 0,635 | 0,973
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Ghi cha

T Ranh gitri xd

Ban db phan vang trwot 16 dat
Ham niém tin bang chwng (EBF)
B R4t thdp (0.64 - 1.19)

[ Thép (1.19 - 1.50)

[ Trung Binh (1.50 - 1.90)

[ Cao (1.90 - 2.47)
B R4t cao (2.47 - 3.38)

22°00'N
+
22°00"N

21°40'0'N

104°20'0"E 104°40'0"E
Hinh 3. Ban do phan vang nhay cam véi trueet |6 ddt sir dung mé hinh ham niém tin bang chiing
tai huyén Van Yén, tinh Yén Bai

C6 su khéc biét rd rét gitra cac phan 16p khi so sanh gia tri Bel, Dis, Unc va Pls trong cac phan 16p cua
yéu t6 do cong theo chiéu doc dia hinh. Trong phan I6p ((-0,121)-(-0,009)), gié tri Bel va Dis thap (0,008
va 0,992), cho thdy mé hinh c6 sy khéng tin cay va khdng chac chan trong hién tugng truot 16 dat & phan
I6p nay. Trong khi d6, phan 16p (0,007-0,177) c6 gié tri Bel cao nhét (0,364) chi ra sy tin twrong vao phan
I6p nay ddng thoi gia tri Dis va Unc thap (0,017 va 0,619), cho thiy su chic chin va kha ning du doan
t6t. Doi vai 1op yéu té d6 cong theo chiéu ngang dia hinh, phan 16p ((-0,136)-(-0,026)) cho thiy su chic
chin va kha nang du doan tét nhat véi Bel, Dis, va Unc dat cc gia tri Iy twong nhat lan luot 1a 0,246;
0,208 va 0,546.

Lép dix lidu 16p pha cho thay, khu vuc dit xay dung c6 gié tri Bel cao nhét (0,472) va gia tri Dis thap
nhét (0,022) thé hién su tin cay va chic chan ddi véi hién tuong truot 16 dat & khu vuce nay. Nguoc lai,
khu vuc c6 gia tri Dis cao nhat thudc vé khu vuc thuc vat khong phai ring (0,364) va khu vuc cé gia tri
Pls cao nhit thudc vé khu virc mat nude. Cac phan 16p cua l6p yéu td thach hoc c6 do cimg tang dan khi
xép tir nhom 1 dén nhém 5. Két qua cho thay céc gia tri Bel c6 xu huéng giam di d6i véi cac nhom da
cting hon trong 4 nhom dau tién. Nhém 5 c6 gia tri Bel cao nhét (0,337) va gia tri Dis thap nhat (0,027)
nhung nhém nay ciing c6 gid tri Unc cao nhét trong 5 nhém thé hién mirc d6 khong chéac chan caa phan
I6p nay trong két qua du bao.

Ban d6 phan ving khong gian nguy co truot 16 dat cia khu vuc nghién ciru duge xay dung tir ban do
gia tri niém tin Bel, phuong phéap chia ngudng Natural Break duoc sir dung dé phan loai khu vuc thanh
nim mirc nguy co truot 1: rit cao, cao, trung binh, thip va rat thip (Hinh 3). Téng thé, ban db phén
ving nguy co truot 16 dt huyén Vin Yén xay dyng tr mo hinh ham niém tin bang chang thé hién rd
phan bo khong gian cac dién tich ctia nam muec truot 1. Cac khu vuc ‘nguy co cao ¢ xu huéng tap
trung doc céc tuyén duong giao thong chinh va céc tuyén nhanh nhu tuyen cao toc CTO5 Noi Bai - Lao
Cai, DDT163 va ving dém cua cac tuyén giao théng thuoc x& Chau Que Ha, Pong An, Phong Du Ha
va Phong Dy Thuong. Théng qua cac cudc khao sét thuc dia cho thdy két qua ban dd phan vung kha
dung so véi thuc té.
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Rat thap Thap Trung binh Cao R&t cao
TV 12 dién tich (%) 8.75 33.95 27.74 19.04 10,51

Mtrc d& nhay cam trurot & dat
Hinh 4. Dién tich cac mitc phdn viing nguy co trieot |6 dat tai huyén Vin Yén, tinh Yén Béi

Hinh 4 m6 ta dién tich c4c mirc phan viing nguy co truot 1 dat tai huyén Van Yén, tinh Yén Bai tir md
hinh ham niém tin chang ci. Két qua nay cho thiy su phan bb khong dong déu dién tich cac mirc do nhay
cam khac nhau tai Huyén Van Yén, tinh Yén Béi. Mirc d6 nhay cam thap c6 dién tich 16n nhét véi 46.745
km?, tiép theo 1a mirc do trung binh vai dién tich 38.198 km?. Murc d6 nhay cam cao va rit cao c6 dién
tich twong ddi nho, lan luot 1a 26.220 km? va 14.473 km?. Trong khi d6, mirc d6 nhay cam rét thap c6
dién tich nho nhat, chi dat 12.053 km? Mac du dién tich mic do nhay cam truot I¢ dat cao va rat cao
chiém dién tich nho nhung nhitng dién tich nay nim & khu vuc c6 dong dan cu va nhiéu cong trinh xay
dung dan dén kha ning phoi nhiém véi hién twong truot 16 dat ting cao.

Bang 2. Bang déanh gid hiéu suat ciia md hinh kiém ching niém tin

TP | TN | FP | FN | D¢ nhay | D¢ dic hiéu AUC
EBF model | 66 | 78 | 12 | 24 0,733 0,867 0,857

Thong qua cac chi s6 danh gi4 mé hinh, c6 thé thiy rang mé hinh EBF di dat dwoc 66 truong hop
duong tinh dGng (True Positive) va 78 truong hgp am tinh dung (True Negative). Ngoai ra, md hinh da
ghi nhan 12 truong hop sai duong tinh (False Positive) va 24 truong hop sai am tinh (False Negative).
C4c chi s6 danh gia hiéu suit, bao gdbm d6 nhay (Sensitivity) va do dic hiéu (Specificity), duoc tinh toén
lan Iuot 14 0,733 va 0,867 (Bang ). Bén canh do, két qua trén ciing cho thdy mo hinh EBF dat duoc dién
tich dudi duong cong ROC (AUC) la 0,857 (Hinh 5) cho thiy kha niang phén loai chinh xéc giita cac
truong hop duong tinh va am tinh cua mé hinh ham niém tin bang chimg. Cac chi s nay cho thay rang
moé hinh EBF di dat dwoc hiéu suat va do chinh xéc rét tét trong viéc xay dung md hinh nhay cam voi
truot 1¢ dét tai huyén Vian Yén, tiI?E] Yén Bai.

oA+

D6 nhay

044

— EBF (AUC = 0.857)

02+

oo T T T T
(1] 02 04 0E 1§ ] 10

1- D0 dac higu

Hinh 5. Puong cong ROC va dién tich dudi dirong cong AUC czia md hinh ham niém tin bang chiing
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4. Két luan

Nghién ciru da 4p dung thanh céng mé hinh ham niém tin bang ching trong xay dung mé hinh nhay
cam truot 1o dat va thanh 1ap ban d6 nguy co truot 1o dat tai huyén Van Yén, tinh Yén Bai tir dir liéu cac
diém truot 16 va ban do cac yéu té anh huong. Két qua phan tich mé hinh ham niém tin bang chiing ¢ khu
vuc nghién ctru duoc thé hién qua céc thanh phan nhu do déc, huong déc, khodng cach dén song sudi,
khoang cach dén duong giao thong, khodng cach dén dut gy va yéu té do cong theo chiéu doc va ngang
dia hinh. M hinh cho thay muc do niém tin va ChaC chin cao khi d6 ddc tir 40° dén 50° va hudng Dong
Nam, Béc, cung vé6i khoang cach dén song sudi tir 50-100 m. Tuy nhién, md hinh khong tin cay khi
khoang cach dén duong giao thdng Ién hon 500 m. Két qua du bao ciing cho thay sy chic chin va kha
nang dy doan tét trong khu vire dat xay dung, nhoém da yéu (nhém 1) va khu vuc mit nuéc.

Ban dd phan ving khéng gian nguy co truot |¢ dit dwoc xay dung thdng qua tich hop ban dd mic do
tin cay (Bel) véi truot 1o dat ciia cac yéu tb thanh phan. Két qua cho thiy sy phan bd khong dong déu cua
cac mirc d6 nhay cam tai huyén Van Yén. Mic du dién tich ¢6 nguy co cao va rat cao chiém it dién tich
nhung déy 1a nhitng khu vuc tap trung cha yéu doc theo ving dém cua cac tuyén duong giao thong chinh
va khu vyc dong dan cu. M6 hinh EBF da dat dugc 66 truong hgp duong tinh dang va 78 truong hgp am
tinh dung, voi do nhay 13 0,733 va do dac hiéu 1a 0,867. Diéu nay cho thay kha ning phén loai chinh xac
ciia md hinh trong viéc du doan truot 1o dat. Két qua AUC 13 0,857 ciing xac nhan mot hiéu suét tt cua
mo hinh. Cac két qua ching minh cho thay md hinh ham niém tin bang chung dat dugc hiéu suét rat tot
trong viéc du doan va phan loai truot ¢ dat.
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ABSTRACT
Establishing a landslide susceptibility model using the Evidential
Belief Function (EBF) in the Van Yen district,

Yen Bali province, Vietnam
Dong Khuc Thanh®*, Hang Thi Ha', Van Anh Tran? Phong Bui Duc®, Xuan Quang Truong®,
Cong Nguyen Chi®, Thi Hong Minh Tran®, Manh Dat Truong®
'Hanoi University of Civil Engineering, Hanoi, Vietnam
Hanoi University of Mining and Geology, Hanoi, Vietnam
*Hanoi University of Natural Resources and Environment, Hanoi, Vietnam

Landslides are frequent natural hazards in the Northern mountainous regions of Vietnam, causing damage
to communities and infrastructure. Previous studies have established spatial distribution maps of landslide
susceptibility using two main approaches: expert-based and data-driven assessment. Among these, data-
driven methods have demonstrated objectivity and improved performance compared to expert assessment
models. This research applied the Evidential Belief Function (EBF) model to establish a landslide
susceptibility model and spatial distribution map of risk in VVan Yen district, Yen Bai province. Initially,
301 landslide inventory points were collected and utilized with an 8/2 ratio for model training and testing.
Subsequently, the study employed 10 classes of influencing factors on landslides to assess the level of
belief for each factor in relation to landslide occurrences. The Area Under the Curve (AUC) was utilized
to evaluate the model's performance, and the Evidential Belief Function model yielded a satisfactory
outcome with an AUC of 0.857. Lastly, the Belief values integrated from all 10 causal factors were used
to calculate the landslide susceptibility index and create a landslide risk map. The research findings
provide valuable resources for risk mitigation and damage reduction caused by landslides.

Keywords: Landslide, Evidential Belief Function (EBF), Van Yen.
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Nghién cau khao sat ¢ chinh xac (ng dung tram tham chiéu hoat
dong lién tuc (CORS) trong xay dung cong trinh giao théng

L& Minh Ngoc”, Lé Vin Hién, Tran Puc Cong
Truong Dai hoc Giao thdng vdn tdi

TOM TAT

Hién nay, hé théng tram dinh vi vé tinh qudc gia VNGeonet di chinh thirc dwoc dua vao sir dung va
huéng t6i xay dung mang ludi day dic hon trong tuong lai. Bén canh d6, nhu cau (ng dung cdng nghé
mang ludi tram tham chiéu hoat dong lién tuc (CORS) trong do dac néi chung va xay dung cong trinh
giao thdng nodi riéng ngay cang tré nén cap thiét. Bai bao nay trinh bay nghién cau thuc nghiém vé khao
sat @6 chinh xac va kha nang ung dung céng nghé tram CORS phuc vu khao sat va thi cong cong trinh
duong giao thong tai Viét Nam. Trudce tién, tram CORS duoc khao st ung dung trong thanh lap ludi
khong ché tric dia do v&, do diém chi tiét thanh lap ban db ty 1& 16n va do v& mat cat tuyén trong giai
doan khao sat. Trong giai doan thi céng, tram CORS duoc nghién ciru (ng dung trong cong tac bé tri
tuyén duong. Phuong phéap nghién ctiu Ia tién hanh thuc nghiém do bang hai phuong phéap: phuong phap
truyén théng (g dung may toan dac dién tir, may thuy chuén,...) va phuong phap st dung tram CORS,
tir d6 so sanh d6 léch va danh gia do chinh xac cia phwong phap CORS duya trén cac tiéu chuan ky thuat
hién hanh. Két qua thuc nghiém chi ra ring, phuong phéap do sir dung tram CORS thé hién rd tinh hiéu
qua vuot troi so véi phuong phap truyén thdng va c6 thé dam bao do chinh xac cong tac khao sat tuyén
nhu thanh 1ap ban dd ty 18 16n, do v& mat cét doc tuyén va b tri tuyén ra thyc dia.

Tur khoa: Tram tham chiéu hoat dong lién tuc, CORS, cong trinh duwong giao théng, coéng tac khao sat
tuyén duong, bo tri tuyén duong.

1. Pit vén dé

Trong quy trinh xay dung cong trinh giao théng, cong tac tric dia trong giai doan khao sat va thi cong
dong vai tro quan trong. Trong giai doan khao sat, cong tac trac dia can thanh lap ludi khong ché duong
chuyén cap 2 phuc vu do vé& ban d6 dia hinh ty I¢ I6n (1:500 hodc 1:1000) va do diém chi tiét voi do chinh
xac quy dinh theo Thong tu 68/2015/TT-BTNMT (Bo Tai nguyén & Mbi truong, 2015); do v& mat cit
dia hinh dam bao do6 chinh xac quy dinh theo Quy trinh khao sat duong 6 t&6 22TCN 263-2000 (Bo Giao
thdng van tai, 2000) va TCCS 31: 2020/TCDBVN (Téng cuc Puong bo Viét Nam, 2020). Trong giai
doan thi céng, cong tac bd tri tuyén duong yéu cau dam bao do chinh xac quy dinh theo tiéu chuan TCVN
9436-2012 (Vién Khoa hoc va Cong ngh¢ giao thong van tdi, 2012). Cac tiéu chuan, quy dinh nay é&p
dung cho phuong phap do truyen thdng 1a ung dung may toan dac dién tu va cong ngh¢ GNSS vdi
phuong phap do tinh. Nhuoc diém cua cac phuong phap truyén thong néi chung la can théng huéng gitra
tram may va diém do hodc chua hiéu qua vé thoi gian thuc hién va khdi luong cong viéc I6n, dic biét khi
dia hinh phurc tap.

Hién nay, hé thong tram CORS Qudc gia tai Viét Nam do Bo Tai nguyén va Mai truong xay dung gom
65 tram phan bé rai déu trén toan quéc da duoc dua vao sir dung rong réi tir nim 2020 (Cuc Po dac va
Ban d6 Viét Nam, 2016). Mot s6 nghién ciru khoa hoc tng dung tram CORS phuc vu mt s6 nhiém vu cu
the cua tric dia da dugc thyc hién nhu quan tric chuyén dich cong trinh (Diém Céng Huy, 2019), quan
tric dich dong bai thai cua khai thac mo (Nguyén Manh Cuong, 2018),... Qua céc nghién ctu nay co thé
thdy wu diém vuot troi cia viéc ung dung cong nghé CORS so véi phuong phap truyén thong la thoi gian
do rat nhanh, khong yéu cau nhiéu nhan luc thyc hién va dac biét khong can théng hudng nhu phuong
phéap truyén thong. Tuy nhién, cac nghién ctru vé tng dung tram CORS & Viét Nam con rat nhiéu han ché
va chua c6 cac tidu chudn ki thuat cu thé vé ung dung céng nghé nay trong do dac.

* Té&c gia lién h¢
Email: ngociml@utc.edu.vn
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Bai bao nay, nhém tac gia thuc hién nghién ctru thuc nghiém vé kha ning tng dung tram CORS phuc
vu xay dung tuyén duong. Noi dung nghién ciu 1a khao sat d6 chinh xéac tng dung tram CORS trong
thanh lap ludi khdng ché duong chuyén cip 2, do v& chi tiét thanh 1ap ban do ty 18 I6n, do v& mit cit dia
hinh va bé tri tuyén.

2. Co sé ly thuyét va phwong phap nghién ctru

Do chinh xé4c tng dung cong nghé tram CORS duogc khao sat va danh gia dwa trén cac két qua do dac
thuc nghiém. Trudc tién, két qua do thuc nghiém bé‘mg cong nghé tram CORS dugc dbi sanh véi cac tiéu
chuan k¥ thuat quy dinh vé d6 chinh xéc trong thanh 1ap luéi, do v& ban do dia hinh ty 18 16n; do v& mit
cit va do chinh xac trong b tri tim tuyén. Bén canh d6, dd chinh xac tng dung tram CORS dugc danh
gi& dua trén so sanh do léch véi cac phuong phap truyén thong.

2.1. Co sé Iy thuyét danh gid dp chinh xéc ing dung tram CORS

Do chinh xac yéu cau cua cdng tac tric dia trong giai doan khao sét thiét ké tuyén duong duoc quy
dinh chi tiét trong Quy trinh khao sat duong 6 t6 TCVN 263-2000. i véi lusi duong chuyén cap 2 phuc
vu do v& khao sat tuyén dugc quy dinh vé do chinh x4c nhu sau (Bo Giao théng van tai, 2000):

- Sai sb vi tri diém yéu nhat khong duoc vuot qua 50 mm;

1
- Sai sb khép tuong dbi duong chuyén khong vuot quéa 000"

Déi véi do v& ban db dia hinh ty 18 16n phuc vu khao sét tuyén, Thong tw 68/2015/TT-BTNMT cua Bo
Tai nguyén va Mbi truong quy dinh yéu ciu vé do chinh xac do diém chi tiét nhu sau: “Sai sé trung
phuong xdc dinh vj tri mdt bang diém dia vat co dinh, r nét so véi diém khong ché do vé gan nhdt khong
qua 0,3 mm trong ty I¢ ban do, doi véi diém dia vat khong rd rang khong qua 0,5 mm trong ty I¢ ban do;
Sai 6 trung phuong vé dé cao do vé dia hinh so véi diém khéng ché dg cao cdp cudi cung tinh theo
khodng cao déu co ban quy dinh theo dé déc dia hinh” (Bo Tai nguyén & Mai truong, 2015).

Ddi véi cong tac do v& mit cat tuyén, Quy trinh khao sat dudng 6 t6 TCN263-2000 quy dinh do cao
cac diém tim tuyén (do mat cit doc) duoc do bang phuong phap thity chuan két hop ngdm toa dudi dang
tuyén phl hop véi do chinh xac do khong duoc vuot qué sai s6 khép cho phép tinh theo cong thirc (Bo

Giao thdng van tai, 2000):
, ~ fu= £50y/L(km) (mm) D

Do dai chi tiét gitra cac diém tim tuyén duoc do 1 lan bang thudc thép hoac may toan dac dién tir vai

. ;1 . . L a 2
sai s0 khong dugc vuot qua 00" Do chinh xac do vé mat cat ngang dugc quy dinh theo Tiéu chuan
TCCS31-2020/TCPBVN vé khao sat duong 6 t0, cu thé: Sai s6 khi do cac diém chi tiét trén mét cat
ngang phu }huéc vao ty I¢ do, thiét bi do va phuong phap do nhung t6i thiéu phai dat dugc do chinh xéac
nhu sau (Tong cuc Buong b Vit Nam 2020):

+ Sai $6 do khoang cach c6 d6 chinh xac:

fD 1 2)
y R =500
+ Sai s6 do do cao diém chi tiét trén mat cat ngang c6 d6 chinh xac:
frn <1004/ L(km) mm 3

Trong giai doan thi cong tuyén duong, d6 chinh xac bé tri vi tri mat bé[]g tim tuyén dugc quy dinh theo
Tiéu chuan TCVN 9436-2012 (2012). Cu the, sai so cho phép (so vei thiet k) vi tri truc tim tuyén duong
1a 5 cm doi vai duong cao toc cap I, 11, 111 va 10 cm doi véi duong cap 1V, V, VI
2.2. Phuwong phdp nghién ciru thuc nghiém
2.2.1. Banh gid do chinh xac ciua phwong phdip do CORS

D¢ chinh xdc cua phuong phap do CORS dugc danh gia da trén nguyén ly cua phuong phap do nhiéu
lan cia mot dai luong v6i sai 80 trung phuong mot lan do tinh theo cac cong thirc Bessel. Tai mot diém
do 1a diém khdng ché cua ludi dudng chuyén cap 2, may thu GNSS duogc cai dat tan sb thu tin hiéu 1 Hz,
do lién tuc trong khoang thQi gian la 3 phut, t’hu duoc chuoi 180 dfr liéu theo thoi gian. Chuoi dir liéu do
sau do xtr 1y dé loai bo sai so thé va tinh sai s6 trung phuong mot lan do theo cac cong thic sau:

- Sai s6 trung phuong theo mit phang:
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+ Sai s6 trung phuong thanh phan:

_ [vxvx] . _ [vyvy]
my ==+ n-1 ' my =% n-1 (4)
+ Sai s6 trung phwong vi tri diém mat béng
2 +m2 (%)

=i\/m (6)

trOﬂg dé: in = Xl - XTBC; vyi = YL - YTBC; le. = Hl - HTBC; i = 1_ n
Sai s6 trung phuong (vi tri diém va do cao) duoc so sanh véi tiéu chuan do chinh xac dé danh gia do
chinh xac cua phuong phap do CORS.
Déi voi danh gia d6 chinh xac ctia phuong phép trong do mit cat, dit liéu toa do do bang CORS tai cac diém
tim tuyén sau d6 ding dé tinh ra hiéu do cao va khoang céch I¢ giita cc diém do theo cac cong thirc sau:
Si = (X = X2 + (¥ = ¥iy)? (7)
) h;=H;_y —H; . ®)
Céc két qua tinh S; va h; dugc st dung dé kiém tra cac diéu kién vé d6 xac theo céc cong thuc (9) va
(10) quy dinh trong cac tiéu chuan ky thuat
- Piéu kién kiém tra sai s6 do cao tuyén:

| fhaol < |fhcel )

trong do: ficp 12 sai s6 khép do cao cho phép, dugc tinh theo cong thirc:

) . fncp = £504/L(km)(mm)
fhao 12 sai 50 khép do cao thuc té, theo cdng thirc:
frao = z h; — (Hewsi — Haau)

- Piéu kién kiém tra sai s6 do dai chi tiét tuyén thyc nghiém:
AS  |Sro — Scrl 1 (10)
Srg  Smg 500

trong do: Srq 1a chiéu dai téng quat cua tuyén; Scr la khoang cach cong don chi tiét cia tuyén.
bdi véi danh gid do chinh xéac cua phuong phap CORS trong do mat cit ngang, khoang céch glua cac

diém do bang GNSS-RTK va hiéu do cao giira cac diém duoc tinh theo cong thirc (7), (8) dé tinh kiém tra
cac diéu kién theo cong thuc (2) va (3).

- Sai sb trung phuong vé do cao:

2.2.2. Pdanh gia d@é \éch giita phwong phap do CORS va phwong phdp truyen thong

Céc diém chi tiét trong do v& ban d6 dia hinh va cac diém tim tuyén duong duoc chon va danh déu dé
khao sat do léch do bang cong nghé tram CORS so v6i phuong phép truyén thong 1a sir dung may toan
dac dién tir. PO 1éch gitta phuong phap do CORS va sur dung may toan dac dién tr dugc tinh theo céc
cdng thirc sau:

dX; =Xo—X; dY;=Yy—Y, (11)
dP, = \JdX? + dY? (12)
dHi =H0—Hi (13)

trong do: (Xo, Yo, Ho) 12 toa d6 diém do theo phuong phap truyén théng; (Xi, Vi, Hi) Iéqtoa d6 diém do theo
phuong phéap CORS. Gid tri d0 Iéch gilta hai phuong phép dugc so sanh véi tiéu chuan ky thuat quy dinh
d6 chinh xac trong do diém chi tiét.

2.3. M0 td@ thyre nghigm nghién ciu o
2.3.1. Thuc nghiém 1 - Ung dung CORS trong thanh ldp ludi dwong chuyén cap 2
a. Khu vyc thyc nghiém

Thyc nghiém duoc tién hanh theo tuyén ciu can doan di trén cao doc theo Qudc 16 32, Ho Ting Mau,
Xuéan Thuay, Cau Giay. Trén tuyén nay da dugc lap 06 diém GPS hang IV, 10 diém duong chuyén cap 1 va
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47 diém duong chuyén cap 2. Trong do6, lugi duong chuyén cip 2 4p dung phuong phép do goc - canh Vi
may TDDT Nikon DTMS552 véi d6 chinh xdc do goc 27, d6 chinh xac do canh 2+2 ppm dam bao theo yéu
cau tiéu chuan cua dy an va da thuc hién do dugc 07 chu ky (L& Minh Ngoc va nnk., 2018).

b. Po dac thuc nghiém bang ing dung CORS

Pé thanh lap ludi dudng chuyén cap 2 bang cong nghé CORS, sir dung may GPS T300 cua hang
Comnav c6 d6 chinh x4c theo phuong ngang la(8 mm +1 ppm) va d6 chinh xac theo phwong dung la (15
mm + 1 ppm). Tai cac vi tr| méc duong chuyén cip 2 cua tuyen thuc nghiém, tién hanh do trong khoang
thoi gian 1-5 phit véi tan s6 1 Hz. Nhu vay, tai mot diém khéng ché caa luéi s& thu duoc 60 dén 300 tri
do vé toa do (X, Y).
2.3.2. Thuc nghiém 2 - Ung dung CORS trong thanh ldp ban d@o dia hinh
a. Khu verc thuc nghiém
Khu vuc thyc nghiém duoc lya chon 1a mot phan cua Dy an Hé théng xur 1y nude thai Yén Xa, TP Ha
Noi, chay doc theo song Té Lich tinh tir dwong Hoang Quéc Viét dén hét cau Kim Giang. Chiéu dai tuyén
thuc nghiém 1a khoang 11 km. Hé thong lugi khdng ché cua tuyén gém 05 diém GPS hang IV; 03 diém
DC1 va 32 diém DC2 thanh lap bang phuong phap do goc - canh.
Két qua toa d6 va do cao cua cac diém khdng ché duoc sir dung dé so sanh va danh gia d6 chinh xéac
ctia phuong phap tng dung CORS trong thanh lap ludi khong ché do vé.
Céc diém khéng ché DC2 dugc sir dung 1am co s¢ dé do cac diém chi tiét bang phwong phép sir dung
toan dac dién tu, két qua dung lam co s& dé danh gia do chinh xac ung dung CORS trong do diém chi tiét
(L& Minh Ngoc va nnk., 2020).

b. Do dac thuc nghi¢m

Cong tac do diém chi tiét dwoc thyc hién qua 2 budc:

Buoéc 1. Po diém chi tiét bang phuong phap st dung may toan dac dién tir TCR703. Cac diém DC2
duoc sir dung 1am co sé dé do cac diém chi tiét, theo phuong phap toa d6 cuc. St dung gwong don dit tai
cac diém chi tiét, co kep sao guong dé can guwong trude khi do. Toa d6 do duoc st dung 1am co s dé so
sanh do léch véi phuong phap do bang CORS.

Buéc 2. Sir dung tram CORS do diém chi tiét. May thu GNSS dit trén sao guong, ¢ sir dung kep
sdo dé can may thu tai cac diém do chi tiét. Mdi diém chi tiét duge do 2 1an (2 tri do) véi tan sb thu tin
hiéu 1 Hz.

2.3.3. Thuc nghiém 3 - Ung dung CORS trong bé tri tuyén duong
a. Khai quét khu v thic nghiém

Pé thuc nghiém khao sat do chinh xac cong tac bd tri tim tuyén duong bang céng nghé CORS, khu
vue dugc chon dé thuc nghi¢m 1a doan dwong D Xuan Hop véi dau tuyén giao véi Tran Hiu Dyc va
cudi tuyén glao véi duong Tan My, cach san van dong qu0c gia My Dinh khoang 500 m. Tuyén thuc
nghlem ¢6 diém dau giao v6i duong Tran Hitu Dyc, diém cubi tuyen giao véi dudng Tan My vaéi chiéu
dai tuyén 13 470 m. Tim tuyén thuc nghiém duoc thiét ké gia dinh nam trén via hé giao gitra lan duong
bén phai voi muong xay c6 chiéu dai 1a 389.13 m, véi khoang céch 20 m/1 diém b tri twong tng véi
t6ng s6 diém can b tri 1a 21 diém.

bé thuc nghlem cong tac b tri tim tuyén duong bang cong nghe CORS, nhém tac gia da thanh l1ap
diém GPS bang Cong nghé GPS tinh va 03 diém duong chuyén cip 2 bing may TPDT véi do chinh xac
dam bao theo yéu cau. Thyuc nghiém danh gia d6 chinh xéac cia cong nghé CORS trong cong tac b tri
diém tim tuyén duong sau d6 kiém tra lai bang may TDBT (L& Minh Ngoc va nnk., 2020).

b. Do dac thuc nghiém

Céc diém tim tuyén theo thiét ké dugc bb tri ra thuc dia bang hai phuong phép 14 str dung tram CORS va
toan dac dién tir Leica TCR703. Céc diém chi tiét trén tim tuyén dudng dugc bé tri bang cong nghé CORS
va bang may TPDT s& dugc danh dau bing bt x6a va son ngoai thyc dia. Sau d6 st dung may TDDT
TCR703 két hop véi guong va kep sao dé do lai toa do cac diém bo tri.
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2.3.4. Thuc nghiém 4 - Ung dung CORS trong do vé mat cat
a. Khu vec thuc nghiém

Tuyén duong thuc nghiém duoc lya chon nam trong khu vuc cong vién tai dau ciu Nhat Tan, Ha Noi
v6i chiéu dai khoang 300 m. Dia hinh hai bén tuyén duong c6 su thay ddi vé do cao vai chénh cao Ion
nhét khoang 10 m. Tuyén dudng thuc nghiém duoc bé tri cac coc chi tiét va danh dau trén thuc dia.

b. Cong tac do thuc nghigm

Pé phuc vu cho cong tac thic nghiém, binh db ty 18 16n 1:500 caa khu vyc thuc nghiém duoc thanh lap
tuan thu chat ché theo cac quy pham do v& thanh lap ban do dia hinh ty I& 16n. Tuyén thuc nghiém dugc
thiét ké va bé tri ra thuc dia voi 4 duong cong tron véi tong sé 35 diém tim tuyén (gom ca diém trén doan
thiang va trén doan cong).

- Cong tac do mat cat dia hinh tuyén thuc nghiém bang phwong phdp GNSS-RTK

Cong tac mat cit doc tuyén do bang phwong phap GNSS-RTK dugc thyc hién gidng nhu cong tac do
diém tra, x4c dinh truc tiép toa do va do cao cac diém trén thyuc dia. Qua trinh do st dung kep sao dé dam
bao can bang do thang ding cua sao do. Bé do mat cat ngang tai cac coc chi tiét trén tuyén, di liéu tuyén
thiét ké dugc nhap vao s6 do cia GNSS, cong cu do mit cit ngang trén s6 do cho phép hién thi truc tiép
huéng mat cat ngang trén man hinh sé do (Hinh 1). Dya trén chi ddn huéng mat cit ngang trén so do,
cong tac do mit cat ngang bang GNSS-RTK dugc thuc hién don gian, thuan tién ma khdng can phai thuc
hién budc xac dinh huéng mat cit ngang. Tuy nhién, khi thuc nghi¢m do mat cit ngang bang phuong
phdp GNSS-RTK, vi tri cac dlem do trén mit cit ngang dugc danh dau dé phuc vu cho budc do kiém
ching bang phuong phap truyen thong.

&L &

P =0 )
FIXED H0.01 37 ~
Tudil dl V:0.019 49 i

, 7/

N E B 7

Vé phia Bac Vé phia do... Ccat @
0.002m 0.001m 8.146m

AR ‘- ; “TC4 @
\ Y

B B K Q@
S6 Dam:23.348 Bu:(Phai)0.002
H:8.146 Cat:8.146
Vé phia Bac:0.002 Veé phia dong:0.001

() Binh do khu vic thyc nghiém (b) Po mdt cit ngang bang GNSS si dung tram CORS
Hinh 1. M0 td dia diém va tuyén thuc nghiém

- Céng tac do mat cdt dia hinh theo phirong phdp truyén thong

Tuyén thuc nghiém dugce do mit cit doc bang phuong phap st dung may thity binh va thudc thép.
May thuy binh dién tir d6 chinh xac cao va chia ma vach dugc sir dung dé do @6 cao tuyén thuc nghiém
theo phwong do cao hinh hoc tir giira két hop ngam toa. So do tuyén do cao 1a do tuyén kin véi diém gbc
d6 cao la KMO. Khoang céch I¢ giita cac coc chi tiét trén tuyén dugc do chinh x4c bang thudc thép, theo
phuong phap do dai chi tiét cia tuyén.

Mt cat ngang tai cac coc chi tiét trén tuyén thuc nghiém duoc do bang phwong phép truyén théng véi
ng dung cua may toan dac dién tir 46 chinh xé&c cao. Tai mdi mat cit, may toan dac duoc dat tai vi tri cua
coc chi tiét, tién hanh do khoang cach Ié va chénh cao giita cac diém do trén mat cit ngang da dugc danh
déu tir buée do bang GNSS-RTK (Lé Minh Ngoc va nnk., 2022) .
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3. Két qua va thao luan
3.1. Pdnh gid dj chinh xac #ng dung trgm CORS trong thanh ldp lwéi khéng ché dwong chuyén cap 2

Chudi dit liéu do tai mdi diém khéng ché mat bang DC2 duoc tién xir ly bang cach loai bo nhung dir
liéu tho, sau d6 tinh gid tri trung binh cong cua chudi va kiém dinh phan b chuan cua céc sai s6 Xac suat
nhat (v;). Tiép theo d6, sai s6 trung phuwong mét lan do theo cac phuong X va Y duogc tinh theo cong thirc
(4), sai s6 tong hop tinh theo cong thirc (5). Bang 1 thé hién két qua sai s6 trung phuong ciia cac diém
lugi ché mat bang DC2 (L& Minh Ngoc va nnk., 2018).

x10° D3 lgch 20
= 232650565 - - 7 oot
X X
o 232650564} p\ /\1\"/\ g 0
T wWooow i a 5
© \[I \'\—So liéu do 5
Ay —Gia tri trung binh £
2.32650563 : o o1
0 40 60 20 40 60
5 15
. 5.8414105 /0 ~ 005
£ £
%‘ 5.84141 ™, '\A/“N—/V\ SN E’ 0 M
© )
° 2
5.8414095 : : T 05
0 20 40 60 20 40 80
#30 liu #56 ligu
() Diz ligu do ) ) (b) Biézf do phép bo phudn
Hinh 2. B‘)iéu do dir Iiéq do va phdn bo chuan cug sai So Xac suat nhc?t )
Bang 1. Bang tong hop sai 6 trung phuong tai cdac diém lwdi duwong chuyen cap 2
T Tén Mx My Mp T Tén Mx My Mp
diém (m) (m) (m) diém (m) (m) (m)

NH1 | 0,003 | 0,003 | 0,004 9 NH34 0,005 0,025 0,026
NH3 | 0,003 | 0,012 | 0,012 | 10 NH37 0,003 0,003 0,004
NH5 | 0,005 | 0,002 | 0,005 | 11 NH38 0,006 0,003 0,007
NH6 | 0,006 | 0,004 | 0,007 | 12 NH39 0,003 0,003 0,004
NH22 | 0,004 | 0,006 | 0,007 | 13 NH40 0,006 0,004 0,007
NH28 | 0,004 | 0,003 | 0,005 | 14 NH44 0,002 0,002 0,003
NH31 | 0,003 | 0,003 | 0,004 | 15 NH45 0,003 0,003 0,004
8 NH33 | 0,002 | 0,003 | 0,004

Két qua trén chi ra rang, so sanh véi tiéu chuan yéu cau do chinh xac cua ludi duong chuyén céap 2, do
chinh xac do bang cong nghé CORS cua tét ca cac diém thuc nghiém déu thoa man yéu cau (< 50 mm).

Bén canh do6, do léch vi tri diém cua cac diém ludi do bang hai phuong phap duoc tinh theo céng thic
(11) va (12). Bang 2 thé hién két qua do léch vi tri diém va Hinh 3 minh hoa d¢ léch cua hai diém ludi
dac trung.

Bang 2. Bang tong hop dé léch vi tri diém ludi dwong chuyén cap 2 do bang CORS va mday TDPT

~N|oO|O R WIN|EF-

Chuky | NH1 NH3 NH28 NH31 NH33 NH37 NH38 NH39 NH40

1 0,045 0,025 0,019 0,005 0,015 0,018 0,016 0,025 0,025

0,047 0,021 0,019 0,004 0,014 0,017 0,015 0,028 0,028

0,045 0,025 0,019 0,005 0,015 0,018 0,016 0,025 0,025

0,045 0,028 0,021 0,008 0,012 0,013 0,017 0,021 0,026

0,039 0,025 0,019 0,009 0,007 0,016 0,014 0,027 0,030

0,045 0,025 0,019 0,007 0,008 0,017 0,013 0,023 0,025

N[OOI WiN

0,045 0,025 0,019 0,005 0,015 0,018 0,016 0,025 0,025

81




HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
Vi SU PHAT TRIEN BEN VIPNG (ESSD 2023)

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

NH31

0.05

0.01

—=—DBd léch phuwong X
—#— D06 léch phwong Y

__ob.o3 - D5 Igch vitri diém .
E E 0
0.02
-0.005
0.01 —=—P0 léch phrong X
*M\* —#—Bb l&ch phrong Y
—-& Po léch vi tri diém
o] -0.01
1 2 3 4 5 6 7 1 2 3 4 5 6 7

#8386 chu ky #S6 chu ky
Hinh 3. So sanh d¢ \éch giita do CORS va 7 chu ky do bang mday TDPT
Két qua so sanh do léch giira tng dung do CORS va may TDDT cho thay, ¢ 8 trong 9 diém duoc so
sanh c6 d6 léch vi tri diém nho hon 3 cm (89 %), dac biét véi diém NH31 c6 do léch nho hon 1 cm. Bo
léch vi tri diém ciia diém NHO1 1a 1on nhét (~4,5 cm) (L& Minh Ngoc va nnk., 2018).

3.2. Pdnh gid dj chinh xéc thanh ldp ban d6 dia hinh
Tiéu chuan do chinh xéac thanh lap BDPH véi 2 loai ty 1¢ 16n 1a 1:1000 va 1:500 duoc sir dung dé danh
gia d6 chinh xac do CORS. Sai s6 trung phuong 16n nhat cho phép cua tirng hang muc thong ké trong
bang sau: ) )
Bang 3. Sai so trung phwong I6n nhat cho phép trong thanh Igp BDDH

Ty lé Thanh lap lwéi khong ché do vé Po diém chi tiét
BPPH | Sai s mit bing Sai 56 do cao Sai s6 mit bang Sai sb d6 cao
mp (M) my (M) mp (M) my (M)
1:1000 +0,100 +0,100 +0,300 +0,250
1:500 +0,050 +0,050 +0,150 +0,125

S6 lwong 100 diém chi tiét dic trung trén khu vuc thuc nghiém duoc danh dau trén thuc dia va tién
hanh do bang hai phuong phap 1a do CORS va do bémg may toan dac dién tir. Két qua toa do va do cao
cac diém chi tiét theo hai phuong phap dugc dung dé tinh do léch theo cac cong thirc (4) dén (6). Sau do,
do léch dugc so sanh véi quy dinh vé sai s6 & Bang 3 va dugc thé hién trong biéu dd Hinh 4. Théng ké vé
gia tri d¢ léch cho thay rang (L& Minh Ngoc va nnk., 2020):

- V& mit bang: sb luong do léch nho hon quy dinh sai s&6 mat bang 16n nhat cia BDPH ty 18 1:500 la
94/100, trong duwong 94 %; va BPPH ty 1€ 1:1000 1a 97/100, twong duong vdi 97 %.

- V& d6 cao: s6 lwong do léch nho hon quy dinh sai s6 d6 cao I6n nhat (1/4 khoang cao déu) vai duong
ddng mirc 0,5 m 1a 88/100 (tuwong tng 88 %), véi duong dong mirc 1 m 1a 95/100 (twong tng 95 %).

Tur két qua danh gia do chinh xac do cac diém chi tiét cho thiy ring, phuong phap do CORS c6 thé
dam bao do chinh xac do toa d6 cac diém chi tiét thanh lap BDPH ty 1& 1:500 va dam bao do chinh xéac
do do cao voi duong dong mic 1 m.

Po léch vé toa do

D6 léch vé dé cao H

* Db léch B 2 * P& léch diém do
1 - = S8 gigi han theo BD 1:500 (0.15m) - - 1/4 khoang cao déu 0.5m
08 SS gidi han theo B 1:1000 (0.30m)| 1 2 1/4 khoang cao déu 1m
E06
— L]
0.4 *
-1
0.2 o e __
.
0 "M‘“'MM’J‘W 2
0 20 40 60 80 100 0 20 40 60 80 100
S6 diém do sé diém do

a) So sanh dé \éch vi tri diém

b) So sanh do léch do cao

Hinh 4. Biéu do dé \éch giita phwong phép do CORS va toan dac dién tir
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3.3. Pdnh gid dp chinh xdc do vé mgt cdit dia hinh
3.3.1. Panh gid d@é chinh xac GNSS-RTK trong do mdt cdt doc tuyén

Do chinh xac caa phuong phép truyén thong (may thiy binh + thude thép) do mat ct doc tuyén nhu
sau:

- Sai s khép do cao tuyén: f,4, = 0,001 m < fycp = 0,027 m.

- Sai s6 do dai chi tiét doan tuyén Ion nhét 1a 1/1292 nho hon sai s6 cho phép la 1/500.

Két qua do cao GNSS sir dung tram CORS dugc ding dé tinh chénh cao giira cac diém tim tuyén. St
dung chénh cao GNSS (henss.rrx) thay thé cho chénh cao thity chuan dé kiém tra diéu kién theo cong
thu’c (9), sai sb khép do cao fhdo = 0,024 m thoa méan diéu kién nho hon ficp = £0,027 m. Piéu nay Chu’ng
t6 rang, do cao mit cit doc tuyén bang phuong phap GNSS-RTK c6 thé thoa man diéu kién yéu cau vé do
chinh xac. Két qua so sanh d léch vé khoang céch l¢ giita hai phwong phap cho thdy, d6 léch I6n nhat 1a
1,6 cm; do léch nho nhét 1a 0. Sir dung khoang cach 1¢ do bang phuong phap GNSS-RTK dé kiém tra
diéu kién sai s6 do dai chi tiét theo cong thirc (10), két qua cho thay, sai s6 I6n nhat la 1/1313 thoa man
diéu kién nho hon sai sé yéu cau 1a 1/500. Didu nay ching té, phuong phap GNSS-RTK dam bao do
chinh xéc do dai chi tiét cia tuyén.

3.3.2. Pdnh gia dg chinh xac GNSS-RTK trong do mat cit ngang tuyeén

Tat ca cac mat cat ngang tuyén (35 mat cét) duge do bang hai phuong phap toan dac dién tu va GNSS-
RTK. D¢ léch khoang cach ¢ va do léch do cao cua cac diém do trén cac mat cat ngang theo hai phuong
phap do 14 toan dac dién tir va GNSS-RTK dugc tinh dé phan tich va danh gi.

Do léch vé khoang cach ¢ cua tat ca cac diém do trén mat cat ngang (188 diém) duge dung dé kiém tra
diéu kién sai sb theo cong thirc (2) véi D 1a khoang cach Ié do bing may toan dac dién tir; T 1a gia tri do
léch khoang cach Ié. Két qua thong ké cho thiy, ¢ 50,5 % cac do léch c6 sai s6 twong dbi Ién hon 1/500
(khdng thoa mén yéu cau theo tiéu chuin TCCS31-2000/TCDBVN. Tuy nhién, 50,5 % cac khoang céch
& ndy c6 gid tri < 5 m; trong khi d6, phan 16n céc gié tri khoang céch Ié nho hon hogc bang 1 cm.

Bén canh d6, phan tich theo phuong phap xéac suat thong ké cac |d6 lech khodng cach le, két qua chi ra
rang, cac do léch nay cé phan bé chuan véi sai s6 trung phuong vé do léch tinh theo cong thirc Bessel &
+0,011 m. Hinh 5 m6 ta biéu d6 vé& do léch khoang céch ¢ va phan b chuan cua d6 léch (L& Minh Ngoc
va nnk., 2022).

D{ 1¢ch khodng céch 1¢ mit cit ngang
0.03 f

0.02

0.01

(m)

-0.01

-0.02

50 ., 1oo 150 002 -0.01 0 001 002  0.03
So diém do

() Biéu dé dg léch khodang cach lé (b) Biéu @6 phan bé cia dg léch khoang cach lé
Hinh 5. Biéu do thé hién phan bé cua dg léch khodng cach 1é theo hai phwong phdp

Tir d6 c6 thé nhan xét rang, mac du phan 16n cac do léch vé khoang céch 1a nho hon 1 cm (70,2 %),
nhung vi gi tri khoang céch Ié nho (phan I6n < 5 m) nén diéu kién sai s6 twong d6i khong thé dat yéu cau
la nhé hon 1/500.

V& danh gia do chinh xac d6 léch do cao bang hai phwong phap, didu kién sai sb theo tiéu chuan
TCCS31-2020/TCDBVN khong thé kiém tra duoc theo cac phwong phap do mit cit ngang, bao gf)m ca
phuong phép truyen thong hay phuong phap GNSS-RTK. Trong pham vi thuc nghiém cua dé tai nay, két
qua thong ké cho thay, sai s6 trung phuong do léch vé d¢ cao giita hai phuong phap 1a 0,017 m.
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3.4. Pdnh gid dj chinh xac bé tri tim tuyén

Thuc nghiém vé bé tri cac diém tim tuyén bang hai phuong phép 1a ding CORS va toan dac dién tir
dugc thyuc hién doc lap nhau. Cac diém b tri dwgc danh dau va do lai toa do bang mady toan dac dién tu,
tir d6 tinh do 1éch theo cac cdng thuc (11) va (12). Két qua thong ké do lech vi tri diém cho thay, gié tri do
léch (AP) khi b tri diém tim tuyén duong bang cong nghé CORS so véi b tri bang may TPDT la tuong doi
nho. Cu thé, gia tri do lech trung binh 12 0,030 m, gié tri 16n nhat tai diém T20 Ia 0,053 m, gia tri nho nhat tai
diém T17 14 0,005 m. Nhu vay, ¢6 2 diém (chiém 9,5 %) gi4 tri do léch 16n hon 0,05 m va nho hon 0,100 m
thoa man yéu cau do chinh xac bé tri tim truc tuyén duong cao téc cip 1V, V, VI. Con lai 19 diém (chiém
90,5 %) cac gié tri do léch d&u nho hon 0,050 m théa man yéu cau do chinh xac bé tri tim truc tuyén duong
cao téc cap 1, 11, 111 (Lé Minh Ngoc va nnk., 2020).

4. Két luan

Tu cac nghién cau thuc nghiém khao sat do chinh xac va kha nang (ng dung cdng nghé tram CORS
trong khao sat va xay dung cong trinh giao théng, nhém tac gia dua ra mot s6 két luan nhu sau:

- Trong giai doan khao sét cdng trinh tuyén dwong, phuong phap do st dung tram CORS c6 thé dam
bdo do chinh xac thanh lap ludi khong ché do v& DC2, do vé thanh 14p ban d6 dia hinh ty 1€ I6n (1:500,
1:1000) va do v& khao sat mat cit doc tuyén theo cac tiéu chuan ky thuat hién hanh.

- D6i voi cong tac do mat cat ngang tuyén, do chinh xac do chiéu dai bing GNSS-RTK I6n hon do
chinh xac cho phep theo Tiéu chuan khao sat duong 6 t6 TCCS31-2020/TCDBVN dbi vai cac khoang
cach do nho hon 5 m; véi phuong phap do hién nay (9dm ca phwong phap truyén thong va GNSS-RTK)
két qua do 1a khong du didu kién dé kiém tra sai s6 do cao theo tiéu chuén trén.

- Ung dung cdng nghé CORS trong cong tac bd tri tim tuyén duong hoan toan phu hop vaéi ly thuyét va
dap tmg dugc yéu cau do chinh xac vi tri truc tim tuyén duong cap I, 11, 11 theo tiéu chuan TCVN 9436-
2012.

- Phuong phap do GNSS-RTK sir dung mang ludi tram CORS c¢6 thao tac don gian, toc d6 do nhanh,
giam nhiéu thoi gian do dac ngoai nghiép so véi cac phuong phéap do dac truyén théng.

Bén canh do, bai bio van con mot sé han ché nhu: trong pham vi thuc nghiém, tuyén duoc lya chon
twong d6i ngan, dia hinh tuong d6i bang phang, thoang dang, khong phic tap. Vi vay, huéng nghién cau
tiép theo cua nhdm téc gia la khao sat thyc nghiém thém véi cac diéu kién dia hinh phic tap hon nhu dia
hinh d6i, ndi véi chiéu dai tuyén Ién hon.
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ABSTRACT

Studying investigate the accuracy of Continuous Operation Reference
Stations (CORS) application in transport construction

Le Minh Ngoc*, Le Van Hien, Tran Duc Cong
University of Transport and Communications

Currently, the national satellite positioning system VNGeonet has officially been in use and aims to build
a denser network in the future. In addition, the demand for the application of continuous operating
reference stations (CORS) network technology in surveying and road construction are becoming
increasingly essential. This article presents an experimental study on the accuracy and application
potential of CORS technology in serving surveying and construction of transportation infrastructure in
Vietnam. Firstly, CORS stations are surveyed and applied in establishing a geodetic control network for
mapping, points measurement for large-scale mapping, and cross-sectional measurement in the surveying
phase. In the construction phase, CORS are researched and applied in route layout work. The research
methodology involves conducting measurements using two methods: the traditional method (utilizing
total station, leveling instruments, etc...) and the CORS technology method. The deviations and accuracy
of the CORS technology method are compared and evaluated that based on current technical standards.
The experimental results clearly demonstrate that the measurement method using CORS technology
exhibits superior efficiency compared to the traditional method and can ensure the accuracy of surveying
tasks such as large-scale mapping, vertical cross-sectional measurement, and on-site route layout.

Keywords: Continuous operating reference station, CORS, road construction, road surveying, route
layout.
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Nghién cuu xdy dung va quan ly dir liéu dia khong gian
cong trinh xay dung

Lwong Ngoc Diing" *, Vii Dinh Chiéu* Dwong Céng Hiéu?
1Trwd‘ng Dai hoc Xé,y dung Ha Ngi
2Vién Cong nghé Trdc dia Xay dung

TOM TAT

Cong trinh xay dung gém ba giai doan thiét ké, thi cdng va quan ly van hanh véi nhiéu dir liéu dia khong
gian. Dir liéu dia khong gian vé cac cong trinh xay dung co thé ké dén tai liéu khao sat dia hinh, tai liéu
quy hoach - thiét ké, tai liéu thi cong, hoan cong,... Nghién ciru nay dat ra cac yéu cau thuc hién xay
dung va chia sé hiéu qua théng tin dit liéu dia khdng gian cta cac cong trinh xay dung cho cac don vi lién
quan. Trong nghién ciru dat ra myc tiéu thyc hién xay dung hé thng dir liéu dia khdng gian khu vyc thuc
nghiém Truong Dai hoc Xay dung Ha Noi. Dé dat duoc muc tiéu da dat ra, nghién ciu nay da xay dung
co so dir liéu ban do hién trang 3D bang UAV va mé hinh thiét ké 3D (giang dwdng H3). Viéc quan ly di
liéu dia khong gian cong trinh xay dung da thuc hién bang cach thiét 1ap cac quy trinh xir ly dir liu, hé
thdng dit liéu thudc tinh va cac giai phap mé hinh 3D. Két qua nghién ctru duoc thé hién trén cong cu
website, mot giai phap cung cip nén tang hiéu qua dé hd tro viéc quan ly va chia sé¢ dit liéu dia khong
gian cdng trinh xay dung.

Tuwr khéa: Dir liéu dia khéng gian cdng trinh, BIM mé hinh 3D, ban dd web.
1. D3t van dé

Cong trinh xay dyng gém ba giai doan thiét ké, thi cong va quan ly véan hanh vei nhiéu dir liéu dia
khéng gian. Dit liéu dia khdng gian vé cac cong trinh xay dung c6 thé ké dén tai liéu khao sat dia hinh, tai
lieu quy hoach - thiét ké, tai liéu hoan cong xay dung,... Véi cac phuong phép khao sét truyén thong cac
nguon dir liéu nay biéu dién dudi dang cac ban vé 2D va thudng gap thiéu sét do khéng mé ta hét duoc
hién trang. Do d6 thiéu di su truc quan hién trang, doi hoi bo phan thiét ké phai di thuc dia khi 18n giai
phép thiét ké cong trinh. Ngoai ra, trudc day viéc quan ly céc dit liéu cia mdi bo phan (khao sét, thiét ké,
thi cong) mang tinh cuc bo dan t6i su roi rac, thiéu két ndi, dong bo dit liéu dia khdng gian trong cac giai
doan toan b vong doi cdng trinh.

Hién nay phuong phap vién tham tim thép sir dung cac thiét bi diéu khién bay khong ngudi lai (UAV -
Unmanned Aerial Vehicle) va cac hé thong méy quét laser mat dat thuong duoc sir dung dé thu nhan di
liéu dia khong gian cong trinh. D3 ¢6 nhiéu nghién cuu cho thy cac phuong phép nay dam bdo xay dung
cac loai ban dd ty 18 16n nhu cac phuong phép truyén thong. C6 thé ké dén mot s nghién ciru cua cac tac
gia (Lwong Ngoc Diing va nnk., 2021) wng dung thanh 1ap ban db dia hinh ty 1¢ 1:500 va 1:1000 bang
UAV & nhitng kiéu bay va do cao bay khac nhau. Hay trong nghién ciru UAV két hop cong nghé CORS
(Hoang Thi Thiy va Pinh Cong Hoa, 2020), c4c tac gia di chimg minh duoc kha ning thanh 1ap ban dd
dia hinh céc ty 1&€ 1:2000 va 1:5000. Trong nghién cuu tng dl_lng UAV d hd trg khao sat dia hinh phuc
vy cong tac thiét ké cong trinh, céc tc gia (Phan Nguyén Viét va nnk., 2022) da khao sét cc cong trinh
dang vung, dang tuyén va thanh 1ap ban do dia hinh ty 1¢ 1:1000 va hién thi trén WebGIS. Két hop dir ligu
dam may diém (points cloud) tir cac thiét bi queét laser mat dét va UAV, c4c tac gia (Do Tién Sy va nnk.,
2019) da d& xuét quy trinh tich hop dit liéu dé sir dung trong cong tac khao sét, thiét ké, va kiém dinh
cong trinh. Cung y twong nghién ciu, tac gia (Cao Xuan Cuong va nnk., 2022) da xay dung thuét toan
tich hop dit liéu dam may diém cua hai cong nghé nay trong thu thap thdng tin cong trinh xay dung. Y
kién chung cua c4c nghién ctru trén déu cho thay rang viéc ang dung UAV va thiét bi quét laser mat dét
dé thu thap dix liéu dia khong gian cong trinh 1a rat hiéu qua.

* Téc gia lién he
Email: dungin@huce.edu.vn
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Bén canh viéc sir dung cac dir liéu anh truc giao, dam may diém, mé hinh sé d6 cao dé thanh lap cac
ban d6 dia hinh 2D ty 1& I6n. Mot wu diém ndi bat cia cac ngudn dir liéu UAV va laser mat dat do 1a cho
phép xay dung cac san pham md hinh md phong & dang ba chiéu.

Nghién ctu ung dung laser mat dat xay dung mé hinh 3D phuc vu cong tac quan ly dir liéu BIM
(Building Information Modeling), tac gia (Phan Thi Anh Thu, 2022) cho rang mac du con nhiéu han ché
trong viéc thu thap va xtr Iy dir ligu ddm may diém nhung day 1a giai phap tiém nang dé thu thap dir ligu
quan ly tai san cac cong trinh dan dung nho.

V6i khu vuc nghién cau c6 dign tich 10 ha, tac gia Phan Nguyén Viét va nnk., 2022 lya chon giai
phap st dung thiét bi bay UAV dé thu thap dir liéu 3D dam may diém va truc quan trén nén tang Potree
dé phuc vu cong tac thiét ké. Theo céc tac gia day la phuong phap ¢ hiéu suit cao khi xir Iy dam may
diém va truc quan héa mo6 hinh dé chia sé véi nguoi dung. Cung hudng nghién ciu ndy, tac gia Bui Ngoc
Quy va Pham Vian Hiép, 2021 ciing da dé xuat quy trinh xay dung mo hinh 3D tir dit liéu anh UAV tir
phan mém Pix4Dmapper. Két hop céc thiét bi UAV va laser mat dat dé tao ra ngudn dit liéu c6 do chi tiét
cao hon, chinh xac hon, tac gia L& Thi Thu Ha va nnk., 2022 da nghién ctru qua trinh tai tao md hinh 3D
cho cong trinh nha cao tang véi muc d6 chi tiét LoD3. C6 thé thdy cac san pham nay da khic phuc dugc
viéc thiéu thong tin khao sét hién trang va hd trg nguoi thiét ké, nguoi quan ly xem xét tryc quan bang
cac md hinh 3D m6 phong hién trang.

Trong xu thé phat trién caa linh vuc xay dung cong trinh, doi hoi vé viéc quan ly hiéu qua thdng tin
cong trinh trong céc giai doan thiét ké va thi cong da mang dén giai phap BIM (Building Information
Model) trong nhitng nam qua (Nguyén Mau Banh va Nguyén Bao Ngoc, 2018). Nghién ctu tng dung mo
hinh thong tin (BIM) va méi truong dir liéu chung trong cong tac quan ly tién do thi cdng cong trinh. Tac
gia Lé Truong Duy va Nguydn Anh Thu, 2018 ngay tir rat sém da chi ra ba yéu té then chét sau: cong
nghé, quy trinh va céch ing xir. Trong d6 mé hinh 3D diéu kién hién trang gidp cai thién hiéu qua trong
khao sét hién trang; cac mo hinh thdng tin s& cai thién tinh truc quan thiét ké va kha ning cap nhat hé so.
Tuy nhién ciing con ton tai khia canh cua qué trinh trao ddi théng tin giira cac bén. Véi cac dur an ha tang,
giao thong, nghién ctu cua tac gia Khuc Pang Tung va Dinh Nho Cang, 2018 ciing sém cho rang viéc ap
dung cong nghé vién tham tam thap 1a hiéu qua khi cung cap dit liéu khao sét rat truc quan, giau thong tin
va phu hop véi dir liéu dau vao cia md hinh BIM. Trong mét vai ndm gan day, cac ung dung BIM ngay
cang dugC mé rong va cu thé hon, tac gia Ngé Thanh Thiy va nnk., 2021 da 1ap md hinh théng tin cau
vuot dam hop thép ngd tu 550, tinh Binh duong dé hd trg mod phong va quan ly thong tin cong trinh trong
giai doan thiét ké thi cong; hoac nghién ctru cua tac gia Nguyen Dic Buc va Quach Thanh Tung, 2021 veé
viéc &p dung BIM & giai doan thiét ké cau Tha Thiém 2 cho ring c6 nhirng hiéu qua rd rét nhung can tiép
tuc dong bo cho toan b vong doi cong trinh cau, trong d6 dac biét can sw dong bo chia sé dir liéu thong
tin gitta cac bén.

Trong cac nghién ciu & trén déu c6 chung nhan dinh vé sy hiéu qua cua viéc thu thap dir liu dia
khong gian cia UAV va laser mat dét trong céc cong tac xay dung cong trinh. Tuy nhién chua dé cap
nhiéu dén viéc xir Iy cac dir liéu I6n dé thu dugc muc do chi tiét cao va giai phap quan ly dit liéu dia
khéng gian cong trinh mot cach théng nhat, ¢6 su két ndi va o tinh hiéu qua trong viéc chia sé giira cac
b phan. Trong bai béo nay, chling t6i sé trinh bay vé giai phap ban d6 web dé thong nhat quan ly, chia sé
cac co so dir liéu khao sat hién trang va mo hinh thiét ké (cho giang duong H3) tai khudn vién Truong
Pai hoc Xay dung Ha Noi.

2. Thu thap va xir ly s6 liéu
2.1. Thu thdp, xi ly di¥ ligu dia khong gian
2.2.1. Dz liéu hién trang

Dir liéu hién trang duoc thu thap bang cac thiét bi quét scan laser TOPCON GLS-2000 va UAV
Phantom 4 Pro V2. Sau khi xay dung mang ludi cac tram may quét trong hé toa do VN-2000, mui chiéu
3° kinh tuyén tryc 105°. Dir liéu khu vuc Truong Dai hoc Xay dung Ha Néi duoc thuc hién bang 17 tram
quét va mat d6 quét 1a 1 cm/1 diém. Hinh 1 md ta mot sé hinh anh qua trinh thu thap dix liéu va két qua
dir liéu dam may diém khu vuc thyc nghiém duoc thé hién trong Hinh 2.
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Laser Scanner * Target

Hinh 1. Qua trinh thu thdp di liéu tram may quét laser mar dat

S6 liéu thu thap dugc tién hanh xir Iy ghép tram va loai bo cac yéu té khdng can thiét trén phan mém
Magnet Collage do hing TOPCON cung cap. Hién nay, viéc xir ly s6 liéu dam may diém ciia mdi hang
phu thudc vao phan mém chuyén biét dugc nha san xuét cung cip. Quy trinh xi 1y s6 lidu co ban gdom cac
bude: xac dinh hinh dang cac yéu té quét, xac dinh mau tir cac anh chup, tao anh toan canh (stitch
panoramas) sau d6 loc va lam tron mé hinh két qua. Hoan thanh budc xu ly sb liéu, dit liéu dam may
diém (point cloud) dugc ding dé thuc hién viéc bién tap, xay dung mé hinh hién trang 3D.

Hinh 2. Két qua di ligu dam mdy diém sau khi xii Iy quét laser
C6 thé thay phuong phép thu thap dit liéu quét 3D mat dat cho ching ta két qua md phong cac doi
tuong rat chi tiét. Tuy nhién phuong phap nay van ton tai mot s6 han ché nhu: 1) Nhiéu dit liéu thira
(ngudi, xe ¢o di lai, bé mat duorng, .) can phai tinh chinh, loai bo; 2) Khéng thu thap duoc dit liéu phan
mai cac dbi twong nha cao ting va 3) Tép dit liéu dam may diém qué I6n s& anh huéng téi qua trinh xir Iy
va luu trir. Do d6 phuong phép quét laser mat dat nén dung dé thu thap dir liéu voi cac d6i tuong doc lap
trong khéng gian nho dé xay dung cac md hinh 3D véi mie do chi tiét cao.
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Hinh 3. Két qua ddm mdy diém (a), anh truc giao (b) va md hinh sé dé cao (c) sau khi xiz Iy anh UAV

Thuc nghiém bay chup UAV khu vuc Trudng Pai hoc Xay dung Ha Noi, chung tdi st dung thiét bi
bay Phantom Pro4 V2.0 véi do cao bay chup 80 m, d6 pha doc 70 % va do phi ngang 80 % va b tri 12
diém khdng ché mat dat, cac thong s6 nay hoan toan dap wng yéu cau k¥ thuat xay dung ban d6 dia hinh
ty 1& 1:500 (B6 Tai nguyén va Mai truong, 2021). San phim thu dugc 1a 412 tim anh, xu Iy trén phan
mém Agisoft MetaShape nhan duoc cac két qua dam may diém, anh tryc giao va mé hinh s d6 cao
(DEM), Hinh 3. Céc dir liéu anh tryc giao va md hinh sé d6 cao két hop s6 liéu do bd sung mat dat da
duogc dung dé thanh lap binh db dia hinh ty 1 1:500. Dix liéu binh db ¢ dinh dang di liéu AutoCad dugc
dung thanh mot dang dit liéu thudc tinh quan 1y trong co s& dit liéu khu vyc thyc nghiém.

C6 thé thay mot trong céc san pham quan trong cua cong nghé quét 3D laser va bay chup UAV Ia di
liu dam may diém. Day 1a ngudn dit liéu co ban gidp cho viéc xay dung cac mé hinh 3D. Viéc két hop
dir liéu dam may diém cac thiét bi laser mat dat va UAV da co nhiéu cong b (Lé Thi Thu Ha va nnk.,
2022; B Tién Sy va nnk., 2019; Cao Xuan Cudng va nnk., 2022), tuy nhién viéc két hop nay con nhiéu
kho khan khi xir Iy dit liéu dam may diém. Véi cac dic diém dir liéu cia mdi dang thiét bi, ching t6i cho
rang ¢ muc téng thé chi can sir dung dir liéu UAV dé xay dung cac mé hinh 3D hién trang toan bo khu
vuc hoic timg ddi trong cdng trinh & mirc d6 chi tiét LoD3. Ddi véi dir lidu quét laser nén dugc ding xay
dung mé hinh 3D & giai doan hoan cdng cdng trinh véi mic do chi tiét LoD4, tuc 1 timg di tuong bén
trong cong trinh. Trong nghién ciru ciia minh, chang tdi mai chi sir dung ditr dam may diém UAV dé xay
dung mé hinh hién trang 3D cho toan bo khu vuc thuc nghiém.

2.1.2. Dir liéu thiét ké

Dir ligu thiét ké giang duong H3, Hinh 4, dugc thu thap tir don vi thiét ké ¢ dinh dang m6 hinh 3D.
D licu nay duoc tao lap trén phan mém Revit véi mire d6 chi tict gan twong duong cap do LoD4 (Lé Thi
Thu Ha va nnk., 2022) véi cac Iép thong tin cau trdc caa tirng phong hoc bén trong toa nha.

89



(C\_ &I HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
E 5 VI S PHAT TRIEN BEN VNG (ESSD 2023)
——£

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

Hinh 4. Dz liu thiét ké véi dé chi tiét LoD4

Mot trong cac budc quan trong can xir Iy dbi véi dir liéu thiét ké 1a viéc dua vé ding hé toa ¢ khong
gian véi dir lidu hién trang. Dé thuc hién diéu nay, trén phan mém SketchUp, chiing t6i da sir dung chirc
ning Geo-location dé di chuyén va xoay md hinh 3D vé ding vi tri sau d6 xuét ra dinh dang .kmz cua
Google Earth File. Sau khi nhap vao ArcGIS dit ligu thiét ké nay s& tr thanh mot doi twong co s¢ dir ligu
dé quan ly.

2.2. Xay dwng cong cu bédn dé web

Hién nay, ban d6 web duoc danh gia 1a cong cu hiéu qua trong xu hudng chia sé dit liéu nho nhimg wu
diém thuan loi cho nguoi dung, da dang loai hinh dit liéu,... Viéc xay dung ban d6 web s& bao gdm hai
giai doan co ban, do6 1a viéc chuan héa céc dir liéu dia khong gian phu hop véi yéu ciu méi trueong web va
cach thuc chia sé dit liéu. Viéc chuan héa dit liéu dja khong gian pht hop méi truong web phu thudc vao
nhiéu yéu té nhu dinh dang kiéu dit liéu dau vao, thuat toan xir ly, hién thi cac dir liéu dia khong gian. Dé
thuc hién didu nay, cdng cu ArcGIS Pro d duoc sir dung dé bién tap ciing nhu chuin héa céc dir lisu
khong gian, thugc tinh va céc dit liéu 2D, 3D trong nghién ciru ndy. Viéc chia sé dit liéu c6 thé thuc hién
qua mot bén thir hai hoac ty xay dung hé thong riéng voi hé théng méy chu (server) dé cung cip dich vy
web va tai nguyén Iy dir liéu. Trong nghién ciru nay ching toi dang dua trén nén tang hé théng ArcGIS
online va duong dan cua bén thir ba dé chia sé dix liéu.

2.2.1. Chudn héa dir liéu

Vi cac dir liéu hién trang va thiét ké da duoc xur ly thanh cac dang dit liéu 2D va 3D, trong phan
mém ArcGIS Pro ching t6i da thiét ké co so dir liéu (database) gom dir liéu khdng gian va thugc tinh.
Trong d6, binh db khao st (dang 2D), b4o cdo khao sét (dang van ban), anh todn canh (dang media) va
cac dic diém, tinh chat dbi twong lam co s¢ xay dung thanh cac truong dir liéu thugc tinh caa dir liéu
khéng gian 3D.

Clpboard  Nawigate

KML To Layer +

Hinh 5. Qua trinh chudn héa di liéu md hinh 3D thiét ké
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L6p dir lieu 3D gébm c6 mo hinh hién trang va mé hinh thiét ké, trong qua trinh chuan héa va xu ly di
lieu nhan thdy md hinh hién trang c6 dung luong rat I6n va c6 do chi tiét & mirc d6 LoD3 trong khi mo
hinh thiét ké co d6 chi tiét mic d6 LoD4 va dung lwong dir liéu rat nhe. Diéu nay 1a do dic diém dir liu
mo hinh 3D hién trang chua duoc chuyén tir dang raster sang vector. Tuy nhién vu diém cua kiéu dir liéu
dang raster cho thay hinh anh hién trang thuc té hon so véi hinh anh d6 hoa (dang vector).

Trong md hinh hién trang 3D do chua tach chi tiét thanh timg déi twong cong trinh, nén trong di liu
khdng gian nay chi lién két véi truong dir liéu thudc tinh 1a cac bao céo va ban d6 hién trang. Dé tao lap
dir liéu thuoc tinh cho mdi déi tuong cong trinh va giao théng khu vuc thuc nghiém, ching t6i da tao lap
mot 16p dix liéu khong gian dang diém (point) trong 16p dix liéu 2D. Hinh 5 1a vi du md ta viéc chuan héa
dir lieu mod hinh thiét ké 3D, day la yéu cau bat budc vé dinh dang dir liéu khi chia sé 1én ban d6 web.
Thuc hién viéc nay trong phan mém ArcGIS Pro s& chuyén dinh dang mé hinh (Model) cua dit liéu md
hinh 3D thiét ké trén SketchUp sang méi truong dit liéu 3D ArcGIS Pro (dang Multipatches).

2.2.2. Chia sé dir ligu

O budc chia sé va hién thi dir liéu dia khong gian trén ban dd web hién nay c6 2 phuong phap co ban
nhu da néu ¢ trén. DO 13, thong qua nén tang web cua mot don vi cung cap dich vu hoic ty phaét trién céc
hé thong phan ciing phan mém web riéng biét. Trong nghién ciru ndy, sau khi chuan héa dit liéu khu vuc
thuc nghiém, viéc chia sé dir liéu dia khong gian dudi dang ban d6 web da dwoc thuc hién théng qua hé
thong may chu (server) cia hang Esri Viét Nam, Hinh 6.

Céc bude co ban chia s¢ dit ligu ban do web can kiém tra, sira 13i cac thdng tin cau trac dinh dang dir
liéu va hé thong toa do khong gian cua dir liéu. Thiét ké giao dién ban dd web theo cac mau c6 sin hoic
tly chinh duoc cung cp bai wng dung ArcGIS online cua Esri. O cong cu nay c6 uu diém khi San céd
nhiéu céng cu do dac, tim kiém, phan tich va trich xuat dit liéu khong gian va thugc tinh. Tuy vay, van c6
mot s6 nhuge diém nhu chua hd tro chia s¢ dir liéu anh truc giao (dang .tiff) hay khong phai 13 moi
truong ma ngudn maé hd tro viéc phét trién cac cong cu thuc hién cac bai toan chuyén mén dac thu. Ngoai
ra, viéc chia sé dir liéu trén ban dd web thong qua don vi cung cap dich vu nhu Esri hién nay chi duoc
dung thur trong 21 ngay hoac doi hoi chi phi hang nam.

V6i giai phép tu xay dung hé théng may cha dé quan ly, chia s¢ dir liéu 1&n ban d6 web trong sudt
vong doi cong trinh doi hoi chi phi dau tu phan ciing (server) va phan mém (website). Tuy nhién, cac dy
an xay dyng cong trinh c6 dic diém dir lidu dia khong gian trong md ta pham vi dién tich nho (cho mot
dbi twong cong trinh nhu nha cao tang) va mic d¢ chi tiét cao (cac két cau, tai san, thiét bi trong tirng
phong) nén viéc tu xay dung hé méay cha riéng c6 wu diém ddng bo trong quan ly, sir dung. Pay s& 1a xu
hudng hiéu qua véi linh vgc BIM (Building Information Modeling) trong giai doan van hanh, su dung
cdng trinh.

Hinh 6. Ban do web khu viec Trieong Pai hoc Xay ding Ha Ngi
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3. Két qua va thao luan

Ban d6 web 1a cong cu cho phép nguoi dung thuan loi truy cap dé dang ¢ moi lGc, moi noi. Ngudi
dung c6 thé thuc hién cac chic ning do dac co ban trén ban dd web nhu ban dd hién trang 2D thong
thuong. Vi du trén Hinh 7a ching ta do duoc dién tich va chu vi cling nhu thu dugc cac tai liéu, thdng tin
thudc tinh ciia di twgng cong trinh giang duong nha H2, Hinh 7b.

s : °

(b)

Hinh 7. Cong cu do dién tich, chu vi (a) va bang dir liéu thdng tin thugc tinh (b) gidng dwwong nha H2

Ngoai ra mo hinh 3D trén ban d6 web ching ta c6 thé xem dugc hinh anh mé phong truc quan hién
trong khong gian. Hinh 8a mo ta hinh anh toan canh hién trang khu vuc thuc nghiém va thudc tinh dbi
tuong 14 cac dir liéu bao céo va ban db hién trang 2D. Véi trudng dir liéu thudc tinh s& cung cp cho bén
thiét ké cac tai liéu khao sat dia hinh. Ddng thoi dit liéu khdng gian 3D s& hd trg nguoi thiét ké giam bot
duogc cong doan di hién truong dé chinh xéac hoa hoic didu chinh dit liéu thiét ké. Hoac cac cong cu trén
ban d6 web gitp nguai thiét ké ndm bét so bd mat cat dia hinh hién trang, Hinh 8b. Day 13 nhitng wu diém
ctia ban d6 web ma cac ban vé 2D truyén thong khong c6 duoc.

O mure do chi tiét, md hinh 3D thiét ké (hoic md hinh 3D hoan cong cong trinh) trén ban d web cho
phép ching ta theo ddi cac thong tin khong gian va thudc tinh tirng chi tiét két ciu cong trinh. Hinh 9 mo
ta cong cu xem va do cac chi tiét bén trong giang duong nha H3. O day co thé thay viéc xay dung dir liéu
khong gian, thudc tinh (dc diém, tinh chat) cua déi twong & chi tiét cip d6 LoD4 Ia rat Ion va c6 thé thuc
hién, cap nhat theo thoi gian. Bo dir liéu hoan cong nhu nay s& 1a co so dir liéu dé phuc vu cho céc cong
tac stra chira, cai tao va tham chi phuc hdi cho cong trinh.

i <« c @ 2% e 48 0@ :
ArcGIS » Ban dé 3D - HUCE M
. ArcGIS = Ban 6 2 sig
o) Ban db hién trang 2D X Q ™
\ én trang = = @ ® a4 x[fla
: bjecticent i =
]
2 8an dé hién trang 2D . = - - = - ‘ &
: . £ = -
3 & &
o) ul
a LN
\-,
¥
y"
e\ 13
R
-
&) 3
(@ (b)

Hinh 8. M& hinh hién trang 3D véi bang diz liéu thuge tinh (a) va vi du cong cu xde dinh mat cat doc
dia hinh hién trang (b)
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Metric

Area
6.66 m?

Perimeter
11.73 m

NEW MEASUREMENT

Hinh 9. Cong cu xem va do cdc chi tiét bén trong cong trinh nha H3

C6 thé thdy ban db web la cong cu hiéu trong viéc quan ly, chia sé dit liéu dia khong gian cong trinh
xay dung ca & muc do toan canh du 4n ciing nhu chi tiét timg dbi twong hang muc. Tuy nhién ciing con
mot 6 van dé can giai quyét nhu viéc thu thap, xi Iy di ligu khong gian va thugc tinh cho méi doi tugng
chi tiét bén trong cong trinh (mirc do LoD4) O khia canh toa dg khong gian, chung ta thuong thay cé su
chénh léch nhat dinh giia di liéu chia s¢ va ban d nén web (google map). Do do, can giai quyét dugc
bai toan mdi quan hé toa do qudc gia VN2000 (céc dir liéu khao sét, thiét ké, thi cong) va toa do WGS 84
(dix liéu hién thi trén ban d6 web). Viéc sir dung ban db web dé chia s¢, quan ly va tham chi dé phan tich
dix liéu hién nay da va dang dugc mé rong ang dung trong rat nhiéu linh vuc nhu dit dai, méi truong,
giao thong,... Do d6, can phat trién duoc thém cac cong cu giai quyét cAc van dé chuyén mon doi hoi.

4. Két luan

Céc thiét bi UAV va laser mit dat 1a nhitng phuong phap hiéu qua dé thu thap dit liéu dia khong gian
cho céc giai doan sudt vong doi cong trinh. Dit lidu thu thap s& duoc xt ly thanh lap céc dit lisu khong
gian (ban d6 hién trang 2D, md hinh 3D) va cac dir liéu thudc tinh cong trinh. Cac dit liéu dia khong gian
hién trang va thiét ké cong trinh da dwoc xir ly, chuan hoa trén nén tang cac phan mém ArcGIS dé dong
bo, chia sé gitra cac don vi lién quan.

Két qua nghién ciru da chia s¢ dit liéu dia khong gian khu vuc Truong Dai hoc Xay dung Ha Noi trén
mot ban do web. Day 1a cong cu hiéu qua dé chia sé cac dir liéu hién trang ho tro thiet ké, dong thoi sg la
cdng cu quan ly di liéu gidp cho cac cong tac van hanh, bao tri sira chita cong trinh.

Vi viée luu trix quan 1y trén cac hé thér]g may chu (server) s€ gip cho dit li¢u dia khdng gian cong
trinh dugc dong bo, tranh mat mat va co thé cap nhat theo thoi gian. Tuy vay van con mét s6 van dé can
giai quyet thém nhu nghién ciru moi truong web phu hop cho moi loai dir liéu dia khong gian cong trinh,
cach thie xu 1y so liéu md hinh 3D hi¢n trang, hoan cong c6 chat lugng va pht hop véi viéc chia sé trén
ban d6 web.

L&i cAm on

Téc gia chan thanh cam on sy hd trg tai chinh cua Truong Pai hoc Xay dung Ha Noi cho dé tai

“Nghién cuu tng dung co s¢ dit liéu dia khéng gian phuc vu cdng tac quy hoach xay dung”, ma s6 21-

2023/KHXD-TPD. Tac gia cling chén thanh cim on Vién Cong nghé Tric dia Xay dung da ho tro ki thuat
cho viéc thu thap va xur ly so liéu.
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ABSTRACT

Research on processing and sharing of geospatial data for
construction

Luong Ngoc Dung"™ ", Vu Dinh Chieu? Duong Cong Hieu®
*Hanoi University of Civil Engineering
?Institute of Geodesy Engineering Technology

The construction work consists of three phases such as design, construction, and operation management
with many geospatial data. Geospatial data about construction projects can include topographic surveys,
planning design, construction, and as-built documents,... This study sets requirements for processing and
effectively sharing geospatial data information of construction projects for relevant units. The objective of
this study is to develop a spatial data system for the experimental area of Hanoi University of Civil
Engineering. To achieve the goals, this study has implemented a database of 3D current maps using UAV
and 3D design models (H3 lecture hall). Management of construction spatial data has been carried out by
establishing data processing procedures, attribute data systems, and 3D model solutions. The research
results are displayed on a website, a solution that provides an effective platform to support the
management and sharing of construction geospatial data.

Keywords: Geospatial data, BIM, 3D model, web map.
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Ung dung thuat toan truy hoi dé thiét ké t6i wu ludi thi cong
theo do chinh xac
Nguyén Ha" ", Lé Anh Cuong?

1Tru’&ng Dai hoc M6 - Bia chat
Triong Pai hoc Tai nguyén va Moi trieong

TOM TAT

O giai doan thiét ké ludi tric dia thuong dat ra va giai quyét van dé téi wu hoa phwong an thanh 1ap ludi.
Truong hop khi ludi duoc thiét ké t6i wu theo d6 chinh xéac, bai toan duoc dit ra 13: Can xac dinh phuong
an ludi c6 do chinh xac cao nhét véi chi phi (thoi gian, nhan vat lyc, gia thanh) cho trueée. Ham muc tiéu
dugc chon 12 ham s thé hién do chinh xac ludi (c6 thé coi la sai s tai vi tri yéu nhat caa mang ludi), hé
diéu kién rang budc thé hién chi phi thi cong lugi. Trong bai toan khao sat do chinh xé4c ciia cac mang
ludi tric dia, nhidu trudng hop phai thay déi sé dai luong do, nhu bd sung hoic giam bét cac dai luong
do, khi d6 cong thic truy hdi cho phép khong can phai lap lai hé phwong trinh chudn va tinh ma tran
nghich d4o tir dau, nén rat thuan tién cho viéc tinh toan thiét ké lugi. Thuat toan tinh ma tran nghich dao
theo cong thirc truy hoi dugc trinh bay trong bai bdo nay cho phép wdc tinh d¢ chinh xac cac phuong an
thanh lap ludi mot cach nhanh chéng, linh hoat va dé& dang thuc hién tinh toan thiét ké téi wu luéi.

Tir khoa: Thiét ké ti wu, truy hdi, ma tran nghich dao, hé phuong trinh chuan.

1. Piatvén dé

Viéc thiét ké ludi theo phuong phap ti wu 1a mot qua trinh tinh Iap phic tap, trong d6 phai xem xét téi
vO sé nhitng phuwong an thiét ké. Do do, giai phap phu hop nhét 13 ap (dung thuat toan truy hdi, vi thuat
toan nay cho phép xac dinh nhanh chéng ma tran trong sb dao cua cac an khong thong qua viéc thanh lap
hé phuong trinh chuan. Trén co s nghién ctu ly thuyét da xay dung hé théng thuat toan va quy trinh xir
ly s6 liéu phi hop trong thiét ké tdi wu mang ludi theo do chinh xac. Tinh dung dan cia cAc van dé néu ra
da dugc kiém chiing thong qua vi du thuc nghiém tbi wu hoa ban thiét ké ludi mat bang thi cong nha méay
thay dién Son La.

2. Co 6 ly thuyét va phwong phap nghién ciu
2.1. Co sé'ly thuyét ciia thugt toan truy hoi

Cong thic truy hdi tinh ma tran nghich dao duoc dua ra theo (Mapxkyse 10. U, 1989):
- ca. ao.
Qi — Qi—l o ?Ifl i |Q|71 (1)

— +a,Q &
trong do: a; va p; 1a vector hé sd phuong trinh s6 higu chinh va trong s6 cua tri do thi i. R;, Q;la ma tran he
s0 h¢ phuong trinh chuan va ma tran nghich ddo twong tng. ]

Nhu v trdn hé so h¢ phuong trinh chu;v v v tran hé s6 hé phuong trinh chuan va ma tran nghich
dao twong Ung.i. Rap, trong trdn nghich dao Q cua vector toa do luoi.

N u v tran hé sb hé phuong trinh chuan va ma tran nghich dao tuong ung.i. Rap, trong trin
nghich dao Q cua vector t

Qi =Qi_1 — Q1A (AQ 1A +R HAQ )

Ma tran Q xuét hién khi bét dau thye hién tinh toan véi tri do thir nhét. C6 thé xac dinh ma trdn nay
dua trén co s& suy ludn: Gia sir rang tat ca 4n sb cua ludi duoc do doc 1ap voi ma tran trong s6 Po. Khi do,
theo Iy thuyét binh sai c6 tinh dén sai s6 s6 liéu goc, co thé viét duoc hé phuong trinh chuén:

* Tac gia lién h¢
Email: nguyenha@humg.edu.vn
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R=R+P @A)

Tinh ma tr &t binh R vinhmatr o=Py®. Dimatr étbinh sai coiéc dua vao ludi cac “tri do 40” véi
trong s6 gan bang 0, khi d6 Qp = «0.E. Pma to= 10™. E vmatr oo, s vma tr ét binh sai céiéc dua v"™ c6 gia
tr &t binh sai coiéc dua vao ludi cac “tri do

Trong trur ét binh sai co6iéc dua vao ludi cac “tri do 40” véianh huéng cua m. Prong trur ét binh sai
c6iée dua vao ludi cac “tri do 40” vo-13 sg trur  ét binh sai c6i-6 (Tr(sg trur ét ) 1a dtru

Phuong phap binh sai vai coiéc dua vao luéi cac “tri do 40” véianh huong cua m. g 0, khi d6 Qan:trén
co sO suy Ing thuong & cho Trong bai toan khao sat d6 chinh xac ctia cac mang ludi tric dia, nhiéu
truong hop phai thay d6i s6 dai lugng do, nhu ting hodc giam bét cac dai lugng do, khi d6 cong thirc truy
hdi cho phép khong can phai 1ap lai hé phuong trinh chuén va tinh ma tran nghich dao tir dau, nén rat
thuan tién cho viéc tinh toan thiét ké lugi (Mapkyse FO. U, 1989).

Khi khao sat do chinh xac ludi, néu muon tinh ma tran nghich dao trong truong hop rit bot 1 tri do bat
ky, can str dung cong thuc:

v ¥ng cong ue _ Qiai aQ;
Qi=Q—— @
- ——+a;Qia
1

2.2. Ung dung thudt toan truy héi trong thiét ké téi wu dé chinh xdc lwéi mdt bang thi cong cong trinh
2.2.1. M6 hinh bai todn thitruy hoi trong thiét ké téi wu dé ¢

D6 hinh bai toan thitruy hdi trong thiét ké t6i wu do chinh xac luéi mat bang thi cong cong tc dinh thi
d6 chinh xéac ludi phu thude vao sb luong va phan bd vi tri cta cac dai luong do. Bai toan thitoan thitruy
hdi trong thiét ké t&i wu do chinh xac ludi mat bang thi cong
a. Ham moan thi

Ki higu Z la chi tiéu do chinh xac ludi (co thé 1a sai s6 vi tri diém, cac tham s6 cua Elip sai sb hodc sai
S0 Vi tri diém theo hudng), X; (i=1,n) cac dai luong do trong ludi. Khi d6 ham muc tiéu duogc thé hién qua
cong thuc:

Z=F1(X1,X2,...,Xpn) —> Min ®)
b. Hé diéu kién rang bugc

Ngoai khéng ché vé chi phi thi cong ludi, con cin dua thém mot 6 diéu kién rang budc khac dé bao
dam do tin cay cua mang ludi (vi du khdng ché s6 hudng do toi thiéu dén cac diém Iudi). Neu bo qua mot
SO Yeu to ¢d anh huong den thoi gian thi cong ludi (nhu thoi gian di chuyén deén diém, dicu kién do
dac,...) thi ¢6 thé coi chi phi thi cong la ham tuyén tinh cua cac dai lugng do:

T =a1X +asXy +....+ 8 Xp (6)

Trong bai béo, ching tdi thuc hién bai toan thiét ké téi wu do chinh xéac ludi véi 2 didu kién rang buoc
nhu sau:

1- Chi phi thanh 1ap lu6i T = Y%, x; (m<n)

) e ™
2- S huéng do dén 1 diém >V

Ngoai diéu kign gisi han (7), tuy theo ting cong trinh cu thé ma c6 thé con phét sinh thém mot s6 loai
dieu kién gigi han khac nita, nhu cac dai lugng do bat budc phai thuc hién, gidi han vé so goc hoac canh
do tai ting diém ludi,...

2.2.2. Gidi phap xir Iy va so do tinh toan

Dé thyc hién thiét ké t6i wu do chinh xéc ludi, ban dau mang lu6i duge thiét ké véi s6 lugng t6i da cac
dai luong do can thiét. Sau d6 lan luot gitr lai nhom dai lugng do (theo t& hop). Véi mdi t6 hop dai luong
do (phuong an thir 1) s& thyc hién bai toan udc tinh d6 chinh xac ludi dé trén co so d6 xac dinh sai so
diém yéu theo cong thirc:

= Max(my, my,....my) ®)
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So sanh d¢ chinh x4c ciia cac phuong an dé tim ra mot hoic mot nhom phuong an ¢ chi phi thap nhat.
Tir d6, két hop véi céc dir liéu khac dé xac dinh phuong an t6i wu.

No sanh d9 chinh xéc ciia cic phuong an dé tim ra mot hoic mot nhom phuong an co chi phi thap nhat.
Tir 46, két hop véi cac dithon thém trong sé n dai luong do con lai ¢6 thé do duoc trong ludi, khi d6 sd
luong phuwong an can phai wdc tinh d chinh xac dé lya chon phuong 4n cé chi phi thap nhat Ia:

n!
~ k@K ©)
V6i phuong phap ude tinh ludi theo thudt todn va quy trinh thong thuong thi viée giai bai toan thiét ké
t6i wu v6i s6 lugng nhiéu phuong an nhur trén 1a rat phirc tap, hdu nhu khong kha thi. Tuy nhién, véi viée
ap dung thuat toan truy hdi va ing dung giai phép tinh toan thong qua cong cu lap trinh tinh trén may tinh

thi xir 1y bai toan v6i nhiéu phuong an tinh khong con 1a tro ngai dang ké. So do tinh toan dé thiét ké toi
uu ludi duge dua ra trén Hinh 1.

Xac lap tap hop dai lugng do N
c6 thé thuc hién trong ludi

Xac lap ham muc tiéu Xac 13p hé diéu kign rang
) ) budc
| |

v

Xac dinh s phuong 4n tinh
n!
T ki(n—k)

Xac lap té hop
cac dai lugng do thur i

}

U'éc tinh dé chinh xac
ddi vai td hop i

I

i=i+l 0

S

Chon phuong n tt nhit

Hinh 1. So d6 tinh toan thiét ké téi wu do chinh xac
3. Thuc nghiém t6i wu héa ban thiét ké lwéi

Mang lu6i dugc dua ra thiét ké thue nghiém 14 luéi mat bang thi cong nha méy thiy dién Son La thanh
1ap theo phuong an tir gidc khéng do canh bién (Hinh 2). S6 lugng dai lugng t6i da cé thé do dugce trong
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mang ludi la 28, trong d6 c6 15 goc va 13 canh, cac goc dugce thiét ké do v6i do chinh xéac mg = 1,57,
canh dugc thlet ké do vé6i d6 chinh xac ms =3 mm + 2 ppm. Thuy dién Son La thugc loai cong trinh cap
1, do d6 yéu cau do chinh xac cao nhét ddi véi thi cong cua cong trinh nay 1a 1,25 cm.

Trong phuong an ban dau, thuc hién thiét ké ludi véi tat ca tri do co thé. Két qua tinh dugc dua ra
trong Bang 1.

