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LOI NOI PAU

“Hoi nghi Khoa hoc Qudc gia Cong nghé dia khong gian vi su phat trién bén vimng”
(NCGSD - 2024) dugc to chirc ngay 24 thang 10 nim 2024 tai Trudng Pai hoc M6 - Dia chat,
thanh phd Ha Noi. Hoi nghi do Truong Pai hoc M6 - Dia chit phdi hop cing Vién Khoa hoc
Do dac va Ban d6; Hoc vién K¥ thuat Quan sy; Truong Pai hoc Phenikaa; Hoi Tric dia - Ban
dd - Vién tham Viét Nam; Cuc Vién tham Quéc gia; Cuc Do dac, Ban dd va Thong tin dia ly
Viét Nam; Cuc Po dac Ban dd, Bo Téng tham muu; Truong Pai hoc Tai nguyén va Moi
truong Ha Noi.

Ban T6 chtrc Hoi nghi di nhan duoc 29 bai bao cua cac nha khoa hoc trong ca nudce
gui dén Hoi nghi. Céc bai bao khoa hoc dang trong tuyén tip nay trinh bay nhimg két qua
nghién ctru vé cac linh vyc: Cong ngh¢ vien tham trong cac Khoa hoc Trai dat; Pinh vi - dan
duong va hé thdng dinh vi vé tinh toan cau; Cac mo hinh xtr 1y va du béo trong tai bién thién
nhién va méi truong; Quan tric va danh gia moi truong chién luoc; Cong nghé quét LIDAR
hang khong va mat dat, cong nghé UAV; Ung dung nén tang cong nghé 4.0 trong Pia khong
gian; Cong nghé trong quan 1y va sir dung tai nguyén dat bén vimg; BIM - chuyén d6i s6, ting
truong xanh, netzero, ...; Cac tng dung vé dit liéu 16n, hoc may va tri tué nhan tao; Cong nghé
dién toan dam may dé xir 1y, phén tich dir liéu trong cac linh vyc tai nguyén moi truong; Céac
van dé khoa hoc khéac c6 lién quan d3 duoc Ban Khoa hoc ctia Hoi nghi tham dinh, bién tap.

Ban T6 chirc hy vong rang, Hoi nghi khong chi 1a dién dan dé cac nha khoa hoc chia
sé, thao ludn nhiing két qué nghién ctru méi vé cac linh vuc khoa hoc lién quan ma con la dip
dé cac to chirc, ca nhan gip gd, ky két hop tac nham nang cao hiéu qua hoat dong khoa hoc va
cong nghé trong cac linh vuc chuyén mon.

Trong qua trinh chuan bi t6 chirc Hoi nghi, Ban T6 chtrc da nhan duoc su hd tro ca vé
tinh than va vat chit cua cac to chirc va c4 nhan. Ban T6 chic Hoi nghi xin gui t6i cac to
chtic, c4 nhan 101 cam on sau sdc vé su tng ho, giup d& quy bau do.

Cubi cung, thay mat Ban T6 chirc, toi chan thanh cam on Pang ty, Hoi dong Truong,
Ban Giam hi¢u Truong Pai hoc Mo - Dia chat va cac don vi lién quan di tao moi diéu kién
thuén loi, gop phan vao thanh cong cua Hoi nghi. Pac biét, tran trong cdm on céc tac gia bai
bao, cac phan bi€n, cac nha khoa hoc va céac nha tai tro da c6 dong gop quan trong vi su thanh
cong chung cua Hoi nghi.

Xin chan thanh cam on Nha xuit ban Khoa hoc ty nhién va Cong nghé di giup d&
trong cong tac xuit ban tuyén tap nay.

Thay mit Ban T6 chirc
Truéng Bo mon Po anh va Vién tham

TS Tran Trung Anh
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Dia khéng gian thong minh trong hanh trinh thyuc hién cic muc tiéu phat trién bén viing
Vo Chi My”
Giao dich bat dong san - Thuc trang va bién phap han ché rui ro vé mit phéap 1y
Nguyén Thi Dung®

Anh hudng ciia méat do diém do truc tiép dén @6 chinh xac noi suy di thuong trong luc budce song dai khi
tinh d6 sau tir di thuong trong luc

Nguyén Vin Sang”
Két hop da chi s6 phd trong chiét tach dit xay dung ¢ khu vue Ha Noi tir anh vé tinh Sentinel-2
Nguyén Van Trung®, Lé Thi Thu Ha, Nguyén Thanh Len, Lé Thi Minh Phuong
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Vi Danh Tuyén®, Vieong Thi Hoe, Pham Thi Thu Huong, Neuyén Tién Thanh

