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Quy trinh khao sat dia hinh mo 16 thién bang cong nghé UAV
phuc vu danh gia on dinh bo mo: Thuce nghiém tai cum mo da
thuoc Cong ty co phan xi mang VICEM Ha Tién

- A ~ 1.2.* X A 2 A , < 7:a¢l
Tran Trung Anh . Nguyen Anh Tuan"**, Pham Quédc Khéanh' Pham Vin Viét

/Trlr()'ng Dai hoc Mo - Dia chdtr
‘Nhom nghieén ciru Cong nghé Dia tin hoc trong Khoa hoc Trdi dat (GES), Trirong Pai hoc Mo - Pia chat
‘Nhom nghién ciu manh Nhitng tién b trong khai thac mo bén viig va cé trach nhiém (ISRM),
Truong Dai hoc Mo - Pia chat

TOM TAT

Bai bao trinh bay quy trinh cong nghé may bay khong ngudi 1ai UAV (Unmanned Aerial Vehicle) co dinh
vi tam chup chinh xac bang GNSS-RTK khao sét theo dang dia hinh bo mo 16 thién c6 do chénh cao dia
hinh I6m. Quy trinh cong nghé UAV nay gidi thiéu chi tiét tir cac cong doan ngoai hién truomg dén xur 1y
ndi nghiép dam bao do phan giai dia hinh bé mat thanh 14p va cap nhat ban d6 dia hinh c6 ty 1& 1/1000 v
duong dong mire 1 m. Két qua quy trinh cdng nghé UAV két hop dinh vi tam chup GNSS-RTK duoc xay
dung va &p dung cho cum mé da Nui Com va Nui Trau khai thac xubng sau thudc Cong ty CP xi mang
VICEM Ha Tién. Ban d6 c6 ty 1& 1/1000 déap mg duoc yéu cau do chinh xac khi kiém tra tai 22 diém do
thudéc mo Nai Com, 29 diém do thudéc mo Nui Triu, d6 chénh léch d6 cao giita do truc tiép bang cong
nghé GNSS-RTK va do béng anh UAV tir 0-0,14 m; d 1éch trung binh dat ¢& 0,02 m déi v&i mo Nui
Com, 0.03 m déi véi md Nui Tru. Trén ban dd mé hinh d6 cao DTM (Digital Terrain Model). cac mé
hinh d6 déc dia hinh va mat cét chi tiét tuong ung s& duoc tw dong thanh lap voi d6 chinh xdc cao. Do
chinh xdc cua dia hinh hién trang moé, d6 déc suon tang va bo mé duoc xdy dung trong cac chu kv khao
sat khac nhau ciia mé (3 thang) dap tng yéu cau bao cao khdi lugng mé theo quy, danh gia dich dong va
on dinh bo mo theo thoi gian. Vi mang luéi moc dinh vi bd tri trén bo mo duoc xdy dung s& gitp cum
mo da Nii Com va Nii Trau dénh gia tic dong clia nuéc mit, rung va chin dong nd min tac dong lam
bien dang va mat 6n dinh b mé trong céc chu ky do vé& cip ban db dia hinh lin sau (tir 3-6 thang 1 lan).

Tir khoa: UAV, dam may diém, mé hinh sé dia hinh, mé dé 16 thién, én dinh bo mo.

1. it van @é

Viéc img dung cong nghé may bay khong ngudi lai UAV vao do vé bin dé.d.ia hinh mo ¢6 d¢ chénh
cao I6n, 6 tinh chat déat da phuc tap vé dia hinh mo da dugc thuc hi¢n pho bién trong 5 nam gin day ¢
Viet Nam va trén thé gi6i. Cac cong trinh va két qua khio sat va thanh 13p ban do dia hinh mo 16 thien
duge cong bé trén nhiéu 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). Cac
nghién ciru va két qua di khang dinh cong nghé UAV dam bao do chinh xac cua ban dd dia hinh ty 1& lon
(NEUyén, 2021). G Viét Nam, cong nghé UAV hién da dugc cho phép va su dung phd bicn U't;lm Xay
d}mg, ¢ap nhat co so dir liéu nén dia ly quc gia voi ty 1¢ 1:2.000, 1:5.000 va thanh ldp ban d4 dia hinh tv
1€ 1:500, 1:1.000 do Bo truong Bo Tai nguyén va Moi truong ban hanh (Thong tr s 07 2021 TT-
BINMT), Tuy nhién, cac cong trinh nghién ciru trén chi sir dung cong ngh¢ UAV khdng co dinh vi tim
chup chinh xac GNSS-RTK va quy trinh dua ra cing la quy trinh tong quat chung dé thanh ldp ban dd
trong ty Thong tu s6 07/2021/TT-BTNMT. Trong nghién ctru cua L.¢ Van Canh (L¢ Van Canh va nnk..
29.22) thiet bi UAV sir dung dé ho trg mot phan xay dung mo hinh 3D mat bang san cong nghiép mo cune
VU{Q& “‘?L} quét laser mat dat, day la pham vi nho. : S