PwOoa s

(]
TCCOosS

| TY LE: 1/25000

Hinh 2. So d6 lwéi thi cong thiy dién Son La

Bang 1. Toa dé va sai 6 Vi tri diém thiét ké theo phirong én ban dau

Sé Toa dd Sai s vi tri diém (m)

TT | Téndiém X (m) Y (m) Mx My Mp
1 TC03 237857207 500861,13 0,0051 0,0054 0.0075
2 TC04 2377901,16 500869,37 0,0048 0,0053 0,0072
3 TCO5 2378863 31 500372,56 0,0038 0,0041 0,0056
4 TC06 2377761,36 500370,22 0,0040 0,0036 0,0053
5 TCo07 2378760,85 49974223 0,0040 0,0043 0,0059
6 TC08 2377295 61 499682,83 0,0051 0,0079 0,0094
7 TC09 2378645,89 49936585 0,0060 0,0071 0,0093
8 TC10 2377748,43 499292,16 0,0056 0,0077 0,0094
9 PV04 2378914,80 499183,86 0,0041 0,0049 0,0064
10 | Pvos 2378965,42 500790,98 0,0028 0,0047 0,0055
1| pvil 2377599.86 499729.46 0,0044 0,0031 0,0054

Coi chi phi thanh lap Iuéi ty 1¢ thuan véi s6 luong tri do trong ludi. Bai toan dat ra 1a: Véi moi mikc
chi phi cho trude (thé hién thong qua sé lwong tri do trong lwdi) can xdc dinh mét sé phiwong dn dat dé
chinh xdc theo yéu cau cia ban thiét ké. Tinh toan udc tinh d6 chinh xac cac phuong an thanh lap ludi
dugc thyc hién theo thuat toan truy hoi. Bé giam bét khdi lwgng tinh toan, trong thuc nghiém nay di xac
dinh tap hop 16 tri do can thiét 1 13 canh va 3 gbc ndi v6i 3 diém dinh vi, nhu vay viéc khao sat chi can
thyc hién vai 12 goc con lai. Két qua udc tinh d§ chinh xac ddi voi mang ludi thyc nghiém dugc téng hop
nhu sau:

- Phirong dn 1: Giit lai it hon 5 dai lugng do, khong c6 trudng hop nao dap ung dugc yéu cau do
chinh xac d6i v6i mang ludi.

- Phuong dn 2: Giit lai 5 dai luong do, c6 793 t6 hop duoc khao sat, trong d6 48 trudng hop dap tng
duoc yéu clu d6 chinh xac ddi véi mang ludi.

- Phuong dn 3: Giit lai 6 dai luong do, c6 924 t6 hop duoc khao sat, trong d6 84 trudng hop dap tng
duoc yéu clu d6 chinh xac ddi véi mang ludi.

- Phwong dn 4: Giir lai 7 dai lugng do, c¢6 792 t6 hop dugc khao sat, trong d6 272 trudng hop dap tmg
dugc yéu cau do chinh xac ddi voi mang ludi.
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duoc yéu cau do chinh xac do6i véi mang ludi.

duoc yéu cau do chinh xac doi véi mang ludi.

duoc yéu cau do chinh xac doi véi mang ludi.

ung dugc yéu cau do chinh x4c doi voi mang ludi.

Trong bang 2 dua ra két qua tinh thuc nghiém dbi voi 4 phuong an da néu, trong mdi phuong an dwa

ra trudng hop co do chinh xéc cao nhat.

- Phirong én 5: Giit lai 8 dai lugng do, c6 495 t6 hop duogc khao sat, trong d6 280 truong hop déap tng
- Phirong dn 6: Giit 1ai 9 dai lugng do, c6 220 t6 hop duoc khao sat, trong d6 170 truong hop déap tng
- Phuong dn 7: Giit lai 10 dai luong do, ¢6 66 t6 hop dwoc khao sat, trong d6 61 trudng hop dap tng

- Phwong dn 8: Giir lai 11 dai luong do, co 12 t6 hop duogc khao sat, trong do tat ca cac to hop déu dap

Bang 2. Két qua thuec nghiém thiét ké téi wu liedi theo do chinh xac

S6 | Ten Toa d6 thiét ké (m) Sai s6 vi tri (mm) Elip sai s6 (mm)
TT | diém X | y My | My [ M E | F | o°
Bo bt goc s6 2, 4, 5, 7, 10, 12, 13
1 | TCO3 | 2378572,1 | 500861,1 5,12 6,94 862 | 7,03 | 4,99 103,2
2 | TCO4 | 2377901,2 | 500869,4 4,83 6,09 7,77 | 6,19 | 4,70 74,0
3 | TCO5 | 2378863,3 | 500372,6 3,59 3,48 500 | 385 | 3,19 40,1
4 | TCO6 | 23777614 | 500370,2 3,96 3,52 530 | 3,99 | 349 13,3
5 | TCO7 | 2378760,9 | 4997422 3,94 3,85 550 | 3,95 | 3,83 159,1
6 | TCO8 | 23772956 | 499682,8 5,08 8,71 10,08 | 8,74 | 502 96,0
7 | TC09 | 23786459 | 499365,9 6,07 8,12 10,14 | 830 | 5,83 73,0
8 | TC10 | 23777484 | 4992922 5,50 8,11 979 | 812 | 548 945
Bo bt goc s6 4, 7, 8, 10, 12, 13
1 | TCO3 | 2378572,1 | 500861,1 5,58 6,35 845 | 693 | 484 124,1
2 | TC04 | 2377901,2 | 500869,4 5,11 6,13 798 | 6,18 | 505 77,5
3 | TCO5 | 2378863,3 | 500372,6 3,51 3,44 491 | 3,74 | 319 41,1
4 | TCO6 | 2377761,4 | 500370,2 3,93 3,47 525 | 398 | 3,42 16,8
5 | TCO7 | 2378760,9 | 4997422 3.93 3,85 550 | 3,95 | 3,83 158,8
6 | TCO8 | 23772956 | 499682,8 5,04 7,70 921 | 7,72 | 502 95,0
7 | TCO9 | 2378645,9 | 499365,9 6,00 8,12 10,10 | 8,29 | 5,76 734
8 | TC10 | 23777484 | 4992922 5,44 7,94 962 | 794 | 544 92,7
Bo bt goc s6 2, 4, 7, 10, 13
1 | TCO3 | 2378572,1 | 500861,1 5,12 6,94 862 | 7,03 | 4,99 103,3
2 | TCO4 | 2377901,2 | 500869,4 4,83 6,06 7,75 | 6,16 | 4,69 73,6
3 | TCO5 | 2378863,3 | 500372,6 3,51 3,44 491 | 3,74 | 319 40,9
4 | TCO6 | 2377761,4 | 500370,2 3,93 3,47 524 | 398 | 3,42 16,8
5 | TCO7 | 2378760,9 | 4997422 3,92 3,84 549 | 394 | 3,82 155,5
6 | TCO8 | 23772956 | 499682,8 5,04 7,70 921 | 7,72 | 502 95,0
7 | TC09 | 2378645,9 | 499365,9 5,89 6,98 913 | 7,09 | 576 72,8
8 | TC10 | 2377748,4 | 4992922 5,35 7,83 948 | 784 | 532 95,0
Bo b6t goc s6 2, 4,7, 13
1 | TCO3 | 2378572,1 | 500861,1 5,12 6,94 862 | 7,03 | 4,99 103,3
2 | TCO4 | 2377901,2 | 500869,4 4,83 6,06 7,75 | 6,16 | 4,69 73,6
3 | TCO5 | 2378863,3 | 500372,6 3,51 3,43 491 | 3,74 | 319 40,9
4 | TCO6 | 2377761,4 | 500370,2 3,93 3,47 524 | 398 | 342 16,7
5 | TCO7 | 2378760,9 | 4997422 3,75 3,80 534 | 391 | 364 130,0
6 | TCO8 | 23772956 | 4996828 5,01 7,61 911 | 7,62 | 4,99 94,0
7 | TC09 | 2378645,9 | 499365,9 5,89 6,83 902 | 69 | 574 70,8
8 | TC10 | 2377748,4 | 4992922 5,33 7,05 884 | 7,06 | 532 93,9
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Dua trén cac phuong an tét nhat trong cac truong hop théa man ham muc tiéu va hé Qiéu kién rang
buéc, dua vao kinh nghiém cua ngt;c‘ri thiét ké sé chon ra dugc mét phuong an téi wu nhat ¢ thé trién
khai thuan lgi, phu hop ngoai thuc te.

3. Kétluan

Trén co s6 phan tich ly thuyét va tinh toan thuc nghiém, c6 thé rat ra mot s6 két luan sau:

1- Thuat to&n tinh ma tran nghich dao theo cong thic truy hdi cho phép ude tinh do chinh xac cac
phuong an thanh 1ap luéi mot cach nhanh chéng, linh hoat va dé dang thuc hién tinh toan thiét ké téi wu
ludi.

2- Khi ham muc tiéu 1a 6 chinh xéc lap ludi thi tng dung thuat toan binh sai truy hdi cho phép thuc
hién nhanh chéng véi nhiéu phuong an 1ap lugi va cho két qua 1a phuong an c6 do chinh xac tét nhat thoa
min cac diéu kién rang budc trong viéc thiét ké ti wu ludi.
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ABSTRACT

Application of recursion algorithm in optimal designing
of network in accuracy

Nguyen Ha" ", Le Anh Cuong®

"Hanoi University of Mining and Geology
Hanoi University of Natural Resources and Environment

In the stage of network design, the issue usually cared is optimization of the network establishment
plan. In the case of accuracy optimal design, the established network must have the highest accuracy
with a given cost (related to time, personnel, cost). The selected objective function is a function of the
network accuracy representation (as the error of the weakest position), the constraint conditions show
the cost of network construction. In the process of investigating the accuracy of geodetic networks, it
is able to change the number of measured values, such as addition or reduction. In order not to
reestablish the system of standard equations and calculate the inverse matrix, the recursion formula is
a convenient and efficient solution. The algorithm for calculating the inverse matrix according to the
recursion formula allows to estimate the accuracy of the network establishment options quickly,
flexibly and easily in the optimal design.

Keywords: Optimal design, retrieval, inverse matrix, system standard equations.

101



(f\ : HOI NGHI TOAN QUOC TRAC PIA CONG TRINH

ESS% Vi S PHAT TRIEN BEN VNG (ESSD 2023)
i —

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

~Xay dung ludi 6 vudng dj thuong mue nuéc bién
tir 5O liéu do cao vé tinh SENTINEL-3A bang phuong phap
Collocation

Nguyén Vin Sang® ", P& Vin Mong?
! Truong Pai hoc Mo - Dia chat )
2 Poan Po dac bién vé hdi do va Nghién cizu bién
TOM TAT

Muc dich cta nghién ciru ndy 1a xay dung lugi 6 vudng di thuong muc nuée bién (Sea Level Anomaly -
SLA) tir s6 liéu do cao vé tinh trén Bién Pong bang phuong phap Collocation. Po cao vé tinh x4c dinh
dugc d6 cao mit bién, sau khi trir di mat bién trung binh s& nhan duoc di thuong muc nudc bién tai cac
diém do. Dé xac dinh di thuong muc nudc bién tai cac diém mét ludi 6 vudng, phuong phap Collocation
da dugc st dung. Phuong phéap tinh toan cac gia tri hiép phuong sai thuc nghiém va xac dinh ham hiép
phuong sai 1y thuyét da dwoc nghién ctu. Véi di thuong muc nuéc bién trén khu vuc Bién Pong, ham
hiép phuong sai ly thuyét dugc lya chon 1a da thirc bac hai. Trén co sé ly thuyét da dwuoc nghién cau,
chwong trinh may tinh di dwoc xay dyng. Két qua thuc nghiém da xay dung dugc ludi 6 vudng di thuong
muc nuéc bién tir s6 liéu do cao vé tinh SENTINEL-3A cua chu ky 84 véi kich thuéc mit ludi 1a
15°x15’; téng s6 diém cua ludi 1a 4941 diém; gia tri 16n nhat 1a 0,345 m; nho nhat 1a -0,239 m; trung binh
14 0,058 m; d6 chinh x4c dat la £0,076 m.

Tur khéa: Po cao vé tinh, di thuong muc nudc bién, Bién Pong, SENTINEL-3A.
1. Pat véan dé

Trong nhitng nim gan day, do cao vé tinh duoc wng dung rong ri trong nghién ciu bién. Tir s6 liéu do
cao vé tinh c6 thé tinh dugc di thudng muc nude bién tai cac diém do. Di thuong muc nuéc bién (Sea
Level Anomaly - SLA) Ia chénh léch gitta muc nudc bién tac thoi va muc nudéc bién trung binh. Di
thuong muc nude bién s& phuc vu viéc nghién ciu sy thay déi muc nude bién theo mua, nghién ciu khi
tuong trén bién, canh béo séng than va nghién cau thuy tridu. Tir két qua xac dinh di thuong myuc nudce
bién da x4c dinh dugc dong ning cua nudc bién trén vinh Mexico cé gié tri rat 1on vao thoi diém 10 ngay
trude khi siéu bao Katrina di qua ndm 2005; khi song than tai An D6 Duong xay ra ngy 26/12/2014, cac
két qua quan sat caa vé tinh Jasonl (chu ky 129) va vé tinh ENVISAT (chu ky 352) déu ghi nhan gia tri
I6n cua di thuong muc nudc bién (ESA, 2009). O Viét Nam, di c6 nhitng nghién ctru xac dinh SLA trén
Bién Dong tir s6 liéu do cao vé tinh vd mé hinh mat bién trung binh DTU13MSS (Nguyén Vin Sang va
nnk., 2016).

Dé phuc vu cac myc dich ing dung khac nhau, can thiét phai xay dung lu6i 6 vudng dj thuong muyc nudc
bién tir gi tri SLA tai cac diém do. Trong dia thong ke, c6 nhiéu phuong phéap nodi suy nhu noi suy tuyen
tinh, noi suy da thirc, ndi suy kriging, noi suy trong s gan nhat, noi suy nghich dao khoang cach trong sb, ngi
suy ham spline,... Nghién ctru nay tap trung vao viéc ing dung phuong phap Collocation, mot phuong
phép da duoc ung dung hi¢u qua trong trac dia (Neiman, 2010), dé ngi suy di thuong myc nuéc bién cho
cac diém mat lugi 6 vudng. Céch tinh hiép phuong sai thyc nghiém va xac dinh ham hi¢p phuong sai Iy
thuyét ciing duoc nghién ctu. Trén co s6 ly thuyét, chuong trinh may tinh da dwoc xay dung.

Bit diu tir nhitg nam 1980, vé tinh do d6 cao da dugc phat trién nhanh chéng va tré thanh mét cong cu
hitu ich cho nghién cau bién: 10 dy 4n do cao vé tinh did hoat dong la: Geosat, ERS-1/2,
TOPEX/Poseidon (T/P), Geosat Follow On (GFO), Jason-1/2, Envisat, HY-2A, SPOT; 10 du an do cao
vé tinh dang hoat dong & CryoSat, SARAL/AItiKa, Jason-3, SENTINEL-3A/B, CFOSAT, HY-2B/2C,
Jason-CS va vé tinh SWOT. Trong d6, Sentinel-3A dugc phong vao ngay 16 thang 2 nim 2016 va hién
dang hoat dong & ché do lap lai chinh xac (ERM) vai chu ky lap lai 1a 27 ngay (ESA, 2023).

* Tac gia lién h¢
Email: nguyenvansang@humg.edu.vn
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Do d6, s ligu cia SENTINEL-3A Ia s6 liéu méi, phii hop dé nghién ctu Bién Pong. Bai béo lua chon
thuc nghiém xay dung duoc ludi 6 vubng di thuong muc nudc bién tir s6 liéu do cao vé tinh SENTINEL-
3A cua chu ky 84. Viéc danh gia d6 chinh xac ctia phuong phap ciing duoc thuc hién.

2. Co sé ly thuyét va phwong phap nghién ctru
2.1. Nguyén Iy do cao vé tinh va di thuwong muc nwéc bién xdc dinh tir do cao vé tinh

Nguyén tac co ban cia do cao vé tinh nhu sau: Vé tinh phat ¢i mot chum séng ngén trong dai song
rada xudéng mat nudc, séng ndy phan xa trg lai va dugc vé tinh thu nhan lai. Po dugc thoi gian lan truyén
tin hiéu hai chiéu 1a At. Khi d6, d6 cao tir vé tinh dén mat nudc ¢ thé dugc xac dinh theo cong thirc
(Rosmorduc et al., 2009):

h = cﬁ 1)
trong d6: ¢ 1a tbc do lan truyén tin hiéu; At la tho’l gian lan truyén tin hiéu hai chiéu; h 1a khoang cach tir
vé tinh dén mat bién.

Bai vi nuéc phan xa tot tin hiéu rada nén phuong phap nay dac biét phi hop trén bién va dai dwong.
Séng phat tir vé tinh dén mat nuéc khdng phai 1a mot tia ma 13 mot tram tia, chiéu 1én mat nudc thanh
mét hinh tron ¢6 ban kinh vai km, dugc goi 1a “D4u chén - footprint ” (Hinh 1). Can phai tinh toan hiéu
chinh méi c6 duoc tri do h tir vé tinh dén mat bién.

Trén vé tinh duoc gan may thu GNSS hoic cac hé thdng theo ddi vé tinh, quy dao vé tinh dugc Xac
dinh. Nghia 13, xac dinh dugc d6 cao tric dia cua vé tinh (H) so véi Ellipsoid quy chiéu WGS-84. Khi do,
d6 cao mat bién (SSH - Sea Surface Height) dugc xac dinh nhu sau (Rosmorduc et al., 2009):

SSH =H — h — hgy,, )
trong do: heor 12 cac s6 hiéu chinh.

Tir &6 cao mat bién, di thudong muc nuéc bién duoc tinh theo cong thic:

SLA = SSH — MSS ©)
trong d6: MSS 1a d6 cao mit bién trung binh, dwoc ldy tir mé hinh mat bién trung binh toan cau.

Vé tinh

Geoid
/’” EIIipsoi&
Hinh 1. Nguyén Iy do cao vé tinh (Gunter Seeber, 2003)

2.2. Ngi suy di thwong muc nwéc bién bang phwong phdp Collocation

Dé phuc vu cc muc dich ung dung khéac nhau, can thiét phai xay dung ludi 6 vudng di thuong muc
nudéc bién tir cAc gia tri nay tai cac diém do. Cong viéc nay co thé dugc thuc hién béng phuong phap ndi
suy Collocation nhu sau: Gia st trong khu vuc xét c6 n gié tri di thuong muc nudc bién SLA = (SLA,,
SLA,, ..., SLA,), di thudng myuc nudc bién tai diém P (diém mit ludi) duoc xac dinh theo cong thac
(Neiman, 2010):

SLAp = K" (i, P).(K(i,/))~*.SLA 4)
trong d6: K(i,P) - ma tran hiép phuong sai gitra diém P va cac diém i da biét, K(i,j) - ma tran hiép phuong
sai giita diém i va diém j trong tap hop s6 ligu da co.

2.3. Tinh toan cac gia tri hi¢p phwong sai thuc nghigm cia di thuwong muee nwéc bién

Déi véi di thuong muc nudc bién, gia tri hiép phuong sai thuc nghiém duoc tinh theo cong thic
(Neiman, 2010):
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K(0) = %12, SLA?
K(1.41) = —Y71, SLA;. SLA;
1
1
< K(2.4l) = n—zzyzlsLAi.SLAj

- (5)
K(k.Al) = n—lkz”mkzlsmi.smj
1 an
K(p.Al) = 3,7, SLA..SLA,
v6i didu kien: kAl-Z <l <kal+%, (6)

& day ¢; - khoang cach giira hai diém i va j; A¢ - khoang cach gan nhét giira cac diém. Trong trudng hop
nay chinh 1a khoang cach gan nhat gitra cac diém do cao vé tinh, d6i véi s6 liéu vé tinh sir dung & nghién
ctru ndy (SENTINEL-3A) nén lay A¢ =4’; p - 1a mét s6 ty nhién duong phu thude vao do rong ciaa khu
vuc nghién ctru, déi voi Bién Pong p = 30; n (k= 1, 2,..., p) - s6 luong cap diém i va j thoa man diéu
Kién (6).

Hinh 2. So' do cdc diém tinh cac gia tri higp phuong sai thuc nghiém

Biéu kién (6) duoc biéu dién trén Hinh 2. Tir ddy ta thdy, gia tri hi¢p phuong sai thuc nghi¢m tinh
theo cong thirc (5) chi s dung nhimg diém j nam trén phan gach chéo.
Do thi hiép phuong sai thuc nghiém cta chu ky 84, vé tinh SENTINEL-3A dugc trinh bay trén Hinh 3.

0.008

iém (m2)
o
o
S
3

0.006

ép phwong sai thyc ngh
© o o o9
o o o o
S & & S
M w = (W3]

& 0.001

H

0.000
0.0 0.5 1.0 15 2.0 2.5 3.0
Khodang cach ciu (d9)

Hinh 3. D6 th; hiép phuong sai thuc nghiém cia chu ky 84, vé tinh SENTINEL-3A
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2.4. Xdc dinh ham hiép phwong sai Iy thuyét ciia di thwong muee nwéc bién

Trén co s cac gia tri hiép phuong sai thuc nghiém tinh dwoc, ta lra chon ham hiép phuwong sai 1y
thuyét pht hop. D4i véi s6 lidu di thuong muc nude bién trén khu vuc Bién Pong, két qua tinh hiép
phuong sai thuc nghiém tai chu ky 84 cua vé tinh SENTINEL-3A duoc thé hién trong Hinh 3. Vi d6 thi
cua hiép phuong sai thuc nghiém nay thi ham hiép phuong sai 1y thuyét nén chon 1a ham béc hai c6 dang:

KD)=6.?+a.l+8, @)
trong do: ¢ - khoang céch gitra cac diém; 6, a, f - cac tham sé can xac dinh.

Céc 4n s6 0, a va f s& duoc xac dinh bing phuong phép s6 binh phuong nhé nhét theo cAc gié tri higp
phuong sai thuc nghiém tinh duoc theo (5).

2.5. Chwong trinh mdy tinh xdy dwng lwdéi 6 vudng di thuwong Mue nwéc bién

Trén co s6 ly thuyét trinh bay & trén, chuong trinh may tinh x4y dung ludi 6 vudng di thuong muc
nuée bién da duoc thanh lap. Giao dién cua chuong trinh nhu Hinh 4. Chwong trinh gom 3 module:
Module tinh hlep phuong sai thuc nghiém (EMPCOV); Module x4c dinh ham hi¢p phuong sai Iy thuyét
(COVFIT); va module ni suy di thudng muce nudc bién cua cac diém mit luéi (INTERPOLATION).

3 SLA INTERPOLATION X

EMPCOV |

COVFIT

INTERPOLATION

EXIT

Hinh 4. Giao dién chuong trinh xdy dung lwéi 6 vudng dj thirong Muc nuéc bién
3. Két qua va thao luan

3.1. Khu veee nghién cizu va sé ligu nghién cizu
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Hinh 5. Khu viec nghién cizu va sé liéu nghién cizu
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Khu vuc nghién ciu 1a ving Bién Pong bao gdm bién Viét Nam va ving phu can, duoc gisi han boi
(5°N, 25°N) theo vi d6 va (105°E, 120°E) theo kinh do (Hinh 5).

Pé phuc vu cho muc dich nghién ctru, chung t6i da thu thap s liéu chu ky 48 cia vé tinh SENTINEL-
3A, thuc hién nhiém vu do & ché do “Ip lai chinh xac” - ERM (ESA, 2023), do tir ngay 06/4/2022 dén ngay
03/5/2022. S diém do trén khu vuc nghién ctru 1a 7417 diém. Vi tri cac diém do duoc thé hién trén Hinh 5.
S liéu dwoc cung cap boi AVISO (AVISO, 2023). S6 lidu cung cip & dang d6 cao mat bién (Sea Surface
Height - SSH). Tir s6 liéu nay, SLA duoc tinh todn bang cach trir di d6 cao mat bién trung binh cua mé hinh
MSS toan cau. D¢ chinh xac ciia SLA tai cac diém khac nhau dugc coi 1a nhu nhau trong tinh toan.

3.2. Két qud tinh hiép phwong sai thuc nghiém va xdc dinh ham hiép phwong sai Iy thuyét

Két qua tinh hiép phuong sai thuc nghiém va xac dinh ham hiép phuong sai 1y thuyét dugc trinh bay
trong Bang 1. Ddi vai s6 liéu vé tinh SENTINEL-3A thi khoang cach tinh phuong sai phi hop 1a 4” (=~
0,0667°). Bé hiép phuong sai tiém can dén gié tri 0, can tinh dén 41 gia tri. Khoang céch ¢ day 1a khoang
céch trén ellipsoid, trén pham vi nho c6 thé ding mat cau c6 ban kinh pht hop dé thay thé nén goi l1a
khoang cach ciu. Pon vi cua hiép phuong sai la (m?) theo cong thuc (5). D4 thi ciia ham hiép phuong sai
dugc trinh bay trong Hinh 6.

Véi @6 thi cua phuong sai thuc nghiém nhu Hinh 6 (duong mau xanh) thi ham hiép phuong sai 1y
thuyét nén chon 1a ham bac hai 1a phi hop. Cac gia tri tham s6 caa ham xac dinh dugc 1a: 6 = 0,001126; «
=-0,004966; 5 = 0,005673.

Bang 1. Két qua tinh hiép phirong sai thirc nghiém va xdc dinh ham hiép phuwong sai Iy thuyét

+ | Khoang | Hiép phuong sai (m2) Khoing Hiép phuong sai (m?)
T cachAcéu Thuc Ly Do TT cachAcéu Thuc Ly Do
(d0) nghiém thuyét lach (d6) nghiém thuyét léch
1 0,0000 0,007108 0,005673 0,001435 22 1.4000 0,001247 0,000927 0,000320
2 0,0667 0,005329 0,005347 -0,000018 | 23 1.4667 0,001194 0,000811 0,000383
3 0,1333 0,004957 0,005031 -0,000074 | 24 1.5333 0,001096 0,000705 0,000391
4 0,2000 0,004574 0,004725 -0,000151 | 25 1.6000 0,001144 0,000610 0,000534
5 0,2667 0,004694 0,004429 0,000265 26 1.6667 0,000956 0,000524 0,000432
6 0,3333 0,003924 0,004143 -0,000219 | 27 1.7333 0,000454 0,000448 0,000006
7 0,4000 0,003582 0,003867 -0,000285 | 28 1.8000 0,000170 0,000382 -0,000212
8 0,4667 0,003244 0,003601 -0,000357 | 29 1.8667 0,000299 0,000326 -0,000027
9 0,5333 0,002998 0,003345 -0,000347 | 30 1.9333 0,000362 0,000280 0,000082
10 | 0,6000 0,002877 0,003099 -0,000222 | 31 2.0000 0,000313 0,000244 0,000069
11 | 0,6667 0,002741 0,002863 -0,000122 | 32 2.0667 0,000300 0,000218 0,000082
12 | 0,7333 0,002610 0,002637 -0,000027 | 33 2.1333 0,000280 0,000203 0,000077
13 | 0,8000 0,002466 0,002421 0,000045 34 2.2000 0,000222 0,000197 0,000025
14 | 0,8667 0,001566 0,002215 -0,000649 | 35 2.2667 0,000348 0,000201 0,000147
15 | 0,9333 0,001867 0,002019 -0,000152 | 36 2.3333 0,000226 0,000215 0,000011
16 | 1,0000 0,001622 0,001833 -0,000211 | 37 2.4000 0,000176 0,000239 -0,000063
17 | 1,0667 0,001616 0,001657 -0,000041 | 38 2.4667 0,000184 0,000273 -0,000089
18 | 1,1333 0,001521 0,001491 0,000030 39 2.5333 0,000159 0,000318 -0,000159
19 | 1,2000 0,001490 0,001335 0,000155 40 2.6000 0,000144 0,000372 -0,000228
20 | 1,2667 0,001396 0,001189 0,000207 41 2.6667 0,000119 0,000436 -0,000317
21 | 1,3333 0,001339 0,001053 0,000286

Tir Bang 1, céc thong ké vé do léch gitra gia tri hiép phuong sai thyc nghiém va Iy thuyét da dwoc tinh
toan: do 1ach 16n nhét 14 0,0014 m; do lach nho nhét I3 -0,0006 m; d6 léch trung binh 14 0,0000 m; d6 lach
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trung phuong 14 0,0003 m. Tir két qua nay cho thy: do léch gitra gia tri hiép phuong sai thyc nghiém va
ly thuyét rat nho; d6 thi cta hiép phuong sai thuc nghiém va ly thuyét rat khép nhau. Biéu nay chung to

HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
Vi SU PHAT TRIEN BEN VIPNG (ESSD 2023)

ham hiép phwong sai Iy thuyét tim duoc rit phi hop véi cac gia tri thuc nghiém.

Tir cac két qua xac dinh ham higp phuong sai va s6 ligu SLA tai céc diém do, ludi 6 vudng SLA trén
khu vuc nghién ciru di dugc xay dyng véi kich thugc mat lugi 15°x15°. Tong s6 diém cua ludi 1a 4941

diém; gi tri SLA Ién nhat 12 0,345 m; nho nhét 14 -0,239 m; trung binh 12 0,058 m.

3.3. Ddnh gid d chinh xac

D¢ danh gia do chinh xéc ndi suy, chling toi lya chon ngau nhién 64 diém da biét gi tri SLA cua chu
ky 84 v¢ tinh SENTINEL-3A (Hinh 7), sau d6 tién hanh tinh toan ngi suy cho cac diém nay (gia trj SLA
cua 64 diém nay khéng st dung dé ndi suy). Két qua noi suy duogc s€ dugc so sanh véi gid tri da biet. B

léch SLA duoc trinh bay trén Hinh 8.
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Hinh 6. Pé thi ciia ham hiép phurong sai cua chu ky 84
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’Théng ké do léch giira gia tri noi suy dugc va gié tri da biét nhu sau: d6 léch I6n nhat 1a 0,126 m; nho
nhat 1a -0,125 m; trung binh 13 0,004 m; d6 léch trung phwong 1a 0,076 m.
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0.050
0.000

-0.050

Do léch (m)

-0.100

-0.150
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Thir ty diém

Hinh 8. P¢ léch di thirong muee nwéc bién
4. Két luan

Véi muc dich xay dung ludi 6 vudng di thuong muc nude bién tir s6 liéu do cao vé tinh trén Bién
Dong, bai béo da nghién ctru tng dung phuong phap Collocation dé noi suy di thuong muc nudc bién cho
cac diém mat ludi; trinh bay cach tinh hi¢p phuong sai thuc nghi¢m va xac dinh ham hi¢p phuong sai ly
thuyét. Boi véi di thudng muc nuéc bién nén chon ham hiép phuong sai Iy thuyet 14 ham béc hai.

Trén co s& ly thuyét duoc nghién ctru, chuong trinh méy tinh da dugc thiét lap dé tw dong hoa viéc
tinh toan. Chuong trinh méy tinh gdm giao dién chinh va 3 module: Module tinh hiép phwong sai thuc
nghiém; Module x4c dinh ham hi¢p phuong sai Iy thuyét va module ngi suy di thuong muc nudc bién cua
cac diém mét lu6i. Qua danh gia, khang dinh chuong trinh thyc hién chinh x4c. Phuong phap Collocation
1a phu hop véi bai toan nay.

Nghién ctru ciing da thuc nghiém xay dung lugi 6 vudng di thuong muc nudée bién sb liéu chu ky 84
cua vé tinh SENTINEL-3A, thuc hién nhiém vu do ¢ ché d6 “lap lai chinh xac”, do tir ngay 06/4/2022
dén ngay 03/5/2022 trén Bién Dong. Ludi 6 vuéng SLA c6 kich thude mat ludi 1a 15°x15°; tong sé diém
cua ludi 1a 4941 diém; gia tri 16n nhat 12 0,345 m; nho nhat 12 -0,239 m; trung binh 1a 0,058 m; d6 chinh
xac dat la £0,076 m.

Loi cam on
Nghién ciru nay duoc sw hd tro ciia Hop dong khoa hoc ma sé: 07/2021/D6-DATS thudc du an Picu tra
tong hop khi tugng, cic yéu t6 hai duwong, dia chat, méi truong vung bién Truong Sa ty 1é 1:200.000.
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ABSTRACT

Constructing a grid of the sea level anomalies from satellite altimeter
data of SENTINEL-3A using the Collocation method

Nguyen Van Sang" *, Do Van Mong?
'Hanoi University of Mining and Geology
2Vietnam's People Naval Hydrographic and Oceanographic Department, Vietnam

The purpose of this study is to construct a grid of the Sea Level Anomaly from satellite altimeter data
over the East Sea. The satellite altimeter determines the sea surface height, after subtracting the mean sea
surface, the sea level anomaly will be obtained at the measurement points. To determine the sea level
anomalies at the grid points, the Collocation method was used. The method of calculating the
experimental covariance values and determining the theoretical covariance function have been studied.
For the sea level anomaly over the East Sea, the theoretical covariance function is chosen as a quadratic
polynomial. On the basis of the studied theory, the computer program has been built. In the experimental
results, the grid of sea level anomalies from satellite altimeter data of SENTINEL-3A of the period 84
was built, with mesh size of 15'x15'; the total points of the grid is 4941; the maximum value is 0.345 m;
the smallest is -0.239 m; average is 0.058 m; the accuracy is £0.076 m.

Keywords: Altimetry, Sea Level Anomalies, East Sea, SENTINEL-3A.
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Nghién ctru kha nang st dung Lidar phan khic thap AA450 trong
khao sat cong trinh giao thdng hién hiru

Nguyén Vlet Ha>", Vii Ngoc Quang?, Dong Vin Huyén?
Tru"ong Pai hoc M6 - Pja chat
2Trming Dai hoc Cong nghé Giao théng vdn tdi
%Céng ty TNHH dau tw dich vu Phirong Linh

TOM TAT

Bai béo la mot nghién ctru va danh gid bude dau vé sir dung cam bién Lidar phan khc lap dat trén thiét bj
bay khong nguoi lai trong thu thap s6 liéu duong giao théng. Nghién ctu st dung cam bién Lidar Alpha
Air AA450, dong san pham quét dau tién cia hang CHC Navigation tai Viét Nam trén may bay DJI
Matric M300 va quét khu bay c6 chiéu dai 175 m, rong 110 m, tong chiéu dai ca bay la 1804 m & do cao
80 m, tc d6 bay 1a 7 m/s. S6 liéu bay quét duoc xir ly bang phan mém Copre, phién ban dau tién di theo
thiét bi trong ca hai truong hop la str dung va khong sir dung diém khong ché mat dat dé hiéu chinh. Két
qua tir point cloud dugc trich xuit va so sanh véi 264 diém kiém tra bang phuong phap GNSS-RTK tram
don cho thdy s6 lugng diém trong ca hai trudng hop xir Iy ¢6 d6 léch d6 cao nho hon 10 cm la 142 va 230
diém (53,8 % va 87,1 %), tir 10 cm dén 20 cm 1a 109 va 23 diém (41,3 % va 8,7 %), tir 20 cm dén 30 cm
1a 11 va 10 diém (4,2 % va 3,8 %), tir 30 dén 40 cm 1 2 va 0 diém (0,8 % va 0,0 %).

Tur khéa: Lidar AA450, gnss-rtk, Copre, UAV M300.
1. Pit vén dé

Sy phét trién cua cac cong nghé méi cho phép cac ki su khao sét co thém nhiéu hudng tiép can dé giai
quyét nhiém vu khao sat bao gom GNSS, thiét bi bay khong nguoi lai va giai phap Lidar. Lién quan toi
giai phap GNSS, cé4c ing dung dau tién da dwoc gidi thigu nhitng nam 1990 (Heo et al., 2009) véi cac
phuong thtrc két ndi khéc nhau giita méy base va rover. Theo thoi gian, phuong phap GNSS-RTK di co
nhiéu cai thién tir do dong thoi gian thuc tram don téi do dong véi mang ludi tram tham chiéu hoat dong
lién tuc giup ting d6 6n dinh va do chinh xac (EI-Mowafy, 2012; Cina et al., 2015) va hién da tro thanh
mot trong nhitng phuong phap chinh trong cac (tng dung khao sat, dac biét trong khao sat, hién chinh ban
dd dat dai (Xu, 2012). Tuy nhién, mot trong nhimng nhwoc diém Ion nhat Ia rat khé dé dat loi giai fix khi
do dac ¢ nhitng vi tri kho khan nhu dudi tan cy, gan cac toa nha cao ting mic dii da co nhiéu sy cai thién
vé phan cimng va phan mém (Bakuta et al., 2011), tham chi la khong thé dat loi giai fix trong mot s6
truong hop hay khong thé tiép can dé do dac.

Lién quan dén kha nang tiép can cac khu vuc kho, thiét bi bay khong nguoi lai tré thanh sy lya chon
thay thé dé thuc hién nhiém vu nhd kha nang ty dong trong thiét ké, van hanh, thu thap va xt 1y sé liéu.
Nghién ctru cua tac gia Hang va cong su (Hang va cs., 2022) chi ra rang giai phap UAV c6 hiéu qua cao
trong xac dinh kich thugc va thé tich bé chira ndi khi so sanh két qua do tir ché do do khong guong cua
méy toan dac dién tir. Pong thoi, UAV ciing 1a mot lya chon tét trong gidm sat chat lwong bé mat duong
(Hang, 2018) hay giai quyét tranh chap dat dai & cp x& (Anh et al., 2021). Céc két qua nghién ciru ciing
chi ra ring UAV dugc sir dung rong réi trong cong tac bao tri duong bo véi do chinh xac cao (Zhang,
2010; Zhang et al., 2012).

“ T4c gia lién h¢
Email: nguyenvietha@humg.edu.vn
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Giai doan 2007-2020 c6 sy gia tang manh m& vé s6 luong céc nghién ctu, tng dung giai phap UAV
trong quan ly va giam sét két cau ha tang giao thong (Feroz et al., 2021; Kapoor et al., 2021) nhd nhirng
tién bo trong cac ky thuat phan tich hinh anh. Tuy nhién, trong tw nhu giai phap GNSS-RTK, UAV ciing
gap kho khian giai quyét bai toan tiép can diém mat dat truéc nhiing khu vuc c6 cay véi mat do day. Lac
nay, bai toan khao sat tré nén thir thach hon cé va giai phap lidar tré thanh lua chon mai.

Céc tng dung cua Lidar c6 sy phat trién manh mé trong giai doan tir 2008 dén 2018 (Wang et al.,
2019) vdi céc ung dung cho thanh phd théng minh (Guo et al., 2011; Kostrikov, 2019), quan tric moi
treong (Rusu et al., 2008; Boyko et al., 2011) va tré nén ngay cang phd bién trong thu thap sé liéu bé mat
duong (Guan et al., 2016; Yadav et al., 2018; Li et al., 2019). Gan day, sy cai tién cua Lidar cho phép thu
nho kich thudc, tich hop GNSS va c6 thé dugc van hanh doc 1ap trén céc thiét bi bay khong nguoi 1ai ¢
nho, mang lai su tién lgi va gon nhe cho k§ su van hanh. Lidar hién duoc phan chia thanh cac phan khic
cao cap, trung binh va phan khic thap. Trong do, dé phan biét giira cac phan khic, cac yéu té nhu dai
quét tdi da, s da dang trong nén tang van hanh (UAV, 6 6, ba 16 deo lung), d6 chinh xéac, s6 lan phan xa,
GNSS tich hop, cong nghé IMU, hé thng laser, mat do diém, cac théng sé do chinh xac,... 1a yéu té
chinh. V& mit gia thanh, phan khic thip mang dén co hoi tiép can va dau tu nhiéu hon cho nguoi ding
cudi véi mie dau tu hop ly ma van dap tng nhu cau cong viéc.

Trong khi giai phap GNSS-RTK va UAV da phan nao khang dinh dwoc do tin cay va do chinh xac, cac
thiét bi lidar hang khong va lidar di dong trén xe 6 to di dwoc tng dung nhiéu, lidar ¢& nho van hanh trén
méy bay khong nguoi 1ai 1a mot dong san pham con khé méi trén thi truong, chua c6 nhiéu nghién cuu,
thuc nghiém, dic biét trong thu thap sé liéu bé mat duong hién hitu. Bai bao nghién ciru, danh gia do
chinh xac cua Lidar AA450 khi van hanh trén thiét bi DJI M300, lam co sé dé lya chon phuong phap va
thiét bi phu hop khi thuc hién nhiém vu khao sét.

2. Pia diém, thiét bi va quy trinh thuc nghiém
2.1. Pia diém

Khu vuc thyc nghiém la mot doan duong nhua khoang 700 m thuoc khu céng nghé cao Lang Hoa Lac,
xa Tan X4&, huyén Thach That, Ha Noi.

4

T RPTTET

Hinh 1. Khu vic thuc nghiém
2.2. Thiét bj thec nghiém

Nghién ctu sir dung thiét bi AA450 ciia hing CHC navigation, ddy la dong san pham quét dau tién cua
CHC trén thi truong Viét Nam. AA450 1a mot san pham tich hop tat ca trong mot bao gom cac module
dinh vi GNSS, méy anh do nét cao va mot méay quét (Hinh 2). AA450 sir dung laser cip do 1 theo tiéu
chuan IEC60825-1 :2014.
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Niit van hanh Lidar va GNSS Céng két ndi M300
A4
e Module GNSS
Pén chi bao GNSS vamay -
quét
/ IMU tan suit update
Céng Type C, trit s6 liéu tﬂt 500Hz
Nay,
B6 nhé 256 Gb

My anh tich hop 26MP P May quét Livox AVIA
Hinh 2. Lidar AA450
AA450 dugc thiét ké, ché tao dé dinh huéng
t6i nguoi ding cudi cing ¢ phan cip thap nhat
(Hinh 3), c6 kha nang van hanh doc 1ap va khong
phu thudc vao cac module dinh vi cia may bay
DJI M300. Trong cac tac vu bay, quét, may bay
DJI M300 thyc hién hai nhiém vu la vat mang
AA450 theo cac dai bay dugc thiét ké sin, cung
c4p ngudn dién cho thiét bi AA450 va dam bao an
toan bay bang cac cam bién sin c6 trén DJI
M300.

Hinh 3. Phan khdc Lidar AA450
2.3. Quy trinh thxc nghiém

Quy trinh van hanh thiét bi Lidar AA450 dugc chia thanh 3 buéc bao gom qué trinh chuén bi, bay quét
va xtr ly s6 liéu. Trong buéc chuan bi, Lidar AA450 lap dat trén may bay DJI M300 nhu Hinh 4.

BT Y

Hinh 4. Lidar AA450 trén DJI M300

Trong phan thiét ké dai bay, phuong phap chon ting diém danh dau cua dai bay trén man hinh diéu
khién 12 yéu cau bt budc. Trong d6, AA450 bat budc phai dugc bay theo mét dai bay hinh sb 8 trong giai
doan dau tién dé thiét bi tién hanh tu hiéu chinh ba nghiéng IMU (CHCNAV, 2021). Tram base PPK c6
thé sir dung bét ky may thu nao, vai tan suat thu tin hidu do tinh t5i thiéu 1a tir 2 Hz dén 5 Hz dé dong bo
vai module GNSS tich hop trong AA450. Trong nghién ciru ndy, may thu GNSS-CHCi50 dugc sur dung
lam tram base do tinh va ddng thoi dé do cac diém kiém tra. Cac diém kiém tra dugc do bing phuong
phap GNSS-RTK tram don & khoang cach 14 km. Céac diém kiém tra duoc thuc hién sau khi két thic toan
b qué trinh bay quét. Toan bo quy trinh van hanh Lidar AA450 dwoc thé hién trong Hinh 5.
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Thiét ké dai bay may scan So sanh véi GNSS-
N J \ Y, RTK
A 4
4 B . A
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Hinh 5. Quy trinh végn hanh cua Lidar AA450

Két thiic qué trinh bay, toan b sb liéu chup, quét duoc trat ra may tinh va tién hanh xir Iy bang phan

mém Copre (Hinh 6) theo ca hai phuong thiic ¢6 va

khong c6 diém khdng ché.

¥ Roadinspection
¥ RawWorkspace
¥ @@2021-11-23-020915
Point clouc IIE5% -
image pro IEIOOSENN
@® Pos IO
RESULT

PretreatmentWorkspace

5 La=zfiles 4

% Adjusted images

T " Inital processing |

Hinh 6. Xz 1y s6 li¢u trén Copre

Qua trinh xtr ly trén Copre, theo trinh tu tinh toal

n binh sai tdm anh theo phuong phap PPK, xt ly binh

sai tm anh va sau cuing 1a tinh toén, khoi tao dam may diém. Két qua ciia phan mém Copre la cic anh sau
binh sai, cac tép dam may diém dudi dinh dang *.las.

3. Két qua thuc nghiém

S6 liéu bay chup va quét dugc dua vao xir ly trén phan mém Copre va loai bo dai bay s6 8 dé hiéu

chinh IMU (Hinh 7, 8).
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Hinh 8. Ddi bay sau xu ly va logi bé ddi bay sé 8

Két qua xir ly bang phan mém Copre duoc dit ligu dau ra cac dam may diém dudi dinh dang file *.las
(Hinh 9, 10) va cac tam anh dugc xir ly trén phan mém Agisoft (Hinh 11, 12).

o

Hinh 9. Ddm may diém Hinh 10. M6 hinh DEM

Hinh 11. 4nh 3D Hinh 12. Anh tryc giao
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Cac tép dam may diém duoc sir dung dé trich xuit mat cit doc (Hinh 13, 14) hai bén doan dudng va
mit cit ngang dai dién (Hinh 15).
From Pos: 556603.557, 2324303.732 To Pos: 537116.887, 2324450.114

15m 20m Msm 00m 334m

Hinh 13. Mt cat doc 1

125m 250m 35m 500m 535m

Hinh 14. Mt cdt doc 2

Phan cach

Huomg 1 Huomg2

Hinh 15. Mdt cdt ngang dai dién
264 diém kiém tra bang phuong phap GNSS-RTK tram base don & khoang céch 7 km dugc dua vao
dam may diém dé trich xuat cao do trong ca hai trudng hop c6 va khong sir dung diém khéng ché. S
dung chirc ning kiém dinh d6 cao trong phan mém Coprocess la giai phép phan mém dong bo véi thiét bi
d6 cao cua cac diém kiém tra bang phuong phap GNSS-RTK va tir dam may diém trong ca hai truong
hop thé hién trong Bang 1.
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Bang 1. P cao cdc diém Kiém tra theo 03 phirong phdp

H* (GNSS-RTK) | H?(Khong GCP) | H?(C6 GCP) H°- H! H3- H?

STT

(m) (m) (m) (m) (m)

1 12.528 12.665 12.497 0,137 -0,031
2 12.531 12.648 12.52 0,117 -0,011
3 12.634 12.616 12.462 -0,018 -0,172
4 12.533 12.657 12.575 0,124 0,042
5 12.601 12.595 12.534 -0,006 -0,067
6 12.361 12.453 12.311 0,092 -0,05
7 12.292 12.304 12.389 0,012 0,097
8 12.325 12.34 12.289 0,015 -0,036
261 15.081 15.157 15.114 0,076 0,033
262 15.164 15.376 15.288 0,212 0,124
263 15.263 15.399 15.359 0,136 0,096
264 15.29 15.426 15.278 0,136 -0,012
Do 1éch 16n nhét 0,395 0,441
D9 léch nho nhét -0,191 -0,471
Do léch chuan 0,080 0,107

Céc két qua thong ké duoc thé hién Bang 2. Gia tri d cao cua phuwong phap GNSS-RTK duoc dua vé
gia tri 0 dé c6 céi nhin tong quan. Do léch do cao trong hai trudng hop st dung va khéng sir dung diém
khdng ché duoc thé hién trong Hinh 16.

Bdng 2. Bang tong hop, thong ké so sanh véi GNSS-RTK

Tiéu chi Khong GCP C6 GCP Ghi chi
Gia tri lach I6n nhét (m) 0,395 0,441 Ga(;‘ir?r:a;]‘gg"‘tgl‘;‘ifh’
Gia tri lach nho nhét (m) 0,191 0,471 Ga(;‘ir?r:a;]‘gg"‘tgl‘;‘ifh’
Do léch chuan (m) 0,080 0,107
< 10cm 142 diém (53,8 %) | 230 diém (87,1 %)
(10:20] cm 109 diém (41,3 %) 23 diém (8,7 %)
(20:30] cm 11 diém (4,2 %) 10 diém (3,8 %)
(30:40] cm 2 diém (0,8 %) 0 diém (0 %)
> 40 cm 0 diém (0 %) 1 diém (0,4 %)
Tong 264 (100 %) 264 (100 %)

——-GNSS-RTK quy "0" —-—-AA450 khdng GCP - AA450 c6 GCP

Hinh 16. So sanh d¢ \éch cao dé gigra GNSS-RTK va AA450
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4. Thao luan

Viéc van thiét bi AA450 1a kha don gian vé6i chi mot nat duy nhat sir dung cho ca module GNSS, méy
chup 4nh va may quét. Tuy nhién van con ton tai mot s6 van dé can phai cai tién trong phién ban cao hon.
Dai bay hi¢u chinh IMU la kha dai (khoang 320 m) trong khi 50 liéu quét va chup trong dai bay s6 8 nay
1a khong khai thac dugc, dan dén sy 1ang phi vé mat s6 liéu, nguon ning lugng tir pin va by nhé luu trit.

Thoi gian 5 phit cho khoi tao cia GNSS, quét va chup 14 thoi gian kha dai. Thém nita thoi diém dé bat
dau va két thic van hanh AA450 la khdng thé chi dong dugc. Pay 1a mot nhuoc diém 16n dan dén sy
lang phi ngudn dién do AA450 st dung pin caa may bay M300 dé hoat dong, anh huéng t6i thoi gian,
hiéu suit cong viéc.

Viéc thiét ké dai bay theo phuong phap danh déu diém (waypoint) 1a nhuoc diém Ion do thiét bi
AA450 chwa dong bo dwoc véi didu khién cua thiét bi bay. Biéu nay dan dén khoang cach cac dai bay
khong déu, do phi khéng déu nhu trong Hinh 7, 8. Qua trinh bay, quét ciing chua thé quan sat dwgc man
hinh truc quan trén diéu khién nhu cac thiét bi bay khac.

Vé mat xu 1y s6 liéu va két qua, cong tac xu Iy tu dong, nhanh chéng, mat o diém day dic. Pay 1a
mét loi thé 16n caa giai phap lidar néi chung va AA450 néi riéng. Két qua khi khong str dung va co sir
dung diém khdng ché dé hiéu chinh c6 su khéc biét dang ké. Két qua & Bang 2 cho thdy ty Ié diém c6 sai
léch nho hon hodc bang 10 cm giam tir 53,8 % lén 87,1 %, tang hon 33 %. Mot két qua twong tu dbi véi
pham vi tir 10 cm dén 20 cm va tir 20 cm dén 30 cm nhung véi ty 1é nho hon.

Ciing théng qua két qua trong bang sé 2. Chat lugng két qua duoc cai thién dang ké khi co sir dung
diém khéng ché dé hiéu chinh, tuy nhién d6 léch chuan sau khi sir dung diém khéng ché lai dang 16n hon
s0 véi khong st dung diém khéng ché (0,107 m so véi 0,080 m). Bic biét nhin vao khoang céch bién do
giira gia tri I6n nhat va nho nhét, khi sir dung diém khdng ché lai c6 bién d6 I6n hon. Nguyén nhan co thé
Ia do tai cac diém kiém tra nhu chén taluy, mép dai phan cach bi anh huong boi nhiéu tir dia vat khac nhu
cay, co xung quanh.

Céc noi dung vé kha nang tiép can diém mat dat trong cac khu vuc ¢ cay cdi, thuc phii can duoc tiép
tuc nghién ciru va danh gia trong cac nghién ciu tiép theo.

5. Két luan

Nghién cau vé kha ning cua thiét bi AA450 trong thu thap s6 ligu mat duong hién hitu da duoc thuc
hién trén mot pham vi nho nhung kha chi tiét. Két qua vé do chinh xac chwa cho thay su phi hop gita cac
thdng s6 k¥ thuat va két qua sau xu ly ngoai thuc dia. Thiét bi Lidar AA450 va ca giai phap phan mém
déu 1a phién ban dau tién, két qua danh gia 1a co so dé phat trién va cai tién nhiéu hon nira trong nhiing
phién ban sau.

Nghién ciru thuc nghiém ciing 14 co s dé lua chon thiét bi, phuong phap van hanh va xir ly sé liéu cho
cac k¥ su khao sat trong bai todn khao sat ndi chung va danh gia tinh trang mat duong noi riéng.

Loi cam on

Céc tac gia xin cam on Cong ty ¢d phan Cong nghé Nguyén Kim di hd tro thiét bi Lidar, thiét bi bay
UAV DJI M300 va thiét bj GNSS-RTK.
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ABSTRACT
Research on the feasibility of employing the low-end level

Lidar AA450 in transport surveys
Nguyen Viet Ha> ", Vu Ngoc Quang? Dong Van Huyen?
*Hanoi University of Mining and Geology
2University of Transport Technology
*Phuong Linh Service Investment Co., Ltd

This article is an initial study and evaluation of the use of low-end level Lidar installed on unmanned
aerial vehicles in collecting data of road. The research uses Alpha Air AA450 Lidar, the first scanning
product line of CHC navigation in Vietnam on DJI Matric M300 aircraft and scans the flight area with a
length of 175 m, 100 m wide, total length of the flight mission is 1804 m at 80 m altitude, 7 m/s flight
speed. Scanned data is processed by Copre software, the first version along with the device in both cases
using and without using ground control points for correction. The results from point cloud extracted and
compared with 264 test points by single base station GNSS-RTK method show that the number of points
in both processing cases with elevation deviation less than 10 cm is 142 points and 230 points (53.8 %
and 87.1 %), from 10 cm to 20 cm is 109 points and 23 points (43.1 % and 8.7 %), from 20 cm to 30 cm
is 11 and 10 points (4.2 % and 3.8 %), from 30 to 40 cm is 2 and 0 point (0.8 % and 0 %).

Keywords: Lidar AA450, GNSS-RTK, Copre, UAV M300.
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Ung dung dong bo cong ngh¢ UAV, xu ly anh trong kiém soét
chat luong va an toan né min tai mé da voi Hong Son, tinh Ha Nam

Pham Vin Viét"?”, Nguyén Anh Tuan™? Pham Vin Hoa"?, Tran Dinh Bao"?, L& Thi Thu Hoa"?
1Tru’&ng Bai hoc Mo - Dja chat
*Nhém Nghién cizu manh ISRM (Innovations for Sustainable and Responsible Mining)

TOM TAT

Cong tac khoan né min 1a khau dau tién trong hoat dong khai thac khoang san. Chat luong cong tac né
min thé hién chat luong dbng da, kich ¢& d4 sau nd min. Ngoal ra, cong tac khoan né min con gay ra
nhitng tac dong xau tgi moi truong xung quanh, dac biét la song Chan d6ng ndé min. Do do, can cé giai
phap cong nghé nham kiém soat dong bo chat luong va anh huong X4u cua cong tac khoan né min. Viéc
kiém soét cong tac khoan nd min tir cac s6 liéu lap ho chiéu né min ti trién khai cong tac khoan, kiém
soat cong tac nd min ciing nhu kiém soat chat lugng nd min va kiém soat song chan dong nd min. Bai bao
dé xuat ng dung dong bo céac cong ngh¢ méi trong kiém soat thong s6 dau vao lap ho chiéu, trién khai
dua ho chiéu nd ra thuc dia, kiém soét chat lwong dat d4 sau nd min, ciing nhu kiém soat chan dong nod
min. D6 la tmg dung ddng bo thiét bi dinh vi GPS RTK, mdy bay khong nguoi 1ai (UAV), cong nghé do
¢ hat nd min bang chup anh va xu ly bing phin mém Rockimage va may do chén dong né min
(Micromate). Viéc sir dung ddng bo cong nghé méi nay di dwoc tng dung tai mé da véi Hong Son, tinh
Ha Nam nham kiém soét hiéu qua né min va an toan cho mo.

Tir khda: N6 min, GPS RTK, UAV, Rockimage, Micromate, Ha Nam.
1. Giéi thiéu
N6 min 1a mot khau cong ngh¢ dau tién trong hoat dong khai thac mo, c6 anh huong dén cac khau

cong ngh¢ tlep theo. Cong tac nd min trai qua céc giai doan do v& cap nhat vi tri bai khoan né min, lap ho
chiéu khoan n6 min, trién khai dwa 16 khoan da dugc thiét ké ra bai nd thuc té, tién hanh cong tac khoan,
nghiém thu bai khoan, diéu chinh ho chiéu khoan n6 min, cong tac nap min, dau ghép mang n6 va né min.
Trong qua trinh cong tac nd min can thiét phai kiém tra danh gia cong tac nbé min thdng qua hinh dang
dbng da n6 min, Kich thudc dat da pha v va kiém soat tic dong xau cua cong tac ndé min gom cé chan
d6ng nd min, song dap khong khi va da bay (Chu Thi Thily Dung va nnk., 2016; D5 Ngoc Tuéc va nnk.,
2014; Hieu, 2020). Viéc cap nhat chinh xéc kich thuéc hinh dang bai né gop phén gilp ky su khai thac
mo 1ap ho chiéu khoan nd min chinh xéc nhu x4c dinh chinh xéc duong can chan tang (day 1a mot thong
s6 quan trong quyét dinh mot sb thong sé khoan né min con lai). Hon nita, sau khi cong tac 1ap ho chiéu
khoan né6 min xong thi VIeC trién khai dua vi tri 15 khoan ra thuc dia chinh xac cling gop phan trlen khai
dung céc thong so khoan nd mln trong ho chiéu ra thuc dia nham dam bao chat luong cong tac né min
nhu thiét ké. Tir nhitng yéu cau trén gitip dam bao chét lugng cong tac nd min va kiém soat an toan trong
cong tac né min. Sy tién bo cua khoa hoc ki thuat trong viéc cap nhat nhanh chinh xéc thong tin diu vao
va dau ra trong cong tac nd min 14 rat quan trong. Hién nay, viéc ung dung céng nghé dinh vi theo thoi
gian thyc GPS RTK da dugc phat trién va da ap dung vao mét so linh vuc do dac, cap nhat dia hinh rat
nhanh, véi d6 sai sb cho phép (Cao Minh Thity va nnk., 2020; Tran Ngoc Déng va nnk., 2020). C4c thiét
bi bay khong nguoi 1ai (UAV) ciing da dugc nghién ciru va phat trién tng dung vao viéc do dac cap nhat
dia hinh, tinh toan khéi luvong va kiém soat méi truong cho cac hoat dong xay dung, khai thac mo, lam
nghiép va ndng nghiép dem lai do chinh xac va ning sudt cao (Nguyén Tam Tinh, 2022; Vii Ngoc
Phuong, 2022; Ha Thi Hang va nnk., 2022; Nguy@n Vin Thé va nnk., 2018; Tran Vin Thing, 2022; Lé
Minh Hué, 2022; Pham Tién Diing, 2020; Canh, 2020). Ngoai ra, véi cong nghé xir ly anh trong viéc
danh gia kich thudc ¢& hat dat d4 sau nd da nd min ciing da dwoc sir dung nhu phan mém Rockimage
(Pham Van Viét, 2019).

* Té&c gia lién h¢
Email: phamvanviet@humg.edu.vn
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Céc thiét bj giam séat chin dong hién dai ciing da dwoc nghién ciru dua vao sir dung trong cong tac
giam sat chan dong nd min va song dap khdng khi cho cac mo 16 thién ¢ Viét Nam (Tran Quang Hiéu,
2020). Nhung hién nay, viéc str dung két hop dong bo cac cong nghé dinh vi theo thoi gian thuc GPS
RTK, thlet bi bay khong nguoi lai (UAV), cong ngh¢ xu 1y anh trong do c& hat va thiét bi glam st chan
ddng nd min cho cac vu nd min chwa duoc thyc hién. Do do, bai bdo nghién ctu ap dung dong bo cong
nghé nay trong viéc kiém sodt chat lugng va an toan cong tac nd min trén mo 16 thién, trién khai thuc hien
kiém sodt chat lugng va an toan tai moé da voi Hong Son, Ha Nam.

2. N@i dung nghién ciu

2.1. Cong nghé dinh vi GPS RTK

Hién nay, cong nghé do GPS RTK két hop v&i tram Cors (tram chu) duoc dit tai cac diém da biét toa
d thu, thu tin hiéu vé tinh lién tuc 24/24h va gui dit liéu chuyén vé may chu thong qua hé théng mang
3G, trung tam dit liéu xir ly va chuyén dir liéu cho cac tram di dong ngay lap tic thong qua hé thng
truyén tin bang radio hoac mang 3G (Cao Minh Thay, 2020).

Trong hoat dong nd min trén mo, céng nghé GPS RTK dugc st dung trong viéc cap nhat dir liéu bai nd
min, két hop véi cong nghé may bay khong ngudi lai (UAV) dé dinh vi xay dyng mé hinh bé mat, dinh vi
vi tri cac 16 min dua ra ngoai thuc dia, xac dinh chinh xéc cac vi tri giam sat chan dong né min (Hinh 1).

2.2. Cong nghé mdy bay khong nguwoi lai (UAV)

May bay khong nguoi lai (UAV) la thiét bi gém 2 phan may bay va bo phén diéu khién. Thiét bi UAV
c6 cac cam bién diéu khién chong va dép theo cac hudng, dugc trang bi bon motor, bon canh quat c6 the
thao roi va chan ha canh cé dinh bén dudi. Bo diéu khién c6 hai antenna, truyén tin hiéu trén hai tan sé
2,4 va 5,8 GHz. Bo diéu khién c6 thé két ndi véi dién thoai thong minh dé cai dit théng sé bay chup ciing
nhu giam sat trong hoat dong bay, UAV c6 thé mang méy anh dé chup cc bic anh dinh dang JPEG
(Hinh 2).

" Kétndi -

RTK Rover

Hinh 1. Cong nghé dinh v; vé tinh GPS RTK Hinh 2. Thiét bi bay khéng nguweoi 1ai UAV hang DJI

Qué trinh thanh lap ban d6 bang cong nghé UAV bao gom 4 giai doan chinh: giai doan chuan bi, giai
doan chup anh, giai doan xt ly anh UAV va giai doan thanh lap ban db. Trong giai doan chuan bj bao
gom tinh todn phuong phap bay chup, thiét ké tuyén bay, cao d6 bay nham dap wng yéu cau vé do chi tiét
ban d6 (Canh, 2020; Nguyén Tam Tinh, 2022). Trong khi do, giai doan bay chup theo tuyén da dugc thiét
ké, giai doan xur ly anh UAV bao gom tao lap dam may diém, nin chinh hinh hoc anh va gop anh nham
loai trir sai sb trong qué trinh bay chup gay ra (Hinh 3).

Trong cbng tac khoan no min trén mo, cong ngh¢ UAV két hop véi cong nghé dinh vi GPS RTK trong
viéc do cap nhat dit liéu bdi né min trudc, sau khi né nham xay dung ban d khu vuc né min phuc vu
cong téc 1ap ho chiéu khoan né va danh gia khéi lwong, chat lwong da sau né min. Cong nghé UAV con
dugc st dung chup cac birc anh chit lugng déng d4 nham danh gia cd hat dét d4 sau nd min.

2.3. May giam sat chan déng né min

Thiét bi chuyén dung Blastmate I11, Micromate cua hang INSTANTEL (Canada) dé do cac thong s6 vé
s6ng chan dong, song va dap khong kh| do no min gay ra (Hinh 4).

Thong s thiét bi do thé hién & dai tan sb tir 2 Hz t6i 200 Hz, thang do van téc phan tir toi thiéu tir 0,5
dén 254 mm/s, thang do 4m tir 100-148 dB. Giam sét chan dong nd min thiét bi s dung dau thu tin hiéu 3
truc (Hinh 5) ¢6 bién d¢ dao dong 254 mm/s, do phén giai tir 0,127 mm/s, d6 chinh xac (ISEE/DIN +/-5
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% hoac 0,5 mm/s, mat do truyén dan 2,13 g/cc, dai tan sb (ISEE/DIN) tir 2-250 Hz, chiéu dai day cap lon
nhat (ISEE / DIN) 75/1000 m. Giam sat song dap khong khi sir dung Micro thang do theo dB hoic dBA,
d6 chinh xac +/-10 % hoac +/-1dB, tan s6 phan hdi tir 2-250 Hz.

Séng dia chan truyén dén dau, cic phan tir dat da & d6 s& dao dong twong tng, khi cac phan tir dao
dong dén muc do vuot ngudng cho phép s& xay ra sy pha hily moi truong va cac cau tric dat trén no.
Mic d6 tac dong cia song dia chan dén cong trinh dwoc dénh gia thong qua hai dai luong: bién do dao
dong phan tir dat da (van toc dao dong - mm/s) va tan sé dao dong ciia chung (Hz). Ngudng cho phép cua
hai dai lugng trén da dugce quy dinh tai QCVN 01:2019/BCT (Bang 1).

Céng tac chuan bi

¥

Tao méc khéng ché

Bay chup anh H Thiét ké tuyén bay

Tao dam may diém

Tao Orthomosaic A

L 2

Sé hoa bién tap H Kiém tra, chinh sita

Hinh 3. Quy trinh bay thanh ldp ban d@é bang céng nghé UAV (Nguyén Vin Thé, 2018)

b. May do Blasmate 111

a. May do Micomate
Hinh 4. Thiét b; giam sat chdn dong né min

Bang 1. Ngudng dao déong cho phép (QCVN 01:2019/BCT)

Khoang cach tir vi tri né min dén | V4an téc dao ddng cuc tri
cdng trinh gan nhit cho phép
Tir 0 dén dugi 92 m 31,75 mm/s
Tir 92 m dén 1524 m 25,4 mm/s
1524 m tro 1én 19 mm/s

Séng dap khong khi néu du 16n s& 1am chan dong nha cira, v kinh va gay ton thuong cho ngudi, dong
vat. B 16n cua song khong khi dugc thé hién theo dm} vi dB. Theo QCVN 01:2019/BCT quy dinh gi6i
han cho phép ctia tac dong séng chan déng khéng khi do6i véi nguai va cdng trinh thé hién Bang 2.
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Ap suat knong khi

N R
A4 LY Bd chuyén doi
- Séng chan dong

— V- Dao déng theo phwong dirng

— T- Dao ddng theo phwrorng ngang
L - Dao ddng theo phwrong truyén séng
Vi tri nd min

Hinh 5. Dau thu nhdn tin hiéu (Geophone).
Bdang 2. Gidgi han cho phép séng ddp khdng khi doi véi nguoi va cbng trinh.

Khi gi6i han tan s dwéi cia hé thong do Mikc tdi da cho phép
Hz (+ 3dB) dB(L)
0,1 Hz hoic thap hon - dai tan s6 dap ung phang. 134 Binh
2,0 Hz hoic thap hon - dai tan s6 dap ung phing 133 binh
6,0 Hz hoac thap hon - dai tin sb dap tng phing 129 Pinh
Dai tan sb dac tinh C - Bac tinh thoi gian “S”.* 105 dB (C) binh
* Gi4m sét theo y&u cau cta co quan c6 tham quyén

Thiét bi giam séat chin dong, song dap khong khi duoc dat tai cac cong trinh can bao vé vé huéng cua bai
nd min nhim danh gia anh huéng chin dong va song dap khdng khi téi cong trinh. Do d6 viée xac dinh vi tr
chinh x&c cua vi tri do giam sat nd min I rat quan trong. Viéc xac dinh vi tri gidm sat né min chinh xac,
thiét bi dinh vi GPS RTK duoc dua sir dung dé kiém soat d6 chinh xac khoang cach toi vu nd min.

2.4. Cong nghé ddnh gid cé hat dét dd né min

Cong nghé danh gia ¢& hat dat da nd min thudng sir dung cdng nghé xir ly anh bang viéc chup céc bic
anh ddng da n6 min sau d6 phan mém tién hanh phan tich theo cap c& hat dét da trong dong d4 nd min,
cach danh gia nay rat quan trong trong viéc klem soét chét lugng cong tac nd min trén mo, tao co so dé
tinh toan lai cac thong s6 nd min, phwong phap nd min dé dat duoc kich thudc ¢ da theo yéu cau Trong
bai bao nay nhom nghién cttu st dung phuong phap xtr ly anh dua theo phan bé ¢& hat trén nén anh den
trang sur dung ly thuyét ve phi tuyen tinh dé tac dong dén hinh dang va hinh thai cua céc diém nhi phan
trong dnh, dugc phat trién trén nén tang Matlab goi 1a phin mém Rockimages (Pham Vin Viét, 2019).
Van hanh phan mém duoc thuc hién theo so @b (Hinh 6).

3. Ap dung déng bg trong viéc kiém soat chat hegng né min va an toan cho mé da véi Hong Son, Ha
Nam
3.1. Gigi thigu

Mo da v6i‘H6ng Son thudc xa Thanh Son, huyén Kim Bang, tinh Ha Nam. M6 khai thic d4 lam
nguyeén li¢u dau vao cho nha mdy xi méng But Son. Hién nay, mo dang khai thac tai mac +55 m, mo su
dung hé thong khai thac I16p bang van tai truc ticp bang 6 t6. Trong hoat dong khoan no min trén mo
nham dam bao chat luong d4 nd min dap tng yéu cau nha may xi mang véi kich thudc cho phép 16n nhat
14 700 mm, giam chan dong n6 min, da bay vai cac cdng trinh h dan xung quanh.
3.2. So' db cong nghé kiém soét chdt Iweng va an toan né min trén mé

So dd cong ngh¢ kiém soét chét lwong va an toan cong tac nd min duoc thé hién trong Hinh 7 bang
viéc ap dung dong bo cac thiet bi cong nghé dinh vi theo thoi gian thuc GPS RTK, thict bi may bay
khong ngudi lai UAV clng cac phan mem xt ly anh, thiét bi giam sat chan dong . nham kiém soat hoat

dong nd min tur viéc do vé khu vuc no min, 1ap ho chiéu, danh gia chit luong ndé min théng qua kich
thudc ddng d4, ¢& hat trong ddng d4 nd min, séng chan dong khong khi, d4 bay.
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Tai anh Tao cac nhan to Kiém sos’[tchét Kiém snél"an ‘toain
el z - 2 lwgng no min trong né min
—»| cautractheokich M s
thude phén cap L 2
UAV +GPS RTK UAV+GPS RTK do
! Do vé thanh lap ban dé khu vire
. . . ban dé bai min giam sat chan déng,
Lua chon St dung cac phép - - vi tri gidm sat
vitri bong co, glan Vol cac Lap hé chiéu nd 2
nhan t6 cau trac min UAV trong viée
trong anh == kiém soat da bay
.' GPS RTK dua 16 ‘
. - P min ra thuedia .
Tinh ,toa'n nhan to Tinh pixel v6i = Thiét bi Micromate
dbinghich A pixel Vo1 UAV+GPS RTK gidm sét chin dong
phwong phap c& Do vé bai min sau no min va song dap
l hat né min, anh & hat khong khi
1 ioa ¥ X =— .
e |  nAneon o Xécdinhhinh || Rockimage Tinh todn
hinh anh Phan bo kich c& hat dang déng da tinh c& hat khéi lwong

Hinh 6. So d6 xdc dinh kich thuéc dd sau né min Hinh 7. So dé phdi hop dong bg thiét bi trong
kiém soat chat liwong va an toan né min

3.3. Trién khai thec hign kiém soét chdt lweng va an toan trén mé

Trong qué trinh trién khai, nhém nghién ctu sir dung thiét bi bay khong nguoi lai (UAV) cia hang DJI
Phantom 4 Pro V2 két hop véi thiét bi dinh vi GPS RTK eSurvey E800, phan mém xir ly anh Agisoft
MetaShape Professional cling véi phan mém Global mapper xay dung ban d6 vi tri bai no trudc va sau no
min trén mo, kiém soét hinh dang déng d4 sau nd min.

Panh gia ¢& hat dat d4 sau nd6 min bang sir dung thiét bi UAV chup anh déng da sau nd min, xi ly
phan tich phan bd c& hat bang phan mém Rockimages chay trén méi truong Matlab.

Cong tac dam bao an toan ndé min sir dung UAV Phantom 4 Pro V2 két hop véi GPS RTK eSurvey
E800 xay dung ban dd, vi tri khu vuc can giam sat né min, cong tac giam sat né min sir dung thiét bi
Micromate cua hang Instatel.

4. Két qua va ban luan

Hinh 8. Ban dé Vi tri bai min trugc khi Hinh 9. V; tri c&c 16 khoan né min duoc thiét ké va
tien hanh né min bang cong nghé UAV dinh vj ngoai bai min theo GPS RTK
Bdng 3. Bang théng so khoan né min dwoc thiét ké dua trén dia hinh theo UAV va GPS RTK
Ky Toa d6 VN2000, KT105, M3 Mang 15 min, m
X H,m | dx, mm Ly, m Lp, m Ly, m
higu X, m Y, m Z,m a b w
LK1 | 2271127 | 591130,1 | 65.636 | 8,2 102 9,6 3,8 33 3,7 5,9
LK2 | 2271128 | 591133,7 | 65.61 | 8,2 102 9,6 3,8 33 3,7 5,9
LK3 | 2271132 | 591136,7 | 66.918 | 89 102 10,4 3,8 33 4 6,4
LK4 | 2271131 | 591139,2 | 66.876 | 93 102 10,9 3,8 33 4,1 6,8
LK5 | 2271130 501143 | 67.425 | 9,7 102 11,3 3,8 33 43 7
LK6 | 2271129 | 5911475 | 67.706 | 9.9 102 11,5 3,8 33 44 71
LK7 | 2271130 | 5911504 | 67.446 | 97 102 113 3,8 33 43 7
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LK8 2271130 | 5911539 | 67.025 | 95 102 111 3,8 3,3 4,2 6,9
LK9 2271131 | 5911554 | 66.639 | 9,2 102 10,7 3,8 3,3 4,1 6,6
LK10 | 2271133 591157 | 66.343 | 838 102 10,3 3,8 3,3 3,9 6,4
LK11 | 2271136 | 591157,7 | 66.365 | 89 102 10,4 3,8 3,3 4 6,4
LK12 | 2271136 | 591155,1 | 66.446 | 89 102 10,4 3,8 3,3 4 6,4
LK13 | 2271132 | 591152,8 | 67.168 | 9,5 102 11 3.8 3,3 4.2 6,8
LK14 | 2271133 | 5911485 | 67.103 | 93 102 10,9 3.8 3,3 4.2 6,7
LK15 | 2271133 | 5911446 | 67.245 | 91 102 10,6 3.8 3,3 4,1 6,5
LK16 | 2271134 | 591140,8 67.17 | 95 102 111 3.8 3.3 4,2 6,9
LK17 | 2271135 | 591137,8 67.06 | 93 102 10,8 3.8 3.3 4,1 6,7
LK18 | 2271132 | 591134,1 | 66.382 | 89 102 10,4 3.8 3.3 4 6,4
LK19 | 2271130 | 5911312 | 65.833 | 84 102 9,8 3,8 3,3 3,7 6,1
LK20 | 2271137 | 5911356 | 66.828 | 9,4 102 10,9 3,8 3,3 4,2 6,7
LK21 | 2271137 | 591139,2 | 66.835 | 7,7 102 9 3.8 3,3 34 5,6
LK22 | 2271137 | 5911434 | 66.745 | 9.2 102 10,7 3.8 3,3 4,1 6,6
LK23 | 2271137 | 591146,7 | 66.813 | 9.2 102 10,7 3.8 3,3 4,1 6,6
LK24 | 2271136 | 591150,8 | 66.702 | 9.2 102 10,7 3.8 3,3 41 6,6
H - chiéu cao tang; dy - dwong kinh lo khgan; Ly- chiéu sau 10 khoan, a- khodng (,:a'ch) o khoan trong hang; b - khodang cach
cac hang lo khoan; W - dwong can chan tang; Ly - chiéu dai bua; L - chiéu dai thuoc no.

Hinh 11. Ban do vi tri bai min sau khi tién hanh né min bang cong nghé UAV
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Hinh 13. Anh déng da né min chup bing cong nghé UAV  Hinh 14. Phan cap cé hat dadt dé béng phan
mém Rockimage

591200 591300 591400 591500 591600

2271300
2271300

2271100 2371208

20711

2271000

Chu giai:

2271000

— Khoang cach gidm sat
@ Giam sat chan dong

B vi i 03

561200 591300 591400 591500 591600

Hinh 15. Bdn do giam sét chdn déng do vé bang cong nghé UAV

126



(’\
ESS% HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
— Vi SU PHAT TRIEN BEN VIPNG (ESSD 2023)
ENGINEERING SURVEYING

FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

Bang 4. Téng hop két qua giam sat chdn déng trén mé dd véi Hong Son

Vi tri bii nd Vi tri do

8. 0 ~e 1 - »
Thoi | (VN 2000 KTT 105" midi |\ o000 KTT 1050 mai 30y | D20 | Khoang | o | Khoing

TT gian 39 dong, cach cach

% cao, m
no mm/s | ngang, m thwe, m
X, m Y, m Z,m X, m Y, m Z,m
19/01/2 | 227113
1 022 6 591158 | 66,37 2271222 | 591657 4.321 0,523 507 62.044 569

Qua ung dung dong bo cac cong nghé UAV va dinh vi GPS RTK cung cac cong ngh¢ trong danh gia
chat luong cong tac nd min nhu phén tich kich thuéc ¢ hat dat d4 sau nd min Rockimage va thiét bi giam
sat chan dong Micromate da dem lai hiéu qua va an toan trong cong tac khoan né min. Céng nghé UAV
va dinh vi GPS RTK d mang lai cho nhém nghién ctu chi tiét vé kich thudc hinh dang va céac thong sé
bai min phuc vu cho qué trinh 1ap ho chiéu né min. Cu thé, tir két qua do v& bai nd bang UAV gilp nhém
nghién cau lap duoc bang théng sé khoan né min (Bang 3), va thé hién trén Hinh 10, kich thudc hinh
dang dong d4 n6é min theo mit cat Hinh 12 va két qua chup déng d¢a né min Hinh 13 va phan tich phan b
c& hat theo Hinh 14. Qua day thay rang chat luong cong tac nd min dat két qua tot nhu dong d4 gon, giam
da vang, chat luong dong da thé hién ¢ hat nhé hon 0,7 mm chiém gan 85 %. Tir két qua nay, nhom
nghién ctru da dwa ra cac thong sé nd min phi hop vai diéu kién thyc té cia bii min ma phwong phéap do
V& truyén thong khong 1am dugc nhu xac dinh chinh xé4c hinh dang cta suon ting tir d6 tinh toan duong
can chan tang phu hop. Ngoai ra cong nghé dinh vi GPS RTK da gitip nhom nghién ciru trién khai céc 16
min da duoc thiét ké ra ding véi thyc té hinh dang bai min 1am cho viéc giam sai s6t bé tri vi tri 15 min
khong dung lam giam hiéu qua cua cong tac lap ho chiéu nd min, day ciing 1a vin dé con ton tai trong
cong tac n6 min trude day chua giai quyét vi van con dua vao kinh nghiém, thiéu céc Ky su trac dia va
may toan dac. Cong nghé UAV va dinh vi GPS RTK dd gop phan vao viéc danh gia chét luong déng da
sau nd min nhu hinh dang, kich thudc déng dat d4 nd min, kich thudc dat da sau nd min khi két hop voi
cac phan mém xu ly anh nhu Global Mapper va Rockimage gitip danh gia chét lugng cong tac khoan nd
min, tao diéu kién cho cac khau cdng ngh¢ phia sau nhu cong téc 14p ho chiéu xtc boc, cong tac ché bien
pht hop, phan I6n cac don vi san xuat mo van bo qua giai doan nay vi chua ¢ cong cu danh gia hiéu qua.
Hon thé nita, cac cong nghé UAV va dinh vi RTK gilp xay dung ban d6 giam sat chan dong ndé min
(Hinh 15), dinh vi cac khoang cach giam sat lam cho viéc xac dinh cac thong s6 giam sat ndé min nhu
khodng cach giam sat, huéng gidm sat, cao d6 chénh cao gitra bai nd va diém giam sat chinh xac (Bang
4). Cy thé, tr ban dd giam sat chan dong bang cong nghé UAV di xac dinh dwoc cac cong trinh gan
quanh moé can phai bao vé, xac dinh vi tri bai nd va vi tri d6 theo toa do chinh xac, tinh dugc khodng cach
ngang 507 m, chénh cao 62.044 m, gitp tinh khoang céch thuc tir bdi nd min dén vi tri do chn dong la
569 m. Piéu nay gitip dua ra cai nhin chinh xac hon vé chan dong né min, séng dap khong khi va da bay
trén mo ma tir trude dén nay, nhitng yéu té nay thuoc duoc xac dinh tuong ddi.

5. Két luan

Qua g dung dong bo cac cdng nghé nhu cong nghé UAV, dinh vi GPS RTK va céng nghé xir ly anh
gua phan mém Rockimage cing véi cac thiét bi giam sat tac dong nd min Micromate da dem lai nhiing
hiéu qua trong cong tac nd min ma giai doan trudc chua thuc hién duogc nhu cap nhat nhanh vi tri bai min
trude va sau khi nd min tao didu kién tinh toan dung cac théng sé khoan nd min, trién khai cac thong sé
khoan né min ra thyc dia chinh xéac, danh gia chit lwong cdng tac né min dat dwoc nhu hinh dang, kich
thudc bai min, kich ¢& trung binh dit da trong ddng nd min, lam co sé cho cac khau cong nghé tiép theo
nhu xac bdc, van tai, ché bién. Ap dung cong nghé con dam bao do tin cay trong cdng tac giam tac dong
c6 hai cua céng tac nd min trén mo.

Loi cam on
Nhém nghién ciru xin cam on S& Cong Thuong Ha Nam, Cong ty xi mang Bat Son va chi nhiém dé

tai cAp Nha nudc “Nghién ciu xay dung hé thang quan Iy va thuc hién cong tac khoan - né min cho cac
mo than Ig thién ving Qudng Ninh” da tao diéu kién cho nhdm thyuc hién nghién cau nay.
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ABSTRACT

Intergrated Application of Unmaned Aerial Vehicle and
Photogrametry Processing Techniques in Blast Quality and Safety
Control at Hong Son Quarry, Ha Nam province

Pham Van Viet" ", Nguyen Anh Tuan"?, Pham Van Hoa"?2, Tran Dinh Bao?, Le Thi Thu Hoa" ?

'Hanoi University of Mining and Geology, 18 Vien Street, Hanoi, Vietnam
’Innovations for Sustainable and Responsible Mining (ISRM) research group,
Hanoi University of Mining and Geology, Hanoi, Vietnam

Blasting is the first stage in mining operation. The quality of blasting is represented through the size,
shape and particle sizes of a blasting pile. In addition, blasting also causes adverse impacts to the
surrounding environment, especially blast-induced ground vibration. Therefore, there needs a technical
solution to control the quality and the negative effects. Blasting need to be controlled from input data for
designing blasting pattern and implementing blasting operation in the site to improve the quality and to
mitigate blasting-induced ground vibration, air overpressure. The paper shows an intergated application
of novel technologies in collecting input data for designing blasting pattern and conducting to give the
design to the site exactly to control the quality and safety in blasting operation at quarries. These are
Global Navigation Satellite System with Real -Time Kinematics (GPS RTK), Unmaned Aerial Vehicle
(UAV), photogrametry technologies and ground vibration monitoring equipment Micromate. This
application was carried out at Hong Son quarry, Ha Nam province to bring back the effectiveness and the
safety.

Keywords: Blasting, GPS RTK, UAV, Rockimage, Micromate, Ha Nam.
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Nghién ciu két hop cong ngh¢ GNSS va 3D Laser Scan quan tric
chuyén vi dé chan song

Trin Ngoc Bong™ ", Nguyén Vin Nghia', Nguyén Vin Hing?
ién Khoa hoc Céng nghé Xay dung - Bé Xay dung
2ypbD Topcon tai Viét Nam - Topcon Corporation

TOM TAT

Dé chén song 1a cong trinh duoc xdy dung dé bao vé cang, bé cang, khu neo dau, bao vé b khoi tac
dung cua song. Bai bao ndy trinh bay quy trinh c6ng nghé két hop GNSS va 3D laser scan dé quan tric
chuyén vi dé chin séng mai nghiéng. Két qua thuc nghiém quan trac chuyén vi d6i v6i mot dé chan song
mai nghiéng cua mot nha may loc dau & Viét Nam da cho thay phuong phap trén khong nhirng dap ng
dugc dugc yéu cau d6 chinh xac quan tric dé ra ma con ¢6 uu diém hon so voi quan trac bang phuong
phap tric dia truyén thong, nhu cho phép danh gia chi tiét chuyén vi tai mot vi tri bat ky ctia than dé, thé
hién chuyén vi cuc bé ciing nhu téng thé than d¢ theo m6 hinh 3D va hinh anh mét cach truc quan. Diém
manh cua laser scan so véi phuong phép truyén théng trong quan tric chuyen vi 1a so sanh mat phing cua
dbi twong quan tric & cac thoi diém quét khac nhau dé phan tich chuyén dich con phuong phap truyén
thdng 14 di so sanh cac diém don 1¢ véi nhau.

Tir khoa: Dé chin song, quan trac chuyén vi, cong nghé GNSS, quét laser mat dét.

1. Pit véan dé

Dé chin song mai nghiéng 1a dé chin séng c6 mit cit ngang dang hinh thang, két ciu dé mai nghiéng
¢6 cAu tao gdm nhiéu 16p, vat liéu 16i dé 1a da hoc hdn hop, cac 16p dém phia dudi 16p phi bang d4 hoc
tuyén chon, ngoai cting 14 16p phu c6 chirc ning pha song. Lop phii ¢6 thé 1a cac khdi pha song nhu: Khéi
thap chtt nhat, Haro, Accropod, Tetrapode, Dolos, X-blox, Coreloc, Rakuna-IV (TCCS
02:2017/CHHVN),... Chuyén vi ciia dé do hai nguyén nhan chinh 1 d6 ltn cta nén dé, khi dip dé, ap luc
ctia khéi vat lidu s& lam cho dit nén bi lun xudng va do chuyén vi cua vat liéu, khi thi cong dép dé do cac
khdi d4 hodc vat liéu khac ¢ hé sb rong 1én nén cac vat liéu nay khong chit sau d6 vat liéu trong dé sé tu
sdp xép lai hodc do tic dong cua song va cac tac nhan khac. Nhin chung, do lun vt licu dién ra rat phirc
tap, 1au dai va khong c6 quy luét ro rang nén khong thé mé ta n6 bang cac cong thirc kinh nghiém. Do do,
dé chin séng can dugc quan tric dé danh gia mure d§ chuyen vi ctia d€ trong qua trinh khai thac sur dung.
Hién nay, thuong str dung phuong phap. trac dia truyen thong dé quan trac, tuy nhién phuong phap nay lai
chi danh gia dugc chuyén vi tai cac diém quan tric don 1é ma khong danh gia duoc mirc do chi tiét va
tong thé chuyén vi ciia dé chan song. Nghién clru ing dung cong nghé queét laser mat dat dé quan tric
chuyén dich cong trinh ¢ Viét Nam dd c6 mot sb nghién ctru (Pham Trung Diing va nnk., 2021) (V0
Ngoc Diing, 2016), cac nghién ciru nay dwoc thyc hién cho déi trong nha cao tang va dich chuyen dat da
cua bai thai trong khai thac mo. Dbi v6i dé chén song 1a cong trinh dang tuyén vaco he s6 rong 16n, do d6
dé danh gia tong thé dugc chuyén dich cuia dé thi can phai co giai phap quan trac thich hop. Giai phap dua
ra trong bai bao nay khong nhing dap ing dugc duge yéu cau d chinh xéc quan trac dé ra ddi véi dé
chin séng ma con ¢ uu diém hon so voi quan trac bang phuong phap tric dia truyen thong, nhu cho
phép danh gia chi tiét chuyen vi tai mot vi tri bt ky cua than d¢, thé hién chuyen vi cuc bd cling nhu tong
thé than dé theo md hinh 3D va hinh anh mét cach truc quan.

2. Quan tric chuyén vi dé chin séng theo phwong phap tric dia truyén théng

2.1. Yéu cau d¢ chinh xac quan tric chuyén vi dé chan song o
Theo Ti€u chuan co s TCCS 02:2017/CHHVN - B¢ chan séng - Yéu cau thiét ké thi d¢ Iun cho phép

* Tac gia lién h¢
Email: tndongibst@gmail.com
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ctia dé chin song 1a 30 cm, c6 thé cin ctr vao d6 lan cho phép nay dé xac dinh yéu cau do chinh xac quan
trac chuyén vi ctia dé chén song.

Do chinh x4c quan tric chuyén vi ciia dé chén song c6 thé dwogc 1y bang 1/10 - 1/20 gié tri chuyén vi
cho phép (Huang Sheng Xiang, Yin Hui, Jiang Zheng (Bién dich: Phan Van Hién, Pham Québc Khénh),
2012), khi 1ay bang 1/10 gia tri chuyén vi cho phép thi d6 chinh xac yéu cdu dé quan tric dé chin song la
+3,0 cm, 6 thé thay rang yéu cau do chinh xac dé quan tric dé chin song 1a khong cao.

2.2. Két cdu méc quan tric dé chan song

Moc quan tric chuyén vi dé chan séng c6 hai loai méc chi yéu 1a méc khéng ché co sé (mdc chuén) va
méc quan trac.

Méc khdng ché co so 1a cac mbe dugc xay dung vira c6 toa do va do cao tai cac vi tri 6n dinh dé cung
cip toa d6 va do cao gbc cho qué trinh quan tric chuyén vi dé, tuy thudc vao diéu kién nén dat méc ma
méc ¢6 thé 1a mbe khoan sau hodc 1a mbc nong theo két cau khdi bé tong, than mdc bén trén mat dat cé
c4u tao 1a mdc dinh tm bét budc dé khi do dac khdng chiu anh cua sai s6 dinh tim may va dinh tam bang
ngam. S6 lwong mdc chuan t6i thiéu 1a 03 mbe dé c6 thé danh gia do on dinh ciia cac mdc trong mdi chu
ky quan tric. Do dé chin song thuong cach xa nha may, nam ¢ ven bd va kéo dai cho nén khi quan tric
can xay dung thém cac mbc khong ché tam thoi dé 1am co s¢ do dac quan tric dé.

Méc quan trac c6 thé 1 cac tiéu do bang sat hodc 1a méc sir gan truc tiép vao cac khdi phu cia de, cac
méc dugc bd tri theo mat cit ngang cua dé, mdi mat cat bé tri toi thiéu 03 diém quan tric (diém mai trai,
diém & giira, diém mai phai cua dé).

2.3. Phwong phdp quan tric
2.3.1. B chinh X&c cua cdc diém moc can dat duoc

Tir yéu cau do chinh xéac quan tric chuyén vi 1a 3,0 cm, tinh toan xac dinh duoc d6 chinh x4c yéu cau
dbi véi mbe khdng ché co s va mbe quan tric trong mdi chu ky quan trac lan luot 14 0,95 cm va 1,90 cm
(Tran Khéanh, Nguyén Quang Phuc, 2010).