Str dung dir li¢u v¢ tinh Sentinel-2 thanh lap ban dd sinh vat day khu vuc quﬁn dao Con Pao, tinh Ba Ria
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Nguyén Van Trung®, Lé Thi Thu Ha, Podn Thi Nam Phwong, Pham Thi Huong,
Nguyén Quang Minh,Pham Vong Thanh
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Lé Van Phu, Trinh Lé Hung", T6 Thi Phuong

Phat hién chdy rung dang xdy ra str dyng dir liéu v€ tinh Sentinel-3 SLSTR khu vyc xa Khanh Binh Tay,
huyén Tran Van Thoi, tinh Ca Mau

Poan Thi Nam Phwong”, Nguyén Van Trung, Lé Thi Thu Ha, Nguyén Quang Minh
Cong nghé SBAS xir Iy dir liéu 16n cho xéac dinh bién dang bé mit dia hinh ving Thanh phd HO Chi Minh
Nguyén Minh Hai*
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Nguyén Thi Kim Thanh®, Nguyén Ha

Nghién ctru img dung phuong phap phéan loai huéng dbi twong va mé hinh hoc may trong xdy dung ban
d6 16p phu tur anh vien tham quang hoc

Khiic Thanh Péng®, Tran Binh Trong, Tran Vin Anh, B6 Quang Vinh,
Ha Trung Khién, Pao Duy Toan, Truong Xudn Quang

Xéc dinh lun dat khu vire Ca Mau bé“mg chudi anh radar trén nén tang dién toan dam may Google Colab
Ha Trung Khién, Tran Vin Anh®, Khiic Thanh Péng, Nguyén Pinh Huy

Ung dung cong nghé GIS va vién tham hd trg phan tich, quan 1y tai nguyén rimg trong diéu kién bién
d6i khi hau ¢ tinh Bak Lak
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bia khdng gian thong minh trong hanh trinh
thuc hién cac muc tiéu phat trién bén virng

VG Chi My
Hgi Trdc dia - Ban dé - Vién tham Viét Nam

TOM TAT

Phat trién bén viing la xu thé tit yéu cua thé gisi. Trong hanh trinh thuc hién cac muc tiéu phét trién bén viing
(SDGs), cdng nghé/dir liéu dia khong gian dong vai trd quan trong. Dit liéu dia khéng gian dong gbp 80% trong
cac nganh kinh té quc dan va qudc phong. Sy tich hop cac nén tang cong nghé cua cudc Cach mang 4.0 di lam
cho dia khong gian thong minh hon, hd tro hiéu qua hon cac néi dung hoat dong kinh té - xa hoi va méi trudng,
thiét thyc ddy nhanh qué trinh thuc hién cac muc phat trién bén virng.

Tur khod: Phét trién bén viing, cong nghé/dit ligu dia khong gian thdng minh, GeoAl.

1. Phat trién bén virng - xu thé tit yéu

Tir thud so khai cua lich sir, x& hoi loai ngudi ludn huéng téi su phét trién vi phat trién 1a nhan té dam bao su
ton tai va nang cao chat lwong cudc séng. Phét trién 1a nhu cau cua moi thoi dai, 1a muc tiéu cia moi quéc gia va
trach nhiém caa moi Chinh phu. Phat trién 1a hoat dong tu nhién caa mdi ca nhan va cong dong. Bbn cudc céach
mang cdng nghiép lan luot ra doi bit dau tir gitra the ky thar XVIII da dua nhén loai vao ky nguyen phat trlen
mai véi cac nén cong nghiép hién dai. Bét dau tir cudi thé ky XX, loai nguoi thuc tinh va lo ling cho cudc sdng
cua chinh minh va dong loai khi chiing kién tinh trang can Kiét tai nguyén ddng hanh véi tham hoa méi truong
ké ca 6 nhidm moi trudng, suy thodi va tai bién méi truedng. Sy phét trién thiéu kiém soat gay ra bién ddi khi hau
va cac hién tuong thoi tiét cuc doan 1a mot thyc té hién hitu va l1a méi hiém hoa 16n nhit trong thé ky XXI va xa
hon nira. Pung trude nguy co Trai dit bi huy diét, de doa sy ton tai va phét trién cua xa hoi loai nguoi, thé gigi
quyét dinh chuyén déi mé hinh phat trién méi goi 1a phat trién bén viing. Theo dinh nghia: “Phat trién bén viing
la qué trinh phét trién dap tng nhu cau hién tai ma khdng lam ton hai dén kha ning cua céc thé hé tuong lai dap
g nhu cau cia ho”.