huc €, cac mo khai thac 16 thién lon o nudc ta déu co dang “trén suonm nai, duoi moong siau”, chicy

S& a1 7 " e X . ,
u khaj thac lén, chiéu cao bo mo lon.
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tac dong cua e4
ién nhue tap thay doi & Cac ho,
0 ¢ hogy

ok thac thirome xuvén dan tai cac bi dans y dich don t hceo thor gian. Theg ‘rmh "lr
Kkhar thac hicu cao b mo neay mot tang theo chicu sau va bien gi1o n mat cang I}”” rong. D'C“klg‘n
éu 16 tu nhién co ban: dicu kién dia chat khy, Vi

Vire

1ich don

ch done va on dinh bo mo chiu anh huong bot « a
hire tap. cac dut gay kién tao lam xuat hién nhiéu mat yéu va tao dicu kicn cho su tham nhap, phy huy
cua nudce r\L‘ﬁm. \11‘("‘11‘ kicn dia chat thoy van khong thuan l¢m (nhicu nue ngam va nuge mat) (Ham (.f)n'j:
Khoa. DA Van Triéu. 2021) '\

Cac thong s6 hinh hoc bd mo thay doi lién tuc v
tap. tac dong cua hoat dong khai thac mo, do thai va I‘vién d
khi xay dung ban do dia hinh bang cong ngh¢ UAV, can chi
mo dé dam bao dd chinh xac va cap nhat cua dia hinh hién trang. o

Cum mo da voi cung cip nguyén liéu cho nha may xi mang Nai Com va Nui Trau da dugc Bo T
nguyén va Méi trromg cap phép theo Gidy phép s6 2017/GP-BTNMT ngay 02 thang 8 ndm 2019 cp,
Cong ty co phén xi mang Ha Tién trén dia phéan huyén Kién Luong, tinh Kién '(iiang. Hién trang, mo Ny;
Com nam ve phia Bac nha may xi mang Ha Tién. Cao do khai thac cua mo Nii Com tir mirc mat dia hinh

1 khong dong nhat do cac dicu kién dia chat mq phit
‘n dang dia hinh do sul [Gn va dich dong. D m,‘

y dén cac diéu kién dia hinh dac thu cug khu

cote +2 m dén +4 m xudng muc cote -57 m, cao d6 ddy mo dugc khao sat xac dinh dén thang 12 nam
2022. Mo Nui Trau nam vé phia Bac nha may xi méang Ha Tién, nam xa nha may hon mo da voi Ny

Com. Mo khai thac tir mie mit dia hinh cote +0 m xudng murc cote -44 m, hién la cao cao do day mo,
hién trang duoc cap nhat toi thang 12 nam 2022. Trén moé da hinh thanh cac tang khai thac, c6 tuyén
dudng van tai tryc tiép xudéng dén murc khai thac cote -44 m. Nui Trau c6 hién trang day mo -58 m va mo
Nui Com hién trang day mé -50 m, cac bo mé hién co thong sb hinh hoc va dia chat kha phirc tap theo
cac hudng khac nhau va con tiép tuc khai thac xudng séu téi cote -75 m. Do do, cac trang thai bo mo khac
nhau nhu trang thai tinh va trang thai dong (co nudc, chiu tac dung rung vé} chan dong n6 min) la nhung
véu té tu nhién va ky thuat khai thic mo néu trén anh huong rét 16m t6i quyét dinh trong lua chon phwong
an dam bao va duy tri an toan cho bé mo khi tiép tuc khai thac xubng sau va sau khai thac ctia cac bo mo.
Dac biét 1a cum gém 2 mo va nhiu bo mé dang co thiét bi khai thac va tién hanh khoan nd min dong thoi

¢6 tac dong tiéu cuc dén on dinh va dich dong ctia bd mo ciing nhu cac cong trinh bao vé gé’m cac bo mo
nén coéng do V&, giam sat bo mo ¢6 hé théng c6 tinh cap thiét trudc mat va lau dai.