2.3.2. Phuong phdp do dac quan trac

‘Trong phuong phap nay cong ngh¢ GNSS dugc sur dung dé do dac lugi khdng ché co so bao gom cac
méc khdng ché co so va méc khong ché tam thoi.

Do cao cua cac mdc khdng ché co s¢ duoc do dac bang thiy chuan hinh hoc, do cao cua cac méc
khdng ché tam thoi dwoc do dac bang cong nghé GNSS véi do cao gbe 1a d6 cao cua cac moc khdng ché
co so di duge phan tich danh gia do 6n dinh.

Sau khi c6 toa do va do cao cuiia cac moc khéng ché tam thoi, sir dung may toan dac dién tir tién hanh
do dac toa d6 va do cao cua cac diém quan tric theo phuong phap do toa do, do cao truc tiép (X, Y, H).
2.4. X ly sé ligu quan trdc
2.4.1. Xar Iy s6 liéu i khong ché co sé va phdan tich @ on dinh ciia cac moc co so

Déi v6i mbe do cao co s, hién nay di co nhidu phuong phéap phén tich danh gia do 6n dinh vé do6 cao
ctia cac mdc dd cao co sé trong quan tric 10n cong trinh. Mot trong nhitng phwong phép hién nay hay sir
dung 13 phwong phap binh sai luéi tu do (Tran Khanh, Nguyén Quang Phuc, 2010), ndi dung cua phwong
phap nay da dwoc trinh trong nhiéu tai liéu cho nén trong bai béo nay khong trinh bay noi dung phén tich
d6 6n dinh cua cac mdc khdng ché d6 cao co so.

Déi voi méc khéng ché mat bing co sd trong phuong phap nay duoc do dac béng cong nghé GNSS
tinh, trong mdi chu ky quan tric sau khi da thyuc hién binh sai lu6i GNSS biang phian mém chuyén dung &
ché do FIX toa d6 1 diém (coi ludi GNSS 1a ludi tu do bac 0) dé tranh anh huong cua sai s6 s6 lieu gbc
thi con can phai kiém tra d6 6n dinh cua cac diém co s¢ va dinh vj lai mang ludi d6. Viéc dinh vi hé
thong ludi quan tric trong ting chu ky do duoc thyuc hién theo tiéu chuan: heéi dugc dinh vi vao vi tri
trung binh cac diém khdng ché 6n dinh. Quy trinh phan tich d6 6n dinh caa cac mdc khéng ché mat bang
co s& do bang cdng nghé GNSS tinh dugc thuc hién theo quy trinh néu trong tai liéu (Tran Khénh, Tran
Ngoc Péng va nnk., 2018).

2.4.2. Tinh toan tham so chuyén vi
Tham s6 chuyén vi tai cac diém quan tric dwoc tinh toan theo cong thirc sau:
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Qx = x@ _ x®
Qy = v _ y® (1)
QH = H® — g®

Trong cong thie (1), X9, YO HO X® vO HO 13 toa do cua diém quan tric duoc xac dinh trong 2 chu
ky i va j twong (ng, Qx, Qy 1 gia tri chuyén vi theo phuong ngang, Qy 1a gia tri chuyén vi theo phuwong
dang (d6 lun).

Co thé thay rang, phwong phép tric dia truyén théng dé quan tric chuyén vi dé chan song la dé thyc
hién, tinh toan don g1an Tuy nhlen V6i cac diém do don 1¢ thi phuong phap nay phu hop danh gia
chuyen Vi cuc bO tal cac Vi tri cé gan moc quan trac

3. Két hop cong nghé GNSS va 3D laser scan quan tric chuyén vi dé chan song
3.1. Gidi thiéu chung va nguyén ly hogr dégng ciia may Scan 3D

Laser Scanner mat dat (Terrestrial Laser scanner) la dang cong nghé thu thap dit liéu tu dong, vai két
céu gdbm 2 motor quay theo chidu ngang va chiéu doc, gitp sensor cua méy thu duoc tin hiéu tir tat ca cac
huéng caa cac déi tugng trong khong gian. Nguyén Iy hoat dong cuia may quet 3D mit dét 1a sir dung tin
hiéu Laser dé do khoang cach tir may quét dén dbi tugng, tai mot thoi diém may ban mot tia (hoac chim
tia) dén ddi twong va nhan tin hiéu phan hdi, ddng thoi may s& do goc bang va goc ding. Tir do, theo
nguyén Iy toa do cuc, may s& xac dinh dugc toa do X, Y, Z cta cac diém trong khong gian.

Trong méy 3D Scanner khoang céch tir may do dén déi trong dwoc xac dinh theo nguyén 1y do xung
(TOF - Time of Flight) hoic do pha (Phase Shift). Thoi gian thuc hién scan mdi tram may tir: 5-10 phut
(hoic c6 thé 1au hon tity vao d6 phan giai dwoc hya chon). Lwa chon d6 phan giai cang cao, thoi gian scan
s& 1au hon, mat d6 diém cua dir liéu thu thap s& cao hon va chi tiét hon.

Két qua cong tac quet la dit liéu dang Point cloud sau dé duoc két hop chdng phu cac l6p dir liéu cua
céc chu ky quan tric, tién hanh phan tich danh gia d6 bién dang cua cong trinh trén cac phan mém chuyén
dung.

3.2. Két hop cong nghg GNSS va 3D laser scan quan tréc chuyén vi dé chdn séng

Ciing glong nhu phuong phép truyén thong giai phap két hop nay sir dung cong nghé GNSS dé lap
lusi khdng ché co so. Viéc quét bé mat dé chin song dé xac dinh chuyén vi duoc thuc hién theo phuong
phép quét 3D scanning, bang cach ding may tai vi tri bat ky, do giao hoi vé 2 diém da biét toa do (cac
diém da biét toa do 1a cac diém khdng ché tam thoi da dwoc xac dinh toa do theo cac mbc khdng ché co
s& sau do do kiém tra toa do, do cao vé 1 diém thu 3 (tly thudc vao vi tri va diéu kién do) dé kiém tra,
hodc c6 thé ding may tai mot moc khéng ché tam thoi dinh huéng méc khdng ché tam thoi khéc (tai
nhiing vi tri khdng giao hoi dugc), hodc do thém diém phu, dang may tai diém phy dinh huéng vé cac
diém da biét toa d6 sau do tién hanh quét bé mat dé chin song theo cac ving quét da dinh. Cac viing quét
3D scanning can c6 do chdng phu 1én nhau, do dé chan song co cac lop phu la cac khéi pha séng Xep lai
v6i nhau, c6 h¢ s6 rong I6n nén dé dam bao todn bo bé mit than dé dwoc quét diy du va chi tiét thi
khoang cach mdi tram may khdng quéa 20 m.

Phén tich chuyén dich ciia dé theo ce mat cit ngang v6i khoang cach 5 m/mat cit, bén canh do két
qua quan trac cd thé trich xuat toa do 3 chieu ¢ vi tri bat ky trén than dé ciing nhu trich xuat theo mat cat

ngang nhu phuong phap truyen thong dé xac dinh gié tri chuyén vi cuc bd. Quy trinh két hop cong nghé
GNSS va 3D laser scan quan tric chuyén vi dé chan song dwoc thé hién trong Hinh 1.

4. Thuc nghiém quan triic chuyén vi dé chiin séng bing cong nghé GNSS két hop 3D laser scan
4.1. Gigi thigu cong trinh thuc nghigm

Dé chén song dugc tién hanh quan tric chuyén vi ¢ day 1a dé chin séng méi nghiéng caa mot cong
trinh nha may loc dau ¢ Viét Nam, dé duoc thiét ké xay dung dé bao vé cc tau ra vao cang cua nha may.
Dé dugc thiét ké 1a dé chan séng méi nghiéng c6 tong chiéu dai khoang 1,5 km, 16p phii 14 cac khéi pha
song Rakuna-IV.
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Xay dung mdc khéng ché co s¢, mbc khdng ché tam thoi
v
Do dac ludi GNSS gdm cac diém méc khdng ché co s va mébe khdng ché tam thoi
v
X Iy ludi GNSS (phan tich danh gia 6 6n dinh cua cac médc khdng ché co s6)
v

- Scan hién truong: Thiét 14p tram mdy theo phuong phép giao hoi thuan hodc giao hoi nghich,
- Kiém tra do chinh xac tram may, thlet lap cac thdng sb scan: d phan giai, scan mode, camera, .
- Scan, két thic, chuyén sang tram tiép theo.

v
Trat s6 liéu, xir ly s6 liéu va tién hanh phan tich dir liéu trén cac phan mém chuyén dung, xuat
béo céo

Hinh 1. Quy trinh két hop cong nghe GNSS va 3D laser scan quan trac chuyen Vi dé chdn séng
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Hinh 4. Khoi phd séng
Rakuna-1V

Hinh 3. Mt cat ngang cia dé chdan séng

4.2. Xay dung h¢ théng méc khang ché co sé

Hé théng mdc khéng ché co s& gdm 04 mdc (BM-01, BM-02, BM-03 va BM-04) c6 ca toa do va do
cao da dugc xay dung phuc vu quan tric lun va chuyén dich cac hang muc cong trinh ctia nha may trong
giai doan thi cong xay dung. Cac mdc khdng ché co s¢ nay duoc xdy dung trong khu vyc nha may va
cach xa dé chian song khoang 2 km cho nén xay dung thém 05 mdc khong ché tam thoi ¢ ky hidu méc 1a
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TBM-01, TBM-02, TBM-03, TBM-04 va TBM-05 dugc phan bd doc theo tuyén dé, cac mbe nay dugc
gan truc tiép trén than dé va cé cau tao nhu Hinh 5.

Hinh 5. Mdc khang ché co so Hinh 6. Moc khong ché Hinh 7. Méc quan t(cfc bging
tam thoi phuong phap truyén thong

4.3. Thiét bi va phan mém sir dung

Thiét bi st dung dé do dac ludi khéng ché co s 1a thiét bi dinh vi vé tinh GNSS Trimble R8s hai tin
s6. Két qua do dac ludi duoc xtr Iy bang phin mém TBC 5.2 va tién hanh phan tich danh gia d6 6n dinh
ctia cac mdc khong ché co s¢ do bang GNSS tinh dugc thuc hién theo cac cong thirc néu trong tai lidu
(Tran Khanh, Tran Ngoc Pong va nnk., 2018).

Thiét bi sir dung dé scan dé 1a may GLS-2200 ciia hing TOPCON, GLS - Geodetic Laser Scanner la
dong thiét bi Laser Scanner mit dat (TLS - Terrestrial Laser Scanner), st dung tia Laser don dé thu thép
dir lidu. GLS c6 nguyén Iy thu thép dir liéu gan nhu may toan dac dién tir, c6 cac chirc ning giao hoi dé
thiét 1ap tram may trén moc trac dia. Cac diém do thu dwoc co do chinh xdc twong tuy mdy toan dac dién tur
nhung dir liéu diém do 1a cac tap hop diém v&i mat do diém rit cao (point cloud). Cac dit liéu do dac
dugc xir Iy bang phan mém xr ly dir liéu dam may diém MAGNET collage.

Théng sé thiét bj:
D6 chinh xdc do bé mdt: 1 mm
Do chinh xdc do canh: 3,1 mm/150 m
Khodng cach do toi da: lén dén 500 m
Toc d6 thu thdp di liéu: 120.000 diém/gidy

Hinh 8. May GLS-2200 ciia hang TOPCON

4.4, Két qua xii 1y diF ligu quan tric , o ,
4.4.1. Két qua do dac ludi khong ché co sé va danh gia do on dinh cua cac moc khong ché co so

Qua trinh thye nghiém dugc thuc hién véi 2 chu ky quan trac, trong mdi chu ky quan trac tién hanh do
dac lu6i do cao gom cac moc khong che co s¢ BM-01, BM-02, BM-03 va BM-04 béang thury chuén hinh
hoc, phan tich danh gia d¢ 6n dinh vé d cao cua cac moc.

Toa d6 ctia cac mdc khong ché co s6 va toa do, o cao cua cac moc khéng ché tam thoi dugc do dac
theo phuong phap dinh vi twong ddi bang Trimble R8s hai tan s6. Do chinh xac dé ra cta cic mdc

134



HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
Vi SU PHAT TRIEN BEN VIPNG (ESSD 2023)

CEssp

T

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

khéng ché tam thoi nhu sau: d6 chinh xac vé vi tri mat béng 12 mp < 9,5 mm; d6 chinh xéac vé do cao
my <9,5 mm.

Két qua binh sai, phan tich do 6n dinh cua cac mbc khéng ché co s& vé toa dd duoc thé hién trong
Bang 1-4.

Bang 1. Két qua binh sai hedi chu kp 01, 02 trong hé toa dg phang ¢ ché dé FIX 1 diém géc (FIX diém BM-01)

Toa dd chu ky 01 Toa dj chu ky 02
. (Binh sai FIX 1 diém BM-01) (Binh sai FIX 1 diém BM-01) o
STT | Tén moc (25/7/2020) (25/7/2021) Ghi cha
X(m) Y(m) X(m) Y(m)
1 BM-01 2140533.883 579561.120 2140533.881 579561.122
2 BM-02 2140843.282 581719.947 2140843.284 581719.949 I\/lé(; khéng
3| BM03| 2141710008 | 580347.616 | 2141710.008 | 580347.616 | CN¢coso
4 BM-04 2142211.032 582470.251 2142211.030 582470.255
5 TBM-01 2142257.213 582735.641 2142257.220 582735.643
6 TBM-02 2142158.278 582777.918 2142158.284 582777.919 Mée khéng
7 TBM-03 2142268.915 583170.678 2142268.921 583170.678 ché tam
8 TBM-04 2142334.291 583559.583 2142334.294 583559.583 tho
9 TBM-05 2142221.843 583859.784 2142221.848 583859.790
Bang 2. Tham sé tinh chuyén chu ky 02
Toa d9 chu ky 01 Toa d chu ky 02
| (Binh sai FIX 1 diém BM-01) | (Binh sai FIX 1 diém BM-01) | D¢ Iéch (m)
STT | Tén moc (25/7/2020) (25/7/2021)
X(m) Y(m) X(m) Y(m) dX(m) | dY(m)
1 | BM-01 | 2140533.883 | 579561120 | 2140533.881 | 579561122 | 0002 | 0002
2 | BM-02 | 2140843282 | 581719.947 | 2140843.284 | 581719.949 | 0002 | 0002
3 | BM-03 | 2141710008 | 580347.616 | 2141710.008 | 580347.616 | 0,000 | 0000
4 | BM-04 | 2142211032 | 582470.251 | 2142211.030 | 582470.255 | (002 | 0004
zdX, ZdY -0,002 | 0,008
Tham sé tinh chuyén -0,001 | 0,002
Bang 3. Két qua déanh gia d¢ on dinh cdc moc co s6 chu ky 2
| ihsa X ladm | Tedochwivez | bandn | qui
STT Tén BM-01) (sau di€u chinh) Do léch (mm) dinh danh
mée (25/7/2020) (25/7/2021) mm) | gia
X(m) Y(m) X(m) Y(m) O« | Oy | ¢ A ]
1 |BM-01{2140533.883| 579561.120 {2140533.882| 579561.120 | -1 | O 15 9,5 d(i)nnh
2 |BM-02]2140843.282| 581719.947 |2140843.285| 581719.947 | 2 0 2,5 9,5 d(i)nnh
3 |BM-03|2141710.008| 580347.616 | 2141710.009| 580347.614| 1 | -2 | 2,1 9,5 d(i)nnh
4 |BM-04|2142211.032| 582470.251 | 2142211.031| 582470.253 | -2 | 2 2,5 9,5 d?nnh
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Trén Bang 3, gia tri Ag chon béng yéu clu d6 chinh xéc d6i voi diém khéng ché co so va béng 9,5 mm.
Cac moc khong che co s¢ ve toa do ¢ chu ky 2 deu 6n dinh, do d6 tham s6 tinh chuyén tai Bang 2 dugc
st dung d¢ cai chinh vao toa dg cua cac moc khong ché tam thoi.

Bang 4. Toa do, dé cao cac méc khéng ché co sé va moc khéng ché tam thoi

Toa dg chu ky 02 Db cao ciia cac mbe
(sau diéu chinh)
o (25/7/2021) o
STT Tén moc Chuky 1 Chu ky 2 Ghi chu
X(m) Y(m) (25/7/2020) | (25/7/2021)
H1(m) H2(m)
1 BM-01 2140533.882 | 579561120 | 10057455 | 10057535
2 BM-02 2140843285 | 581710047 |  99.64527 | 99.64276 | Méc khéng ché co
3 BM-03 2141710009 | 580347.614 |  99.71700 |  99.71620 5
4 BM-04 2142211031 | 582470253 |  99.40265 |  99.39326
5| TBM-01 2142257221 | 582735.641 99.020 99.011
6| TBM-02 2142158285 | 582777.917 101.947 101953 | . .
7| TBM-03 2142268.922 | 583170.676 102.300 102.208 | Mo¢ kh‘;’r?gi‘:hé tam
8| TBM-04 2142334295 | 583559.581 101.964 101.986
9| TBMOS 2142221849 | 583859.788 101.678 101.690

Do cao cia cac moc khong ché co 8¢ ¢ Bang 4 1a d6 cao do bang thity chuan hinh hoc va 1 d9 cao sau
khi phén tich danh gia d6 on dinh Ve d9 cao cua cac mdc khong ché €O s0.

Khi xtr 1y sb liéu ludi GNSS gdm cac mdc khong ché co so va moc khéng ché tam thoi can xir 1y sb
lidu ¢ dang ludi 1 cép va binh sai ludi GNSS trong mdi chu ky quan tric can chon xur Iy ¢ ché do FIX toa
d6 1 diém (coi lugi GNSS 1a ludi tu do bac 0) dé tranh anh huong cua sai s6 s6 liéu gdc, sau d6 tién hanh
phéan tich d6 on dinh cta cac méc khong ché co s& va dinh vi lai mang ludi & chu ky dang xét vao vi tri
trung binh ctia cac mbc khdng ché co so 6n dinh.

Phuong phéap xir 1y s6 liéu ludi khdng ché co s& do bang cong nghé GNSS néu trén 1a phi hop va co
tinh chat chg, tinh dung dén cia thuat toan di dugc chimg minh bang két qua thyc nghiém. Quy trinh tinh
phan tich d6 6n dinh cia cac mbc khdng ché co so trong mang ludi thanh 13p bang cong nghé GNSS dé
dang tu dong hoa thong qua lap trinh tinh toan trén may tinh.

4.4.2. Két qua xi ly diz liéu scan 3D

Trat dir liéu rawdata vao may tinh, thyc hién xir Iy s6 liéu scan trén phan mém Magnet Collage theo
cac budce: Pose Scan, Colorize Scan from Images, Stitch panoramas, Filter Scan, Smooth Filter.

Tu dong registration, mo hinh tong thé cua dé dugc ghép hoan toan ty dong va sai s6 duoc kiém soat
ngay tai hién truong, do chinh xac dugc bao cao déy du bao gém toan bd tit ca cac tram scan, truong hop
phat hién sai sot trong qua trinh scan hién truong, dir liéu co thé duoc hiéu chinh hodc loai bo va thuc
hién scan lai d6i v&i tram may do.

uuuuu

ooooo

Hinh 9. Kiém tra sai s6 ciia mét tram may
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- Tién hanh xu Iy s liéu, xuat dit liéu point cloud dé phan tich sé liéu cong trinh.

Hinh 10. Point cloud data (chu ky 01)

Hinh 11. Point cloud data (chu ky 2)

Dit liéu quét 3D duoc thuc hién cho toan b than dé chin séng, dya vao dit liéu quét ctia 2 chu ky tién
hanh chong ghép 1én nhau dé phan tich, so sanh danh gid mirc do chuyen dich cua dé ciing nhu danh gia
chuyén vi tai mot vi tri cyc bd bat ky trén dé. Dt liéu phén tich theo mat cit ngang, xac dinh cac diém dic
trung trén moi mit cit do, tién hanh trich xut toa do va do cao tai cac vi tri d6 & cac chu ky do dé tinh toan
gia tri chuyén dich. Véi dir liéu quét 3D scanning, khi chong ghép md hinh 2 chu ky thi dé dang phat hién
dugc cac vung co gia tri chuyen vi 16n ciling nhur cac vi tri cuc bd c6 gia tri chuyén vi 16n dé trich xuét dir
liéu va danh gia mirc do chuyén vi so véi chuyen vi cho phép dé co nhiing canh bao kip thoi khi gia tri
chuyén vi dat ngudng hodc vuot gia tri chuyén vi cho phép. Do dé c6 chiéu dai 16n va chuyén dich giita hai
chu ky 14 nho nén trong bai bao nay khong hién thi dugc su chong ghép dit liéu cua 2 chu ky quan tric ma
chi thé hién tai mot s6 vi tri nhu Hinh 11 dé 1am 5 hinh anh chuyén dich cuc b tai mot s6 vi tri trén than
de.

Point 365

Hinh 12. Hinh anh thé hién gid tri chuyén dich giita 2 chu ky quan tric
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4.5. So sanh cac gia tri quét 3D so Véi quan trdc bang phwong phdp truyén thong

Pé danh gia do chinh xé4c cua phuong phap 3D laser scan, chung t6i da gan mot s6 diém do bang méc
st trén than dé dé do dac bang phwong phap truyén thong (do dac bing may toan dac dién tur), khi quét
3D s& thu dugc cac diém nay, khi xu ly dir liéu quét 3D tién hanh trich xuat toa d6 va do cao dé so sanh
v6i phuong phap truyén théng. Két qua so sanh toa do cac diém nay khi do bang 2 phuong phap dugc thé
hién trong Bang 5.

Hinh 14. Hinh anh cdc diém moc sit quan trdc bang phwong phdp truyén thong sau khi scan 3D

Bdng 5. Két qua so sanh 1 sé diém scan 3D so Vi phwong phdp truyén thong

STT|Tén diém

Toa d§, dd cao do b?mg
phuong phap truyen thong

Toa d9, d9 cao do bing scan 3D

P léch

X(m)

Y(m)

H(m)

X(m)

Y(m)

H(m)

BW25-3

2142279.661

583209.504

101.458

2142279.657

583209.506

101.450

-0,004

0,002

-0,008

BW25-4

2142275.566

583210.934

101.254

2142275.569

583210.931

101.252

0,003

-0,003

-0,002

BW25-5

2142269.829

583211.268

101.165

2142269.825

583211.269

101.168

-0,004

0,001

0,003

BW74-1

2142026.258

584055.664

98.985

2142026.262

584055.656

98.990

0,004

-0,008

0,005

BW74-2

2142025.609

584053.949

100.097

2142025.610

584053.944

100.092

0,001

-0,005

-0,005

OO W|IN|F

BW74-3

2142024.732

584051.706

101.017

2142024.745

584051.696

101.006

0,013

-0,010

-0,011

Tir két qua & Bang 5 nhén thiy, voi do chinh xac yéu cau dé ra qféi v6i diém quan tric 1a < 1,9 cm thi
phuong phap quét 3D khong nhimg dap Gmg dugce d chinh xac dé ra ma d¢ chinh xdc dat duoc tuong
duong nhu phuong phéap truyén thong.

Dir liéu 3D scan cua cdc chu ky cling ¢6 thé duoc phan tich tong thé trén phan mém civil 3D. Insert dit
liéu point cloud vao phan mém civil 3D, chay mét cat va phén tich d6 bien dang cong trinh theo mat cat
do6i véi dir liéu chong phu cua 2 chu ky.
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Hinh 15. Phan tich dit liéu trén phan mém Civil 3D

Do bé mit dé chin song 1a cac khdi Rakuna xép khong khit, c6 d6 rong 16n, dit liéu scan khong phai la
dir lidu dia hinh lién tuc (anh huong dén viéc tao TIN, DEM va phan tich dir liéu) két qua phan tich theo
mit cit va phan tich tong thé mang tinh twong di, s6 lidu phan tich chi tiét cuc bg tai cac khdi Rakuna s&
cho két qua chuyén dich chinh x4c tai cac khdi Rakuna.

5. Két luan

Coéng nghé GNSS duge timg dung dé lap ludi khdng ché cé cho phuong phap quan trac chuyén vi dé
chin song bang quét 3D scanning 1a phu hop va dem lai hi€u qua cao, cho phép linh hoat vé viéc lya chon
vi tri xay dung cac mdc khdng ché co s (cac mdc co s6 ¢6 thé ndm cach xa dé chin song), thuan tién cho
viée truyen toa d0 va dd cao cho cac moc khong ché tam thoi dé 1am co s& bd tri tram may quét 3D
scanning. Phuong phap xt 1y s6 liéu ludi khéng ché co sé va phan tich d6 6n dinh cac mbc khong ché
co s& do bang cong nghé GNSS néu trén 1a phu hop, ¢ tinh chit ché va d& dang 1ap trinh trén may tinh
dién tu.

Phuong phap quét 3D scanning dé chén song cho thay phuong phap nay khong nhing dép ng duge
dugc yéu cau do chinh xac quan trac dé ra d6i v6i dé chan song ma con ¢ uu diém hon so v&i quan trac
bang phuong phap trac dia truyén thong, nhu cho phep danh gia chi tiét chuyén vi tai mot vi tri bat ky cua
than dé, thé hién chuyén vi cuc bg ciing nhu tong thé than dé theo mé hinh 3D va hinh anh mot cach truc
quan. Mat khac, dir liéu quét 3D scanning hoan toan thiét 1ap duogc trang thai ban dau cua dé dé lam co so
dir liéu phuc vu cho viée khai thac st dung @€ sau nay.
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ABSTRACT

Research for combination of GNSS and 3D laser scan technology in
monitoring the displacement of breakwater
Tran Ngoc Dong", Nguyen Van Nghia®, Nguyen Van Hung?
! Vietnam Institute for Building Science and Technology (IBST) - Ministry of Construction
2 Topcon Representative Office in Vietnam - Topcon Corporation

Breakwaters are works built to protect ports, harbor tanks, anchoring areas, and protect shores from the
effects of waves. This article presents a solution that combines GNSS technology and 3D laser scan to
monitor the displacement of the breakwater with sloping plane. The experimental results of displacement
monitoring for a sloping breakwater of an oil refinery in Vietnam have shown that the above method not
only meets the required accuracy of the monitoring but also has more advantages than the traditional
geodetic method, such as allowing detailed assessment of displacement at any position of the breakwater
body, showing the local displacement as well as a 3D model of the breakwater body and the overall image
of the breakwater. The strength of 3D laser scan compared to the traditional method in displacement
monitoring is to compare the plane of the monitoring object at different scanning times to analyze the
displacement, while the traditional method is to compare single points with each other.

Keywords: Breakwater, displacement monitoring, GNSS technology, terrestrial laser scanning.
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Nghién ctru hoan thién phuong phap phan tich
d6 on dinh ludi do cao co sd trong quan trac 1Gn cong trinh
Tran Thay Linh®
Truong Pai hoc Mé - Dja chat

TOM TAT

Bai bao c6 noi dung phat trién hoan thién phwong phap phan tich d6 6n dinh cac diém cua ludi khdng ché
dd cao co s6 trong quan trac IGn cong trinh. Tir vige dé xuat nguyén tic xéc dinh trang thai cac diém méc
va phuong phap dinh vi lugi do cao co so, trong bai bdo da xac 1ap co so ly thuyét, xay dung thuat toan
va quy trinh phén tich d6 0 on dinh cac diém cua mang luéi da néu. Phuong phap xur ly s6 liéu dua ra trong
bai bao c6 tinh tong quat, chat ché va thuan tién trién khai thong qua giai phép 1ap trinh tinh toan. Cac két
qua thuc nghiém ddi véi cong trinh ¢ thyc té dd minh ching cho tinh hop ly cua quy trinh dua ra trong
bai bdo va hiéu qua ciia phuong phap dé xuat dé xu ly s6 liéu ludi do cao co sé trong quan trac IGn
cdng trinh.

Tir khéa: Ludi do cao co so, binh sai tu do, ma tran gia nghich déo, d én dinh diém co sé.
1. Pit van dé

Xay dung hé thong diém khdng ché cua ludi do cao co so 1a mot trong nhirng nhiém vy quan trong dbi
vé6i cong tac quan tric 1an cdng trinh. Clng véi d6 van dé phan tich, danh gia d6 6n dinh cua hé théng
diém co s& dua trén co s& CAc tri do 13p mang ludi trong cac chu ky quan tric luén duoc cac nha tric dia
quan tdm nghién cuu, khao sat va da dugc quy dinh trong quy dinh cua Nha nudc (TCVN 9360:2012).

Tiéu chi dé danh gia do 6n dinh diém do cao co s& dwoc xac dinh dua trén nguyén tic: “Piém co s¢
duwoc coi la on dinh néu chénh léech do cao cua diém dé ¢ chu ky dang xét so voi chu ky co so (chon lam
méc so sanh) khong vuwot quad sai 56 gidi han xdc dinh do chénh léch dé” va duoc thé hién cu thé qua
cong thirc (Tran Khanh, Nguyén Quang Phuc 2010, Dao Xuin Loc, Chu Manh Hing 2009):

|6H| < t.mgy @

Céc phuong phép danh gia on dinh luéi d6 cao déu dya vao gia dinh vé su 6n dinh cia mot nhom diém
trong ludi, mot so phuong phap dién hinh thudc loai nay 1a phuong phap Trernhicov (CHLB Nga), trong
do gia dinh vé d6 6n dinh do cao trung binh cua ca cum diém, phuong phap nay ¢ nhugce diém 1a khong
dat ra van dé xac dinh loai bo cac diém c6 gia tri chuyén dich 16n ra khoi hé thong; Phuong phap do nha
tric dia Costekhen dua ra duoc dya trén nguyén tic “Dg cao cia diém on dinh nhdt trong ludi ¢6 gia tri
khéng doi giira cac chu ky quan trdc”, trong phwong phap nay, ngoai gia thiét da néu & trén, con can phai
dit ra tidu chi dé xac dinh diém 6n dinh nhat; Phuong phéap binh sai luéi tu do dya trén gia thiét “Tong
binh phwong chénh léch do cao Cua cac diém on dinh trong ludi ¢ chu ky dang xét so véi chu ky goc la
nho nhdz” (Tran Khanh, 2006). Céc phuong phép néu trén déu coi ludi co so 1a luéi tric dia tw do va van
dé phan tich d6 6n dinh diém co s6 s& dan dén bai toan binh sai lu6i d6 cao tu do véi hé phuong trinh
chuin mé rong sau (Hoang Ngoc Ha 2006; Tran Khanh, 2006; John Olusegun Ogundare, 2016):

R C 0H b _
[CT O]X[K]+[0]_0 )
trong d6: 6H = [6H; &H, .. SHy]" - S6 higu chinh do cao déi voi vector do cao gan ding
H=[H) HY .. HY]", néu chon vector do cao gan ding bang véi vector dd cao binh sai & chu ky

chon 1am mdc so sanh thi vector sb hiéu chinh d6 cao 8H s& trung khop vai vector d6 Iun cia cac diém do
cao lu6i co sé; R, b 1a ma tran hé sb va vector sb hang ty do cua h¢ phuong trinh chuén, dugc xac dinh
dwa trén tap tri do trong ludi; C 1a vector bo trg, cd it nhat mot phan tir khac 0, vector nay cé tac dung
dinh vi mang Iuéi va duoc thé hién dudi dang:

* Té&c gia lién h¢
Email: tranthuylinh@humg.edu.vn
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CT6H=0 3)
hodc duoc viét dudi dang khai trién nhu sau:
6161'11 + (:281'12 + e + CN(SHN = 0 (4)

Trong d6 phan tir thi i (diém tht i) ctia vector C dugc x4c dinh theo quy tic (Tran Khanh, 2006):
_ { 1 Néu diém i 6n dinh 5
% =10 Néu diém i khong 6n dinh ®)
Biéu thic (2) va (3) c6 quan hé rang budc 2 chiéu: chi c6 thé giai dugc hé phuong trinh (2) néu da
vector C duoc xac dinh, mat khac vector lai 1a hé qua cua viée giai hé phuong trinh (2). Do khong the xu
ly dong thoi cac biéu thire (2) va (3) nén bai toan phan tich d¢ 6n dinh ludi co s¢ dugc giai quyet theo
cach tinh 13p: trong budc 1 dua ra gia thiét vé d6 6n dinh ciia nhom diém, bude 2 thyc hién kiém tra gia
thiét, néu gia thiét 1a dang thi phurong &n duwoc xdc nhdn, néu gia thiét khong dang thi phuong an bi loai
bo. Trong tai liéu (Tran Khanh, Nguyén Quang Phuc, 2010) da dé xuét giai bai toan theo phwong phap
lap nhich dén voi trinh tu thuc hién nhu sau: Bude dau gia dinh tat ca cac diém co s& trong ludi 1a on dinh
(chon vector CT = BT =[1 1 .. 1lixn)), tir d6 gidi hé phuong trinh chuan voi vector C da chon,
xé&c dinh vector 4n s6 (ciing chinh 1a chénh léch d6 cao cua cac diém so voi sb lidu & chu ky dugc lay lam
muc so sanh). Tiép theo thuc hién kiém tra, danh gla d6 6n dinh cac diém co s, néu phat hién mot s6
diém khong 6n dinh thi s& loai mot diém c6 gia tri trdi lan 16n nhét ra khoi tap hop diém dinh vi (bang
cach gan cho diém do gia tri ¢ = 0), quay lai thyc hién tir budc giai hé phuong trinh chuén m& rong va
kiém tra o 6n dinh cac diém con lai, qua trinh 1dp duogc thyc hién cho dén khi cac diém duge kiém tra
déu 6n dinh thi két thiic qua trinh 1ap va thue hién dinh vi ludi theo cac diém co s6 6n dinh.
Quy trinh tinh toan néu trén c6 uu diém 1a d& thuc hién, tuy nhién c6 nhiing cau hoi dit ra nhu: tai
sao trong mdi lan tinh 1ap lai chon loai chi mot diém c6 do troi lun l6n nhéit? va khi co nhiéu phuong &n
dap tng tap hop diém 6n dinh thi chon phuong an nao?. bé giai quyet nhitng vin d& néu trén, trong muc
2 cua bai bao nay ching to1 dé xuét mét phuong phap xur 1y co tinh tong hop ddi voi bai toan phan tich do
6n dinh cta luéi d6 cao co s quan tric lin cong trinh.

2. Co s ly thuyét va phwong phap nghién ctru
2.1. Xay deng quy trinh x 1y sé ligu luéi co s

Truée hét noi vé Vér} déy dinh vi toi wu luéi do cao tur do: Gia su mot mang ludi do €ao o so ¢o 5 diém
diém, trong d6 c6 4 diém on dinh (1, 2, 3, 4) va 1 diém khong 6n dinh (diém 5). So d6 ludi dua ra trong
hinh 1. Mang ludi dugc dinh vi theo 4 diém 6n dinh véi diéu kién:

Y. 6H? = §H? + §HZ + SH? + SH? = Min (6)

Tir biéu thic (6) tinh sai s6 dinh vi ludi (m) theo cdng thirc (dang tong quét):

e [ .

Hinh 1. So dé dinh vi ludi @6 cao tw do

Tay thugc vao gia dinh vé trang thai (6n dinh hoac khong on dinh) cua cac diém ludi do cao co sé ma
céc hé sb ¢; trong cong thirc (4) ¢d thé nhan duoc céc gia tri khac nhau (1 hoac 0). Néu mang ludi do cao

142



(’\
ESS% HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
— Vi SU PHAT TRIEN BEN VIPNG (ESSD 2023)
ENGINEERING SURVEYING

FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

co 36 ¢ N diém va gia dinh ¢ k diém trong s6 d6 6n dinh (con lai N-k diém khong on dinh) thi s& chon
duoc s6 lugng phuong an khac nhau déi vai vector C la:

N!

= - (8)

Wi

Coi nhém phwong én k 1a nhém céc phuong 4n ¢6 k diém on dinh, khi d6 chiing ta s& ¢c6 N nhém, ki
hiéu tir nhém tir 1 dén nhdm (N), tong s6 phuong an trong cac nhom dugc xac dinh theo céng thac:

_ vk=N___N!
w =Xz KkIx(N—k) ©)

Chung t6i d& xuat thuc hién binh sai luéi d6 cao co s& vdi tit ca cac phwong an co thé xay ra cua
vector C dé trén co s d6 chon duoc phuong 4n t6i wu nhat. Cach lam nay c6 thé dan dén sb luong
phwong 4n can phai xur 1y 14 rat 16n (vi du néu mang luéi c6 10 diém co so thi sb phuong 4n w = 1023),
tuy nhién néu thyc hién xir Iy theo mot quy trinh phu hop thi khdi lugng tinh toan s& giam di dang ké.

Trude hét ching ta xac dinh cac tiéu chi chon phwong 4n tdi wu: Phuong 4n tdi uu dugc chon trong sé
cac phuong an dugc xac nhan theo cac tiéu chi, theo thir ty wu tién nhu sau:

1. Chor} phuong an co sb luong diém n dinh 1a 16n nhét, tiéu chi nay dugc dua ra dé bao dam do tin
cay cua két qua xu ly.

2. Néu xac dinh dugc nhiéu phuong an co s6 diém 6n dinh bang nhau thi chon phuong an c6 sai sd
dinh vi nho nhat, tiéu chi nay dugc dua ra dé bao dam do chinh xac cua viéc dinh vi ludi.

Pé giam khdi lwong tinh toan, chung t6i dé xuat quy trinh xtr ly s6 liéu ludi co so theo cac budc sau:

Buéce 1: Trén co sé sb lidu quan tric, binh sai ludi véi gia thiét tat ca cac diém déu 6n dinh (bang céch
chonvector C" =BT =[1 1 .. 1]ixn). Kétqua xac dinh dugc ma tran gia nghich dao téng quéat R*
va vector an s6 8Ho. Néu do léch cua cac diém déu khong vuot qua do léch gidi han thi két luan 1a tt ca
cac diém déu 6n dinh va két thic qua trinh xtr ly. Néu gia thiét dua ra la khong ding thi thyc hién cac
budc tinh 1ap ¢ budce 2.

Buéc 2: Lan luot binh sai lu6i véi cac phuong an vector C trong cac nhom, 1an luot tir nhém phuong
an N-1 10i dan lai dén nhom phuong an 2, néu trong nhom nao d6 (vi du nhém k) xac dinh dwoc mot hoac
mot s6 phuong an c6 k diém 6n dinh thi két thic qua trinh xt ly. Quy trinh lap trong budc xu Iy ndy cé
thé dwoc mo ta bang ngdn ngit gia lap nhu sau:

for(NhomPhuongAn=N; NhomPhuongAn>=2; NhomPhuongAn--)

{
For(PhuongAn=1; PhuongAn<=Wnnomphuongan; PhUONGAN++)
{
Chon ma tran C;
Binh sai ludi co s¢ ludi co sd, danh gia cadc phuong an;
}
Néu tim dugc mét hoac mot s6 phuwong dn duwoc xac nhgn thi chuyén sang budc 3;
}

Buoc 3: Néu trong nhém k ¢6 1 phuong an dat yéu cau thi chon phuong én do, néu ¢ nhiéu hon 1
phuong an dat yéu cau thi chon phuong an c6 sai s6 dinh vi nhé nhat.

2.2. Téi wu héa thugt todn

Deé giam bot khoi lugng tinh ton khi xir 1y céc phuong 4n & budc 2, thay cho viéc phai thuc hién cac
budc tinh theo quy trinh binh sai luéi, ching t6i de xuat ap dung cac cong thirc chuyen ticp dé xac dinh
ngay ma tran gia nghich dao va vector an sb theo céc codng thic duge dua ra trong (Hoang Ngoc Ha,
2006):

- Tinh ma tran gia nghich dao tir ma tran nghich dao tong quat:
R~ = (E-=TCT)R*(E - CT") (10)
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trong d6: T = B(CTB)™!
- Tinh vector nghiém:

SH = —R™b (12)
2. Két qua thuc nghiém va thao luan

Lué6i do cao co so tai mot cong trinh thay dién gém 12 diém, trong d6 co 10 diém co sé va 2 diém
trung gian, ludi dugc lién két tir 18 tuyén do chénh cao. Tir yéu cau sai s6 trung phuong xac dinh do 1an
dbi véi cong trinh nay 1a mg < 1 mm, hé théng ludi d6 cao dugc thanh 1ap tir 2 cip va chon hé sé giam
d6 chinh xac céc cap ludi cing nhu hé s6 t trong cong thuc (1) déu bang 3, xéac dinh dugc tidu chuan do
6n dinh ddi véi d6 cao cac diém co so la Msh(gisi han) = t-Msy < 1 mm. So do ludi do cao co s¢ dugc
dua ra trén Hinh 2, trong Bang 1 trinh bay céc vector tri do, tri binh sai ddi véi 18 tuyén chénh cao.

Pap thuy dién
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Hinh 2. Lu6i dé cao co sé quan trac 10n cong trinh thuiy dién

Cong doan xu ly s6 liu dwoc thuc hién théng qua viéc lap trinh tinh ton. Qua trinh tinh ¢ budc 1
(gia dinh cac diém déu 6n dinh) cho thay phuong 4n khong duoc xac nhan. Xu Iy ¢ budc 2 bat dau véi
gia dinh c6 1 diém khong 6n dinh (gom 10 phuong an), tiép tuc ting 1én gia dinh 2 diém khong on dinh
(45 phuong 4n), cac phuong an trén déu khong dat yéu cau. Khi gia dinh c6 3 diém khéng 6n dinh (gom
120 phuong 4n) thi xac dinh dwgc 3 phuong an dat yéu cau, bao gom: phwong 4n 1 cho két qua 3 diém
khong 6n dinh (RPO1, CT2, CT4) véi sai s6 dinh vi m = 0,015 mm, phwong an 2 cho két qua 3 diém
khong 6n dinh (RP02, CT2, CT4) véi sai s6 dinh vi m = 0,024 mm, phuwong an 3 cho két qua 3 diém
khong 6n dinh (CT1, CT2, CT4) vai sai s6 dinh vi m = 0,023 mm. Nhu vy phwong 4n 1 14 phuong an tdi
vu nhét va dugc chon 1a két qua cia bai toan, ludi duge dinh vi theo cac diém 6n dinh trong phuong 4n
nay va két thic qué trinh xu ly s6 liéu.

Bang 1. S6 liéu do va tri binh sai cac tuyén chénh cao lwéi @6 cao co s¢

S6 Tuyén do Chénh cao do S6 S6 hiéu Chénh cao binh
TT Piém dau Diém cudi (m) tram chinh (m) sai (m)

1 RPO1 RP03 0,1366 1 0,0000 0,1366

2 RP03 RP02 -0,0133 1 0,0000 -0,0133

3 RP02 RPO1 -0,1232 1 0,0000 -0,1232

4 RPO1 CT1 77,6584 56 -0,0004 77,6580

5 CT1 CT3 12,3973 16 0,0001 12,3974

6 CT3 CT2 -89,1093 59 0,0002 -89,1091

7 CT2 CT1 76,7110 44 0,0007 76,7117
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Sé Tuyén do Chénh cao do Sé Sé hiéu Chénh cao binh
TT Diém dau Diém cudi (m) tram chinh (m) sai (m)
8 CT2 RP0O3 -0,8094 43 -0,0003 -0,8097
9 CT3 QT12 -1,4553 23 0,0001 -1,4552
10 CT5 QT12 35,8903 49 -0,0004 35,8899
11 CT5 CT2 -51,7644 65 0,0004 -51,7640
12 QT12 CT4 32,0143 23 0,0000 32,0143
13 CT4 CT5 -67,9044 65 0,0002 -67,9042
14 CT4 RP04 -71,8784 87 -0,0004 -71,8788
15 RP04 RP05 0,3813 1 0,0000 0,3813
16 RPO5 RPO6 0,0980 1 0,0000 0,0980
17 RP0O6 RP04 -0,4793 1 0,0000 -0,4793
18 RP05 CT5 3,5934 32 -0,0001 3,5933
Bdng 2. Bg cao binh sai cic diém co sé ¢ chu ky 1
S6 | Téndiém | Do cao chu C Do léch | Pocaochu | Saisddd Danh gia
T ky goc (m) SH (mm) ky quan trac | cao (mm) | Tinh trang diém
1 RPO1 141,1848 0 1,2 141,1860 0,3 Khbéng 6n dinh
2 RP02 141,3095 1 -0,3 141,3092 0,3 On dinh
3 RP0O3 141,3228 1 -0,2 141,3226 0,3 On dinh
4 RP04 189,9213 1 0,5 189,9218 0,3 On dinh
5 RP0O5 190,3027 1 0,4 190,3031 0,3 On dinh
6 RP0O6 190,4009 1 0,2 190,4011 0,3 On dinh
7 CT1 218,8444 1 -0,4 218,8440 0,3 On dinh
8 CT2 142,1339 0 -1,6 142,1323 0,3 Khoéng 6n dinh
9 CT4 261,8024 0 -19 261,8005 0,3 Khoéng 6n dinh
10 CT5 193,8964 1 -0,1 193,8963 0,2 On dinh
11 CT3 | - --- - 231,2414 03 | @ -
12 QT12 |  --—--- --- — 229,7863 03 | -
4. Két luan

1- Bai béo da x4c 1ap tiéu chuan dé phan tich, danh gia do 6n dinh cac ciia ludi d¢ cao co s¢r quan trac Iin
cbng trinh mot cach chat chg, co co so khoa hoc va phu hgp véi diéu kién thuc té san xuat ¢ Viét Nam.

2- D3 dé xuit phuong phap tong quét danh gia do 6n dinh cac dlem trong mang ludi do cao co s, Xac
dinh dwoc phuong an t6i wu nhat. Thuat toan va quy trinh xi 1y s6 lidu dua ra trong bai bao thuén loi cho
viéc lap trinh tinh toan, dong thoi cho phép nang cao dang ké hiéu qua cua qué trinh xu 1y s6 lidu.

Tai ligu tham khao
Hoang Ngoc Ha (2006), Binh sai tinh toan ludi tric dia va GPS, Nxb Khoa hoc va Ky thuat, Ha Noi

Tran Khanh (2006), Xéc lap co s¢ Iy luan cho viéc ting dung phuong phép binh sai tw do dé xi Iy s6
liéu trac dia cong trinh, Tap chi KHKT Mo Dia chat s6 16-2006, trang 90-93.

145



[ : HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
Cessp

Vi S PHAT TRIEN BEN VNG (ESSD 2023)
e ——

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

Tran Khanh, Nguyén Quang Phuc (2010), Quan tric chuyén dich va bién dang cong trinh, Nxb Giao
théng Van tai, Ha Noi.

Dao Xuan Loc, Chu Manh Hung (2009), “Khdo sat do 6n dinh luoi do cao co so bang thuat toan binh
sai ludi ty do”, Tap chi Phat trien khoa hoc cdng nghé, Pai hoc quoc gia Tp.H6 Chi Minh, 12(18).

TCVN 9360:2012, Quy trinh k¥ thuat xac dinh do IGn cong trinh dan dung va cong nghiép bang
phuong phap do cao hinh hoc.

John Olusegun Ogundare (2016), Precision Surveying: The Principles and Geomatics Practice,
Published 2016 by John Wiley & Sons, Inc.

ABSTRACT

Researching and perfecting analytical methods

basic elevation network stability in construction settlement monitoring
Tran Thuy Linh”
Hanoi University of Mining and Geology

The article has the content of developing and completing the method of analyzing the stability of points of
the basic elevation control network in construction settlement monitoring. From proposing the principle
of determining the state of landmarks and the method of locating the base elevation network, in the
article, the theoretical basis, algorithm development and process of analyzing the stability of the points
have been established. mentioned network. The data processing method given in the article is general,
rigorous and convenient to deploy through computational programming solutions. The experimental
results for the actual construction have proved the reasonableness of the process given in the article and
the effectiveness of the proposed method to process data of the base elevation network in the construction
settlement monitoring. submit.

Keywords: Base elevation network, free correction, pseudo-inverse matrix, base point stability.
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Xay dyng ludi tam gidc thiy cong trén co so ket hop tinh
chuyén toa @6 cong trinh va binh sai tu do

Tran Trung Anh™ 2", Nguyén Quang Ha®

'Khoa Trdc dja - Ban do va Quan Iy ddt dai, Trirong Pai hoc Mo - Dja chat ,
’Nhém nghién cizu Céng nghé Pia tin hoc trong Khoa hoc Trdi dat (GES), Truong Pai hoc Mo - Dia chat
Cong ty Thuiy dién Ban Vé

TOM TAT

Bai bao trinh bay vé muc dich xay dung ludi tam gi4c thay cong & pham vi nghién ciru thuge cong trinh
thiy dién Ban V&, tinh Nghé An. Phuong phap nghién ctru gdm phuong phap tric dia cong trinh, do dac
thuc nghiém, do dac hién truong bang may toan dac dién tir do chinh xac cao, do tinh ludi GNSS, phuong
phép binh sai tu do, danh gia d6 chinh xac va xir ly van dé tinh chuyén toa do, cai chinh tri do. Két qua
nghién ciru 13 quy trinh xay dung, xt Iy ludi tam giac thay céng phuc vu thi cdng va quan tric bién dang
cong trinh thuy dién. Thuc nghiém véi ludi tam gidc thay cong tai cong trinh thuy dién Ban V& vai 6
diém do tinh GNSS, do 26 goc, do 13 canh toan dac; Xir Iy s6 liéu sau binh sai dat sai s6 trung phuong
trong sé don vi 0,8501, sai sb trung phuong vi tri diém yéu nhat dat 0,7 mm, sai sb trung phuong twong
dbi canh yéu nhat dat 1/231715, sai s6 trung phuong phuong vi yéu nhat dat 0,40". Cac diém nay c6 do
chinh xé4c cao, phan anh dng, chan thuc véi thuc té tai khu vuc thuc nghiém thay dién Ban V& phuc vu
t6t cho thi cong va quan trac bién dang cong trinh.

Tur khoa: Ludi tam gidc thiy céng, toan dac, GNSS, binh sai ty do, thuy dién.

1. Pit véan dé

Theo Quyét dinh sé 16/2005/ND-CP ngay 07/02/2005 cua Thu tuéng Chinh phua: Tét ca cac cong trinh
thity dién nhom A va nhém B trude khi thi cong déu phai xay dung ludi khdng ché thi cong chuyén dung
goi la ludi tam giac thuy cdng va thiy chuan thuy cong (EVN, 2005). Luéi tam giac thuy cong duoc xay
dung véi muc dich 1am co s¢ toa do, do cao gbc théng nhat cho cong trinh phuc vu thi céng, hoan cong
cong trinh nhu: Pua tim cac hang muc cdng trinh thiét ké ra thuc dia; B6 tri, theo dai, diéu chinh lap dat
cac cau kién co khi, cong nghé; La co so theo ddi, kiém tra, bé sung, diéu chinh va khdi phuc céc tim,
truc, cac duong bién cong trinh trong qua trinh thi cong, lap méy, hoan cong va nghiém thu cng trinh;
Do v& ban d6 ty 1¢ I6n, cac mét cat dia hinh dé chinh xac hoa khdi luong thi ¢dng,... La co s¢ dé xay dung
ludi quan tric bién dang cong trinh ciing nhu nang cap, cai tao sura chira sau nay (EVN, 2005). Céc diém
tam gidc thuy cong va thuy chuan thay cong khi thiét ké va xay dung moc can cin cir vao ban vé téng mat
bing cong trinh két hop vai viéc khao sat hién truong. Vi tri cac mbe phai dam bao tinh bén viing, én
dinh, it bién dang hoic bi phé& hoai trong qua trinh thi cong va duoc bd tri thuan loi cho muc dich st dung.
Hé toa d6 va d6 cao cua ludi tam giac thuy cdng phai phu hop vaéi hé toa d6 va d6 cao da su dung trong
qua trinh khao sét va thiét ké cong trinh, thong thuong 1a hé toa do qudc gia VN2000 va hé do cao Hon
DAu, Hai Phong. Theo TCVN 9398:2012 tai 4.8: “Ddi véi nhitng cdng trinh 16n ¢é day chuyén céng nghé
phtrc tap va cong trinh cao tang can phai sir dung cac méay méc, thiét bi hién dai c6 d6 chinh x4c cao nhu
méy toan dac dién tr, may thiy chun ty dong can bang c6 by do cuc nho va mia invar, may chiéu
dung,... DBé thanh 1ap lusi khong ché c6 thé sir dung cong nghé GPS két hop méy toan dac dién tir”.

Chinh vi yéu cau trén, d6i véi lugi tam giac thay céng: cac mdc dugc chon va xay dung & vi tri gan
céc hang muc cong trinh xay dung dé dap tng cong tac thi cong dugc tién loi, giam thiéu sai s6 do do dac
va bién dang ciia phép chiéu hé toa do, do cao trung binh cia cong trinh. Cac mdc tam giac thuy cong
phai duoc dat & cac khu vuc c6 tim khéng ché rong, bén viing va cé tinh én dinh trong subt qué trinh tir
khi khai cong dén lac hoan thién cong trinh. Cac méc can dwoc wu tién bd tri & gan céc truc doc truc
ngang cua cong trinh va & cac cao trinh khac nhau thuén lgi cho cong tac xay dung cong trinh.

* Tac gia lién h¢
Email: trantrunganh@humg.edu.vn
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Mot van dé dat ra 1a: lui tam giac thuy cong phai thugc hé qudc gia VN2000 nhung dong thoi ciing 1a
hé cong trinh va dat yéu cau do chinh xac rat cao (EVN, 2005). Bé dap tng yéu cau do can phai thyc hién
cong viéce: do tinh ludi GNSS ¢6 mde gbc 1a diém toa do qudc gia (dé nhan dwoc toa dd GNSS quéc gia
cuia cac diém tam giac thay cong), do goc canh d6 chinh xac cao bang may toan dac dién tu.

Véi yéu cau do chinh xac rat cao trong pham vi hep nén toa do GNSS quéc gia méi chi 1a dinh vi ban
dau trén mat chiéu géc, can tinh chuyén vé hé cong trinh va chinh xéac hda bang tri do toan dac thong qua
bai toan binh sai ty do. Tir trude dén nay céc cong trinh nghién ciru thuong tach riéng cong doan nay;
cling chi chon 1 diém va chon 1 huéng phuong vi phat trién ludi (doi khi 1a h¢ gia dinh). Bai bao giai
quyét dong thoi tinh chuyén toa do va binh sai ty do nhiam dap ung ca 2 yéu cau la: xay dung luéi thuy
cong trong hé qudc gia nhung van dap tmg do chinh xac cao, tan dung wu diém cua cong nghé GNSS va
toan dac dién tu.

2. Co s6 cia phuong phap nghién ciru
2.1. Co sé ciia tinh chuyén tea dg va cdi chinh trj do canh toan dac

Co s& cua tinh chuyén toa dé tir hé qudc gia vé hé cong trinh va cai chinh tri do canh toan dac duoc
trinh bay trong Hinh 1.

mat d¢ caotcong trinh

miit doycao goc Trong do:

R = 6371000 m la ban kinh Tréi dat;
O(Xo, Yo) 1a toa d6 diém trong tam:
P(Xgnsss Ygnss) 12 diém toa do do bang GNSS:
P(X, Y) 1a diém toa d6 trong hé cong trinh;
H, 12 do cao mat chiéu;

Hp la d6 cao cua diém do;

S la canh do nghiéng;

Dy, la canh do ngang;

D la canh do ngang tinh cai chinh vé;
mit chiéu cong trinh;

D, la canh trén mat do cao géc.

P(Xnsi, Yond

Hinh 1. Nguyén ly tinh chuyén toa dg vé hé cong trinh va cdi chinh canh do

Trong bai toan tinh chuyén toa do tir hé qudc gia vé hé cong trinh can chon 1 diém trong tam O, toa d6
diém nay 1a khong dbi, dwoc sir dung thong nhét trong toan bo du an. Diém trong thm O dwoc xac dinh
toa d6 c6 thé 1a tri trung binh cua cac diém tam gi4c thuy cong, hoic gié tri toa do tai vi tri dap, nha may
theo thiét ké. Nguyén tac tinh chuyén toa do ve h¢ cong trinh 14 giir nguyén huéng phuong vi tir diém
trong tam dén diém tam giac thiy cong, cai chinh vao toa do diém tam giéc thay cong gia tri bién dang
ciia mUi chiéu va do cao mat chiéu. Van d& nay duoc xtr Iy qua cac bude nhu sau:

Tinh khoang cach tir diém trong tam dén cac diém tam giac thay cong theo cong thic (1):

2 2
D, = \/(Xgnss - Xo) + (anss - Yo) (1)
Tinh toa do diém trong hé cong trinh theo cong thirc (2):
X\ _ (X, Yooy Hine cosa
(Y) - <Y0)+ [D" +(1_k_ R2 )D°+ R D"] (sin a) (2)

trong d6: k 1a hé sb bién dang caa mui chiéu (thuong lay 0,9999 ddi véi mai 3°);
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_ YgnsstYo
Yotb - 2
thay céng; ]
@ la goc phuong vi cia hudng tir diém trong tdm dén diém tam giéc thuy cong;
Doi vai tri do toan dac, viéc cai chinh tri do duoc tinh theo cdng thirc (3):

— 500000 1a hoanh d trung binh ciia canh tir diém trong tdm dén diém tam giéc

Dine = Dgo + (1 - Ytb) Dao — Wl)do 3)
Yp . +Yp . , . , ..
trong do: ¥, = —4——ui _ 500000 la hoanh d¢ trung binh cia canh do tir diém dau dén diém cudi;
H_anp 12 d6 cao cua canh do;

Néu canh do 1 chiéu thi: Heyy, = Hp,,  (d0 cao ciia diem dau canh).

z Y R Hp o tHP s N , 2 A \ a2 e
Neéu canh do 2 chiéu thi: He,pp, = M (dd cao trung binh cta diém dau va diém cuoi
canh do).

2.2. Co s¢ cua binh sai tu do lwéi tam gidc thiy cong va quy trinh xay dung lwdi

V& cac budc caa binh sai tu do, dau tién 1ap hé phwong trinh s6 hiéu chinh (Bang Nam Chinh, 2015;
Benzao Tao, 2017):
Vgéc = Ag()c X+ Lgéc; Pgéc
Vcanh = Acanh X+ Lcanh; Pcanh 4)
; I(gnss = Agnss X+ Lgnss; Rgnss ) ,
trong do: Vysc, Veann, Vgnss 1 vector so hiéu chinh cua tri do goc, canh va gia so toa do GNSS (AX, AY bo
sung néu can);
AgOC,Acanh, gnss 1a ma tran hé s6 hé phuo‘ng trinh s6 hiéu chinh géc, canh, gia s6 GNSS;
X 1a vector 4n s6 (s6 hiéu ch1nh toa do diém tam giéc thiry cong);
Lgscs Leanns Lgnss 1a vector s6 hang ty do;
Pyscr Peanns Pynss 18 ma tran trong sé cua tri do goc, canh, gia sb toa do GNSS;
Theo phuong phap s6 binh phuong nhé nhét, budc tiép theo 1a lap hé phuong trinh chuan:
N-X+1=0 (5)
trong d6: N = A PyscAgoc + Arann PeannAcann + AgnssPynssAgnss 12 Ma tran hé s phuong trinh chuan;
Agocpgocl‘goc
I'=| AL hPeannLeann | 12 vector sb hang tu do ciia h¢ phuong trinh chuan.

T
Agnss Iy gnss Lgnss

Dic diém cua hé phuong trinh chuan (5) 1a c6 ma tran hé s6 suy bién DET(N) 0, co s6 khuyet d. bé
giai h¢ phuong trinh chudn ndy can phai thém diéu kién phu rang budc noi by cac an sb goi la didu kién
sb lieu gbc. Diéu kién do 1a:

ST-X=0 (6)
trong d6: ST 1a ma tran c6 s6 hang bang s6 khuyét d va s cot bang sb 4n s, dang caa S c6 thé tham khao
(Pang Nam Chinh, 2015).

Nhu vay tir (4) va (6) hé phuong trinh chuan kém diéu kién sb liéu gbe duoc viét lai la:

N S1[X7_ -1
[ST 0] [K] - [ 0 ] 7
trong dé: K 1a ma trén kich thudc s6 cot 1a s6 khuyét d, sé hang 1a s an sb goi 1a ma tran nhan Lagrange.
N S1x1_q-I
[ST 0”1{]_[0]
Nghiém duy nhét ciia hé phuong trinh chuin dugc xac dinh theo cong thirc:
X=-0Q I 8)
trong d6: Q"' = (N + S$T)‘1 goi la ma tran gia nghich dao.
Ma tran hiép trong s6 dao caa vector an s6 X duogc xac dinh la;
Qxx=Q NQ’' =Q —-Q’'SS"Q’ )
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Pénh gia do chinh xé4c cua ludi trén cac tiéu chi chinh nhu: Sai sé trung phuong trong s don vi, sai $6
trung phuong cua an s, elip sai 6 vi tri diém, sai s6 trung phuong tuong hd,... dugc tham khao theo tai
ligu (Pang Nam Chinh, 2015, Charles D. Ghilani, 2017). Kiém dinh thong ké sau binh sai dwoc tinh theo
tiéu chi tham khao tai liéu (Charles D. Ghilani, 2017).

Tir ly thuyét co ban nhu trén, nhom tac gia tién hanh trién khai thuat toan va quy trinh xay dung ludi
tam giac thiry cong theo Hinh 2. Lap trinh viét phan mém binh sai ApnetPro dé ty dong xu Iy sé liéu va

kiém chirng thuat toén.
( Cong tac chuén bi )

I

Xay dung méc thuy cong > Po GNSS tinh

Po goc canh bing may
toan dac

! I |

Nhap toa do diém trong Xir 1§ binh sai lu6i GNSS [~
tam, d6 cao mat chiéu

! I I

Xt ly dit liéu goc, canh

\
\
2 B r ‘
Nhap dir liéu do _ Tinh chuyén toa do vé hé | Nhap toa do moc \
g6c¢, canh \ cong trinh N thuay cong ‘
| |
\ Z
R N Khai bao bo sung 4_\
canh do GNSS
I
Y Y
Lap phuong trinhs6 hi¢gw | | . Lap phuong trinh s6 hi¢u
chinh gbc do, canh do chinh canh GNSS
Y ‘
Lap didu kién sb lidu gbc }
\
| |
Lap hé phupng trinh | |
chuan
Giai nghiém, tri binh sai
R — i . — —— Chuyén buéc
Thong ké va danh gia do
chinh xac —— > C6thé bd sung

|
C Két thuc >

Hinh 2. Quy trinh xay dung heéi khang ché mat bang thiy cong

3. Két qua va thao luan

Khu vyuc thuc nghiém la xay dung ludi tam gidc thay cong tai thily dién Ban VE. Thuy dién Ban V@
dugc x@y dung trén dong séng Nam Non tai x& Yé&n Na, huyén Tuong Duong, tinh Nghé An. Day 1a thuy
dién lon nhat khu vuc Bic mién Trung véi cong suat lap may 320 MW, san luong dién trung binh nim
1.084 triéu kWh, muc nudce dang binh thuong 200 m va c6 dung tich hd chira 1,83 ty m® (EVN-GENCO1,
2017).

Lu6i tam gidc thiy cong gom 6 diém méc dinh tam bét bugc dugc dat trén nén dat hogc da cing, on
dinh (Hinh 3). Toa dé cac diém mbc duoc do toa dd qudc gia bang cong nghé GNSS véi phuong phap do
tinh. Po goc canh bang may toan dac dién tir Leica kém phu kién guong tiéu chuén, may va guong déu
duge dinh thm bét budc. May toan dac dién tir Leica c6 théng sé do chinh xac do goc 1,0"; d6 chinh xac
do canh dat 1,0 mm + 1 ppm x D; (D la chiéu dai canh dugc tinh bang km). Céc théng s6 cia may do la
co s6 tinh trong sé cua goc, canh do.
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Hinh 4. Po goc canh bang mdy toan dac dién tir Leica (anh EVN-PECC1)
Sau khi nhap sé liéu gdbm: toa do diém tam gi4c thuy cong do bang GNSS lam géc khai tinh (c6 nhap

d6 cao cua diém dé 1am co s cai chinh canh do), tri do goc, tri do canh, toa d6 diém trong tam, d6 cao

mit chiéu, yéu cau cai chinh phép chiéu (k = 0,9999) va yéu cau cai chinh d6 cao cho canh do toan dac.

Két qua tinh chuyén dugc trinh bay trong Bang 1.

Bang 1. Két qud tinh chuyén toa d tir hé quéc gia vé hé cong trinh

Toa d6 do bang GNSS Toa do tinh chuyén vé hé cong trinh
Piém (VN2000, k = 0,9999) | (Xo= 2139765 m; Y, = 472130 m; H, = 150 m)
Kgnss(M) Y gnss(M) X(m) Y(m) H(m) | Ghi cha

QTO1A 2139506.614 | 471990.871 | 2139506.5846 | 471990.8551 228

QT02 2139832.996 | 471715.669 | 2139833.0037 | 471715.6218 243

QT03 2139635.532 | 471888.945 | 2139635.5173 | 471888.9175 245

QT04 2140014.635 | 472206.464 | 2140014.6635 | 472206.4727 219

QTO05 2139823.096 | 472344.101 | 2139823.1026 | 472344.1254 198

QTO06 2139777.070 | 472630.456 | 2139777.0714 | 472630.5131 222

Dé thiy su hiéu qua khi tinh chuyén toa do tir hé qudc gia vé hé cong trinh cua tri do canh gdc va canh
dugc tinh tir toa d0 GNSS, xét @6 chénh 1éch trong Bang 2.
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Bdng 2. So sanh chiéu dai canh goc ¢ hé quéc gia va canh sau cdi chinh ¢ hé cong trinh

Canh Tri do gbc Tri do trong hé cong trinh

m Pau | Cudi Dao Do Dao-D, Dine D DBC Ghi

(m) m | mm | ) M |y | S
1 QTO05 | QTO6 | 290,0638 | 290,0303 33,5 | 290,0611 | 290,0634 -2,3
2 QT04 | QTO5 | 235,8913 | 235,8625 28,8 | 235,8891 | 235,8894 -0,3
3 QTO03 | QTO6 | 754,9936 | 754,8984 95,2 | 754,9837 | 754,9845 -0,8
4 QTO03 | QTO5 | 492,3513 | 492,2878 63,5 | 492,3458 | 492,3439 1,9
5 QTO03 | QTO4 | 494,5679 | 494,5072 60,7 | 494,5615 | 494,5636 -2,1
6 QT02 | QTO4 | 523,3959 | 523,3283 67,6 | 523,3892 | 523,3878 14
7 QT02 | QTO5 | 628,5914 | 628,5100 81,4 | 628,5844 | 628,5816 2,8
8 QT02 | QTO6 | 916,6100 | 916,4949 115,1 | 916,5981 | 916,5994 -1,3
9 QT02 | QTO3 | 262,7400 | 262,7101 29,9 | 262,7361 | 262,7400 -3,9
10 | QTO1A | QTO3 | 164,3665 | 164,3434 23,1 | 164,3643 | 164,3621 2,2
11 | QTO1A | QTO04 | 551,9421 | 551,8747 67,4 | 551,9357 | 551,9376 -1,9
12 | QTO1A | QTOS | 474,3300 | 474,2703 59,7 | 474,3253 | 474,3243 1,0
13 | QTO1A | QTO6 | 694,5017 | 694,4173 84,4 | 694,4935 | 694,4965 -3,0
Do léch trung binh 67,8 Do léch trung binh 2,1

Tu Bang 2, thay rang viéc tinh chuyén toa d¢ da giam thiéu dugc do chénh léch canh do tir 67,8 mm
xuong con 2,1 mm. Vi toa d6 diém do tir cong ngh¢ GNSS chi la gia tri khoi tinh ban dau nén noi bo luai
can chinh xé4c héa bang tri do toan dac dé giai quyét mau thuin gitra cac tri do va cung cap gia tri binh sai
cua diém tam giéc thuy cong thdng qua bai ton binh sai tw do bang phin mém ApnetPro. Két qua dugc

trinh bay trong Bang 3. ,
Bdng 3. Toa dé binh sai diém tam giac thuy cdng trong hé céng trinh

Didm Toa do sau binh sai Elip sai s6
Xos(M) Yhs(M) Su(mm) | Sy(mm) t Ghi cha

QTO1A | 2139506.5834 | 471990.8561 0,5 0,4 139°53'
QTO02 | 2139833.0024 | 471715.6215 0,5 0,4 133°58'
QTO03 | 2139635.5203 | 471888.9172 0,4 0,3 132°30'
QT04 | 2140014.6629 | 472206.4723 0,5 0,4 136°35'
QTO5 | 2139823.1032 | 472344.1269 0,4 0,3 105°06'
QTO06 | 2139777.0708 | 472630.5117 0,6 0,4 99°24'

Két qua thdng ké sau binh sai bang phan mém ApnetPro (Hinh 5) dwoc bio cdo nhu sau:
KET QUA DANH GIA DO CHINH XAC LUOI - ADJUSTMENT SUMMANY

1.SSTP Trong so don vi - Standard Deviation of Unit Weight = 0,8501

2.SSTP vi tri Diem yeu nhat - Max positional RMSE (QT06) = 0,7(mm)
3.SSTP vi tri Diem nho nhat - Min positional RMSE (QT03) = 0,5(mm)

4.SSTP tuong doi Canh yeu nhat - Max Relative Error (QTO1A _QTO03): 1/231715
5.SSTP tuong doi Canh nho nhat - Min Relative Error (QT02_QTO06): 1/1094379

6.SSTP Phuong vi yeu nhat - Max azimuth RMSE (QT01A_QTO03): 0,40(")
7.SSTP Phuong vi nho nhat - Min azimuth RMSE (QT02_QTO06): 0,11(*)

PHAN TICH THONG KE BINH SAI - ADJUSTMENT STATISTICS

Lan tinh lap

Tri do thua

- lterations

........ =12

- Redundancies......= 30
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Bien tham chieu - Reference Variance=0,722618141436

SSTP don vi trong so - Reference So......= 0,8501

Gia tri Chi binh phuong - Chi square Chi2 = 21,679 < 43,770

BINH SAI HOI TU - KIEM DINH THONG KE DAT MUC 95 %

Convergence - PASS Chi-square; test at 95 % significance level!

Chuong trlnh APNETPRO FINAL2021 8 (C) by Tran Trung Anh. REGISTERED VERSION

¥ ® -~ HUMG - APNETPRO --- NETWORK ADJUSMENT

m w Binhsai mit bing Xy Bioh s2id6 ca @ Bién tap TBC uan trdc nghiéng  Phin éndang Ngang  Phint én dang Lir u g tin ban quyé
AonetPro_Max

HLRXPLLQAR A<= M [0opSn

APNETPRO registered

~ Hinh 5. Xt Iy hedi tam gic thaiy cong bang phan mém ApnetPro ‘
Thong qua ket qua bao cao binh sai tu do ludi tam giac thuy cong, nhén thay céc tiéu chi déu dam bao
yéu cau k¥ thuat vé do chinh xac.

4. Két luan

Tir két qua thuc nghiém vé xay dung luéi tam giac thiry cong trén co s¢ do tinh ludi GNSS, van dé
tinh chuyén toa d6, cai chinh tri do, binh sai tu do trong ciing mét quy trinh nhan thiy: tbc do xir Iy nhanh
chéng, tw dong hoa cao. Ludi tam giac thiy cong tai cong trinh thiy dién Ban V& véi 6 diém do tinh
GNSSS, do 26 goc, do 13 canh toan dac; Xir Iy s6 liéu sau binh sai dat sai s6 trung phuong trong sé don vi
0,8501, sai s6 trung phuong vi tri diém yéu nhét dat 0,7 mm, sai sb trung phuong twong dbi canh yéu nhit
dat 1/231715, sai s6 trung phuong phuong vi yéu nhit dat 0,40". Cac diém nay c6 do chinh xac cao phuc
vu t6t cho thi cong va quan trac bién dang cong trinh. Quy trinh xir Iy dong b trong 1 lan chay phan
mém, dam bao su thdng nhat va tranh sai sot.

Kién nghi EVN (va cac chu dau tu cac du 4n xay dung thuy dién) 4p dung quy trinh va phan mém
xtr 1y s6 liéu ApnetPro dé tang nang suat lao dong, dam bao d6 chinh xac khi xay dung luéi tam giac
thay céng.
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ABSTRACT

Building the horizontal network for hydropower projects by
combining local coordinates transformation and free adjustment
networks

Tran Trung Anh**”, Nguyen Quang Ha®
Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology
Geomatics in Earth Sciences Research Group (GES), Hanoi University of Mining and Geology
*EVN-GENCO1

The paper presents the purpose of constructing a horizontal network for the Ban Ve hydropower project
in Nghe An province. The research methods employed include the construction geodetic method, a case
study of field measurements using high-precision total stations and GNSS static measurements, the free
adjustment method, accuracy assessment and processing, as well as addressing issues related to
coordinate transformation and observation corrections. The research result is the technical workflow and
processing the network to serve the construction and deformation monitoring of hydroelectric works. The
experiment conducted at the Ban Ve hydropower project involved 6 GNSS static measuring points, 26
angle observations, and 13 distance observations using total stations. The data processing after adjustment
resulted in a unit weighted mean square error of 0.8501. The weakest point had a mean square error of 0.7
mm, the relative mean square error of the weakest distance was 1/231715, and the mean square error of
the weakest azimuth was 0.40". These points exhibit high accuracy and provide an accurate reflection of
the reality at the Ban Ve hydropower experimental area. They effectively serve the purposes of surveying,
construction, and deformation monitoring.

Keywords: Horizontal network, total station, GNSS, free adjustment networks, hydropower projects.
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Quy trinh khao sat dia hinh mo 16 thién bang céng nghé UAV
phuc vu danh gia o6n diph bﬁr mo: Thuc nghiém tai cum mo da
thuoc Cong ty co phan xi mang VICEM Ha Tién

Tran Trung Anh™ 2", Nguy&n Anh Tuan®? 3 Pham Quéc Khénh', Pham Vin Viét"?

1Tru’&ng BDai hoc M6 - Bia chat
2Nhém nghién cizu Cong nghé Pia tin hoc trong Khoa hoc Trdi ddt (GES), Truong Pai hoc Mé - Dja chdt
*Nhém nghién cizu manh Nhang tién bg trong khai thac mé bén viing va c6 trach nhiém (ISRM),
Truong Pai hoc Mé - Dja chat

TOM TAT

Bai béo trinh bay quy trinh cdng nghé may bay khéng nguoi 1ai UAV (Unmanned Aerial Vehicle) ¢6 dinh
vi tim chup chinh xac bang GNSS-RTK khao sat theo dang dia hinh b mo 16 thién ¢6 do chénh cao dia
hinh 16n. Quy trinh cong ngh¢ UAV nay gici thigu chi tiét tir cac cong doan ngoai hién truomg dén xir ly
ndi nghiép dam bao do phan giai dia hinh bé mat thanh lap va cap nhat ban d6 dia hinh c6 ty 1& 1/1000 voi
duong dong muc 1 m. Két qua quy trinh cdng nghé UAV két hop dinh vi tam chup GNSS-RTK dugc xay
dung va &p dung cho cum mo da Nui Com va Nii Trau khai thac xudng sau thuoe Cong ty CP xi ming
VICEM Ha Tién. Ban dd c6 ty 18 1/1000 dap tng dwoc yéu cau do chinh xac khi kiém tra tai 22 diém do
thuoc mo Nai Com, 29 diém do thuéc mo Nai Trau, do chénh léch do cao giira do tryc tiép bang cong
nghé GNSS-RTK va do bang anh UAV tir 0-0,14 m; d6 léch trung binh dat ¢& 0,02 m ddi véi mo NUi
Com, 0,03 m ddi véi mé NUi Trau. Trén ban ¢6 mo hinh d6 cao DTM (Digital Terrain Model), c4&c md
hinh d6 dbc dia hinh va mit cit chi tiét twong ng s& dugc ty dong thanh lap véi do chinh xac cao. Do
chinh xé4c cua dia hinh hién trang mo, d6 déc suon tang va bo mé dugc xay dung trong céc chu ky khao
sat khac nhau cua moé (3 thang) dap tng yéu cau béo cao khbi luwong mé theo quy, danh gia dich dong va
6n dinh bo mo theo thoi gian. Vi mang luéi mde dinh vi b tri trén bd mé dugc xay dyng s& gidp cum
mo6 da Nai Com va Nai Trau danh gia tac dong cia nudc mat, rung va chan dong nd min tac dong lam
bién dang va mat 6n dinh bd mé trong céc chu ky do vé cap ban dd dia hinh 1an sau (tir 3-6 thang 1 lan).

Tir khoa: UAV, dam may diém, mo hinh sb dia hinh, mé da 16 thién, 6n dinh bd mé.
1. Pit véan dé

Viéc tng dung cong nghé may bay khong ngudi 1ai UAV vao do vé ban d6 dia hinh mé co d¢ chénh
cao I6n, c6 tinh chat dat da phuc tap vé dia hinh mo da duoc thyc hién pho bién trong 5 nam gan day &
Viét Nam va trén thé gisi. C4c cong trinh va két qua khao sat va thanh 1ap ban dd dia hinh mé 16 thién
dugc cdng b trén nhidu cong trinh cua (Lee va Choi, 2015 va 2016; Nguyen va nnk., 2020, 2021;
Nguyen, 2021; Bui va nnk., 2017; Xiang va nnk., 2018) va (Nguyén Qudc Long va nnk., 2022). Céc
nghién ctru va két qua da khang dinh cdng nghé UAV dam bao do chinh xac cua ban db dia hinh ty 18 I6n
(Nguyén, 2021). G Viét Nam, cdng nghé UAV hién da dugc cho phép va st dung phd bién trong xay
dung, cap nhat co sé dir liéu nén dia ly quéc gia véi ty 1é 1:2.000, 1:5.000 va thanh l1ap ban d6 dia hinh ty
Ié 1:500, 1:1.000 do Bo truéng Bo Tai nguyén va Moi truong ban hanh (Théng tw sé 07/2021/TT-
BTNMT). Tuy nhién, cac cong trinh nghién ctu trén chi st dung cong nghé UAV khong c¢é dinh vi tam
chup chinh x4c GNSS-RTK va quy trinh dua ra ciing 14 quy trinh téng quat chung dé thanh lap ban d
tuong tu Thong tu s6 07/2021/TT-BTNMT. Trong nghién ctru ciia Lé Van Canh (Lé Van Canh va nnk.,
2022) thiét bi UAV sir dung dé hd trg mot phan xay dung md hinh 3D mit bang san cong nghiép moé cing
v6i dir lidu quét laser mat dat, day 1a pham vi nho.

Thuyc té, cdc mo khai thac 16 thién Ion & nude ta déu cé dang “trén swon nui, dudi moong siu”, chiéu
sau khai thac Ion, chiéu cao b mo I6n.

* Tac gia lién h¢
Email: trantrunganh@humg.edu.vn
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Dia hinh mo 16 thién phuc tap thay d6i do xay dung mo, khai thac, dic biét chiu tac dong cua céc hoat
dong khai thac thuong xuyén dan téi cac bién dang va dich dong thay doi theo thoi gian. Theo trinh tu
khai thac, chiéu cao bd mé ngay mét ting theo chiéu sau va bién gigi trén mat cang mé rong. Didu kién
dich dong va 6n dinh bo mo chiu anh huong bai cac yéu té ty nhién co ban: diéu kién dia chat khu vuc
phtic tap, cac dirt gay kién tao lam xuét hién nhiéu mat yéu va tao diéu kién cho sy tham nhap, phé huy
clia nudc ngam; diéu kién dia chét thily vin khong thuan lon (nhiéu nuéc ngam va nudc mat) (Pam Cong
Khoa, B4 Van Triéu, 2021).

Céc thong sé hinh hoc bd mé thay ddi lién tuc va khong ddng nhét do cac diéu kién dia chit mo phuc
tap, tac dong cua hoat dong khai thac mo, d6 thai va bién dang dia hinh do sut 1in va dich dong. Do do,
khi xay dyng ban do dia hinh bang cdng nghé UAV, can cht y dén cac diéu kién dia hinh dac thu cua khu
mé dé dam bao d6 chinh xac va cap nhat cua dia hinh hién trang.

Cum moé da voi cung cip nguyén lidu cho nha may xi mang NGi Com va Nai Trau da dwoc Bo Tai
nguyén va Mai truong cap phép theo Gidy phép sé 2017/GP-BTNMT ngay 02 thang 8 nam 2019 cho
Cong ty c6 phan xi mang Ha Tién trén dia phan huyén Kién Luong, tinh Kién Giang. Hién trang, mo Nui
Com nam vé phia Bic nha may xi mang Ha Tién. Cao do khai thac cia mo NGi Com tir mirc mit dia hinh
cote +2 m dén +4 m xubng muc cote -57 m, cao do day mo duoc khao sat xac dinh dén thang 12 nam
2022. Mo NGi Trau nam vé phia Bic nha may xi mang Ha Tién, nim xa nha may hon mo da voi Nui
Com. M6 khai thac tir mirc mit dia hinh cote +0 m xudng muc cote -44 m, hién 1a cao cao d6 ddy mo,
hi¢n trang duoc cap. nhét toi thang 12 ndm 2022. Trén mo da hinh thanh céc tang khai thac, c6 tuyén
duong van tai truc tiép xudng dén muc khai thac cote -44 m. N Tréu c6 hién trang ddy m6 -58 m va mo
NGi COm hién trang day mo -50 m, cac bd moé hién c6 thdng sb hinh hoc va dia chat kha phuc tap theo
cac hudng khac nhau va con tiép tuc khai thac xudng sau ti cote -75 m. Do d6, cac trang thai bo mo khac
nhau nhu trang thai tinh va trang thai dong (co nudc, chiu tac dung rung va chan dong né min) 1a nhung
yéu t6 ty nhién va ky thuat khai thac mo néu trén anh huong rét 16n téi quyét dinh trong lwa chon phuong
an dam bao va duy tri an toan cho bd mo khi tiép tuc khai thac xudng sau va sau khai théc caa cac bo mo.
Dic biét 12 cum gém 2 mé va nhidu by mo dang co thiét bi khai thac va tién hanh khoan né min dong thoi
c6 tac dong tiéu cuc dén on dinh va dich dong cia bd mé ciing nhu cac cong trinh bao vé gan cac bo mo
nén cong do v&, giam sat bd mo c6 hé thdng co tinh cap thiét trudc mat va 1au dai.

Hinh 1. Vi tri cum 2 mé da Nii Com va Nii Trau thugc Cong ty CP xi mang VICEM Ha Tién, 2022

Trong pham vi nghién ciru ndy, bai bao gigi thiéu quy trinh cdng nghé UAV két hop dinh vi tam chup
GNSS-RTK dé khao sat dia hinh cho cum mé da Nuai Com va Nui Trau khai thac xubng sau thugc Cong
ty CP xi mang VICEM Ha Tién nhim danh gi4 hién trang dia hinh khai thac mo va phuc vu thiét ké mang
ludi quan tric dich dong cho cac bd mé ciia cum mo. Bé nghién ciru danh gia dich dong by mo, can thu
thap sb lisu khao sat dia hinh, dia chit cong trinh, dia chit thuy vin va cac thdng s cong nghé khai thac
ciia cum mo. Cu thé, déi véi khao sat dia hinh, nhém nghién ctu tng dung cong nghé va thiét bi bay
khong nguoi lai UAV c¢6 dinh vi tdm chup biang GNSS-RTK dé thanh lap ban db dia hinh ty I8 lon
(1/1000 hozc 1/500), xay dung md hinh sé dia hinh, xay dung mé hinh d6 déc, tao mat cit qua moong
khai thac va bd mo. Bén canh d6, nhom nghién ctru st dung 2 thiét bj hién dai ding dé quan tric rung,
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chan dong ndé min trén b mo khi cac moé NGi CoOm va mo Ndi Trau tién hanh né min trong hién tai va
trong thoi gian t6i (chu ky do giam sat 3 thang mot lan).

Ban db dia hinh va md hinh sb dia hinh DTM dudi dang 2D va 3D cho phép xac dinh chinh xac cac
diéu kién bién trang thai cua bd mo trong diéu Kién tinh va dong, tir 6 tién hanh phén tich danh gia 6n
dinh va bién dang ciia bo mo trong hién trang va trong thoi gian téi di voi cum mo thuge Cong ty CP xi
mang VICEM Ha Tién.

2. Phuong phap nghién ctru
2.1. Co sé thiét ké bay chup bang UAV trén mé I thién

Co s¢ cua tinh toan cac thong s6 thiét ké bay chup trén khu mé phai dua chinh vao thong s6 ky thuat
ctiia may bay chup anh, méi quan hé gitra chiéu cao bay chup va do phan giai mat dét trén co s¢ yéu cau
d6 chinh xac cua ban db dia hinh, yéu cau do chinh xac caa san pham bay chup sau xu ly. Méi quan hé
nay dugc chi ra co ban ¢ Hinh 2.

E"/i = imW Trong d6 cac ky hiéu nhu sau: fla tiéu cu cua
4 imH may chup anh (mm); H la chiéu cao bay chup

f (m); Pixel 1a diém anh trén by cam cia may

Kinh vat chup anh s6; GSD (Ground Sampling Distance)

1a do phan giai mat dat (cm); imW Ia s6 diem
/| anh theo chiéu rong caa bo cam may chup anh

10 sb; imH 1a s6 diém anh theo chiéu cao cua bo
H ( cam may chup anh sé; FOV (Fied of View)
\/ /' IFOV truong nhin hoac géc mo cia may chup anh;
// [’ IFOV (Instantaneous Field Of View) truong
/ nhin ctaa 1 diém anh.

Hinh 2. Théng sé chinh cua anh sé trong cong nghé UAV
Trén co s& yéu cau do chinh xac ciia san pham la ty I¢ ban d6 dia hinh can thanh lap, khoang cao déu
ctia duong binh d¢ (Thong tw 07 cia BTNMT, 2015) nhan dugc sai s6 trung phuong mit bang va do cao
theo cong thic 1.

{mp < 0.01 X Mpg (cm) M
1

my, S%xh X 100 (cm)
trong do: M4 1& mau s6 ty 16 ban do dia hinh can thanh 1ap;
h 1a khodng cao deu cua ban do dia hinh can thanh lap (m);
m, la sai s{) trung phuong mét bang (cm);
my, 1a sai so trung phuong d6 cao (cm). .
U'é6ce tinh d6 phan giai mat dat theo cong thuc 2 (DroneDepon, 2017; Tran Trung Anh, 2018).
GSD < min (- XMy Xy )
trong do: k, = 1 + 2 1ah¢ s quan hé do chinh xac mat bang va do phan giai mat dat;
kn = 1 + 3 1ah¢ s6 quan h¢ do chinh xéc d¢ cao va do phan giai mat dat;
Tur d6 phén giai mat dat tinh toan chiéu cao bay chup @heo cdng thuce (3):
H=GSDZ 6*::(:2 3)
Mot dic diém caa khu moé 16 thién 1a dia hinh bi chia cit boi cac tang khai thac va ddy mo, do do c6 do
chenh‘ cao ‘Ion Do vay, de; dam bao tinh dong déu vé do phan giai mat dat ‘dong déu vé do chinh xac theo
yéu cau, can phdi thict ke bay chup theo dang dia hinh. Trén co s¢ ban d6 dia hinh ¢ cac giai doan khai
thac, thanh lap mﬂﬁ hinh s6 diarh‘mh th‘am khao lam co s¢ dérthiét ké bay chup cho thoi diém cap nhat, luu
y phai tinh chuyén md hinh s6 nay ve h¢ quy chicu quoc te. Tir d6 do cao bay chup tinh theo cdng thic
(3) 1a d6 cao bay chup so véi bé mat mo hinh s6 tham khao, duoc chi ra ¢ Hinh 3.
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Hinh 3. Thiét ké bay chup véi sw tham gia ciza mo hinh s dia hinh (anh Esri)

Bay chup theo dang dia hinh c6 sy tham khao mé hinh sb dia hinh c6 thé bay theo mat cit dang cao
hoic theo huéng bay t6i wu, d6 cao bay chup s& thay d6i bam theo dia hinh khu bay. Cac diém chét cua
tuyén bay (waypoints) c6 thé phat sinh tu dong trong qua trinh bay chup thuc té trén co sé hd tro cia
cong nghé dinh vi thm chup GNSS-RTK tai thoi diém chyp anh.

2.2. Quy trinh ky thudt bay chup UAV trén khu mé 1§ thién

Ung dung cong nghé UAV khao sat dia hinh trén khu mé 16 thién phuc vu danh gia 6n dinh bd mo can
nhiéu cong doan ca & hién truong va xir 1y sb liéu trong phong. Cac cong doan nay can phdi hop, hd tro
cho nhau nhu: sir dung cong nghé dinh vi GNSS-RTK vira dan duong bay vira hd trg dinh vi tm chup
anh chinh xac cho qué trinh bay chup, do cac diém khéng ché anh kiém tra trén mat dat lai kiém nhiém vu
do cac diém quan tric chuyén dich trén mo (véi yéu cau do chinh xac dén cm); song song véi bay chup
anh UAV tai thyc dia c6 thé tién hanh do chan dong nd min dé c6 cac thdng s ky thuat dua vao phan tich
6n dinh bd mo; cling véi viéc tan dung céc tai liéu khao sat dia hinh, dia chat da c6 & giai doan trugc. Do
vay, can thiét phai xay dung mot quy trinh ki thuat dé théng nhat phi hop giita cac cong doan, quy trinh
nay dugc trinh bay véi cac budc chinh ¢ Hinh 4.

Trong quy trinh ¢ Hinh 4 mot s6 budc chinh nhur sau:

Buéc 1: Cong tac chuan bi, 1ap phuong an k§ thuat bay chup UAV (thiét bi bay chup, phan khu bay,
tinh toan cac thong sé thiét ké bay chup), cac yéu cau danh gia on dinh bo mo,.

Tai liéu khao sat dia hinh khu mo tham khao: |a nhiing tai liéu khao sat d;a hlnh & cac giai doan trugc
theo bao cao dinh ky nhu ban dd dia hinh.

M6 hinh sb dia hinh (tham khao): tir ban d6 dia hinh giai doan trudc, tién hanh tinh chuyén sang hé
qudc té va xay dung md hinh s6 dia hinh dé tro gidp cho qué trinh thiét ké va bay chup theo dang dia
hinh.

Ty & ban d6 dia hinh, khoang cao déu: ddy la yéu cu san pham, cung cip yéu cau do chinh xac theo
quy pham vé mat bang va d6 cao.

Bueéc 2: Thiét ké va bay chup anh UAV theo dang dia hinh: d6 cao bay chup thay ddi theo bé mat dia
hinh trén co s& md hinh sé dia hinh tham khao.

Buéc 3: Binh vi GNSS-RTK: cong nghé nay rat quan trong vi la ky thuat dong bo vé hé quy chiéu
dinh vi cho cac cong doan, két ni giita cong nghé UAV va diém quan tric dich dong.

Buéc 4: Cac budc xu ly anh UAV trong phong gom: lién két binh sai khdi anh, xay dung dam may
diém, xay dung bé mé hinh sé bé mat DSM phuc vu thanh l1ap anh tryc giao; Tir dam may diém cua khu
do tién hanh boc tac dia vat (nha cira, cdy cdi, may moc trén cong truong,...) dé xay dung md hinh sé dia
hinh DTM; Tir DTM c6 thé noi suy ty dong duong binh d6, xdy dung mé hinh d6 ddc, mit cat dia hinh,...
Tir nén anh va DTM tién hanh sé hoa cac dia vat trén khu mo, ghi chi cac diém do cao dia hinh dé bién
tap thanh qua ban d dia hinh.

Buéc 5: Po chin dong nd min, céc tai liéu két qua khao sat dia hinh cung cip cho danh gia 6n dinh bo
mo, 1ap béo céo két qua.
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Céc budc cy thé duoc thé hién trong hinh 4 phu hop véi diéu kién khu mo 16 thién néi chung va dic
thu cua cum mo da thudc cong ty CP xi mang VICEM Ha Tién.

4

Cong tac chudn bi

N

N

Y |
Tai liéu dia hinh khu
mo tham khao

A4
O Thiét bi bay Drone/

4

Ty 1é ban dd dia hinh,

:

MB& hinh s6 dia hinh
(tham khao)

!

khoang cao déu

Thiét ké va Bay chup
anh theo déng dia hinh

Dinh vi tim chup |

UAV

Dinh vi GNSS - RTK

T
Anh chup
h 4

Xit Iy do anh |
(Agisoft) \
!
\
!

!

Lién két, binh sai
khi anh
Xay dung ddm miy
diém Dense Cloud i )
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2 I4 ‘ 4
« — — — Diém khong che anh

Xay dyng m6 hinh
50 bé mat DSM

!

Anh tryc giao
i Boc tach dia vat, cdy cdi

Xay dung m6 hinh
s6 dia hinh DTM
Ve ban db do déc, !
V& mit cét dia hinh

4

Nén ahh

[ _(Danh gi4 6n dinh

Do chan dong n6 min

\ bomo
| 56 hoa ban dd dia hinh | T

Hinh 4. So' do ky thudt iing dung cong nghé UAV khdo sdt dia hinh hé tro danh gid on dinh bo mé
3. Két qua va thao luan

Vung thuc nghiém ung dung céng nghé UAV khao sat dia hinh 1a cum moé da (mé Nai Com va Nui
Trau) thudc Cong ty CP xi mang VICEM Ha Tién. Tu liéu ban dd dia hinh ty 1¢ 1/1000 (thudc hé toa do
VN2000, kinh tuyén truc 105°00, mui chiéu 6°), khoang cao déu dudng binh d6 1 m (hé d6 cao qudc gia).
Tir tu 1iéu tham khao, tinh chuyén sang hé qudc té va xay dung mé hinh sb dia hinh 1am co s thiét ké bay
chup UAV theo dang dia hinh khu mo.

Thay My = 1000, h = 1 m, lay k, = 2, k,= 3 vao cac cong thic (1, 2) tinh dwoc d6 phan giai chup anh:

GSD < min{5 cm; 8,3 cm} dé dy phong d6 chinh xac va dam bao yéu cau cung cap tur liéu khao sat
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chinh x4c cho danh gia on dinh by mo, ciing véi dac thu dia hinh ctia khu mo nén thiét ké GSD < 5 cm la
dam bao yéu cau.

Om

Hinh 5. Mé hinh sé dia hinh cum mé NGi Com, NGi Trau va cac thdng sé thiét ké bay chup

Cung véi dic diém cua phuong tién bay UAV trong thuc nghiém la DJI Phantom 4 RTK (ca bay 30
phdt, tiéu cu 24 mm, mang nhan anh imW = 5432, imH = 3648), thoi tiét khi tugng c6 thé lya chon do
phan giai chup anh khoang 2,74 cm, tir 46 wdc tinh dugce do cao bay chup H = 100 m theo cong thirc (3).
Thiét ké do phu doc 80 %, do phu ngang 70 % va khoanh vung bay chup, s& tinh toén cac thong sé cua
khu bay (Hinh 5). Sau khi da thiét ké phan khu bay chup, tién hanh bay chup trén cum mé duéi su hd tro
cuia cdng nghé dinh vi tam chup bang GNSS-RTK.

Hinh 6. Cong tac bay chup tal thwc dza
:Song song Vvéi cdng tac bay chup, tién hanh do GNSS-RTK truc tlep tai cac diém khong ché anh (dé
kiém tra) va cac diém quan tric chuyén dich trén vi tri cac mat cat can nghién ctru chuyén dich. Céng
nghé do GNSS-RTK bing méay do cta South Galaxy G3 c6 d6 chinh xac tot (mat bang dat 8 mm + 0,5
ppm, d6 cao dat 15 mm + 0,5 ppm).

. 5 e ° N o &
REBMINO (E 135y VuanG anil /03 /2083 10i14 REDMGNOTE 11 Sif VOONG AN

, Hinh 7. Céng tic do GNSS-RTK tai thye dia ,
Sau khi thu thap so liéu tai thuc dia, cdng tac xu 1y trong phong dugc thuc hién trén may tinh c6 cau
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hinh cao bang phan mém Agisoft. Céc san pham gom binh do anh, mé hinh s6 dia hinh, ban d6 s6 va mit
cat caa cum mé NUi Trau va Nai Com dugc trinh bay trong Hinh 8 va Hinh 9.
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Hinh 8. Binh d6 anh, DTM, ban do dia hinh (mét phan) va mdt cdt dai dién mé NGi Com
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Hmh 9. Binh d@6 anh, DTM, ban do dia hinh (mot phan) va mat cat dai dién mé Ni Trau
Tu két qua do GNSS RTK tai thuc dia, trién 1én binh d6 anh, dam may diém dé kiém tra do chinh xac,
sb lieu chénh léch vé do cao déu nam trong gigi han cho phep, duoc trinh bay trong Bang 1.
Bang 1. Chénh léch dé cao tai cac diém kiém tra
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Chénh léch d§ cao kidm tra tai mé NGi Com Chénh Igch d§ cao kiém tra tai mé Nui Trau
Piém | Hug(m) | Hu(m) | AH(@m) | Ghichi Dbiém Hr(m) | Hua(m) | AH(m) Ghi chi
NC1 2.02 2,01 0,01 | NGi Com NT1 2.32 2,28 0,04 | Nai Trau
NC2 2,11 2,09 0,02 NT2 2,20 2,20 0,00 | Min
NC3 2,39 2,40 0,00 | Min NT3 2,12 2,12 0,00
NC4 1,74 1,75 -0,01 NT4 -6,75 -6,72 -0,03
NC5 2,06 2,06 0,00 NT5 6,75 -6,72 -0,03
NC6 -26,38 -26,37 -0,01 NT6 -25,64 -25,61 -0,03
NC7 -1951 | -19,52 0,00 NT7 0,31 0,32 -0,01
NC8 1,64 1,67 -0,03 NT8 0,06 0,05 0,01
NC9 2,28 2,30 -0,01 NT9 0.21 0,21 0,00
NC10 -7,30 -7.20 -0,10 | Max NT10 -4,45 -4.35 -0,11
NC11 -6,91 -6.87 -0,04 NT11 -0,08 -0.02 -0,06
NC12 2,09 2,08 0,01 NT12 -13,34 -13.34 0,00
NC13 -9,39 -9,40 0,01 NT13 -15,23 -15.24 0,01
NC14 -9,94 -9,91 -0,03 NT14 24,63 -24.59 -0,04
NC15 2,17 2,16 0,01 NT15 -25.13 -25.15 0,02
NC16 2,20 2,21 -0,01 NT16 1,46 1,44 0,02
NC17 1,35 1,36 -0,01 NT17 2,17 2,20 -0,03
NC18 9,86 9,88 -0,02 NT18 2,47 2,50 -0,03
NC19 3,24 3,28 -0,04 NT19 2,71 2,75 -0,04
NC20 1,43 1,48 -0,05 NT20 2,86 2,85 0,00
NC21 2,26 2,26 0,00 NT21 3,22 3,26 -0,04
NC22 2,27 2,26 0,01 NT22 1,03 1,02 0,01
NT23 -4,27 -413 -0,14 | Max
NT24 -5,11 -5,10 -0,01
NT25 -15,28 -15,21 -0,08
NT26 -15,37 -15,33 -0,04
NT27 -15,71 -15,70 -0,01
NT28 1,59 1,59 0,00
NT29 1,19 1,18 0,01
Do léch trung 0,03
DJ léch trung binh 0,02 binh

Qua bang kiém tra két qua trén, nhan thdy san pham cua cong nghé UAV dap tmg duoc yéu cau do
chinh xéc khi kiém tra tai 22 diém do thudc mo Nuai Com, 29 diém do thuéc mé NGi Trau do chénh léch
d6 cao giira do truc tiép va do bang anh UAV tir 0,00 m dén 0,14 m; d6 léch trung binh dat ¢& 0,02 m dbi
v6i mo Nii Com, 0,03 m déi vi mo Nui Trau. Véi két qua kiém tra do chinh xac nay, c6 thé dat dé do vé
ban d6 dia hinh 1/1000 va dén ca 1/50%& duong binh d6 1 mva 0,5 m.

< BN
s = SR

Hinh 10. M6 hinh d@¢ doc cuia bomé ndi COm va ndi Trau
Trén Hinh 10, gioi thiéu mo hinh d§ doc cia & mo NGi Com va Nui Trau. Trén mo hinh, ¢6 thé thu
thap dir liéu vé do doc caa suon tang trén tang muac cling nhu d6 doc thyc té trén bo mo. Bo 1a dir liéu

162




HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
Vi S PHAT TRIEN BEN VNG (ESSD 2023)

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

quan trong dé c6 thé thiét ké mang ludi cac diém quan tric dich dong va danh gia trang théi 6n dinh cua
bd mo trong qua trinh khai thac va két thic khai thac.
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Hinh 11. Théng sé dao dgéng nén dat do chdan déng né min bang thiét bi Blastmate 111
Va Vi tri cdc diém khao sat chan déng trén bo mé

Déi vai khu vue dic trung bo mo Nai Com va Nai Trau, duoc khao st trén cac mat cat tuyén mat cét
nhu trén Hinh 8, 9 va 10 vai cac thdng sb chi tiét cac hé thong khe nut va thé nam cua khdi da, thong sd
dao dong nén dét do chan dong ndé min. Clng véi qua trinh bay chup UAV, thi nhém téc gia ciing tién
hanh thu thap sé liéu do dich dong hién trang bd mo trong diéu kién dong, chiu tac dong cua chan dong
nd min trong qué trinh khai thac, cung cip co s dit liéu danh gia 6n dinh by mo cia cum moé déa thude
Coéng ty CP xi mang VICEM Ha Tién (Hinh 11). Pay la dit liéu quan trong dé danh gia 6n dinh by mo
mot cach khach quan va chinh xac.

Trong truong hop 2 bd mo Nai Com va NUi Trau, cac diém do can lap dat trong 2 ving thudc 2 by mo
trén ting vi tri bo mo gidp cong trinh can bao vé. Ngoai ra, mang ludi do can duoc bd sung thém bang
cach lap dat cac thiét bi do d6 nghiéng (inklinometr - quan tric sau) trong viing bao vé bo try nam. Ban
thiét ké mang ludi quan tric can phai dugc thong nhét véi céc ban lién quan caa mé va lam cho ting giai
doan khai thac. Cang xudng sau thi mang ludi quan tric phai duoc mé rong. Trén Hinh 12 giGi thiéu
phuong an so bo va rat dai cwong cho mang luéi quan tric.

Hinh 11. Phurong dn quan trdc be mat va quan trac sau
Ky hiéu:
- Vi céc cong trinh can bao vé. C—/—
- Mép bo mo.
- Suon bo cong tac.
- Cac diém do tric dia. O
- Thiét bi do d6 nghiéng.
- Céc diém do tric dia lap dit theo tién d6 khai thac. 'S
Trong phuong én quan trac bé mat va quan tric sau, dé xuit mdi by mo co mot hé thong diém trén cac
bd mé dé quan tric - cac tuyén ndy can phai bd sung thém céac diém do theo tién d6 khai thac xubng sau.
Vé6i mang ludi mbe dinh vi b tri trén bd moé duge xay dung s& gidp cum mé d4 Nui Com va Nai Trau
danh gia tac dong cua nuwdc miat, rung va chan dong nd min tac dong lam bién dang va mat 6n dinh bo mo
trong céc chu ky do vé cap ban do dia hinh lan sau (tir 3-6 thang 1 lan).

163



[ : HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
Cessp

Vi S PHAT TRIEN BEN VNG (ESSD 2023)
e —

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

4. Két luan

Ung dung cdng nghé UAV két hop dinh vi tam chup GNSS-RTK duoc xay dung va &p dung khao sat
dia hinh cung cap ban do dia hinh cap nhat, mé hinh sb dia hinh, mat cat dia hinh c6 d¢ chinh xac tot dap
g yéu cau danh gia 6n dinh bd mo cua cum moé da 16 thién NGi Com va Nai Trau khai théac xudng sau
thugc Cong ty CP xi mang VICEM Ha Tién. Di vai dic thu dia hinh mo ¢6 chénh cao 16n, tinh toan do
phan giai mat dat, chiéu cao bay chup va xay dung DTM tham khao tir ban d6 nén da c6 phuc vu bay
chup theo déng dia hinh. Két qua nghién ctru da xay dung quy trinh cong ngh¢ UAV c6 dinh vi tam chup
chinh xac bing GNSS-RTK khao sat dia hinh cung cap ban do dia hinh cap nhat, mé hinh sé dia hinh,
mit cat dia hinh c6 do chinh xé4c tét dap ung yéu cau danh gia 6n dinh bd moé caa cum mo dé 16 thién. Bai
béo trinh bay co s& cua thiét ké bay chup UAV cho dic thu dia hinh mé cé chénh cao 16n, tinh toan do
phan giai mat dét, chiéu cao bay chup va xay dung DTM phuc vu bay chup theo dang dia hinh.

Quy trinh k¥ thuat st dung cong nghé UAV co cic cong doan tir ngoai hién truong dén xu Iy trong
phong phdi hop chit ché, hop ly. San pham ciia cong nghé UAV dap tmg dugc yéu cau do chinh xéac cao
trong cap nhat thanh 1ap ban d6 dia hinh ty I& 1/1000 va 1/500 va xay dung md hinh sé dia hinh DTM, vé&
mit cat ty dong, thanh lap mé hinh d6 doc. Cung vai s6 liéu do dich dong hién trang bd mo trong diéu
kién dong, chiu tac dong cua chan dong nd min trong qua trinh khai thac, cung céap co so dir liéu danh gia
6n dinh bo mo ciia cum mo da trong cac chu ky do cap nhat dia hinh lan sau.

Kién nghi B TNMT va céc chu dau tu cac du an khai thac mo ap dung quy trinh k§ thuat st dung cong
nghé UAV két hop dinh vi tam chup GNSS-RTK khéo sét dia hinh cho mé dé ting nang suat lao dong, dam
bao do chinh xac cung cap sé liéu dia hinh tir ban d6 dia hinh dwoc cap nhat, md hinh sé dia hinh, md hinh
d6 dbc va mit cat dia hinh dam bao an toan va hiéu qua trong khai théc cac mo va cum mo da.
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ABSTRACT

Technical stages for surveying terrain using UAV technology to
monitor slope stability at limestone quarries: Case study at a quarry
of Ha Tien joint stock company
Tran Trung Anh"? ", Nguyen Anh Tuan®? 2, Pham Quoc Khanh*, Pham Van Viet"*

"Hanoi University of Mining and Geology
Geomatics in Earth Sciences Research Group (GES), Hanoi University of Mining and Geology
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This paper presents the technological process of using unmanned aerial vehicles (UAVSs) with precise
image center positioning by GNSS-RTK surveying in open-pit mines with large terrain differences. The
UAYV technology process is described in detail, covering external technology stages to internal
processing, ensuring high-resolution surface topography mapping to establish and update the processed
topographic map at a scale of 1/1000 with a contour interval of 1 meter. The results of the UAV
technology combined with GNSS-RTK location determination were successfully applied to the Nui Com
and Nui Trau quarries, which are operated by VICEM Ha Tien Cement Joint Stock Company. A map
with a scale of 1/1000 was created for accuracy verification at 22 measuring points in Nui Com mine and
29 measuring points in Nui Trau mine. The comparison between direct measurements using GNSS-RTK
technology and UAV photogrammetry showed a maximum deviation of 0.14 meters and an average
deviation of 0.02 meters for Nui Com field and 0.03 meters for Nui Trau mine. The Digital Terrain Model
(DTM) elevation map provided detailed terrain speed and sectional models with high accuracy. This
allowed for precise assessment of mine current topography, slope, and mine bank stability during
different survey cycles (every 3 months), meeting the requirements for quarterly mine volume reporting
and transaction evaluation. By establishing a positioning network on the mine bank, the Nui Cum and Nui
Trau quarries cluster can assess the impact of water surface, vibration, blasting, deformation, and
destabilization on the mine bank in the future. The network will also facilitate efficient updating of the
topographic map during subsequent measuring and drawing cycles (every 3 to 6 months).

Keywords: UAV, point cloud, DTM, open pit mine, mine stabilization.
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Giai phap Lidar di dong cho khao sat bé mat duong: Nghién ctu voi
Lidar tich hop Au20 van hanh trén xe 6 t0

Vii Ngoc Quang™”, Nguyén Viét Ha?, Pham Thi Thanh Hoa?
*Triong Dai hoc Cong nghé Giao thdng vdn tdi
2Tru"o‘ng Bai hoc Mo - Pia chat

TOM TAT

Lidar 1a mot xu hudng mai trong thu thap dir liéu trong tric dia n6i chung va trong linh vuc quan tric noi
riéng. Tuy nhién, giai phap Lidar van hanh trén 6 t6 dé thu thap dir liéu mat duong 1a mot phwong phép
kha mai. Bai béo 13 mot danh gia vé viéc sir dung lidar cho loai muc dich nay. Trong nghién ctru, mot
méy quét Lidar AU20 duoc sir dung trén nén ting 6 t0 véi ba toc do khac nhau bao gom 25, 30 va 40
km/h dé quét khoang 3 km mat duong nhua. Dit liéu quét dugc xt ly bang phan mém Copre st dung ché
d6 xir Iy PPK véi tram base 1a may thu GNSS i90. Dir li¢u dau ra la cac tép dam may diém, dugc so sanh
Vi két qua dan do cao bang phuong phap thily chuan truyén thong véi do chinh xéac cap ky thuat, do bang
may thuy binh tu dong ATB4. Két qua nghién ctu cho thay hiéu qua cua giai phap Au20 lidar véi nén
tang van hanh trén 6 to khi thoi gian caa qua trinh quét I1a khoang 10 phit va téng cong khoang 17 phat
bao gdom ca viéc chuan bi. Pang ngac nhién nhat 1a do chinh xac khi so sanh cao d6 mat dwong nhya tir
cac dam may diém vai cao d6 do bang phuong phéap thiy chuan hinh hoc. Su khac biét I6n nhat v& do cao
1a 10 mm, 21 mm va 19 mm tuong tng véi ba téc d6 25 km/h, 30 km/h va 40 km/h. D6 léch chuén lan
luot 12 3,0 mm, 6,5 mm va 7,5 mm cho ba téc do xe & trén.

Tir khéa: Khao sat bé mat duong, dam may diém, hé thdng Lidar di dong, Au20.
1. Pit véan dé

Linh vuc nghién ctu vé Lidar c6 su buing nd trong sé lwong nghién ctu vé cac tng dung cua ching
trong khoang thoi gian mudi nam tir 2008 - 2018 (Wang et al., 2019). Cac tng dung cua Lidar rat phong
pht bao gdbm wng dung trong quy hoach, xay dung thanh phd théng minh (Guo et al., 2011; Kostrikov,
2019), giam sat moi truong (Rusu et al., 2008; Boyko et al., 2011). Duéi su phét trién caa cong nghé va
su tich hop cua cac ky thuat khac nhau, Lidar ngay cang trg nén phé bién trong viéc thu thap di liéu mat
duong (Guan et al., 2016; Yadav et al., 2018; Li et al., 2019). Mot trong nhiing danh gia vé Lidar trong
quy hoach va thiét ké duong cao téc da duoc thuc hién trong nghién ctu cua tac gia Veneziano va cac
cong su (Veneziano et al., 2002). Theo do, Lidar c6 thé dwoc sir dung dé thu thap di ligu trong cac moi
truong khac nhau. Tuy nhlen nghién ciru cling chi ra rang giai phap nay c6 do chinh xéac thap hon so véi
giai phap 1ap ban d6 bang anh nhung hiéu qua hon vé& mit thoi gian va chi phi. V@ ning suét, Lidar cao
g4p 7 14n so véi cac phuong phép thong thuong trong do dac va 1ap ban dd dia chinh (Wang et al., 2019).
Mot nghién ctiu khac cua Lidar vé khao sat duong voi cdc ky hiéu phan quang duoc thuc hlf;n trong
nghién curu caa tac gia Xu va cong su (Xu et al., 2017).

Trong cudn sach vé Lidar va cac tng dung, Lidar néi chung va giai phap Lidar di dong trén 6 to c6 thé
dugc st dung cho nhidu muac do chinh xéac trong cac linh vuc khac nhau va bién dang 1a mot trong nhiing
tng dung do. Giai phép Lidar di dong Ia su tich hop cua cac hé théng vé tinh toan ciu, hé thong do
khoang cach va don vi do luong quén tinh (FDOT, 2023). Su tich hop nay cho phép Lidar cé thé dugc
van hanh trén cac nén tang khac nhau nhu may bay khong nguoi l4i, xe hoi va cac giai phap ba 16 deo
lung. C6 thé thay rang, GNSS va IMU dong vai tro rat quan trong trong giai phap Lidar di dong. Tam
quan trong ciia GN'SS va IMU ciing duoc chi ra trong nghién ctru cua céc tac gia He va cong su (He et al.,
2020). Trong nghién ctu, tac gia xac dinh rang bén kinh giita tram base va may bay khong ngudi lai c6
thé I1&n ti 5 km. Sy két hop giita giai phap may bay khong ngudi lai va phuong tién mat dat c6 thé tao ra
d6 chinh xac dudi 5 cm, nho hon so vai thong s6 ky thuat dugc cong bd.

* Tac gia lién h¢
Email: quangvn@utt.edu.vn
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Dbi vai hé thong Lidar, hé thong Optech Lynx di duoc sir dung dé xac dinh do doc caa mat dwong.
Nhin vao hé théng, day 1a mot hé thdng rat phuc tap va do chinh xac twong ng 1a khoang 2 cm ddi véi
toa d6 phang va 4 cm dbi voi do cao. Cac két qua nay rat kho sir dung trong giai doan lap ban vé hoan
cong. Mot diém twong dong co thé thiy trong nghién ctu cua tac gia Park (Park, 2013). Lidar trén may
bay khong ngudi 1ai dwoc khang dinh 12 mot giai phép tét dé xac dinh va phan tich sut lin dit nho st
dung dam may diém day dac.

Trong két luan quan trong cudi cing, Lidar dugc danh gia cao cho higu qua, kha ning linh hoat, tc do,
kich thudc va thu thap dix liéu chinh xéc (Lopac et al., 2022).

C6 thé thay, cac nghién ciru trén dwoc thuc hién trong cac linh vuc khéc nhau, giai phap Lidar cé nhiéu
vu diém nhung trong linh vuc giao thdng van tai thi rat it do yéu cau vé do chinh xac. Hon nita, hoat dong
ctia may bay khong ngudi lai 1a nén tang chinh. Céc dong san pham Lidar chu yéu duoc cung cip tir cac
nha san xuat truyén thong, cé thwong hiéu. AU20 la mét trong nhitng giai phap Lidar méi nhat cua hang
CHC, lan dau tién cé mit tai thi truong Viét Nam vao thang 5 nam 2023. Bai bao la nghién ctu, thuc
nghiém budc dau danh gid kha nang van hanh cua Au20 trén 6 t6 trong thu thap dit liéu mat dudong va do
chinh x&c cua giai phap nay.

2. Thiét bi, quy trinh va phwong phap
2.1. Thiét bj

Dé thir nghiém thiét bj Lidar Au20, nhém nghién ctu sir dung mot méy thu GNSS i90 dé thiét lap tram
base tai moc khong che (Hinh 1), mot may thuy binh ATB4 dé truyen do cao tir moc khong che den cac
diém kiém tra (Hinh 2).

Céc thong sb ky thuat co ban cua may thu GNSS
i90 (CHCNAYV, 2022).
GNSS: GPS, GLONASS, Galileo, Beidou, SBAS,
QZsS
Do chinh xac:
PPK:

Horizontal: 2,5 mm + 1 ppm RMS.

Vertical: 5 mm + 1 ppm RMS.
Post-processing static:

Horizontal: 2,5 mm + 0,5 ppm RMS.

Vertical: 5 mm + 0,5 ppm RMS.

Céc thong sb ky thuat co ban caa may thiy
binh ATB4 (Topcon, 2010).

Do dai 6ng kinh: 215 mm.

Phdng dai: 24X

Bu nghiéng: +15°

Truong nhin: 1°25°.

Do nhay bot thiy: 107/2 mm.

Sai s6: 2,0 mm/1 km.

Hinh 2. Dan thiy chudn téi cdc diém kiém tra

Céc thanh phan chinh cua thiét bi Lidar AU20 bao gom IMU, GNSS va bo quét dwoc tinh hop vao
trong cting mot hé théng (Hinh 3).

Hop phan GNSS: AU20 duoc trang bi OEM GNSS cua hang Unicorecomm (Hinh 4) kich thuéc nho,
c6 thé thu nhan tin hiéu vé tinh & nhiéu kénh thu, nhiéu tan sé cua 5 hé vé tinh bao gdbm GPS, Glonass,
Béc dau, Galileo va QZSS cuing vai chip Nebulasll GNSS SoC hiéu suét cao trong xir Iy s6 lieu RTK
(Unicore Communications, 2021).
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Ngudn

GNSS Cbongkétnodi B quét laser

Hinh 3. Lidar AU20

//o}%

o~

//
/
//////

Hinh 4. OEM GNSS UM482

Hop phéq IMU: IMU c¢6 nghia 1 inertial measurement unit, 1a mot hgp~ph§n quan trong, ung dung
trong nhicu linh vyuc trong d6 c6 do dac GNSS yéu can tan suat lay mau cao, chiu nhicu tic dong
(Oberlander, 2015). Cac hop phan cua hé thong c6 thé tham khao trong Hinh 5.

Zb

Con quay héi chuyén

Hinh 5. Hop phan chinh cia hé thong IMU
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Hai loai cam bién gia téc va con quay hdi chuyén dé xac dinh gia toc va van téc goc. Ngoai GNSS, dit
liéu didu hudng bao gdm vi tri va van téc c6 thé xac dinh tir hé théng IMU (Kim et al., 2023). Véi
phuong phap van hanh trén xe 6 td, thiét bi chiu nhiéu tac dong nhu rung, séc trong qué trinh di chuyén,
d6 nhay cua hé théng IMU 1a rat quan trong.

Hop phan hé théng quét: Thanh phan caa thiét bi quét dugc thé hién trong Hinh 6. V& nguyén tic hoat
dong cua hé théng quét laser da dugc trinh bay trong céc nghién ctru cua tac gia Wu, Berberan va cong sy
(Berberan et al., 2011; Wu et al., 2022).

Ngudn phat

Thot glan Ve

Hinh 6. Nguyén Iy hoar déng cia hé thong laser
Su tich hop ciia cac thanh thanh phan GNSS, Laser va IMU bién AU20 tro thanh thiét bj tat ca trong
mot. Cac thong so ky thuat co ban cua Lidar AU20 duoc trinh bay trong Bang 1.
Bdng 1. Mgt so théng so ky thudt cua Lidar Au20

Théng s6 Chi sb

Kich thuéc 313,5x 142,1 x 231,2 mm

Téc @6 quét 100 hang/giay

Phan hoi 16 lan

GNSS GPS:L1,L2,L5;GLONASS:L1;BEIDOU:B1,B2,B3;GALILEO:E1,E5a,E5b;
QZSS:L1 C/A,L5

Do chinh xac Horizontal: 0,01 m; Elevation: 0,02 m.

Tansuit IMU 600 Hz.
2.2. Quy trinh vdn hanh thiét bj Lidar AU20
Quy trinh van hanh cua thiét bi Lidar Au20 dugc trinh bay trong Hinh 7.

Nhéin gii¥ phim
DN;"DP_F dé biat — > Cai dat thanh cong ——————» Chonkhditao dedn
thiét bi
|
Giir thiét bi 6n dinh, Bat dau, én dinh
khéngtdc dong thiét bi trong 5 phit
Chon bat dau quét va
. - chup
Nhan, giir cho dén Dtmg quét va chup, |
khi dén chi bio tit on dinh thiétbs — -
trong 5 phut ‘ Quét va chup anh ‘
Nhin gitr phim il l
ON/OFF détit <——

] Chon dong dwan «—Y  Chonkétthue quétva
thiét bi chup anh

Hinh 7. Quy trinh vgn hanh cua Lidar Au20
Trong quy trinh van hanh cua thiét bi AU20, thoi gian cho truéc va sau khi két thic qua trinh quét 1a
khoang 10 pht cho qué trinh hiéu chinh hé théng IMU. Trong qué trinh van hanh, didu khién xe, nguoi
dung c6 thé tiy chon vao bat diu hay két thic trén sé tay diéu khién thiét bi. Mot luu ¥ quan trong do6 1a
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méy base dat tai diém khong ché can phai duoc bét dau thu tin higu truoc va két thic sau qua trinh quét
va chup anh @é thu thap s6 liéu. Biéu nay dé dam bao két noi so liéu gitta may base va tin hiéu GNSS trén
Au20.

2.3. Phwong phdp thuc nghiém

V6i myc dich danh gia do chinh xac cao do tir dit liéu dam may diém véi cao d6 tir phuong phéap do
thiy chudn hinh hoc. Thuc nghiém dugc tién hanh theo quy trinh sau:

Budc 1: Lap dat, két ndi cac thiét bi Lidar trén bo phu kién van hanh trén xe 6 to, két ndi Lidar voi
nguon, lip dat méy base trén chan méy tai diém khéng ché.

Budc 2: Bit dau thu sb liéu do tinh tai diém khdng ché dé phuc vu xt ly PPK.

Budc 3: Bét dau tién hanh quét dir lisu bé mat duong véi thiét bi Au20 & ba toc do 1a 25 km/h, 30
km/h, 40 km/h. Véi mdi toe do quét, IMU dugc tién hanh hiéu chinh trén doan duong véi chidu dai
khoang 500-700 m.

Budc 4: Sau khi két thic quét, sir dung may thay binh do ndi thuy chuan téi cac diém kiém tra dé tinh
toan cao do, vi tri cua cac diém kiém tra dugc xac dinh bang GNSS-RTK.

Budc 5: Xir ly s6 liéu quét trén phan mém Copre chuyén dung, so sanh do léch cao do tir dir liéu dam
méy diém va tir sb liéu do bang thuy chuan hinh hoc. Qua trinh xu ly Ia tw dong, khéng sir dung diém
khong ché dé hiéu chinh sau khi xir ly 1an thi nhét.

3. Céc két qua thuc nghiém
S6 ligu sau khi chuyén sang may tinh bang chic ning Copy, duoc xu Iy trén phan mém Copre theo
phuong phéap xt ly tu dong, khdng st dung cac diém khong ché. Két qua ddm may diém trén cac Hinh 8, 9.

Hinh 8, 9 cho thdy, mic du chua gin kém camera tich hop nhung hinh énh cdy, duong dy dién, bé
mat duong nhua dugc phét hién rd rang ké ca vai vi tri bi hu hong duoc sta chita. Khoang cach gitra cac
dai quét va gitra cac diém trong cung mét dai quét duoc trinh bay trong Hinh 10.

=

Hinh 8. Pdm mdy diém (colour by height)

ek

Hinh 9. Pdm mdy diém (colour by intensity) va c&c vi ¢ huw hong, vi tri ky hiéu
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3D-Distance: 0.011 m

dx: 0.008 m
dy:-0.008 m
dz: 0.001m

3D-Distance: 0.073 m

Hinh 10. Khodng cdch cdc diém giira hai ddi quét va trén ciing mét dai quét
Céc diém kiém tra bao gom 20 diém voi do cao thiy chudn két ndi tir moc khdng ché dugc dua vao va
S0 sanh véi d6 cao tir dir liéu dam may diém.

Hinh 11. Céc diém Kiém tra trén dam may diém

[] P4 Check Point Height Point
[]P5 Check Point Height Point
[]P6 Check Point Height Point
[]P7 Check Point Height Point
[ ] P8 Check Point Height Point

Hinh 12. Cai ddt cac diém kiém tra
Pé danh gia khach quan, tit ca cac diém kiém tra duoc sir dung cho muc dich so sanh, ddi chiéu,

khong nan va xi 1y lai lan thir hai. Khoang cach tir diém méc khéng ché t6i cac diém kiém tra nam trong
khoang tir 350 m dén 840 m. Két qua do léch cao d6 duoc trinh bay trong Bang 2.
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Bang 2. So sanh dé cao giira thiy chudn va dg cao tir dam mady diém

H H o H - H o
St piém | (TC) | 25km B‘zn'f)Ch 30 km D‘-’(r'ﬁ;h 40 km D‘-’(r:f)ch
(m) (m) (m) (m)

1 PL |9.215| 9216 | -0,00L | 9207 | 0008 | 9228 | -0,013

2 P21 | 9243 | 9233 | 0010 | 9222 | 0021 | 9246 | -0,003

3 P22 | 9364 | 9361 | 0003 | 9352 | 0012 | 9373 | -0,009

4 P25 | 9404 | 9406 | -0,002 | 9397 | 0007 | 9418 | -0,014

5 P23 | 9576 | 9568 | 0,008 | 9555 | 0021 | 9581 | -0,005

6 P24 | 9636 | 9635 | 0001 | 9620 | 0016 | 9649 | -0,013

7 P2 9317 | 9317 | 0000 | 9303 | 0014 | 9326 | -0,009

8 P3 | 9438 | 9438 | 0000 | 9427 | 0011 | 9453 | -0,015

9 P4 | 9447 | 9447 | 0000 | 9436 | 0011 | 9465 | -0,018

10 P5 | 9478 | 9479 | -0,00L | 9470 | 0008 | 9495 | -0,017

11 P6 | 9546 | 9546 | 0,000 | 9540 | 0006 | 9561 | -0,015

12 P7 | 9754 | 9754 | 0000 | 9745 | 0009 | 9771 | -0,017

13 P8 |9.727| 9728 | -0,001 | 9720 | 0007 | 9.741 | -0,014

14 P9 |9.603| 9603 | 0000 | 9595 | 0008 | 9620 | -0,017

15 P10 | 9497 | 9498 | -0,00L | 9494 | 0003 | 9513 | -0,016

16 P11 | 9704 | 9704 | 0000 | 9713 | -0,009 | 9.723 | -0,019

17 P12 | 9699 | 9699 | 0000 | 9698 | 0001 | 9712 | -0,013

18 P13 | 9.635 | 9.635 | 0000 | 9630 | 0005 | 9641 | -0,006

19 P15 | 9730 | 9731 | -0,001 | 9722 | 0008 | 9.723 | 0,007

20 P16 | 9499 | 9500 | -0,00L | 9492 | 0007 | 9491 | 0,008
Lon nhét 0,010 0,021 0,008
Nho nhét -0,002 -0,009 -0,019
Do léch chuan 0,003 0,011 0,013

Trong Bang 2, d6 léch do cao I6n nhét tir dam may diém so sanh voi do cao thily chudn la 10 mm, 21
mm va 8§ mm tuong tng Voi tdc do hanh trinh 25, 30, 40 km/h. V& mat sai sb, néu coi do cao tur phuong
phéap thity chuan 14 tri do thuc, sir dung cong thire tinh toan do léch chuan (Charles D. et al., 2006), cac do
léch chuan duoc tinh toan lan luwot 12 3 mm, 11 mm va 13 mm twong ¢ng véi 3 toc do hanh trinh. Dé c6
cai nhin tét hon, do cao thity chuin dugc quy “0”, mirc d6 sai léch vé& d6 cao c6 thé quan sat trong Hinh

13, 14.
9.800

9.700

S 9.600

S 9.500

S 9.400

2 9.300
9.200

9.100

P1 P21 P22 P25 P23 P24 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P15 P16

—®— Do cao thuy chuin

&V (25 Km/h)

—e—V (30 Km/h)

V (40 Km/h)

Hinh 13. Bé cao thiy chudn va dg cao trich xudt tir ddm mdy diém
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Hinh 14. So sénh dé \éch cao dé giira ba téc dé chay xe véi cao dg thiiy chudn

4. Thao luan va két luan

Nghién ctru nham muc dich danh gia kha niang sir dung giai phap Lidar di dong Au20, dong san pham
thuoc phan khic cao cap caa CHC van hanh trén xe 6 td. Nghién ciru tap trung vao yéu té do cao, mot
yéu té doi hoi do chinh xéc cao trong khao sat bé mat duong hién hitu. Két qua so séanh véi d6 cao thay
chuan ¢ khoang cach 300 m dén 850 m, d6i chiéu voi tiéu chuan do cao ky thuat trong thong tu
68/2015/BTNMT (Bo Tai nguyén va Méi truong, 2015), két qua 1a dat yéu cau.

So sanh vai cac nhan dinh trong nghién ctiu cia tAc gia Lopac va cac cong su vé céc thir thach va xu
huéng cua giai phap Lidar di dong trong twong lai (Lopac et al., 2022), thiét bi va két qua nghién ctu
thuc nghiém cua Lidar AU20 la rat tét. Két qua nay tham chi con tét hon khi so sanh véi két qua thu
nghiém thuc té voi chét ligu bé mat duong cling loai tir thiét bj Lidar cua hang Riegl. Mot vu diém nira
cua thiét bi Au20 d6 1a phuong phép xur Iy PPK, giup nang cao do chinh xac mat bang va do cao.

Két qua cua nghién ctu 1a danh gia dau tién vé do chinh xac trong thu thap so liéu do cao bé mat
duong hién hitu. Hai diém dang cht ¥ d6 1a: mot 13, Au20 c6 thé 1a mot su lwa chon mai trong khao sat bé
mit duong; hai 13, cac nha quan ly xem xét can nhic dua glal phap nay vao quy chuan, tieu chuan.

Song song véi d6, nghién ctru danh gia bude dau nay con ton tai cac han ché bao gom téc do chay xe
méi chi dirng 03 tdc do, chat liéu duong 1a dudng nhya, khoang cach xa nhat t6i tram base tai méc khéng
ché can phai nghién ciru thém nira.

Do chinh xéc xac dinh do cao 1a dat yéu cau khi so sanh véi tiéu chuan dé cao ky thuat dugc cong bd
trong Thong tu sé 68/2015 cua Bo Tai nguyén va Méi truong, 1a co sé dé ap dung giai phap Au20 cho thu
thap sb liéu toan bo bé mat cua tuyén duong.

Loi cam on

Cac tac gia xin cam on Cong ty c6 phan Cong ngh¢ Nguyén Kim da hé trg toan bg thiét bi, phu kign
cling nhu giai phdp phan mém dé tién hanh thyc nghiém.
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ABSTRACT

Mobile Lidar solution on the vehicle for road surface survey:
A case study of integrated AU20 Lidar operated on a car

Vu Ngoc Quang™ ", Nguyen Viet Ha? Pham Thi Thanh Hoa?

'University of Transport Technology
Hanoi University of Mining and Geology
Lidar is a new trend in data collecting in surveying in general and in the monitoring field in particular.
However, Lidar operated on a car solution for road surface data collecting is a quite new platform. The
paper is an assessment of using Lidar for this kind of purpose. In the study, an AU20 Lidar is used on a
car platform with three different speeds including 25, 30, and 40 km/h to scan about 3 km of asphalt
surface road. The scan data were processed by Copre software using PPK processing mode. The base
station is an 190 GNSS receiver. Output data were compared to a conventional method with an ATB4 auto
level. The results study indicated the efficiency of Au20 Lidar solution with vehicle platform when the
time of scan process is around 0 minutes and about 17 minutes in total including preparation. The
accuracy is most surprising when comparing the asphalt road surface elevation from point clouds to that
from the level method. The maximum differences in elevation are 10 mm, 21 mm, and 19 mm for 25, 30,
and 40 km/h speeds respectively. The standard deviations are 3.0 mm, 6.5 mm, and 7.5 mm for three car
speeds.

Keywords: Road monitoring, point cloud, mobile Lidar system, PPK processing, scanner.
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Ung dung GIS trong cdng téc giai phong mat bang du &n tuyén duong
cao toc Van bon - Méng Cai

Vii Thai Ha", Pham Chinh Thao, Khac Thanh Déng

B6 mon Trdc dia, Trieong Pai hoc Xay ding Ha Ngi

TOM TAT

Trong cé4c du 4n phét trién giao thong tai Viét Nam, cong tac bdi thuong giai phong mat bang ludn nhan
dugc sy quan tam cua Xa hdi va cac co quan quan ly. Viéc 1ap phuong an bdi thuong, giai phong mat
bang c6 diy du thong tin, dam bao do chinh xéac, dap ng nhu cau cua cac bén lién quan luodn la vén dé
dugc quan tdm. Trong nghién ctiu ndy, nhom tac gia da nghién ciru tng dung GIS dé hd tro cong tac bdi
thuong, giai phong miat bang cho dy &n xay dung tuyén duong cao téc Van Don - Méng Céi tai tinh
Quang Ninh. Két qua da thanh 1ap duoc co s6 dit liéu phuc vu cong tac giai phong mat bang cho tuyén
duong cao toc Van Bon - Mong Cai doan qua xa Hai Tién, tinh toan dién tich trong va ngoai chi gidi
duong do, tinh gia boi thuong vé dt trong pham vi du an. Trén co s¢ so sanh voi cong tac gidi phong mat
bang dugc thuc hién theo phwong phap truyén thong tai dia phuong, phén tich cdc uu, nhuge diém va
danh gia giai phap @ng dung GIS trong cong tac giai phong mat bang du an tuyén duong cao tée Van Don
- Mdng Cai.

Tir khoa: Xay dung co sé dir liéu, giai phong mat bang, dy an tuyén duong, GIS.
1. Pit véan dé

Cong nghé s6 néi chung trong d6 bao gdm hé¢ thong thong tin dia ly (GIS) 1a mot cong cu hitu ich voi
kha nang tich hop hé thong co s¢ dit liéu gan két véi ban do. Tién by nay da dugc ap dung rong réi tai
nhiéu nuéc phat trién nhu My, Nhat Ban, Phap,... dac biét trong cac cong tac quan ly va quy hoach. C6
thé ké dén nhiéu tng dung thuc té cua GIS trong quy hoach xay dung, quan Iy dat dai néi chung va trong
cong tac giai phong mat bang noi riéng. Singh (2014) di két hop cdng nghé vién tham va GIS trong linh
vuc quy hoach d6 thi, nham tim ra nhimg ving dét thich hgp dé ma rong phat trién d thi. Céc nghién ciu
ing dung GIS trong dia chinh dé quan |i cac thira dat rat phong phu, do wu diém caa cong nghé dbi véi

cong tac nay. C6 thé ké dén nhu cac nghién ciru cua Shakir (2022), Mango (2022), Liu (2020). Trong cac
nghién ctu nay déu néu duoc tinh hiéu qua, giam thiéu chi phi khi tng dung GIS trong cong tac quan ly
dia chinh vai céc thira dat. Cac ung dung cua GIS trong xay dung ciing rat da dang, van dé nay dugc t6ng
hop trong nghién ciu cua Akindele (2023). Co thé n6i GIS 1a cong cu khong thé thiéu ddi vai chinh
quyén trong viéc phat trién va quan 1i d6 thi théng minh (Liu, 2023).

O nudc ta, ngay 09/01/2020 Thu twéng Chinh phit da ban hanh Quyét dinh s6 40/QB-TTg vé viéc phé
duyét dé an “Xay dung, hoan thién co so dit liéu nén dia Iy qudc gia” thuc hién trén pham vi ca nudc
trong 5 nam 2020 - 2024. Myc tiéu cia dé &n la xay dung va hoan thién co s¢ dit liéu (CSDL) nén dia
ly qudc gia dugc cap nhat ddy da, chinh xéc, kip thoi, ddp ung yéu cau quan 1y nha nuéc cua cac bo,
nganh, dia phuong phuc vu quy hoach, phat trién kinh té - xa hoi, xay dung cac thanh phd thdng minh
dam bdo quoc phong - an ninh, phong chong thién tai, tng phoé vai bién ddi khi hau va cac nhu Cau cua xa
hoi. Tur déy, cac nghién ctu vé chuyen dbi sb, xay dung quan ly, khai thdc CSDL s6 tré nén can thiét, co
tinh thoi sw do nhu cau cip thiét cua xa hoi. Cac du 4n nghién ciu ng dung GIS dé xay dung CSDL
quan li dat dai ciing dwoc Nha nudc quan tam, ddu tu, trién khai thuc hién nhu xay dung CSDL dia chinh,
CSDL gia dat, CSDL quy hoach (Tran Quéc Binh, 2010; Poan Quang Cuong va nnk., 2017; Lé Phuong
Thay va nnk., 2014). Tuy nhién viéc trién khai ¢ ngoai thyc té, trudc day con thiéu tinh dong bd va chua
¢6 phuong an duy tri viéc cap nhat thong tin lién tuc.

* Tac gia lién h¢
Email: havt@huce.edu.vn
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Trong linh vuc dau tu xay dung cong tac giai phong mat bang giit vai tro quan trong, quyet dinh dén
tién do va hiéu qua thyc hién cac du an dau tu. Trong nhitng ndm qua, viéc trién khai cong tac bdi thuong
giai phéng mat bang con gap nhiéu kho khan, bét cap dan dén khoéng it du an bi cham tién do theo phé
duyét, gay ton thit cho nha dau tu, cho cac cap chinh quyén, anh huong dén doi séng nhan dan noi trién
khai dy an.

Hién nay, thanh phé Mong Cai dang trién khai xay dung nhiéu tuyén duong Ién, nho, trong do c6
tuyén duong cao toc Van Bon - Mdng Céi.

Tuy nhién cong téc giai phéng mat bing, quan ly thong tin quy hoach van cha yéu st dung file gidy,
thong tin khac roi rac, phén tan, chua tich hop véi thong tin dang ban db sé. Néu xay dung dwoc bo
CSDL chung, day sé& tré thanh mot hé thdng thdng tin tong thé nang cao hiéu qua cong tac phdi hop giira
cac co quan quan Iy nha nuéc trong quan ly quy hoach, xay dung do thi tai thanh phd, thong tin dén
doanh nghiép nghién ciru déu tu va ngudi dan s& nhanh chong hon. Vi dé an xay dung, hoan thién
CSDL quéc gia cua Chinh phu, céc thanh phd s& c6 bo CSDL hoan thién vé dat dai. Cong tac tinh khoi
lwong boi thuong giai phéng mat bang hoan toan cé thé tan dung khai thac bo CSDL nay dé thuc hién
nhanh chéng, chinh xac va hiéu qua hon.

C6 thé noi, chuyén ddi sb 1a xu hudng tit yéu trong thoi ky Cach mang cong nghiép 4.0 ddi voi
nhiéu linh vyc néi chung va trong quan ly dat dai giai phong mat bang phuc vu xay dung cac cong trinh
noi riéng. Bai bao nay nham trinh bay cac két qua ung dung GIS trong cong tac giai phong mat bang du
an tuyén duong cao téc Van Bon - Mong Cai nham nang cao hiéu qua cong tac nay trén dia ban. Tir d6
danh gia tinh hiéu qua, kha nang tmg dung cua cong ngh¢ GIS trong xay dung, quan 1y va khai thac co s¢
dir liéu giai phéng mat bang ddi véi cac du an xay dung tuyén duong.

2. Phwong phap nghién ctru va s liéu sir dung
2.1. Khu vgc nghién criru

Dy 4n cao téc Van Don - Mong Cai (Hinh 1) duoc khoi cdng vao ngay 03/4/2019, 1a tuyén cao toc thir
ba cua tinh Quang Ninh. Téng vdn dau tu ban dau khoang 11.195 ty dong vai chiéu dai gan 80 km, chay
qua dia phan 5 huyén thi gdm: Van Pon, Tién Yén, Dam Ha, Hai Ha va Méng Cai. Dy an da dugc khanh
thanh va chinh thae di vao van hanh khai thac tir ngay 01/9/2022, tir ddy Quang Ninh tré thanh tinh c6 sé
kilomét cao toc dai nhat nuéc.

Hai Tién l1a x4 cira ngd vao thanh phd Méng Cai, cach trung tam thanh phé Méng Cai 12 km vé phia
Tay. Phia Bac giap x& Hai Son, Bic Son (Méng Cai), phia Ty giap x Quang Nghia (Mong Cai), phia
Dong giap xa Hai Dong (Mong Cai), phia Nam giap bién.

Déi trong va khu vuc nghién ciu bai bao lya chon dé xay dung co so dit liéu giai phong mat bang ddi
véi cong trinh dang tuyén 1a tuyén duong cao téc Van Bon - Méng Cai, doan di qua xa Hai Tién, thanh
phd Méng Céi, tinh Quang Ninh.

CHUOI CAO TOC
HA NOI - MONG CAI

Hinh 2. Tuyén dwong cao toc

Hinh 1. Tuyén dwong cao toc ‘ ,
Vin Pon - Mong Cai Vin Bon - Mong Cdai dogn qua x8 Hdi Tién
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2.2. Sé liéu sir dung

Céc ban d6 phuc vu du &n xay dung tuyén duong cao téc Van Bon - Mong Cai, doan qua xa Hai Tién
dugc thu thap va sir dung bao gom: Ban dd hién trang giai phéng mat bang du an tuyén dudng cao téc
Van Don - Moéng Céi thudc dia phan xa Hai Tién, ty 1¢ 1/500 voi 6 manh lap thang 07/2017; Ban vé “Chi
gidi duong do” tuyén duong cao tbec Van Don - Méng Céi thuoc dia phan xa Hai Tién, ty I¢ 1/500; Ban
dd dia chinh toan x& Hai Tién lap thang 10/2017. Trong d6, sir dung ban do dia chinh va ban vé chi gisi
duong do dé xay dung CSDL. Ban db hién trang giai phong mat bang du &n tuyén dudng duoc sir dung
dé so sanh, ddi chiéu véi CSDL da xay dung.

Ngoai dit liéu ban db, d& tai con thu thap va sir dung cac van ban, quyét dinh c6 lién quan dén tuyén
duong cao tbe Van Bon - Méng Céi bao gom: Quyét dinh sé 3000/2017/QB-UBND ngay 02/8/2017 cua
UBND tinh Quang Ninh “V/v ban hanh quy dinh vé bdi thuong, hd trg va tai dinh cu khi nha nuée thu
hoi dat theo Luat Dat dai nam 2013 trén dia ban tinh Quang Ninh”; Quyét dinh sé 1036/QD-UBND ngay
02/4/2018 ciia UBND tinh Quang Ninh “V/v phé duyét gia dat cu thé dé tinh boi thuong khi nha nudéc thu
hoi dat thyc hién dy an: Dudng cao toc Van Bon - Mong Cai (doan qua dia phan Mong Céi)””; Quyét dinh
s6 3238/QD-UBND ngay 26/12/2014 ciia UBND tinh Quang Ninh “V/v ban hanh quy dinh gia céc loai
dat trén dia ban tinh Quang Ninh ndm 2015”... va nhiéu cac van ban khac lién quan.

2.3. GIS va #ng dung GIS trong cong tac gidgi phdng mat bang cong trinh dgng tuyén

GIS c6 thé dwoc hiéu 1a mot tap hop c6 td chire phan cing, phan mém may tinh, dir lidu dia ly, nhan sy
dugc thiét ké dé thu thap, luu trix, cap nhat, xir ly, phan tich va md hinh héa tat ca cac dang thong tin c6
quy chiéu dia ly. Biém manh cua GIS so vai cac cong nghé khéc la kha ning gin két cac thong tin ké ca
yéu t5 khong gian phuc vu phan tich va truy cap theo yéu cau. Vi kha nang quan Iy dit liéu, chdng xép
cac 16p thong tin, truy van tim kiém thong tin, xi ly phan tich dit liéu, GIS c6 thé dap ung giai quyét mot
s6 cong viéc phuc vu cong tac giai phong mit bang cac du an giao thong, von c6 khéi lwong cong viéc
I6n, trai dai qua nhiéu dia phuong vé6i nhiéu thao tac lap di 1ap lai, d& nham 13n sai sot khi thuc hién roi
rac. Ung dung GIS khong chi dirng lai & mot cong tac cu thé, ma huéng téi viéc xay dung co s¢ dit ligu
da muyc tiéu nham phuc vu cho cdng tac quan ly tir trung uong t6i dia phuong. CSDL tong hop, da muc
tiéu dam bao tinh ddng bo, chinh xac cia dir liéu giira cac cap quan ly, giam chi phi, giam kha nang mat
mét dir liéu, gilp thong tin téi nguai dan mot cach nhanh chéng va nhiéu loi ich khéac. Tir d6, cong tac
tinh khdi lugng giai phong mit bang sé& tan dung duoc tir b CSDL tong hop nay, tranh dugc nhiéu bat
cap nhu sai s6t, nham 1an, khong dong b thong tin, ciing nhu thyc hién nhanh chéng, d& dang hon.

2.4. Quy trinh xay dung co sé di# ligu gidgi phéng mét bang du &n cong trinh dang tuyén

CSDL phuc vu cong tac giai phong mat bang tuyen duong thuc té chinh Ia dir liéu vé céc thira dét
nam trong khu vuc xay dung tuyén duong, can thong ké dé di roi, boi thuong. Vi vay, ciing c6 thé goi
day 1a CSDL vé dét dai. Viéc xay dung CSDL dét dai phai dam bao tinh chinh xéc, khoa hoc, khach
quan, kip thoi va theo dang cac quy dinh hién hanh vé hd so dia chinh va cong tac cip Gidy chiing
nhan quyén sir dung dit. CSDL phai thuan tién va d& dang cho ngudi st dung, quan ly, khai théc va
cap nhat dir liéu dét dai. Qua trinh xay dung CSDL can tuan theo cac quy dinh ky thuat vé co so di
ligu dat dai (Bo Tai nguyén va Moi trudng, 2015), quy dinh vé quy trinh xay dung co sé dit liéu dat dai
(Bo Tai nguyén va Moéi trudng, 2017). Quy trinh xay dung co so dir ligu giai phong mat bang du an
tuyén theo cac buéc o Hinh 3.

3. Két qua va thao luan
3.1. Cdu trac mé hinh ciia co sé di# ligu gidgi phong mat bang

Dé xay dung CSDL, céc I6p dir liéu khong gian va dit liéu thudc tinh vé thira dat phai dwoc chuin héa
vé cAu tric va kiéu thong tin theo Thong tu s6 75/2015/TT-BTNMT. Tuy nhién, day 1a CSDL dat dai dic
thd, phuc vu truc tiép cho cong téc giai phong mat bang nén céc noi dung thong tin da dugc giam bét so
v6i mot CSDL dit dai téng quat. Cu thé, CSDL dat dai phuc vu giai phong mit bang tuyén duong cao toc
Van Don - Méng Cai ban dau duoc xay dung gom cac 16p dit liéu:

- Thua_dat: Luu trit cac thong tin lién quan dén thira dt nhu chu sir dung, dién tich, s hiéu thira, ...

- Giao_thong: Luu trit cac thong tin lién quan dén giao thong nhu: ma vi tri, tén duong.
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- Quy_hoach: Luu trir cac thong tin quy hoach str dung dat nhu: vi tri quy hoach, muc dich, chi gigi
duong do, cdc moc chi gidi,. ..

Sau budc xay dung CSDL, tién hanh khai thac CSDL da xdy dung dugc dé phuc vu mot sb cong tac
giai phong mat bang s€ c6 thém I6p dir liéu thua_denbu: luu trir céc thong tin lién quan dén céc thua dat

nam trong dién dén bu bao gdm dién tich dit dén bu, dién tich d4t con lai, gi4 dén bu dit trén 1 m?, tdng
tién dén bu dat, ..

Xac dinh muyc dich, yéu cau cia CSDL GPMB

v
Thu thap tai ligu, s6 lidu
Diéu tra khao sét thuc dia

v
v v

Chuén hoéa dir liéu Phan tich, tong hop tai liéu

- : | !

Dir liéu khong gian GPMB Dir liéu thudce tinh GPMB Cdc dir liéu khac cd lién
quan téi thia dat
T I

v

CSDL GPMB

v

Xay dung database

v

Thr nghiém quan li, khai théac, cdp nhat CSDL

v

Kiém tra, d4nh gia chat lwong CSDL

v

Poéng géi, giao ndp san pham

Hinh 3. Quy trinh xay dwng CSDL phuc vu gidi phong mat bang
3.2. Xay dung co sé dir ligu phuc vu gigi phong mat bang tuyén dwong cao téc Vin Pén - Méng Céi
dogn qua xa Hadi Tién

Viéc xay dung CSDL dat dai 1a khau quan trong, can phai vu tién thuc hién dé gilp cong tac giai
phéng mat bing cua cé4c du &n cong trinh dang tuyén trién khai nhanh chéng, dam bao d6 chinh xac va
cong khai minh bach théng tin dén nguoi dan. Sir dung tat ca cac dir liéu ban dd thu dwoc va céc di liu
khac nhu d3 liéu ké & Muc 2.2 dé tién hanh xay dung CSDL. V& nguyén tic, c4c dit liéu sau khi thu thap
va lén phuong 4n sir dung thi phai kiém tra lai cac thong tin va do chinh xé&c véi cac budc: kiém tra hé toa
d6, danh gia vé do chinh xac va ty 1& cua ban dd; kiém tra, ddi soét thdng tin thugc tinh trén céc thira dat.

Tur file ban d6 ban dau tién hanh chuan héa bang phin mém Microstation qua cac budc: chuyén dir
lieu vao mot file chung théng nhét, chuin héa cac ddi twong vé ding level quy dinh, kiém tra 13i
topology, ra soat dam bao cac ddi twong day di thudc tinh. Sau budc nay, ta thu dugc dir liéu ban do
trong file tong.dgn chira cac ddi tugng nam theo dung level quy dinh, céc thira dat dy du cac thong tin
thugc tinh dwoc lay tir ban do trich do dia chinh.

Chuyén d6i dir liéu sang phan mém ArcGIS. Cac dbi tuong sau khi dugc chuyén sang ArcGIS dugc
gop chung theo tirng dang polyline, point, polygon, annotation nén can tach dit liéu theo level, thudc tinh.
Tién hanh tach cac 16p thdng tin bang cach 1énh truy véan theo truong thudc tinh caa dbi twong va chuin
héa quan hé khong gian cho 16p dit liéu thira dat. Cac nhém dix lidu duoc xay dung dé phuc vu cong tac
giai phong mat bang tuyén dudng cao tbe Van Bon - Méng Céi bao gom:

- Nhém dir liéu dia chinh vé thira dt bao gom: Ranh gici thira, s6 hiéu thira, muc dich sir dung dat,
dién tich, cha s hitu.
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- Nhom dir ligu vé tuyén duong quy hoach bao gom: Ranh gidi tuyén duong quy hoach, cac moc va
toa do coc giai phdng mat bang.

- Dir ligu gia dat: Xay dung tir bang gia dat theo Quyét dinh sb 3238 ngdy 26/12/2014 va Quyét dinh sb
1036 ngay 02/4/2018 ctia UBND tinh Quang Ninh. Trong d6, Quyét dinh s6 1036/QD-UBND ciia UBND
tinh Quang Ninh di quy dinh cu thé gia tién bdi thuong dét cho du an Puong cao toc Van Bon - Mong
Cai (doan qua dia phan Mong Cai).

3.3. Khai thdc co sé dir liéu gidgi phong mdt bang tuyén dwong
3.3.1. Xdc dinh di¢n tich trong, ngoai chi gidi dwong do phuc vy cong tac gidgi phong mat bang

Theo quy dinh tai khoan 1 Diéu 17 Nghi dinh 43/2014/NB-CP ngay 15/5/2014 cua Chinh phu, cac
co quan chtre ning 1am nhiém vu bdi thuong giai phong miat bang phai to chirc hop théng béo cho nhitng
ho dan nam trong dién giai phong mat bang vé ké hoach, tién do thu hoi dat giai phong mat bang, cac
chinh sach boi thudng, hd tro va tai dinh cu, cong b céc tai lidu lién quan dén viéc thu hoi dat. Trong do,
cac ho dan dac biét quan tdm t6i viéc xac dinh dién tich trong, ngoai chi gisi duong do, ho mudn biét
phan dién tich con lai hoic mat di ciia nha minh sau khi giai phdng mat bang. Cong tac xac dinh dién tich
trong, ngoai chi duong do dugc cac don vi tu van ¢6 chirc ning vé do dac ban do lap va thé hién trong hd
so k¥ thuat thira dat.

Quy trinh tinh dién tich dét trong, ngoai chi gisi duong do thé hién trong Hinh 4.

‘ Lép dit liéu thira dat ‘ ‘ Lép dit liéu tuyén duwong quy hoach
[ |
v
Chéng xép dit liéu
Union/ Intersect
v v v
Thira dat nim tron Thira ddt ndim mot phén Thira dat nim ngoai
trong chi giéi duong do trong chi gigi dudong do chi gigi duong do
| I ]|
v

Téng hop dién tich trong va ngoai chi
gidi duong do
v
‘ Gan hé s6 diéu chinh gia dat ‘

v

’ Tinh gia béi thuong dat ‘

Hinh 4. Quy trinh tinh dién rich dat trong, ngoai chi gici dwong dé va tién boi thirong dat

Tir CSDL da xdy dung, sir dung chirc nng chong xép thong tin cua GIS (Union/Intersect) dé chong xép
hai 16p dir lieu, tao ra I6p dix lieu méi chua cd thong tin cua hai 16p dir liéu ban dau. Hai l6p dit ligu duoc
chon dé chong xep ¢ day la: 16p dit liéu thura dat va I6p dir liéu tuyen duong quy hoach. Tur cac ket qua
chong xep, tinh dién tich cho tat ca cac thira dat phan nam trong chi giéi duong do va phan nam ngoai chi
gidi duong do. Hién thi két qua tinh dién tich vao dit liéu thudc tinh. Chia’dfr liéu thuoc tinh thanh hai
treong: dién tich trong chi gigi duong do, dién tich ngoai chi gi¢i duong do. Két qua s& c6 3 truong hop la:

- Truong hop 1: c4c thira dat nam hoan toan trong chi gisi duong dé thi dién tich ngoai chi gisi duong
do =0.

- Trudng hop 2: cAc thira dat nam 1 phan trong chi gisi duong do thi dién tich ngoai chi giéi duong do
# 0 va dién tich trong chi gigi duong d6 7= 0.

- Trudng hop 3: cAc thira ¢at nam hoan toan ngoai chi giéi duong do thi dién tich ngoai chi gioi duong
do = 0.

Két qua thu dugc I6p thua_denbu (Hinh 5) thé hién day du chi tiét théng tin vé cac thira dét trong
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pham vi boi thuong giai phong mat bang tuyén duong cao toc Van Don - Mong Céi doan di qua xa Hai
Tién, dam bao cung cap day dua thong tin ca vé di liéu khdng gian va dir liéu thudc tinh cho cac co quan
churc nang ciing nhu cac ho dan trong pham vi dy an.

FID | Shape" | Mathua | Sohieuthua | Disnbch | otdenbu | _sonial I
T Fohgon —UC_ 3 B [CH 0

1301
46,
83
7

I I

of 191 Selected)

Hinh 5. Bang thugc tinh 16p thua_denbu sau khi da tinh dién tich d@én bl
3.3.2. Tinh gi& boi thuong cho cac thira dat bi thu hoi

Theo quy dinh (Uy ban nhan dan tinh Quang Ninh, 2017), don vi truc tiép 1am nhiém vu boi thuong,
giai phéng mat bang cé trach nhiém lap du thao phwong an bdi thuong, hd tro, tai dinh cu chi tiét cho
ting t6 chirc, ho gia dinh c6 nha, dat trong pham vi thyuc hién dy an. Trong céc noi dung trén, viéc xac
dinh sb tién bdi thuong dit & va tai san gan lién voi dét 1a nhiém vu quan trong, né anh huong truc tiép
dén tién do giai phong mat bang cua cac du an. Dac diém cua khu vuc nghién ciru 12 tuyén duong cao téc
Van Don - Méng Cai doan qua xa Hai Tién hau hét cat qua cac thira dat ndng nghiép. Cuing vai viéc thu
thap dir liéu vé tai san trén dat (nha &, cdy trong,...) con gap kho khan. Nén trong bai bao chi tinh tién bdi
thuong vé dat, khdng tinh tién boi thuong cho tai san trén dit.

Lép thua denbu dwgc xay dung tir CSDL di c6 truong gia tri vé loai dat, ma vi tri, gia dit theo
khung gi4 nha nudc, cac hé so diéu chinh, dién tich trong chi giéi duong do. Tir do tinh gia boi thuong
vé dat dai cho tirng thira dat. Tién boi thuong dat dwgc luu trong trudng thuge tinh Tienbt_Dat va tinh
theo cbng thic:

Tién bdi thuong dat = Gia theo khung gia Nha nudc x Dién tich trong chi gisi duong do x hé s6 diéu
chinh theo QB 1036/QD-UBND (1)

Ngoai ra theo quy dinh tai Khoan 2 Biéu 13 Quyét dinh s6 3000/QD-UBND ngay 2/08/2017 cia UBND
tinh Quang Ninh, ngudi dan con nhan duoc tién hd tro “H8 trg dao tao, chuyén dbi nghé va tim kiém viéc
lam di vé6i truong hop Nha nudc thu hdi dat ndng nghiép cua ho gia dinh, c4 nhan truc tiép san xuét
ndng nghiép”. Tién hd tro dugc luu trong truong thudce tinh Tienht_Dat va tinh theo cong thirc:

Tién hd trg dat = Gia theo khung gia Nha nuéc x Dién tich trong chi gisi duong do
x hé s0 2 hoac 2,5 theo tirng loai dat )]
Tir d6 tinh dugc tong s6 tién dén bu cho dit theo cong thirc:
Tdng tién dén bu dat = Tién dén bu dat + Tién hd tro dét (3)
Két qua nghién ciru da tinh duoc tién boi thuong vé dat cho tat ca céc thira dat nam trong pham vi dy
an duong cao toc Van Bon - Mong Cai doan di qua xa Hai Tien.
3.4. Pdnh gid gidi phéap i#ng dung GIS trong cong tac gidi phong mét bang tuyén dwéng cao téc Van
Dén - Méng Cii dogn qua xa Hadi Tién
3.4.1. So sanh co sé dit liéu da xdy dung véi dir ligu giai phong mat bang tai dia phwong

Tir CSDL da xdy dyng, thanh lap dwoc Ban dd téng hién trang giai phong mit bang cua tuyén duong
thuc nghiém bang phan mém ArcGIS (Hinh 6). So sanh két qua ban do nay va 6 manh ban do hién trang
giai phdng mat bang cua dy an duong cao toc Van Bon - Méng Cai doan di qua xa Hai Tién duoc dia
phwong cung cap. Qua so sanh céc gia tri vé khong gian va thudc tinh thé hién trén hai ban do, thay hoan
toan trung khop. Biéu nay 1a hoan toan hop ly, céc dir liéu dia chinh ndy tai dia phuong quan li déu phai
thdng nhat trudc thoi diém thyc hién dy an.
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BAN PO HIEN TRANG GIAT PHONG MAT BANG

Hinh 6. Ban do tong hién trang gidi phdng mat bang cua tuyén dirong thuec nghiém duwoc xay dung tir GIS

Dé so sanh két qua tinh toan cua nghién ctu véi s ligu boi thuong thuc té cua du an, cAc tac gia da thu
thap dugc phuong an bdi thuong, hd trg va tai dinh cu cua cac ho dan trong pham vi giai phong mat bang
cua x& Hai Tién qua tai liéu “Bang tong hop cac phuong an bdi thuong, hd tro va tai dinh cu giai phéng
mit bang du an duong cao tbc Van Don - Mong Cai (Poan qua thanh phd Mong Cai)”. Tién hanh so sanh
giira két qua tinh bang GIS va két qua theo bao céo tai dia phwong vai hai ndi dung: dién tich dat dén ba
va tién bdi thuong vé dat phuc vu giai phong mat bang (bao gém tién bdi thudng theo don gia ciia Tinh va
tién hd tro). Nhan thdy, mot s6 ho c¢é chénh léch dién tich dén b (+ 0,1 m?) thi sé tiép tuc chénh léch vé
don gia dén bu, vai gié tri tién twong tng dién tich chénh léch. Chénh léch vé dién tich duoc giai thich 1a
do 1am tron sé va nho, chap nhan duoc. Qua so sanh nhan thiy viéc tinh dién tich bdi thuong dit va gia
tién bdi thuong vé dét cua nghién cau vé co ban 1a tring khép voi két qua da thuc hién tai dia phuong.

3.4.2. Danh gid két qua xay dung co so dit liéu bang GIS phuc vu ¢dng tac giai phong mat bang tuyén
cao toc Van Pon - Mong Cai

Qua viéc xay dung thanh cong CSDL phuc vu giai phéng mat bang tuyén duong cao tbec Van Don -
Méng Cai doan qua xa Hai Tién, nhan thiy thanh Iap CSDL tir ngudn ban d6 phuc vu cong tac giai phong
mit bang 1a cong viéc kha thi, dam bao d6 chinh xéc, dap (g nhu cau cua cong tac giai phong mat bang.
Trong qué trinh thuc hién xay dung b CSDL phuc vu giai phéng mat bang tuyén duong cao toc Van Bon
- Méng Céi, cuing véi cac két luan trong béo cao tong két danh gia cong tac giai phong mat bang tai dia
phuong, nhan thiy cong tac giai phéng mat bang tai dia phuong con ton tai mot sé van dé. Nhiing van dé
nay ¢ thé khic phuc mét phan nao néu di xay dung dwoc bo CSDL théng nhat. Bao gom céc sai s6t vé
tinh khéi lwong bdi thudng sai, 4p dung don gia tai ciing mot thoi diém chua thong nhat,... Ban d6 hién
trang giai phong mat bang duoc thanh lap phuc vu dy an cé sé thira khéng théng nhat véi s thira toan x4,
ma dugc danh sb thia riéng trong khu vuc giai phéng mat bang, gay kho khin cho qua trinh tra soat,
thong nhét dir liéu. Trén ban do hién trang giai phong mat bang, mot s6 vi tri hién thi khong dii hét cac
thdng tin thuoc tinh, gy mat thoi gian tra soat, tim kiém khi can thiét. Trong cong tac lam ho so giai
phéng mat bang c6 nhiéu thao tac lap di 1ap lai, & dia phuong con dién hd so bang tay néu c6 bo CSDL
thi cac thao tac tu dong bang may s& nhanh chéng, thdng nhat hon.
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3.4.3. Khd ndng 1ng dung GIS trong cong tac giai phéng mdt bang du &n tuyén duwong

Ung dung GIS trong cong tac giai phéng mat bang dang tuyén dem lai nhidu wu diém, 1a xu thé tat yéu
trong su phat trién cua xa hoi hién dai, khi cac thong tin dir liéu duoc luu trix, chia sé, cap nhat théng nhit
trén may tinh. Diéu kién t6i wu khi trién khai @ng dung ndy véi cong tac giai phong mat bang 14 trén dia
ban da xay dung dugc CSDL dat dai tong quat theo quy dinh cua Bo Tai nguyén va Moi truong. Truong
hop chua c6 CSDL nay thi viéc xay dung CSDL dét dai chuyén biét cho du 4n nén duoc tich hop véi viéc
xay dung CSDL tong quat, hoic véi cac CSDL dat dai (hay CSDL lién quan dén dét dai) cho cac hoat
dong khéc trén dia ban du &n hay 1an can. Nhu vay s& khai thac dwoc hét tiém ning cua b CSDL xay
dung dugc. Trén thuc té, tir bd CSDL phuc vu giai phéng mat bang tuyén duong cao toc Van Don - Méng
Cai, nhom tac gia cling da xay dung dwoc ban d6 hién trang sir dung dat, ban d6 gia dét cho thanh phd
Méng Cai mot cach nhanh chéng, dé dang. Bé nghién ciu cé thé phat trién hon, bd CSDL da xdy dung
can dugc lién tuc cap nhat, chinh stra, thém céc dix liéu chuyén biét dé phu hop véi thyc tién bién dong vé
dir liéu dét dai, dia chinh va c6 thé &p dung trong céc cong tac quan ly khéc tai dia phuong.

4. Két luan

Két qua nghién ctru da tng dung thanh cong cong nghé GIS dé xay dyng CSDL phuc vu cong tac giai
phong mét bang du an tuyén duong cao téc Van Bon - Mong Cai doan qua Xa Hai Tién tir nguon dir ligu
ban d6 thu thap dugc. Da khai thic CSDL nay dé giai quyét mot sb bai toan thuc tién trong cong tac nhur:
xac dinh di¢n tich trong ngoai chi gisi duong do, tinh gia boi thuong vé dat cho tat ca cac thira dat. Cac
két qua nay sé& gilip giai quyét cAc van dé ciia cong tic GPMB mot cach nhanh chéng, chinh xac. Nhiing
nghién cau cua luan van da cho thiy viéc xay dung CSDL la mét cong cu hiru ich hd trg cho cong tac
quan ly n6i chung va hd trg cho cong tac giai phong mat bing cua cac dy an phat trién giao thong noi
riéng. Chinh quyén céc tinh, thanh phd nén chi dao viéc tang cuong tng dung GIS trong cac dy &n phat
trién ha tang do thi va c6 ké hoach cap nhat, chinh stra, thém cac dir lieu vao by CSDL da xay dung déné
phat huy duoc hiéu qua trong thuc té.
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ABSTRACT

Research and assessment of GIS application solution in the land
clearance of VVan Don - Mong Cai expressway project

Vu Thai Ha" ", Pham Chinh Thao®, Khuc Thanh Dong*
'Hanoi University of Civil Engineering

In traffic projects in Vietnam, compensation for land clearance always receives the attention of society
and management agencies. Stakeholders always pay attention to whether the compensation and site
clearance plan is fully informed, accurate, and meets their needs or not. In this study, the authors
researched and applied GIS to support compensation and land clearance for the Van Don - Mong Cai
expressway project in Quang Ninh province. As a result, a database has been established for land
clearance for the Van Don - Mong Cai expressway, calculating the area inside and outside red-line
boundary, calculating the compensation money for land within the project scope. After comparing with
the results of the implementation of the local traditional method, the authors analyzed the advantages and
disadvantages and evaluated the GIS application solution in the land clearance work of the expressway
project Van Don - Mong Cai.

Keywords: Database building, land clearance, road project, GIS.
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Tric dja cong trinh trong cach mang sb va co sé dit liéu
thong tin xay dung

Vil Van Thang,Vii Thai Ha",
Bg moén Trac dia, Truong Dai hoc Xay dung Ha Ngi

TOM TAT

Trudc déy, tai liéu khao sat tric dia dam bao thiét ké cong trinh dugc thé hién trén gidy theo cach truyén
thdng. Trong cach mang s6 4.0, cac thong tin trén duoc s6 hoa, chuyén doi vé ciing mot hé qui chiéu dé
xay dung co s6 dit liéu théng nhat, phuc vu cong tac khao sét, thiét ké, thi cong, khai thac, cap nhat bd
sung théng tin, cai tao sira chira, dam bao xuyén sudt qua trinh xay dung, sir dung cong trinh. Bai bao
dugc trinh by véi muc dich 1am sang t6 nhirng thay ddi trong cong tac tric dia phuc vu xay dung va st
dung co s& dit liéu s6. Théng qua nghién ctu ly thuyét, so sanh, kiém chang thuc té dé phan tich qua
trinh sé héa thong tin, xay dung mot co so dit liéu xdy dung cong trinh thdng nhét, véi cac ndi dung co
ban can quan tam giai quyét dé phat huy céc wu diém cia co so dir liéu tric dia sb.

Tur khoa: Cach mang s6 4.0, co so dit liéu, tric dia cong trinh, co so dir ligu cong trinh.
1. Pat véan dé

Tric dia 1a khoa hoc vé Tréai dat, vai noi dung chinh nham xéac dinh tuong hd vi tri diém, trong d6
tham s6 vi tri diém trén mat dat can xac dinh dwoc ki hiéu 1a XYH. V& qua trinh phaét trién cua linh vyc
Trac dia xay dung cdng trinh ¢ Viét Nam da c6 tén goi qua céc thoi ky nhu: “Do dac va ban d6”, “Trac
dia cong trinh”, “Tric dia xay dung”, “Pia tin hoc xay dung”, “Ki thuét tric dia”,... Cong tac tric dia
cong trinh tham gia & nhiéu giai doan Vi rat nhiéu dang c6ng trinh khac nhau, tir dan dung, céng nghiép
dén cac cong trinh qudc gia,... Cong tac nay luén dwoc quan tim vi né dong vai tro quyét dinh dén do
chinh xé&c vé hinh dang, kich thuéc dé dam bao chat lugng cong trinh. C6 thé thiy rang, tric dia cong
trinh g6p mat vao nhiéu khia canh cua doi séng va cé tim quan trong rat I6n déi véi sy phét trién kinh té -
xa hoi dat nuéc.

Theo truyén thdng cac két qua do dac duoc thé hién chu yéu & trén gidy, trén cac bang biéu,... goi tit
1a phuong phéap “gidy”. Ngay nay, trong cach mang 4.0, cac thong tin do dac thu dugce déu dugc sb hoa,
tao ra kha nang hién thi, khai thac, luu trix, c4p nhat, tai sir dung thong tin hon han phuwong phap “gidy”
truyén thong goi tat 1a phuong phap “s6”. Hién nay, co s& dit liéu (CSDL) sb dang dugc str dung rong rai
trong trac dia xay dung, nhung chua c6 nhiéu nghién ctiu tong hop, phan tich vé van dé nay ma chi yéu
chi tap trung vao céc dang cong viéc cu thé. (Akindele va nnk., 2023) di téng hop va nhan dinh ring hé
thong tin dia 1i (GIS) duoc ng dung rit da dang trong xay dung véi nén la céc dit liéu ban db. Cac phan
cdng viéc trong qua trinh xay dung cong trinh nhur quy hoach, thiét ké, gidam sat thi cong, phat hién 16i va
giam sat an toan la nhitng ung dung chinh cua GIS trong xay dung. N6 gitip cho viéc theo doi cac hoat
dong xay dung truc quan hon. Mot trong nhitng dan chirng cua nhan dinh nay, d6 1a wu diém ndi bat cua
cong nghé sb cho phép xay dung md hinh ba chiéu (3D) kha nhanh chéng va thuan tién. C6 thé md hinh
hoa théng tin xay dung dé xay dung hé thdng théng tin xay dung cho toan tda nha bang céch tich hop cac
ban v&, ban d6 hai chiéu (2D) va mé hinh 3D véi cac ngudn dir liéu xay dyng khéc (Ebrahim va nnk.,
2016). Céc nghién ctu khai thac cong nghé sb trong ting linh vuc xay dung véi sy tham gia cua di lidu
triac dia c6 thé ké dén nhu: cong tac quy hoach (Allawi va Al-Jazaeri, 2023), 1ap ho so du &n (Abd va
nnk., 2020), giam sat thi cong (Bognot va nnk., 2018; Han va nnk., 2022), bao tri va quan ly chat lugng
cong trinh (Sacks va nnk., 2010; Miano va nnk., 2022; Shekargoftar va nnk., 2022; Bartonek va nnk.,
2023), xay dung duong (Rajadurai va Vilventhan, 2021; Wang va nnk., 2021; Chun va nnk., 2021), xay
dung cong trinh ngam (Sharafat va nnk., 2021), khai thac mo (Bottero va nnk., 2020),... Trong do, cac
cdng nghé hién dai cua tric dia nhu anh vién tham, may bay khong nguoi 1ai (UAV), dinh vi vé tinh
(GNSS),... duoc két hop cung céc hé thong luu trir, phan tich dir liéu dang s6 nhu M6 hinh thong tin cong
trinh (BIM) hay GIS,...

* Tac gia lién h¢
Email: havt@huce.edu.vn

185


mailto:havt@huce.edu.vn

(f\ : HOI NGHI TOAN QUOC TRAC PIA CONG TRINH

ESS% Vi S PHAT TRIEN BEN VNG (ESSD 2023)
i —

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

C6 thé ndi, cong nghé s6 da 1am thay doi phuong thirc 1am viéc ciia nganh tric dia xay dung, véi tat
ca cac dang cong viéc theo vong doi cia mot cdng trinh, mé ra nhiéu hudng phat trién mai.

O nudc ta, cac nghién cau vé xay dung co sé dir liéu méi chi ding lai & tng dung céc phan mém xay
dung CSDL phuc vu mét nhigm vu cu the. Tap trung hau hét 1a (ing dung GIS trong quan 1i dét dai (Tran
Quéc Binh, 2010), quy hoach dé thi (Nguyén Bich Ngoc, 2014); tng dung BIM trong xay dung md hinh
thdng tin cong trinh (L& Hoai Nam va nnk., 2018),.. . Can c6 thém cac nghién clu tap trung vao tong hop,
phan tich céc thay doi cua cong tac tric dia cong trinh trong thoi dai céng nghé sb.

Tu cac phan tich trén, ctng voi thoi ki hién nay. Noi dung bai bao tong hop, phéan tich su khac biét
trong viéc cap nhat, khai théc sé liéu khao sat (dir liéu den), so ligu thiét ké xay dung cong trinh (di ligu
do), dugc thuc hién theo cac phuong phap trac dia xay dung truyén théng thé hién trong ban v& biang gidy
S0 V&i co s6 dit lidu sd.

2. Hé quy chiéu tric dia va kich thwéc cong trinh xay dung

Céc cong trinh xay dung cha yéu nam trén mat dat, noi 1a d6i tuong do dac chinh cua cong tac tric dia
cong trinh. B& mat Trai dat go ghé, khong c6 hinh dang cu thé. Trong qué trinh phat trién caa nhan thirc,
bé mat Trai dét cling thay doi tir quan niém Troi tron, Dat vudng dén bé mat duoc khai quat hda, nhu mat
vat ly Geoid, mat toan hoc Ellipsoid.

Mt vat 1y Geoid dugc dinh nghia véi 2 tham sb dic trung 1a: phuong ciia luc hut Trai dat (phuong
cua trong lyc) di qua cac diém trén mat dét lubn vudng goc voi mat Geoid va téng binh phuong khoang
cach cac diém trén mat dat ¢én mat geoid la nho nhét (Vii Thing, 2005). CAc hé toa do trén mat dat, dé
xac dinh twong hd vi tri gitra cac diém, cha yéu dugc xac lap trong hé qui chiéu la phuong cua lyc hit
Trai dat. Bac biét 1a trong xay dung, quy chiéu dwoc chon 1a phwong cua lec hat Tréi dat.

Mt toan hoc Ellipsoid dwoc dinh nghia tir mat elip tron xoay (thé bd duc), dugc xé&c lap tir hinh elip
c6 ban truc 16n a, bang ban kinh Trai dit ¢ Xich dao; ban truc nho b, bang ban kinh Trai dit ¢ hai cuc.
Tam cua mat Ellipsoid tring véi trong tam cua Trai dat; truc quay cua Ellipsoid tring véi truc quay cia
Trai dat. Cac diém trén mat Ellipsoid dugc xac dinh boi vector f(S,exyz), trong d6 S 1a khoang cach tir
trong tam Trai dat dén diém quan tric, exyz 1a 3 tham s6 géc Euler caa vector (Bemnko Kypres, 1975).
Céc hé toa do dé xac dinh tuong hd vi tri cac diém trén mat Ellipsoid, duoc Xac lap chu yeu trong hé qui
chiéu dugc chon 1 duong phap tuyén. Phéap tuyén 1a duong vudng goc véi tiép tuyén cta vong tron 16n di
qua diém quan tric trén mat Ellipsoid.

Tai diém quan tric trén mat dat, phuong cua luc hiit Trai dat va phap tuyén khéc léch nhau bai do léch
cta duong day doi. D6 léch cua 2 dwong qui chiéu nay rat nho, thuong chi ¢& vai gidy trong don vi do
goc. Bé xac dinh twong hd vi tri diém trén mat dat, trong tric dia sir dung rat nhidu hé toa d6 khac nhau,
phu thudc vao phuong phap, dung cu do ciing nhu cach tinh. Trong khéng gian, twong hd vi tri diém
thuong duoc xac dinh bai toa do dia thm XYZ, trong hé toa do khong gian ba chiéu, c6 diém géc O lay
theo tdm cua Trai dat, truc OX va OY nam trong mat phing Xich dao, chiing vuéng géc véi nhau. Truc
OX triing vai giao tuyén ciia mat phang kinh tuyén géc va mat phing Xich dao. Truc OZ triing véi truc
quay cua Trai dét.

Toa do dia dién xyz dugc xac dinh trong hé toa d¢ dia dién ba chiéu, c6 goc tai diém quan tric trén
mit dat, truc oz tring véi phap tuyen truc ox la giao tuyen ctia mat phang kinh tuyén va mat phang nam
ngang di qua diém quan trac, oy nam trong mat phang nam ngang, vuong g6c Vi tryc ox Vvé phia DBong.
Trong h¢ toa d¢ dia dién, mat phang nim ngang dugc xéac dinh 1a mat phang vuéng géc vai phap tuyén tai
diém quan tric (diém gdc). Khac biét véi hé toa do dia dién, trong xay dung thuong st dung phuong
thang dung, 1a phuong song song voi phuong cua lyc hut Trai dat, phuong nam ngang vubng goc vai
phuong cua lyc hat Trai dat (vudng goc véi phuong thang dung). Mat phing nam ngang vudng goc vai
phuong cua lyc hit Trai dét di qua diém quan tric. Puong chan troi, trong quan niém dan gian 1a noi gap
nhau gitra Troi va Dat, con trong tric dia, n6 1a duong kéo dai caa mit phang nim ngang tai diém quan
tric (nguoi quan tric cam nhan 1a ranh gIOI giita Troi va Dat hay noi Troi va Dét gap nhau). Can luu y &
day 1a su khac biét giira hai hé qui chiéu xac lap bai phap tuyén va phwong cua trong luc véi dai luong do
Iéch day doi.
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Trén mat dét, twong hd vi tri diém thudng dugc xac dinh bai toa dd mat bang XY va d6 cao H. Trong
ban d6 dia hinh truyén théng in trén gidy cua Viét Nam cac diém dic trung cua dia hinh va dia vat duoc
biéu dién bang 4 mau véi 7 16p thong tin. Toa do XY xac dinh vi tri mat bang caa diém trong hé toa do
VN-2000. Toa do diém mat bang la toa d6 2 chiéu XY trong hé toa do trén, dwoc xéac lap boi phép chiéu
hinh tru ngang UTM. D cao H ciia diém thuong duoc bicu dién bang duong dong mac két hop véi ghi
chu do cao. Trong h¢ toa do VN-2000, do cao H la d¢ cao thuy chuan (lay mit nudc yén tinh lam
chuan), diém gbc do cao cua Viét Nam xac dinh tir gia tri muc nuéc bién trung binh quan trac ¢ tram
Hon Dau, D6 Son, Hai Phong, nén con duoc goi la d6 cao so véi myuc nudc bién. P cao so voi muc
nuéc bién (d6 cao thuy chuan) H, 1a khoang cach tir diém quan trac trén mat dat tinh theo phwong cta
lyc hat Trai dat téi mat Geoid. Mat Geoid thuc dung cua Viét Nam ldy muc nuée bién trung binh ¢ dao
Hon Déu, DS Son lam gde. Tly thude vao diém goc do cao dwoc chon ma goi 1a do cao Quéc gia, do
cao khu vyc hay d6 cao cuc bo gia dinh va chung déu 1a d6 cao thay chuan, chi khac ¢ diém géoc cua
mit cong duoc chon lam chuan.

Trong tric dia con sir dung do cao tric dia Hyp, 1a khoang cach tir diém quan tric trén mat dat dén mat
Ellipsoid, tinh theo phuong ctia phap tuyén. Do cao tric dia Hyp, thuong dugc xac dinh tir cac két qua
quan trac vé tinh. Sy khéc biét giita gia tri d6 cao thiy chuan H va do cao tric dia Hyp tai mot diém la di
thuong d6 cao. Di thudng do cao la khoang céach gitra 2 mit Geoid va Ellipsoid qui uéc cua diém quan
trac, thudng c6 gia tri mm dén cm ¢ dong bang, cm dén dm & trung du va dm dén m & ving nui. Noi ¢é
gid tri di thuong do cao 16n nhét trén thé gidi, c6 thé 1én dén trén 150 m (Bexuxo Kypres, 1975). Ngoai
su chénh léch do 2 mit géc, d6 cao thuy chuan H va do cao trac dia Hyp con khéc nhau boi dugc tinh theo
phuong cua lyc hat Trai dit va theo phap tuyén. Trén ban d6 dia hinh biéu dién do cao thuy chuan H, do
cao dung trong xay dung ciing 1a d6 cao thuy chuin H. Nué6c chdy tir chd cao xubng chd thap, hay tir chd
¢6 do6 cao thuy chuan 16n hon xudng chd c6 do cao thiy chuan nho hon.

Céc toa d6 khéc nhau, str dung trong tric dia, dwoc chuyén ddi qua lai, hoac chuyén vé mot hé toa do
thdng nhat, bing cé4c thuat toan chuyén nganh (Vi Thai Ha, 2020). Trong ban vé thiét ké ciing nhu cong
trinh xay dyng ngoai thuc té, twong hd vi tri gitra cac diém dic trung trén cong trinh dugc thé hién théng
qua ba kich thugc: Dai - Rong - Cao. Kich thudc dai - rong cua cong trinh, cac hang muc cong trinh, cac
chi tiét,... duoc xéc l1ap trong cac hé toa d6 qui wdc cuc bd phing, vudng géc, 2 chiéu (xoy)’, nd c6 thé
dugc chuyén d6i Helmert thanh toa do phing XY trong toa d6 quéc gia VN-2000 trén tai liéu khao sat
hodc ban d6 dia hinh Viét Nam va nguoc lai. Hé toa o cong trinh trong cac ban vé thiét ké thuong sir
dung 1a hé toa do cuc bo gia dinh, tu chon, xac 1ap trong mat phang nam ngang vai 2 truc ox’ va oy’
vuong goc. Do cao cong trinh H 1a khoang cach dung, xac dinh theo phwong cua lyc hut Trai dét tinh tir
cbt 0.0 cua cong trinh dén mat nudc gde. Chiéu cao cong trinh h 1a chénh léch do cao thity chuin H giira
diém c6t 0.0 va dinh cong trinh. Chiéu cao c6ng trinh h cé thé tinh chuyén thanh chénh léch d6 cao thay
chuan trong VN-2000 va nguoc lai.