Khu nhi miy B2

s 4r P, N r. 27 2 . . 22
Hinh 1. Vi tri cum 2 mo da Niai Com va Niii Trau thuge Cong ty CP xi mang VICEM Ha Tien. 202-

[rong pham vi nghién clru nay, bai bao gigi thiéu quy trinh cong ng,hé UAV két hop dinh vi tdm chup
S - Cong

GNSS-RTK dé khao sat dia hinh cho cum mo da Nai Com va Nai Trau khai thac xudng siu thuo

ty CP xi mang VICEM Ha Tién nham danh gia hi¢n trang dia hinh khai thac mo va phuc‘vu thict I\é‘m;m:-'
ludi quan trac dich dong cho cac bo mo cua cym mo. bé nghién ciru danh gia dich d&.‘mg bo mo, can thu
thap so0 liéu khao sat dia hinh, dia chat cong trinh, dia chat thiy van va cac lhdn; 6 c.Cm" nghé Khai thac
cua cym mo. Cu thé, doi vor khao sat dia hinh, nhém nghién ciu ang dung cér{v ng.ht;‘b va thiét bl bay
khong nguoi lai UAV ¢o dinh vi tam chyp bing GNSS-RTK dé thanh iﬁ% bzinthdé dia hinh v 1¢ M,
(1/1000 hoac 1/500), xay dung mo hinh sO dia hinh, xay dung md hinh d(: ldC)L tao mﬁ.t cit qua moong

’ - ’ . . = J,
khai thac va bo mo. Bén canh do, nhom nghién ciu si dung 2 thiét bi hién dai ding dé quan #3¢ i
= : b o
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chén dong no min trén bo mo khi cac mo Nai Com va mo

frong thot gian 161 (chu ky do gi;’np sat 3 thang mot lan).
Ran do dia hinh va mé hinh sd dia hinh I?TM dudi dang 2D va 3D cho phép xac dinh chinh xac cac

dicu kién bién trang thai cua bo mo trong dicu kién tinh va dong, tir d6 tién hanh phan tich danh gia on

dinh va bien dang cua bomo trong hién trang va trong thoi gian tGi doi vai cum mo thude Cong ty CP xi
mang VICEM Ha Tién.

Nui Trau tién hanh né min trong hién tar va

5. Phwrong phap nghién ciru
2.1. Co so thiét ké bay chup bang UAV trén mé 19 thién

Co s0O cua tinh toan céc' thong so thiét ké bay chup trén khu mo phai dua chinh vao thong 50 k¥ thuat
cua may bay chup anh, moi quan h¢ gitra chiéu cao bay chup va do phén giai mat dat trén co so yéu cau

do chinh xac cua ban do dia hinh, yéu cau d9 chinh xéc cua san pham bay chup sau xir 19, Méi quan hé
nay duoc chira co ban ¢ Hinh 2.

Trong d6 cac ky hiéu nhu sau: fla tiéu cu cua
may chup anh (mm); H la chiéu cao bay chup
(m); Pixel 1a diém anh trén bo cam cua may
chup anh s6; GSD (Ground Sampling Distance)
la d6 phan giai mat dat (cm); imW la so diém
anh theo chiéu rong cua bo cam may chup anh
56; imH 1a s§ diém anh theo chiéu cao cua bo
cam mdy chup anh sé; FOV (Fied of View)
truong nhin hodc géc mé cua may chup anh:
IFOV  (Instantaneous Field Of View) truong
nhin cua 1 diém anh.