Trong thoi ki cach mang s 4.0, twong hd vi tri diém trén mat dat, trong thiét ké hay trén thuc té cong
trinh xay dung, c6 thé sé héa, chuyén ddi mot mé hinh sé théng nhét, phuc vu khao sét, thiét ké, thi cong,
quan ly, khai théc, cap nhat théng tin. Tao ra mot CSDL sé trong mot hé qui chiéu 5 chiéu, c6 3 chiéu
thong tin khong gian XYH tuong (g vai cac chiéu dai - rong - cao (xyh)’, thdng tin thugc tinh va théng
tin thoi gian cap nhat. M&i mot diém mang théng tin khdng gian, théng tin thudc tinh va théng tin thoi
gian. Hai diém xac dinh mot duong thiang va ba diém xac dinh mot mat phang. Piém, duong va mat
phang trén mat dat, trong thiét ké, trén cong trinh xay dung cting vai nhitng thong tin khac 1a nhiing thanh
phan co ban dé hop thanh CSDL s thong tin xay dung.

3. Thu thap thdng tin xay dung co sé dir liéu

Théng tin co ban can thu thap dé xay dyng CSDL c6 2 loai: thanh phan dang ton tai ngoai mat dat,
con goi la dir liéu den; thanh phan xac 1ap du kién trong thiét ké (trén ban vé), con goi la dix liéu do.

3.1. Dar ligu khdo séat

S6 liéu khao sét ngoai mat dat, trén cong trinh da xay (dit liéu den) dugc thuc hién theo nguyén tic
“tur tong thé ti chi tiét, do chinh xac cao dén do chinh xac thap”. Nguyén tac nay duoc cu thé héa bang
hé thong lugi khdng ché tric dia ba cap chinh. Cip mét 1a ludi khdng ché québc gia véi 4 hang. Cép 2 1a
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lugi khéng ché khu vue, dwoc phét trién tir lugi khéng ché qudc gia. Ludi khdng ché khu vuc gom co ludi
giai tich va ludi duong chuyén. Cudi cung 1a lugi khong ché do v&, dugc phat trién tir cac diém méc cua
cac lugi hang trén theo nguyén tac anh huong khong déang ké; Sai s6 cua cac diém mdc hang trén anh
huéng téi do chinh xac cia ludi hang dudi nho hon 11 dén 13% duoc coi 1a khong dang ké [Vii Thang va
Vii Thai Ha, 2016].

Trong tric dia dir liéu den duogc do truc tiép hoic gian tiép. Khi do truc tiép, tai cac diém méc khdng
ché do v&, dat may truc tiép do, xac dinh cac tham s6 diém do chi tiét dic trung cho dia hinh dia vat do
ngudi cam mia (guong) chon khéi quéat. Mirc do khai quat hoa dia hinh, dia vat phu thudc vao ty 18 ban do
khao sat can lap. Do tryc tiép truyén théng trong phuong phap toa d6 vudng goc xac dinh x’y’h’, tt (thudc
tinh) trong hé toa d6 cuc bo bang lang kinh chuyén dung, thudce thép xac dinh vi tri mat bang va may thay
binh x4c dinh d6 cao. Phuong phap toa d vudng goc trude day chi &p dung véi cac khu vuc rat nho, ty 18
rat Ion vi cac nhuge diém co ban cua né. Phuong phap toa do cuc sir dung may kinh vi, may toan dac
(quang, co) hodc toan dac dién tu (TBDT), tryc tiép do goc bang B, goc nghiéng V hodc géc thién dinh Z,
khoang cach thyc S, xac dinh tham sb diém chi tiét (x’y’h’, tt). Do truc tlep bang mdy ban dac, ban chat
twong tw nhu cdc may trén, chi khac ban vé duge dinh tdm ngay trén diém méc khdng ché, truc tlep X&c
dinh huéng t6i diém do trén ban V&, cac tham s khac xac dinh tuong tu nhu cac may trén. Uu diém cua
phuong phap nay 1a giam sai s6t, khai quat hoa diém chi tiét tét hon. Phuong phap toa d6 cuc la phuong
phép chinh cua giai doan trudc, &p dung khi do vé ban db ty 1& 16n phuc vu thiét ké, xay dung cong trinh.

Do gian tiép trén anh, phu thudc vao vi tri cia may anh, c6 anh mit dat, anh hang khéng, (UAV), anh
vién tham hoic bang méay quét laser. Cac diém mdc khdng ché do vé dwoc phu cac vat liéu phan quang
(16 tiéu) dé ching duoc hién rd trén cac anh chup. Dé trén mdi tim anh déu c6 du diém da dugc xac dinh
toa do can thiét, st dung luéi giai tich tang day trén anh. Toa d6 x’y’ cia diém chi tiét duoc do theo toa
d6 anh, d6 cao h’ do trén mé hinh anh lap thé. Toa do6 diém chi tiét x’y’h’ duogc lién két thong nhét vai
nhau qua cac diém mdc giai tich ting diy da dugc xac dinh toa do trén cac buc anh. V&i may quét laser,
mdi diém quét dwoc xac dinh boi do dai tia laser tir méy toi diém phan xa va 3 tham s6 gdc caa vector
exyz. Cac thdng tin thudc tinh dugc xac dinh thong qua cong tac diéu vé& anh va mau cua diém trén anh.
Toa d diém anh duoc két ndi véi toa d6 qudc gia thong qua cac diém 16 tiéu trén mat dat, 1a cac diém
song trung, dugc xac dinh toa do quéc gia va toa d¢ anh. Phuong phap do gian tiép trén anh trong giai
doan trudce 1a phuong phép co ban dé do ve ban dd ty 1& nho va ty 18 trung binh trén pham vi toan quoc.
Ngay nay, vé6i su phét trién cua cong nghé s6, UAV, méy quét laser,... Phuong phap do gian tiép trén anh
duoc sir dung rong réi, lap dugc ca ban do ti 16n, trén dién tich nho, dia hinh dic biét kho khan, nén dugc
&p dung rong rai trong khao sét, thiét ké xay dung cong trinh. Nhuoc diém cua phuong phap do gian tiép
1a céc vung bi che khuit, khong dwoc hién thi trén cac anh. Nhugc diém co ban d6 dugc khéc phuc bing
phwong phap do v& téng hop, bd sung thdng tin cac khu vurc bi che khuat bang phuwong phép do truc tiép.

Dé xay dung CSDL phuc vu xay dung cong trinh, cac dit liéu khao sat cho du duoc thu thap véi
phuong phap nao ciing duoc chuyén vé dang s6. M&i mét diém mang thong tin khong gian, théng tin
thugc tinh va thdng tin thoi gian.

3.2. Dt ligu thiét ké xay dung cong trinh

Trong cac ban vé thiét ké xay dung cong trinh, céc thanh phan co ban cua dit liéu dugc thé hién trén
cac ban vé mét bang, mat dang, mat cat va cac ban ve chi tiet kien trac, ket cau,... Ban ve thiet ke xay
du[]g dugc thyc hién qua nhiéu budc khi 1ap du an dén ban vé thi cong, duoc thé hién trén giay vai 3
phan co ban;

- Bdn V& tong quat nhu ban V& tong mat bang, ban v& thiét ké dinh vi,... thuong c6 ty 1¢ biéu dién
cung vai ty 1€ ban do khao sat dia hinh ty 1€ 16n, cung hé toa d6 véi tai liéu khao sat.

- Ban v& chinh la cac v& kién tric, két cau,... biéu dién ¢ ty 1¢ 16n hogc rat I6n trong hé toa do qui wéc
cua ban ve. Tuong ho vi tri di€m dugc the hi¢n bang cac duong kich thusc trén ban ve. Kich thuéc nay
khong c0 sai S0, d6 1a y chu quan do ngudi thiét ké dinh ra.

- Ban V& chi tiét c6 ty 16 rat Ion, doi khi 16n hon kich thudc thyc. Cac chi tiét kién tric, két cau, ... c6
thé dugc thé hién trong céc ban vé riéng, cling c6 thé dugc the hién cUpg trén cac ban vé chinh, nhung &
ty € 16n hon nhiéu. Cac kich thudc chi tiét thiét ke ciing khong c6 sai s6 do.
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Dit liéu thiét ké (d6) khong c6 sai s6 do. Dit liéu khao sat (den) c6 sai s6 do, sai s6 do khai quét
héa,... Dt liéu den duoc sir dung khi sai s6 cua né nhé hon sai s6 cho phép, c6 anh huong khong dang ké
t6i xay lap, khai théc sir dung cong trinh. Py 14 su khac nhau co ban giita dir liéu khao sat (den) va dir
liéu thiét ké (do), can duoc quan tdm khi xay dung mot CSDL thong nhat. Céc théng tin thugc tinh cua
dir liéu duoc thé hién bang ki hiéu, mau sic, ghi chd,... Céc dir liéu do va den duoc chuyén vé mot hé qui
chiéu, trong mot hé toa do théng nhat dé xay dung CSDL thdng tin xay dung.

4. Xay dung co sé dir ligu théng nhat
4.1. Ty I¢ biéu dién

Dir liéu xay dung noéi chung dwoc biéu dién theo nhiéu cap: tong thé, co ban va chi tiét. Ty 18 biéu
dién l1a ty s gitra kich thudc biéu dién va kich thudc thyc. Dit liéu den tong thé thuong dugc biéu dién &
ty 1é trung binh (Anderson, 1998), tir 1:M 1a 1:100 000 dén 1:10 000. Dir liéu den co ban thudng dugc
biéu dién ¢ ty 1¢ 16n, tir 1:5000 dén 1:500. Dit liéu do co ban ¢ thé dién biéu dién dén 1:100. Dit liéu do
ctia cac chi tiét kién tric, chi tiét két ciu biéu dién ¢ ty Ié rat Ion 1:50 dén 1:1, d6i khi 16n hon mot.

Cac loai ban v& thé hién trén gidy truyén thong, gitip nguoi sir dung cam nhan truc quan, ¢6 hi¢u qua,
dat do chi’nh Xac & ty 1€ sir dung twong tng. Trong khi do, CSDL s6 6 thé hién thi & cac ty 1€ khac nhau,
nhung chat luong, d6 chinh xac,... cta di liéu van chi twong (ng véi ty 1€ dugc 1ap khi thu thap dit liéu.

Viéc chon ty Ié biéu dién phy thudc vao mat do chi tiét (mirc d6 khai quat hoa) dé dam bao cac thong
tin khong bi pha 1ap I1én nhau khi hién thi. Riéng véi dit ligu den, Vi ¢ sai s6 do, nén x4c dinh ty I¢ biéu
dién con phu thudc vao do chinh Xac vi tri diém cua dir liéu khao sét. Xuat phat tir kha nang doc cua mat
ngudi binh thuong ¢ trén ban do6 gidy 1a 0,1 mm, trong trac dia ldy sai s6 doc va sai s6 diém lap ban dd
cho phép 16n gép 2 lan kha nang doc cua mét - nguoi binh thuong 12 0,2 mm trén ban dd. Dit lidu den dé
lap ban @6 phai c6 sai sb ) tuong hd vi tri cac diém do v& nho hon 0,2 mm. M so véi vi tri thuc ¢ ngoai thuc
dia, trong d6 M 1a 1a mau s6 cua ty 1& ban d6. Vi ban do gidy, sai s6 do - v& va sai s6 doc ban db cho
phép déu phai nhé hon 0,2 mm trén ban db va 0,2 mm. M twong &ng ngodi mat dat. Str dung ban db sb,
khong c6 sai s6 doc ban d6 nhu ban d6 gidy ma chi cé sai sé do - v& dé lap ban dd.

Tham sb khéng gian thi 3 cia diém duoc biéu dién trén ban d6 1a d6 cao H. Trong ban db gidy,
phuong phap chinh dé biéu dién d6 cao 1a dudng déng mtec, ngoai ra con két hop v6i ghi chu d6 cao, to
mau,... o chinh xac cua do cao trén ban do biéu dién theo phwong phap duong dong muc la 1/3 - 1/4.h,
trong do h 1a khoang cao deu co ban (Vi Thang, 2001), vi vay phdi do céc dlem ngoai thuc dia co chénh
léch do cao > 1/2.h. Sai s6 do do cao dlem phai < 1/5.h. Khac véi ban dd gidy, trén ban do so, ngoai cac
phuong phép ép dung trong ban do giay, con sir dung vi tri khong gian XYH cuta cac dlem Ian can dé xac
dinh d6 cao H cua diém. D¢ cao H trong ban db sb thuong dugc noi suy tir md hinh s6 do cao bang thuat
toan chuyén nganh.

4.2. Bién tgp dir ligu theo ty 1¢ va theo lop

Ban do truyén thng duoc thé hién trén gidy theo ty I8 xac dinh. Dit liéu den in trén ban dd phan biét
nhau bang 4 mau, thong tin thudc tinh dwoc thé hién bang ki hiéu ban 6, mau séc va ghi cha. Cac ki hiéu
va ghi chd trén ban dd c6 kich thudc tir 1,8 mm dén 12 mm, dé phi hop véi kha ning doc ciia mét ngudi
va nhu cau biéu dién, ma khong phu thudc vao ty 1& cua ban do, ddng thoi dam bao nguyén tic khong
trong phua lén nhau.

Dir liéu thiét ké (d6) duoc thé hién trén ban vé theo ty 1¢. Thong tin khong gian thé hién bang duong
kich thudc. Théng tin thugc tinh thé hién bang ki hiéu va ghi chd. Trén ciing mot ban vé thiét ké trén gidy
c6 thé biéu didn theo mét ty 18 hodc nhiéu ty 1é phu thudc vao d6 1a nodi dung co ban hay c6 kém cac chi
tiét kién trac, két cdu. Dir liéu thé hién trén gidy truyén thong thuc chat chi dugc thé hién trén mot lop
(layer).

Vé6i CSDL s6, cac dir liéu sau khi da duoc sé hoa va théng nhit toa do, duoc thé hién trong mot mo
hinh CSDL théng nhét. Thong tin khong gian cua dit liéu sir dung don vi co ban 1a mét (m) phai dong
nhét véi don vi sir dung trong may tinh ciing 1a mét. Trong CSDL s, dit liéu duoc biéu dién & nhiéu ty Ié
khac nhau, phu thudc vao nhu cau va do chinh xac cua dir liéu. Céc ki hiéu va ghi chi thugc tinh ciling
duoc bién tap theo ty 18, && dam bao khi hién thi hozc in ra gidy twong duong nhu ban d6 hoic ban thiét

189



(f\ : HOI NGHI TOAN QUOC TRAC PIA CONG TRINH

ESS% Vi S PHAT TRIEN BEN VNG (ESSD 2023)
i —

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

ké trén gidy. Vi du ki hiéu hoac chit ghi chd c6 chiéu cao 2 mm, 2,5 mm hoic 3,5 mm ¢ trén gidy, khi
bién tap ¢ ty 1& 1:1000 phai c6 chiéu cao twong ung 1a 2, 2,5 hoic 3,5 don vi may, khi bién tap & ty Ié
1:5000 phai c6 chiéu cao twong ung 1a 10, 12,5 hoic 17,5 don vi may. Pong thoi, dit liéu den khi nhap
vao cling phai dé & don vi do twong Gng 1a mét. Khi tai liéu in ra hoac hién thi theo dung ty I¢ bién tap s&
c6 chiéu cao ki hiéu hoic chir trong ung la 2 mm, 2,5 mm hoic 3,5 mm, dam bao cho ngudi doc nhan
biét thdng tin hién thi nhu trén ban do gidy cing ty lé.

Di ligu sb c6 thé duoc bién tap & rat nhiéu mau, nhiéu 16p khac nhau. Pay 14 wu diém hon han so véi
dit liéu gidy truyén théng, 1a chi c6 mot lop (layer) véi 4 mau. Dit lidu s c6 thé dwoc hién thi phong to
hay thu nho tlly chon, hon nita con c6 thé hién thi theo 16p. Dix liéu c6 thé duoc hién thi hozc in ra tit ca
cac 16p hay chi mot s6 16p & ty 1é theo nhu cau, nhung d6 chinh xac cua dir liéu van chi twong tng Vi ty
1& do v& khi thanh lap. Day 1a dic trung ma CSDL s6 hon hin so véi c4c ban dd, ban vé truyén théng.

4.3. Co sé dir ligu sé thong tin xay dung thwong ding

Hién nay c6 rat nhiéu CSDL s6 khéac nhau. Mgt CSDL sb lién quan phd bién duoc bién tap ¢ nhiéu ty
18, nhiéu 16p duoc hién thi theo nhu cau nguoi ding, co thé ké dén nhu 1a Google Maps. Ty theo ty 1§
hién thi trén man hinh, phan mém ty dong chuyen hién thi ty 1¢ ban d6 phd hop twong @ng. Tir ban dd
toan cau dén qudc gia, khu vuc hodc chi tiét vai ty 18 rat nho dén rat Ion. Tay theo muc dich sir dung,
phan mém chi dé hién thi cac I6p (layer) lién quan can thiét, tranh bi che phu hozc 1am rdi thong tin.

Lién quan dén CSDL thdng tin xay dung c6 cac phan mém hay dung trong tric dia nhu cic phan
mém thudc Hé thong tin dia Iy GIS (Geographic Information Systems), Hé thong thong tin quan 1y dat dai
LIS (Land Information System),... Trong thiét ké xay dung cong trinh, dit liéu do thuong duoc biéu dién,
Iwu trir trong phadn mém AutoCad va nhiéu phin mém khéc trén nén AutoCad. Chuyén siu hon vé xay
dung c6 CSDL dugc xay dung trong M0 hinh thong tin xay dung BIM (Building Information Model) voi
phan mém Thiét ke xay dung - Revit,... BIM Ia mot mé hinh tién tién gilp xay dung va st dung thong tin
hiéu qua xuyén sudt vong doi caa du &n tir giai doan thiét ké, thi cong dén van hanh céng trinh.

Tur cac dir ligu thu thap dugc, thong qua cac phan mém c6 thé dung duoc mo h|r!h 3D cua cac cong
trinh, khu vyc dia hinh. Day la vu diém noi bat cua CSDL dang s6 ma ban do truyen thong khong thé
hién dugc. Cac mod hinh 3D cho phép theo ddi rat truc quan d6i twgng can nghién ciu.

CSDL s6 vé thdng tin xay dung dudi goc d6 ngudi xay dung cling nhu nguoi s dung ching, la giao
thoa kien thuc trac dia va xéy dung ma ca hai dang chuyén gia trén déu can duoc trang bi va cap nhat cac
kién thic co ban vé chiing dé phat huy tét nhat vu diém ctia CSDL so.

5. Két luan

Théng qua qua trinh nghién ciru, phan tich cac yéu cau todn hoc cua CSDL sé phuc vu xay dung, xac
dinh dwoc noi dung, yéu cau ki thuat co ban thanh 1ap co s dir lidu théng tin xay dung dudi dang sb.
Day la cac yéu cau ki thuat co ban can dap ung khi thanh 13p ciing nhu khai thac st dung co sé dit ligu
thdng tin xay dung. Két qua nghién ciru ciing phan nao cho thiy nhimg thay ddi, cap nhat can thiét trong
nhan thirc cling nhu ndi dung dao tao chuyén nganh Tric dia xay dung hay Tric dia - Dia tin hoc. Ki su
xay dung hay cac chuyén gia str dung CSDL thong tin xay dung ciing can am hiéu cac kién thtc nay, dé
sir dung dung va tot nhat bd CSDL dugc cung cap.
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ABSTRACT

Engineering surveying in the digital revolution and construction
project database

Vu Vian Thang”, Vu Thai Ha
Hanoi University of Civil Engineering

Previously, survey documents for construction design were presented on paper in the traditional way. In
the 4.0 revolution, measurement information collected from geodetic work is digitized and converted to
the same reference system to build a unified database. This database is intended to serve the survey,
design, construction, exploitation, updating and supplementing information, renovating and repairing,
ensuring throughout the process of construction and use of the works. The article is presented with the
aim of clarifying the changes in geodetic work for the construction and use of digital databases. Through
theoretical research, comparison, and actual verification to analyze the process of digitizing information,
building a unified construction project database, the basic contents that need attention to promote the
advantages of this database.

Keywords: Revolution number 4.0, database, engineering surveying, construction project database.
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Nghién ctru xdy dyng mod hinh dy bao bién dong b~é mit khong tham
khu vuc Thanh ph6 H6 Chi Minh tir dit li¢u vién tham va GIS

Pham Vin Tung" ", Nguyén Van Trung?, Vii Xuan Cuong', Lé Van Phu®

YTrieong Pai hoe Tai nguyén va Méi trirong Thanh phé Ho Chi Minh
2Trw&ng Bai hoc Mo - Dia chat
*Hoc vién Ky thudt Quéan sy

TOM TAT

Bé mit khong thim 1a cac bé miat do con ngudi tao ra, bao gdm cic bé mit ngin chin qué trinh nude
khong thé xdm nhap vao dit. Su gia tang dién tich bé mat khong thdm da dan dén nhiing tac dong tiéu cuc
té1 moi trudong do thi, trong dé cod su gia tdng nguy co ngdp lut, suy gidm dién tich thdm thuc vat, hinh
thanh cac dao nhiét do thi. Bai bio nay trinh bay két qua xay dung mé hinh du bio bién dong bé mait
khong thim khu vyc Thanh phd H6 Chi Minh tir dit liéu vién tham va GIS. Anh vé tinh Landsat giai doan
2002-2022 dugc sir dung dé phéan loai bé mat khong tham, chiét xuat cac 16p thong tin vé 16p pha thuc
vat, nhiét do bé mat, két hop vai cac 16p dir liéu vé dia hinh, dan cu && mé hinh héa va du bao bién dong
bé mit khong thim. D4i véi qua trinh phan loai, thuat todn RF c6 d6 chinh xéac tét nhat véi 92,56 % dbi
vé6i phan loai mat khong thAm nam 2002 va 92,61 % dbi voi nam 2012. Bén canh d6, qua trinh md hinh
hod phat trién do thi, du béo bién dong bé mat khu vuc Thanh phd HS Chi Minh dat 0,7888 véi mé hinh
ANN. Két qua nhan dugc trong nghién ctru co thé phuc vu cong tic quy hoach d thi, giam thiéu anh
huéng cta qua trinh gia ting bé mat khong tham dén moi trudng khu vue db thi.

Tir khoa: Bé mat khong tham, vién tham, GIS, mo hinh héa, Thanh phé HO Chi Minh.
1. Pit véan dé

Bé mat khong thim nuéc 1a bé mat duoc bao phu boi cac vat lieu khong thim nudc. Dién tich cua bé
mat khéng thdm nuéce 14 chi tiéu quan trong nhim do ludng muc do phat trién d6 thi va chéat luong moi
truong sinh thai do thi. Bén canh do, sy thay ddi cua dbi twong nay phan énh qua trinh xay dung d6 thi va
phét trién kinh té - x4 hoi caa mot thanh phd. Hién nay, su phat trién kinh té - x& hoi va d6 thi hod vai tc
d6 nhanh chong da kéo theo mot s6 ddi twong 16p phu tw nhién nhu tham thuc vat, dat ndng nghiép dan bi
thay thé boi cac bé mat khong thAm nuéc (Zhou va nnk., 2018). Bén canh do, sy phét trién do thi va moi
trueong sinh thai khong co ké hoach s& dan téi su mat can bang d6 thi, gay ra cac hiéu tng dao nhiét d6 thi
(Yuan va Bauer, 2007), thay déi thoi tiét (Zheng va nnk., 2014), 6 nhiém ngudn nuéc (Wang va nnk.,
2013), gay nguy hiém nghiém trong cho strc khoé con ngudi.

Hién nay, cling véi sy phat trién cua khoa hoc cong nghg, cong nghé vién tham da dugc ung dung cho
c4c bai toan phan loai mat khong tham. Mot s6 phuong phéap da dwgc sir dung dé trich xuat cac doi tuong
trén bé mat khong tham nuéc dua trén hinh anh vé tinh. Trudc hét, cac nghién ctu st dung dic trung cia
dix liéu anh vé tinh, phan tich hdn hop phd nham xac dinh vi tri cia cac di tugng mat khong thim trong
phan loai (Yang va He, 2017; Lu va nnk., 2014). Tuy nhién, phuong phap nay thuong duogc sir dung cho
céc anh vién tham c6 d6 phan giai thap va trung binh. Bong thoi, do chinh xé4c cia phuong phap nay ciing
khong cao do khong phén tich dugc dic trung cia cac ddi twong. Bén canh do, cac tac gia da sur dung cac
thuat todn hoc sdu va mo hinh hoc may nham giai quyét bai todn phan loai déi véi nhitng khu vuc mat
khong tham phc tap (Cai va nnk., 2019; Weng va Hu, 2008; Jia va nnk., 2011). Phuong phap nay c6 thé
cai thién do chinh xéac khi phan loai do két hop dugc cac dic trung quang phd, dic trung mau thuc
nghiém va céc dit liéu b6 sung khac.

* Té&c gia lién h¢
Email: pvtung4l@gmail.com
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Dua trén két qua phan tich mat khéng tham, céc nghién ciu tiép tuc dy doan su phét trién va mé rong
cua cac ddi twong nghién ctu. Céc tac gia da st dung cac mo hinh nhu chudi Markov, CA (Cellular
Automata) dé md phong su phat trién cia khu dan cu, trung tim thuwong mai, duong xa (Li va nnk.,
2018). Cac mé hinh nay thudng duoc xay dung trén cac phan mém thwong mai nhu IDRISI, QGIS. Bén
canh do, cac md hinh nay thuong st dung cac dir liéu phan loai bé mat khong tham véi cac 16p dir liéu bo
sung nhu khoang cach t&i dudng giao thong, dé cao, mat dé dan cu (Banos va nnk., 2015). Viéc sir dung
céc 16p bd sung s& danh gia sy twong quan ciia qua trinh mé hinh hoa ting trudng do thi véi cac dir liéu
khi twong, dan cu, giao théng, thuy vin va cac dir liéu khac c6 lién quan. Dong thoi, cac nghién ctu s& chi
ra 16p dix liéu bé sung c6 sy anh huéng 16n dbi voi qua trinh phét trién d6 thi trong khu vuc nghién cau.

Do vay, nghién ciru nay giéi thiéu mé hinh dy bao bién dong bé mat khong tham khu vuc Thanh phd
H6 Chi Minh tir dir liéu vién tham va GIS. Bang céc thuat todn hoc may, nghién cau tién hanh phan loai
mit khong tham, tao 16p dit liéu dau vao cho qué trinh md phong su thay di cua cac ddi twong nghién
ctru. Bén canh d6, nghién ciru xay dung cac 16p dit liéu bo sung nham danh gia tryc quan va ting do
chinh xac cua qua trinh du doan.

2. Dir liéu va phwong phap nghién ciru
2.1. Diz ligu nghién criru

Khu vuc nghién ctru dugc lya chon Ia Thanh phé Ho Chi Minh. La mét trong nhiing thanh phé 1on
nhét cua Viét Nam, Thanh phé Ho Chi Minh 1a thanh phé truc thudc trung wong thudc loai d6 thi dic biét
cua Viét Nam (B Ké hoach va Pau tu, 2019). Véi dan s6 thanh phd 1a 9.166.800 nguoi (chiém 9,3 %
dan sé Viét Nam) va mat do dan sb trung binh cao nhit ca nuéc véi 4.375 ngudi/km2, TP. H6 Chi Minh
dang cho thiy tdc d6 phét trién d6 thi nhanh chéng trong nhirng nam tré lai day.

Nghién ctu tién hanh xay dung céac 16p dit lidu co s¢ va I6p dix lidu bd sung. Trude hét, dé xay dung
cac 16p dix liéu phuc vu phan loai mat khong thim, nghién ctu st dung dit liéu Landsat 8 khu vyc nghién
ctru ndm 2002, 2012 va 2022. Céac hinh anh v¢ tinh dugc dam bao khéng bi may, bdng may che phu, du
diéu kién giai doan cac dbi tuong.

(O CHIMIGH CITY 1AAP

Quén dao
Hoang Sa

- o

Quan-dao
Trudéng Sa )

LANDSAT
2022

Hinh 1. ¥ tri dia Iy Thanh phé Ho Chi Minh
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Tiép theo, nghién ciru xay dung cac 16p dit liéu bd sung cho mo hinh ting truong do6 thi. Pau tién, dir
lieu DEM duoc trich xuét tir bo dir liéu d6 cao SRTM cua NASA. M hinh s do cao nay cé quy mo trén
toan cau véi do phan giai xap xi 30 m. Tir di liéu DEM thu thap, nghién ctu sir dung phan mém ArcGIS
nham tao cac I6p dir liéu SLOPE va ASPECT theo céc thuat toan twong tmg dugc tich hop trong phan
mém. Bén canh d6, tir dit lidu vecto ciia céc 16p thuy van va giao thong, nghién ciu tién hanh tao céc 16p
dix lieu khoang cach téi duong va khoang cach tgi thuy van dwa trén mé dun Euclidean Distance dugc
tich hop trong phan mém ArcGIS. Ngoai ra, dir liéu mat d6 dan sé duoc trich xuat qua bo dir liéu nhan
khau hoc WorldPop. Hinh anh mat do dan s cua khu vuc nghién ctru dugc trich xuat theo ranh giéi
Thanh phd H6 Chi Minh.

Dbi véi dir liéu nhiét do bé mat va NDVI, nghién ctu trich xuét tir dit liéu anh vién tham Landsat 8
thdng qua nén tang dam may GEE, sau d6 trich xut theo khu vyrc nghién ciru. Cudi ciing, nghién ciru xay
dung dir liéu mat do che d6 thuc vat dua trén lop dir lieu NDVI théng qua cdng thac (1):

NDVI — NDVI
Pv = min 1)
NDVI__ —NDVI

2.2. Phwong phdp nghién ciru

Quy trinh xtr Iy dir liéu duoc trinh bay cu thé trong Hinh 2. Cu thé, cic budc xay dung md hinh hoé
qua trinh phét trién do thi nhu sau:

Buoc 1: Thu thap va xar ly diz lidu

Truée hét, nghién cau tién hanh khao sat khu vuc nghién cau va thu thap dit liéu. Dua trén cac ngudn
dir liéu da liét ké & trén, nghién cau tién hanh trich xuat va chia bo dit liéu thanh tap dit liéu co s& va tap
dir liéu bd sung. Dwa trén céc dir liéu thu thap, nghién ctu tién hanh chuén hoa dit liéu.

Buéc 2: Phan logi mat khong tham

Dua trén cac hinh anh Landsat da thu thap, nghién cau tién hanh sir dung phuong phap phén loai
huéng dbi tuwong két hop vai cac thuat toan Support Vector Machine (SVM), Random Forest (RF),
Maximum Likelihood (ML) va Classification and Regression Trees (CART) nham phan loai mat khong
tham cac hinh anh Landsat khu virc nghién ciru nam 2002 va nam 2012.

Nghién ctiu tién hanh thu thap tap dir liu mau nham phuc vu qué trinh phan loai mat khéng tham va
kiém tra do chinh xac cua két qua phan loai. Cac két qua phan loai nay két hop vai cac dir liéu bo sung
lam dit liéu dau vao cho md hinh hoa phét trién do thi ¢ budc tiép theo.

Bueéc 3: Xay dung md hinh phét trién dé thi

Nghién ctu sir dung hai thuat toan bao gdm Artificial Neural Network (ANN) va Logistic Regression
(LR) két hop vai thuat todn md phong di dong tu dong (Cellular Automata Simulation) nhim mé hinh
ho4 qua trinh tang trudng d6 thi khu vic Thanh phé HS Chi Minh trong giai doan 2002 - 2022. DAu tién,
dua trén ban d6 phan loai mat khéng thAm nam 2002 va ndm 2012, nghién ctu tién hanh tao hinh anh
thay ddi. Sau khi thu thap hinh anh thay d6i, nghién ctru sir dung cac thuat to4n nham tao ma tran xac suit
chuyén d6i. Ma tran nay duoc sir dung cho dau vao cua thuat toan moé phong CA. Sau khi co dugc Xac
suat chuyén dbi, qua trinh md hinh hoa phat trién d6 thi dugc thuc hién. Thuat toan CA xay dung cac gia
tri cia cac diém anh thong qua chinh né va cac diém anh 1an can. Cudi cuing, nghién ciru thu dugc ban do
thé hién dy doan phat trién d6 thi khu vic Thanh phé Ho Chi Minh nam 2022.

Buéc 4: Thanh Idp ban do va danh gid dg chinh xac

Dua trén qué trinh phan loai mat khdng tham nam 2002 va nim 2012, nghién ctu tién hanh chon thuat
toan c6 do chinh xac cao nhét, phan loai mat khong tham cho hinh anh Landsat khu vuc Thanh phé HS Chi
Minh nam 2022. Sau d6, nghién ciru tién hanh xéac thuc két qua phan loai mat khdng tham va két qua du
doan phat trién d6 thi bang cac thuat todn & budc 3 bang cach sir dung céc gia tri cua hé sé Kappa. Sau khi
x4c thuc, nghién ctu tiép tuc xay dung ban dd dy doan phat trién do thi khu vuc nghién ctru nam 2032.

3. Két qua nghién ctru va thao luin

Dua trén cac thuat todn phan loai, Hinh 3trinh bay dir liéu Landsat va céc két qua phan loai mat khéng
thim duya trén céc thuat toan tai khu vuc nghién ciru nam 2002. Nghién ciru sir dung cac thuat toan SVM
(Support Vector Machine), RF (Random Forest), MD (Minimum Distance), CART (Classification and
Regression Trees) cho qué trinh phan loai mat khong tham.
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| Khao sét khu vie nghién ciru, thu thap di lidu |
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Hinh 3. Dit li¢u Landsat khu vic Thanh ph Ho Chi Minh nim 2002 va cac két qua phan logi mat khong
tham: (a) Hinh anh Landsat, (b) Két qua phéan logi theo RF, (c) Ket qua phan logi theo SVM, (d) Két qua
phan logi theo ML, (e) Két qua phan logi theo CART
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Dua trén két qua phan loai, nghién ciu tién hanh xéc dinh do chinh xac tong thé va chi s6 Kappa cia
cac thuat toan phan loai. B¢ chinh xac tong the va chi so Kappa cua cac thuét toan phan loai mét khong
tham doi voi anh Landsat khu vec Thanh pho H6 Chi Minh ndm 2002 duoc trinh bay trong Bang 1.

Bang 1. Pg chinh xac tong thé va chi s¢ Kappa cua cac thugt toan phan logi doi véi anh Landsat
khu virc nghién ciu nam 2002

Thuat toan
Giatri SVM RF CART MD
Do chinh xac tong thé 90,16 % 92,56 % 89,13 % 88,33 %
Chi s6 Kappa 0,881 0,909 0,867 0,858

Twong tw, Hinh 4trinh bay dir liéu Landsat va cac két qua phan loai mat khong tham dua trén cac thuat
toan tai khu vuc nghién ciru nam 2012.

1eN0L L620vs AT WESO0T 10790
) L L 1 H

CLASSIFIER
RE

|1

LANDSAT ¥ wary s g
2012 \ [ iy

.......

'LASSIFIER

c CLASSIFIER
Min m Distance 2

C

..........

(d) ()

Hiph 4. Dir liéu Landsat khu vic Thanh pho Ho Chi Minh nam 2012 va cdc két qua phan logi mat Khéng

tham: (a) Hinh gnh Landsat, (b) Két qua phéan logi theo RF, (c) Ket qua phan logi theo SVM, (d) Két qua
phan logi theo ML, (e) Két qua phan logi theo CART

Bang 2. D¢ chinh xéc tong thé va chi sé Kappa cia cac thudt toan phan logi doi véi anh Landsat
khu vuc nghién citu nam 2012

L Thugttoan | o\ RF CART MD
Gia tri
Do chinh xac tdng thé 89,69 % 92,61 % 88,80 % 87,01 %
Chi s6 Kappa 0,874 0,909 0,863 0,841
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Bang 3. Dién tich cia cdc doi tiong

Niam
Dién tich (%) 2002 2012
Mt nude 8,55 8,35
M3t khong tham 26,98 37,64
Cay bui 17,83 14,16
Pat nong nghiép 31,28 24,31
Pit trong 5,94 0,68
Rung 9,42 14,86

Dua trén két qua phan loai, thuat toan RF ¢ do chinh xac cao nhat véi 92,56 % ddi véi phan loai mat
khong thdm nam 2002 va 92,61 % ddi voi nam 2012. Bén canh d6, cac thuat toan phan loai mat khong
thim khéac déu co do chinh xac trén 80 %. Diéu d6 cho thiy phuong phap phan loai huong dbi tugng két
hop vai cac thuat toan hoc may dua ra duoc ket qua phan I0a1 cac doi tuong véi hiéu qua cao.

@ (b) ©

PROPORTION OF VEGETATION
(%)

High : 100

High : 44.1339
Low: 0

Low : 21,4778

(9) (h) (i)
Hinh 5. Cac lép dir liéu duwoc si dung: (a) SLOPE, (b) DEM, (c) ASPECT,
(d) Khodng cach téi dwong, (e) Mdt do dan cu; (f) Khoang cach téi thuy van,
(9) Nhiét do bé mat, (h) NDVI, (i) Mdt do che phai thuc vt
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Nghién ctu sir dung hai thuat toan la Artificial Neural Network (ANN) va Logistic Regression (LR)
nham mo hinh hoé qua trinh tang truéng d6 thi khu vic Thanh phdé Ho Chi Minh trong giai doan 2002 -
2022. Trudce hét, ddi véi thuat toan ANN, sau khi huan luyén, qué trinh hoc tap dir liéu dat gia tri Kappa
14 0,768 véi bo dir liéu xac thuc. Két qua mé hinh hoa qua trinh ting truong dé thi sau khi st dung thuat
toan ANN duoc trinh bay trong Hinh 6:
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Hinh 6. Két qua mé hinh ting trieong d@é thi nam 2022 sir dung thugt toan ANN

Két qua md hinh hod qua trinh tang truong do thi khu vuc Thanh phé H6 Chi Minh nim 2022 sau khi
st dung thuat toan Logistic Regression dugc trinh bay trong Hinh 7:
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Hinh 7. Két qud mé hinh tang trucong dé thi nam 2022 sir dung thugt toan Logistic Regression
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Nhim danh gid dé chinh xé&c cua cac md hinh du doan qua trinh ting truong do thi, nghién ctu su
dung két qua phan loai mat khdng thdm bang thuat toan RF hinh anh Landsat khu vuc Thanh phé Ho Chi
Minh nam 2022 dé d6i sanh. Két qua phan loai mat khéng thim dwoc trinh bay cu thé trong Hinh 8.

Khi so sénh két qua phan loai mat khdng tham nam 2022 véi cac két qua du doan, nghién ctru thu dugc
gié tri Kappa lan luot la 0,7888 d6i vai thuat toan ANN va 0,7471 dbi vai thuat toan Logistic Regression.
Tir két qua so sanh cho thdy thuat toan ANN dua ra hiéu qua tét trong viéc md hinh hoa qué trinh phat
trién do thi. Bong thoi, két qua da chi ra rang cac thuat toan hoc may dang dwoc phat trién va cho thay
tiém ning trong viéc giai quyét cac van d& xa hoi.

106" 2000°F 106" 300°F 106°400°F 106" S0°F W0T00F
106200 1067300 00y 106300 1070 100N - - L 1 e ST R
100N - WATN \
w ¢ Gy
h 11°00°N- LicooN
1°00N Firoon
10°500" N+ b 10°so0rN
10 500N 107 500°N
10°400"N L 1oa00N 10°400° N+ b 10e400°N
CHU GIAI
I M nuGe
10°300°N] LANDSAT F10300°N 130N [ Mat khong thim 10030078
2022 [ Cay bui
[ Dt ndng nghicp
Dt trong
I Rimg
0 5 10 20 30 40 0 5 10 20 30 40
10°200°N+ O — ilometers  [10°200°N 107200°N+ Kilometers  fjor200N
T T T T T \J \J T T T
106200 106 300°F 106'400°E 106'S00°E 10700 106" 200°F 106'300°F 106'400°F 106°S00°F 1000

Hinh 8. Hinh anh Landsat khu vizc nghién cizu va két qua phan logi mgt khong tham
bang thudt todn RF nam 2022
Do thuat toan ANN dat két qua tot nhat, nghién ctiu str dung thuat toan nay dé du todn qua trinh ting
truong do thi cia Thanh phé HS Chi Minh nam 2032. Két qua du doan dugc trinh bay trong Hinh 9.
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Hinh 9. Két qud di bdo tang trucng dé thi Thanh phé Ho Chi Minh niam 2032
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Dién tich cua cac ddi twong phan loai mat khdng tham giai doan nghién ctru dugc thé hién cu thé trong
Bang 4.
Bdng 4. Di¢n tich cua cdc doi tuwong giai doan 2002 - 2032

Nam
Dién tich (km?) 2002 2012 2022 2032
Mat nudc 179.1558 174.9651 171.1934 169.7266
Mt khong tham 565.3362 788.7048 890.7503 938.8395
Céy bui 373.608 296.7072 214.2327 206.815
Dat ndng nghiép 655.438 509.3893 468.1101 428.7168
Dit tréng 124.4662 14.24865 0.544801 0.523848
Rung 197.3857 311.375 350.5587 350.7683
Dién tich cia cac déi nrong phan loai thay déi giai doan
2002 - 2032
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Hinh 10. Hinh dnh miéu ta si thay doi ciia cac doi twong giai doan 2002 - 2032

4. Két luan

Nghién ctru di xay dung md hinh dy bao bién dong bé mit khong thim khu vyc Thanh phd HO Chi
Minh tir dit liéu vién tham va GIS. Dua trén ngudn dit liéu anh vé tinh, nghién ciru tién hanh phan loai
mat khdng thdm va phan tich, danh gid do chinh xac cia cac thuat toan phan loai. Két qua cho thay cac
thuat toan hoc méay dua ra két qua chinh xac, hiéu qua trong viéc trich xuét vi tri cua cac ddi tugng phéan
loai. Bén canh do, nghién cttu st dung thuat todn hoc may Logistic Regression va mé hinh hoc sdu ANN
két hop véi thuat toan CA nhim moé hinh ho4 ting truong do thi khu vyc Thanh phd H6 Chi Minh. Két
qua trong nghién ciru chi ramd hinh hoc séu cho két qua hiéu qua hon véi gié tri Kappa dat 0,788. Bdng
thoi, nghién ctiu phan tich sy thay ddi cia cac dbi twong phan loai trong giai doan 2002 - 2032 trén khu
vuc nghién ciru. Két qua nhan duoc trong nghién ctru ¢6 thé giup cac nha hoach dinh chinh sach st dung
¢6 hiéu qua trong phuc vu cong tac quy hoach va phat trién do thi.
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ABSTRACT

Research on building a model to predict changes in the impervious
surface of Ho Chi Minh City from remote sensing and GIS
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'Ho Chi Minh University of Natural Resources and Environment, Ho Chi Minh City, Vietnam
Hanoi University of Mining and Geology, Hanoi, Vietnam
®Military Technical Academy, Hanoi, Vietnam (Le Quy Don Technical University, Hanoi, Vietnam)

Impervious surfaces are artificial surfaces that prevent water from entering the soil. Increased flooding
risk, decreased vegetation cover, and the development of urban heat islands are just a few of the negative
effects of increased impervious surface area on the urban environment. This paper presents the results of
building a predictive model of impervious surfaces in Ho Chi Minh City using remote sensing and GIS
data. Landsat satellite images for the period 2002 - 2022 are utilized to classify impervious surfaces and
extract information layers about vegetation cover and surface temperature. These layers are combined
with additional data on terrain and population for modeling and forecasting impervious surface changes.
The Random Forest (RF) algorithm is applied for classification, resulting in an accuracy of 92.56 % for
impervious surface classification in 2002 and 92.61 % for 2012. Additionally, In addition, the process of
modeling urban development yields a Kappa value of 0.7888 with the ANN (Artificial Neural Network)
model. The study’s findings can be effectively used for urban planning, mitigating the impact of
increasing impervious surface areas on the urban environment.

Keywords: Impervious surface, remote sensing, GIS, modeling, Ho Chi Minh City.
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Panh gia d6 chinh xac xt Iy s liéu tram CORS Viét Nam
theo phuong phap PPP online st dung dich vu CSRS-PPP

Nguyén Dinh Huy’, Tran Dinh Trong, Luong Ngoc Diing
Truong Dai hoc Xay dung Ha Ngi

TOM TAT

Viéc xéc dinh toa d6 vai do chinh xac cao ¢& milimet bang cong nghé GNSS (Global Navigation Satellite
System) thuong dugc thuc hién bang phuong phép dinh vi tuong d6i tinh RPP (Relative Point
Positioning) yéu cau sir dung dong thoi it nhat 2 may thu va xir Iy bang cac phan mém thuong mai. Gan
day, phuong phap dinh vi tuyét dbi tinh chinh xac PPP (Precise Point Positioning) da thu hat sy quan tam
rong rdi vi né cung cap mot giai phap thay thé hiéu qua vai do chinh xac c6 thé dat dwoc twong tu nhu
dinh vi twong dbi ma khéng can cac tram tham chleu cling nhu cai dat quan sat dong thoi gilra cac may
thu. Ngoai ra, hién nay di c6 mot sb to chirc cung cap dich vu xir ly PPP truyc tuyén mién phi giup don
gian hon trong qué trlnh van hanh, giam ngu0n tai nguyén may tinh cho ngudi sir dung va chi phi phan
mém thwong mai ma van dam bao do chinh xéc.

Nghién ctru nay tap trung danh gid do chinh xac va 6n dinh cta phuong phép dinh vi PPP st dung ing
dung CSRS-PPP tryc tuyén thay thé cho phuong phép dinh vi tuong doi tinh thong qua xur Iy dir liéu cua
10 tram CORS do lién tuc tir nam 2018 dén ndm 2021. Két qua cho thay rang, sai s6 trung phuong tai cac
tram CORS dao dong trong khoang 4 mm ~ 5 mm cho cac thanh phan North (n) va East (¢); trong khi do
¢& 8 mm cho thanh phan do cao Up (u). V&i két qua nay, ung dung CSRS-PPP xu ly truc tuyén cho do
chinh x4c cao, dang tin cdy va hoan toan dap umg duoc yéu cau trong viéc xay dung va tinh toan cho
mang ludi tram CORS ciing nhu xac dinh su dich chuyén trong thoi gian dai sir dung dir liéu GNSS.

Tir khéa: Binh vi twong ddi, dinh vi tuyét d6i, CSRS-PPP, PPP online, d6 chinh xac.
1. Pit véan dé

Dinh vi GNSS duoc chia 1am hai loai gém dinh vi tuyét déi va dinh vi twong d6i. Dinh vi tuyét dbi
SPP (Single Point Positioning) 1a phuwong phap dinh vi chi sir dung mot may thu GNSS dit tai diém do,
thu tin hiéu dong thoi t6i it nhat 4 vé tinh va két qua dinh vi 1a toa d6 vuéng géc khong gian (X, Y, 2)
hoic toa do tric dia (¢, A, H) trong h¢ WGS84 ciia diém dit may. Do chinh xac dinh vi ¢6 thé dat duoc
c& mét, théng thuong hay dwoc s dung trong dan huéng hang hai trén bién. Khac véi dinh vi tuyét ddi,
dinh vi twong d6i RPP (Relative Point Positioning) can sir dung it nhat hai méay thu dit tai cac diém quan
sat khac nhau, tién hanh thu tin hiéu vé tinh dong thoi va xac dinh ra cac hiéu toa do (AX, AY, AZ) giira
cac cap may thu do (Rizos, 1997; Hofmann-Wellenhof va nnk., 2001). Néi cach khac, dinh vi tuong ddi
1a xac dinh vector gitra hai diém dat may, dwoc goi 1a canh baseline. D¢ chinh x4c x4c dinh canh giira cac
may thu thudong dat dugc rit cao, ¢ vai milimét trén khoang cach hang tram kilémét. Tuy nhién, do
chinh xé4c cia phuong phap nay lién quan dén khoang céch gitra tram tham chiéu va tram nguoi ding;
nghia 1a néu khoang cach giita hai méy thu cang I6n thi do chinh xac dinh vi cang giam. Géan day, phuong
phap dinh vi tuyét d6i chinh xac PPP (Precise Point Positioning) da trd' nén phé bién cho viéc xir ly dir
liu GNSS thu dwoc tir mot méy thu duy nhat va Ia mot giai phép thay thé cho phuong phap dinh vi tuong
dbi cung cap vai do chinh xac cao (Gao, 2001; Rizos, 2012).

Dinh vi diém chinh xac PPP la mot phuong phép dinh vi tuyét ddi chinh xéc sir dung céc tham sé hiéu
chinh quy dao va ddng hé cua hé théng GNSS sin ¢6 thong qua dich vu GNSS Quéc té (IGS) hoic vai
dich vu khéc, dé thyuc hién dinh vi diém bang mot may thu GNSS duy nhat. Do d6, phuong phap PPP
khéc véi phuong phap dinh vi tuong ddi & chd n6 khong can bat ky tram tham chiéu c6 toa do lam diém
géc khoi tinh (Grinter va nnk., 2011).

* Tac gia lién h¢
Email: huynd@huce.edu.vn
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Diéu nay cho thay ring, PPP ¢ lgi thé hon so véi cac phuong phap dinh vi khac & chd chi can mot
méy thu duy nhat (tai vi tri caa nguoi ding), loai bo tram tham chiéu ma c6 thé tram tham chiéu d6 khong
tin cay hoic chira nhiéu sai s6. Do d6, gidi han pham vi hoat dong khéng gian cia dinh vi twong déi dugc
khic phuc, khong phu thudc vao chiéu dai giira hai hay nhiéu may thu.

Tir nhitng phan tich trén c6 thé thiy, phuong phap PPP gidp giam chi phi lao dong va thiét bi, ciing
nhu cbng tac xtr Iy dwoc don gian hda (Gao, 2006).

PPP cung c4p mdt giai phap dinh vi trong mét khung tham chiéu toan ciu nhu khung tham chiéu mat
dét qudc té - ITRF (International Terrestrial Reference Frame) (Altamimi va nnk., 2011) diéu nay gitp
giam sy bién dang cuc bo lién quan dén dinh vi twong d6i khi ma tram tham chiéu toa d6 cuc bo duogc sir
dung tai tram tham chiéu hoat dong lién tuc (CORS). Tuy nhién, viéc sir dung mot may thu nguoi dung
GNSS duy nhat cho phwong phéap dinh vi PPP ciing c6 mot s6 nhuoc diém can luu y, dang ké nhat 1a yéu
thoi gian do lién tuc dai (khoang 20 phdt tré 1én) can thiét dé giai quyét s6 nguyén da tri dam bao do
chinh xéc dinh vi & mtic centimét, tham chi dai hon dé dat duoc d6 chinh xac ¢& vai milimét (Zumberge,
1997; Gao, 2004; Choy, 2009; Rizos, 2010; Grinter, 2012).

Hién nay, mot s6 dich vu xir Iy PPP truc tuyén mién phi nhu Auto-GIPSY (http://apps.gdgps.net/) va
CSRS-PPP (http://www.geod.nrcan.gc.ca/productsproduits/ppp_e.php) da phat trién than thién voi nguoi
dung, don gian va cung cap két qua véi do chinh xac centimét, tham chi milimét. Nguoi ding tai cac tép
dir liéu RINEX 1én cac dich vu PPP truc tuyén va két qua toa do cho vi tri cia may thu GNSS dwoc tinh
toan ty dong va tra két qua. Do d6, PPP 1a mot phuong an hiéu qua vé ca chi phi va do chinh xac dé xac
dinh toa d6 cac CORS va diém khéng ché tric dia phuc vu cho cong tac thanh lap mang luéi hay xir Iy dix
liéu dia dong trén pham vi rong vai chi phi thip, dac biét 4p dung ¢ viing siu viing xa hoic cac nude dang
phét trién (Ebner va nnk., 2008). Cu thé, c4c tac gia (Vladimir, 2012; Ahmed Elhattab, 2014) da str dung
phwong phéap dinh vi PPP dé xac dinh toa d6 hé cua hé thdng tram CORS cua khu vuc Trung Déng st
dung ng dung truc tuyén CSRS-PPP mién phi. Bé dam bao két qua, tac gia d so sanh toa do trong
nghién ciu voi két qua da dugc xir Iy bang phan mém Bernes v5.0 va nhan thiy khong c6 sy khac biét
giita hai két qua; cu thé 2,5 mm cho mit bang va 10 mm cho d6 cao. Po chinh xac nay hoan toan dap tng
v6i yéu cau do chinh xéac ciia mang ludi céc tram CORS.

Pé danh gia do chinh xac sir dung mot sé6 phan mém PPP tryc tuyén, nim 2016, Paolo va cac cong su
da tién hanh xu ly dir liéu mang luéi tram CORS cua Nigeria (MIGNET) gom 4 diém (ABUZ, BKEP,
FUTY, UNEC) sir dung ba wng dung truc tuyén mién phi 1a AUPOS, CSRS-PPP, AUTO GIPSY-JPL va
hai phian mém thwong mai 12 GrafNav va RTKLIB. Nghién ciu chi ra ring, phuong phap PPP tryc tuyén
1& mét phuong phap hitu hiéu dé st dung xac dinh va phan tich chit lwong toa do cua cac tram CORS.
Hon thé nira, so sanh két qua xu Iy nhan thiy khéng c6 su khac biét vé do chinh xéc gitra cac tng dung
PPP truc tuyén va phan mém thuong mai hién cé.

O Viét Nam, PPP di bat dau duoc quan tdm trong nhimg nim gan day. Nam 2013, Duong Véan Phong
da khao sat d chinh xac cua dinh vi tuyét ddi tinh xir ly sau bang phan mém Terrapos phién ban 1.34 (Na
Uy) tai 8 tram méy thu véi céc thoi gian khéc nhau. Nghién ctu chi ra rang, d6 chinh xac dinh vi GPS
tuyét ddi tinh bang phan mém Terrapos c6 hiéu chinh cac nguon sai s6 thi dat dugc ¢ 0,5 m. Két qua nay
khong dat dugc nhu mong doi trong viéc xay dung cac moc khdng ché va nhiing tng dung khac trong
trac dia. Nam 2014, Nguyén Chanh Niém va cac cong su da budce dau khao sat phuong phap dinh vi PPP
trong viéc ning cao do chinh xac cua thiét bi thu GPS gia thanh thap sir dung phin mém RTKLIB. Ngoai
ra, nim 2019 trén Tap chi Khoa hoc va Po dac Ban d6, tac gia Ha Minh Hoa da d& cap dén xu hudng phét
trién phuong phap PPP cho viéc xir Iy cac tram CORS & Viét Nam.

Céc phan mém xir ly PPP phd bién dugc danh gia cao hién nay nhu Berenes, GrafNav 1a cac phan
mém thwong mai véi chi phi ban quyén cao; hon nita quy trinh xir ly kha phirc tap, yéu cau ngudi st dung
¢6 trinh d6 cao, hé théng may tinh tt. Do dé, cac tng dung PPP truc tuyén 1a mot giai phap thay thé hiéu
qua. Nam 2022, Tran Dinh Trong va cac cong sy di sir dung wng dung PPP truc tuyén mién phi, cu thé 1a
CSRS-PPP cua Canada dé xtr ly chudi toa do lién tyc tir nim 2018 dén nam 2021 cua cac tram CORS
Tudng Anh; tir d6 xac dinh tham sé va van téc dich chuyén khu vuc Viét Nam. Nghién ciru nay da mé ra
huéng xir Iy PPP tan dung cac ung dung truc tuyén mién phi ma van dam bao dugc do chinh xéc.
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2. Co sé& ly thuyét va phwong phap nghién ctru
2.1. Pinh vj GNSS
2.1.1. Binh vj tuyér doi

Khéi niém dinh vi tuyét d6i SPP 12 viéc chi sir dung mot méay thu GNSS dat tai diém do, xac dinh vi tri
diem dya trén cac thong tin vé quy dao vé tinh GNSS va do chénh léch ve thoi gian thu - phat tin higu va
sai s6 tong hop cho két qua dinh vi la toa d6 vudng goc khong gian (X, Y, Z) hoic toa do trac dia (¢, A,
H) trong hé WGS84 cua diém dit may nhu thé hién & Hinh 1a. Can luu ¥ rang, trong dinh vi tuyét doi sir
dung tri do 1a mé (code) thi d6 chinh xéc thap, cd thé dat dugc ¢& 3 m téi 20 m tham chi kém hon.

Receiver

a) Dinh vi tuyér ddi - SPP b) Hinh vi twong doi - RPP c) Pinh v tuyét doi chinh xac -
T PPP
Hinh 1. Nguyén ly dinh vi trong do GNSS

2.1.2. Binh Vi tuwong doi

Dinh vi twong dbi RPP sir dung it nhat 2 may thu dong thoi dit tai cac diém quan sat khac nhau, tién
hanh thu tin hiéu vé tinh déng thoi va xac dinh ra cac hiéu toa d6 (AX, AY, AZ) hoac (Ad, AA, AH) gitta
c4c cip may thu. Noi cach khac, dinh vi tuong ddi 1a xac dinh vector giita 2 diém dit may, dugc goi la
baseline nhu thé hién ¢ Hinh 1b.

RPP sir dung cac sai phan véi muc dich giam cac sai s6; dac biét 1a sai phan bac 2 dé loai trir cac sai s6
nhur sai s6 dong ho vé tinh, may thu, s nguyén da tri,... nén d chinh xac xac dinh canh giira cac méy thu
dat duoc rat cao ¢& milimét trén khoang cach 1én toi hang tram kildmét. Tuy nhién, phuong phép nay yéu
cau sir dung toi thicu hai may thu trén mat dat, mot may lam tram tham chiéu da biét toa do va may con
lai dat tai vi tri diém can biét toa d6 (tram nguoi dung). Ngoai ra, d6 chinh xac cua phuong phép nay con
phu thudc vao chiéu dai gitra hai vi tri may thu. P9 chinh xac giam cling véi do ting chiéu dai canh
baseline.

2.1.3. binh vj tuyét dai chinh xac PPP

‘Phuong phap xu ly s6 lidu GNSS do chinh xéac cao thudng duoc (g dung trong xac dinh toa d¢ cua
diém do lién tyc 1a phuong phap dinh vi tuyét dbi do chinh xac cao PPP. bay l1a phuong phép xu ly dong
thoi cac tri do pha song tai va tri do gia cy ly tr mot mdy thu GNSS da tan, cung véi yéu cau bat bugc sir
dung cac tham s chinh xé&c vé quy dao vé tinh va dong hd vé tinh, két hop véi cac mé hinh chinh xac cao
dé logi bo hogc udc tinh sai s6, tir d6 tinh toan duoc toa do cua may thu véi do chinh xéc cao.

Su t6 hop phi dién ly cua tri do khoang cach gia (p) va tri do pha song tdi () da tan GNSS ¢6 mdi
quan hé véi vi tri diém do, dong ho, ting d6i luu va s6 nguyén da tri theo phuong trinh tri do dudi day
(Nocquet, 2011):

tp=p +c(dt-dT) + Tr + ¢p (€]
leg=p+c(dt-dT) + Tr + N1+ ¢g 2
trong d6: Cp 12 t6 hop phi dién ly cua tri do khoang céch gia véi tan s6 L1, L2;
Lo 12 td hop phi dién li cua tri do pha song tai tan s L1, L2;

dt, dT 1an luot 1a d6 léch thoi gian dong hd ciia may thu va dong hd vé tinh;

¢, M 1a tc d6 anh sang trong chin khong va budc song;
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Tr 1a d6 tré dwdng dan tin hiéu do bau khi quyén tang ddi luu;
N 1a s6 nguyén da tri; €p, £ 12 tong hop cac thanh phan sai s6 hé théng, da duong dan;
p la khoang céach hinh hoc tir may thu téi vé tinh.

Mbi mét tri do téi mot vé tinh s& lap duoc mot hé cac phuong trinh (1), (2). Giai hé cac phuong trinh
nay chling ta s& nhan dugc cac an s6 gom toa do diém do, dong ho may thu, do tré tin hiéu tang khi quyén
(ZTD - Zenith Tropospheric Delay) va sé nguyén da tri pha ban dau.

Do chinh xac cua toa d6 diém do giai dugc theo phuong phap PPP phu thudc vao md hinh toan hoc cua
phan mém tinh to4n PPP va chét lugng caa s liéu do lién tuc. Thdng thudng, ching ta sir dung c4c phan
mém chuyén dung dé xac dinh toa do diém do lién tuc theo phuwong phap PPP nhu GIPSY (GNSS
Inferred Positioning System, https://gipsy-oasis.jpl.nasa.gov/index.php?page=home) cua JPL (Jet
Propulsion Laborator) hay Bernese (http://www.bernese.unibe.ch/) cia Dai hoc Bern Thuy S§. Cac phan
mém nay c¢6 nhugc diém 1a phan mém thuong mai phai tra phi cao, phirc tap khi xir Iy va yéu cau cao vé
trinh d6 ctia nguoi xu 1y dir ligu ma khong phal t6 chirc, ca nhan niao cling c6 thé dap tng dugc.

Hién nay, phuong phéap xu ly PPP bing cac dich vy tryc tuyén trén nén web dugc s dung rong réi vai
nhiéu vu diém nhu khong bi han ché xir ly s6 lieu GNSS, thao tac rat don gian, mlen phi, va dac biét la
tan dung duoc hé théng may tinh manh mé caa dich vu. Cach xir Iy PPP truc tuyén rat don gian va nhanh
chong, chi can tai Ién dit ligu do GNSS ¢ dinh dang RINEX trén nén web cuia cc dich vu va toa d¢ diém
do GNSS nhén duoc ngay sau d6 vai phit ma khong can thao tac xir ly phirc tap, khong can ky ning cua
ngudi xir Iy nhu khi xir ly bang phan mem chuyén dung va do chinh xac toa do diém van dat duoc 1én dén
milimet. Céc dich vu xu ly PPP truc tuyén phé bién nhu AUSPOS cua Geoscience Australia, CSRS-PPP
cua Natural Resource Canada, OPUS cua US National Geodetic Survey, APPS cua Jet Propulsion
Laboratory.

Trong qué trinh xir ly sé liéu do GNSS lién tuc, nghién ctru nay da lwa chon dich vu xu Iy PPP tryc
tuyén CSRS-PPP, do vuot troi so véi cac dich vy khac véi nhidu vu diém: giao dién don gian va d& sir
dung; kich thudc tép xu ly 16n 1én dén 300 Mb; téc d6 xur ly nhanh, chi khoang vai phut; va dic biét do
chinh xac vi tri diém rat cao, c& milimét.

2.2. Xir ly céc tram CORS Vigt Nam bang CSRS-PPP

Dé danh gia do chinh xac cua phuong phap dinh vi PPP online CRSC-PPP, quy trinh thu thap dir liéu,
xtr 1y va phan tich két qua duoc thé hién & Hinh 2. Pau tién dir liéu do dac thd cua cac tram quan tric
dugc chuyén vé dinh dang RINEX bing phan mém Convert to RINEX cua Trimble. Tiép theo céc sb ligu
do dac dinh dang RINEX (céc file *.0) cua ting tram quan tric GNSS dwoc dong goi thanh cac file zip
v6i dung lwong nho hon 300 Mb va gti ching t6i dich vu CSRS-PPP trén trang web cia CSRS-PPP. Két
qua xir Iy PPP duoc guri vé email da dang ky. Cudi cung, két qua dugc phan tich dé danh gia do chinh xac
va dua ra két luan trong nghién ctru nay.

@ Thu thip va sip xép di lidu
= Dirliéu CORSs: 01.01.2020 ~ 30.01.2021
= Sap xép dir liéu khong qua 300M

l

@ Giti dik liéu va nhin két qua
= Gui dir liéu lén CSRS-PPP qua email
= Nhan két qua da xir ly

l

@ Phin tich két qua
= Loctoadd XYZ
= Panh gia sai so trung phuong

Hinh 2. Quy trinh thu thdp, xzr ly va phan tich dir liéu trong nghién cuu
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2.2.1. Dz ligu

Nhu thé hién trong Bang 1 va Hinh 3, tong s6 10 tram quan tric lién tuc CORS do Céng ty Tudng Anh
van hanh va quan 1y di dwoc chon dé xtr ly. Dix liéu GNSS lién tuc cua tirng tram quan tric duoc thu thap
trong 3 nam tir ngay 01/01/2018 dén ngay 31/12/2021 & dinh dang dit liéu tiéu chuan RINEX (Receiver
Independent Exchange) v3.02 (file *.0) vdi thoi gian 30 gidy/tri do.

Bang 1. Théng tin diz ligu cac tram CORS

STT Ky hiéu tram Dia diém dat tram Thoi gian thu May thu
1 BIGA Bic Giang 01/01/2018-01/01/2021 Trimble
2 VFUC Vinh Phic 01/01/2018-01/01/2021 Trimble
3 DIBI Dién Bién 01/01/2018-01/01/2021 Trimble
4 HALO Ha Long 01/01/2018-01/01/2021 Trimble
5 HD34 Hai Duong 01/01/2018-01/01/2021 Trimble
6 HNOI Ha Noi 01/01/2018-01/01/2021 Trimble
7 HYEN Hung Yén 01/01/2018-01/01/2021 Trimble
8 LSON Lang Son 01/01/2018-01/01/2021 Trimble
9 SOLA Son La 01/01/2018-01/01/2021 Trimble
10 TN20 Thai Nguyén 01/01/2018-01/01/2021 Trimble

VEUC
BGIA

HNOI 3y
= <

Hinh 3. S phan bé céc tram CORS si dung trong nghién cizu
2.2.2. Phuong phap

S lidu do dac dinh dang RINEX (cAc file *.0) cua tirng tram quan tric GNSS duoc dong géi thanh cac
file zip v6i dung lugng nho hon 300 Mb va gui toi dich vu CSRS-PPP trén trang web cua CSRS-PPP.
Thong so cai dat trén hé thong dich vu xt ly dit liéu truc tuyén gom:

1- Processing mode: Static.

2- Khung tham chiéu: ITRF (epoch sir dung nhu dir liéu trong GNSS, mui chiéu UTM tinh tir kinh do
trong dir lidu).

~ Két qua xir Iy PPP duoc tra vé qua email ding ky gom céc file chira cac thdng tin chi tiét vé toa do, sai
50 va céc tham so khac:

1- SUM file: Chira c4c tham s6 va toa do cua két qua xtr ly PPP.

2- POS file: Chira c4c thong tin vi tri cia mdi thoi diém do (epoch).

3- CSV file: Chira cac thong tin vé toa d6 va ddng hd cua mdi thoi diém do.
4- TRO file: Chtra céc thdng tin vé do tré& duong dan 4m va kh.

5- CLK file: Chtra do léch va sai s6 ddng ho may thu. ) ’
Gia trj trung binh toa d6 cua tram CORS da xac dinh dugc tinh toan tir tat ca cac két qua cua khung
thoi gian nho hon. Sau do, sw chénh léch vé toa do (do léch toa @6 duoc wde tinh va toa d6 trung binh)
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cho mdi diém theo cac phuong Pong (Easting - e), phwong Bac (North - n) va cao d6 (Up - u) duoc tinh
toan; tir d6 tinh dwoc do6 léch theo mit bang va d6 cao. Do chinh xac cua cac diém CORS theo ting thanh
phan toa do dwoc thé hién qua dai luong do 1ap lai (repeatability), 12 mot dai lwong trung binh vé sy phan
tan cua cac vi tri hay con goi la sai s6 trung phuong, dugc thé hién ¢ cong thie 3. Dong thoi do, sai sd
trung phuwong cua chinh cac sai s6 nay ciing duoc tinh toan.

n 2
St — |2tV 3)
n-1

Trong dé: Std. 14 sai sb trung phuong; v; 12 s§ hiéu chinh cua tri do i va n 1a s luong tri do trong dit
liéu.
3. Két qua va thao luan

Nhu da trinh bay phuong phap xir Iy s6 liéu & phan trén, két qua do léch toa d6 va sai sé trung phuong
tirng ngay cua cac tram CORS duoc ghi lai theo cac phuong Bac (North), phuong Dong (East) va phuong
thang dung (Up). Tir cac két qua nay, nghién ctru da hién thi s6 liéu mot cach rd nét va chi tiét hon thong
qua cac Hinh 4 dén Hinh 8.

Tir c4c hinh vé& nay, ta c6 thé d& dang nhan thiy cac gié tri vé do léch toa do co xu hudéng bién thién
trong khoang thoi gian dai. Su chénh Iénh vé toa d6 nay gitra cac tram CORS la khéng giéng nhau. Su
dich chuyén vé mit toa d6 nay 1a hoan toan binh thudng do su dich chuyén caa kién tao tang dia chat. Do
d6, can thiét phai tinh toan lai toa d6 cua cac tram do lién tuc CORS hang nam dé xac dinh lai toa do
chinh x4c va xu hudng dich chuyén cua khu vyc.

Mic du c6 su dich chuyén vé toa do, nhung sai sé trung phuong cua cac ngay xt ly cia tirng tram cho
két qua kha tdt, c& vai milimét. Gia tri ndy c6 ¥ nghia hon 1a sy chénh léch toa d6 bai né phan anh chét
lwong cua dir lidu tai cAc tram ciing nhu phan mém sir dung dé xtr ly. Tuy nhién, nhin vao tit ca cac hinh
c6 thé phét hién rd cac gia tri ting bat thuong khoi chudi gia tri. Do co thé 1a cac gia tri di thuong ma bét
bugc phai bi loai trir. Bang céch tinh gigi han cho sai s6 (36), nghién ciru di loai trir tong cong 32 tri do 1a
di thuong ra khoi ddy tri do lién tuc cta 10 tram.
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Hinh 4. Chénh léch toa dé va sai sé ting ngay tai BGIA (trai) va DIBI (phai)

0 HALO-Coordinate Differance-N - HALO-Standard Deviation-N
o .- o HD34-Coordinate Difference-N .. HD34-Standard Devistion-
E of . £ ul . A :
. . - 10
Bngian_dnpdbie R T =, £ -
10 4 o 4 5 ke e Snase bl
105 20 2205 2021 zozvs  2es  z0m0  zoz0s 2021 20215
0 o
= HALO-Coordinate Differance-E - HALO-Standard Deviation-E 2018.5 2018 20195 2020 20205 20185 2018 2018.5 2020 2020.5
. HD34-Coordinate Difference-& . MD3a-Standara Deviation-E
E P = - - .
o & - - o gns—— 10
H M £ 5 N . £ — € -
. —
Sangoans dugidile 50 em— 5} e e St ks
50 - . 4 ; S .
2015 @020 20205 021 215 21856 2020 20206 2021 0215 - 1 | . 1 | |
’ ) o Bios mw o5 Dm0 mRes 205 @i mes  mep 2020
. HALO-Coordinate Difference-U HALO-Standard Deviation-U
20 - ; - 15 - - .o _MD34-Goordinate Difference-U 4o HD34-Standard Deviation-u
. l.
. .- < ] ‘
E o Ew * " ) “‘ % - £” -
22 . ] H - 107 e R St el
20 = .. . 5 o o
20195 2020 20205 2021 20215 2019.5 2020 20205 2021 2021.5 2018.5 2018 20195 2020 20205 20185 2019 20185 2020 20205
Days Days Days Days

Hinh 5. Chénh léch toa dé va sai sé ting ngay tai HALO (trai) va HD34 (phdi)
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Hinh 7. Chénh léch toa dé va sai so tirng ngay tai LSON (trai) va VFUC (phai)
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Hinh 8. Chénh léch toa dg va sai sé ting ngay tai SOLA (tréi) va TN20 (phdi)

Sau khi loai trir tri do di thuong cua tat ca céc tram, sai s6 trung binh va sai sb trung phuong cua sai s6
trung binh dugc tinh toan cho tung tram trong suét thoi gian thu dit lieu dugc ghi lai trong Bang 2 va
dugc hién thi rd hon trong cac Hinh 9 - Hinh 11.

Nhin chung, sai s6 nay déu dugi 10 mm tai tat ca cac diém ciing nhu & ca 3 phuong n, e, u. Pdi V6i
phuong n gié tri sai s6 nay rat 6n dinh va dao dong trong khoang rat nho tir 4,5 mm ~ 5,2 mm, trong khi
do6 gia tri nay 12 3,6 ~ 4,2 mm va 7,4 ~ 8,7 mm d6i véi hai phuong con lai 1a e va u. B¢ chinh xac nay
duoc xtr ly theo phuong phap PPP truc tuyén va cho két qua c& milimét Ia rat chinh xac va hoan toan dép
tng duoc yéu cau xay dung ludi tric dia tram CORS.
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Bang 2. Sai s¢ trung binh cua ting tram CORS theo cdc phiong

Phuong Bac (mm) Phuong Bong (mm) Phuong Up (mm)
Tram/phuong Trung binh Sai sb Trung binh | Saisb | Trungbinh | Saisd
1 BIGA 4,6 0,4 4,0 0,4 7,8 0,7
2 VFUC 5,0 0,3 4,0 0,3 8,0 0,5
3 DIBI 50 11 3,6 0,8 8,4 1,8
4 HALO 45 0,3 4,2 0,2 8,1 0,5
5 HD34 4,5 0,4 3,8 0,3 7,6 0,7
6 HNOI 51 0,8 4,0 0,7 9,2 15
7 HYEN 4,6 0,5 3,9 0,3 7,8 1,2
8 LSON 4,6 0,6 3.9 0,5 7,4 0,9
9 SOLA 52 0,6 4,0 0,5 8,7 1,0
10 TN20 4,6 0,2 3,9 0,2 1,7 0,3

D¢ danh gié tiép theo vé do chinh xac cia cac diém, tir Bang 2 nghién ciru da tinh toan gié tri trung
binh sai so6 cho toan bd cé}c 10 tram va duoc thé hjén trong Bang 3 va Hinh 12. C6 thé thay rang, sai so
trung binh theo phwong Bac, Dong va thang ding lan luot 1a 4,8 mm, 3,9 mm va 8,1 mm.

Bang 3. Sai s¢ trung binh cua tdt ca cac tram CORS theo cdc phirong

Phuong Bac (mm) Phuc(rg}gm }))ong Phuong Up (mm)
Phuong N ‘A Trung . A Trung . A
Trung binh Sai so binh Sai so binh Sai so

Gid tri 4,8 0,5 3,9 0,4 8,1 0,9

7
.
s
| I
3
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i
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- Standard Deviation & Errors of NORTH -

A VFUC DBl

0

MALO  MD34 MM EN  LSON  SOLA T

0w
CORS STATION

Hinh 9. Sai s trung binh cua tung tram CORS
theo phuong Bac

[

Hinh 11. Sai sé trung binh cia tirng tram CORS

- Standard Deviation & Errors of UP -
T T

i8I MALD MDA HNCI HYEN LSON SOLA  TNZO

CORS STATION

theo phuwong Up

- Standard Deviation & Errors of EAST -

Hinh 10. Sai sé trung binh cua tirng tram CORS theo

H
CORS STATION

phuwong Pong

- Average coordinate differences and Errors -

nnnnn

DIREGTION

Hinh 12. Sai s6 trung binh theo cdc phwong Bac,
Dong, Up cua tat ca trgm CORS
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Két luan

GNSS la cdng nghé da myc dich dwoc tng dung rat nhiéu vao cac linh vuc trong tric dia nhu khao sét,
bé tri cong trinh, quan tric bién dang,... boi n6 c6 thé dap tng duoc cac do chinh xac khéc nhau phu
thudc vao phuong phap dinh vi sir dung va yéu cau cong viéc. Thong thuong, viée xac dinh toa do cua
céc diém yéu cau do chinh xac cao (c& milimét) duoc thyuc hién sir dung phuong phap dinh vi tuong ddi
tinh RPP. Gan day, phuong phép dinh vi tuyét d6i tinh chinh xac PPP di thu hut sy quan tam rong réi vi
no cung Cap mot giai phap cung cép do chinh xac tuong ty nhu dinh vi tuong dbi. Ngoai ra, PPP hién nay
dd co mot s6 to chuc cung cap dich vu xur ly PPP truc tuyén mién phi gitp giam chi phi hé thbng may tinh
cling nhu chi phi phan mém thuong mai ma van dam bao d6 chinh xéc.

Nghién ctitu ndy tap trung khao sat va danh gia hiéu qua cta phuong phap dinh vi PPP online sir dung
ing dung CSRS-PPP thay thé cho cac phuong phéap dinh vi twong dbi tinh théng thuong duoc sir dung
trong viéc xac dinh toa do va do chinh xac cua diém ludi tric dia thong qua xir ly dit liéu cua 10 tram
CORS do lién tuc tir 2018-2021. Tir két qua phan tich, sai s trung phwong tuyét dbi tai ting diém CORS
va chung cho ca tét ca cac diém CORS déu dat c& 4~5 mm cho cac thanh phan n va e trong khi d6 ¢& 8
mm cho thanh phan do cao u. Ngoai ra, mac do lap lai sai s6 cua sai s6 trung phwong 1 rat nho, chi ¢& 1
mm. C6 thé nhan xét rang, két qua xu ly dit liéu sir dung CSRS-PPP truc tuyén c6 do chinh xéc cao, déng
tin cay va hoan toan dap umg dugc yéu cau do chinh xac trong viéc xay dung cac diém khong ché khao
sét, tham chi xac dinh toa d6 ciia mang ludi tram CORS dé xac dinh sy chuyén dich cua chudi diém trong
nghién ctu mang.

Loi cam on
Céc tac gia tran trong cim on sy hd trg tai chinh cua Truong Pai hoc Xay dung Ha Noi cho dé tai khoa
hoc céng nghé c6 ma s6 01-2023/KHXD-TD.
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ABSTRACT

Assessment of PPP online method for accuracy of Vietnam CORS

stations using CSRS-PPP service

Nguyen Dinh Huy”, Tran Dinh Trong, Luong Ngoc Dung
Hanoi University of Civil Engennering

Determining coordinates with high accuracy of millimeters by GNSS (Global Navigation Satellite
System) technology is usually achieved through Relative Point Positioning (RPP) which requires the use
of at least two receivers simultaneously and processing using commercial software. Recently, the Precise
Point Positioning (PPP) method, a state space solution to the processing of GNSS data acquired from a
single receiver, has emerged as an alternative to the relative positioning method. It provides high accuracy
comparable to relative static positioning without the need for reference stations and simultaneous
observations. Moreover, there are now several organizations that offer free online PPP processing
services, simplifying the operational process and reducing the computer resources and costs associated
with commercial software.

This study focuses on evaluating the accuracy and stability of the PPP positioning method using the
online CSRS-PPP service as an alternative to the static relative positioning method through data
processing of 10 CORS stations continuously from 2018 to 2021. The results show that the accuracy of
CORS stations ranges from 4 mm to 5 mm for the North (n) and East (¢) components while it is 8 mm for
the Up (u) direction. It can be concluded that the online CSRS-PPP service gives high accuracy,
reliability and fully meets the requirements for building survey control points, even setting up and
calculating for the network of CORS stations where geodetic infrastructure is sparse and determing
crustal displacement.

Keywords: Relative positioning, absolute positioning, CSRS-PPP, PPP online, accuracy.
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Ung dung GNSS - RTK trong quan trac chuyén dich cau day ving
& Viét Nam va mot so van dé trong xu ly so liéu quan trac

Nguyén Thay Linh" ", Lé Van Hién® L& Minh Ngoc', Cti Vin Linh?
YTrieong Pai hoc Giao thdng vén tdi
Vi 1 Thanh tra Chinh phu

TOM TAT

Chuyén dich cua cau treo 1a mot trong nhitng biéu hién dic trung ctia phan ang cau trudc nhiing tac dong
ctia CAC yéu té bén ngoai nhu gid, nhiét do khdng khi, hoat tai cua cac phuong tién giao thong,... Chuyén
dich 16n hoic chuyén dich bét loi déu c6 thé 1am mét an toan cho giao thdng trén ciu, gay ra cac anh
hudng khong tét dén tinh toan khdi két cau. Chinh vi vy, cong tac quan tric chuyén dich cu treo rat
quan trong va can thiét. Bai béo nay phan tich tong quan vé mot sb ing dung dién hinh cua cong nghé
GNSS trong hé thdng quan tric két cau cau treo & Viét Nam. Cac yéu cau, nhiém vu vé thiét ké hé thong
va thu nhan di li¢u quan tric duoc trinh bay trong nghién ctru nay. Thém vao do, bai bdo nghién ctru cac
phuong phap xu ly s0 lieu quan trac chuyén dich dé nang cao hiéu qua quan trac trong quéa trinh khai thac
su dung cong trinh cau treo. Tir cac nghién ciru ly thuyét va tinh toén thyuc ‘nghiém trong bai bao da chung
minh rang ANN, Hampel 14 cic phuong phap dam bao do chinh xéac, thé hién rd xu huéng cua dir liéu
trong qué trinh khoi phuc sé liéu quan trac chuyén dich theo phwong dtng cau treo.

Tur khoa: Hé thong dinh vi vé tinh toan cau (GNSS), hé thdng quan trac két ciu cau (SHM), cau day ving,
quan tric chuyén dich.

1. Pit véan dé

Tai Viét Nam, dé quan tric chuyén dich téng quét cong trinh, mot s6 cac cau treo da 1ap dat hé théng
SHM trong d6 c¢6 GNSS ngay sau khi dua vao st dung. Viéc thiét ké, b tri, cac thanh phan cua hé théng
quan tric két cau cau, phuong thirc truyén tin hiéu va xu ly dit liéu do da duoc cac nhém khoa hoc dé cap
dén & tai liéu (Kai Yuen Wong et al., 2001; Nguyén Viét Trung va Bui Xuan Hoc, 2017). Nghién ciu
trong bai bao (Andreas Wieser et al., 2002) di chiing to rang phuong phap GNSS - RTK cho phép quan
trac chuyén dich theo thoi gian thuc cac phuong X, Y, Z cua cong trinh cau hé day, két qua do nay c6 thé
dugc su dung dé xé4c dinh dic d1em bién dang cua ciu va cung cap kha nang canh béo su hu hong cua két
cAu. Trong qué trinh hoat dong, s6 lisu GNSS - RTK c6 thé bi mat, bi nhidu do thoi tiét gay ra, do 15i
truyén dan tin hiéu, hozc 16i thiét bi,... Diéu nay lam cho két qua do bi gian doan, khong lién tuc, kém
chinh xac gay anh huong dén qua trinh phan tich két qua quan trac, danh gia tinh trang cau khién cho cac
chuyén gia dua ra cac suy luan, cac quyét dinh sai 1am trong van hanh, khai thac cau treo. Nghién ctu
khoa hoc da ching minh trong hé théng quan tric két ciu cong trinh, 2,5 % s6 lwong di liéu bi mét twong
{rng vai 10 % s6 liéu bi nhidu (Tomonori Nagayama et al., 2007). Hampel 1a mét phuong phap loc nhiéu
dugc tai liéu (Aguinaldo Bezerra Batista Junior et al., 2014) sir dung dé phét hién va lam sach céc két qua
do radar c¢6 chira sai s6 tho va lam muot c&c sb lidu nay. Phuong phap nay ciing da dugc tng dung nham
loc dd léch bat thuong cua chudi dir liéu do bing may gia toc ké khi xay ding mé hinh du bdo (Jihao Ma
et al., 2023). Tuy nhién, phuong phap Hampel chua duoc nghién ctru sdu dé phuc hoi cac sé liéu quan
trac chuyén dich GNSS - RTK. Phuong phap da thirc d dwoc ap dung trong noi suy sé liu GNSS - RTK
khi quan trac chuyén vi cau day vang. Tuy nhién, phuong phap trén c6 nhuge diém 1a néu sé ligu can noi
suy nhiéu s& gay phc tap trong tinh toan va d chinh xac khong cao nén phuong phap dugc kién nghi chi
pht hop khi b sung ti da 5 gia tri GNSS bi mat (Hien Van Le et al., 2015). Tai liéu (Kim et al., 2011)
d3 tai tao dir lidu do gia toc cua mot cdng trinh cau dugc truyén tir cam bién khong day thuoc hé thong
SHM béng thuat toan Kalman.

* Tac gia lién h¢
Email: linhnt@utc.edu.vn
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Viéc tng dung phuong phap hoc sau mang no ron tich chap (CNN) thudc tri tu¢ nhan tao da duoc cac
nhom nghién ctiu thuc hién khi khéi phuc sé liéu do gia toc trong quan tric dao dong cong trinh cau (Gao
Fan et al., 2019; Xiaoming Lei et al., 2020). Bai bao (Ni et al., 2016) da sir dung phuong phap ANN két
hop vai thuat toan Bayes dé khoi phuc sb liéu do ap luc gié thuoc hé thong SHM ciia mot cot thép cao
600 m.

Mot nghién ctru khac (Nguyén Thay Linh va nnk., 2021; Thuy Linh Nguyen et al., 2020) d4 tng dung
ANN trong khdi phuc sé liéu GNSS - RTK trong quan tric chuyén dich diém gitra nhip chinh cau day
vang dua trén cac yéu té nhiét do, (ng suit, gi6 nhung nhom tac gia méi chi tinh toan dé khdi phuc sé
liéu cia diém giira nhip chinh ma chua xét dén diém 1 phan 4 nhip chinh dong thoi ciing chua dua sy
chuyén dich caa dinh thap Bic, thap Nam lam dir liéu dau vao cho qué trinh khéi phuc nay. Chinh vi vay,
bai bao trinh bay noi dung tdng quan cac yéu cau, nhiém vu vé thiét ké hé théng va thu nhan dit liéu quan
trac chuyén dich tai Viét Nam; nghién ctru phuong phap Hampel va ANN trong khoi phuc s ligu GNSS -
RTK theo phuong dimng tai diém giira nhip chinh, diém 1 phan 4 nhip chinh cau treo.

2. Co s ly thuyét va phwong phap nghién ctru
2.1. Ung dung GNSS trong quan tréc chuyén dich cau diy ving
2.1.1. Phuong phap GNSS - RTK

GNSS - RTK la phuong phap do GNSS dong theo thoi gian thuc, két qua do cho gia tri toa do va do
cao tic thoi cua diém do. Nguyén ly hoat dong cua phuong phap gdm mot may tinh (Base) dat tai mot
diém da biét toa do, d¢ cao hodc dugc két ndi véi diém da biét toa do, dd cao va mot hoic nhiéu may
(Rover) dit tai diém can xac dinh toa d9, d6 cao. Ca hai loai may dong thoi thu tin hiéu tir vé tinh. Tai
tram Base, méy c6 thém thiét bi phéat séng Radio link hoic séng 3G lién tuc phét ra tin hiéu cai chinh, sé
cai chinh s& dugc truyén téi cac may di dong dé hiéu chinh vi tri dat dugc do chinh xac cao. Pham vi hoat
dong ctia may Rover so vai may Base 1én téi 10 km vai song Radio link va lon hon véi séng 3G trong
diéu kién thuan loi.

2.1.2. Y8u cdu, ddc diém img dung GNSS - RTK trong quan trdc cdu ddy ving

Pé theo ddi chuyén dich cau day viang, GNSS - RTK duoc 4p dung gom c6 tram Base va tram
Rover. Tram Base dugc dit tai diém da biét toa do, dugc xay dung kién cd, dat trén nén da gdc, co do
6n dinh cao, thdng thoang va b tri ngoai pham vi anh huéng ciia do chuyén dich cong trinh. Tram
Rover dugc dit tai cac vi tri nhay cam véi cac thay doi vé d¢ cang cia két cau cau, phai phan anh dugc
cac dao dong thuc cua cau. Do 1a diém dic trung cia cau nhu dinh thap, chan thép, gitra nhip chinh, 1
phan 4 nhip chinh.

Thap Bic
-

B o

* GPS mMivdozid 4 Miydonhisd) khdng ki - 3miy Tenze mét

Hinh 1. So dé \dp dat hé thang SHM trén cdu day ving Can Tho
Do cau day vang c6 chiéu dai nhip 1on, kich thuéc dim manh, chiéu cao cot thap cao, d6 cing dam
nho so vai chiéu dai nhip nén két cdu cau Ia mot hé thong mém déo, linh hoat, d6 cimg, do 6n dinh kém
hon so v&i cac loai cau khac nén n6 thudng xuyén bi chuyén dich dudi tic dong cua tai trong dong. Chinh
vi vay, can phai lip dit hé thdng quan tric dé theo di sy bién dang két cdu ciu. GNSS la thanh phan
chinh cua hé théng quan tric két ciu nén so d6 két néi GNSS trong hé théng gdm c6 méy thu GNSS, bo
phan truyén va luu trir dir ligu, trung tam xir Iy s6 ligu. Cac mdy thu dwoc dat trén cau nham xéc dinh
chuyén dich tong quat theo 3 phuong X, Y, Z cau. CAc méy nay cling véi cac loai cam bién khac duoc do
cling mot thoi diém, do lién tuc rdi lay gid tri trung binh theo 1 phdt, 10 phdt, 1 gid, 1 ngay,... Cac may
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GNSS thuong c6 do chinh xé4c cao vai tan s6 do tir 1 Hz dén 50 Hz. Sau d6, cac s6 liéu GNSS s& dugc
truyén qua hé théng mang Internet hogc dwoc truyén truc tiép bang cac day cap dong, cap quang dén hé
thdng luu trit. Hé théng nay c¢é nhiém vu thu nhan, hiéu chinh, chuyén d6i va truyén dit liéu tsi may tinh.
Hién nay, trén thé gisi, d6i véi cac cau day vang 1on, khi phai xi ly, quan ly, phan tich s liéu quan tric &
nhiéu noi khac nhau véi khoang céch rat xa 1én dén hang nghin kilémét thi thiét bi truyén dan tryc tiép
nhu cap dong, cap quang khong con dwoc &p dung phd bién nita vi n6 bi han ché vé khoang céch truyén,
gap nhiéu kho khan trong lap dat, van hanh, bao tri hé thong cap va chi phi cao. Tuy nhién ¢ Viét Nam,
viéc truyén dir liéu bang mang van bi han ché do hé thdng mang thuong khong on dinh cho nén chi yéu
la truyén dit liéu bang cap quang. Dir liéu sau khi chuyén doi thanh tin hiéu dién hoac tin hiéu tuong tu s&
duoc truyén téi bo hiéu chinh va bién ddi cua phan cing. Tai ddy cac tin hiéu ny s& dugc bién ddi thanh
dang s6 dé may tinh c6 thé lam viéc. Dix liéu sau khi thu thap s& duoc truyén din dén khéi didu khién
trung tam dé xu Iy so liéu, phan tich, danh gid, bao cdo tinh trang két cAu cau, dua ra cac dic trung cua
két cau dé phuc vu cho viéc danh gia tinh trang 1am viéc cua cau day vang. Dir liéu quan tric chuyén dich
GNSS s& duoc mot sé phan mém xir 1y nhu Leica GNSS Spider cua hing Leica, 3D TRACKER cua
Condor Earth Technologies Inc, GOCA (GPS-based Online Control and Alarm), INTETRAK cua Orion
Monitoring Systems Inc,... Trong d6 phan mém Leica GNSS Spider dugc sir dung théng dung hon ca.
Phan mém nay duoc thiét ké cho Leica GR/GM series, GNSS 1200, GNSS 900, GPS 500 véi mot hodc
nhiéu tram tham chiéu va nhiéu tram quan tric. Phan mém Spider gém 2 phan co ban: phan 1 1a GNSS
Spider thyc hién céac tinh toan co ban cia tram tham chiéu va tram quan trac trong hé toa d6 WGS - 84,
toa do twong d6i dwoc tinh theo thoi gian thyuc; trung binh theo phdt, gio, ngay thang. Phan 2 la
Monitoring nhan két qua tinh toan tir Spider, chuyén két qua sang hé toa do dia phwong hoic hé toa do
cong trinh, chuyén co s¢ dit liéu dén méy chi, quan ly tap tin. Trudc khi hé théng SHM trong d6 co
GNSS hoat dong, phin mém hé thdng phai cai dat cac thong sé v& tram base, tram rover, hé toa d¢, trang
thai “0” ciia may rover va phai thiét 1ap cac gié tri téi han. Céc gia tri t6i han nay dugc sir dung trong
danh gia tinh trang cua cau, trong canh béo giao thong va kiém tra lai thiét ké. Cac gia tri nay c6 thé dugc
thay d6i trong qua trinh sir dung cau. T4t ca céc gié tri quan trac s& duoc hién thi trén man hinh mot cach
truc quan dudi dang biéu dd quan hé giira thoi gian va chuyén dich, sau d6 duoc luu trit trong bo phan
trung tam caa hé thong theo thir tu thoi gian va di bao xu hudng phat trién cau. Thuong céc di liéu quan
tric nay dugc luu trit trén 20 ndm nén dé thuc hién chirc nang trén thi nd phai str dung may tinh cé kha
nang luu trir 16, tée do nhanh va cac phan mém phan tich chuyén dung kém theo (Nguyén Viét Trung va
Bui Xuén Hoc, 2017; Nippon Koei Co. LTD va nnk., 2010).