Hinh 2. Théng s6 chinh cia dnh sé trong cong nghé UAV
Trén co'so yéu ciu d6 chinh x4c ciia san phim la ty 1€ ban dd dia hinh can thanh lap, khoang cao déu
cua duong binh do (Thong tu 07 cia BTNMT, 2015) nhan duoc sai sb trung phurong mat bfmg va dd cao
theo cong thuec 1.
my, < 0.01 X Mpy (cm)
{m,lsixh x 100 (cm) tH
trong do: Myq 1a méu s6 ty 1¢ ban db dia hinh cn thanh Iap;
h 1a khoang cao déu cua ban db dia hinh can thanh lap (m);
my, la sai sb trung phuong mat béng (cm);
' my, 14 sai sb trung phuong do cao (cm). ‘
Ubc tinh do phan giai mat dat theo cong thire 2 (DroneDeploy, 2017; Tran Trung Anh, 2018).
GSD < min {;(l‘px"lp; klhx ”lll} (2)
rong do: k, =1 + 2 la hé sd quan h¢ do chinh xac mat bang va do phan giai mat dat:
_ ky, =1+ 31lahé sb quan hé do chinh xac do cao va do phan giai mat dar:
Ir do phan giai mat dat tinh toan chiéu cao bay chup theo cong thie (3):
H =G¢spL2 .
36 x 100 . (3)
AM(’l dac diem cua khu mo 16 thién la dia hinh bi ghiu cat bot cac tang Khai thac Vi day mo, do do co a5
Chenh‘ cao ‘l('m. Do viy, dé dam bao tinh d6ng déu ve do phan giai mat dat, dong deu ve do chinh x !

3 3 ac theo
YOU cau, ch

b n phai thiét ké bay chup theo dang dia hinh. Trén ¢o so ban do dia hinh ¢ cac giai doan kh

thic, thanp 1ap mo6 hinh s6 dia hinh tham khao lam co so deé thictke bay chyup cho thoi diém ¢idp nh

! thii tinh chuyén mo hinh sb nay vé h¢ quy chicu quoe & Ta do do cao bay chup tinh theo con
la dg €ao bay chup so vai bé mat mo hinh $6 tham khao, duge chi va o Hinh 3

ai
at, luu
2 thue
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Hinh 3. Thiét ké bay chup véi s tham gia ciia mo hinh 50 dia hinh (anh Esri)

Bay chup theo dang dia hinh ¢6 sy tham khao m6 hinh s6 dia hinh co thé bay theo mat cét dang cao
hoac theo huodng bay to1 uu, dd cao bay chup sé thay ddi bam theo dia hinh khu bay Cac diém dmt cua
tuyén bay (waypoints) c¢6 thé phat sinh tu dong trong qua trinh bay chup thuc (€ trén co s ho tro cua
cong nghé dinh vi tim chup GNSS-RTK tai thoi diém chup anh.

2.2. Quy trinh ky thudt bay chup UAV trén khu mé Iy thién

Ung dung cong nghé UAV khao sat dia hinh trén khu mo 1§ thién phuc vu danh gia. on dinh bo mo cin
nhiéu coéng doan ca & hién trudong va xu 1y sb liéu trong phong. Cac cong doan nay can phoi hop. hd g
cho nhau nhu: st dung cong nghé dinh vi GNSS-RTK vira dan dudng bay vira hd trg dinh vi tim chup
anh chinh xac cho qua trinh bay chup, do cac diém khong ché anh kiém tra trén mit dat lai kiém nhiém vu
do cac diém quan trac chuyen dich trén mo (v6i yéu cau do chinh xac dén cm); song song vo1 bay chup
anh UAV tai thuc dja co thé tién hanh do chan dong né min dé co cac thong s6 ky thudt dua vao phan tich
on dinh bo' mo; cung véi viée tan dung céc tai liéu khao sat dia hinh, dia chit da c6 ¢ giai doan truoe. Do
vay. can thiét phai xay dung mot quy trinh k¥ thuat dé thong nhét phdi hop gitra cac cong doan. quy trinh
nay dugc trinh bay véi cac buge chinh ¢ Hinh 4.

Trong quy trinh 0 Hinh 4 mot s6 budc chinh nhur sau:

Budoc 1. Cong tac chuan bi, lap phuong an ky thuat bay chup UAV (thiét bi bay chup. phan khu bay.
tinh toan cac théng sb thiét ké bay chup), cac yéu cau danh g gid on dinh b mo,.

Tai liéu khao sat dia hinh khu mo tham khao: 1a nhirng tai li¢u khao sat dm hmh ¢ cac giai doan truoc
theo béo céo dinh ky nhu ban d6 dia hinh.

M6 hinh s dia hinh (tham khao): tr ban do dia hinh giai doan truge, tién hanh tinh chuyén sang he
qubc té va xay dung mo hinh so dia hinh dé trg giip cho qua trinh thiét k& va bay chup theo dang du
hinh.