ANTEN MAY THU

GPS GPS
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THONG QUA HUB
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Luyu tritvaxwly so lieu GPS NGUON DIEN

Hinh 2. So do hé théng GNSS quan trdc lién tuc
2.2. Xur Iy sé ligu quan trdc chuyén dich cau
2.2.1. Pdc diém sé liéu quan trdc chuyén dich cdu day ving

Trong qué trinh quan trac chuyén vi cau day vang, s6 lisu GNSS c6 thé bi mat khién két qua quan tric
bi gian doan, khdng lién tuc gay anh hudng khong t6t dén do chinh xéc két qua do va qué trinh phan tich,
danh gi4 tinh trang cau. Khi kiém tra mot chudi dai dir liéu quan trac GNSS theo thoi gian nhan thay kha
nang mat mot dir liéu, hai dir liéu, ba dir liéu hozc mat nhiéu dir liéu xay ra rat 16n. Dé khdi phuc sé liéu da
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mét nay, nhom tac gid da nghién cttu tng dung phuong phap Hampel va ANN. Hinh 3 mo td di liéu quan
trac GNSS-RTK véi cac kich ban dit liéu bi mat dugc dung dé khao sat cac phuong phap noi suy dit liéu.
54 liéu quan tric chuyén dich cau theo phuong dirng
3508

Thn iy

3992

B cao (m)

L

309

: Panh diu doan s8 lidu bi mat

3088
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

58 lwgng miu

Hinh 3. S6 liéu GNSS - RTK bj mat
2.2.2. Phuong phap Hampel

Phuong phap Hampel hoat dong bang cach xéac dinh gia trj trung binh va do léch tuyét di trung binh
cua dit liéu va sau do sir dung thong tin nay dé phat hién va loai bo céc gié tri c6 chira sai s6 tho dua trén
d6 léch chuan cua s6 liéu. Dua trén nguyén tic trén, phuong phap Hampel sir dung mot cira s6 truot cua
céc s6 ligu 1an can dé woc tinh vi tri dir liéu bat thuong va thay thé nhitng dir liéu nay bang dit liéu chinh
xé&c. Gia sir chudi thoi gian Xy, Xo, Xa,. ..., X, V& Mot ctra s trugt ¢6 do dai k, c6 thé wdc tinh do léch chuan
va trung vi giita cac diém theo cac cong thirc sau (Yao Z, Xie J va Tian Y, Huang Q., 2019):

Xi—k+Xi—g+1HXi—k42t+tXitXipg2+Xitk—1+Xitk

m; = Kt (1)
0 =w |xi—k_mi|+""'*'|xi+k_mi| @)
1 k+i . .
Véi: w = ———— =~ 1.4826 1a wdc tinh ngau nhién cua luat phan phoi chuan Gauss.
\/Eerfc‘l(a)
trong do:

m - gia tri trung binh dong;
- d6 léch chuan.
Khi kiém tra x; theo diéu kién |x; — m;| > t.q; thi x;c6 sai s6 Ién nén bi loai bo khoi két qua do va
dugc thay thé bang m; 1a gia tri trung binh dong véi cia s6 truot quanh gia tri x;. Gia tri t c6 thé duoc
chon bang 3 nhung néu yéu cau d¢ chinh x4c cao hon thi t dugc chon bang 2.

2.2.3. Phurong phdp ANN trong xir Iy 6 liéu

Mang no ron nhan tao s& dugc “huén luyén” dé c6 thé “hoc” tir mot tap hop théng tin cua bién dau
vao dugc cho trude. Tur do, mang s€ dua ra két qua bién dau ra dya trén nhitng gi da duoc hoc. Mang no
ron truyén thang nhiéu I6p duoc sip xép gdbm: L6p dau vao, cac 1p 4n va Iép dau ra.

Hias bias

Xy . i 'r'-u .
¥ o o ": ! - h" ) oy
i “ - . = ¥y
7k, e 4
- i
X -— - . ={ ) ¥
* I, . T
)
“ y g
x - = O
il . {2}
W - "
Lép vao Lop an Lépra

Hinh 4. Cau tric mang no ron nhén tqo truyen thang mét lop dn
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L6p dau vao s 1a noi nhan cac tin higu dau vao, ¢6 thé la mot hang sd, dir ligu thd hogc 1a dau ra cia
mot mang no ron khac. Cac gia tri nay s& tc dong dén cac no ron 16p 4n théng qua bo trong sb wij. Tai
I6p 4n, tin hiéu cua l6p vao s& duoc xir ly bang mot ham kich hoat, thuong la ham Sig-moid hodc ham
Tan- hyperbohc sau do6 tin hiéu s& duoc truyén qua 16p ra thong qua b trong sb Wix. Céc lop an lien két
gitra 16p dau vao va lop dau ra, 1am cho mang c6 kha nang md phong moi tuong quan phi tuyén t6t hon.
Qua trinh “hoc” duoc tién hanh bang céc thuat toan huan luyén mang, phé bién 1a thuat toan lan truyén
nguoc (BP).

Nguyén 1y co ban cua thuat toan nay 1a khi w thay ddi thi E(w) s& thay ddi va ang mot ham E(w) s€ co
mot tap gia tri cua cac trong s6 W ma Iam cho ham E(w) dat gia tri cuc tiéu. De udc luong c4c trong sb w
bang thuat toan lan truyén nguoc sai s6, dau tién gan cho mang mét bo trong s6 w ban dau, trbo trong sb
nay tinh toan dwoc gia tri ham E(w). Sau d6 s& diéu chinh trong s6 w sao cho bé trong s6 méi lam cho
ham E(w) bé hon. Phuong phap nay duoc goi 1a phuong phap ha gradient (Nguyén Binh Thuc, 2000).
Gia tri diéu chinh la:

Aw =Wy —w, = —UZ—‘,EV 3)
véi: - budce tinh lap;
Hang s6 n - hang sb hoc.

Qua trinh tim b trong s6 thich hgp cho mang dwoc goi 1a qué trinh hoc. Qué trinh hoc s& lap di 1ap lai

cho dén khi Aw gan bang 0 (nho hon mot mic sai sé cho truéc) hodc diéu kién ding hoc dugc kich hoat.

2.2.4. Pdanh gid chat hrong cua két qua khoi phuc

D¢ danh gia do chinh xac cua két qua da dwoc khoi phuc, mot s6 céc chi s6 duoc bai bao sir dung nhu
sau (Nguyen Cao Van va Tran Thai Ninh, 2004):
- Sai s6 trung phuong RMSE (Root Mean Square Error):

RMSE = /z—kﬂ(ryf‘yk’ (4)

- Gia tri thyc té (Gia tri do);
Y, - Gia tri dau ra cua mang (Gié tri tinh toén).
Sai s6 RMSE cang l6n thi d6 chinh xac cua két qua khdi phuc cang thap va nguoc lai sai sb nay cang
nho thi d6 chinh xac két qua khdi phuc cang cao.
- Hé sb twong quan:

trong do:

n -
ZL 1= (y-y) (5)

T =
le (E-D2 Y (yi—)?

trong do:
X, Y - Hai bién can xét mi tuong quan;
%, ¥ - Gia tri trung binh cua X, y; n la s lugng mau.

Neu gia tri cua r duong thi hai bién x va y 1a tuong quan ddng bién, nghia 1a x tang thi y ting; nguoc
lai néu giatri ciar am, x va y 1a twong quan nghich bién, tirc 1 khi x tang thiy giam. Néur=1hayr =
-1 thi méi quan hé cua x va y rat chat ché. Néu r = 0, hai bién x, y hoan toan déc lap, khéng c6 quan hé
vai nhau.

2.3. Tinh toan thuc nghigm
2.3.1. Md ta s6 liéu

Dé noi suy sb liéu theo phuong dirng Z cua diém gitra nhip chinh va diém 1 phan 4 cau tién hanh thu
thap so liéu quan tric két ciu cau day vang Can Tho. Day la cau day vang hai mat phang day, c6 chiéu
rong 26 m, chiéu dai cau chinh 2750 m, chiéu cao thép tinh tir mat cau 1a 134,7 m, nhip chinh dai 550 m.
Hé thong GNSS hién nay hay GPS trudc day ctia cau gom c6 2 tram base va 9 may rover duoc gan chi
yéu & phan cau chinh, dugc quan tric lién tuc véi ki thuat do RTK. Cac may do chuyén dich GNSS, gi6,
nhiét do, (g suat duoc do cung thoi diém, tin suat ldy mau cua cac thiét bi nay la 1 Hz va sau do ldy gia
tri trung binh theo thoi gian 10 phat/lan. Véi thoi gian do dai trong 1 tudn duoc 1008 s6 liéu mdi loai
(Nippon Koei Co. LTD, Chodai Co, LTD lién doanh vai Tedi South, 2010).
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Nhiét 46 khéng khi Chuyén dich theo phwong X dinh thap Biac

it
1
o
in
Toa d6 X (m)
°
a
o

0.025

S& lwong mau
Clluyén dich theo phwong X dinh thip Nam
550.41 42670

Chuyén dich theo phwong Z di€m gitka nhip chinh

42650
5504

42.630

55039 42 610

Toa dé X (m)

g cao (m)

55038 42580

42.570

550.37 42550

550.36 42.530

= R i
SRR AAERS FRERSERARE

Chuy&n dijch theo phuong Z
did@m 1 phan 4 nhip chinh

S8 lueng mau

Hinh 5. S¢ liéu quan trdc cau ddy ving Can Th

Q

2.3.2. Khdi phuc gid tri bi mdt bang phwong phap Hampel

Vi s6 liéu quan tric chuyén dich theo phuong Z cia diém 1 phan 4 va diém giita nhip chinh da duoc
thu thap trong 2 ngay, tién hanh tng dung phuong phap Hampel dé tinh toan. Dé khoi phuc céc sé liéu bi
mét gdom 1 s liéu, 2 s liéu, 3 s6 liéu, 5 s6 ligu, 6 s6 lidu, 9 s6 liéu, 12 sé liéu va yéu cau do chinh xac
cao nén nhom tac gia da lwa chon sb ctra sb truot 14 30, t = 2.

2.3.3. Khoi phuc gia tri bi mat bang phwong phip ANN

- Chuan bi s liéu va xac dinh mdi quan hé trong quan

Vi cac s6 ligu nhiét do; van toc gio; chuyén dich 3 phwong dinh thap Bic, thap Nam; chuyén dich theo
phuong ding diém giira nhip chinh, diém 1 phan 4 nhip chinh trong 7 ngdy da thu thép duoc, tién hanh
xac dinh moi quan h¢ trong quan gilra chuyen dich theo phuong dung diém gitra nhip chinh, diém 1 phan
4 nhip chinh véi cac yéu to nhiét do, van toc gid, chuyén dich 3 phuong cua diém dinh thép Bac, thap
Nam. Nhiing bién c6 hé sb twong quan 16n hon +0,5 s& duoc chon lam dit liéu dau vao cia qua trinh huan
luyén mang ANN. Céc nghién ctu (Hien Van Le et al., 2015; Tinh Duc Le et al., 2020) da xac dinh anh
huéng caa nhiét d, van toc gid, chuyén dich dinh thap Nam, dinh thap Béc dén’ chuyén dich diém gitra
nhip chinh va diém 1 phan 4 nhip chinh cu. Téng hop cac nghién ciru trén duoc Bang 1 nhu sau:

Bang 1. Méi quan hé twong quan gitra nhiét dg, gi6, chuyén dich dinh thap

va chuyén dich theo phirong dimg diém gida nhip chinh.

H¢ so tuong quan
Phuong Z Nhiét Van toc Thép Bac Thap Nam
6 gi6 X Y Z X Y Z
biem gia -0,90 0,14 067 | 029 | -018 | 077 0,36 0,31
nhip chinh
biém 1 phan | 4 gg 0,14 05 | 030 | -013 | 068 0,36 0,25
4 nhip chinh

Tir Bang 1 thay rang tai diem giira nhip chinh va diém 1 phan 4 nhip chinh cau, phuong Z dich chuyén
chu yeu la do nhi¢t do khong khi, chuyén dich cua phuong X dinh thap Béc, thip Nam. Day s& la cac dit
liéu dau vao cho qué trinh huan luyén mang ANN.
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- Thiét ké mang no ron nhan tao.

V6i cac dir liéu dau vao va thuat toan lan truyén nguoc trong ANN truyén thang nhiéu 16p, tién khoi
phuc s liéu bi mét cia chuyén dich theo phuong dimg diém gitra nhip chinh, diém 1 phan 4 nhip chinh.
Ham huin luyén duoc sir dung 1a ham phi tuyén sig-moid, hoc c6 giam sat va giai thuat huan luyén 1a lan
truyén nguoc. Cac s6 liéu do nhiét do, Chuyén dich theo phuong X cua dinh thap Bic, thap Nam la di liéu
dau vao. L6p ra co mot no ron lan luot 12 giatri chuyen dich theo phuong dung cua diém gitta nhip chinh
va diém 1 phan 4 ~nhip chinh cau. Sb I6p an bang 1, s6 no ron trong I6p an bang 10 V6i diém giira nhip va
19 véi diém 1 phan 4 nhip chinh. Bo s liéu thu thap duoc tir cac thiét bi do trén cau dwoc chia thanh hai
bo con chinh. Bo 1 1a bo dit liéu huan luyén mang c¢6 720 miu dau vao tuong duong voi 5 ngay va 720
gia tri do GNSS tuong wng. Bo dit liéu huin luyén thuong dugc chia thanh ba nhom sé liéu nho gom:
Luyén mang chiém 70 % b sé liéu tng véi 504 mau. Xéac nhan mang chiém 15 % bo s liéu tng véi 108
mau. Kiém tra mang chiém 15 % bo sb liéu wng véi 108 mau. Bo 2 gdm 288 mau twong tuong duong voi
2 ngay dung dé khoi phuc s liéu bi mat.

- Huan luyén mang no ron nhan tao.

Véi cau tric mang dwoc chon, tiép tuc tién hanh budc huan luyén mang. Két qua huan luyén duoc thé
hién trén Bang 2 sau:

Bdng 2. Sai s6 MSE va hé sé hai quy R?

ﬂ Piém trén ciu MSE (m?) R’
biém giira nhip chinh cau 3x10° 0,989
Diém 1 phan 4 nhip chinh cau 6x10” 0,944

Qua bang trén nhan thay sai s6 MSE rat nho, h¢ s6 hoi quy rat Ion. Diéu do thé hién két qua huan luyén
mang tot va mo hinh chuyén dich theo phuong ding duoc thanh Iap tir cac yeu to nhi¢t do khong khi,
chuyén dich theo phuong X cua cac dinh thap cau 1a chinh xac va dang tin cay.

2.3.4. Két qua khoi phuc gia tri bi mdt bang phuong phdp Hampel va ANN

Sau khi tinh toan, két qua khoi phuc s liéu quan tric chuyén dich theo phuong Z cua diém gitra nhip
chinh cau, diém 1 phan 4 nhip chinh cau trong 2 ngay bang phuong phip Hampel va phuong phap ANN
duoc thé hién trén Hinh 6, 7, 8 nhu sau:

K&t qua khbi phuc s8 liéu chuyén dich
theo phwong dirng di€m giika nhip chinh

42.670
Boan di¥ lidu khdi phuc Boan di¥ lidu khdi phuc

AR
iz { I

~— 42.610
o

3 k

o a2.590 L

2 .
42570 e Y
42550 -y LB

42530
Mmoo W oo

= Mg o= o B @
=SS S35 aAadaaaaa

Két qua do thwe — - -Hampel — .. ANN
Hinh 6. Két qua khoi phuc so liéu quan trac chuyén dich diém gizza nhip chinh
Két qua khai phuc s8 ligu chuyé&n dich

theo phwong dirng di€m 1 phEn 4 nhip chinh
39.980

SRRy
\’W{W it

00 c0(m)

39.920

39.900

Boan ur'leuk}ul phuc
39,880

58 lworng m3u

Ketq ua do thuc — — —Hampel — - - ANN

Hinh 7. Két qua khoi phuc s liéu quan trac chuyen dich diém 1 phan 4 nth chinh
Qua Hinh 6, 7 Co‘the thay két qua khoi phuc s6 liéu chuyén dich theo phurong ding cua diém giira nhip
chinh va diém 1 phan 4 nhip chinh bdm sat két qua do GNSS.
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Sai 6 khdi phuc s6 liu chuyén dich

Sai s6 khoi phuc s6 liéu chuyén dich ¢
theo phweng ding diém 1 phin 4 nhip chinh

theo phwong dizng diém git¥a nhip chinh cau
0.020
0.030

0.010
0.020 i

n 3
_ E oom
£ 0010 : -.! - 9
o LY [—
9 0.000 i;“ v oA, 7 000
= NwnBshniEsg
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-0.020 -0.030

54 lwong mau

-0.030

56 lirging mau

—— Sai 58 theo Hampel - Sai 58 theo ANN

—— Sai s theo Hampel - - - Sai 58 theo ANN
Hinh 8. Sai s¢ khdi phuc sé liéu quan trdc chuyén dich theo phirong dimg cau
Hinh 8 biéu hién sb liéu quan tric chuyén dich theo phuwong ding (phuwong Z) diém gitra nhip chinh va
diém 1 phan 4 nhip chinh cau day ving Can Tho duoc phuc hdi bang phuong phap Hampel va ANN cé
sai s6 nho. Sai s6 16n nhat theo Hampel biang -0,030 m va theo ANN bang -0,023 m.

2.3.5. Pdnh gid dg chinh xac két qua khoi phuc so lidu chuyén dich cau ddy vang theo phwong phdp
Hampel va phwong phap ANN

Céc gia tri khdi phuc sé liéu chuyén dich theo phwong dimg tinh dwoc bing Hampel va ANN s dugc
so sanh véi gia tri thuc té (céc gia tri GNSS do duoc) nham danh gid d6 chinh xac cua 2 phuong phap
nay. Sai s6 trung phuong khoéi phuc s6 lieu RMSE va hé s6 tuong quan duoc xac dinh qua cong thuc (5)
va (6), két qua tinh thé hién trong Bang 3 va Bang 4 nhu sau:

Bang 3. Két qua tinh RMSE ciia phirong phdp Hampel va phwong phdp ANN

Piém trén ciu Phwong phap ndi suy RMSE (m)
Giita nhip chinh H'iande 0013
1 phén 4 nhip chinh H'iande 0010

Tir bang trén nhan thay sai s6 RMSE cua phuong phap Hampel va ANN 14 rat nho. Tuy nhién do c6 sai
s6 RMSE nho hon nén  phuong phap ANN ¢6 d9 chinh xac cao hon phuong phap Hampel.
Bang 4. Két qud tinh hé sé tiwong quan theo s6 liéu do, theo s6 liéu dwoc khdi phuc
bang phwong phdp Hampel va ANN

. X A A . Hg so twong quan
Diém trén cau | Phuong phip Nhiét do Dinh th:’ipg Bic | Digh thap Nam

Phuong Z diém | S6 lidu do -0,9082 -0,7376 0,7469
gitra nhip chinh ANN -0,9000 -0,7521 0,7631

Hampel -0,9089 -0,7358 0,7428
Phuong Z diém 1 | S6 lidu do -0,8832 -0,6403 0,6622
phin 4 nhip chinh | ANN -0,8897 -0,6587 0,6982

Hampel -0,8848 -0,6427 0,6623

Vay c6 thé thdy néu dua vao h¢ s6 tuong quan dé so sanh thi phuong phap Hampel va phwong phap
ANN c0 hé s6 tuong quan gan bang vai két qua do thyc.

3. Két luan

Céc két luan duoc rit ra tir nghién ctru ciia bai bio nhu sau:
- Céc nghién ctiu ly thuyét, phan tich tong quan di khang dinh kha nang tng dung cua GNSS va tam
quan trong cua hé théng nay trong quan tric chuyén dich tong quat cau treo.
- Bé nang cao d6 chinh xac trong quan trac chuyén dich cau treo, bai bao da tién hanh nghién cau ly
thuyét va tinh toan thyc nghiém nham khéi phuc s6 liéu quan trac bi mat bang phuong phap Hampel va
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phwong phap ANN. Sai s6 RMSE va m01 tuong quan gilra sb liéu chuyén dich theo phuong dung diém
giita nhip, diém 1 phan 4 nhip chinh cau day vang vai sb liéu nhiét do khong khi, chuyén dich theo
phuong X cua diém gitra dinh thap Bic, thap Nam duoc st dung dé danh gia két qua khoi phuc. Tu do
thay rang phuong phap Hampel va ANN c6 d6 chinh xéc cao trong viéc khoi phuc cac gia tri quan trac bi
mat va van giir nguyén xu hudéng cua dir liéu theo chudi thoi gian.

- Do ¢6 sai s6 RMSE I6n hon nén do chinh xac cia phuong phip Hampel thip hon so voi phuong
phap ANN, tuy nhién hé sb tuong quan cua Hampel lai sat véi s6 liéu do hon ANN nén né biéu dién xu
hudng cua dir lidu tét hon so véi ANN. Phuong phap tinh toan cia Hampel don gian hon ANN va khi
tinh toan chi can sb liéu chuyén dich caa ban than né ma khdng can phai thu thap va xu ly cac s ligu
quan tric khéc. Chinh vi vay, cing véi ANN, Hampel ciing 1a mot phuong phap hiru ich, dugc nhoém tac
gia dé xut sir dung dé khdi phuc s6 liéu quan tric chuyén dich GNSS - RTK khi bi mat.
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ABSTRACT

GNSS-RTK application in cable-stayed bridge
displacement monitoring in Vietnam and some problems
In processing monitoring data

Nguyen Thuy Linh™ ", Le Van Hien®, Le Minh Ngoc®, Cu Van Linh?
YUniversity of Transport and Communications
*The Government Inspectorate of Vietnam

The displacement of the suspension bridge is one of the typical manifestations of the bridge response to
the effects of external factors such as wind, air temperature, the live load of vehicles,... Large
displacement or adverse displacement can cause unsafety for traffic on the bridge, causing negative
effects on the structural integrity. Therefore, the monitoring of suspension bridge displacement is very
important and necessary. This article provides an overview of some typical applications of GNSS
technology in the monitoring system of suspension bridge structures in Vietnam. The requirements and
tasks for system design and data acquisition are presented in this study. In addition, the article studies the
methods of processing displacement monitoring data to improve the monitoring efficiency during the
exploitation and use of suspension bridges in Vietnam.

Keywords: Global Navigation Satellite System (GNSS), bridge structure health monitoring system
(SHM), cable-stayed bridge, displacement monitoring.
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Thuce trang va giai phap hoan thién phap luat vé gia dat,

co ché van hanh, khai thac co s& dit lidu gia dat

Nguyén Thi Dung*, Nguyén Thé Cong, Tran Xuan Mién
Nhom nghién ciru Quan Iy dat dai va Cong nghé dia chinh phuc vu phat trien ben viing
Truong Dai hoc Mo - Dja chat

TOM TAT

Gia dét trudc hét 1a can ctr quan trong dé nha nudce thuc hign quyén kinh té ciia chu so hitu, bai thong qua
né cac khoan thu ngan sach tir dat dai méi c6 thé dwoc xac dinh mot cach cu thé. Béi véi cac chu thé kinh
doanh, gia dat la co s¢ dé xac dinh chi phi dau vao, tir d6 quyét dinh gia thanh san xuat va gia ca hang héa
ban ra thi trudng. Chinh vi vay hoan thién co ché, chinh sach tai chinh vé dat dai, co ché xac dinh gia dét
theo dang tinh than Nghi quyét s6 18-NQ/TW Hoi nghi lan thir nim Ban chip hanh Trung wong Pang
khoa X111 ngay 16/6/2022 c6 ¥ nghia rat quan trong dbi vai thi truong quyén sir dung dt, thi trudng bat
dong san ndi riéng va toan bo doi sbng kinh té - x& hoi n6i chung. Noi dung va muc tiéu cia bai bao nay
la hé théng héa cac quy pham phap luat hign hanh vé gia dat, vé co s6 di lidu gia dat. Tur cac yéu cau cia
thuc tién, véi cac phuong phép nghién cttu pht hop, bai béo di sau phan tich, danh gid va chi r8 nhiing
van dé dang kim ham cac nguon luc cho sy phat trién, gay kho khin cho ngudi dan, doanh nghi¢p. Trén
co so d6, bai bao da dé xuat mot sb giai phap nham hoan thién phap luat vé gia dét, cac giai phap xay
dung co so dit lidu gia dat.

Tir khoa: Co so dir liéu gia dat, gia dat, phép luat dat dai.
1. Piatvén dé

Ciing nhu cac hang hoa khéc, gia dat 1a noi gap nhau giita cung va cau vé dat dai. Tuy nhién, khac véi
céc hang hoa khéc, cung vé dat dai mang tinh c6 dinh cao va khé diéu chinh boi dat dai 1a mot yéu té hiru
han va con ngudi khong lam ra duoc dét dai, trong khi d6 cau vé dat dai ludn c6 xu hudéng gia ting do ap
lyc vé dan s va nhu cau vé dét dai ngay cang da dang hon.

Gia dat can thé hién dang thudce do gia tri tai san va la mot cdng cu vi md phan phdi ngudn luc tai
chinh giita Nha nuéc va nguoi sir dung dat. Néu gia dat do Nha nudc dwa ra qua thap, ngudi dan khong
chap thuan, tit yéu s& dan dén cac khiéu nai, to céo, tranh chap dét dai, khong chiu di doi khoi manh dét
bi thu hoi... gy ra nhitng hau qua phai ton nhiéu thai gian, nhan lyc va tién bac dé giai quyét.

Trong linh vuc gia dat van con mot s6 ton tai nhu: Quy dinh vé phuong phap dinh gia dit chwa phu
hop thuc tidn c6 thé ké dén phuong phap dinh gia dét theo hé sé diéu chinh gia dat (khong phan anh dugc
c4c yéu t6 hinh thanh gia dat); mot s loai dat, khu vic khong c6 thdng tin vé gia dat chuyén nhugng trén
thi truong hodc noi ¢ thi truong nhung thong tin gia dat thi truong do tin cay khong cao gay kho khin
trong viéc dinh gia dat (nguoi dan thuong ké khai gia chuyén nhuong thap hon gia thuc té dé giam thué
thu nhap ca nhan khi chuyén nhwong quyén sir dung dat); chua c6 dir liéu v& gia dat thi truong dé thuan
loi cho thuc hién xéac dinh gia dat (Bui Thi Cam Ngoc, 2021).

Viéc xac dinh khung gia dit va phuong phap dinh gia dit chwa dam bao nguyén tic phu hop véi gia
phd bién trén thi truong. Khung gia dat, ciing nhu bang gia dat tai nhiéu tinh, thanh phd truc thuge Trung
wong hién nay chua theo kip dugc dién bién gia d4t thuc té trén thi truong. Gia dat chuyén nhuong trén
thi truong c6 sy chénh léch 16n so véi khung gia dat, nhat 1a céc khu vuc trung tim d6 thi I6n, gia dat tai
mot s6 Vi tri, dia diém ddc biét co su khéac biét rat lon véi mat bang chung mic gia trén dia ban,.. . Trong
thoi gian qua viéc chuyén nhuorng, chuyén muc dich sir dung dat khong thong qua dau gla (nhét 1a cac
khu dét co gla tri dac biét 16n & cac thanh phé 16n) con nhiéu bat cap ma nguyén nhan cha yéu do viéc xac
dinh gia dat cu thé thap hon so véi thi truong gay that thu ngan sach nha nuéc.

* Téc gia lién h¢
Email: nguyenthidung@humg.edu.vn
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Trong giai doan hién nay, viéc day nhanh tién d6 xay dung co so dit liéu (CSDL) dat dai néi chung,
CSDL gia dat n6i riéng 1a rat can thiét nham nang cao chat lugng phuc vu ngudi dan, doanh nghiép, ciing
nhu viéc quan ly gid dat ciia nha nudce. DAy |4 giai phap co ¥ nghia quan trong, 1a co s& va can ctr cho
viéc xac dinh gia dat mot cach dung dan, gidp cho viéc minh bach héa thdng tin vé gia dat.

Céc thdng tin vé gia dat hau nhu déu duoc tich hop trong co so dir liéu dat dai va déu hudng toi viéc
trién khai, phat trién hé thong thong tin dat dai trén nén tang cong nghé WebGIS. Dé c6 dugc hé thong
hoan thi¢n thi cc thong tin vé dat dai va thong tin vé gia dat déu duoc thu thap mot cach tuong ddi day
du, luu trir trong co s6 dit liéu, c6 cac mdc thoi gian dé c6 thé so sanh, dbi chiéu hoic phan tich xu hudng.
O Viét Nam khi nén kinh té chuyén han sang co ché thi truong thi hoat dong dinh gia méi bit dau van
hanh theo ding chirc ning cua néd. Pinh gia dit ngoai viéc phuc vu cho viéc xac dinh cac nghia vy tai
chinh dét dai theo quy dinh phép luat, nhu tinh thué, tién sir dung dit va gia bdi thuong,... ma con gitp
cho viéc hoan thién tot hé thdng quéan 1y dat dai. Cong tac dinh gia dat da thuc hién trong thoi gian trudc
day sir dung phuong phép thi cong hoic ban tu dong (st dung mot sé chuong trinh nhu Excel, SPS,...) dé
Iuu trix, xir Iy cac s6 ligu thu thap duoc nén mat rat nhiéu cong sirc va thoi gian cua cac can bo tham gia
dinh gia (Nguyén Trong Truong Son, 2019). Dé hd tro cho cong tac dinh gia va tng dung cong nghé
thong tin trong viéc luu trit, xar ly va tinh toan cac s6 liéu trong quy trinh dinh gia dat, nay sinh nhu cau
thiét ké mot hé thong dinh gia dat trén may tinh nham tu dong héa mot sé bude va hd trg cho cac nha
quan ly trong qué trinh thuc hién cong téc dinh gia dat va bt dong san. Tir phia nha nudc viéc xay dung
hé thong thong tin gia dat dugc dat ra 1a mot noi dung cua hé thdng thong tin dat dai can thuc hién trong
thoi gian téi day ctia nganh Tai nguyén va Moéi truedong ¢ trung wong cling nhu tai cac dia phuong.

2. Dir li¢u va phwong phap nghién ciru
2.1. Dit liéu va phwong phdp diéu tra thu thap tai ligu, sé ligu

Thu thap cac tai liéu, s6 liéu vé tinh hinh ban hanh vian ban quy pham phap luat dét dai; vé linh vuc
kinh té dét dai; dich vu hanh chinh cong va @ng dung cong nghé thong tin va xay dung co so dir liéu dat
dai. Céc tai liéu duogc thu thap tai cac co quan nhu BJ Tai nguyén va Moi truong, cic dia phuong (thong
qua cac cong thong tin dién tir).

Céc vin ban Vé tai chinh dat dai, gid dat va CSDL gia dat tir khi c6 Luat Dat dai 2013 dén nay st dung
trong nghién ciru nay nhu: (i) Luat Dat dai nam 2013 va cac luat khac ¢6 lién quan dén gia dat, CSDL gia
dat; (ii) Cac van ban cua Chinh phii nhu: Chi thi s6 01/CT-TTg ngay 03/01/2018 cta Tha tuéng Chinh phu;
Nghi quyét s6 07/NQ-CP ngay 22/01/2014, Nghi quyét s6 17/NQ-CP ngay 07/3/2019 caa Chinh pha, Nghi
dinh sb 44/2014/NB-CP ngay 15/5/2014 ,..; (iii) Cac Thong tu, Huéng dan cua cac Bo, nganh cd lién quan
nhu: Thong tu sé 36/2014/TT-BTNMT ngay 30/6/2014, Thong tu sb 75/2015/TT-BTNMT ngay
28/12/2015, Thong tu s6 05/2017/TT-BTNMT ngay 25/4/2017 ciia Bo Tai nguyén va Mbi trudng,...

Ngoai ra, nghién ciru nay con sir dung cac bdo cao, danh gia ctia Bo Tai nguyén va Moi truong (2022)
va cua mot s6 mot dia phuwong, co quan khéc.

2.2. Phwong phdp phin tich, ddnh gid tong hop

Tir céc s6 ligu, tai ligu thyc trang tién hanh so sanh doi chiéu véi céc quy dinh hign hanh; phan tich,
danh gia nhitng kho khan, ton tai va nguyén nhan, tir do de xuat giai phap xur Iy, thao g&. Trong d6 tép
trung di sau phan tich, danh gia thuc trang vé céc IOaj gia dat, co ché &p dung gia dat tai cac dia phuong;
thuc trang xay dung va hoan thién co s& dir liéu gia dat, hoan thién phap luat vé gia dat.

3. Cac quy dinh vé gia dit
3.1. Co sé vé gid dit

~Vé phuong dién hanh chinh, gi4 dét do nha nuéc xéc dinh (gi4 nha nuéc) qua céc cap do: khung gia
dat (do Chinh pha ban hanh dinh ky 05 ndm), bang gia dat (do Uy ban nhén dan cua 63 tinh, thanh pho
truc thuéc trung wong ban hanh dinh ky 05 nam dua trén khung gia do Chinh phﬁ banﬂ hanh ,va théng tin
gié dat thi truong, cac yeu to tu nhién, kinh te, xa hdi cua dia phuong) va gia dat cu thé (quyet dinh trong
ting trudng hop, mang tinh cé’biét). Bén canh do, su ton tai Cua gid dat thi truong duoc hinh thanh tir cac
giao dich cua nguoi st dung dat trén nguyén tac tu do, binh dang, thoa thuan. Do dat dai mang tinh cu thé
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cao nén gia giao dich trén thi truong cua mdi thira dat ¢ su khac biét nhit dinh. Theo quy dinh cua khoan
3, bBiéu 3, Nghi dinh s6 44, “gia dat phé bién trén thi truong 1a mic gia xuat hién véi tan suit nhidu nhét
trong céc giao dich da chuyén nhwong trén thi truong, trang dau gia quyén sir dung dét, gia dat xac dinh
tir chi phi, thu nhap cua céc thira dat c6 ciing muc dich st dung tai mot khu vuc va trong mot khoang thoi
gian nhét dinh”.

Nhu vay, & nudc ta hién nay ton tai hai gia dat: gia nha nudc va gia thi truong. Viéc ton tai hai gia dat
1a mot tat yéu khach quan va Nha nudéc s& dinh huéng gia dat theo mot trong cac co ché sau: (1) Bam sat
gi4 dat thi truong theo hudng “nudc ndi, béo noi”; (2) Bam sat gia dat thi truong nhung gia dat nha nudc
quy dinh ludn giit mot khoang cach nhat dinh vai gia thi truong (co ché thi truong c6 dinh hudng cia nha
nuéc); (3) Phuc vu chinh séch quan Iy cua nha nude va thoat ly gia dét thi truong. C6 thé nhan thay ring,
ngay tir khi bat ddu quy dinh vé gia dat dén nay, phap luét dat dai luén xac dinh quan 1y theo co ché thi
truong c6 dinh huéng cua nha nudc véi nguyeén tac xuyén sudt trong dinh gia dat 1a gia dat phai sat/phu
hop véi gia dat thi truong. Nhung thyc tién van ton tai sy chénh léch 16n gitra gia dat nha nudc so vai gia
dat thi truong.

- Vé gid nha nuwéc
+ Khung gid ddt:

~Nha nu6e quy dinh khung gia dat, nham myc dich quan ly gia dat trén toan bo thi truong; lam can cu
d¢€ dua ra bang gia dat cua cac dia phuong; xac dinh nghia vu tai chinh lién quan dén dat dai. Khung gia
dat budc cac dia phwong tudn thu, khong duoe quy dinh ngoai khung.

Luat Dt dai 2013 quy dinh gia dt trong khung phai ngang bang vai gia thi truong, nhung trén thuc té
chi bing khoang 30-70 % gi4 thi truong, ké ca dat néng nghiép hoic phi ndng nghiép. Con riéng di véi
dat tai d6 thi thi chi bang 30 % gia dat thi truong (Ngd Long va Ngd Tri Trung, 2022).

Khung gi4 dit chua phi hop véi khung gia thi truong béi quy dinh phap luat Vén con chua hop 1y, kho
&p dung trén thuc té. Do chi ¢6 3 ving gid ¢ dét va “Uy ban nhan dan cép tinh quyét dinh gia dat cu thé”
(khoan 3, Pidu 114, Luat Dét dai 2013), mdi dia phuong van dung mét cach khac nhau nén rat kho thuc
hién dugc quy dinh tai khoan 1, Diéu 114, Luat Dat dai 2013, cu thé: “truong hop ¢ chénh léch lon vé
gi4 dat gidp ranh gitra cac tinh, thanh phd truc thudc Trung wong thi bao cdo Tha tuéng Chinh pha quyét
dinh”.

Theo quy dinh khung gi4 dat 4p dung trong thoi gian 5 ndm, khi gia dat bién dong qua 20 %, thi diéu
chinh, khong c6 bién dong thi thoi thay vi thay doi hang nim nhu truéc gay mét thoi gian. Thuc té tir khi
ban hanh luat dén nay, khung gia dat caa Chinh pha chua hé thay déi lan nao du gi nha dét lién tuc bién
dong (Ngd Long va Ngb Tri Trung, 2022).

Tir thyc trang trén cho thdy khung gia dat la vt can tro cho su phat trien thi truong bt dong san,
khong phai 1a mot co ché tot cho phét trién thi truong nay, gay ra rat nhiéu hé luy, tic dong xau.

+ Bang gid dat:
Theo quy dinh Luat P4t dai 2013, Chinh phu ban hanh khung gia dat va day la can cu dé UBND céc

tinh, thanh ban hanh bang gia dat ap dung cho timg dia phuong. Bing gid dat dwoc sir dung dé tinh thué
str dung dat, tinh phi va 1¢ phi, tinh gia tri quyén st dung dat.

Khung gia dat hién nay 13 co so dé cac dia phuwong thuc hién xay dung bang gia dat. Do khung gi4 dat
hién nay thap xa so véi gia thi truong nén bang gia dit ciing chua tiém can véi gia thi truong. Viéc bang
gia dat cua nha nudc thap hon rat nhiéu so voi gia thi truong da dan dén hé luy nhu gia dat ghi trén hop
dong mua ban thap hon bang gia ciia Nha nudc dé tranh thué. Hién nay, gia dat do Nha nudéc quy dinh
lubn thap hon rat nhiéu so véi gié thi truong. Mot s6 noi thuoc Ha Noi va TP. HCM, gia dat da 1én t6i 1,3
dén 1,4 ty ddng mdi m? nhung khung gi4 dat cua Nha nudc cao nhat van chi la 162 triéu dong/1 m2.

Bén canh do6, toan bd quy trinh dinh gi4 dat déu do co quan hanh chinh nha nudc thyc hién. Mic du
Diéu 115 va Diéu 116, Luat Dit dai 2013 ¢ quy dinh vé& viéc tu van gia dat nhung ciing chwa c6 quy dinh
bao dam cho t chire tu véan gia dat thuc su ¢6 vi tri doc lap. Do do, gia dat mang nang tinh “ap dat”. Co
thé noi tat ca cac truong hop (gan nhu tuyét doi) gia dat déu thap xa so vai gia thi truong & moi thoi diém.
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Viéc xac dinh khung gia dat anh huong tryc tiép dén viéc xac dinh bang gia dat, gia dat cu thé, nén khi
xac dinh khung gia dat khong hop ly s& gién tiép dé lai nhiing hé luy khac. Gia dat thap hon nhiéu so véi
gia dat thi truong thyc té s& dan t6i viéc khai it hon gia tri that cia dat trong hgp dong chuyén nhuong
mua ban quyén sir dung dét, dé giam thiéu nghia vu thué voi Nha nuée (Nguyén Thanh Ha, 2021).

+ Gid dat cu thé:
Theo quy dinh cia Piéu 18 Nghi dinh s6 44, gia dat cu thé duoc xac dinh nhu sau:

- Thit nhdt, gia dat cu thé dugc xac dinh theo phwong phéap hé sb didu chinh gia (Uy ban nhan dan cap
tinh quyét dinh mot hé sb nhan voi gia dét trong bang gia dat) ddi vai cac truong hop tai khoan 2, Diéu
18, Nghi dinh sé 44: (1) Céc truong hop quy dinh tai cac diém a, b, ¢ va d khoan 4, Diéu 114, khoan 2,
Diéu 172 va khoan 3, Didu 189 cua Luat Dt dai, xac dinh gia dat dé 1am gia khoi diém dau gia quyén st
dung dat khi Nha nudc giao dat c6 thu tién sur dung dat, cho thué dét thu tién thué dat mot lan cho ca thoi
glan thué ma thira dat hoac khu dét cua dy &n c6 gid tri (tinh theo gia dat trong bang gia dat) duai 30 ty
dong doi véi cac thanh pho truc thude trung wong; dudi 10 ty ddng dbi véi cac tinh mién ni, viing cao;
dudi 20 ty dong dbi véi cac tinh con lai; xac dinh gia dat dé 1am can cw tinh tién thué dat khi Nha nudc
cho thué dat thu tién thué dat hang nim ma phai xac dinh lai don gia thué dat dé diéu chinh cho chu ky
tiép theo; xéc dinh gia dat dé 1am co s¢ xac dinh gia khoi diém dau gia quyén st dung dat khi Nha nudc
cho thué dat thu tién thué dat hang nam; (2) Truong hop quy dinh tai diém d khoan 4 Diéu 114 cua Luat
Dit dai d6i véi du an c6 cac thira dit lién k& nhau, ¢6 cling muc dich sit dung, kha néng sinh lgi va thu
nhap tir viéc sir dung dat twong tw nhau hoic trudng hop tai khu vuc thu hdi dit khong bao dam yéu cau
vé thong tin dé &p dung cac phwong phap dinh gia dit quy dinh tai cac khoan 1, 2, 3 va 4, Diéu 4 cua
Nghi dinh nay dé xac dinh gia dét cu thé cua tirng thira dt.

- Thr hai, gia dét cu thé dugc xac dinh dwa vao thdng tin thu thap trén thi truong théng tin thira dat dé
&p dung cac phuong phap dinh gia dét tai khoan 1, 2, 3, 4, Biéu 4, Nghi dinh s6 44 (d6 1a cac phwong
phap dinh gia dit: so sanh tryc tiép, chiét trir, thu nhap va thing du, viéc ap dung cic phuong phép nay
hoan toan doc 1ap véi bang gia dit). Phuong thirc nay duoc ap dung ddi véi viéc xac dinh gia dat cy thé
khong thudc cac truong hop tai khoan 2, Biéu 18, Nghi dinh s6 44.

Viéc thira nhan va quy dinh vé gia dat ctia nha nude chinh 14 co s& phap ly cho su ton tai cc quan hé
hang hoa quyén sir dung dat va thi truong bat dong san. Thuc té hién nay cac don vi tu van hodc cac co
quan nha nuéc méi chi c¢6 cac hé thong dir liéu vé gia dat mot cach roi rac, chua dugc tong hop, cap nhat
thuong xuyén, chua dam bao do tin cay dé dap ung dugc cac nhu cau cua xa hoi, ngudi dan ciing nhu cac
co quan quan 1y nha nude. Khé khin trong viéc xay dung co so dit liéu gia dat dén tir ca cac nguyén nhén
cha quan Ian khach quan nhu su thay d6i lién tuc cua thi truong dét dai, tinh chit phuc tap cua loai hang
hoéa ciing nhu viéc thu thap, khao sat théng tin vé gia dit tai Viét Nam van chi qua cac phuong thic
truyén thong nhu khao sat don thuan ma chwa dam bao dwoc céc bang chung khao sat hodc cac van ban
clia cac don vi tu van,... dé tang do tin cay.

Trinh ty, thu tuc xac dinh gia dat con phuc tap, ton thoi gian va chi phi. Tai khoan 3, Piéu 114, Luat
Dét dai nim 2013 va Didu 16, Nghi dinh sb 44/2014/ND-CP, viéc quyét dinh gia dat cu thé dwoc thuc
hién qua nhiéu khau, nhiéu ban/nganh, cu thé: Co quan quan ly dat dai cip tinh c6 trach nhiém gitp
UBND cép tinh t6 chic viée xac dinh gia dat cu thé chuyén Hoi dong Tham dinh gia dt thuc hién tham
dinh. Trén co s két qua tham dinh, co quan quan 1y dét dai cap tinh hoan thién trinh UBND cap tinh
quyét dinh gia dat cu thé. Theo danh gia viéc thuc hién xac dinh gia dit cu thé quy dinh nhu trén doi khi
gay kho khin cho céc co quan, to chuc lién quan, ciing nhu kéo dai thoi gian thuc hién.

Dong thoi trong chinh séch gia dat quy dinh can clr dé co quan tai nguyén méi truong xéc dinh gia dat
Ié’ dua vao két qua tu van xac dinh dinh gia dat; nhu vy gan nhu phy thudc vao trinh do, nang luc cua tu
van xac dinh gia dat nhung chua c6 ché tai ¢a manh dé xa ly hanh vi sai pham trong viéc tu van xac dinh
gia dat (Ngd Long va Ngb Tri Trung, 2022).

- Gid dat thi truong:

Gia dat thi truong 1a gia hinh thanh thng qua cac hoat dong cua thi truong, khong phu thudc vao gia
cta Nha nudc, bao gom: gia hinh thanh do cac giao dich trén thi treong, gia hinh thanh do dau gia QSDD.
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+ Puoc hinh thanh tir cac giao dich thuc té da hinh thanh.

+ Mang tinh phd bién gitra nhimg ngudi chuyén nhugng va ngudi nhan chuyén nhuong trong diéu kién
thuong mai binh thuong.

+ Khdng chiu tac dong ciia cc yéu t6 gy ting hogc giam gia dot bién, khdng hop 1y (dau co, thién tai,
khung hoang kinh té,...).

Nhu vdy, & nuéc ta hign nay ton tai hai gia dat: gid nha nuéc va gia thi truong. Viéc ton tai hai gia dat
la mét tat yeu khach quan va Nha nude dinh hudng gia dat theo huéng sat véi gia dat thi truong. Nhung
thuc tién van ton tai su chénh léch lon gitra gia dat nha nudc so vai gia thi truong.

3.2. Co ché &p dung gid dat

Chinh sach vé khung gia dat c6 tac dong tryc tiép dén phat trién kinh té - x4 hoi, thu hat dau tu, boi
thuong, giai phong mat bang nhét 1a tai céc du an dang trién khai viéc thu hoi dét, nghia vu tai chinh cua
ngudi sir dung dat. Khung gia dit duoc st dung 1am can cir dé uy ban nhan dan céc tinh, thanh phé truc
thudc Trung wong xdy dung, diéu chinh bang gia dat tai dia phuorng Cén ctr nguyén tac, phuorng phép
dinh gi4 dat va khung gia dat, Uy ban nhan dan cip tinh xay dung va trinh Hoi dong nhan dan cling cap
thdng qua bang gia dat truéc khi ban hanh. Bang gia dat dugc xay dyng dinh ky 5 nim mét lan va cong
b cong khai vao ngay 01/01 ctia nam dau ky.

Bang gia dat cua cac dia phuong dugc ban hanh vé mat hinh thirc va nhin chung sat hon véi gia
chuyén nhuong thuc té trén thi truong. Tuy nhién, dén thoi diém hién tai bang gia dat tai cac dia phuong
d3 boc 16 nhiéu bét cap, chua dap ung kip nhu cau ngay cang phat trién ciia x& hoi va yéu cau cua co quan
quan ly hanh chinh Nha nuéc. Den nay cac dia phuong chua c6 mot hé thdng dinh gia dét véi co so dix
liéu gia céc loai dét va cac yeu td lién quan dé 1am can ct cho viéc so sanh va phéan tich xac dinh gia dét
hang loat va cu thé. Vi vay, khi dinh gi4 dit phai thuc hién diéu tra thu thap théng tin vé gia chuyén
nhuong va cac dic diém cua thira dat truc tiép tir nhimng ngudi chuyén nhuwong dat, két qua thu dugc
khong c6 d6 chinh xé4c vi nhiing ly do khach quan va chii quan khac nhau, thong tin gia dat thu thap dugc
cling khong c6 can cir phap 1y rd rang (Nguyén Trong Trudong Son, 2019).

Gia dit cu thé dé &p dung trong viéc bdi thuong 1a mot phan quan trong cua chinh séch tai chinh vé dat
dai, diéu tiét hai hoa loi ich gitta Nha nudc véi vai tro 1a dai dién chii so hiru va nguoi sir dung dat. Tuy
nhién, quy trinh xac dinh gia dat theo hudng dan tai céc thong tu, nghi dinh hién nay thuc hién con nhiéu
vuéng mac, chura phu hop véi thuc té. Viée dinh gia dat dugc thyuc hién theo quy dinh tai khoan 1, Diéu
114, Luat Pét dai: “Can ctr nguyén tac, phuong phap dinh gia dat va khung gia dat, iy ban nhan dan cap
tinh xay dung va trinh hoi ddng nhan dan cung cap thong qua bang gia dat truée khi ban hanh. Bang gia
dat duoc xay (dung dinh ky 05 ndm mot lan”. Pay 1 nhitng diém tich cuc trong co ché dinh gia dat cua
Nha nudc, thé hién sy dinh marc va phan loai trong cac chinh sach tai chinh dat dai.

4. Xay dung co s& dir ligu gia dit tai Vigt Nam

Co s¢ dit lidu gia dat gilp cac ‘nha quan ly d4t dai thuc hién luu trit thong tin gia dat, dap tng yéu cau
cong tac quan ly cing nhu nhu cau cuia ngudi st dung dat xac dinh nghia vu tai chinh lién quan dén cac
khoan thu tai chinh vé dét dai, hd tro tra ciru thong tin vé gia dat trén internet.

Hién nay, cac dir liéu v& gia dit chua duoc cac dia phuong t6 chirc xay dung, quan ly, cap nhat cho
twong xung voi gid tri va tam quan trong ciia nd. Dir ligu gia dat chua duoc cap nhat dé phyc vu cac muc
dich sir dung, tao nguon thong tin tin cay cho hoat dong quan ly va ra quyét dinh cua cac cap quan ly;
cling nhur dap wng nhu cau caa to chirc, nguoi dan.

Nham hién dai héa nganh quan ly dét dai, huéng t6i xay dung hé théng quan 1y dat dai hién dai, minh
bach, hiéu qua, trong nhitng ndm qua, Chinh phu, Thii tuéng Chinh pha di chi dao thyc hién nhiéu nhiém
vy, giai phap dé xay dung hé thong thong tin dat dai, co s& dit liéu dat dai thong nhét trén pham vi ca
nudce, phuc vy da muc tiéu. Cung véi d6 diy manh wng dung cdng nghé thdng tin trong viéc thuc hién cac
thi tuc hanh chinh vé dét dai, timg budc trién khai thyuc hién giao dich dién tir trong linh vuc dat dai dé
nang cao chat lwong giai quyét thi tuc hanh chinh phuc vu nguoi dan, doanh nghiép.

Theo Bao cao thuyét minh Nhiém vu khoa hoc va cong ngh¢ cip Bo - Nghién ciru, dé xuat co ché van
hanh va khai thac hiéu qua co s& dit liéu gia dat thudc hé thong co so dit liéu dat dai (Bui Thi Cam Ngoc,
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2018), két qua dat duoc cua mot sb dé tai nghién ctiu khoa hoc va cong nghé lién quan dén co sé di liu
gia dat:

(1) Nghién ctru cia Nguyén Phi Son (2015) thudc dé tai NCKH cap B “Nghién ctru phuong phap xay
dung ban d6 ving gia tri dat khu vuc dat phi néng nghiép ¢ d6 thi bang mé hinh thdng ké va cong nghé
GIS” nghién ciru tng dung mo hinh thdng ké va céng nghé GIS trong xay dung ving gia tri dat phi néng
nghiép ddi véi khu vuc do thi. Trong do, ving gia dat dwoc coi 1a mot pham tra kinh té, duoc ung dung
trong cc bai toan lién quan dén quy hoach, danh gi4 tiém ning khu vuc, dy béo kinh té. Nghién ctru dé
cap véi ly thuyet céch tiép can va dua ra nhiing quan diém 1am sang to khai niém gia tri dat gop phan giai
quyét cac méi ‘quan hé co ban trong dinh gia bit dong san, tao nén tang cho viéc dinh gia dat dén timg
thira,... Cac két qua nghién ctru bao gdm xay dung quy trinh tu dong thanh Iap ban d6 ving gia dat, khu
Ve dht phi ndng nghiép & do thi bang mé hinh thng ké va céng nghé GIS.

(2) Nghién ctru cua Trinh Hitu Lién (2010) thugc dé tai NCKH cap Bo “Nghién ctru co s khoa hoc va
phuong phép xdy dung ving gia tri dat”, voi muc tiéu “Dé xuét phuong phap va quy trinh dinh gia dat
dwa trén co s& sir dung ban d6 dia chinh va hé thong thong tin dia ly thdng qua cdng tac xay dung ving
gia tri dét (gisi han & nhom dat phi néng nghiép tai khu vuc do thi)” da gisi thiéu co s ly thuyét cua
ving gia tri dat.

(3) Cuc kinh té va Phat trién quy dat - Tong cuc Quan 1y dat dai (2011) trién khai thuc hién Dy an
“Xay dung, thr nghiém mo hinh lap ban db gia dat” tir 2011 dén 2013 trong d6 ban dd vung gia tri dat
duogc xay dung nhu mét san pham chinh cua dw &n phuc vu dinh gia dat chi tiét dén tung thira.

(4) Dé tai khoa hoc cong nghé cip bo “Nghién ciru phuong phap dinh gia dat hang loat dua trén ung
dung k§ thuat CAMA va co so dit liéu dia chinh tai Viét Nam” do TS. Pham Anh Tuén (2016) thuc hién.
Dé tai nghién cau chi ra viéc dinh gia hang loat céc thira dat dwoc thyc hién dudi sy hd tro cua hé théng
tin dia 1y GIS (Geographic Information System) da duoc nhiéu nuéc phét trién da st dung, ky thuat tham
dinh gia hang loat nay duoc hd trg cia may tinh CAMA (Computer Assisted Mass Appraisal).

Dy an ting cudng quan ly dat dai va co s dir liéu dat dai (Du 4n VILG-Ngudn vén vay WB) dang
dugc trién kai véi cac noi dung chinh bao gom: Trién khai hé théng thong tin dit dai da muc tiéu
(MPLIS): Thiét lap Trung tam dir ligu dét dai dé vén hanh theo m6 hinh CSDL dat dai tap trung, thong
nhat; Thué duong truyén dir liéu; Cung cp phan mém dé quan Iy van hanh hé thong; Trién khai van hanh
hé thong (bao gom van hanh tht, dao tao, chuyén giao cong nghé va quan ly h¢ thong, hd tro ky thuat)
trén pham vi ca nu6c; Dy an dugc trién khai xay dung CSDL dét dai trén pham vi 33 tinh, thanh phé truc
thudc trung wong bao gdm xay dung mai CSDL dit dai gdm 4 thanh phan: CSDL dia chinh, CSDL quy
hoach, ké hoach sir dung dit, CSDL gia dat va CSDL théng ké, kiém ké ddi vé6i cac huyén chua co
CSDL; Chuan héa, chuyén ddi vao hé thong va xay dung b sung 3 CSDL thanh phan (CSDL quy hoach,
ké hoach st dung dét, CSDL gia dat va CSDL thong ké, kiém ké) d6i véi cac huyén di xay dung CSDL
dia chinh trudc day (Truong Giang, 2021).

Véi su hd tro tich cuc tir cac bo, nganh Trung uong, 4 tinh, thanh phé tham gia du 4n (ba Néng, Bic
Ninh, Vinh Phuc, Can Tho) va céc chuyen gia Han Quoc Bo6 Tai nguyén & Mai truong, Tong cuc Quan
ly d4t dai da tap trung chi dao dwa ra nhiéu giai phap day nhanh tién do thuc hién dy an. Dén nay da xiy
dung phuong phap, mé hinh dinh gi4 dit va quy trinh dinh gia d4t hang loat pha hop véi Viét Nam. Bén
canh do, da xdy dung du thao Chién luoc va 16 trinh phat trién dinh gia dit & Viet Nam; thiét ké va xay
dung hé thong thong tin gia dét trén co s VietLIS va tich hop tai dia ban trién khai du 4n; ting ning luc
vé dinh gia dat, hé thong thong tin gia dat, du 4n da mang lai hiéu qua kinh té - x& hoi cho cac nganh va
céc dia phuong truc tiép tham gia du 4n. Do dinh gia dat va xay dung co so dit liéu gia dat & Viét Nam
con han ché nén su hd tro ciia dy n trong viéc ting cuong nang luc dinh gia dat va hé thong thong tin gia
dat dya trén VietLIS da timg budc nang cao nang luc dinh gia dét clia cic co quan quan ly vé gia dat. Dy
an da gop phan xay dung mo hinh dinh gia dat hién dai va hé thong thong tin gid dat dap ung yéu cau
quan ly vé dit dai. Bong thai gép phan cong khai minh bach thi truedng bat dong san, phét huy ngudn luc
tir dat dai va dap tng nhu cau cua ngudi dan. Dac biét, du an da chuyén giao cho Viét Nam phwong phap,
md hinh, quy trinh dinh gi4 dat méi, d6 1a phuong phap dinh gia dat hang loat cling vai chién luoc phat
trién dinh gia d4t Viét Nam dé xem xét, 1am can cir xay dung, hoan thién cac vin ban phép luat (nhu sira
d6i Luat Dat dai 2013 va cac van ban dudi luat) trong thoi gian ti, hudng dan dia phwong xay dung bang
gia dét theo mé hinh méi (ving gia tri, gia dat chuan va dinh gia dat hang loat) (Nhi Anh, 2020).
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5. Mt sb giai phap hoan thién phap luat vé gia dat

Ngay 16/6/2022, Ban Chéap hanh Trung wong Péang da ban hanh Nghi quyét Hoi nghi Trung wong 5
khoa X111 vé “Tiép tuc ddi méi, hoan thién thé ché, chinh séch, nang cao hiéu luc, hiéu qua quan 1y va sir
dung dat, tao dong lyc dwa nudc ta trg thanh nude phat trién ¢ thu nhap cao”. Trong d6, dua ra hang loat
dinh huéng méi trong quan ly, sir dung dat dai.

Pé hoan thién co ché xac dinh gia dat, Nghi quyét Trung wong c6 néu: Bo khung gia dat, c6 co ché,
phuong phép xéc dinh gia dat theo nguyén tac thi truong, quy dinh chire nang, nhiém vu va trach nhiém
cua co quan c6 nhiém vu xac dinh gia dat.

Bén canh yéu cau “Bo khung gia dat”, co co ché, phuong phap xac dinh gia dat theo nguyén tic thi
truong thi Nghi quyét 18 ciing xac dinh can b sung, hoan thién cac quy dinh bao dam cong khai, minh
bach nhu: Céng khai gia dat, bat buoc giao dich qua cc san giao dich, thanh toén qua ngan hang, khong
dung tién mat; xtr ly nghiém cac vi pham,... Nghi quyét 18-NQ/TW khiang dinh viéc bo khung gia dat 1a
nham nang cao tinh thuwong mai hda cua quyén st dung dt.

Hé théng dinh gia dit can dwoc doi mai todn dién, sao cho gia dit cia Nha nudc quy dinh phai phu
hop Vvé6i gia dét trén thi truong, can xem xét, hoan thién d6i moi: phuong phap dinh gia dét cu thé; phuong
phap dinh gia hang loat - dic biét khic phuc nhiing ton tai yéu to dau vao cia dinh gia dat; phuong thuc
quan ly gia dét dua trén dang ky gia dat; hoan thién hé thong t6 chirc dinh gia dat.

Thi nhdt, thong nhét viéc quy dinh vé gia dat trong mot luat gia dé tranh chong chéo, thiéu thong nhat
trong 4p dung. Khong nén quy dinh vé khung gia dat, bang gia dat cia Nha nudc ma chi quy dinh mot
loai gia dat thuc té do UBND cap tinh xac dinh theo quy dinh cua phép luat, phi hop vai gia thi truong.
Déi véi nhitng di twong chinh sach, yéu thé can thiét phai phai hd tro, wu tién, vu dai hoic nhiing truong
hop do diéu kién lich sir dé lai thi quy dinh riéng (Nguyén Uyén Minh, 2021).

Xay dung cac nguyén tic bao dam su thong nhat trong viéc dinh gia c6 cac muc dich khac nhau. Can
thdng nhit vé nguyeén tic, phuong phép khi dinh gia dat; xé4c dinh thoi diém cu thé dinh gia dét theo ting
muc dich. Tang cudng co ché kiém tra, giam sat quy trinh dinh gia dat, tinh cong khai trong qué trinh
dinh gia; co ché xir Iy cac trudng hop dinh gia thiéu khéch quan, thiéu trung thuec.

Thi hai, xay dung hé thdng thong tin dir liéu dinh gia dat phai thudng xuyén cap nhat sy bién dong gia
dét trong ca nudc va theo ving, mién, dia phuong dé 1am co s thyc tién, 1am can cir khoa hoc cho mdi
lan xay dyng lai (diéu chinh) khung gia dat, tranh tinh trang wdc 16. Van d& xac dinh thong tin minh bach
vé gié thi truong cia céc giao dich mua ban dét thanh cong 1a mot cong viéc co ¥ nghia vo cling quan
trong gilp cho viéc xay dung co s& dir lidu, Ia can cir chu yéu gilip cho viée xéc dinh gi dat mot cach
dung dan.

Ung dung cong nghé vao xac dinh gia dat, toi tirng thira dét, thuc hién diang ky gia dat, xdy dung co s
dir liéu vé gia dat, khung gia dat, bang gia dat, gia dat d4u gia, gia dat dau thau, gia dat bdi thuong, gia dat
tai dinh cu, gia dat cu thé, gia dét giao dich thyc té va gia dat dang ky 1am co s cho cong téc quan ly Nha
nuéce vé gia dat, timg budce ddi moi phwong phap xay dung bang gia dat va hé sb diéu chinh theo phuong
phap thi truong.

DPoi méi co ché didu tiét gia tri ting thém tir dat bang cach lap ban db gia dat trude khi 1ap quy hoach,
sau khi 1ap quy hoach, sau khi xay dung cong trinh két cau ha tang giao théng, kinh té, xa hoi, chinh trang
d6 thi, thyc hién thu hdi dat ving phu can, diéu chinh dat dai, don dién, ddi thira tai d6 thi dé tang thu
ngan sach Nha nudc, ddng thoi uu tién cho ngudi bi thu hdi dat ¢ dwoc giao dat hoic mua nha trén dién
tich dat da thu hoi.

Thiz ba, can thanh 1ap mot co quan dinh gia dat chuyén biét doc lap, khdng thudc bd may hanh chinh
Nha nude. Binh gid bat dong san 1a linh vuc doi hoi tinh chuyén nghiép héa cao, do vay tiéu chuin dao
dure dAu tién cua mdi dinh gia vién 1a sy doc 1ap, khong chiu chi phdi hay stic ép vé tai chinh hay quyén
lyc cua bat ky ca nhan, t chirc nao.

Céc co quan dinh gia d4t doc lap sé thuc hién nhitng hoat dong cu thé ¢ ting dia phuong nhu xay dung
bang gia dat trén dja ban cac tinh, thanh phé truc thude Trung wong; xac dinh gia dat cy thé ddi vai tung
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traong hop phép luat quy dinh tai Biéu 18, Ngh1 dinh sb 44/2014/Nb-CP ngay 15/5/2014 cta Chinh phu
quy dinh vé gia dat; giai quyét cac tranh chip, khiéu kién vé gia dat; thuc hién quan 1y ddi véi cac hoat
dong cua to chire tu van dinh gia dat.

Thit fr, dat dai 1a mot loai tai san dac biét thuoc so hiru toan dan, do Nha nudc quan ly gia theo quy
dinh cua Luét Quan ly gia. Do do, dinh gia dat c6 thé duoc xem la mot nghé; t6 chiic ¢6 chirc nang tu van
gia dat phai 12 t6 chac nghé nghiép co tinh doc lap vé chuyén mén, nghiép vu va thuc hién dich vu mot
cach déc lap.

Két qua dinh gia cua cac chu thé ndy c6 y nghia v6 cung quan trong Vi tir do, Nha nuéc s& thim dinh
va trinh cip c6 tham quyén phé duyét ve gia tri quyen sir dung dat va tai san gan lién véi dat. Do do, quy
dinh vé tiéu chuén, quy Chuan ky thuat danh gia chét luong dich vu tur vén dinh gi4 dit ciing 1a vin dé can
dugc quan tdm, phép luat cin b sung cac quy dinh v& van dé nay dé chuyén nghiép héa dich vu tu van
xéc dinh gia dit.

Quy dinh bat buoc cong khai két qua tu van xac dinh gia dat (chimg thu tham dinh gid) va y kién cua
Hoi dong tham dinh phuong an gia dat cling véi viéc cong khai quyét dinh phé duyét gia dat cu thé. Bén
canh do, khi gia dat dugc quyét dinh c6 sy chénh léch tir 20 % tré 1én so véi Chung thu tham dinh gia va
y kién cua Hoi dong tham dinh thi phai c6 thuyét minh giai trinh vé s chénh Iéch (Chau Hoang Than,
2020). Viéc cong khai cac thdng tin trén nham dam bao minh bach céc cdn cur trong xac dinh gia dat cu
thé, phat huy gia tri cua viéc mo rong su tham gia cua t6 chuc tu van dinh gia doc lap trong qua trinh
quyét dinh gia d4t cua Nha nudc.

Thit ndm, can xay dung hé thdng thong tin, dit li¢u dinh gia dat, xay dung co ché xac dinh gia dét trén
thi truong va quy dinh vé chu thé cong bo gia thi truong theo tirng thoi diém.

Xay dung hé théng thong tin dir liéu dinh gia dat, thu'(mg xuyén cdp nhét su bién déng gla dat trong ca
nuée va theo ving, mién, dia phuong dé 1am co so thye tién, 1am cén ctr khoa hoc cho mdi 1an xdy dung
lai (diéu chinh) khung gia dét, tranh tinh trang w6c 16, phong chirng. Mudn vdy, can t6 chirc diéu tra, khao
sat gia dat pho bién trén thi truong.

Ngay nay, cling voi su phat trién cia khoa hoc cong nghé, thong tin dat dai dién tir 1a thanh phan quan
trong khong thé thiéu trong thi trueong kinh doanh hién dai. Pang va Nha nuéc di c6 quan diém chi dao
vu tién dau tu xdy dung co sé di liéu, ha tang thong tin vé dit dai va cac tai san gén lién véi dat theo
hueng hién dai, cong khai, minh bach, da muc tiéu; timg budc chuyén sang giao dich dién tir trong linh
vuc dat dai.

Hon thé nita, cac thong tin trong co s& dit liéu dién tir phai thucmg xuyén duoc cap nhit, theo sat thi
truong dat dai ¢ cac dia phuong. Xay dung mot co sé dir liéu va hé théng thong tin hoan chinh s& gép
phan tao ra moi truong thong tin cong khai va minh bach, hd trg co quan Nha nudc rat nhiéu trong quan
ly dat dai, giup nguoi dan tiép can va nim batrduqc cac chinh sach phap luat mot cach nhanh chong, han
ché dugc nhitng vi pham phép luat va tranh chap xay ra trong linh vyc dat dai.

6. Két luan

C6 thé noi xac dinh gia dat 1a mot noi dung rat kho trong quan 1y Nha nu6c vé dét dai. Khang dinh dat ¢6
gid tuc 1a thtra nhan quyeén sir dung dat la mot loai hang héa dac biét. Vié;c dinh gié dat theo quy dinh phap
luat hién hanh va sy tac dong cua gia dat den cac nguon thu tai chinh tir dat dai van phai tiep tuc nghién cau,
hoan thién véi muc dich dam bao quyén lgi ciia Nha nude va quyén loi ctia ngudi st dung dat.

Pé gia dat Nha nudce quy dinh pht hop véi gia thi truong, doi hoi phai thuc hien nhiéu giai phap ddng
bo va timg budc théao g& vudng méc va bét cap, tuy nhién van dé co ban nhat vé co ché chinh sach Ia phai
tao lap thi truong d4t dai va phai 1a mét thi truong canh tranh, minh bach c6 su diéu tiét cua Nha nuéc.
Tai ligu tham khao

Ban Chép hanh Trung uong Dang (2022). Nghi quyét Trung wong 5, khda X111 vé “Tiép tuc doi mdi,
hoan thi¢n the ché, chinh sach, nang cao hi¢u luc, hiéu qua quan Iy va str dung dat, tao dong luc dua nusc
ta tro thanh nugce phat trién cd thu nhap cao”.
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Bo Chinh tri (2018). Két luan sé 36-KL/TW, ngay 06/9/2018 cua B Chinh tri vé ddy manh thyc hién
Nghi quyét Trung wong 6 (khéa XI) vé tlep tuc d6i méi chinh sach phap Luat Dit dai trong thoi ky day
manh toan dién cong cudc ddi mai, tao nén tang dé dén nim 2020 nudc ta co ban trd thanh nude cong
nghi¢p theo hudng hién dai.

B¢ Tai nguyén va Mai truong (2022). Bao céo danh gia tinh hinh thi hanh Luét Pat dai 2013 va dinh
hudng sua d6i Luat bat dai.

Bui Thi Cam Ngoc (2021), Bat cap trong van dé dinh gia dat va dé xuat nhiing giai phap. Tap chi Tai
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ABSTRACT
The current situation and solutions to improve the law on land prices,
the mechanism of operation and exploitation of the land price database

Dung Thi Nguyen”, Cong The Nguyen, Mien Xuan Tran
Land Management and Cadastral Technology for Sustainable Development,
Hanoi University of Mining and Geology

First of all, land price is an important basis for the state to exercise the owner's economic rights, because
through it, the budget income of land can be buried specifically. For business owners, land price is the
basis for determining the input cost, thus determining the production cost and the price of goods sold to
the market. Therefore, it is of great significance for the land use right market, especially the real estate
market and the whole economic and social life to improve the land mechanism and fiscal policy and
determine the land price mechanism according to the spirit of Resolution 18-NQ/TW of the Fifth Session
of the 13" Central Executive Committee on June 16, 2022. The content and goal of this paper is to unify
the existing legal rules of land price and the land price database. Starting from the requirements of
practice, the article analyzes, evaluates and points out the problems that hinder the development of
resources and bring difficulties to people and enterprises by adopting appropriate research methods. On
this basis, the article puts forward some measures to improve the legislation of land price, among which
the measures to build a land price database are emphasized.

Keywords: Land price database, land price, land law.
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Kinh doanh bat dong san va
phuong phap danh gia hiéu qua dau tu du an

Pham Thi Kim Thoa® ", Tran Xuan Mién', Nguyén Thé Cong*,
Nguy2n Thi Kim Yén*, Tran Thi Bich Hanh?
'Nhom nghién cizu Qudn Iy ddt dai va Céng nghé dia chinh phuc vu phét trién bén viing
Truong Dai hoc Mo - Dia chdt
2Vién cong nghé thong tin va kinh té s, Truong Pai hoc Kinh té quac dan

TOM TAT

Kinh doanh bt dong san la viéc dau tu vén dé thyuc hién hoat dong xay dung, mua, chuyén nhwong, nhan
chuyén nhuong dé ban, cho thué bat dong san va thyc hién cac dich vy bat dong san. Trong qua trinh dau
tu kinh doanh bat dong san, viéc danh gia hiéu qua dau tu luon 1a mot 1a mot budce rat quan trong trong
qua trinh lya chon phuong an dau tu. Xét trén phuong dién tim 1y dau tur thi bat ky nha dau tu nao ciing
phai can nhic chon lya rat ky truée khi dua ra cac quyét dinh dau tuw. Dé c6 dugc quyét dinh téi wu nhat,
céc nha dau tu thudng cin cir VAo cac chi tiéu danh gia hiéu qua du an duogc dat ra tir dau. Bai bao nay
gidi thigu mot s6 kién thie co ban trong linh vuc kinh doanh bat dong san, nhat 1a cac phuong phéap danh
gia hiéu qua dy an dau tu kinh doanh bat dong san. Trén co so ly thuyét d6, da thir nghiém hai phuong
phap dé danh gia hiéu qua dy an tai “Dy an Tay Ho Parkview thuoc phuong Phii Thuong, quan Tay Ho,
thanh phb Ha Noi”. Két qua dua ra phuong 4n kinh doanh ti wu cho du an.

Tur khoa: Bat dong san, danh gia hiéu qua du &n, kinh doanh bat dong san.
1. Pit véan dé

Bat dong san (BPS) 1a mot nguon tai san 16n caa mdi qudc gia, mdi nén Kinh té, mdi gia dinh, mdi ca
nhan, 14 tu liéu san xuat dac biét, 1a diéu kién co ban téi thiéu cua doi séng xa hoi, dam bao cho qua trinh
tai san xuat ton tai va phat trién. Cung véi sy phét trién ciia nén san xuat hang héa thi bt dong san ciing
duoc mua ban, tré thanh hang héa dwoc dau tu va kinh doanh, tir ¢6 hinh thanh thi treong bat dong san va
linh vuc dau tur kinh doanh bat dong san dugc phat trién.

Theo Hoang Vin Cuong (2006) bat dong san 1a mot thuat ngir phap quy dé chi dén céc tai san bao géom
dat dai va céac cai thién cho dt dai nhu 1a nha &, cong trinh xay dung gén lién voi dat dai, c6 tinh khong
dich chuyén va tdn tai 1au dai.

Theo Bo Luat Dan sy nim 2015 (quy dinh tai Didu 107) bit dong san bao gém: Dit dai; nha, cong
trinh xay dung gan lién véi dat dai; tai san khac gén lién véi dat dai, nha, cong trinh xay dyng; tai san
khac theo quy dinh cua phép luat.

Theo Luat Kinh doanh bit dong san nam 2014: “Kinh doanh bat dong san 13 viéc dau tu von dé thyuc
hién hoat dong xay dung, mua, nhan chuyén nhugng dé bén, chuyén nhwong; cho thué, cho thué lai, cho
thué mua bat dong san; thuc hién dich vu mdi gidi bat dong san; dich vu san giao dich bat dong san; dich
vu tu van bat dong san hogc quan ly bat dong san nham muc dich sinh lgi”.

Céc loai hinh dAu tu kinh doanh bat d6ng san gdm: Pau tu kinh doanh dit dai; dau tu kinh doanh nha
&; dau tu kinh doanh Trung tim mua sim, thuong mai, dich vu; dau tu xdy dung van phong cho thué; dau
tu xay dung xuong cong nghiép, kho bai,...; dau tu bat dong san vui choi, giai tri, resort,...; kinh doanh
cac dich vu bat dong san: moi gigi, dinh gia, tw van phap luat, quy hoach,... (Pham Vin Binh va Nguyén
H Phi Ha, 2018).

Su gia ting nhimg yéu t6 nhu dan sb, kinh té, vin hoa - xd hoi “kich thich” thi trudng béat dong san
ngay cang tang theo quy mod Ién. Chinh vi vay, bat dong san “bén vimg” 1a sy lya chon chién lugc, wu
tién hang dau gop phan phat trién nhanh va bén vimg qudc gia.

* Tac gia lién h¢
Email: phamthikimthoa@humg.edu.vn
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Hién ca nudc udce tinh da va dang thuc hién trén 5.000 dy an véi téng von dau tu hon 4,5 triéu ty
dong, tang hon gép 3 1an so v&i nam 2009, c6 hon 100.000 doanh nghiép xiy dung va 15.000 doanh
nghiép kinh doanh bat dong san cling v6i hon 1.000 san giao dich bat dong san duoc thanh lap.

Trong may nam trd lai ddy, von dau tu truc tiép nude ngoai (FDI) vao linh vuc BPS chiém hon 18 ty
USD, ding thtr 2 trong tong ngudn vén FDI ding ky dau tu vao Viét Nam. Tinh dén ngay 20/3/2022, vén
FDI ding ky cap méi, diéu chinh va gép von mua cb phan, mua phan vén goép cta nha dau tu nude ngoai
linh vyc kinh doanh BDS dimg thir hai trong s6 cac linh vuc thu hat FDI 16n, véi tong von dau tu gan 2,7
ty USD, chiém 30,3 % tong von dau tu dang ky, doanh nghiép thanh lap méi ting manh 47,2 %. Tinh dén
cubi thang 4/2022, c6 khoang 800 san giao dich da tro lai hoat dong, ting hon 400 san so véi quy IV-
2021. S6 ligu thong ké cho thay, quy mé thi truong BDS ngay cang ting dan, dy 1a thi truong dugc gidi
dau tu xem 1a kénh dau tu co st h'?ip dan, dy doan tuong lai s& don nhan sb luong 16n nha dau tu méi
(Nguyén Vin Ven, 2023).

Dé qua trinh dau tu kinh doanh dat dugc higu qua va han ché nhiing rii ro thi nha dau tu phai dac biét
chu tam dén viéc nghién ciu thi trudng, thi hiéu ngudi dan, xu huéng thi truong, ngudn cung trong twong
lai I6n hay nho, thoi diém ma ban,... Ngoai ra, trudc khi quyét dinh déu tw mot du 4n nao day can phai
danh gia hiéu qua cua dy an dé lya chon phuong an téi wu, hodc dé xem xét c6 nén hay khong nén dau tu
du an. Vi vay, viéc nghién cau, tim hiéu phuong phap danh gia hi¢u qua dau tu bat dong san phuc vu
cong tac dau tu kinh doanh bit dong san 1a hoan toan can thiét, phuong phép nay dong vai tro rt quan
trong trong linh vuc déu tu, kinh doanh va dac biét trong viéc ra quyet dinh dau tu.

Tur tinh cép thiét cua thyuc té va nhan thdy tim quan trong cua van d& néu trén, nhém tac gia da tim hiéu
vé linh vuc “Kinh doanh bt dong san va phwong phap danh gia hiéu qua dau tu du 4n”, tir d6 wng dung
VAo Viéc danh gia mot dy an cu thé.

2. Phwong phap danh gia hi¢u qua du 4n diu tuw kinh doanh bat dgng san

Xét trén khia canh tam 1y dau tu thi bét ky nha dau tu nao cling phai can nhic chon lya phuong 4n
trudc khi ra quyet dinh dau tu. Dé ra quyét dinh dau tu, cic nha dau tu s& st dung phuong phap danh gia
hiéu qua dau tu dé quyét dinh. Vé co ban phuong phép dya trén danh gia cdc ti€u chi véi nguyén tac: suat
sinh lgi cang cao cang tét, thoi gian thu hoi von cang ngan cang t6t dé danh gia. Theo Tran Tién Khai
(2014), hién nay co hai phuong phap danh gia hiéu qua dau tu bat dong san pho bién do 1a: (1) Phwong
phap truyen thong va (2) Phiong phép ngdn leu chiét khdu.

2.1. Ddnh gid higu qud ddu tw theo phuwong phdp truyén thong

Phuong phép truyén théng 1a phwong phap st dung 2 tiéu chi: (1) Thoi gian thu héi vén va (2) Ty
sudt loi nhudn dé danh gid hiéu qua kinh té cia di &n. Phuong phap c6 wu diém 1a phép tinh don gian,
dé sir dung, nhung c6 han ché 16n 14 khong tinh dén dén yéu té thoi gian nhu: gia tri thoi gian cua dong
tién, thoi gian cua dy 4n, dong tién thu dwogc trong twong lai. Do vay, két qua cia phuong 4n mang tinh
tuong d6i.

(1) Thei gian thu hoi von dau tw

Dbi véi phuong phap nay, su thay doi vé gia tri ciia dong tien theo thoi gian khong dugc tinh dén khi
xem xét hi¢u qua tai chinh dy an dau tu. Do do, thoi gian thu hoi von chi dugc tinh don gian la s6 nim ma
loi nhuan thu vé can bang vé gid tri s6 hoc so véi tdng mirc dau tu. Thoi gian thu hdi vén cang ngén thi
hiéu qua du &n cang tot.

(2). Chi tiéu lgi nhugn

Ty suit lgi nhuan (Plg,) cia vén du tu phan anh sé loi nhuan thu dwge binh quan nam tinh trén 1 déng
von dau tu. No6i cach khac, 1 dong von dau tu vao du an 1 ndm mang lai bao nhiéu lgi nhuan binh quén.
Cong thirc tinh nhu sau:

Ipq
Pl = — 1
\Y% @

trong d6: lyq 1a loi nhuén sau thué binh quan nam, V 12 téng von dau tu dé thyc hién dy an.
Pé danh gia hiéu qua dy &n thi Plg, cang cao cang tdt, tuy nhién dé xem xét hiéu qua cua ting du &n
toan dién hon, chung ta can phai so sanh vai mét chuan goi la ty suat loi nhuan dinh muc (Plg,,). Ty suat
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loi nhuan dinh mirc 12 gigi han tdi thiéu vé muc loi nhuan phai thu duoc hang nam tinh trén 1 ddng vén
dau tu. N6 duge xac dinh trén co so chi phi co hoi vé sir dung von dau tu va chinh 1a ty suat chiét khiu
cua dy an. D4i véi cac du an doc 1ap va nguon vén khdng bi gidi han thi tit ca cac du an c6 hé sb Plg,>
Plgm duoc xem 12 hiéu qua va c6 thé chap nhan.

Trong truong hop phai lya chon gitra cac du an xung khéc (du an loai tre IAn nhau) thi khéng the o)
sanh truc tlep ty suat loi nhuan dé lya chon ma phai tinh hé sé hiéu qua vén dau tu bo thém (hé sb hiéu
qua cua phan vén chénh léch Plij; ). Cong thtrc tinh nhu sau:

Al (1 - 1)
Pli/j = N ) 2)
trong do:
j* loi nhuan binh quén ndm cua cac dy anivaj;
V., V tong vbn dau tu cia cac du anivaj;
Pli;: ty suat loi nhuan cua phan vén dau tu chénh léch.

Sau khi tinh toan cac chi sb, tién hanh déanh gia: Neu Pl = Lom thi du 4n c6 vén dau tu 16n hon s& duoc
chon. Ngugc lai, néu PI.,J < 4 thi chon du an c6 vén dau tu nhé hon. Truong hop néu phai so sanh nhiéu
dur an dé lya chon du &n t6i wu nhét thi thuc hién so sanh ting cap du an bat ky va loai trir dan cho dén
khi con mot dy &n tdt nhat.

2.2. Pdnh gid hiéu qud phwong dn theo phuwong phdp ngan lwu chiét khiu

Phuong phép ngén luu chiét khau gidp viéc danh gia hi¢u qua cia du an toan dién hon so véi cac
phuong phap truyén thong vi loai trir dugc yéu to6 mét gia cua dong tién theo thoi gian. Phuong phap dénh
gia dya trén céc chi tidu tai chinh cha yéu nhu: chi tiéu gia tri hién tai thuan (NPV - Net Present Value),
ty suét loi nhuan, thoi gian hoan vén va ty suat ndi hoan (IRR - Internal Rate of Return). Uu diém cua
phuong phép la phéan dnh khé day du cac loai chi phi, thu nhap cua du an, yéu t6 vé thoi gian duoc Xét
dén mot cach toan dién va thé hién bang mot dai luong tuyét ddi gitp ¢6 hinh anh ré nét ve hiéu qua ma
du 4n dem lai. Nhuoc diém ciia phwong phap 14 tinh toan, st dung phuc tap va yéu ciu xac dinh duoc cac
thong tin vé thu chi cua du an.

(1) Gia tri hién tai thuan (NPV)

Vi
NPV = Z(1+1)1 (1+Dn ®)

trong do:
CF: ngén luu nam tht j, CF = Loi nhuan sau thué + LAi vay vén + Khau hao;
V,: gia tri thu hdi von vao cubi nam thi n;
i: ty suat chiét khau cua du &n;
n: vong doi caa du an.
Sau khi tinh xong chi s6 NPV, tién hanh d4nh gi4 theo céc tiéu chi sau:

- Néu NPV > 0: c6 hiéu qua, chép nhan du an.

- Néu NPV = 0: lgi nhuan cua du an bang khong.

- Néu NPV < 0: khéng c6 hiéu qua, bac bo dy an.
(2) Ty suat loi nhuan

Ty suit lgi nhuan cang cao cang tét, cong thuc tinh:
NPV

trong do: 7
NPV: I@ tong gia tri hién tai cua du an;
V: la von dau tu.
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Paénh gia chi tiéu PI: Ply, cang l6n cang tdt, thong thudng so Voi Plgy, Plg> Plgs, du 4n dugc chon.
(3) Thoi gian hoan vén
Thoi gian hoan von cang ngén cang tot, cong thirc tinh thoi gian hoan von cho dy an nhu sau:

Aq%12

DPP =n, + L= (%)

trong do: Ay, A, la tri tuyét d6i cua sb lity ké khi NPV chuyén tir 4m sang dwong.
Ny 1a nam ma sé lily ké am sang duong, hay chinh 14 sé nim ma tai d6 c6 gia tri A,.
(4) Ty suét noi hoan (IRR)
Ty suét noi hoan 14 ty suat chiét khau néu str dung chung dé tinh NPV caa du &n s& 1am cho NPV = 0.

_ yvn CFj Vn
NPV = ¥j., (1+IRR)] +

rRRn 0 (6)

Ban chat cua IRR chinh la ty suat loi nhuan cua von dau tu, khac véi i & chd c6 tinh dén yéu to thoi
gian mot cach day du nén cd thé tinh chinh x&c kha nang sinh 161 cua von dau tu. Ty suat ndi hoan co the
tinh theo cong thirc:

NPV +(i2—i1)

IRR =i, + NPV, +|NPV,| ()

trong do: NPVy, NPV, la tdng gi4 tri hién tai caa phuong an 1, 2; iy, i, laty suit loi nhuan cua phuong 4n
1,2

Panh gia chi tiéu IRR theo cac tiéu chi nhu:

- Trudng hop céc du 4n doc 1ap va ngudn von dau tu khong bi giGi han thi tat ca cac du an cd IRR > i déu
dugc xem la ¢6 hiéu qua va c6 thé dugc chap nhan. Nguoc lai, c&c du an 6 IRR < i la khéng hiéu qua.

- Truong hop cac du én thay thé nhau, néu cac dy &n c6 tong von dau tw nhu nhau thi dy &n nao c6 IRR
I6n hon s& dugc chon bat ké cac yeu to khac ra sao. Néu cac du an co von dau tu kh;éw nhap thi khong thé
cén cur truc tiép vao IRR cua du an dé lua chon duoc vi du an c6 IRR 16n hon chua chac da tot hon.

3. Két qua danh gia hiéu qua du an dau tw kinh doanh dw an Tay Hé Parkview
3.1. Khéi quat de 4n

Dy an Tay Ho Parkview la dy 4n da c6 ké hoach trién khai tir 2015 nhung hi¢n van dang trong qua
trinh thyc hién, du kién hoan thanh 2024. V&i mot s6 thong tin co ban vé dy an nhu sau:

- Vi tri: Lac Long Quan, phuong Phii Thuong, quan Tay Ho, Ha Noi;

- Téng dién tich dy an: 3224m?;

- Dién tich xay dung: 34,410 m?;

- Mat d6 xay dung: 50 %;

- Quy mo dy &n: 1 tda nha cao 19 tang, 3 ting ham:

- Loai hinh phét trién: can ho chung cu xanh, tién ich cao cap;

- Trong d6: 3 tang ham (B1, B2, B3) 1a noi giri xe may va bai dd xe théng minh, tang 1,2,3 1a TTTM
+ Office tel, tang 4-19 1a can ho.

- S6 lwong can ho: 370.
3.2. Két qud diéu tra thu thdp théng tin phuc vu ddnh gid duw an

Trén co s6 dit ligu va thong tin dau vao (2015) dwoc cung cap bsi Cong ty TNHH mot thanh vién phat
trién khu cdng nghé cao da thyc hién cap nhat, xac dinh dugc cac di liéu, phuwong an nhu sau:
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MENENERS
1!-illll'LlJ

Hinh 1. Phai cinh du 4n Tay Hé Parkview
(Nguon: http:/antt.vn)
a. Vé tong mite dau tw ban dau: sé liéu nhw tai Bang 1.

Bdng 1. Bang du kién tong mikc dau tw xdy dung
PVT: triéu dong

TT Noi dung chi phi Gia tri truée thué Thué VAT Gia tri sau thué
| | Chi phi thué dit 134.441 134.441
Il | Chiphidgt1 478.170 47.817 525.987
1 | Chi phi xay dung 335.323 33.532 368.855
2 | Chi phi thiét bi 142.847 14.285 157.132
111 | Chi phi dot 2 203.828 7.183 211.011
1 | Chi phi s¢ hiru dy an 120.000 120
2 | Chi phi quan ly dy 4n 6.060 606 612.06
3 | Chi tu van dau tu xdy dung 12.812 1.281 14.093
4 | Chi phi khac 2.957 296 298.957
5 | Chi phi dy phong 61.999 4.960 66.959
TONG CONG (I+II+I1I) 816.439 55.000 871.439

(Nguon: tong hop tir s6 lidu diéu tra)

b. Chi phi va doanh thu ciia cdc phuong dan kinh doanh

Tai nghién ctru nay chung t6i dé xuét 2 phwong an dau tu kinh doanh: Phwong an 1: Dy an kéo dai
trong 5 nam va Phuong &n 2: Dy an kéo dai trong 7 nam.

* Phwong dn 1 (Dw dn kéo dai 5 nim): Chi phi va doanh thu dy kién ciia phuong 4n 1 dugc tong hop
tai Bang 2 va Bang 3. M6t so dir liéu khac cia phuong an nay nhu sau:

- Dy kién xay dyng trong 2 nim va ban giao cong trinh dé ban nam 2024;

- Dy kién ban hét can ho trong 3 nam sau khi nghiém thu cong trinh;

- Dy kién chuyén nhuong dy an véi gia 254.440.800.000 ddng vao cubi nam 2026;

- Bién phi la 2 % doanh thu tir ban can ho cia méi nam trong cac nam tir 2024 - 2026;
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- Pinh phi bét du tinh tir nam 2024;
- Vbn vay la toan bo chi phi xay dung va thiét bi, 1ai vén vay 10 % mdi nim;
- Thué thu nhap doanh nghiép 1a 20 % loi nhuan truéc thué;

- Ty suat chiét khau bang 14i von vay (10%).

Bang 2. D kién chi phi kinh doanh cia du dn theo phirong dn 1

PVT: triéu dong

Nim Téng GHI CHU
STT N§i dung
2024 2025 2026
1 Dinh phi 2.640 2.160 1.680 Tién luong, thué VP
2 Bién phi 17.498 7.251 4.415 Hoas?r?ﬁg' phat
Quang céo,
3 Marketing 4.375 1.813 1.104
, 0, i i Xa
4 | Laivénvay 52.599 52.599 52.599 10/% chi phi xay
dung
TONG 77.112 63.822 59.797 200.731
Bang 3. Doanh thu du kién cua dir dn theo phuong dn 1
PVT: triéu dong
_ S6 cin ban du kién Thanh tién TONG
STT | Loaicin hp Gla  I™5004 | 2025 | 2026
ban 2024 | 2025 2026
60% | -25% | -15%
1 | Canho 100 m? 6.000 | 48 20 12 | 288.000 | 120.000 [ 72.000 [ 480.000
= A 2
2 | Canho 80m 4.000 66 27 17 | 264.000 | ;00 000 | 68.000 | 440.000
3 Cin ho 65 m? 2.990 | 108 45 27 | 322.920 | 134.550 | 80.730 | 538.200
4 Tang him 2.000 1 1 1 2.000 [ 2.000| 2.000 6.000
5 Tang thuong mai | 5.000 1 1 1 5.000 5.000 5.000 15.000
6 | Giatrithanhly | 254.441 254.441 | 254.441
TONG 224 94 58 | gg100 | 369550 | 482170 | | 20000

* Phwong dn 2 (dy dn kéo dai 7 ndm): Chi phi va doanh thu dy kién cua phuong an 1 dugc tong hop
tai Bang 4 va Bang 5. Mot so dir liéu khac ctia phuong an nay nhu sau:

- Dy kién xay dyng trong 2 nim va ban giao cong trinh dé ban tir nim 2024;
- Dy kién ban hét can ho trong 5 nam sau khi nghiém thu cong trinh va tuong @ng véi timg nam 1a 40
%, 25 %, 15 %, 5 %, 5 %;
- Dy kién chuyén nhwong dy &n véi gia 254.440.800.000d vao cudi ndm 2028 (Gia chuyén nhwong =
chi phi thué dat + chi phi dgt 2);
- Bién phi 12 2 % doanh thu tir ban cén ho ctia mdi ndm trong cac nam tir 2024-2028;
- Binh phi bét dAu tinh tir ndm 2024;
- Vén vay la toan bo chi phi xay dung va thiét bi; 1ai von vay 1a 10 % mdi nam;
- Thué thu nhap doanh nghiép 1a 20 % loi nhuan truée thué;
- Ty suat chiét khau bang 14i von vay (10 %).
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Bang 4. Dy kién chi phi kinh doanh cua di dn theo phwong dén 2 i
DVT: triéu dong

STT | N¢i dung Nam Téng Ghi chi
2024 | 2025 | 2026 | 2027 | 2028
. , Tién luong,
! Binh phi 2640 | 2.160 | 1.680 | 1.680 1.200 thué vin phong
o , Hoa hong, phat
2 Bién phi 11.666 | 7.331| 4.335| 4.334 1.498 sinh, ...
3 Lai von va 10 % chi phi
Y | 52599 | 52,509 | 52599 | 52.599 | 52.599 xéy dyng
4 Quang cdo,
Marketing | 2.916 | 1.833 | 1.084 | 1.084| 375.000
TONG 69.821 | 63.923 | 50.697 | 59.697 | 55672 | yoq g0
Bdang 5. Dy kien doanh thu cua dy dn theo phuwong dn 2
Pon vi: triéu d‘éng.
Gia tri . )
Chi tiéu Loai can hg thanh Tong so
STT - - y
Can ho Can ho Cian ho A Tang
Tang thwong
2 2 2 A
100 m 80m 65 m ham mai
1 | Giaban 5,000 4000 | 2990 | 4000 | 8.000 | 254.441
2 S6 can ban du kién cia cac nam
Nim 2024 32 a4 72 1 1 149
Nim 2025 20 28 45 1 1 94
Nam 2026 12 16 27 1 1 56
Nim 2027 12 16 27 55
Nim 2028 4 6 9 19
3 Gia tri thu duoc mdi nim
Nam 2024 | 195 0000 | 176.000 | 215.280 | 4.000 | 8.000 595.280
Nam 2025 1 1560000 | 112.000 | 134550 | 4.000 | 8.000 378.550
Nam2026 1 250000 | 64.000 | 80.730 | 4.000 | 8.000 228.730
Nam 2027 1 250000 |  64.000 | 80.730 216.730
Nam 2028 | 51 0000 | 24.000 | 26.910 254441 | 359351
Tong s | o0 0000 | 4400000 | 538200 | 15.00p | 24000 | 254441 | 1748641

3.3. Két qua danh gia hiéu qua dau tw dy 4n
a. Pdnh gid hiéu qua dau tir theo phwong phdp truyén thang

St dung cong thire (1) dé danh gia theo phuong phap truyén théng ddi voi mdi phuong an dau tu kinh
doanh, két qua thu dugc nhu tai Bang 6.

239



h
CEssp
_____-'-—"\

FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

HOI NGHI TOAN QUOC TRAC PIA CONG TRINH

Vi S PHAT TRIEN BEN VNG (ESSD 2023)

Bang 6. Hiéu qua dau tw theo hai phwong phdp

PVT: triéu dong

STT Chi tiéu Phwong an 1 Phwong an 2
1 | Téng vén diu tw (V) 1.072.170 1.180.247
1.1 | Chi phi thué dat 134.441 134.441
1.2 | Chiphi dot 1 525.988 525.988
1.3 | Chi phi dot 2 210.971 210.971
1.4 | Chi phi kinh doanh DA 200.731 308.809
2 | Doanh thu dy kién 1.733.641 1.748.641
3 | Loi nhuén du kién 661.471 568.394
4 Loi nhuén sau thué binh quan niim (1) 220.490 113.679
5 | Ty suét loi nhuin (PI=1/V) 0,206 0,096
6 Thoi gian hoan vén 5 nam 7 nam

Tir két qua tinh toan tai Bang 6, cho thay néu sir dung phuong phap truyén thong (phuong an 1) dé
danh gia hiéu qua thi c6 thoi gian hoan vén (5 nam) ngin hon so v6i phuwong an 2 (7 ndm), dong thoi ¢
phuong an nay c6 ty suat lgi nhuan cao hon (PI = 0,206 > 0,096). Do d6 cac nha dau tu c6 thé lya chon
phwong 4n 1 dé thyuc hién du &n.

b. Pdnh gid hiéu qua ddu ti theo phwong phdp ngdn heu chiét khau
Phuong phap danh gia dya trén 3 tiéu chi: Gia tri hi¢n tai (NPV), tyﬂsuét loi nhuan (PI) va thoi gian
hoan von (DPP) dé danh gid. Ap dung céac cong thuc (3), (4), (5) ¢ trén dé tinh toan va cho két qua nhu tai

Bang 7 va Bang 8.

Bang 7. Pdnh gid hiéu qua dau tw theo phuong phdp ngan heu ciia phirong dn 1

DVT: triéu dong

NAM
CHI TIEU 2021 2022 2023 2024 2025 2026
(ndm 0) | (nam 1) (nam 2) (nam 3) (nam 4) (nam 5)
Chi phi thué dat 134.441
Chi phi (dot 1) 525.988
Chi phi (dot 2) 210.971
Doanh thu 881.920 369.550 482.171
Chi phi kinh doanh dy an 77.112 63.823 59.797
Loi nhuan trudc thué 804.808 305.728 422.374
Thué 160.962 | 61.145.508 | 84.474.768
(20% loi nhuan trude
thué)
NAM
CHI TIEU 2021 2022 2023 2024 2025 2026
(mam 0) | (nam 1) (ndm 2) (ndm 3) (ndm 4) (nam 5)
Loi nhun sau thue 643.846.633 244,582 337.899
Lai vOn vay von
(10% chi phi xay dung) 52.598.709 | 55 598709 | 52.598.709
Khiu hao 100 100 100
Ngan luu -134.441 | -525.987 | -210.971 696.545 297.281 390.598
Gi4 tri hién tai -134.441 | -478.17 | -174.389 523.325 203.047 242531
Tong VOI.lAtal thm diém -786.999
hién tai
Gia tri hién tai liy ké -612.611 | -786.999 -263.675 -60.628 181.902
NPV 181.902
Ty suit lgi nhuén (PI) 0,231

Thoi gian hoan von

DPP =4 nam 3 thang
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Bang 8. Pdnh gid hiéu qua dau tw theo phwong phdp ngdn heu ciia phirong én 2 .
DPVT: triéu dong

<

NAM
CHi TIEU 20?1 20‘22 20‘23 20?4 20?5 20'26 20?7 2028
(nam (nam (nam (nam (nam (ndm | (nam <
0 | 1 | 2 |3 | o |5 | e ™D
Chi phi dat 134.441
Chi phi (dot 1) 525.987
Chi phi (dot 2) 210.971
Doanh thu 595.28 378.55 228.73 | 216.73 | 329.351
Chi phi klg;l doanh dy 69.821 | 63923 | 59.607 | 50607 | 55671
Loi nhuan trudce thué 525.459 314.627 | 169.033 | 157.033 273.679
Thué
(20% loi nhuan trude 105.092 62.926 | 33.807 | 31.407 54,736
thué)
Loi nhuan sau thué 420.367 251.702 | 135.226 | 125.626 218.943
Lai von vay vonl 52.599 52599 | 52599 | 52.599 52.599
(10% chi phi xdy dung)
Khau hao 100 100 100 100 100
Ngan luu 134.441 | 525.987 | 210.971 | 473.066 | 304.401 | 187.925 | 178.325 | 271.642
Gia tri hién tai 134.441 478.17 | 174.389 | 355.422 207.91 | 116.687 | 100.66 139.395
Tong vég tai tho diém 186,999
hién tai
Gi4 tri hién tai lity ké 612.611 | 786.999 | 431.578 | 223.669 | 106.982 6.322 | 133.074
NAM
CHi TIEU 20?1 20V22 20,23 20?4 20V25 20?6 20?7 2028
(ndm (ndm (ndm (ndm (ndm (ndm | (nam <
0 | | 2 |3 | o |5 | g @D
NPV 133.074
Ty suat loi nhuén (PI) 0,169
Thoi gian hoan von DPP = 6 nam 0,6 thang

Theo két qua tinh toan ¢ trén (Bang 7 va Bang 8) néu su dung phuong phap ngan luu dé danh gia hiéu
qua thi phuong an 1 1a t6i wu hon vi: c6 thoi gian hoan vén ngan hon (4 nam, 3 thang, so v6i 6 ndm 0,6
thang), c6 ty suit loi nhuan cao hon (PI = 0,231 > 0,169) va gi4 tri hién tai liiy ké ciing cao hon (NPV =
181.902.153.969 ddng > 133.073.499.886 déng). Do vy cac nha dau tu can cir két qua trén dé so sanh
V6i ti suat loi nhuan ky vong ciia minh tir d6 lwa chon c6 déu tu hay khong dau tu vao du an.

4. Két luan

Tir co so 1y luan va kiém nghiém thuc tign tai du 4n Tay HO Parkview thdy: (1) Khi dau tu kinh doanh
céc du an bat dong san nha dau tu phai can nhic rit ky va viéc sir dung cac phuong phap danh gia hiéu
qua du an 12 mot co s dé cac nha dau tu dua ra quyét dinh cudi ciing; (2) DU sir dung phuong phép nao
thi thong thuong cac nha dau tu déu sé duya trén cac chi tiéu nhu: Loi nhuan, ty sut loi nhuan, gia tri hién
tai, ty suat noi hoan, thoi gian hoan vén dé quyét dinh dau tu hay khong dau tu.

Tai du 4n Tay HO Parkview, két qua danh gia hiéu qua tir hai phuong phap cho thay lya chon phwong
&n 1 1 t&i wu nhét (t6i wu ca vé ty suat loi nhuan va thoi gian hoan vén). Do d6, nha dau tr da dé dang lva
chon dugc phuong an t8i wu dé dau tu va tién hanh thuc hién phuong an kinh doanh cho hiéu qua nhat.
Ddng thoi khuyén cdo nha dau tu c6 thé hra chon phwong phép truyén théng dé tinh so bo trude, sau dé
ding phuong phéap ngan luu dé tinh chi tiét sau.

Danh gi4 vé 2 phuong phap truyén théng va ngan luu chiét khau:
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+ Pdi v6i phuong phap truyén thdng: Uu diém 1a dé sir dung, dé tinh toan nhung han ché la khéng tinh
toan dén thoi gian dén sy thay doi dong tién theo thoi gian cho nén s& xay ra truong hop khé lya chon
dugc phuong an tdi wu vi ¢6 thé thoi gian dai nhung lgi nhuan cao, thoi gian ngén lgi nhuan thap. Do d6
khong thé chon dugc du &n ma thoi gian thu hdi von cang ngan cang tot, loi nhuan cang cao cang tét.

+ bdi voi phuong phép ngan luu chiét khdu: C6 vu diém 1&: Phan anh kha day du cac loai chi phi va
thu nhép lién quan dén duy &n; yéu té thoi gian duoc xét dén mot cach toan dién; dugc the hién bang mot
dai lugng tuyét d6i gidp ta biét hiéu qua cua dy an. Nhuge diém 1a: Thu thap sb liéu can chi tiét day du,
chinh xac va phuong phap tinh phuc tap.
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ABSTRACT

Real estate business and Methods for evaluating
project investment efficiency

Pham Thi Kim Thoa® ", Tran Xuan Mien*, Nguyen The Cong",
Nguyen Thi Kim Yen', Tran Thi Bich Hanh?
!Land Management and Cadastral Technology for Sustainable Development,
Hanoi University of Mining and Geology

“Faculty of Informatic Economics, National Economic University

Real estate business is the investment of capital to carry out activities of construction, purchase, transfer,
receipt of transfer for sale, lease of real estate, and implementation of real estate services. In the process
of investing in the real estate business, evaluating investment efficiency is always a very important step in
the process of choosing an investment plan. In terms of investment psychology, any investor must
carefully consider the choice before making investment decisions. Investors often base their on the project
efficiency evaluation criteria set from the beginning to get the most optimal decision. This article
introduces some basic knowledge in the field of real estate business, especially methods of evaluating the
effectiveness of real estate investment projects. The theoretical foundations have been tested at “Tay Ho
Parkview Project in Phu Thuong ward, Tay Ho district, Hanoi City”.

Keywords: Real estate, evaluate project effectiveness, real estate business.
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Nghién ctu thiét ké xay dung hé thong quan trac lién tyc cong trinh
cau lén dua trén cong nghé GNSS/CORS

Pham Cong Khai®
Truong Pai hoc Mo - Dia chat

TOM TAT

Quan tric lién tuc cong trinh cau theo thoi gian thuc c6 mot y nghia quan trong trong qua trinh van hanh,
né cung cap cac thdng tin tirc thoi vé tinh trang cua cdy cau tai thoi diém quan sat, giup cho con nguoi va
phuong tién van tai hoat dong duoc an toan. Trong nghién ctu nay, ching tbi cha yéu tap trung vao tng
dung cong nghé GNSS/CORS dé thiét ké, xay dung mot hé théng quan tréic lién tuc cong trinh ciu theo
thoi gian thuc. Hé thong quan tric dam bao tir viéc thu nhan, truyén dan, xir ly s6 liéu dién ra lién tuc va
dua ra canh b4o mot cach tic thoi khi c6 sw cd. Hé thdng quan tric duoc thiét ké gdm hai phan chinh la
h¢ thong tram CORS va hé thdng tram quan trac. St dung hé thong tram CORS da dugc thiét 1ap dya trén
cong nghé va thiét bi cua hang Leica. H¢ thong tram quan trac do chling t6i ty thiét k&, phat trién dya trén
nén tang cong nghé va thiét bi cia Trimble. Phan mém diéu khién moi hoat dong ciia hé thong quan trac
cling da dugc nghién cau xay dyung. Mot thuc nghiém mé phong da duoc thuc hién nham danh gia do
chinh xé4c va kha ning hoat dong cta hé théng quan trac. Thuc nghiém quan tric cau Thang Long da dugc
thuc hién cho thiy hé thong quan trac hoat dong lién tuc, 6n dinh, tan suat thu tin hiéu cua tram quan trac
lén dén 20 Hz. Sé liéu quan tric theo dinh dang tiéu chuan NMEA-0183 duoc truyén vé trung tam xir ly
s6 liéu theo thai gian thuc va duoc xir Iy tac thoi nho phan mém tu xay dung cai dat tai may tinh cha cua
tram CORS.

Tir khoa: Cong nghé GNSS/CORS, hé théng quan tric lién tuc, thoi gian thuc, cong trinh cau lén.
1. Dt vin @é

Trong hé thong giao thong duong bo, cau 1a mot loai cong trinh quan trong trong mang ludi co s ha
tang caa mdi qudc gia, né phuc vu cho sy phat trién caa xa hoi. Tuy nhién, do tai trong va luu luong giao
thong ngay cang tang, viéc sir dung trong thoi gian lau dal 1a nhitng yéu t6 anh hudng dén kha ning khai
thac caa cau. Viéc phat hién tuc thoi vé phan tng cua cau dudi tac dong cua tai trong dong do phuong
tién giao thong gay ra la rat quan trong, c6 the lam giam nguy co tai nan c0 thé xay ra véi con nguoi va
tranh duoc thiét hai vé tai chinh khi ¢ sy ¢b xay ra. Két qua thu thap duoc 1a mot buc tranh tong thé veé
tinh trang cua cau trong giai doan van hanh, 1a co s¢ quan trong cho viéc dua ra cac danh gia vé kha ning
khai thac phuc vu cua cau. Qué trinh thuc hién giam sat chuyén dich caa ciu va xéc dinh thiét hai cua né
khi c6 su cb xay ra dugc goi la gidm sat sic khoe ciu trdc (Structural Health Monitoring - SHM).

Cho dén nay, bién dang cua cau theo chudi thoi gian cd thé thu duoc tir cac hé théng SHM sir dung gia
toc ké (Moschas et al., 2011; Hwang et al., 2012), may do do nghiéng (Ruijie et al., 2018), méay do bién
dang (Chen et al., 2019) thiét bi do dac quang hoc. Tuy nhién, hé thong quan tric bang gia tbc ke may
do d6 nghiéng, may do bién dang chi c6 kha nang do phan g cua cau. Cac phuong phap quan tric bang
thiét bi do dac quang hoc chi dwoc sir dung dé quan tric bién dang cong trinh c6 tai trong tinh. C6 mot s6
phwong phap méi duoc phét trién dé quan tric bién dang cau nhu sir dung may toan dac dién tir tu dong
(Stiros et al., 2012), phuong phap chup anh két hop voi cam bién chuyén dich (Handavani et al., 2012;
Zhang et al., 2018). Cac phuong phap nay c6 thé bi anh huong boi thoi tiét, van hanh phirc tap va dac biét
la khong cung cap dit liéu theo thoi gian thuc.

Trong nhitng ndm qua, c6 Mot s6 bai bao xac dinh chuyén dich dong, str dung cong ngh¢ GPS/RTK da
dugc xuat ban, da xac nhan kha nang ung dung cua cong ngh¢ GPS dé quan tric chuyén dich dong cua
cau vai tan sé 1Ay mau 1én dén 10 Hz va do dich chuyén khoang 10-20 mm Ruijie Xi et al., 2108). Viéc
{rng dung céng nghé dinh vi diém chinh xac (Precise Point Positioning - PPP) dua trén hé théng dinh vi
toan cau GPS dé quan tric suc khoe va phat hién kip thoi nhitng hu hong cua cau da dwoc cong bd va xac
dinh dwoc d6 chuyén dich ding cua cau do tai trong déng cua xe vai do chinh xac (cm) (Pssimoulis et al.,
2008).

* Tac gia lién h¢
Email: phamcongkhai@humg.edu.vn
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Hién nay, cong nghé hé thong vé tinh dan dudng toan cau GNSS duoc sir dung trong quan trac bién
dang cau dugc danh gia 1a mot trong nhitng phuong phép tién tién. Cong ngh¢ GNSS c6 nhiéu vu diém so
Vi cac phuong phap truyén thong khic nhu cung cap Chuyen dich tuyét aoi trong khong gian 3 chiéu
(3D) theo thoi gian thuc, hoat dong lién tuc dudi moi diéu kién thai tiét, khong can su thong hudng giira
cac tram (Yu et al., 2014). Cong nghé GNSS c6 thé khac phuc mot sb nhuoc diém cua phuong phap gia
toc ké, von gay kho khin trong viéc quan trac lién tuc cac cau tric ky thuat va theo ddi rung dong cau tric
cham véi tan s6 nho hon 0,2 Hz (Ju el al., 2011). Véi nhu cau thyc té hién nay va véi su phat trién nhanh
chéng vé cong nghé dinh vi vé tinh, & hau hét cac nudc trén thé giéi da xay dung mang ludi cac tram
tham chiéu hoat dong lién tuc (CORS) lam co s ha tang khdng gian quéc gia. N6 s& cung cép dwoc nhiéu
ng dung hon cho cac linh vyc tric dia ban db véi do chinh xac cao, theo thai gian thyc. Viéc tng dung
cdng nghé CORS dé quan tric bién dang cong trinh ndi chung va cdng trinh ciu noi riéng la mot husng
nghién cau mai. Tuy nhién dé thuc hién quan tric dya trén cdng nghé CORS theo hudng ty dong, lién tuc
va theo thoi gian thuc can phai xay dung mot hé thong tram quan tric phi hgp. Xu hudng ty phat trién
cac thiét bi dinh vi vé tinh GNSS ¢6 gia thanh thap str dung trong do dac thanh 1ap ban d6 da duoc cong
bd trong nhiéu bai bao da dugc xuat ban (Benedetti et al., 2017). Tuy nhién viéc phat trién thiét bi dinh vi
vé¢ tinh GNSS phyc vu cho guan tric cau chua c6 nhiéu cong bd. Trong bai bao dd duoc xuat ban
(Benedetti et al., 2017) chu yéu la thuc nghiém, phan tich danh gié tinh kha thi cia may thu GNSS gia re
trong quan trac bién dang cau. Cac may thu GNSS chu yéu duoc phét trién dwa trén cong nghé caa bo
mach chu cia u-blox ZED-F9P két hop véi ang ten gid thanh thap u-blox ANN-MB-00, cho nén d6 chinh
xac cua may thu kha thap, chi dat & muc sai s& +2 cm, vi vay nhitng may thu nay khong du diéu kién dé
quan tric blen dang cau.

Quan tric bién dang cau sir dung cong nghé GNSS c6 xu hudng tré thanh lwa chon tét nhét va da duoc
str dung rong rai trong quan tric sirc khoe két cau cua cau. Noi dung chinh caa bai bao nay 1a thiét ké phat
trién mot hé thdng quan tric lién tuc chuyén dich cau theo thoi gian thuc dya trén céng nghé
GNSS/CORS.

2. Co s ly thuyét va phwong phap nghién ctru
2.1. Nguyén ly chung ciia quan tric chuyén dich cong trinh

‘Nguyén ly quan trac chuyen dich bién dang cau theo thoi gian thuc 1a xac dinh su thay doi vi tri cua
diém quan trac ¢ gan hé thong may thu GNSS trong mot khoang thoi gian nao do. Phuong trinh tinh toan
chuyén dich cuia cong trinh xay dung dwoc biéu dién theo cong thirc sau (Handavani et al., 2015).

Qp=R’p-Rp=Qp(Xp, Yp, Hp, 1) @
trong do:
Rp - Vi tri cua diém P & thoi diém t = 0 (trude khi chuyén dich);
R'p - Vi tri cia diém P & thoi diém t > 0 (sau khi chuyén dich).

Pai lugng chuyén dich bién dang trong cong thire (1) dugc xéac dinh trong khong gian 4 chiéu, gom 3
chiéu theo thanh phan toa do X, Y, H va chiéu thir tur 1a thoi gian t.

Chuyén dich theo céc truc toa d6 dugc xac dinh theo cong thuc sau:

- Chuyén dich theo truc X: Qx = X; (t + 1) - X; (t) (2)
- Chuyén dich theo truc Y: Qy =Y; (t+ 1) - Y; (t) 3)
- Dich chuyén toan phan: Q =,/Q? +Q? (4)
- Chuyén dich déng (do 1Gn): Si = H; (t+1) - H; (t) (5)

trong do: Xi(t), Yi(t), Hi(t) 12 toa do cua diém i & thoi dieém t (truéc khi chuyén dich).
Xi(t+1), Yi(t+1), Hi(t+1) 1 toa d6 cua diém i & thoi diém (t+1) (sau khi chuyén dlCh)

Nhur vay, ban chat cua viéc quan trac lién tuc chuyén dich céng trinh néi chung va cong trinh Cau noi
riéng dua trén cong nghé GNSS la thong qua viéc xac dinh toa do tirc thoi cia cac diém quan tric gan véi
cong trinh & nhitng thoi diém khéac nhau. Toa do cua cac diém nay dugc xac dinh, theo phuong thirc do
dong xu ly tic thoi RTK dya trén cdng nghé GNSS/CORS.

2.2. Thiét ké h¢ théng quan trdc chuyén dich cau theo théi gian thuc

He thong quan tric bién dang cau theo thoi gian thuc sir dung cong nghé GNSS/CORS dugc thiét ké
sao cho n6 hoat dong dugc lién tyc, on dinh, thu nhan va truyén dan s6 liéu tir tram quan trac vé may chu
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cua tram tham chiéu mot cach tic thoi. Hé thdng quan tric ¢6 thé (ng dung cong nghé tram tham chiéu
don hodc st dung cong nghé mang luci cac tram tham chiéu. Trong nghién cau nay mét hé thong quan
trac cau su dung cong nghé GNSS véi tram tham chiéu don da duoc thiét ké, xay dung. Hé thong quan
trac nay gém c6 hai phan chinh. Phan thir nhét 1a hé thong tram tham chiéu hoat dong lién tuc CORS va
phan thtr hai 1a hé théng tram quan tric. So do hé théng quan tric cau duoc thiét ké, xay dung thé hién
nhu ¢ Hinh 1.

(lobal Navigation Satellite Systemn (GNSS) ]

W
4
M
»
B,

&7
25

[ Hé thong tram quan triic ]
(1) ~ 08 (3) ——3{ N din \ :
Angten e Ang ten :
e _OR5 : '(,N'% Eo tlm
,J ..... CEe . W4y chi GNES Bo (101
| 1 e quy nguon dién
¥ ‘“
Modem Wit

| m — RTCM
T NTRIP E s I
® — - ®)
Bo truyen
50 Lien

Pin nang nong
it trd

E§ thu
CORS GNM33

[ Contmuosly Operating Reference Station - CORS ]

Hinh 1. So do hé théng quan trdc lién tuc chuyén dich cong trinh cau bang cong nghé GNSS/CORS

Hé thong tram CORS duoc thiét 1ap bao gdm hai phan co ban d6 1a phan cing va phan mém. Phan
cing gom c6 ang ten CORS GNSS (1), by thu CORS GNSS (2), modem wifi (3) két n6i duong truyen
internet (6) va may tinh chu (4) duoc Cap nguon dién on dinh voi bo luu dién UPS (5). B6 phan mém xir
ly dir liéu tram CORS gom c6 phan mém quan ly tram (NRS-Station) va phan mém quan 1y ngudi st
dung (NRS-Server).

Hé thong tram quan tric dit & cong trinh duoc thiét ké bao gdbm, mot ang ten GNSS (7), mot bo thu
GNSS (8), mot bo truyén dir liéu truc tuyén (9), 4c quy (10), bé chuyén ddi ngudn dién (11), tim panel
nang luong mit troi (12). Trong hé théng méy thu GNSS ¢ bo thu GNSS va b truyén dit liéu truc tuyén
14 hai bo phan chinh duoc thiét ké phét trién trong nghién ciru nay.

Nguyén ly hoat dong cua hé théng quan tric bién dang cau theo thoi gian thuc dwoc xay dua trén
nguyén ly dinh vi GNSS/CORS/RTK. Tin hiéu vé tinh GNSS dugc dng ten (1) ¢ tram CORS thu nhan va
truyén vé bo thu CORS GNSS théng qua mot day cap chuyén dung, tai day tin hiéu vé tinh dwoc giai ma
va di qua modem (3) vé méy tinh chu (4). O may tinh chu dugc cai dat mot phan meém chuyén dung, c6
thé phan cap quan Iy thy theo ting dbi twgng ngudi sir dung, cung cép thong tin dinh vi vi phan cho diém
do di dong, xu ly s6 liéu cua mang ludi do dong RTK, dong thoi hiéu chinh cac s nguyén da tri ciia toan
mang, thiét 1ap md hinh cai chinh (gém cai chinh sai s6 tang dbi luu, ting dién ly, quy dao vé tinh).

S6 hiéu chinh ciia tram CORS cho cAc tram quan tric theo chuén dinh dang ciia RTCM duoc truyén
trén nén mang IP qua giao thirc NTRIP. Giao thirc NTRIP duwoc thiét ké dé hd tro truy cap internet khong
day théng qua mang ludi truyén thong 4G hodc 5G. Viéc truyén truc tuyén di liéu tir cac tram quan trac
t6i may tinh chi dugc thuc hién bai bo truyén sé liéu do ching t6i tu nhién ctu, phét trién.

Co ché truyén dan s6 lidu cai chinh theo dinh dang RTCM va dit liéu quan tréc theo dinh dang NMEA
duoc thyc hién trén nén mang IP qua giao thuc NTRIP (Networked Transport of RTCM via Internet

245



[ : HOI NGHI TOAN QUOC TRAC PIA CONG TRINH
Cessp

Vi S PHAT TRIEN BEN VNG (ESSD 2023)
e ——

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

Protocol). Bé quén ly va diéu khién hoat dong cho hé thong quan tric lién tuc chuyén dich cong trinh theo
thoi gian thyc, mdt phan mém da dugc nghién ctru phat trién cé tén goi 1a Server GNSS CORS WDM
nhu Hinh 2.

Server GNSS CORS WDM - o X
Tép Caibst CacTienich  Théngtin
Canh bao vi trf mat bang Canh bdo cao dé
Céng Trang thai Rover Trang thai nhan dil iéu Canhbso MNguyhiém Bdoddng Cénhbso Nguyhigm Bao dong Yem dil liéu
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Hinh 2. Giao dién cia phan mém qudn Iy, diéu khién hoat dgng hé théng tram quan trdc

Phan mém duoc xiy dung dua trén phan mém 1ap trinh Visual Studio 2019 va duoc cai dét trén may
tinh chu cua tram CORS. Phan mém dugc thiét ké ho trg quan ly hoat dong dugc 50 tram quan tric clng
mot lac, hd trg truyén sb liéu quan tric qua giao thirc NTRIP, hd tro thiét 1ap hé thong két ndi véi tram
CORS, cai dat chu ky 0 cho tram quan tric, hién thi thong tin quan trdc nhu vi tri tire thoi kinh do, vi do,
cao do, khoang chuyén dich, phuong chuyén dich, sai s6 vi tri tram quan tric, hién thi biéu do chuyén
dich ngang, chuyén dich ding theo thoi gian thuyc.

3. Dir ligu quan tric va phwong phap xir ly
3.1. Pinh dang cdu tric dé liéu quan trdc

C6 nhiéu dinh dang dir liéu dwoc phéat trién trong dinh vi vé tinh cho cac muc dich khac nhau, ching
han nhu dé truyén vi tri dinh vi GPS giita céc thiét bj dién tir hoic gitra c4c may thu GNSS, truyén s hiéu
chinh vi trf tir tram tham chiéu dén cac méay thu Rover. Hién nay, Hiép hoi Bién tir Hang hai Quéc gia cua
My (National Marine Electronics Association - NMEA) c¢6 dé xuat mot tiéu chuan 1y tén 1a NMEA dé
dinh dang thong tin hé théng dinh vi toan ciu GPS (Global Positioning System) hoic hé théng vé tinh dan
duong toan cau GNSS (Global Navigation Satellite System). Tiéu chuan NMEA c6 nhiéu phién ban khac
nhau nhung tiéu chuin NMEA-0183 duoc st dung rong rdi nhat. NMEA sir dung mé tiéu chuan ASCII,
mdi doan ma theo chuan dinh dang NMEA bit dau véi mot ky tu “$” trén mot hang ndi tiép va khong thé
I6n hon 80 ky tu. Dir liéu dugc chira dung bén trén mot hang véi nhitng kiéu khac nhau va duoc cach
nhau bai ddu phay (,), sau dau phay c6 ky tu khoang trong, sau d6 dén thong tin vé thoi gian, toa do, trang
thai, d6 cao. Tiéu chuan NMEA gom c6 nhiéu tin nhan, chiang han nhu GNGGA, GPGST, GNGLL
GNGSA, GNGSV, GNRMC, GNVTG, GNZDA,... Mat s6 tin nhan NMEA ¢6 thé chira cac truong dit
lieu giéng nhau hozc c6 thé chira dir liéu théng bao khac nhung c6 kich thudc nho hon. Trong céc loai tin
nhén theo tiéu chuan NMEA, c6 hai tin nhin quan trong nhit khi dinh vi 6 1a GGA va GST.

Tin nhin GGA 14 tin nhin duoc st dung phd bién nhét, n6 bao gdm cac thong tin vé thoi gian UTC
(1), vi d6 (2), bic hodc nam (3), kinh do (4), dong hoic tay (5), chi s6 chit luong dinh vi (6), sé luong vé
tinh dugc st dung (7), do suy giam d6 chinh x&c mat bﬁng (8), cao d6 ang ten so voi mat Geoid (9), don
vi do cao ang ten (10), khoang céch gitra mat ellipsoid Tréi d4t WGS-84 va mat Geoid (11), don vi
khoang céch (12), téng kiém tra (13). C4u tric cua tin nhin GGA va cac thong tin chi tiét cia né duogc thé
hién nhu & Bang 1.
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Bang 1. Cdu tric cua tin nhan tri do GGA va cdc théng tin chi tiét ciia nd

GGA-Global Positioning System Fix Data. Time, Position and fix related data for a GPS receiver

1 2 3 4 567 8 10 11 12 13

Vv H¢¢¢¢¢H

SGNGGA, hhmmss.ss,1111.11,a,yyyyy.VY,a, X, XX, X.X,x.X,M,x.x,M*hh

$GNGGA,094616.00,2103.33415041,N,10547.84535284,E, 4, /M, -28.235,M*40

P 1t PERETE N

1 2 3 4 567 8 9 10 11 12 13

Tin nhan GST chira cac thdng tin vé thoi gian hiéu chinh vi tri (1), phan du ctia khoang cach gia (2),
gid tri ban truc lon cua ellip sai s6 (3), gia tri ban truc nho cua ellip sai s6 (4), goc dinh huéng cua béan
truc I6n cua ellip sai s6 (5), gia tri sai s6 theo truc Y (6), gia tri sai sé theo truc X (7), sai s6 d6 cao (8),
tong kiém tra (9). Cau trc cua tin nhan GST va céc thong tin chi tiét caa no duoc thé hién nhu ¢ Bang 2.

Bang 2. Cau tric cua tin nhan tri do GST va cdc théng tin chi tiét cua no

GST - Position error statistics

2
$GNGST, hhmmss.ss,a.a

SGNGST, 094614.00,0.084,0.010,

1 2 5 6 7 8 9

Chi s6 chét lugng dinh vi RTK theo cong ngh¢ CORS c6 6 muc do khac nhau tir mac 0 dén muc 5. Khi
dinh vi theo phuong thirc CORS/RTK néu chi s6 nay 1a 4 thi c6 nghia 14 tri do nay da dugc hiéu chinh tir
tram CORS va ngudi do sé ldy gié tri toa do nay trong chudi tri do GGA. Két hop véi sai s6 dinh vi thé
hién trong chudi tin nhan GST, s& chon duoc nhiing toa do dinh vi tét nhat.

3.2. Phwong phdp xi¢ Iy di¥ liéu quan tréic theo dinh dang tiéu chuin NMEA-0183

Tt ca cac thong tin tri do theo dinh dang tiéu chuan NMEA, can duoc xir Iy dé nhan duoc nhirng tri do
¢6 chat lugng tot nhat nhim nang cao do chinh xac ciia két qua quan tric. Dic biét chu y dén hai loai tin
nhin GGA va GST. Dong tin nhan GGA cho biét nhig tri do nao da dugc cai chinh vi tri tir tram CORS
va dat yéu cau do chinh xéc (tri do Fixed), con dong tin nhin GST cho biét sai sb vi tri diém do da dugc
cai chinh nhung cé gia tri nho nhat. Tat ca nhitng tri do dat yéu cau d6 chinh xac duoc luu trit trong mot
tép theo timg ngay va tén tép sb lidu tao thanh boi tén thiét bi quan tric két hop voi ngay thang nam (vi
du: Data-Rover04-09122021.txt).

Qué trinh xur ly dit liéu quan tric chuyén dich theo chuan dinh dang NMEA duoc tién hanh qua cac
budc sau:

Budc 1: Kiém tra tinh toan ven (tinh day du) cua céc thdng tin trong chudi tin nhén tri do

Str dung Checksum trong chudi tin nhan tri do da giri kém dé so sanh voi Checksum tinh toan duoc,
néu trong chudi tin nhan tri do c6 mot thay d6i nho ciing sé tao ra tong Checksum khac nhau rét 16n. Néu
dong tin nhan tri do khong thay dbi tirc 14 Checksum guri dén va Checksum tinh toan dwoc gidng nhau, co
nghia 1 dong tin nhin gui di duoc bao toan, khong bi thay d6i va né duoc ngudi sir dung chap nhan.
Budéc 2: Loc ra nhiing tin nhan c6 toa d6 da dugc hiéu chinh vi tri (Fixed).

Trong chudi tin nhin GGA c6 chi sb bao chat lugng phép do GPS (GNSS), cic chi s6 bao chat luong
nay c6 6 muc khac nhau dénh sé tir 0 dén 5, khi chi s6 bao chét lugng 1a 4 thi tri do nay da dugc cai chinh
vi tri va cho chét luong tdt nhét va gia tri nay dugc chon.

Budc 3: Loc nhitng tin nhan ¢6 toa d6 da dwoc hiéu chinh vi tri nhung ¢6 sai sb vi tri nho nhit.

Viéc loc ra toa do c6 sai s6 nho duoc thuc hién bang cach phan tich chudi tin nhin GST dya trén sai s6

vi tri dinh vi ma tin nhan ndy nhan duoc.
Buéc 4: Tinh doi toa do
1. Tinh dbi gitra hé toa do tric dia va hé toa d6 vudng goc khong gian
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Cong thac tink doi tr (B,L,H) sang (X,Y,Z) (Hoang Ngoc Nha, 2020)
X = (N+H)cosB.cosL
Y = (N+H)cosB.sinL } (6)
Z = [N(1-e%)+H].sinB
trong do: B 1a vi do trac dia; L 1a kinh do tric dia; H 1a d6 cao trac dia. N 12 ban kinh vong thang dtng tha
nhét tai diém xét. e 1a tm sai thtr nhat cua ellipsoid.
2. Thuat toan chuyén ddi gitra cac hé toa do
a).Tinh chuyén doi hé toa dé WGS- 84 sang VN2000
Toa d6 cua cac tram quan tric duoc xac dinh trong hé toa do WGS-84, sau d6 duoc tinh chuyén
sang hé toa do VN-2000 theo cdng thuc (7).
X =AXo + k(X + €Y - Wo.Z)
Y =AY+ k(-6 X +Y +®,.2") @)
Z=AZg+ k(o X -0,.Y +2°)
Trong do6: X, Y, Z la toa d6 vudng goc khong gian trong hé toa do VN-2000, (m).
X’,Y’,Z’ 1a toa @6 vudbng goc khbng gian trong hé toa do WGS-84, (m).
AXo, AYo, AZ, 4 cic tham sé dich chuyén gdc toa do (m).
Mo, Yo, & 12 3 gbc xoay truc toa do twong wng vaéi cac truc X, Y, Z, (radian).
k 1a hé sé ty 1é chiéu dai gitra 2 hé.
Céc tham s6 tinh chuyén toa do tir hé WGS-84 sang hé toa d6 VN-2000 do Bo Tai nguyén va Méi trudng
cong b.
Budc 5: Danh gia do chinh xac két qua do
Duya vao toa do mat bang va do cao xac dinh duoc, danh gia do chinh xéac cua céc thanh phan toa do

theo cac cong thuc sau:
m = [Vl o Y :,/[vhvh];
X n-1 Y n-1" N n-1
trong do:

in:x—Xi;iz%zxi; V=Y =Yyl Z Y Vy=H-H,: H-
1

[ =

2 H
1 n=
Budc 6: Xac dinh cac dai lugng chuyén dich
Duya vao cac thanh phan toa do cua diém quan tric, khi d6 dai luong chuyén dich theo céc truc toa
d6 dugc xac dinh theo cac cong thuc (2), (3), (4) va (5) nhu da trinh bay & phan trén,

4. Két qua va thao luan
4.1. Két qud thwe nghiém mo phong ) . .
bé kiém ching, danh gia d6 chinh xac cua phuong phap quan trac chuyén dich cong trinh bang cong
ngh¢ GNSS/CORS, mét thuc nghiém mé phong da duoc tién hanh. Nguyén ly cua thue nghiém mé phong
dua trén su thay doi vi tri ciia ang ten GNSS theo phuong ngang va phuong thang dtng (Hinh 3).
Th
—_— gvs lchuyén

dich

sSmm/| |
= dung

X 50mm
Chuyen dich ngang - Chuyen dich ngang
Pttt i Attt

Hinh 3. Nguyén ly thuc nghiém mé phong xdc dinh chuyén dich cong trinh bang cong nghé GNSS/CORS

Dé tién hanh thyc nghiém mo phong mot hé thong thiét bi da duoc thiét ké ché tao gom mét duong ray
nam ngang co gan mot thudc thép dé xac dinh chuyén dich ngang va mot thuéc thép gan vao moc hinh
tru thang dung dé xac dinh dich chuyén dimg. Phia dudi cua méc quan tric c6 gin 4 banh xe, c6 thé
chuyén dich trén duong ray. Thiét bi quan tric gdbm mot dng ten thu tin hiéu vé tinh GNSS, mét bo thu
GNSS, bo truyén sé liéu, ac quy, tim pin ning lwong mat troi va cac phu kién kém theo. Hé thong quan
tric thuc nghiém md phong thé hién nhu Hinh 4.
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a) H¢ tho’ng trgm CORS b) H¢é thong tram quan trac
Hinh 4. H¢ thong quan trac theec nghiém mé phaong chuyén dich cong trinh

Hé thong tram quan trac dugc két nbi dén tram CORS thong qua dia chi IP va cong két nbi
(118.70.171.179:5005). O tram quan tréc, thiét 1ap dau ra dé nhan cc tin nhan tri do NMEA bang cach
dang nhap vao bo thu GNSS cua tram quan trac. Két néi wifi may tinh vai bo truyén sé liéu ¢ tram quan
trac, roi vao trinh duyét web sau d6 nhép vao dia chi 192.168.0.100 dé dang nhap vao trinh quan ly b thu
GNSS rdi chon loai tin nhin NMEA ma ngudi sir dung can dén.

Sau khi thiét lap cac thdng s cho tram CORS va tram quan trac, s liéu quan tric duoc ty dong truyén
vé may tinh chu cua tram CORS theo tung chu ky. Viéc quan trac thuc nghiém mo phong thuc hién véi 5
chu ky, moi chu ky véi thoi gian thu tin hi¢u v¢ tinh khoang tir 45 phut dén 60 phat. O Bang 3 la mot
doan s6 liéu s quan trac thuc nghiém mo phong theo dinh dang tiéu chuian NMEA-0183.

Bang 3. Mgt doan sé liéu quan trdc thuc nghiém md phong theo dinh dang tiéu chudn NMEA-0183
$GNGGA,072022.00,2103.33309003,N,10547.84433528,E,4,22,0.6,11.288,M,-28.235,M,1.0,0000*43
$GNGST,072022.00,0.054,0.006,0.005,100.9,0.005,0.006,0.015*41
$GPGSV,10,1,35,32,44,105,48,16,49,215,47,3,28,306,41,22,40,281,43*78
$GPGSV,10,2,35,31,42,022,46,29,11,059,37,27,10,182,30,26,84,342,49*45
$GPGSV,10,3,35,40,29,254,36,42,40,114,,41,54,229,48*73
$GLGSV,10,4,35,79,12,239,36,77,38,009,36,66,43,146,49,78,50,283,52*5C
$GLGSV,10,5,35,68,25,334,47,67,78,354,51*51
$GBGSV,10,6,35,104,25,105,40,103,63,168,44,102,55,228,42,101,40,115,42*5A
$GBGSV,10,7,35,116,56,036,47,113,15,203,34,110,55,198,45,109,53,357,45*56
$GBGSV,10,8,35,107,68,182,47,106,57,017,45,129,14,143,37,126,11,253,39*50
$GBGSV,10,9,35,122,78,257,51,121,30,319,46,119,37,156,46*5A
$GQGSV,10,10,35,193,47,131,44,194,54,051,46,195,21,130,35*74
$GNGSA A,3,104,103,102,101,116,113,110,109,106,107,,,1.1,0.6,0.9*2B

Viéc xir Iy s6 liéu quan trac duoc thyuc hién qua sau budce nhu di néu o trén va bang mot module cua
phan mém Server GNSS CORS WDM. Két qua xir ly s ligu xac dinh dugc chuyén dich ngang va chuyén
dich ding nhu ¢ Bang 4.

Bang 4. Két qua quan trac thiec nghiém md phong chuyén dich cong trinh

Chu Toa d6 mit bang Chuyén | Chuyén |[Chuyén|Chuyén| Chénh | Chénh
ky (m) dich dich dich dich léch léch
guan ngang |ngang do| dung |ding do|chuyén| chuyén
tric X Y H |quantric| tructiép | quan [tructiép| dich | dich ding

(mm) (mm) trac | (mm) | ngang (mm)
(mm) (mm)
1 12330395.293/580217.848 | 6.883
7 5 -10 -7 2 3
2 2330395.287|580217.845 | 6.873
13 15 -13 -10 2 3
3 [2330395.275{580217.841 | 6.860
34 37 -24 -20 3 4
4 12330395.245|580217.824 | 6.836
48 51 -26 -30 3 4

5 |2330395.202|580217.803 | 6.810
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4.2. Két qud quan trdc véi sé ligu thuc té

Vit qua quan tric véi so liéu thuc té md phong chuyén dich cong trinh trén va bang mot moSdng
Héng ua quan tHa Noi. Pay 1a muan tHa Nii s6 liéu thuc t& moé phong chuyén dich cong trinh trén va
bang mot module ctia phan mém Server GNSS CORS WDM. Két qua xur 1y sb liéu xac dinh duoc
chuyén dich ngang va chuyén dich dimg nhu & quan tr

Trén mit cau tﬁng 2 & lan danh cho ngudi di bo phia Dong cua cau bd tri 4 tram ¢ sd hiéu 1a N-01, N-
02, N-03, N-04 (Hinh 5). Sir dung tram CORS duoc thiét 1ap & Truong Dai hoc M6 - Dia chét ¢6 s6 hiéu
CORS-NO001 c4ch trung tim cua ciu khoang 2,5 km.

Séng Hong

Hinh 5. Sor do bé tri cac tram quan trac trén cdu Thang Long

Heé thdng thiét bi & mdi tram quan tric gébm co dng ten GNSS, b thu, bo truyen s6 ligu GNSS, ac quy,
tam pin ning luong mat troi. Ang ten GNSS duoc Iap vao phan trén cua mébc quan tric va két néi véi bo
thu GNSS. Hé thdng tram quan tric sau khi duoc lap dat, dwoc két ndi véi tram CORS dit & Truong Dai
hoc Mo - Bia chét. Dir liéu quan tric theo dinh dang tiéu chuan NMEA-0183 duoc truyén vé may chu
trung tdm tram CORS theo thoi gian thuc. S6 liéu dugc tw dong luu vao file c6 tén mic dinh 1a “Data”™+
“Rover”+ “dd-mm-yy”.txt. Mi ngay s& c6 mét file sb liéu. Vi du file sé liéu quan tric & ngay 18 thang
10 nam 2022 c6 tén “Data-Rover-18102022.txt”. O Bang 5 la mot doan sé liéu s6 quan tric thyc nghiém
cau Thing Long.

Bdng 5. Mgt doan s6 liéu quan trdc chuyén dich cong trinh cau Thing Long
$GNGGA,072013.00,2103.33471115,N,10547.84479478,E,1,29,0.6,7.321,M,-28.235,M,,*51
$GNGST,072013.00,1.452,0.594,0.487,70.4,0.500,0.583,1.189*76
$GPGSV,10,1,33,32,44,105,47,16,49,215,46,3,28,306,40,22,40,281,41*73
$GPGSV,10,2,33,31,42,022,46,29,11,059,36,27,10,182,36,26,84,342,49*44
$GPGSV,10,3,33,40,29,254,34,42,40,114,,41,54,229,48*77
$GLGSV,10,4,33,79,12,239,39,77,39,009,36,66,43,146,51,78,50,283,52*5D
$GLGSV,10,5,33,68,25,334,48,67,78,354,52*5B
$GBGSV,10,6,33,104,25,105,39,103,63,168,44,102,55,228,42,101,40,115,43*53
$GBGSV,10,7,33,116,56,036,47,110,55,198,45,109,53,357,45,107,68,182,46*50
$GBGSV,10,8,33,106,57,017,45,129,14,143,40,122,78,258,51,121,30,319,45*53
$GBGSV,10,9,33,119,37,156,46*5E
$GQGSV,10,10,33,193,47,131,43,194,54,051,45,195,21,130,36*75
$GNGSA A,3,32,16,3,31,29,27,26,,,,,,1.0,0.6,0.8*1E
$GNGSA A,3,79,77,66,78,68,67,,,,,,,1.0,0.6,0.8%2D
$GNGSA A,3,104,103,102,101,116,110,109,107,106,129,122,121,1.0,0.6,0.8*21
$GNGSA A,3,119,,,,,1111,,,1.0,0.6,0.8* 1A
$GNGSA A,3,193,194,195,,,,,,,,,,1.0,0.6,0.8*19

Viéc xur ly dir ligu quan trac duoc thuc hién qua sau bu6c nhu da trinh bay Muc 3.2 bang phan mém
chuyén dung da dugc x@y dung. Két qua xt ly mot doan s6 liéu dugc thé liéu nhu ¢ Bang 6.
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Bang 6. Két qua xit ly sé liéu quan trdc cau Thang Long
No B L h X Y H
cr o (m) (m) (m) (m)
1 | 210418.32372 | 10546 24.51197 | 0.7284 | 2330983.5709 | 580373.8585 | 23.7284
2 | 210418.32398 | 10546 24.51175 | 0.7276 | 2330983.5772 | 580373.8520 | 23.7276
3 | 210418.32383 | 10546 24.51241 | 0.7237 | 2330983.5758 | 580373.8525 | 23.7237
4 | 210418.32376 | 10546 24.51263 | 0.7212 | 2330983.5780 | 580373.8520 | 23.7212
5 | 210418.3243 | 10546 24.51217 | 0.7263 | 2330983.5779 | 580373.8578 | 23.7263
6 | 210418.32332 | 10546 24.51256 | 0.7214 | 2330983.5745 | 580373.8566 | 23.7214
7 | 210418.32376 | 10546 24.51193 | 0.7208 | 2330983.5691 | 580373.8512 | 23.7208
8 | 210418.3238 | 10546 24.51171 | 0.7248 | 2330983.5718 | 580373.8587 | 23.7248
9 | 210418.32403 | 10546 24.51203 | 0.722 | 2330983.5689 | 580373.8529 | 23.722
10 | 210418.32358 | 10546 24.51265 | 0.7247 | 2330983.5694 | 580373.8507 | 23.7247
11 | 210418.32422 | 10546 24.51177 | 0.7224 | 2330983.5768 | 580373.8536 | 23.7224
12 | 210418.3237 | 10546 24.51245 | 0.7219 | 2330983.5753 | 580373.8566 | 23.7219
13 | 210418.32343 | 10546 24.51176 | 0.7247 | 2330983.5695 | 580373.8580 | 23.7247
14 | 210418.32431 | 10546 24.51197 | 0.7222 | 2330983.5781 | 580373.8532 | 23.7222
15 | 210418.3241 | 10546 24.51247 | 0.7228 | 2330983.5739 | 580373.8505 | 23.7228

Tur két qua xu ly dit liéu quan tric nhu & Bang 6 s& xac dinh dwoc d6 chuyén dich cau theo thoi gian thuc

nhu ¢ Bang 7.

Bang 7. Két qud tinh chuyén dich cau Thang Long

Thoi gign quan X Y H Qx Qy Q S
trac (m) (m) (m) (mm) | (mm) | (mm) | (mm)

03g51p00s 2330873.189 | 580572.484 | 23.445

-2,0 3,0 3,6 40
03g52p00s 2330873.191 | 580572.487 | 23.485

4,0 2,0 -4,5 -44
03g53p00s 2330873.195 | 580572.489 | 23.441

-2,0 -4,0 4,5 41
03g54p00s 2330873.193 | 580572.485 | 23.482

4,0 3,0 5,0 -42
03g55p00s 2330873.189 | 580572.488 | 23.440

-1,0 -4,0 4,1 45
03g56p00s 2330873.190 | 580572.484 | 23.485

5,0 -4,0 6,4 -43
03g57p00s 2330873.185 | 580572.480 | 23.442

3,0 4,0 5,0 48
03g58p00s 2330873.187 | 580572.484 | 23.490

1,0 -3,0 3,2 -42
03g59p00s 2330873.186 | 580572.481 | 23.448

-5,0 4,0 6,4 44
04g00p00s 2330873.191 | 580572.488 | 23.492

Két qua chuyén dich cau Thang Long dugc hién thi trén man hinh may chi nho mot module phan mém tu
thiét ké xay dung nhu Hinh 6.
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Hinh 6. Thong tin chi tiét chuyén dich cong trinh cau Thang Long theo thoi gian thuc
5. Két luan

Nghién ctu nay dua trén cong nghé GNSS/CORS dé xay dung hé thdng quan tric lién tuc cong trinh
cau 16n. Tir cac két qua nghién cau, thuc nghiém, cé thé rat ra mot s két luan sau:

Hé théng quan tric lién tuc cong trinh cau Ién duoc thiét ké xay dung dua trén cong nghé
GNSS/CORS véi hai thanh phan chinh 1a bo thu GNSS va bo truyén sb liéu qua giao thire NTRIP dugc
thiét ké phat trién dap (mg duoc yéu cau vé ky thuat trong cong tac quan tric lién tuc chuyén dich cong
trinh cau vai tan suét thu dit liéu 1én t6i 20 Hz.

Vé6i phan mém chuyén dung da duoc thiét ké phat trién c6 thé quan ly hoat dong dwoc 50 tram quan
trac cung mot ltc, hd tro truyén sé lidu quan tric qua giao thirc NTRIP, hd tro thiét 1ap hé thong két nbi
v6i tram CORS, cai dat chu ky 0 cho tram quan trac, hién thi thong tin quan trac nhu vi tri tirc thoi kinh
do, vi 9, cao do, khoang chuyén dich, phuong chuyén dich, sai sé vi tri tram quan trac, hién thi biéu do
chuyén dich ngang, chuyén dich ding theo thai gian thuc.

Qua thuc nghiém md phong cho thiy hé thong quan tric cé thé xac dinh dugc chuyén dich ngang dén 3
mm va chuyén dich dimg dén 5 mm. Hé théng quan tric da duoc &p dung dé quan tric thuc nghiém cho
cong trinh cau Thiang Long st dung tram CORS don lip dat & Truong Pai hoc Mo - Dia chét, cho thay
hé théng quan tric hoat dong on dinh, dit liéu dwgc thu nhan lién tuc va truyén dan tic thoi vé may chu
ciia tram CORS va dugc xir ly tirc thoi dé cung cip cho ngudi sir dung biét tinh trang tirc thoi cua cong
trinh cau.
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ABSTRACT

Investigation on designing and build of continuous monitoring system
for large bridges based on GNSS/CORS technology

Pham Cong Khai"
Hanoi University of Mining and Geology

Continuously monitoring of the bridge in real time has an important meaning in the operation process, it
provides instant information about the condition of the bridge at the time of observation, helping people
and vehicles in safety transportation. In this study, we mainly focus on applying GNSS/CORS technology
to design and build a real-time continuous monitoring system for bridge works. The monitoring system
ensured the data collection, transmission and data processing takes place continuously and gives
immediate warnings when incident. The monitoring designed system consist of main parts: CORS station
system and monitoring station system. CORS station system based established on Leica technology and
equipments. The monitoring station system is designed by ourselves and developed based on Trimble's
technology and equipment. The software to control all activities of the monitoring system has also been
investigated and built. A simulation experiment was performed to evaluate the accuracy and operability of
the monitoring system. Experimental monitoring of Thang Long bridge has been carried out, showing that
the monitoring system can continuously and stably operate, the signal reception frequency of the
monitoring station is up to 20 Hz. Monitoring data in standard format NMEA-0183 is transmitted to the
data processing center in real time and processed immediately by self-built software installed at the server
computer of CORS station.

Keywords: GNSS/CORS technology, continuous monitoring system, real-time, large bridges.
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Nghién ctiru xay dung mét s6 module chuong trinh xir 1y s6 lidu

trong khao sat dia hinh dudi nudc
Lé Puc Tinh", Ta Thi Thu Huong® Nguyén Thi Kim Thanh!, Hoang Ngoc Thé?

1Tru"o‘ng BPai hoc M6 - Pja chat

Cong ty CP TVXD&TM Son Ha
TOM TAT
Bai bao co ndi dung nghién ctru cac giai phap va xay dung thuat toan, thanh lap cac module chuong trinh
trén may tinh dé cd thé dong thoi xur 1y két hop dugc nhiéu dinh dang s6 liéu do dac khac nhau trong khao
sat dia hinh duéi nude nhu: sé liéu do sau, dit liéu do mirc nude, sé liéu thoi gian va nhitng s liéu thong
tin phi tuyén khac, trong d6 cong tac xir ly dwoc tich hop thém cho cac ngudn (dang) sé liéu khac nhau
dong thoi dam bao két qua do va do chinh xéc cua dir liéu do, day nhanh tién d¢ thuc hién va pht hop voi
diéu kign trong thuc té san xuat ¢ Vigt Nam. Cong tac tinh todn va xu 1y 6 ligu tot s& dap tmg duoc yéu
cau tién do, chat lugng. Tur do, glup day nhanh tién do Cua cdc budc khac cé lién quan trong qua trinh
khao sat dia hinh dudi nudc, gép phan nang cao hiéu qua vé mat kinh té, thoi gian va chat luong cua cong
tac khao sat dia hinh duéi nuéc. Tinh dung dan cia cic module chuong trinh tinh toan da dwogc kiém
chang so véi phan mém NavEdit cia hang Trimble thong qua vi du thuc nghiém dat dugc nhu sau: chénh
léch d6 cao vai sai s6 trung phuong m=0,180 mm s liéu do muc nuéc bang may do tw dong, chénh léch
d6 cao véi sai s6 trung phuong m = 2,399 mm s6 liéu do myc nudc bang phuong phap RTK.

Tir khoa: Do sau hodi am don tia, khao sat dia hinh dudi nude, xir Iy dir lidu do sau.

1. Pit véan dé

Cong tac khao sat dia hinh dudi nuée cac tuyén ludng hang hai, cac tuyén song/kénh cé vai tro va dong
g6p mot phan khdng nho vao viéc thu thap dit liéu dé phuc vu cho cac cong tac dam bao an toan giao
thong duong thuy. Dac diém cua cong tac khao sat dia hinh dudi nude 1a cac dbi twong do v khdng nhin
thiy duoc, méi trudng do v& khic nghiét, chiu anh huéng cua nhidu yéu td ngoai canh tac dong nhu:
Song, gi6, luu lwong va toc d6 dong chay, mat do cac phuong tién tham gia giao thong dudng thiy. Mt
khéc, cac sé liéu khao sat dia hinh duéi nuéce lai bao gdm nhiéu loai nhu: sé liéu toa d6 (dinh vi diém), sb
ligu do do sau, s6 liéu quan trac thiy triéu, s6 ligu higu chinh do bién d6 song, s6 liéu thong tin phi tuyén
khéc,... do @6 khi xtr ly cac s liéu khao sat dia hinh duéi nuée dugc thu thap theo cac phuong phap
truyén thong thuong phai ndi suy cac diém do do sau theo phuong phap tuyén tinh giita cac diém dugc
dinh vi do d6 dan dén viéc tai nhitng diém noi suy thé hién trén ban db co do cao khong dung tham chi
khéc nhiéu so véi thuc té. Viéc sir dung céc thiét bi hién dai va ung dung cong nghé phan mém tién tién
cho phep trién khai thuc hién cong tac do dac nhanh va hiéu qua nhung qua trinh chuén bi ciing ¢6 nhitng
yéu cau cing nhéc vé khuén dang dit liéu va do vay thuong phai xt Iy qua nhiing budéc trung gian.

Qué trinh xir Iy cac s6 ligu khao sat dia hinh dudi nude duoc thu thap theo phirong phéap do sau hdi &m
don tia hodc da tia c¢6 sb lugng diém chi tiét rat 16n, két qua do dac duogc luu trit dudi dang dong, cong tac
xir 1y sb lieu khong thé thuc hién bang phuong phap tinh toan thu céng ma phai s dung cac module
chuyén dung caa cac hang san xuét thiét bi, qua trinh xu ly sb liéu do dac thudng yéu cau chuan tic mot
s6 dinh dang dix liéu, két qua sau khi xi ly bang cac phan mém nay chi xuat ra mot sé cac sé liéu véi cau
tric nhét dinh, khong co tinh nang ghép ndi vai cac thdng tin phi tuyén khac, chi phi mua ban quyén cua
phan mém cao do d6 chua thuc su phi hop véi didu kién st dung tai Viét Nam.

Sy phét trién cua nganh ky thuat dién t va cbng nghé thong tin da cho ra doi cac may méc thiét bi
cling véi cac phan mém phuc vu cong tac thu thap dir liéu rat tot nhung cong tac xtr ly s6 |Ieu da thu thap
thuong duoc sir dung bang cac phan mém thuong mai cua cac hang san xuat va cung cép thiét bi theo
khuon dang sé liéu nhat dinh nén c6 nhiéu bi dong.

* Téac gia lién h¢
Email: leductinh@humg.edu.vn
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Hon nira, thuc té khéng phai thoi diém nao va & dau ciing co thé sir dung dong bo cac thiét bi do dac
hién dai va cong nghé mai, cac so liéu khao sat dudi nudc khong don thuan chi 1a sé liéu do do shu ma
phai xir Iy két hop voi nhiéu khuén dang sé liéu quan tric khac.

Nhu véy, dé c6 thé dong thoi két hop duoc nhiéu dinh dang s liéu do dac khéc can phai xay dung cac
module hd trg dé thuan tién trong qua trinh tinh toan xi 1y s6 liéu, trong d6 cong tac xir 1y dwoc tich hop
thém cho céc ngudn (dang) sé liéu khac nhau ddng thoi dam bao két qua do va do chinh x&c nham nang
cao hiéu qua, day nhanh tién d6 thuc hién va phi hop véi diéu kién trong thuc té san xuét & Viét Nam.
Cong tac tinh toan va xir Iy sb lidu tt s& dap ung duoc yéu cau tién do, chat lugng. O nudc ta ciing da co
mot sb dé tai nghién ciu vé linh vuc nay nhu: (Pang Nam Chinh, 2010), (Duong Qudc Luong, 2008),
(Pao Xuan Quang, 2007), (Tran Viét Tuan, Pham Vin Quang, Hoang Ngoc Thé, 2015) nhin chung cac
nghién ctu nay chi tng dung cong nghé do sau dé thanh 1ap ban db dia hinh day séng, day bién sir dung
phan mém thuong mai dé tinh ton xu 1y s liéu do sau chwra c6 nghién ctru ndo xay dung dwoc cac modle
chuong trinh dé xu 1y s6 liéu khao sat dia hinh dudi nuéc.

2. Co s ly thuyét va phwong phap nghién ctru
2.1. Mgt s phan mém do sdu dwoc sie dung nhiéu ¢ Vigt Nam

Nghién ctu mot sé phan mém do sau thwong mai do cac hang cua nuéc ngoai xay dung nhu:
GPSNavX, Fugawi Marine ENC Software, SeaClear, ScanNav, Tiki Navigator, HyPack va HydroPRO.
Qua trinh thu thap dir liéu déu luu trit nhitng kiéu dit liéu va thong tin chung, da sé trong nhitng phan
mém trén cung luu trit dit liéu dudi dang Database.

Trong nganh do dac hang hai va dudng thiy noi dia & Viét Nam hién dang phd bién sir dung céc phan
mém HyPack cuia hdng HYPACK Inc. va HydroPRO cua hang Trimble - Hoa Ky.

2.1.1. HyPack: dwoc phét trién béi tdp doan HYPACK Inc - Hoa Ky

+ Chite nang: Dan duong trong do dac va xir ly s6 lidu;

+ Uu diém: D& cai dat va sir dung, téc do tinh toan, xtr ly nhanh; Cau trdc di liéu rd rang, két ndi
tuong thich vai nhiéu kiéu thiét bi.

+ Nhuoc diém:

Khong co tinh nang cap nhat théng tin khi do dac, kha nang 1’<ét ndi voi Qéc kiéu dit liéu khac khong
n-.-i.ﬂh hoat; Yéu cau may tinh phai c6 cau hinh cao, chi hoat dong tot trén h¢ dicu hanh Windows 32bit. »
s e AT XY PYICOPRL TV

| v v~ e ey St A

) ” | ) 3 SN
v pt = Ly Bl il
e . ha P

Hinh 1. Giao dién phan mém HyPack Hinh 2. Giao dién phan mém HydroPRO
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2.1.2. HydroPRO: dwoc phat trién bgi hang Trimble - Hoa Ky

+ Chire nang: Dan dudng trong do dac va xir ly s liéu;

+ Uu diém: D& cai dat va sir dung, téc do tinh toan, xt ly nhanh; Cau trdc dir liéu rd rang, két ndi
tuong thich vé6i nhiéu kiéu thiét bi, cho phép cap nhat va quan 1y nhiéu thong tin trong qua trinh do dac;
Khéng yéu cau may tinh phai ¢ cu hinh cao, hoat dong 6n dinh va twong thich véi tat ca cac phién ban
cua hé diéu hanh Micrsoft Windows.

+ Nhuoe diém: Mac di cho phép cap nhat thong tin khi do dac nhung khong cung cip nhiing tinh ning
truy xuat.

Pé nang cao hiéu qua cia cong tac xir Iy sé liéu khao sat dia hinh dudi nude, cin cir cac quy pham vé
do v& ban dd dia hinh dudi nudc dé xay dyung cac module hd tro trén nguyén tic xu Iy co ban nhu nhiing
tinh ning cua phan mém thwong mai dong thoi bo sung thém mot s6 chirc ning tinh toan, hiéu chinh
khac. Module s& dugc hoan thanh khdi chire nang nhu sau:

Str dung céc ngbn ngir lap trinh Visual C#, Borland Delphi hozc Visual Basic chay trén nén Microsoft
Windows dé xay dung module xir ly c&c dit liéu, ndi dung bao gébm: Té chirc céc sb liéu di thu thap; Quy
ddi hé thdng thoi gian dé dong bo céc dit liéu do; Tinh toan va ghép do cao muc nudc; Tinh toan va hiéu
chinh cac sai s6 anh huong dén gia tri do do sau; Ghép cac thong tin phi tuyén khac; Loc mat do cac diém
chi tiét theo tuyén do.

2.2. Xay dung thugt toan xi 1y s ligu do sdu

Déi tuong cong tac do sau chi 1a cac diém chi tiét va dic trung ciia phuong phap do sau 1a do dong nén
cong tac tinh toan duoc thuc hién truc tiép tir cac két qua do dé thanh 1ap ban dd ma khéng can phai tinh
binh sai, danh gia d6 chinh x&c.

Céc s6 liéu duoc thu thap bang nhiéu thiét bi khac nhau do d6 cong tac tinh toén xir Iy sé liéu do sau
chi duoc thyc hién sau khi cac dir lidu da duge ddng bo thoi gian.

Pé xir ly s6 liéu va thanh 1ap ban dd dia hinh dudi nuwdc can phai c6 day da cac dir liéu do dac, cac dir
ligu ndy phai dugc o chir va sip xép hop 1y truée khi tinh todn. Keét qua cia vige tinh todn phai dam bao
dap g ding yeu cau do chinh xac cua cong tac thanh 1ap ban db dia hinh dudi nude hoic véi nhiing yéu
cau cu thé dat ra theo muc dich sir dung ban db.

2.2.1. Phuwong phdp qui doi thoi gian

Gia tri thoi gian dugc luu trir trong co sé dir liéu caa Project do sau la gio dia phuong duogc luu triv
dang sb thuc tinh dén phan trim gidy v6i diu mbe “0” thoi gian dugc tinh tir thoi diém 0:00:00 AM ngay
01/01/1900. Truéce khi truy xuat cac két qua phai quy doi thdng nhét sang dinh dang ngay gio tuong tng
v6i diu mbc “0” thoi gian moi (theo Tiéu chuan quéc té 1SO 8601: 1970-01-01T00: 00: 00Z), gi tri
chénh léch gitra mdc “0” thoi gian méi ndy so voi mde “0” thoi diém 0:00:00 AM ngay 01/01/1900 dugc
xac dinh 1a 315,594,000 giay.

St dyng ham DateSerial trong ngon ngit Visual Basic hoic ham EncodeDate trong Borland Delphi dé
qui d6i thoi gian theo cAu trac nhu sau [18]:

DateSerial(1970,1,1)+(TimeOfData-315594000)/86400
EncodeDate(1970,1,1)+(TimeOfData-315594000)/86400
két qua tra vé la chudi thoi gian.

Vi du: TimeOfData = 364,176,427 => két qua: 7/17/1971 7:07:07 AM
2.2.2. Tinh toén, higu chinh d¢ cao mwe nwéc

Dé xé4c dinh dugc d6 cao cia diém do sau phai tinh thong qua trung gian cao d6 muc nudc va do sau
do dugc ¢ ting thoi diém. Khi da dong bo dugc vé thoi gian gitra cac dai lugng trén thi do cao cia diém
do duoc tinh theo cong thuc:

ho = hmn(t) _ d(l) (1)
v6i h®, hype® va d© 13n Tuot 14 d6 cao, cao do mat nude va do sau cua diém i tai thoi diém (t).

Truong hop vi tri khu do céch xa véi diém quan tric mue nuéce thi anh huéng cua sai sé do d6 cao mat
nude dén két qua do la kha 16n, khi d6 co thé sir dung phuong phdp tinh cao do myc nu6c dya vao cac gia
tri cua do cao tric dia va di thuong do cao tai cac diém méc nhu sau:
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Gia sir khu vuc do v& da co it nhat 3 diém ludi khdng ché duoc xay dung khéng thang hang va moi
diém déu da xac dinh duoc do cao tric dia bang cong nghé do GPS va do cao thity chuan bang phuong
phap do cao hinh hoc, khi d6 cac gia tri di thudng dé cao cua cac diém khéng ché twong tng tinh theo
cong thuc:

&=Hi-h (2)

* Pg cao trdc dia cia cdac diém chi tiét trong do sdu la dé cao diém tam antena cua may thu GPS nén
dé cao mat nudc trong truong hop nay phdi tinh dén chiéu cao tir tam anten cia may thu GPS xudng dén
Mt niedc, gid tri ndy la met hang sé dwoe xdc dinh trong qua trinh do dac.

Trong truong hop khong co do cao tric dia caa diém khdng ché, cé thé sir dung két qua di thuong
noi suy tir mé hinh EGM2008_(1°x1” grid), tily theo yéu cau d¢ chinh xac c6 thé sir dung cic phuong
phép noi suy nhu sau:

+ Phuwong phdp néi suy gan diing:

Gié tri di thuong do cao tai diém P(x,y) trong lugi (Hinh 3) dugc xac dinh theo di thuong cua diém
gan véi diém P nhit, néu chon kich thudc lugi cia mo hinh EGMO8 1a 1°x1” thi khoang cach noi suy Ién
nhét theo phuong phap nay s& 13 0,71°.

P (x,+A4, ») P (x,+A, v,+)

.P (x, v

P, P, 3,44

Hinh 3. So' do hedi néi suy
+ Phwong phdp néi suy song tuyén:
Gia tri di thuong do cao tai diém P(x,y) trong lu6i (Hinh 3) duoce xac dinh béi di thuong d6 cao
ctia 4 diém nut theo cong thirc noi suy song tuyén tinh:

P, y)=QA—v).[A—2).P(xy, 1) + 2. P(x, + A, 1))+

V. [(1—2). P(xy. vy +A)+ . P(x, + A, v, +A)] 3
Trong do:
u=(x— x,)/A (o <x < x,+ A
v=(y = ¥)/A o<y < yo+ 4)
0<uv<i

Sau khi d3 x4c dinh dugc di thuong d6 cao cua cac diém song tring c6 thé tinh toan duoc gia tri di
thudng do6 cao cua tit ca cac diém theo ham tuyén tinh theo toa d6 B, L nhu sau:
&i =ap + a1B; + aL (4)
hodc ham song tuyén tinh: & = a, + a,B; + a,L; + a5 B; L; ()
Trong d6: B;, L; - 1a toa d tric dia diém mat ludi noi suy tinh theo don vi radian.
Céc tham sb a; duoc xac dinh theo nguyén Iy sb binh phuong nhé nhét tir hé phuong trinh s hiéu
chinh khi s6 lwong diém song tring tuong (ng cua lugi I6n hon hodc bang 3 va 4:
Vi=ap+aiBi + al - § (6)
hoac  Vi=ap+a;B; + aLi + asBiLi - & (7
Khi d2 tinh dugc céc hé s6 & cd the xéc dinh duoc di thuong do cao cua mot diém do chi tiét theo cong
thirc (6) hodc (7) dong thoi can cir vao do cao tric dia cia diém do chi tiét hoan toan tinh dwoc do cao
thiry chuan caa mat nudc tai vi tri diém do theo cong thuc (2).
Gid tri do cao thury chuan tinh duoc & trén chinh 1 d6 cao thuy chuéan cia diém tdm pha anten cua may
thu, d6 cao thay chuan cua mat nuéc sé l1a:
7 Bon = hia - € ’ ®)
VéGi hp va £ tuong ing 1a d6 cao thuy chuan tai tdm anten va khoang cach tir tdm anten xuéng mat nudc.

257



(f\ : HOI NGHI TOAN QUOC TRAC PIA CONG TRINH

ESS% Vi S PHAT TRIEN BEN VNG (ESSD 2023)
o —

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

2.2.3. Higu chinh sai 6 do d¢ sau do d¢ chim ciia tdu do

Khi tién hanh do d¢ sau do khong c6 tau do chuyén dung nén thuong s dung nén phuong tién noi
phuc vu do sau thudng sir dung tdy tién, mat khac can phét bién cia may do sau khong duoc lip dat tai vi
tri can bang (tam Vvan tbc tirc thol) cua tau va thuong dwoc lap dat ¢ ben man tau, khi tau do di chuyén véi
van tdc thay doi tang 1én thi phan dudi cta tau cé xu hudng chim xubng. Piéu d6 dan dén trong qué trinh
do tau khéng ¢ trang thai can bang nhu tai thoi diém kiém nghiém trude khi tién hanh do.

Truong hop khi do sau khong duoc lap dat ddng thoi véi thiét bi bu dao dong thi trude khi do sdu phai
do dac kiém nghiém [1] dé xac dinh d¢ chim cua tau do. Cin cir cac két qua kiém nghiém dé xac dinh do
chim tau, 1am co s¢ dé hiéu chinh vao cac gié tri d6 sau do duoc theo cong thirc:

DO =d® + Ah(t)\, 9)

Trong do6: - DY 1a d9 sau sau khi hiéu chinh & thoi diém (t);

- dY 1a d6 sau do duoc, AhY, 1a d6 chim tau twong ng véi van tée v & thoi diém (t).

Khi tau ting van tc Vi tri cén bing

Hinh 4. Sai s6 anh hwong dén do sau theo vén toc cua tau do

Bdng 1. Quy dinh vé toc dé gidi han ciia phwong tién khao sat [11]

STT Ty I¢ bén do Toc dj téi da (hdi ly)
1 Tir 1/200 dén 1/500 2,0-3,0
2 Tir 1/1.000 dén 1/2.000 3,0-4,0
3 Tir 1/5.000 dén 1/10.000 4,0-50

2.2.4. Ghép cac thong tin phi tuyén

Trong qué trinh do sau, ngudi do lién tuc phai cap nhat rat nhiéu nhiing thdng tin phi tuyén khéc, do
phai hoat dong va lam viéc trén tau nén viéc ghi chép rat khé khan va kho dam bao sy an toan dé luu trir
céc thong tin, Iuu trit thng tin trén s6 sach khéng tirc thoi nén khong di co sa cho viéce tinh toan ghép néi
khi xir ly. Vi vay phai tién hanh cap nhat cac thong tin truc tiép vao Project do sau trén may tinh. Khi xir
ly, cac thong tin nay dwoc Xuét ra tép tin voi dinh dang ASCII véi noi dung gan lién voi cac gia tri thoi
gian. Két qua nay dugc ding dé ddng bo véi co sa dir liéu khéc trong Project.

2.2.5. Loc mdt d¢ diém theo tuyén do

Cin cir vao ty I¢ ban do can thanh lap hoic yéu cau ky thuat chi tiét dé xac dinh khoang cach giira cac
diém trén tuyén do.

Chon diém dau tién cua tuyén do lam gc, lan luot tinh khoang cach dén cac diém lién sau theo thu ty,
néu diéu kién nay thoa man thi luu lai gia tri va thay do6i diém gdoc khoi tinh dong thoi tiép tuc lap lai dén
khi hoan thanh.

Bdng 2. Quy dinh vé khodng cdch giita cac diém trén tuyén do [11]

12 b i Khodng céach gifa cdc diém d@é sau trén 1 tuyén do (m)
ylebando Posau < 10m D6 sau >10m
1/200 2,0 3,0
1/500 50 50
1/1.000 50 8,0
1/2.000 10,0 15,0
1/5.000 25,0 35,0
1/10.000 50,0 80,0
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2.3. Lwa chgn ngdn nga ldp trinh va Igp trinh cac module chuwong trinh
2.3.1. Ngbn ngd ldp trinh

Ngay nay, vai su phat trién vuot bac ciia nganh cong nghé théng tin nén cé rat nhiéu céng cu va ngon
ngtr 1ap trinh manh nhu Java, Objective-C, C++, C#, VBScript/ASP, Borland Delphi Visual Basic, ...
Tuy nhién, daé giai quyét cac bai toan khéng qua phic tap theo nhirng ndi dung cua dé tai nay, tac gia da
¢ gang tim hiéu, lya chon nhimg phuong 4n giai quyet va tim thuat toan phi hop dé c6 thé sir dung
nhiing ngdn ngit lap trinh cap thap, don gian nhat. Véi mdi bai toan cu thé s& lya chon ngdn ngir lap trinh
phu hop dé xir 1y. Trong bai bao nay dé cap va sir dung két hop cac ngon ngir lap trinh hudng ddi twong
va ngon ngit phét trién trong tng dung gom Visual C#, Visual Basic, Borland Delphi va AutoLlsp

Nhiing ngdn ngir nay duogc cung cap sin céc cong cu tro glup xay dung chuong trmh dé dang, mang
tinh truc quan va tiét kiém thoi gian, tan dung duoc nhitng thé manh cua cac phan mém khéc tao sy dé
dang va linh hoat hon, c6 thé nhin thay két qua cua ting thao tac va giao dién chwong trinh khi thyuc hién,
do d6 hoan toan phu hop véi yéu cau dé tai.
2.3.2. Méi trwong thuec thi ciza Module

Céc module khdi bién tap dugc viét bang cac ngdn ngir lap trinh: C#, VB va Borland Delphi hoat dong
trén nén Microsoft Windows.

Ng6n ngir lap trinh AutoLisp hoat dong trong méi trudng dd hoa AutoCAD, c¢6 kha niang tan dung
nhitng tinh ning san c6 trong thu vién cia AutoCAD.
2.3.3. Thiét ké téng quan cic module chwong trinh

Phan tich thiét ké hé théng dé xay thiét ké va xay dung cic module chuong trinh, tuy nhién véi tirng
bai toan cu thé ma viéc phan tich s& & nhitng mirc do khac nhau. Céc bai toan dat ra trong cac module
chuong trinh khong thién vé viéc xir ly cac dit liéu dau vao ma chu yéu 1a sir dung nhitng phuong phap va
thuat toan phii hop dé giai quyét cac van dé khi di co cac két qua caa s liéu dau vao theo quy dinh.

Module xtr Iy dir liéu
[

. .

Phan tich va tinh toan céac
hang muc cén thiét

Di¥ liéu ddu vao

| ——
+Tir tép tin CSDL || -Phanlogiva td chirc, sap
Xép cac sb lidu
+ Tl tép tin ASCII

—— - Tinh qui d&i thoi gian

- Ghép muc nudc va cc
théng tin phi tuyén

- Loc diém va truy xudt két
qua (TXT, DXF)

Hinh 5. So' do chitc ndng ciia module xit Iy dit liéu
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Xir 1y dit licu

Sai

Kiém tra
}L( _______________ j

—_

Hinh 6. So' do khéi thudt todn xir Iy dir liéu
3. Thuc nghiém

Muc dich cua cong tac thuc nghiém nham thu thap dit liéu khach quan, st dung sé liéu thuc nghiém
lam co s& kiém chimg va danh gia tinh hiéu qua cua cdng tac thuc hién. Trong pham vi nghién ciu cua
nay, chiing t6i da sir dung phan mém HydroPRO cua hing Trimble dé do dac va xu ly dir liéu.

Céc may mac, thiét bi phuc vu do dac thuc nghiém bao gom:

+ May dinh vi GPS Trimble 5700; May do sau hdi 4m don tia, 1 tan sé HydroTrac; May quan tric myc
nudc tu dong Valeport M740; May do dao dong Motion Senso MRU; May tinh chuyén dung Panasonic
CF-29; Mia thuy chi; Tau khao sét 33 CV; Phan mém ban quyén HydroPRO v2.10 dan duong va thu thap
so liéu.

S6 ligu thuc nghiém duoc thu thap theo phuwong phép do sau hién dai, st dung may do sau hdi &m
va thiét bi dinh vi DGPS tai vi tri thuoc ha luu cau Thing Long trén Séng Hong trong pham vi dién tich
~38 ha (850 m x 450 m), thoi gian thuc nghiém tir 8:35 AM dén 11:20 AM ngay 26/4/2016.

Trinh ty cac cng tac thuc hién nhu sau:

3.1. Két qud ciia cong tac thuc nghiém

Sau khi hoan thanh c6ng tac thic nghiém tai hién truong, toan bo cac sé liéu di thu thap duoc kiém tra
day du trudc khi tién hanh xa 1y.

S liu quan trac muc nudce duoc thu thap bing 2 phuong phéap: do muc nuéc bing RTK va bang may
do myc nudc ty dong.

Két qua do dac dung dé tinh toan thuc nghiém bao gém: Toa d6 va d6 cao sau binh sai cua cac diém
khdng ché; Project co s dit liéu do sau; S6 lidu quan trac muc nudc bang may triéu ky tu dong ValePort;
Chiéu cao tir tim anten cia may thu GPS (tram dong) xudng mat nudc; Bang gidy ghi gi tri do sau tir
may do sau;

3.2. Chay chwong trinh Module xir |y sé li¢u
Két qua chay thtr nghiém module xtr ly dit liéu dugc thé hién bang nhitng hinh anh va sé liéu nhu sau:
Bang 3. S6 liéu toa do va do cao cac diém khéng ché

Toa dd Do cao
STT Tén diém h (thi
X (m) Y (m) h ET:] Y H (Tric dia)
chuan
1 TX-01 2334671.215 582884.200 8.904 -19.513
2 TX-02 2334754.693 583190.570 10.790 -17.622
3 TX-03 2334830.051 583445.054 10.317 -18.091
4 TX-04 2334874.994 583602.565 10.500 -17.905
5 TX-05 2334677.601 583885.797 10.743 -17.654

(Hé toa @3 VN2000, kinh tuyén truc 105°00°, maii chiéu 3°)
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(f\ : HOI NGHI TOAN QUOC TRAC PIA CONG TRINH

ESS% Vi SU PHAT TRIEN BEN VIPNG (ESSD 2023)
e —

ENGINEERING SURVEYING
FOR SUSTAINABLE
DEVERLOPMENT - ESSD2023

& ModulexirIy dif liéu do sdu - Phién bdn: 1.0 - O X
Trg gitp Database Xirly ConvertData Ungdung Cisé
ik B6ng
Ban dang md tép tin Database: C:\002.hpo
ColorBinningMergeTemp " I
- ColorBinningUpdates £} TABLE : DecodedGPSVelocity [re|[-E][wESa] | ¥ TBLE: DecodedGPSPosition (o @][=
ColorBinningWorkArea _ ,—_|
. |Csid - Csid ~
- ColorBinningWorkAreaCell ek @ - o
CoordinateSystem \hé&p théng tin, Esc [quay lai] Lam mdi [iihap thang tin, Esc [quay i Lam méi
- DatabaseVersion T — T T — T
Decodedattitude cs1d Ji: [ | 3| (= [ [Lats [ | g
- DecodedDepth 77253857.531). 187370877 1 1777253864 | 58 77253357,531). 187970877 1 177725364
DecodedDigital 59 77253863.529 ). 185637474 1 1777253870 || 58 7253863.5288 ). 185637474 1| 1777253870
- DecodedGPSDiffstatus 59 77253869.523 ). 196270943 1 1777253876 L 58 7253869.5227 ). 196270943 1| 1777253876
DecodedGPSErrorElipse 59 777253875.52 ), 199220896 1| 1777253882 v 56 7253575, 5196 ). 139220896 i 1777253882
- DecodedGPSPosition < > _( >
DecodedGPSSateliteInfo R 171547 R 1) 1547
- DecodedGPSStatus
DecodedGPSTime i e — —
- DecodedaPsveloaty &b TABLE: DecodedAttitude [= @[] | %¥TABLE: DecodedDepth ==

DecodedHeading ~ _
Timkiém: |Cs1d - Timkigm:  |CSid -
- DecodedHeave e ¢ men ¢
DecodedNEEPosition \hap théng sc [quay lai] L&m mi Mhap théng tin, Esc [quay lai L&m méi
[ [TimingType| g [ [TimingType] g

- Decodedobsarver

DecodedTideLevel csid | [Lats cs1d [Lats
 DecodedUserNumber | 65253856.99142 0.02 [} M 23 253856.90354 0.01 0
DecodedUserText | 65253862.07442 0.02 0 L 23 253857.91054 0.01 0
- DisplayFarmats. 65253867.08042 0.02 o 23 253858.91854 0.01 0
DisplayFrames ] 65253872,18142 0.02 0 v H| 23 253859.91954 0.01 0
- DisplayList [< > ¢ >
Displays B 1 11834 Borrd 1 {5818 v
- DisplayUnits vl < >
(c). Hoang Ngoc Thé - KTTD / K29 - Bomén: Trac dia cong trinh - Truting Dai hoc Mé - Bia chat. ** Module xr I s& liéu khao sat - Luan van t5t nghiép Thac si ki thut trac dia
Hinh 9. Giao dién chuong trinh khi mé tép tin CSDL
Chi khi Project da dugc mg, tinh nang truy xuat théng tin méi dugc phép thuc hién.
Truy xudt co sd dif ligu
Chon chirc nang
Project hién hanh : |C: Wsers\TheTC\Desktop',20 160426, hpo
() Truy xu&t timg phan All Data Record Truy xuat toan bd CSDL
(®) Truy xust toan bd CSDL
Ki€m tra CSDL
Tién trinf truy xudt CSOL
b Py M T g T Kigm tra CSOL Xu&t théng tin KEt thiic

Hinh 10. Giao dién truy xudt cdc thanh phan CSDL
* Cac két qud truy xudt thong tin CSDL nhw sau:
+ Attitude / cac record so hiéu chinh do chuyén déng cua tau theo phirong ngang, doc;
Cau trc: [Ngay, gio, chuyén dong quay ciia tau quanh truc doc va ngang]
Date Time Pitch Roll
4/26/2016 08:37:36 -0.03560472 -0.07888889
4/26/2016 08:37:42 -0.03857177 -0.07958701
4/26/2016 08:37:47 -0.06178465 -0.08412487
+ Depth / céc record sé liéu dg sau;
Cau trc: [Ngay, gio, do sau do dugc bai cac kénh véi tan s khac nhau]
Date Time DepthHighHz DepthLowHz
4/26/2016 08:37:36 5.06 0
4/26/2016 08:37:37 5.53 0
4/26/2016 08:37:38 5.53 0
4/26/2016 08:37:39 5.73 0
+ GPSPosition / cac record toa dg, d cao va dé chinh Xac cia cdc diém do trén hé toa dé WGS84;
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Céu trac: [Ngay, gio, vi do (rad), kinh d6 (rad), d6 cao tric dia va do chinh xac vi tri diém trén hé toa

do WGS84]
Date Time Latitude Longitude Altitude Accuracy
4/26/2016 08:37:37 0.368194 1.846366 -25.721989 0.001950
4/26/2016 08:37:43 0.368195 1.846368 -25.755902 0.001941
4/26/2016 08:37:49 0.368196 1.846370 -25.513075 0.002013
+ GPSVelocity / cac record toc do dich chuyén cua tau do;
Céu tric: [Ngay, gid dia phuong, ngay, gio GPS, van téc (knot), van téc (km/h)]

Local (Date/Time) GPSTimeTag (Knot) (Km/h)
4/26/2016 08:37:37 4/26/2016 8:37:44 3.120 5.778
4/26/2016 08:37:43 4/26/2016 8:37:50 2.826 5.234
4/26/2016 08:37:49 4/26/2016 8:37:56 3.003 5.561

+ Heave / céc record sé hiéu chink dao déng cia tau do theo phwong dimg;
Céu truc: [Ngay, gid, chuyén dong Ién, xudng cua tau]
Date Time Heave
4/26/2016 08:37:36 0.01
4/26/2016 08:37:42 0.06
4/26/2016 08:37:47 0.01
+ TideLevel /cac record sé liéu dé cao RTK;
Céu trac: [Ngay, gio, do cao]
Date Time TideLevel
4/26/2016 08:37:36 4.38273878
4/26/2016 08:37:42 4.33307827
4/26/2016 08:37:48 4.25234175
4/26/2016 08:37:54 4.44356941
4/26/2016 08:38:00 4.40326249
4/26/2016 08:38:06 4.17300923
4/26/2016 08:38:12 4.01349115
4/26/2016 08:38:18 4.45244669
+ Journal / cac record thong tin ghi chd;
Céu trac: [Ngay, gid, noi dung thong tin]
TimeOfEntry Message
07:59:24 26 Apr 16 : ***** LOGGING ON *****
08:01:28 26 Apr 16 : chay tu giua luong
08:06:15 26 Apr 16 : Dang lam thuc nghiem LV
08:16:38 26 Apr 16 : Dau bai can tl
08:21:46 26 Apr 16 : gan het bai can
08:22:14 26 Apr 16 : can ve phia bao hieu
08:22:29 26 Apr 16 : ngang bao hieu 162 bta
08:26:57 26 Apr 16 : dau bo lo
08:26:59 26 Apr 16 : gan moc tx-03
08:37:36 26 Apr 16 : test ghi chu xem
09:21:52 26 Apr 16 : bai vixd
09:23:27 26 Apr 16 : tau nnv cty anh tung
09:23:29 26 Apr 16 : khe tram bom bo huu
09:23:37 26 Apr 16 : dau ke bo huu
09:45:23 26 Apr 16 : do ngang qua bai giua
11:20:00 26 Apr 16 : ***** | OGGING OFF *****
+ SurveyEventData / c4c record toa dé phang;
Céu tric: [Ngay, gid, ma diém, toa d6 Northing / Easting]
Date Time Event Northing Easting
4/26/2016 08:37:36  On.1 2333779.926282 581773.382430
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4/26/2016 08:37:37 P.1 2333781.279515 581775.461621
4/26/2016 08:37:38 P.2 2333782.558626 581777.548642
Sau khi cac dit liéu duoc truy xuat thanh cong, tng dung ghép muc nuéc s& cho phép dugc hoat dong.
Qua trinh xu ly thyc nghiém su dung 3 phuong phéap tinh toan d6 cao mat nudc la:
+ Ghép do cao mat nudc tir s6 liéu do RTK;
+ Ghép d6 cao mat nudc tir s6 liéu do bang may triéu ky tu dong;
+ Tinh toan va ghép d6 cao mat nudc theo gid tri ndi suy cua di thuong d6 cao.