Ty 1é ban do dia hinh, khoang cao déu: day la yéu cau san pham, cung ¢ip yéu cau do chinh xac thee
guy pham v& mat bané va do cao. ‘ |

Bude 2: Thiét ké va bay chup anh UAV theo dang dia hinh: d¢ cao bay chup thay d6i theo bé mat did
hinh trén co so mo hinh s6 dia hinh tham khao. ‘

Buoe 3 Dinh vi GNSS-RTK: cong nghé¢ nay rét qQuan trong vi la I\\ thudt dmw bo ve hé quy chieu
dinh vi ¢ Im cac cong doan, két noi gitra cong nghe¢ U, AV va dicm quan trac dich dong.

Buaoe 4. Cac bude xu ly anh UAV trong phong gom: licn k&t binh sai Khoi anh, xdy dyng dam 1y
diem, xay dung be mo hinh s6 bé mat DSM phuc va thanh 1ap anh trye giao: T dam may diém cua Kbu
do tién hanh boc tac dia vat (nha cua, cay O, Y 1o¢ trén cong ruodng, ..
hinh DTM: Tu DTM co the nol suy Ly dong duong binh do, »

ll
) dé xdy dung mo hinh s0 &

g (I
xdy dung mo hinh 4o doe, mat cat dia hinh.. )
[ u lILlI Lll,]l Va 1 | ]\'] ll\,ll |lg!lll| \U ll(hl cac (ll 1 val “kll l\hll 1O, E_hl kllll \\lk dlkl“ dﬂ Cao dld hl“l\ le blL
‘nll) ”Iclllh t|lld ')(”l “U (1[([ IIII]II

’ bo
Bude S Do chan dong nd min, cac tai ligu két qua khao sat dia hinh cung ¢dp cho danh gid on dinh
mo, lap bao cao két qua
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Cac bude cu the duge the hién trong hinh 4 phi hop véi diéu kién khu mo 16 thién n6i chung va dac
(h cia cum Mo da thudc cong ty CP xi mang VICEM Ha Tién.

( Cong tac chuén bj )
' , M .

Téi liéu dia hinh khu [\ l 0 =

mo tham khio | Thict bi bay Drone/
: UAV

Niohlah‘so dia hinhm /., Thiét ké va Bay chup
B 7(thﬂ1~khé0) / anh theo dang dia hinh

/Ty l1¢ban db dia hinh,
khoang cao déu /"

Dinh vi tam chupl

Dinh vi GNSS - RTK | |
Xir 1y do nh o
(Agisoft) |

T
Anh chup
Y

" |
Lién keét, binh sai 2 £ x |
Kkhéi anh <+ ‘Piém khong ché anh ‘

Xay dung dam may

diém Dense Cloud ) o
l Do céc diém quan trac dich dong

Xay dyng m6 hinh ‘
s6 bé mit DSM i

——( Anh tryc giao
! Béc tach dia vat, cdy cbi

Xay dung m6 hinh +_]
s dia hinh DTM
V& ban o d6 ddc, ] '
V& mit cét dia hinh e N v

Nén aPh A = /Panh gia 6n dinh \ PR :
| [ ———»( b8 1m0 < Do chin dong n6 min
| .
- - | ,, So hoa ban do dla hlnh | {

|

Hinh 4. S @6 ky thudt img dung cong nghé UAV khao sat dia hinh ho trg danh gid on dinh bo mo

A ? N 4
3. Két qua va tho luén
AV khao sat dia hinh 1a cum mo da (mo Nai Com va Nuj
Tién. Tu licu ban do dia hinh ty 1& 1/1000 (thudc ht, toa do
), khoang cao déu duong binh do 1 m (h¢ d¢ cao quéc gia).
ay dung mo hinh s6 dia hinh 1am co s& thiét ké bay

T Ving thyc nghiém (mg dung cong ngh¢ U
r‘“‘) thuge Cong ty CP xi mang VICEM Ha
NZOOO kinh tuyén truc 105°00, mui chiéu 6

Tuw lleu tham khao, tinh chuyén sang h¢ quoc 1 va x

¢hup UAV theo dang dia hinh khu mo.

Thay My =1000, h=1m, ldy kp=2, kn=
GSD < min{5 cm; 8,3 cm} dé du phong do ch

— 3 vao cac cong thic (1, 2) tinh duge d§ phan giaj chup anh:
inh xac va dam bao yéu cau cung ¢ap tr lidu khio s;il
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Hinh 5. M6 hinh s6 dia hinh cum mo Nii Com, Niii Trdu va cac thong so thiét ké bay chup

Cung vaéi dac diém cua phuong tién bay UAV trong thuc nghiém la DJI Phantom 4 RTK (ca bay 30
phut. tiéu cu 24 mm, mang nhan anh imW = 5432, imH = 3648), thoi tiet khi tuong c6 thé lua chon dg
phan giai chup anh khoang 2,74 cm, tir d6 udc tinh dugc do cao bay chup H = 100 m theo cong thire (3.
Thiét ké dé phu doc 80 %, d6 phu ngang 70 % va khoanh ving bay chup, s& tinh toan cac théng so cua
khu bay (Hinh 5). Sau khi da thiét ké phan khu bay chup, tién hanh bay chup trén cum mé dudi sw hd 7o
cua cong nghé dinh vi tim chup bang GNSS-RTK.

Hinh 6. Cong tac bay chup tai thuc dia )

Song song voi cong tac bay chup, tién hanh do GNSS-RTK truc tiép tai cac diém khong ché anh (d¢
kiem tra) va cac diém quan trac chuyén dich trén vi tri cac mat cit cin nghién ctru chuyén dich. Cong
nghé do GNSS-RTK bang may do caa South Galaxy G3 ¢6 d6 chinh xac tét (miat bang dat 8 mm + 0.3
ppm. do cao dat 15 mm + 0,5 ppm).

alani s 86 0a04 1

' Hinh 7 Cong tic do GNSS-RTK tai thie dja < du
Sau khi thu thap 50 hicu tai thyue dia, cong tac xa 1y trong phong dugce thye hign trén may tinh €0 ¢
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Hinh 8. Binh dé anh, DTM, ban d6 dia hinh (mjt phan) va mdt cat dai dién mo Nui Com
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Hinh 3. Binh dé anh, DTM, ban do dia hin
yc dija, tricn 1én b

h (mot phan) va mat cat dai di¢n mo Nui Trau
Tir két qua do GNSS-RTK tai th inh do anh, dam may di¢m d¢ kiém tra d§ chinh xac,
g q JNGS bu nam trong gioi han cho phép, dugc trinh bay trong Bang 1.

80 li¢u chénh léch vé do cao déu na

Bang 1. Chénh léch dj cao tai cac diém kiém tra
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( hénh léch do cao kiem tra tai mé Nyj Triy

Chénh 1éch A cao kiém fra tai mo Ngi Com

VAN QUOC TRAC DIA CONG

"RINH

i

’ AH(m)

Qua bang kiém tra két qua trén, nhan thay san pham cua cong nghé UAV d3
chinh xac khi kiém tra tai 22 diém do thuéc mé Nai Com, 29 diém do thudéc m
d6 cao giira do tryc tiép va do bang anh UAV tir 0 ,00 m dén 0,14 m;
vl mo Nui Com, 0,03 m dbi véi mo Nai Trau. Véi két qua kiém tra

Diém Hw(m) H,, (m) AH(m) | Ghichi Diem | He(m) Hua(m) | Ghi chy,
NC1T 2.02 2.01 0,01 | Nai Com | NTT | 2,32 | 2,28 4 0,04 erii Tray :
NC2 201 2,00 | 0.02 ; | NT2 | 2,20 | 2,20 | 0,00 | Mip ‘
NC3 | 539 240 | 0.00 | Min NT3 | 2,12 | 2,12 | 0,00
NC4 | 174 | s | 001 | | NT4] 675 6,72 -0,03
NCs | 206 | 206 0.00 NTS -6,75 6,72 0,03 |
NC6 | 3638 | -2037 ’ 0,01 NT6 | 2564 | -2561 |  -003 |
NCT | 1951 | -19.52J 000 | CONT7T| 031 032 001
NCS8 1.64 | 1.67 7 _().t)j 1 NTE | 006 | 0,05 | ) ,,,,Q’,O,], i
NGO | 228 | 230|001 o NTY 0.21 0211 000
L NCI0 | 730 | 720 -0,10 | Max NTIO 4,45 435 011 |
_NCIL | 691 | .87 | -0,04 NTI I -0,08 -0.02 006
~ NCI2 | 209 2.08 0,01 NTI2 | -13.34 -13.34 000
NCI3 | 939 9.40 0.01 NTI3 |  -1523 -15.24 0,01 |
NC14 | 994 991 | -0,03 NTI4 |  -24,63 -24.59 -0,04
NCI15 | 2.17 2.16 0.01 NTI5 | -25.13 -25.15 0,02 |
NC16 | 2.20 2,21 0,01 NTI6 1,46 1,44 0,02
NC17 | 1.35 1,36 | -0,01 NT17 2,17 2,20 -0,03
NCI18 | 9.86 9.88 | -0,02 NTI18 2,47 2,50 0,03 |
NC19 | 3.24 328 | -0,04 NTI19 2,71 2,75 0,04 |
NC20 | 1.43 148 | -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
J NT23 4,27 4,13 -0,14 | Max
? ] NT24 5,11 5,10 -0,01
f l NT25 [ 1528 | -15.21 20,08
;I f NT26 | 1537 | -15.33 0,04
[ | NT27 [ 4571 | -15.70 20,01
J l NT28 1,59 1,59 0,00
f j NT29 1,19 1,18 0.01
Do léch trung 0,03 |
D¢ léch trung binh 0,02 binh ? B