Tinh toan va ghép dé& cao muc nudc

{" Ghép dg cao MM tir tép
C:\UsersTheTC\Desktop\Solieu\CAL. 092

f* Ghép dd cao MM theo RTK

" Theo H trac dia va Di thuding dd cao
Ngi suy di thuréing theo EGMOS (1' x 17)

. [ Sincamyine |

Hiéu chinh Antena 1,582 Chéu cao &r tBm pha aua Antena xudng M

Hiéu chinh dd sdu

f* Theo Motion Sensor " Theo van tic tau do

I W Locm&tds digmdo [1:2.000 |

Tfhuchign | ketthac |

Hinh 11. Giao dié¢n tinh todn va ghép do cao mat nudc
* Thanh qud cudi cung sau khi tinh toan, hiéu chink va ghép dg cao mdt nuéc:
Cau trac: [Ngay, gio, toa do Northing / Easting, d6 su th, cao d6 mat nudc, chuyén dong 1én, xudng cua tau, ma diém, do
cao cua diém do sau]

Date Time  Northing Easting Raw W.Level Heave Code Elev.
4/26/2016 08:37:38 2333781.273 581775.451 553 2728 002 Onl -278
4/26/2016 08:37:39 2333782563 581777555 553 2728 003 P2 277
4/26/2016 08:37:40 2333783.963 581779.659 5.73 2728 004 P3  -29
4/26/2016 08:37:41 2333785.283 581781.663 5.90 2728 005 P4  -312

3.3. So sanh céc két qua tinh toan
* S0 sanh két qua tinh dg cao (theo sé liéu muc nuée do bang mdy do mure nwéc tu dong - Valeport
M740) véi két qua tinh bang phan mém NavEdit ciza hdng Trimble: Bang 4. So sanh két qua tinh toan
d6 cao
Trong Bang 4:
Cot (5) : D; - B¢ sau cua diém do;
Cot (6) : WY - Cao d6 mit nudc so véi mie “0” luc dia tinh bang module;
Cot (7) : W5 - Cao do mat nudc so voi mire “0” luc dia tinh bang NavEdit;
Cot (8) : h™; - S6 hiéu chinh bu séng;
Cot (9) : h*; - Chiéu cao antean thu GPS cua tram dong;
Cot (10) : h'; - Po cao so vai mirc “0” luc dia tinh bang module;
hli = Wli - Di - hMi - hAi
Cot (11) : h% - P cao so véi mirc “0” luc dia tinh bang NavEdit;
h2i = Wzi - Di - hMi - hAi
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Cot (12) : d; - Chénh léch d6 cao gitra 2 phuong phép tinh;
di=h% - b

Bang 4. So sanh két qua tinh todn dg cao

X, ¥, 1} w' W, h b, h', h*, d,

(3 4} 15 6] in 18 19 i10) i) iz
233378127 | SB1TTSAS | 563 | 428521 | 4285840 | DOE | 1582 | -2887 | 2887 | 0000
233378256 | BATTTI66 | 563 | 47A521 | 428635 | DOB | 1582 | -ZBET | 2887 | 0000
233378156 | 54177966 428531 | 006 | 1582 | - 3087 | 3087 | 0000

| 233TA5.20 | SHITEIGE | 500 | 428526 | 006 | 1582 | 3257 | 3267 | 0.000
2333786.63 | 581783.74 | 432856 | 000 | 1582 | 3336 | 3336 | 0001
| 233ITRT9T | BAITES 6E 432868 | 001 | 1582 | - 3N6 | 3116 | 0001
| 233378926 | GA1TRTB2 | 50 | 432626 | 432580 | 001 | 1582 | 2866 | 2866 | 0000
233379037 | 58176983 | 432892 | om 1582 | -2@ec | -2888 0.000
2333791.45 | 58179197
233319258 59173421
| 233404363 | 53266224 | 419500 ) 419500 | 042 | 1582 | 3677 | 36T | | 0.000

2334044 48 | 582661 6B

233404550 | 58266147

| 2334046 71 | sazee08s | 5z |

233404776

| 2334048 63 | 582659 50 |
Bans 11:1936 | 233405008 | 582659 .05 .

“Ba06 | 111937 | 2934051 19 | 53265058 | 530 | 2216

421600

| 42100 | 025 | 1582 | 2606 | 2656 | 0000
421600

BI07 | 11:19:38 | 2334052.17 | 582657 68 421600
B9 [ 1171939 [ 233405340 | 59265727 | 419300

B903 | 111940 | 2334054 64 | 58265682 | 585 | 419300 | 419300
§910 | 111941 | 2334056.00 | 58266622 | 570 | 419300 | 419300
BN | 11:1942 | 233405741 | 58265565 | 615 | 419300 | 419300

B2 | 114944 | 2334060 11 | 53265466 | 571 4.19300 | 419300

n = 8912, [dd] = 0.000580
Panh gia do chinh xac giita 2 phuong phép tinh theo cong thirc: m = 1000x /[';’—:] = 0.180 mm

* S0 sanh két qud tinh dg cao (theo sé liéu mue miede do bang RTK) véi két qua tinh bang phan
mém NavEdit ciza hang Trimble:
Trong Bang 5:
Cot (5) : D; - B6 sau cua diém do;
Cot (6) : WY - Cao d6 mat nudc so véi mie “0” luc dia tinh bang module;
Cot (7) : W?, - Cao do mit nudc so véi mic “0” luc dia tinh bang NavEdit;
Cot (8) : h™; - S6 hiéu chinh bu séng;
Cot (9) : hY - Do cao so véi mie “0” Iyc dia tinh bang module;
hli = Wli - Di - hMi
Cot (10) : h2 - Do cao so voi mie “0” luc dia tinh bang NavEdit;
hzi = Wzi - Di - hMi
Cot (11) : d;i - Chénh Iéch d6 cao gitta 2 plhum;g phap tinh;
di =h i- h i
Két qua so sanh, danh gia d6 chinh xac cho thiy céc gia tri do cao dugc tinh bang module va phan
mém NavEdit cua hang Trimble trén cing mot s6 liéu do cho két qua nhu nhau.
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Bdng 5. So sanh két qua tinh todn d¢ cao

T [ X Y, W, W,

(1} (2] (3 (4) (6) (7

1| 83738 | 23378127 | SBA77545 | 553 | 2728 | 2728 | 006 ) -
2 83739 | 233378256 | SBATTTEE 2728

2333786 63
233378791 | 6178566
2333789 26 ag1Tar a2
233379037 EB1TE9.83
233373145 SB1791.97

8899 | 111930 | 233404363 | se266224
8900 | 11931 | 233404448 | 56266168 | 620 |

_8s01 | 111932 | 233404550 | se2es147_
aan2 11:1%:33 23344671 SEZEG0.85
“ae03 | 11193 | 233404776 | 56266005
b | 11193 | 293404883 | 66266950
s | e | e | e |
8906 1115937 233405119 | 5E2650 .58
Ba07 11:1%:38 233405217 SEZEST GE
o | e | meatsanr | seesres | e |
“as0s | 111940 | 233405464 | Gazeseaz
“asi0 | 111941 | 23405609 | Ge2esar
8911 11:19:42 2334057 41 GEZEE5 BE

8912 111544 233406011 | 582654 66

Dinh gia do chinh Xac giita 2 phong phap tinh theo cong thitc: m = 1000x 22! = 2.399 mm

3.4. Thdo lugn
Tir két qua nghién ciru va cdng tac thuc nghiém trén, rat ra mot s6 nhan xét sau day:

- S6 liéu do sau bang phuong phap do hién dai do duoc tinh toan bing module xir ly hoan toan
tuong ty voi két qua dwoc xir ly bang phan mém thuong mai cua hang Trimble cu thé; & Bang 4 chénh
léch d6 cao vai sai s6 trung phwong m = 0,180 mm, bang 5 chénh léch d6 cao véi sai s6 trung phuong m
=2,399 mm.

- Phuong phap xtr 1y don gian va nhanh chéng, module hoat dong tét trén ca hai ban cia hé diéu
hanh Micrsoft Windows.

- Céc module nay c6 d6 chinh xac cao, dap wng cac yéu cau trong cong tac xtr ly s liu do séu va
str dung tét trong thuc té san xuit.

4. Két luan
4.1. Két lugn

Sau thoi gian nghién ctru co s6 1y thuyét va thanh lap thir nghiém mot s module chuyén dung hd trg
cong téc xir ly s6 lidu khao sat dia hinh dudi nude. Trén co sé d6 chung toi ¢6 nhirng két luan nhu sau:

- Ngay nay, viéc sir dung phuong phap do sau hién dai dé thanh lap ban db da duoc sir dung phd bién
tai Viét Nam. Vi vay, viéc nghién ctru xay dung cac module hd trg trong cong tac xir 1y sé liéu 1a hoan
toan can thiét.

- Tir két qua nghién ciu ly thuyét da xay dung duoc thuat toan va thanh lap mot sé module ting dung
phu hgp vai viéc xt ly so6 liéu, thuc sy mang lai hiéu qua cao vé mat ky thuat va kinh té, tranh dwoc
nhirng phu thudc khong can thiét khi sir dung cdc phan mém thuong mai.
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- Céc module chwong trinh da dwoc kiém chung qua s6 liéu thuc té trong phan thuc nghiém, két qua
cho thiy hoan toan pht hop véi cac phan mém thwong mai va céc két qua do dac thuc nghiém trén hién
truong. Piéu d6 da ching to duge tinh dung dan cua thuat toan trong cac module vira thanh lap, dap ung
dung vé6i yéu ciu va muc dich nghién ciru cua dé tai va thuc té san xut.

4.2. Kién nghi

- Pic diém cua cong tac do sau 1a sy két hop cua nhiéu loai thiét bi va cong nghé tién tién, do do dé
nang cao hiéu qua va do chinh xac ciia cong tac khao sat dia hinh dudi nudc can phai tiép tuc nghién ctu
va hoan thién cong nghé do dac va xir Iy sb liéu.

- Can tiép tuc xay dung cac chi tiéu ky thuat twong xting véi su tién bo cia khoa hoc cong nghé, bo
sung cac van ban phap ly cho phép van dung céng nghé do dac tién tién vao cong tac khao sat va thanh
1ap ban d6 dudi nudc.

Loi cam on

Cac két qua nghién ciru ciia bai béo nay la san pham ciia dé tai cip b “Nghién ctu gidi phap két hop
cong nghé do sau hoi am va cac cong nghé dia khong gian hién dai thanh 13p ban do dia hinh day
song/kénh phuc vu cong tac dam bdo an toan giao thong duong thuy” ma s6: B2022-MDA-09. Cac tac
gia xin gui 161 cam on dén B Gido duc va Pao tao, Truong Pai hoc Mo - Dia chat da hé trg ching toi
trong cac nghién ctiru nay.
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ABSTRACT

Research on building a number of data processing program
modules in underwater topographic survey

Le Duc Tinh"", Ta Thi Thu Huong" Nguyen Thi Kim Thanh', Hoang Ngoc The?

'Hanoi University of Mining and Geology
’Son Ha TCC; JSC

The article has the content of researching solutions and building algorithms, setting up a computer
program to build application modules, so that it can simultaneously process many different formats of
measurement data needed, in which the processing is further integrated for different data sources (forms)
while ensuring results and accuracy, speeding up the implementation schedule and suitable for actual
production conditions in Vietnam. Vietnam. Good calculation and data processing will meet the progress
and quality requirements. Thereby helping to speed up the progress of other related steps in the project,
contributing to improving economic efficiency in construction works. The correctness of the problems
raised has been verified through experimental examples.

Keyword: Single-beam echo depth measurement; underwater terrain survey; Processing depth
measurement data.
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Ung dung may quét lazer miat dat danh gia do phang bé mat céng trinh
Pham Trung Diing™ *, Nguyén Nhu Tuén Anh?

YTrieong Pai hoc M6 - Pja chadt
2Cong ty Topcon Singapore Positioning Pte Ltd

TOM TAT

May quét lazer mat dat (Terrestrial Laser Scanner - TLS) véi nhiéu wu diém vuot troi nhu kha ning tu
dong hoa cao, do chinh xac, mat do diém do 16n cing véi tée do thu cao trong thu thap dir liéu da nhanh
chong trg thanh cong cu day hua hen cho céc cong tac kiém tra chat luong cong trinh. Tuy nhién & nudc
ta hién nay van con thiéu quy dinh quy pham cho TLS trong kiém tra d6 phing bé mit cong trinh. Bai béo
nay dua ra cac bude de kiém tra do phiang bé mit cong trinh s dung TLS duya theo tiéu chuian ASTM
E1155. Thuc nghiém tién hanh kiém tra ¢ phang bé mat san caa mot nha méay ¢ Viét Nam bang thiét bi
TLS GLS 2200. Tir qué trinh do dac thuc dia, 1dy mau, tinh toan va phan tich cac tham sb d6 phing cho
thdy cac budc duoc dua ra hoan toan ¢ thé dp dung cho cong tac tric dia trong kiém tra d6 phang bé mat
cong trinh. Ngoai ra, ddy ciing 13 nghién ctru bude ddu mot cach c6 hé thdng tir phén tich ly thuyét, thanh
lap quy trinh va thyc nghiém véi cong trinh thyc té & nudc ta. Do do, ¢6 thé sir dung bai bao nhu mét chi
dan k¥ thuat va tai liéu tham khao cho k§ su trac dia ciing nhu cac co quan quan 1y nha nuéc trong viéc
xay quy trinh quy pham sir dung TLS cho danh gia d6 phing bé mat cong trinh.

Tur khoa: Do phang bé mat, may quét lazer mat dat (TLS), phuong phép s6 F, tiéu chuan ASTM E1155.
1. Pit véan dé

Trong klem tra do phang bé mit cong trinh bang phwong phap truyén théng can phai tiép can tryuc tiép
dbi tuong, s6 lwong diém do it va chi kiém tra khi bé mat (bé tong) da dong cung (Bosché and Guenet,
2014) dan t6i viéc khic phuc sai s6t trong qué trinh thi cong gap nhleu khé khan. May quét lazer mat dét
str dung tia lazer theo nguyén Iy do khong guong cho phép do gian tiép, toe d6 thu dit liéu nhanh va chinh
xéc, dac biét cho phép kiém tra bé mat bé tong khi con chwa dong cing. Vi vy, TLS 1a mét giai phap
thay thé phu hop cho cong tac kiém tra chat luong bé mat cong trinh. Lién quan dén sir dung TLS cho
kiém tra chat luong cong trinh, Talebi va Koskela et al. (2018) da sir dung thiét bi nay dé thu thap dix liéu
va phan tich do léch dé phat trién mot phuwong phéap tong thé c6 tén 1a phép do tuan thu dung sai
(Tolerance Compliance Measurement). Dé danh gia do phang trong qua trinh xay dung, Valero and
Bosché (2016) wng dung TLS vi n6 cho phép tdc do thu thap dir liéu nhanh chéng, do d6 bao dam cho
cong tac kiém tra cong trinh trong qua trinh thi cong. Thém vao d6, Zaczek-Peplinska, Kowalska et al.
(2023) ciing sir dung thiét bi nay dé trich xuat cac tham s6 ciia mét phang. Puri va Valero et al. (2018)
danh gia do phang theo phuong phap song bién dbi lién tuc (continuous wavelet transform) tur dit ligu
TLS. C6 thé thay rang wu diém I6n nhat cia TLS trong dénh gia do phang cua mat san bé téng la cho
phép kiém tra nhanh chong (bao céo két qua chi sau vai gio ddng hd) khi bé mat bé tong chwa dong két
(Bosché and Guenet, 2014). Do d6 phuong phép ndy cho phép phat hién sém dé khic phuc kip thoi ma
cac phuong phép truyén thong khong thé thuc hién duoc. Tuy nhién, ¢ Viét Nam hién nay, kiém tra do
phang bé mat cong trinh bang TLS theo tiéu chuan quy pham nao van chua duoc dé cap toi. Ngoai ra, con
thiéu cac nghién ciru mot céch co hé thong vé ing dung TLS trong kiém soét chat lugng bé mit cong
trinh. Mot cau hoi dit ra 13 tiéu chuan nao phu hop dé ap dung TLS kiém tra d6 phing bé mat cong trinh.
Dé tra loi cho cau hoi nay, bai béo gidi thisu mot sé phuong phap phd bién hién nay trong cong tac kiém
tra d6 phang bé mit cong trinh va budc dau dé xuét cac budc cho phép ap dung TLS dé kiém tra do phang
bé mat cong trinh.

2. Co 56 ly thuyét va phwong phap nghién ciu
D¢ phang cia bé mit cong trinh la mot yéu t6 rat can thiét dé bao dam mét san dap (ing céc yéu cau six
dung cua né nhu thiét ké.

* Tac gia lién h¢
Email: phamtrungdung@humg.edu.vn
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Do phiang bé mit anh huong téi do an toan, ning suat va chi phi bao tri va né dugc dinh nghia boi hai
chi s6 1a do phang F (flatness) va do phang bé mat F. (levelness). Chi sé do phang Fe 1a dé thé hién tinh
chat phang trong pham vi hep (0,6 m) con d phang bé mat Fi 1a thé hién tinh chat phang trong pham vi
rong (3 m) (TR34 2003).

Thong sb ky thuat cing véi tiéu chuan vé do phang duoc xay dung va phap trién cing véi sy ra doi
cua céc thiét bi cdng ngh¢ mai theo thoi gian. Nhiéu phuong phap da ton tai cho phép kiém tra do phang
bé& mit nhu phwong phap ‘dung thudc thing (straightedge), phuong phap sO F, phuong phap TR34, (TR34
2003), phuong phap hé s6 Waviness. Tuy nhién hai phuong phap phd bién nhét dé tng dung trong thuc té
hién nay la phuong phap st dung thudc thing va phuong phap sé F, ndi dung cia hai phuong phép nay sé
dugc trinh bay trong c4c phan tiép theo cua bai bao nay.

2.1. Phwong phdp thuwéc thiang

Thuéc thang (straightedge) la phuong phap don gian s dung mot thudc thép co chiéu dai 3 m hoic 2
m theo tiéu chuan cua Hoa Ky hoic Tay Au, tuong tmg. Do g6 ghé cua bé mat 1a sy chénh léch giita mat
nén va bé mat thude thép duge do tai mot sé vi tri khac nhau doc theo thude thép dugc miéu ta trong
Hinh 1. Tir gia tri chénh léch do duoc s& so sanh véi dung sai theo tiéu chuan hién hanh dé danh gia vé
tham sb do phang. Tham sé do phang tong thé va cuc bo duoc do boi thudc thang dai 3 m va 0,3 m (theo
tiéu chuan cia Hoa Ky) hogc 2 m va 0,2 m (theo tiéu chuan caa Tay Au). D phang tong the phan anh
bién dang & pham vi 16n gidng nhu vin xoén trong khi do phang cuc bo chi xac dinh mue do go ghé trong
pham vi hep cua san. Nhiing gié tri do phang nay duoc biét dén 1a tham sé do phing va do phing bé mat
va duoc ky hiéu 1a F_ va Fe, trong tng theo tiéu chuan cua Hoa Ky (ACI-117-06 2006). Phan tiép theo s&
gidi thiéu mot vai nét tiéu biéu cua mot sb tiéu chuan qudc té va Viét Nam duoc xay dung dua theo
nguyén ly cua thudc thang.

O Hoa Ky, ACI 117 kién ngh1 rang phuong phap thuéc thang nén dugce do mot cach ngau nhién trén
bé mat va it nhat 100 ft* (10 m?) c6 mét tri do va cac diém ldy mau can phai ldy song song hoic vuéng
géc hoic tao ra goc 45° so véi truc dai cua coéng trinh (American Concrete Institute (ACI) 2006).

Tai Phép, theo tiéu chuan NF P11-213 (tiéu chuan cho thiét ké va xay dung nén bé tong) yéu cau it
nhét 10 tri do can phai dugc thyuc hién tai mdi mot san nén nhung khong cung cap thém bt ky thong tin
nao vé vi tri cia phép do (Afnor, 2007). Ngoai ra, c4c tri do can thyuc hién theo dang ludi 6 vudng véi mat
lu6i 1a 1 m (CSTB 2011).

Tai Anh, theo tiéu chuan ((BSI) 2009) s6 luong tri do dé kiém tra mirc do phang cua bé mt can thoa
thuan gitra cac bén dua theg tiéu chugm hién co trén hai tiéu chi vé thoi gian va kinh phi, trong d6 bé mat
do can phai dua theo mét bé mat chuan.

Tiéu chuin New Zealand NZS 3114: 1987 “Thong sb ky thuat cho bé mat bé téng hoan thién” (NZS-
3114 1987) and NZS 3109:1997 “Céng trinh bé téng” (NZS-3101 1997), dung sai cho 11 loai bé mat
hoan thién dugc dat tén U1-U11 duoc gigi thiéu. Trong nhitng tiéu chuan nay, hai loai dung sai la sy thay
d6i dan dan va thay ddi dot xuit duoc do bang thudc thang 3 m va thudc 0,2 m twong (ng gid tri cho cac
d6 lech nay la 5 va 3 mm.

Tiéu chuan Viét Nam (TCVN-8864 2011) dua trén phuong phap thuéc thang dé kiém tra bé mét phang
cua duong. Theo tiéu chuan nay, chi co d6 phang tong the dugce do béi thuse thang 3 m. Nguyén Iy cua
phuong phap nay 1a d6 léch gitra thudc va bé mat san dugc do ngau nhién boi con ném nhu

Hinh 1. Gié tri d6 léch duoc so sénh vai cac gia tri dung sai ghi trong tiéu chuan TCVN 8864: 2011.

Theo tiéu chuan TCVN 8864: 2011, d6i voi san bé tong néu 70 % gia trj do léch trong pham vi 3 mm
va 30 % gia tri do léch trong pham vi £ 5 mm thi mat san dat chat lwong rat cao hoac rat phang. Néu 50 %
giéa tri do léch trong pham vi £ 3 mm va 50 % gia tri do léch trong pham vi‘i 5 mm thj mat san dat chat
lugng cao hoac nén phang. 100 % gié tri ¢ 1éch trong pham vi £ 5 mm thi nén twong doi phang.

Uu diém cua phuong phap thudc thing trong kiém tra d6 phang don gian va khong yéu Cau cac cong
cu dit tién. Tuy nhién, ap dung phuong phap nay mat thoi gian, tiém an sai s6 do va gidi han vé pham vi
do (trong chidu dai 3 m cua thudc). Ngoai ra, né con khd dé kiém tra do phang ddi véi khu vuc I6n,
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khong thé tai thiét lap két qua va thudc khong dugc can bang khi do. Trong tiéu chuan nay khong yéu cau
thudc do phai can bang do do két qua do do phang khong phan anh do phang bé mat F, cua mat san. Thoi
gian va vi tri do trén mat san cung nhu sé lugng diém do khong duoc dé cap trong cac tiéu chuan trén
(ACI-117-06 2006). Do dé, can c6 cac tiéu chuan, quy pham thay thé cac tiéu chuan hién co duogc thong
qua dé phu hop véi cong nghé méi nhu may quét lazer.

om 05m 1.0m 1.5m 20m 2.5m 3.0m
| | 1 | |

Thude3 m

100 mm 120mm /
/ /- / //

Con ném
Hinh 1. Thuréc thang dai 3 m va con ném sir dung do dé phang bé mat cong trinh
2.2. Phwong phdp so F

Hé théng do sé F 1a mot trong nhitng thang do phd bién cho do dé phiang duoc phat trién bai Vién
Nghién ciru bé tong cua Hoa Ky (ACI) va str dung trong tiéu chuian ASTM E1155. S6 F 1a phuong phap
thong ké dé danh gia do phang thdng qua hai chi s6 1a do phang (F¢) va d6 phang bé mat (FL). S6 F la gia
tri 46 phéng duoc tinh tir cac mau do roi rac trén mot mat phang trong pham vi 12 inch (hogc 0,3 m) theo
bé mat cong. Trong kién tric va cong trinh, s6 F thuong dugc sir dung dé dénh gia theo cac chi s6 do
phang (Fp), d6 phang bé mat (F.) (Henry and Ingham, 2010). Ca Fr va F déu thé hién chat lugng mat
phang va khong c6 don vi. Gid tri cua Fr va Fy cang lon thé hién chat lugng bé mat cang phang. F anh
huéng qué trinh hoan thién mat san trong khi F_ anh huong chinh bai qua trinh thi cbng. Fr duoc xac dinh
bai toe do thay dbi do cao cua mat san bé tong trong khoang 0,3 m trong do toc do thay ddi do cao la q.
Gia tri cua g am néu mat san 15i 1én va gié tri cua no la duong néu mit san bi 16m xudng. Gia tri Fe trong
tiéu chuian ASTM E1155 dugc tinh theo cong thirc (ASTM 2001):

0,1161 (1)

" (8S,+1al)
trong do: Sq 1 gia tri d6 léch chuan cua q va |q| 1a gia tri tuyét déi cua tri trung binh caa g. Cha y rang
trong cong thuc (1) Sq va q duoc tinh bang m.

Fu la gia tri do do phing bq mit dé thé hién do déc ciia mat san trong pham vi 10 ft hodc 3 m. Sy khéc
biét vé mat do cao giira hai diém & khoang cach 3 m va dugc tinh theo cdng thac (ASTM 2001):

p - 03175 (2)
L= @3S, +1zD

trong d6: S, 1a do léch chuan cua z va |z] 1a tri tuyét ddi cua gia tri trung binh cua z.

S6 lugng, do dai va vi tri cia tuyén do kiém tra do phang cta bé mat trong tiéu chuan ACI (ASTM 2001)
duoc miéu ta trong Hinh . Nhitng duong thang nay can song song va vudng géc véi nhau theo chiéu dai cua
gi6i han mat san. Kich thudc mit luéi duoc quy dinh khong vuot qué 1,2 m va khoang cach ldy mau trén
mdi tuyén do 1a 0,3 m. Hau hét cac loai thiét bi nhu may thiy chuan, toan dac dién tir déu thoa man dé &p
dung cho quy trinh trén, tuy nhién may quét lazer mat dat 1a thiét bi wu viét hon ca khi 4p dung cho tiéu
chuan nay (Bosché and Guenet, 2014). Bé danh gia chat lugng cia bé mat dia trén phuong phap sb F, cac
dung sai cua chi s6 Fe va F_ duoc quy dinh theo tiéu chuan ACI-302.1 and ACI 117 va duoc liét ké
trongBang va Bang , twong ng. Chl y rang F,_ chi 4p dung dé tinh cho do phéang trén I6p mat.
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Pung Pung Sai Sai Sai Sai
T6ng s6 tuyén T4t ca cac tuyén Tuyén do theo hai  Téng s6 tuyén hai Tuyén thiét k& Tuyén thiét ké
theo hai huéng tao thanh géc 45° huéng khong huéng khong khong phai 45° ngau nhién khéng
vuong goc tuong so v&i chiéu dai bang nhau bing nhau duwoc chdp nhan
duwong nhau mat san

Hinh 2. S6 lwong va chiéu dai tuyén kiém tra
Bang 1. Dung sai cua Fr va F_ quy dinh cho 5 logi mgt san khac nhau (ACI-302.1R-96 1997)

Muc dich st dung mat san Do phang FF Do phang bé mat FL
Khéng gian khong qlﬂan 'grong, phong co khi, bai dau FE 20 FL 15
xe, khu vuc co gach op lat
Vin phong, khu cong nghiép nhe, nén trai tham FF 25 FL 20
San kho, kho tiép nhan hang, phong thi nghiém FF 30-35 FL 20-25
Kho hang khong, san trugt bang FF 45 FL 35
San phim truyén hinh FF > 50 FL > 50
Bang 2. Mdi quan hé giira dung sai Ciia phwong phép s6 F va phwong phdp thieéc thang
Loai mit san Phuong phép s6 F (FF) Phuong phép thudc thang (mm)

Truyén théng 20 13

Twong ddi phiang 25 10

Phing 35 6

Rat phang 45 5

Siéu phing 60 3

2.3. Pdnh gid @ phang bé mgt bang TLS

Méy quét lazer mat dat cho kiém soat chat luong mat phiang di dugc khao sat qua nhiéu nghién ctu.
Cac nghién ctu vé Tinh vuc ndy c6 thé duoc chia thanh hai nhom: (1) Nhém sir dung s6 F va (2) Nhom truc
quan héa qua sé liéu va hinh anh ma khéng theo quy pham. Talebi, Koskela et al. (2018) dya theo phuong
phép truc quan hoa da phat trién quy trinh bén budce cho TLS trong danh gia d¢ phang bé mit, cac budc
chinh bao gom (i) thu thap di liéu 3D, (ii) dinh hudng dir liéu dam may diém; (iii) phan tich do léch; (iv) thé
thién gia tri do léch. Ngoai ra, quy trinh danh gia d phing bé mit theo phuong phap Continuous Wavelet
Transform dwoc dé xuit boi Valero and Bosché (2016) ciing gdm 4 bude. Quy trinh danh gia do phing bé
mit bang phuong phép F dugc phat trién tryc tiép tir phuong phap do bang thudc (straightedge) vén da quen
thudc nén né cé thé dé dang ap dung trong thuc té. Tir quy trinh ba budc trong nghién ctru cua Bosché and
Guenet (2014) tic gia da phat trién thém mot bude va duoc miéu ta chi tiét nhu sau:

Budc 1: Thu thap dit liéu mat san bang TLS

Dé thu thap dir liéu dam may diém cua mat san can danh gia d6 phang can thanh lap cac diém khéng
ché mit dat (GCP). Cac diém khdng ché mat dat nén dwoc thanh lap trong hé toa do cong trinh hoic hé
toa do qudc gia. Viéc thanh 1ap khdng ché mat dat co thé duoc thyuc hién boi céac thiét bi khao st truyén
thong nhu may toan dac dién tir. Can tdi thiéu 3 dén 4 diém khdng ché cho toan bo khu vuc khao sat dé
lam co s& tinh chuyén toa do. Tiép theo, cac tham sé cua TLS can dugc cai dat phi hgp cho dbi twgng
trude khi quét. Trong d6 c6 hai tham s6 quan trong nhat 1a d6 phan giai (resolution) thé hién sb lugng
diém do trén mot dién tich va chat luong quét (quality) thé hién do chinh xac cua tri do. Theo Talebi,
Koskela et al. (2018), do phan giai dugc cai dat I6n (1/4) va trung binh (1/8) khi quét cho khu vuc I6n véi
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dbi twong 1a noi that hodc khong phai noi thit, twong tmg. Do phan giai thap (1/10) duoc d& xuat cho khu
vuc hep. Chit luong quét tdy thude vao chat liéu mat san, d6i voi vat lieu khdng phan xa (bé tong) nén
dat murc 2X con bé mat c6 tinh phan xa cao thi nén dat muc 3X hoic 4X.

Sau khi thu di liéu, dam may diém can duoc ghép ndi (hoac dinh hudng twong doi registration) tir céc
tram may riéng lé. Qua trinh ghep tram c6 thé duoc thuc hién boi mot trong cac phuong phap gom
phuong phép ghép noi dua theo diém, phuong phap ghép ndi theo duong thing va phuong phap ghép ndi
theo mat phang. Pam may diém sau khi duoc ghép tir nhidu tram may s& duoc dinh vi trong hé toa do
cong trinh hogc h¢ toa do nha nuéc bang viéc dinh huéng tuyét dbi (geo-referencing) dua trén cac diém
GCP. Chl y rang, trudng hop toa do cia dam may diém da duoc xac dinh trong h¢ toa d6 cong trinh
(hogc h¢ toa do nha nudc) khi s dung cac loai may quét co bo dinh tam va ong ngédm dinh huéng thi thu
tuc dinh huéng tuong d6i va dinh huong tuyét dbi c6 thé dwoc bo qua. Cubi cung, dam may diém can
dugc loc bo nhidu va lya chon phan can danh gia do phang dé thuc hién & cac budc tiép theo.

Buéc 2: Thiét ké tuyén lay mau kiém tra
Thiét ké tuyén 14y mau can tuan tha cac quy dinh trong tiéu chuan ASTM (ASTM 2001):

- Tuyén lay mau kiém tra dugc thiét ké theo hai huéng vudng géc nhau. Néu chiéu rong ciia mat san
16n hon 7,5 m, tuyeén lay mau duoC thiét’ké gloc theo chiéu dai cia mat san. Nguoc lai, néu chiéu rong mat
san nho hon 7,5 m thi tuyén lay mau thiét ke léch mat goc 45°.

- Tuyén lay mau song song cach nhau mot khoang khong quéa 1,2 m va cac diém lay mau trén tuyén
cach nhau mot khoang 0,3 m; Céc diém do ¢ ngoai pham vi cua mt san hodc bén trong mét san nhung
khong nhé hon 0,6 m tinh tir ranh gidi caa mat san can duoc loai bo.

- Puong do lay miu can tranh di qua mdi ndi thi cong hoic sy gian doan twong tw cua mat san.
Buéc 3: Tinh hé s6 F

Tinh ton céc h¢ s6 Fr va Fi dugc thuc hién theo cong thirc (1) va (2) trong truong hop théa méan s6
luong diém lay mau (d6 cao z) trén mot mat cat khéng nhé hon hodc bang gia tri Ny, (ASTM 2001):

6.561/A4 (30 < A < 150)

Nyin = A (3)
Hin 25 (4> 150)

trong d6: A la di¢n tich ciia mat kiém tra dugc tinh bang m” Chi y néu dién tich mét san nho hon 30 m’
thi khong thuc hién danh gid d6 phang theo phuong phap nay.

Budc 4: Panh gia mirc d6 phang cua miat san

Tién hanh so sanh gié tri Fr va Fy vai cAc tiéu chuan trong Bang 1 va Bang 2 dé danh gia chét lugng
ctia mat san. Panh gia do phang cua bé mat san theo phuong phap sd F ¢6 thé dya vao vat ligu mat san
dbi véi 5 loai bé mat khac nhu nhu Bang 1. Trong d6 ca hé sb do phang Fe va do phang bé mat Fi dugc
so sénh véi c4c gid tri dung sai theo tiéu chuan ASTM. Ngoai ra, mirc do phing cua bé mat san c6 thé
phén loai theo 5 mirc d6 phang nhu quy dinh trong Bang 2. Chi y ring dbi véi mac do phing cua bé mat
chi c6 thé danh gia theo hé sé Fr trong quy dinh nay.

3. Két qua va thao luan

Thyc nghiém duoc thuc hién tai hién truong mot nha may ¢ Viét Nam (xem Hinh (a)) bing may quét
lazer mat dat GLS 2200. Mang ludi khbng ché mat dit dwoc xay dung gom 4 dlem trén mat san cua nha
maéy. Céc thong s chinh duoc thiét 1ap cho cong tac quét cuaa may GLS 2200 gdm d6 phan giai & muic 9
mm tai khoang cach 10 m, chét luong quét & mirc 2X do bé mat san c6 mirc do phan xa thap, truong nhin
cho géc ngang la 360° va goc duang la 270°. Khoang cach giira hai tram may khdng cach xa qua 15 m va
toa d6 tram may dugc xac dinh theo phuong phap giao hoi nghich. D6 chinh xac giao hoi nghich RMS
theo ca ba thanh phan toa d6 X, Y, H déu trong pham vi 3 mm.
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After registration

(a) ) (b) )
Hinh 3. Mdy quét va guong phdn xa thuc hién giao hgi nghich (a) ghép noi cdac dam mdy diém (b)

Bang 3 thé hién sai s6 ciia phuong phap giao hoi nghich duogc vi du tai mot tram may Y va dinh hudng
vé diém Y,. Céc tram quét duoc thiét ké tao thanh mot dwong chuyén khép kin dé giam sai s tich liy.
Céac dam may diém tir cac tram quét dwoc ghép ndi tw dong (xem Hinh (b)) vi toa d6 tram may dwoc Xac
dinh trong cuing hé toa do théng nhit theo phwong phap giao hoi nghich théng qua cac diém khéng ché
mit dat. PO chinh xac x4c dinh vi tri tram may phu thudc vao cac yéu té nhu dd hinh va dé chinh xac vi
tri diém khdng ché (Breach, 1994).

Trude khi tao tuyén lay mau va tinh cac tham sé do phang, bé mat déi twong quét can duoc kiém tra
trudc trén ban d6 nhiét (heat-map) nhu trong Hinh 4. Ban d6 nay thé hién do cao mat san tir 1483 mm dén
1498 mm Vi gié tri trung binh 12 1490 mm. Nhin trén ban d6 nhiét c6 thé nim dwoc mot s6 thong tin so
b vé khu vuc bi 18m xudng (mau do) hozc 16i 1én (mau xanh da troi). Bén canh d6, mau xanh lam biéu
thi do cao trung binh cuia mat san va day ciing 1a mau sic chii dao ciia mat san, diéu nay thé hién mot cach
tryc quan rang mat san trong ddi phiang. Tuy nhién can phai danh gia do phang théng qua cac tham sé
dinh luong theo phuong phap sb F s& dwoc trinh by ¢ phan sau.

Bang 3. Sai s¢ giao hgi nghich tai tram may Y, va dinh huéng Y,

Tén diém | Do léch X(m) | g léch Y(m) | D6 léch Z(m)
Y2 0,000 0,000 -0,002
Théng ké | X (m) Y (m) Z (m)
RMS 0,000 0,000 0,002
MAX 0,000 -0,002

Hinh 4. Ban do nhiét (heat-map) thé hién su khdc nhau dé cao béi mau sdc fwong ¥mg

0,000
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Qua trinh danh gia do phang cua bé mat theo tiéu chudn ASTM E1155 dugc thuc hién thdng qua phan
mém RITHM. Vi dién tich caa mat san du I6n 30 m? nén céc tuyén dugc thiét ké theo hai huéng vudng
gdc nhau va huéng theo truc chinh cua cdng trinh; cac tuyén dwoc thiét ké cach nhau Ién hon 1,2 m;
khong c6 tuyén nao dugc di qua mdi ndi thi cong; va cac tuyén déu céch ranh gisi san 16n hon 0,6 m.
Trong thuc nghiém nay, 10 tuyén do duoc thiét ké theo hai huéng vudng goc véi nhau nhu Hinh 5. Céc
tuyén 1, 2, 3, 4, 5, va 6 1a cac tuyén vudng goc véi truc chinh duoc dénh sé tir trén xudng dudi. Céc tuyén
7,8, 9 va 10 la cac tuyén song song Véi truc chinh cong trinh va dugc danh sé tir trai qua phai.

Bang 4 thong ké cac gia tri tinh toan cac tham sé tong thé d6 phang Fr va do phang bé mat Fi. Tu két
qua tinh toan cho thay ca gid tri tong thé va gid tri nho nhat cuc bo cua do phang va 6 phang bé mat téng
thé déu dat yéu cau (Pass) khi so véi dung sai (SOFg = 25 va SOF, = 20) va (MLFg = 15 va MLF_ = 12),
tuong ung trong Bang 2. Chu y gia tri dung sai nho nhét cuc bo duoc lay bang 60% gi4 tri dung sai tong
thé twong tng (Mark 2011). B& mat cua san kiém tra c6 thé dat tiéu chuan cia “vin phong, khu cong
nghiép nhe, nén trai tham” dwoc quy dinh trong Bang 1.

Bang 5 thé hién gia tri do phang Fe va do phang bé mat Fy_ cuia 10 tuyén kiém tra. Két qua cho thay gia
tri 6 phang cua cac tuyén 1, 2, 3, 7, 9, 10 twong dbi dong déu (Fr > 33 tuong dwong véi mirc do “rat
phéng ’), riéng tuyén 8 c6 do phang t6t nhat Fe= 62. Gia tri o phang bé mat F, cling tuong d6i dong déu
(FL >21) twong duong véi mire “rat phang”), riéng chi c6 tuyen 7 va 9 1a c6 d6 phang tuong d6i nho tuy
nhién van dat mac F> 12 twong duong véi mirc d6 “twong aoi phang” nhu quy dinh trong Bang 2. Két
qua nay la phu hop véi ban d6 nhiét & Hinh 4 trong do tuyen kiém tra 7 va 9 1a c6 sy thay doi vé do cao
dang ké. Két qua nay ctng duoc thé hién chi tiét theo mat cat ciia cAc tuyén nhu ¢ Hinh 6, trong d6 tuyén
7 va 9 c6 bién do bién dbi I6n nhét vé thanh phan do cao (theo tryc tung).

Hinh 5. Sé liwong va vi tri c&c tuyét kiém tra va két qua tinh hé so F

Bang 4. Gia tri do phang va dé phang bé mdt tong thé tinh tir két qua do

Tham s6 dé phang Gia tri Tham s6 d6 phang bé mat Gia tri
Do phang do (FF) 39.622 Do phang bé mit do (FL) 21.464
FF Xéc suat 90% 37.427- 41.816 | FL XAac suat 90 % 20.059 - 22.869
Do phang kiém tra PASS Do phang bé mat kiém tra PASS
Gia tri d6 phang nho nhat 33.018 Gia tri d6 phang bé mat nho 14.391

(FFmin)

nhat (FLmin)

Xéc suat 90 % FF_min

25.484- 40.551

Xéc suat 90 % FL_min

10.514 - 18.267

Do phang kiém tra nho nhat

PASS

Gia tri do phang be mit nho
nhat

PASS

Dién tich bé mat

1458 ft2

Tong chiéu dai tuyén do

374 ft

Chieu dai tuyen kiem tra yéu
cau

76 ft

Chiéu dai tuyén kiém tra

PASS
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Bang 5. Gia tri dg phang va dé phang bé mat cua 10 tuyén do kiém tra

Run# Do phing (FF) Xéc suat 90 % Do phing bé mit (FL) Xéc suat 90 %

[EEN

36.705 29.336 - 44.075 24.191 18.671 - 29.710

36.400 28.998 - 43.803 24.790 19.041 - 30.538

39.448 31.426 - 47.471 20.664 15.872 - 25.456

44.408 35.377 - 53.439 22.693 17.431 - 27.955

49.731 38.006 - 61.456 22.564 16.206 - 28.922

55.861 42.691 - 69.032 32.030 23.004 - 41.056

33.018 25.484 - 40.551 14.391 10.514 - 18.267

61.969 47.830 - 76.108 24.116 17.619 - 30.612

O|o(No(Og|~|jw|N

33.308 27.469 - 39.147 17.086 13.780 - 20.392

[y
o

38.903 32.014 - 45.792 29.271 23.539 - 35.003

fSTH ELISS (2014) Run 1 ASTM EL1SS (2014) Run 2

flee R Floor Flatnese 35.40 <43 60-29.00>
e -67> Floor Levslness 24.79 <30.54-19.04>
L L - - L 1 1 11 1 1 1
o
=
5
5
3
3
2
o
— - — - — — T T T T T ——
1 s g 5 17 21 2 : 3 % 4+ 7 10 13 16 19 22 25 28 31 3t 7
Meosurement Intervol (fest) Megsurement [nterval (feet)
ASTM E1155 (2014) Rum 4
Floor FLGLness 44 .41 «53.44-35.38»
ASTH E1155 12014) Run 3 Floor Leve Lress 22.69 <27.95-17.43>
Floor Flotnees 35.45 < 0400 4L U a1
o ety T s a.360
04004 0 L e e aaa aa . 0.720
0.360 § F o0.2804
0.320 1 [ 0.240
25001 % 0.160
i 2 0.1204
% D0.160 5 2]
w O- 5
5 o120 2 0.080 4
5 2 0.040]
2 D.080 < 0.0407
2 0.040 c 0.000+
¢ 0.000 5 -0.040 4
0 -p.040 F 5 -0.080 4
4 -0.080 F §-0.1204
3 -0-1204 [ o -0.160 4
@ ~0.160 7 [ -0.2004
o [ -0.240]
n-;ac 0280 7
0.320 F0.3209
-0.360 ] F o -0.3804 d
-0.400 +——1T—+T1T—+T+7T"T1— . ———t Ot T T T T T T
1 4 7 10 13 16 L— 22 2: 53 31 34 37 1 4 7 10 13 16 19 22 25 28 31 34 I7
Heasurament I[n tervol (fest) Measurensnt Imterval (fest)
ASIM E1155 (2014) Run S ASTM E11SS (2014) Rum B
Floor Flotness 49.73 <B1.45-38.01> Floor Flotness S5.86 <69.03-42.63>
Floor Levelnsss 2386 «28.92-16.21> Floor Lewslmess <41.06-25.00
0400 4t L a1 0400 4 L L i
0.360 F 0.360 L
0.320 ] F 0.320 ]
0.280 ] F 0.280 {
0.240 7 F 0.240 ]
0.200 7 E 0.200 ]
% 0.160 ] F o 0.160
2 0D.1204 r 2 o0.120
2 0.080 4 F 2 0.080
2 0.040 F = o.040
- 0.000 ¢ 0.000
£ -0.040 ] [ 5-0.040
+ -0.080 4 F “*D.DBD
7 -0.120 ] F ,J>77D.12EI7
2 -0.160 4 E g -0.180]
-0.200 4 F o -o0.z00
-0.240 ] L -0.240]
-0.280 ] E -o0.280]
-0.320 ] E -0.320]
-0.260 ] E -0.380] E
~0.400 +———T T T T T T T T T T T T T -0.400 T T T T T T T T T T T
1 3 S 7 9 11 13 15 17 19 21 23 35 2/ &3 1 3 S5 7 9 1l 13 15 17 19 21 23 25 27 29
Measurement Interval (fest) Measurement [nterval (feet)
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ASTM E1155 12014) Run 7

T T T T
4 7 10 13 16 19 28 31

Measurement Interval (fest])

ASTH EL155 12014) Ru
ASTM E1155 (20141 Run 10

Floor Flatness 58,90 <45.78-52.01>
Floor Levelness 29,27 =35.00-33, 54>
L S T S TR S S

= 0.040 4
c 0.000 4
© ~0,040

5 ~0.080 o

—0.320
0.360
~0.400

1 [ I 16 21 26 a1 36 41 465 51
Measurement [nterval (feet)

Hinh 6. Biéu do thé hi¢n dg chénh Iéch do cao theo 10 tuyén do ciia mét san. Trong dé dirong mau xanh
la thé hi¢n gia tri dé cao cua mdt san, dwong mau do la dé cao trung binh “0” cua mat san

4. Két luan

May quét lazer mat dét 1a mot trong nhitng cong cu méi cho phép ndng cao nang suit va rat ngan thoi
gian trong danh gia do phang cua bé mat cong trinh. O nuéc ta hién nay thiéu quy dinh quy pham va cac
huéng dan cong nghé duoc coi la mot tré ngai 16n dé tng dung thiét bi ndy vao cong tac kiém tra cht
lwong cong trinh. Bai bao da dé gisi thiéu cach (ng dung TLS cho kiém tra do phang bé mit thong qua
bén bude theo quy pham ASTM E1155. Tir qué trinh thuc nghiém va phan tich két qua cho thiy, quy
trinh bdn budc 1a phi hop dé ap dung trong cong tac kiém tra chét lugng cong trinh. Bai bao budc dau
nghién ctru mot cach c6 hé thng tir Iy thuyét dén thuc nghiém viéc &p dung TLS cho cong tac danh gia
d6 phang bé mat cong trinh. Bai bao nay ciing gisi thiéu mot tiéu chuan méi pha hop dé &p dung cho TLS
do 1a tiéu chuan ASTM E1155, tiéu chuan hién dai va dang dwoc sir dung rong rai trén thé gioi. Két qua
bai bao I tai liéu tham khao phu hop cho cac don vi san xuat tric dia & nudc ta ciing nhu gitip cho cac co
quan quan Iy nha nudc co can cir dé xay dung tiéu chuan, quy pham vé phan tich d6 phiang bé mat cong
trinh tng dung may quét lazer mat dat.

Tuy nhién, trong nghién ciu van con nhitng han ché can duoc tiép tuc phat trién va hoan thién trong
thoi gian toi. Khoang cach gitra cac tram may quét c6 anh huong Ion dén chat luong dam may diém tuy
nhién hién nay chua c6 quy dinh vé khoang céch gitra cac tram may quét khi kiém tra d6 phing mat san.
Bai vi khi sir dung TLS dé thu thap dir liéu bé mat, chénh cao giira may mit san khdng Ion (khoang 1,5
m) dan téi cuong do tia lazer phan xa vé may thap (do géc téi chum tia lazer 16n). Ngoai ra, cac chat liéu
phan xa ciia bé mat san dac biét 1a khi san bé tong con w6t cd anh huong 16n dén chat luong cua dir liu
nén doi hoi phai lya chon ché do quét phu hop.
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ABSTRACT

On the Research of Terrestrial Laser Scanner for Assessment of
Flatness and Levelness of Surface Constructions

Pham Trung Dung® ", Nguyen Nhu Tuan Anh?

'Hanoi University of Mining and Geology
*Topcon Singapore Positioning Pte Ltd Company

Terrestrial laser scanner (TLS) with many outstanding advantages such as high automation ability, high
accuracy, high point density along with high data rate has quickly become a promising tool for
assessment of quality control. However, in Vietnam, there is still a lack of standards for TLS in the
assessment of flatness and levelness for surface constructions. This paper presents a four-step inspection
of the flatness and levelness of the floor using TLS based on the ASTM E1155 standard. The experiment
was carried out at a factory in Vietnam with the TLS GLS 2200. Through the field work with data
acquisition, and deviation analysis and calculation of F values, the proposed four-step are completely
applicable to geodetic work in quality control. In addition, this paper is an initially completed study from
theoretical analysis to application in actual work. Therefore, the paper can be used as a technical guide
and reference for geodetic engineers in quality control. It is also can be used for state management
agencies in the establishment of standards.

Keywords: Flatness and levelness, Terrestrial laser scanner (TLS), F-method, ASTM E1155 standard.
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Khao sat sy sut 1n tuyén dé, ke bién Cira Pai bang phuong phap
trac dia va cong nghé¢ Georadar

Lé Van Hing"", Vii Duy Tan?
Vién Khoa hoc Cong nghé Xay dung, Bg Xay dung (IBST)
2Vlen Khoa hoc Po dac va Bdan do

TOM TAT

Do tac dong cua bién d6i khi hau toan cau, nhitng nim gan day thoi tiét, thién tai dién bién hét suc bat
thuong. Mua, 1d v6i cuong do I6n, thuong xuyén xay ra ¢ nhiéu noi, gay thiét hai, anh huong nghiém
trong dén san xuit, tai san va doi séng cia nguoi dan. Mwa 1 1am cho hu hong hé thong dé ke, mot s6
tuyén dé bi v hoac bi s6i mon tao ra hién tuong sut 1n va rong chan. Do d6 dé dam bao an toan cho cac
tuyén dé ke trong mua mua bdo can phai tién hanh khao sat va co phuong an gia ¢b cac vi tri dé bi hu
hong 1a viéc hét sic quan trong. Bai bdo sir dung phuwong phap khao sét tric dia truyén thdng va cong
nghé Georadar (con goi 1a radar xuyén dat - GPR) dé tim va xac dinh nhitng vi tri 15 hong, hé ngam trong
doan dé keé tai bién Cira Pai - Hoi An. Két qua khao sat cho thay 11 khu vuc bi sut 1an, rdng chan anh
hudng nghiém trong dén chat lwong tuyén dé ke va két qua khao sat nay dugc chuyén dén don vi thiét ké
dé c6 phuong 4n gia cuong tuyén dé dam béo an toan cho con ngudi va tai san.

Tur khoa: GNSS, GPR, Georadar.
1. Pit vén dé

Bo bién Cira Pai dai 3,5 km, trong nhitng nim qua, do bién ddi khi hau, triéu cuong, roi mot sé
nguyén nhan khac di gy sat I& nghiém trong, Ngoai nhitng hé sat ¢ 16n, rong 30 - 50 m?, con xuat
hién gan 10 diém ran nut, c6 thé sup d6 bat cir Idc nao. Tuy nhién, nguy hiém nhat 1a song di khoét
ham éch sau vao bd hang chuc mét, de doa truc tiép toan bo tuyén duong bé tong bén trén va duong Au
Co néu khong c6 giai phap kip thoi. Theo bao cao cua thanh phd Hoi An, ¢6 khoang 1.100 m bo ke
bién Cira Pai bi song danh, mot sb doan ke bj bi hu hong nghiém trong, mot so doan c6 dau hiéu hu
hong. Theo d6 can phai khao sat xac dinh vi tri dé 1én phuong 4n gia c6 cac doan dé ké bi hu hong bén
trén va trong than dé ke.

Hinh 1. Mgt doan bo ke bé tong bi séng bién ddnh sup 1Gn ¢ bién Cua Dai (Nguon: B&o Quang Nam)
Viéc khao sat nhung hu hong cua dé ke tai Viét Nam cling c6 mét s6 nghién ctru nhu sir dung phuong
an khao sét tryc tiép (Nguyén Thanh Trung va nnk., 2012) d tién hanh lap ban v& vi tri hu hong.

* Tac gia lién h¢
Email: hungleibst@gmail.com
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Nghién cau st dung phuong phap dia dién (2 cuc, da cuc) khao sét than ké (Nguyén Quéc Diing,
2005), str dung phuong phap georadar (Nguyen Vin Giang va nnk., 2022) kiém soat hu hong ke song ¢
Vinh Long. Con trén thé gisi cac nghién vé sir dung cdng nghé Georadar dugc sir dung nhiéu trong cac
linh vue nhu duong giao thong, trong ra pha bom min,... trong viéc kiém soat &p luc nuéc 15 réng qua
than dap (Yoyok Adisetio Laksono & nnk., 2020), Kiém tra cdu triic than dap cho mo than (Coulibaly
Yaya, Li Zhen Cheng, 2016), (Denis V. Savvinl va nkk, 2022). Cac nghién ciu nay c6 thiy viéc ung
dung cong nghé Georadar rat hitu dung. tuy nhién chwa c6 nghién citu nao wng dung két hop khao sat
truyén thong vai cdng nghé Georadar. Viéc khao sat va tim ra chinh xac nhitng vi tri hu hong c¢6 y nghia
rat 16n trong viéc xdc dinh nguyén nhan, tir 6 dua ra duoc gidi phdp ciing nhu xdc dinh dugc chinh xac
khéi lwong can sira chira hay gia cuong vi tri hu hong. Dé ngan ngira cac su ¢ cho dé ke, hang nam trude
mua mua bdo ching ta can phai thuc hién cac cong tac bao tri dé ké dé tim kiém cac diu hiéu hu hong.
Bai béo nay dua ra quy trinh phdi hop gitra cng tac tric dia truyén théng va cong nghé Georadar trong
qua trinh khao sat tim kiém cac hu hong trén than dé ke.

2. Giéi thiéu hé théng Georadar
2.1. Cong ngh¢é Georadar

Cong ngh¢ Georadar (con goi la radar xuyén dat - GPR) la mot trong cac phuong phap tham do dia vat
ly nghién ctu sy lan truyén séng phan xa di¢n tur trong dat da. Khi phat séng dién tr c6 dai tan s radio
vao trong long dat dudi dang xung, néu gap cac mat ranh gigi hodc bat dong nhit vé tinh cht dién t,
ching phan xa tré lai mat dat va duoc ghi lai bang anten thu. Sir dung céc cach xtr ly, phan tich, minh giai
truong song dién tir ghi dugc c6 thé giai doan dwoc cac dbi trong gay nén di thuong va dua vao thoi gian
tir lac phat song dén lc thu, s& xac dinh dwoc vi tri va do sau doi trong (TS thir nghiém Vién Khoa hoc
Do dac va Ban d, 2015) (Hinh 2).

»
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Hinh 2. M ta cong nghé Georadar

2.2. Gidi thigu thiét bj

Hé thong Georadar hay Hé théng may do cong trinh ngam bang cong nghé Radar xuyén dat RIS MF
Hi-Mod#2 (Hinh 3) ¢6 cau hinh gom: 4 ang ten véi 2 kénh tan s6 200 MHz va 600 MHz, 02 ing ten
TR80 vsi tan s6 80 MHz.

- Péi v6i an ten kép tan s6 200 MHz va 600 MHz:

Do sau truyén song la 3,5 m theo gidi thiéu cua nha san xuét thi loai an ten nay hoat dong tot déi véi
viéc xac dinh céc cong trinh ngam, kiém tra hang-hdc, kiém tra ha tang ky thuat.

- i voi an ten kép tan s6 don TRSO:

Do sau truyén séng 1a 11 m trong diéu kién binh thuong (T thir nghiém Vién Khoa hoc Do dac va Ban
d, 2015). Theo giéi thiéu cua nha san xuét thi loai ang ten nay hoat dong tét dbi vai viéc tham do dia chat.

- C4c thong s6 chinh cia thiét bi nhu sau: (Bang 1).

2.3. Két hop giita phuong phdp tric dia va cong nghg Georadar
2.3.1. Quy trinh do tim bang thiét b RIS MF Hi-Mod#2

Tir cau hinh cia méay va huéng dan caa nha san xuét cho thiy sau qua trinh trién khai ngoai cong tac
do tim ngoai thyuc dia tiép dén 1a vé xir Iy sb lidu trong phong bang phan mém chuyén dung ta phai minh
giai dir liéu do rdi lap ban vé& cac dbi twong. Thiét bi RIS MF Hi-Mod#2 khong c6 chirc ning dinh vi do
d6 viéc xac dinh vi tri va khoanh ving ddi tugng chi 1a u6c lwong, khdng chinh xac. Bai vay can phai két
hop v&i phuong an khao sat truc tiép dé thiét lap dwoc ban dd chinh xac vé vi tri toa do, cao d6 cac khu
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vue hu hong, cac hang hdc, ndm trong than dé ke. Tir nhitng yéu cu trén nhom téc gia thiét lap quy trinh
(Vién Khoa hoc Po dac va Ban d6, 2018) do tim nhu Hinh 4.

2.3.2. Phwong phdp tric dia

Hién nay, tai Viét Nam di ung dung rat céng nghé moi trong do dac khao sat, ké dén la cong nghé
GNSS, RTK, UAV va may toan dac dién tir (TDDT). Trong pham vi bai viét nay khdng gidi thiéu chi tiét
cuia cac cong nghé trén. DI véi cac tuyén dé ke, day 1a mot hang muc cong trinh doc 1ap, nén co thé sir
dung hé toa d6 Québc gia VN200 hoic hé toa do dia phuong dé tién hanh cong tac khao sat. Khi sir dung
phuong phap do vé& truc tiép dé khao sat, cac budc thuc hién tuan ty nhu sau: (1) Thu thap cac tai liéu
hién co, (2) Lap hé théng mbc khéng ché mat bang va do cao, (3) St dung céc thiét bi TDDT hoic
GNSS-RTK dé tién hanh do v& chi tiét, khoanh viing cac khu vuc sy ¢d, khu vuc hu hong, dinh vi cac
tuyén cho thiét bi Georadar, do tric doc, tric ngang, (4) Cong tac xu Iy sb liéu noi nghiép, xuét ban vé
hién trang, mat cat doc, ngang, lap bang khéi lugng chi tiét,... Luu y vai cong tac lap lugi khdng ché va
do dac chi tiét thi mat 6 diém va do chinh xac phai dam bao theo tiéu chuan hién hanh.

Bang 1. Cac thong so chinh cua thiét bj

RIS MF Hi-Mod

Cabe Logger Parmsoric CF-19 (or altemetively acy Windovws PC with an

Frhernet LN Interface
Raclar Acquisiticn Uit 0% DAD Fast Wae, with RIS K2 acguistion softwane
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Positicning Metric wheel andfor GP5 interface
an Speed (up to 8 profiles 4 myf=ec i full configuraticn (& channels|
simultanecusly]
Sattery Life >ah

Weight

S& kg in Ml conliguration

Surface Footprint 200 e % 63 m (full

nfiguraticn)

Survey Path Width Vo o B racar scans, 52 om each
Wireless Cannecticn Aivailable
---------- 3 v

Frocessing Softwane ation for am sasy ard cuick star-up
= Inciuscirg

Autamatic target detection

Autamatic data processing
Autamatic aropszation welnc by estimation

ian for differert reguencies and directions
rolirne representaticn
so-surface Map

Cnntpert Data Excel, ASCH, HDES, jpg. Benp

Hinh 3. Thi¢t b; RIS MF Hi-Mod#2
V&1 cau hinh 2 dng ten

+ Thu thap tai liéu ban vé
ot Chuan bj thiét bi va an
toan laoc déng
+ Lap phwong an so bd

B1: Chuén bj

+ Thiét lap méc khéng ché

}

B2: Céng tac
hién treéng

!

B3: Phan tich

van phong

Khao sat bang
phuwong phap

tréc dia khu vwe quét

+ Do vé trac doc, trdc ngang, lap ban &

+ Dinh viva tric doc tuyén ra quét

Khao sat bang

phwong phap
Georadar

+ Quét bang tin sé thap
+ Quét bang tan sé cao

+  Xuétnhap dir liéu
+  Minh giai sé liéu
+ Lap ban vé, so dé

¥

B4: Ban giao
san pham va
nghiém thu

oy

+ Lap bao cao
Bong géi san pham
+  Giao nép san pham

+

Hinh 4. Quy trinh do tim bang Thiét b; RIS MF Hi-Mod#2 két hop Véi phwong phdp tric dia
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3. Khao sat hién trwong

Véi nhitng phan tich trén, ching t6i tién hanh khao sat tai hién truong. Khu vuc khao sat 1a doan ké cang
tai bién Cira Pai thanh phd Hoi An.

Pham vi va khdi luong khao sat: xem Hinh 5 va Bang 3.

Poan ké nay dugc xay bang bé tong cdt thép vao nam 2008, mat bang va mat cat ngang xem Hinh 5.

Hinh 5. Mat bang va mat cat ngang khu viec khdo sat

3.1. Khdo sat chi tiét

Tai Ifhu vuc khao sat da c6 cac diém khdng ché Qudc gia dugc xay dung tir giai doan lap du an bao gom
2 diém dudng chuyén cap 1: ) ) )
Bdng 2. Toa d¢ cdc diém khong ché

o a2 Toa do (m) Cao d6 (m)
STT Tén diém
X Y H
1 GPS2 1756294.600 568298.147 2.478
2 GPS6 1756793.575 567958.865 2.970

Tir céc diém nay tién hanh lap hé thong ludi khong ché duong chuyén cip 2 phi tram khu do voi 3 diém
dgqc do bang TBDT. Cac diém nay dugc d@n d6 cao thay chuan k¥ thuat. Dya trén cac diém khong ché mat
bang va d6 cao vira lap tién hanh do vé chi tiét khu do dam bao d6 chinh xac cua ban do ty I€ 1/500.

Cong tac do tric doc, tric ngang: Tir cac moc khong ché, tién hanh dinh vi cac tuyén tric doc va tric
ngang, dy l1a cong tdc kiém tra cdc hu hong trén ke, nén mat do cac tuyen nay duoc bo tri day dé dam
bao dixr liéu thiét ké gia 6. Khoi lugng xem chi tiét tai Bang 3.

3.2.. Khdo sat bang cong nghé Georadar

Dua vao hién trang tuyén dé ke, tinh ning cua thiét bi RIS MF Hi-Mod#2 va quy trinh d& xuat tai Muc
2.3 tién hanh phan chia khu do thanh céc doan khac nhau, cu thé chia thanh 11 khoang khéc nhau dugc
phan cach bai céc duong bac tam cap 1én xudng.

Str dung ang ten Radar tin s6 200 MHz va 600 MHz dé ra quét cho toan bo khu do. B6 tri tuyén quét
thanh ludi 6 vudng phu tram khu do, chidu dai song song véi tim tuyén quét, chiéu rong vuéng goc voi
tuyén truc. Str dung twong chin séng lam tim tuyén quét, quét vé phia bién 8 m (do phai dam bao an toan
thiét bi va do dic tinh cua céng nghé bi tan xa khi gap nudc bién). Bé dam bao yéu cau ki thuat ciing nhu
d6 chuan xéac cua sb lidu chung toi da tién hanh lap ludi quét voi mat d6 6 ludi lADxR=1,2mx 1,3 m
trén thuc dia va tién hanh ra quét theo mat d6 6 quét nhu trén. Trong pham vi thyc hién tién hanh ra quét
tat ca 100 % dién tich, xac dinh thong sb cac déi tugng do va kiém tra duoc tai thuc dia, x4c dinh va tién
lwong dwoc céc ha tang k¥ thuat, di vat ngam. Sir dung ban d6 1/500 vira do vé dé tién hanh biéu dién sb
liéu minh giai trong qué trinh quét.
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3.3. Két qud khdo sét

Sau khi hoan thanh cong tac thyc dia tién thanh xir Iy s6 ligu trong phong bang cac phan mém chuyén
dung cua cong tac do vé truc tiép va phuong phap Georadar va dudi day la tong hop cac két qua.

3.3.1. Két qua khdo sat truc tiép
Bang 3. Khai hrong két qua khao sat tryc tiép

STT Noi dung cong viéc DVT Khéi lugng thuc hién
1 Lap ludi khdng ché mit bang Diém 3

2 Lap ludi khdng ché d6 cao km 1.42

3 Po v& mit cit doc tuyén ke 100 m 7.1

4 Do v& mit cit ngang tuyén ke trén can 100 m 12.48

5 Do v& mit cit ngang tuyén ke dudi nudc 100 m 14.44

6 Po v& binh dd 1/500 trén can ha 13.8

7 Do v& binh dd 1/500 duéi nudc ha 13.8

3.3.2. Két qua khao sat Georadar

Sau qué trinh khao sat hién truong, nhém nghién ctru da tién hanh xir ly sé liéu va phan tich sé liéu
phdi hop véi cac sb lieu khao sat bang phuong phép tric dia. Két qua danh gia duoc toan bo hién trang
sut Iin cua toan b tuyén ké cang, biéu dién nhiing vi tri du doén sut, IGn trén 140 mat cat ngang bo ke
(mat d6 5 m/mit cat). Két qua sau qua trinh xir Iy cho thdy: Trong 11 khu vuc cua tuyén keé thi ¢ tat ca cac
khu vuce déu cé hién tuong sut 1un xem bang thong ké sau:

Bang 4. Bang thang ké két quda khao sat Georadar

STT | Khuvgc | Déanh gia

1 Khu vue 1 Hién twong sut xay ra khdng manh, chi xay ra hi¢n twong dat bi rat rong & mirc do
j nhe, chu yéu bi noi tiép glap muc nudc bién va phia Pong Nam khu do

Co hi¢n tuong sut Itn nhiéu, xay ra gan nhu toan khu do, kéo dai, chu yéu bj noi

2 Khu vuc 2 tiép gidp muc nudc bién

3 Khu vuc 3 | Khu vuc nay ¢6 hién tuong sut 1Gn manh

Khu vuc ndy c6 hién twong sut 1an manh, c6 nhiéu vi tri rdng I6n, xuat hién trén
4 Khu vuc 4 X e U3 A A
ca bé mat ké bé tong

Khu vyc nay ¢6 hién turong sut 1Gn manh, dau khu b ké da sap han va hién dang

5 Khu vec 5 gia cb biang bao cét

Khu vyc nay ¢6 hién tuong chung giéng khu sb 5, tuy nhién chwa sap 16p ké bé

6 Khu vuc 6 N
tong
7 Khu vuc 7 | Khu vuc ndy c6 hién tuong rong chan toan bo khu
8 Khu vuc 8 | i c6 phan mai dam sap han, phan cudi bi sut lun it hon, kéo dai sang khu 9
9 Khu vuc 9 | Khu vuc nady c6 hién tuong sut rong chan
10 | Khuvuc 10 | Khu vuc ndy c6 phan méi dam sut hin

Khu vyc nay ciing c6 hién tugng sut, 1Gn. Tuy nhién mic d6 ndy c6 giam so véi
khu 10

11 Khu vuc 11

4. Thao luan

Tir céc két qua khao sat trén c6 thé nhan thay:

Cong tac do vé truc tiép da thé hién mirc d6 chi tiét caa hién trang bé mat than dé ké théng qua ban d6
1/500 va 700 m tric doc, trén 140 mit cat ngang

Cong tac ra quét bang phuong phip Georadar cho thay toan by khu ké da co hién tuwgng sut ldn cao,
gan nhu toan by doan ke déu bi rong chan, mai ke hién khong tiép giap voi lop dat than ke.

Tuy nhién néu tach biét hai loai san pham cia hai phuong phép trén thi ciing gléng nhu cach lam cua
céc dy 4n trude day. Do do viéc phdi hop hai phuong phap nay mang lai hiéu qua rat I6n, nhung luu y khi
phéi hop hai phuong phéap nay phai duoc két hop ca ngoai hién truong va xi ly s6 liéu trong phong.
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Duéi day la mét s6 hinh anh minh hoa két qua thuc hién:

Hinh 6. Ban vé khu ra quét Georadar
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Hinh 8. Ban do hién trang ty 1¢ 1/500 Hinh 9. Mgt cat mé td hién fuwong sut, 1Gn than ke

5. Két luan

Qua cong tac khao sat hién trudong va phan tich sé liéu trong phong cho thy: Cac két qua da dat dugc
yéu cau dé ra.

Khi két hgp phuong phap tric dia truyén théng va phuong phap georadar cho thay két qua khao sat co
dd tin cay cao hon, cac vi tri hu hong bén trong than dé ké duge xac dinh chinh xéac va thé hién tuong
minh trén mat bang va mit cit ngang.

Ddi véi cac tuyén dé ke khi da ¢ su ¢b hodc ddu hiéu 1an nut bén ngoai can khao sét chi tiét dé co thé
danh dau va phat hién cac diu hiéu hay hién tuong hu hong trén bé mat va trong than dé ké.

Céc vi tri hu hong trong than dé keé duoc thé hién trong khong gian 3 chiéu phan anh trung thyc tinh
trang cua doi tuong khao sat trén thuc dia khi két hop hai phuong phap tric dia truyén thong va phuong
phéap Georadar.
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ABSTRACT

Survey of subsidence embankment and dike lines Cua Dai sea by
geographic method and Georadar technology

Le Van Hung"", Vu Duy Tan’
Vietnam Institude for Building Science and Technology (IBST)
*Vietnam Institute of Geodesy and Cartography (VIGAC)

Due to the impact of global climate change, the weather and natural disasters in recent years have been
very unusual. Heavy rains and floods frequently occur in many places, causing damage and seriously
affecting production, property and people's lives. Floods and rains damaged the embankment system,
some dike lines were broken or landslides, causing subsidence and hollow legs. Accordingly, in order to
ensure the safety of the dike lines in the rainy and stormy season, it is very important and necessary to
conduct a survey and have a plan to strengthen the damaged dike locations. The article uses the traditional
geodetic survey method and georadar technology (also known as ground-penetrating radar) to find and
determine the positions of holes and underground holes in the embankment section at Cua Dai sea - Hoi
An. The survey results show that 11 areas have subsided, hollow feet seriously affect the quality of the
embankment and the results of this survey are transferred to the design unit to have a plan to strengthen
the dike route to ensure safety. for people and property.

Keywords: GNSS, GPR, Georadar.
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phuong phap mai va bi¢n phéap t6 chitc méi vé vé Trac dia, Ban do, Dia k¥ thuat. Trién khai két
qua nghién ciru Gmg dung cong nghé méi vao san xuat, tao nén cac san phim méi véi trinh do
cong nghé cao. Tham gia, phdi hop, thanh 1ap cac quy trinh, quy pham, céc chi tiéu ki thuét
Trac dia, Ban d0 trén co s¢ ung dung cong ngh¢ moi. Thyc hién cac dich vy khoa hoc cong
nghé, thong tin, tu van nghi¢p vu Tréc dia, Ban d0, Dia k¥ thuat. Tham gia, phéi hop t6 chure
dao tao, bdi dudng can bg co trinh do Pai hoc va trén Dai hoc, nang cao trinh do chuyén mon,
nghi¢p vu. Hop tac quéc té vé dao tao khoa hoc cong nghé thudc linh vuc Tréc dja, Ban dd, Dia
k¥ thuat.

Gidy phép hoat dong do dac va ban d6 s 00580 do Cuc Po dac, Ban d6 va Thang tin dia
ly Viét Nam - Bo Tai nguyén & Moi truong cap ngay 08/10/2020. Bé thuc hién céc cong tic
chuyén moén Trung tdm c6 cac loai may moc, thiét bj hién dai: May toan dac di¢n t, may do
dai, may do sau, may do cong trinh ngdm, may chiéu dimg Laser, may do GPS mot va hai tan,
cac thiét bi phan ciing va phan mém xir ly noi nghiép.

Cén b trong bién ché kiém nhiém, hop dong dai han ctia Trung tam 1a 35 ngudi trong do co: 5
PGS, 8 TS, 10 ThS, 12 KS. Ngoai ra, trung tam con hop tac hoat dong khoa hoc cong nghé voi hang
chuc cong tac vién 1a cac nha khoa hoc c6 uy tin ¢ trong va ngodi Trudng Pai hoc M6 - Dia chit.




CONG TY CO PHAN DICH VU THUGNG MAI KHAO SAT HA BONG

I HA DONG SERVICE TRADING SURVEY JOINT STOCK COMPANY (HDS)

Dia chi: B19 - TT. Dodn Vét Ly 79 - Khéi 2 - La Khé - Ha Déng - Thanh Phé Ha Néi
SERVICE FORYOURPROJECTS  Dién thoaqi: 04.8588.1218 * Fax: 04.3351.5260 - Website: hftp://hdsurvey.vn

Cong ty Co phan Dich vu Thuong mai Khao sat Ha Dong (HDS) thanh 1ap nam 2009.
Hién tai HDS dang la dai dién ban hang tai Viét Nam cta cac hang sau:
- Trimble Navigation Ltd. USA: Thiét bi khao sat GeoSpatial - Land Survey, Marine Survey
- Wingtra: Thiét bi tau bay khong nguoi 1ai Wingtra Gen I
- Fugro - Holand: Song cai chinh tin hiéu GNSS toan cau
Cong ty HDS hoat dong trong mot s6 linh vuc chinh sau day:
Tu van, cung cap giai phap va thiét bi phuc vu nganh do dac khao sat.
Do vé dia chinh, dia hinh, do dac thuy van cac loai ty I¢.
Quét va xay dung mo hinh 3D sir dung may Laser Scan Trimble SX10, Trimble X7

CONG NGHE - THIET BI TIEU BIEU

GIAI PHAP QUAN TRAC

Thu thap di¥ liéu Xt Iy dit liéu
Fomdl 2\
@ A ) Trinh bay di¥ liéu
\ )
Trimble 4D @
Control
=

|
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NY ¥

(@)
Danh gia
Phén tich
ot L JL]
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& Trimble.
rimble R9s Trimble C3&C5 Trimble DiNi

Thiét bi thity dac Marine Survey

Trimble SPS 361

Trimble SPS 585 Trimble SPS 855 Do séu hdi am Odom

http://hdsurvey.vn
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Geosystems

CONG TY CO PHAN THIET BI SISC VIET NAM
PAI DIEN PHAN PHOI CHINH HANG LEICA GEOSYSTEMS/HEXAGON

®m  May toan dac dién tir
= Thiét bi dinh vi vé tinh GNSS
CUNG CAP GIAI PHAP TRON GOI: |~ ™ M&Y t%lﬁy —— ,
m H¢ thong quan trac cong trinh
= Thiét bi GIS
m  May quét laser 3D
= Thiét bi lap ban d6 s di dong
®  May chup anh, quét LiDAR hang khong

m  Cac giai phap phan mém dia khong gian

CONG TY CO PHAN THIET BI SISC VIET NAM CONG TY CO PHAN THIET Bl SAl GON
SISC VIETNAM INSTRUMENTATION JOINT STOCK COMPANY SAIGON INSTRUMENTATION JOINT STOCK COMPANY
m Van phong 1: SISC Tower, S6 63 - 71 Lang Ha, Ba Binh, Ha Ngi S6 27 - 29 - 31 Purdng 9A, D6 thi Nam Sai Gon
SROUP V&n phong 2: S6 19 Phé Tho Thap, Cau Gidy, Ha Noi Binh Ghanh, TP. H5 Ghi Minh
Tel: 84 - 24 3747 2258 - Fax: 84 - 24 3747 2260 Tel: 84 - 28 5431 8877 - Fax: 84 - 28 5431 8570
Science for life Website: www.sisc.com.vn - Email: info@sisc.com.vn Website: www.sisc.com.vn - Email: info@sisc.com.vn




Poan Khio sat cac cong trinh dién

Poan Khao sat cac cong trinh dién (PKS) 1a mdt don vi cua
Cong ty C6 phan Tu van Xay dung Pién 1 (PECC1).

DPKS voi hon 60 nam phat trién, 13 don vi khao sat hang dau cua
nganh dién Viét Nam. BDKS da va dang thuc hién cong tac khdo sat
cho nhiéu du 4n cong trinh dién quan trong, quy mé 16n, phtic tap &
Vi¢t Nam va CHDCND Lao. Cong tac khao sat chinh 1a cac du an
luéi dién cao ap va Tram bién ap tir 220 kV dén 500 kV. Ngoai ra don
vi khdo sat cac dy an thuy dién, nhiét di¢n, nang lugng tai tao nhu:

Truéng Poan:
Tran Dang Khoa dign gio, di¢n mat troi,. ..

ThS. Tric Dia

Doi ngii chuyén gia va ky su cua DKS c6 trinh d6 chuyén mon
cao, tam huyét, giau kinh nghiém, dugc thir thach tir thuc té cac du an
trong nudc, qudc té. Nhan lyc don vi thuong xuyén c6 35 nguoi trong d6 80 % la thac sy, k§
su. Can bd k¥ thuat cac chuyén nganh trac dia, dia chat duoc dao tao chu yéu tai Truong Dai
hoc Mo - Dia chét.

DKS luén di dau Gmg dung cong nghé méi, tién tién cta thé gisi, ing dung cac phan
mém tinh toan hién dai, d6i méi trang thiét bi.

PKS c6 day da gidy phép hoat dong dién luc, ching chi khao sat dia hinh, dia chit cong
trinh xay dung hang I, gidy phép hoat dong do dac ban d6 va quan 1y chét luong theo tiéu
chuan ISO9001:2015.

Céac du an do DKS thuc hién luon dép ung tién do, chat luong cao, gop phén kip thoi cung
cap nguon dién nang phuc vu su nghiép xdy dung va phat trién dat nudc.

Céc du an tiéu biéu la:

<

DUONG DAY 500KV PLEIXU - PHO LAM
(540KM )

Puong day tai dién 500 kV cd&c  Tram bién ap 500 kV céc tram: Khao sat dién gi6 Bac Liéu
tuyén: Béc - Nam Quang Trach, Hoa Binh, Son La, Lao Cai,

Son Lam, Hoa Binh, Pong Anh, ... Try s& vdn phong: Km9+200

Ninh Binh, ... duong Nguyén Trai, phuong

Thanh Xuan Nam, quan Thanh
Xuén, TP Ha Noi, Viét Nam.
bién thoai: 0963.318.316
Email: khoadkstvl@gmail.com

Tram bién 4p 500 kV tinh Quan tric bién dang cong trinh
Son La nha may nhiét dién Duyén Hai

e ]



CONG TY CO PHAN THIET BI KHOA HQC CONG NGHE TUONG ANH

Dia chi BDKKD: 234/4A Bui Binh Tuy, Phwong 12, Quan Binh Thanh, TP.HCM
VPGD HCM: 251/9 Nguyén Van Trbi, Phwdng 10, Quan Phi Nhuan, TP. HCM

VPGD HN: 25 Ngb6 12 Budng Van Phu, Phwdng Phu La, Quan Ha Bong, TP. Ha Noi
Tel : (+84)942646644; Website: www.tuonganh.vn - Email: sales.tuonganh@gmail.com

Céng ty C6 phan Thiét bi Khoa hoc Céng nghé Twong Anh thanh l1ap nam 2017 tai TP. HCM, vd&i
thanh vién sang lap 1a cac Ky sw Tréc dia day dan kinh nghiém tét nghiép Khoa Tréc dia - Ban db
va quan ly dat dai thudc trwong Dai hoc M6 - Dia chat. Véi nén tang kién thirc khoa hoc va céng
nghé virng chac, Cong ty Tw0’ng Anh da nhanh chéng vwon 1én tr& thanh nha cung cép thiét bj va
dich vu uy tin hang dau vé gidi phap dinh vi vé tinh GNSS. Chi sau mdt ndm thanh Iap, cong ty
Tuo’ng Anh da chinh thirc tré thanh Dai dién phan phéi ddc quyén tai Viet Nam cung cip cac san
pham clia Hang Stonex Srl dén ti Italia va tiép tuc d&m nhiém thanh céng vai trd nay cho dén nay,
gop phan dua thuwong hiéu Stonex tré thanh mét trong nhivng thwong hiéu manh tai Viét Nam.
Céng ty Twdng Anh dang la déi tac cung cép thiét bi va giai phap céng nghé cho hang chuc Van
phong Dang ky dat dai cac tinh, cac Cong ty do dac ban d6, khao sat dia chinh - dia hinh tryc thudc
Nha nwéc cling nhw tw nhan trén toan quéc.

Hién nay, chung t6i dang tw van va cung cép céc giai phap cdng nghé tron goéi nhw sau:

e Giai phap tram dinh vi vé tinh GNSS tham chiéu thwéng tryc

o Thiét bi dinh vi vé tinh GNSS (Static, RTK, PPK, PPP)

e Thiét bi khdo sat truyén théng: May Toan dac dién tt, Toan dac Robotic, thiy chuan

e Giai phap quan trac tw dong da sensor (GNSS, Toan dac Robotic, sensor dia ky thuat..)

e Giai phap GIS (thiét bj va phan mém thu thap di¥ liéu, phan mém CSDL GIS)

e Giai phap 3D (Thiét bj quét laser 3D, SLAM, XVS vSLAM va phan mém x& ly, mé hinh hoa)
e Giai phap Thiét bi tréc dia diéu khién tw dong trong xay dwng théng minh (Machine Control).

SOFTWARE
FIELD | GIS | 3D

SURVEYING
GNSS | TS | GIS

STONEX\‘

S O L U TIONS o~k

,N

3D SCANNING
HANDHELD | TERRESTRIAL MACHINE CONTROL

SOLAR | MINING
AGRICULTURE | MARINE



TRUNG TAM HO TRQ PHAT TRIEN
KHOA HQC KY THUAT

- Thanh 1ap theo Quyét dinh sb 190/TCCB ngay 21/01/1991 va
chuyén d6i theo Quyét dinh s6 1893/QD-BGDDT ngay 30/5/2014
cua Bo Giado duc va Pao tao.

- Pia chi: Tang 1- nha A Trudng Pai hoc Mo - Pia chat - phuong
Puc Thang - quan Bac Tir Liém - Thanh phd Ha Noi

- bién thoai: (024)22183046 /01654806361

- Fax: 0243 7524447, Email: tthotro.mdc@gmail.com

Website: http://htptkhkt.humg.edu.vn

Giam déc
NGUT, PGS.TS.
Nguyen Truwong Xuan

Linh vuc hoat dgng khoa hoc va céng nghé
Ding ky hoat dong Khoa hoc va Céng nghé s6 A-944; Gidy phép Hoat dong Po dac va
Ban d6 s6 00248.

- Nghién ctru va san xuat thir nghiém cac san pham méi theo céng nghé méi trong linh
vuc Mo, Dia chat, Dau khi va Trac dia; Nghién ciu thiét ké, ap dung céac bién phép thi cong
tién tién va tham dinh nude dan dung va cong nghiép; ap dung céng nghé tién tién trong khai
thac mo va dau khi.

- Tu van dao tao trong linh viec M6, Dia chat, Dau khi, Tric dia, Ban do, Vién tham, Hé
thong tin dia ly, Cong nghé thong tin va Mbi trudng; Tu van 1ap cac du an dau tu trong linh vuc
Mo, Pia chat, Dau khi, Tric dia, Ban d0, Vién tham, Hé thong tin dia ly, Cong nghé thdng tin
va Mai truong, khao sat danh gia tac dong méi truong va cac cong trinh ha tang; Tu van phat
trién hop tac dau tu trong linh vuc thiam do, khai thac khoang san, danh gia trir lwong, chat
luong tai nguyén va do dac cac loai ban d6; Lap trinh phan mém ¢ng dung trong cac linh vuc
lien quan; Ché tao gia cong co khi; Khoan thim do, khao sat dia chat, dia chat cong trinh va dia
ky thuat; Quy hoach; Kiém dinh va sira chita thiét bi do dac va thuc hién cac dich vu khoa hoc
va cong nghé khac trong linh vuc dau khi va cong nghé tin.

- Lap du an, thiét ké ky thuat - dy toan nhiém vy do dac va ban do chuyén nganh; Kiém
tra chat lugng san pham do dac va ban do; Xay dung mang ludi toa do, d6 cao; Xay dung co s
dir liéu nén dia ly quéc gia ty 18 1:2.000, 1:5.000; Po dac thanh lap ban d6 dia hinh ty 1¢ 1:200,
1:500, 1:1.000, 1:2.000, 1:5.000 va 1:10.000; Po dac thanh lap ban do dia hinh day bién khu
vuc cira s6ng, cang bién; Do dac thanh Iap ban dd dia gii hanh chinh; Do dac thanh 1ap ban do
dia chinh; Thanh l1ap ban d6 hanh chinh cip tinh, cap huyén; Po dac ban d6 cong trinh ngam.


http://htptkhkt.humg.edu.vn/

_VICIOR Y{

VICTORY INSTRUMENT JSC

HIEU SUAT

Vé chung toi
PUQC THANH LAP TU NAM 1993

Cdéng ty C6 phan Thiét bi Thang Lgi kinh doanh
thiét bj bay khéng ngudi lai phuc vu cong tac
thanh lap ban do dia hinh, dia chinh, quy hoach
cac loai ty lé va khao sat cac cong trinh nang luong
néi chung va cac tuyén dudng day tai dién.

Thiét bj dinh vi vé tinh, méay toan dac dién tl, thuy
binh tu dong phuc vu cong tac do dac khao sat.

S6 6 Hoa Ma, Phudng Pham Binh
HG, Q. Hai Ba Trung, Ha Nbi
VICTORY.COM.VN

.o

> yod
San pham
Chuing t6i la Dai dién Uy quyén chinh hang
cla cac thuong hiéu nhu:
e DJl
e TOPCON
e FARO

SCAN ME

e

HOTLINE CALL
0243 976 1588


tel:02439761588
https://www.google.com/maps/place/Victory+Instrument+JSC/@21.0157336,105.856203,19.25z/data=!4m13!1m7!3m6!1s0x3135abf25409970f:0x28737261a3d46ff7!2zNiBIw7JhIE3DoywgUGjhuqFtIMSQw6xuaCBI4buVLCBIYWkgQsOgIFRyxrBuZywgSMOgIE7hu5lpIDEwMDAwMA!3b1!8m2!3d21.015932!4d105.8566403!3m4!1s0x0:0x45c3ae3a55c3435e!8m2!3d21.015881!4d105.8558811?hl=vi-VN

NHA XUAT BAN KHOA HQC TU NHIEN VA CONG NGHE
Nha A16 - S6 18 Hoang Quéc Viét, Cau Gidy, Ha Noi
bién thoai: Phong Phat hanh: 024.22149040;
Phong Bién tap: 024.37917148;
Phong Quan ly Tong hop: 024.22149041;
Fax: 024.37910147; Email: nxb@vap.ac.vn; Website: www.vap.ac.vn

HOI NGHI TOAN QUOC TRAC PIA CONG TRINH

VI SU PHAT TRIEN BEN VUNG (ESSD 2023)
ENGINEERING SURVEYING FOR SUBTAINABLE DEVELOPMENT - ESSD 2023

Truong Pai hoc Mé - Pia chit,
Khoa Trac dia Ban do va Quan ly dat dai
Bo mbn Trac dia cong trinh

Chju trach nhigm xuat ban
Giam doc, Tong bién tap
PHAM THI HIEU

Bién tdp: Ha Thi Thu Trang
Trinh bay kj thugt: ~ Nguyén Ha
Trinh bay bia: Pham Quoc Khénh

Lién két xuat ban:
)  Truong bai hoc Mé,- bia chat ’
bia chi: S6 18 Pho Vién, phuong Buc Thang, quan Bac Tu Liém, Ha Noi

ISBN: 978-604-357-178-3

In 200 cudn, kho 21x29,7 cm, tai Cong ty C6 phan Khoa hoc va Cong nghé Hoang Quéc Viét.
Pia chi: S6 11 ngach 1, ngd 1 V5 Chi Cong, P. Nghia Do, Q. Cau Gidy, TP. Ha Noi.

S6 xé4c nhan dang ky xuét ban: 3098-2023/CXBIPH/01-33/KHTNVCN.

S6 quyét dinh xuat ban: 37/QD-KHTNCN, cip ngay 15 thang 9 nam 2023.

In xong va ndp luru chiéu quy 11 ndm 2023.
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