ban do dia hinh 1/1000 va den ca 1/500 vm dudng binh do 1 m va 0,5 m.

do chinh xac

Hinh 10. Mo hinh dg déc cuq bo mo miii Com

Tren Hinh 10, gi61 thigu mo hinh d§ déc caa & mo
thap du heu ve do doc cua suon tang trén g miure ca
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quan {rong dé co the thiét k¢ mang ludi cac diém quan tric dich dong va danh gia trang thai on dinh cua
p mo trong qua trinh khai thac va ket thue khai thac.
v
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Hinh 11. Thong 6 dao déng nén ddt do chan déng né min bang thiét bi Blastmate II]
va vi tri cdc diém khdo sat chan doéng trén bo mo ) )

Déi voi khu vuc dic trung bo mé Niti Com va Nui Trau, duoc khao st trén cac mat cét tuyén mat cat
ahu trén Hinh 8, 9 va 10 voi cac thong sb chi tiét cac hé thong khe nirt va thé ndm cua khoi da, thong so
dao dong nén dét do chan dong nd min. Cling v6i qué trinh bay chup UAV, thi nhom tac gia cing tién
hanh thu thap s6 lidu do dich dong hién trang by mo trong didu kién dong, chiu tac dong cua chan déng
nb min trong qua trinh khai thac, cung cép co so dif liéu danh gia 4n dinh bd mo6 cia cum mo da thude
Cong ty CP xi mang VICEM Ha Tién (Hinh 11). Déy la dir liéu quan trong dé danh gia 6n dinh bo mo
mét cach khach quan va chinh xac.

Trong truémg hop 2 by mé Nui Com va Nui Triu, cac diém do cin lip dat trong 2 ving thudc 2 bo mo
trén timg vi tri bo mo giap cong trinh can bao vé. Ngoai ra, mang ludi do cin dugc bd sung thém bang
cach lip dat cac thiét bi do d6 nghiéng (inklir}ometr - quan tric sau) trong vung bao vé bd tru nam. Ban
thiét ké mang lu6i quan tric can phai duoc thong nhat v6i cac ban lién quan cua mo va lam cho nmg giai
doan khai thac. Cang xudng sdu thi mang lu6i quan trac phai dwoc mo rong. Trén Hinh 12 gidi thiéu
phuong 4n so b va rat dai cuong cho mang lu6i quan trac.

. l
CIEE B ?

Hinh 1. Phuong dn quan (rdc bé mat va quan trdc sdu
Ky hiéu:
- Vi céc cong trinh cén bao vé. saimiazana |
- Mép bo mo.
- Suon bo cong tac.
- Céc diém do tric dia.
- Thiét bi do d¢ nghiéng. £
. - Cac diém do trac dja lap dat theo tién do khai thac. &
bo n‘;on{; phuung an quan tré:c bé.mél;va quan trac sau, «}e xgavl n}(;n bo mo ¢o nlupl h}; 1h§(13 diém weén cace
Véi O'de qua’n_ trac - Féc tuyén nay can phan b0 sung Ehcm cac gm‘l’l du. theo ucn'do l‘\hdl \lhuc xuong sau.
dénhmj?j‘g,luof mbc dinh vi bo tri trén bo mo duge xay gh‘m‘g sggluE cum mo da Nui Com va Nui Trau
tron E_‘/" tac d(.){lg cla nuoc mat, rung va chan dong no ““““f“ d\)”.{é am bién dang va mat on dinh bo mo
£ cac chu ky do vé cap ban do dia hinh 1an sau (tr 3-6 thang |1 lan).
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4. Két Inan
ng dung cong nghé UAV két hop dinh vi tam chup GNSS-RTK dwoe xay dung va ap dung khag « {
§ ) TS 54

fia hinh cung cap ban do dia hinh cap nhat. mo hinh so dia hinh, mat cat chia hinh ‘.(7’ do chinh xac tH1 d4
g veéu ciu danh gia on dinh bo mo coa cum mo da 1o thién Nai Com va Nui Trau khai thac Xudng v“p
thuoe Cong ty CP xi mang VICEM Ha Tién. Di vai dac thi dia hinh mo 6 chénh cao Iom, tinh 1o, ml
phan giai mat dat. chidu cao bay chup va xay dung DTM tham khao tir ban do nén da co phuc vy h,,.:
chup theo dang dia hinh. K&t qua nghién ciru da xay dung quy l‘rinh cong nghé UAV ¢6 dinh vi t;:,m'd“m
chinh xac bang GNSS-RTK khao sat dia hinh cung cflp han do dia hinh cap nhat, mo hinh sq dia hmh'
mat cat dia hinh ¢6 do chinh xac tot dap img yéu cau danh gia on dinh b mo ctia cum mo da 1§ thién. B;.;
bao trinh bay co so cua thiét ké bay chup UAV cho dac thi dia hinh mo ¢6 chénh cao Iém, tinh toan, dé
phéan giai mat dat. chidu cao bay chup va xdy dung DTM phuc vu bay chup theo dang dia hinh.

Quy trinh k¥ thuat su dung cong nghé¢ UAV ¢o cic cong doan tir ngoai hién truong den xir 1y trong
phong phoi hop chat ché. hop 1y. San pham cua cong nghé UAV déap g duoc yéu cau do chinh xac ey,
trong cap nhat thanh lap ban d dia hinh ty 1& 1/1000 va 1/500 va xdy dung mé hinh s6 dia hinh DTV
mat cat tu dong. thanh 1ap mo hinh dé doc. Cang véi so liéu do dich dong hién trang bo mo trong dia,
Kien dong. chiu tac dong cua chan dong né min trong qua trinh khai thac, cung cap co so dir liéu danh g4
6n dinh bo mo cua cum mo da trong cac chu ky do c@p nhat dia hinh lan sau.

Kicen nghi Bo TNMT va cac chu dau tu cac du an khai thac mo ap dung quy trinh ky thuat su dung cong
nghé UAV két hop dinh vi tdim chup GNSS-RTK khao sat dia hinh cho mé dé tang nang suat lao dong, dam
bao d6 chinh xac cung cap s6 liéu dia hinh tir ban do dia hinh dugc cap nhét, mé hinh sé dia hinh, mé hin:
dd doc va mat cit dia hinh dam bao an toan va hiéu qua trong khai thac 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"2 ", Nguyen Anh Tuan"*>, Pham Quoc Khanh', Pham Van Viet"?

'Hanoi University of Mining and Geology
2Geomatics in Earth Sciences Research Group (GES), Hanoi University of Mining and Geology
SInnovations for Sustainable and Responsible Mining Research Group (ISRM),
Hanoi University of Mining and Geology

This paper presents the technological process of using unmanned aerial vehicles (UAVs) with precise
image center positioning by GNSS-RTK surveying in open-pit mines with large terrain differences. The
UAV 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
aqd 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
alnlgwed for precise assessment of mine current topography, slope, and mine bank stubility'dm-m:.
different survey cycles (every 3 months), meeting the requirements for quarterly mine volume ;'cponinf
@nd transaction evaluation. By establishing a positioning network on the mine bank, the Nui Cum and Nlﬁ

Tau quarries cluster can assess the impact of water surface, vibration, blasting, deformation and

estabilization on the mine bank in the future. The network will also facilitate efficient updating L‘)t‘ the
Opographic map during subsequent measuring and drawing cycles (every 3 to 6 months). )

Keyworgs- UAV, point cloud, DTM, open pit mine, mine stabilization.
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