PHAT
TRIEN
BEN VUNG

Hinh 1. Phat trién bén viing - Su két hop hai hoa cac hop phan kinh té, x& héi va méi truong

Phat trién bén viing 1a su két hop hai hoa cua ca ba hop phan: kinh té, xa hoi va moi truong (Hinh 1). Thuat
ngir “phat trién bén vimg” duoc nhic dén lan dau tién nam 1992 tai Hoi nghi Thuong dinh Trai dét tai Rio de
Janeiro. Cung véi thoi gian, 16 trinh va muyc tiéu phat trién bén viing dugc didu chinh, bd sung tai cac hoi nghi
thuong dinh New York (2000), Johannesburg (2002), Rio de Janeiro (2012). Nam 2015, Hoi nghi Thuong dinh
Lién hop qudc tai New York da thong qua Vin kién “Chuyén ddi thé giéi cua chung ta: Chuong trinh nghi su
2030 vi sy phat trién bén vimg”(Chuong trinh Nghi sy 2030) véi 17 muc tiéu (SDGs) phai thuc hién dugc vao
nam 2030 (Lién hop qudc, 2015). Chuong trinh Nghi sw 2030 da dé ra tam nhin chién lugc méi, thé hién khét

* Tac gia lién hé
Email: vochimy@humg.edu.vn
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vong chung cta nhan loai duoc séng trong mot thé gisi hoa binh, cong bang, an toan, xanh va sach; tao khung
phép 1y va dinh hudng cho cac quoc gia trong 16 trinh thuc hién cac muc tiéu phat trién bén virng ca ve kinh té -
x&a hdi va moi truong.

2. L§ trinh phat trién bén virng & Viét Nam

Viét Nam 1a mét trong nhitng qudc gia dau tién cam két thyc hién cac muc tidu phat trién bén viing tir
Chwong trinh Nghi sy 21 dén Chuong trinh Nghi sy 2030. Nhitng nd lyc cua Viét Nam dugc cu thé hoa trong
nhiéu vin kién caa DPang, Nha nudc va Chinh phu. Hai vin ban phép 1y gan day nht bao gom:

- Nghi quyét 136/2020 NQ-CP ngay 29/9/2020 cuia Chinh phu: Vé phat trién bén viing;

- Quyét dinh sb 841/2023 QD-TTg ngay 14/7/2023 cta Thu twéng Chinh phii: Ban hanh 16 trinh thyc hién cac
muc tiéu phat trién bén virng Viét Nam dén nam 2030.

Tur ndi ham cac nghi. quyét va quyét dinh caa Chinh pha (Chinh phu, 2020) (Thu tusng Chinh phu, 2023)cé
thé khang dinh ring: Dé huéng t6i phat trién bén virng, Viét Nam s& chuyén dol sang nén kinh té xanh theo 16
trinh tang truong xanh va kinh té tuan hoan. Nén kinh té xanh duoc Lién hop quéc chinh thirc dinh danh va xéac
dinh 12 nén kinh té tat yéu huong toi cc muc tiéu phét trién bén ving cua cdc quéc gia trén thé gici. Chi c6 kinh
té xanh mai ddng thoi két hop hai hoa hanh phiic cho con ngudi, cong bing x& hoi, sir dung hiéu qua tai nguyen
Nghi quyet Dai hoi lan thir 13 cia Pang Cong san Viét Nam da khang dinh chu truong xay dyung va phat trién
nén kinh té xanh. Véi Viét Nam, viéc chuyén huéng tir kinh té nau sang kinh té xanh khong chi 12 lya chon tit
yéu ma con 1a co hdi dé hoi nhap véi xu thé phét trién bén viing ciia thé gisi.

Dé huéng toi nen kinh té xanh, cac mé hinh ting truéng xanh da va dang duoc thuc hién & Viét Nam. La mot
nudc dang phat trién, ting truong xanh dugc coi 1a giai doan chuyén tiép, can thiét trong hanh trinh Chuyen daoi toan
dién tir kinh té nau sang kinh té xanh. Thang 7 nam 2022, Thu tuéng Chinh phu Viét Nam da ky quyét dinh s6
822/QD-TTg “Phé duyét ké hoach hanh dong qu0c gia Vé ting truong xanh giai doan 2021-2030”. Muc tiéu chién
luge tang truong xanh cua Viét Nam la gop phan thuc ddy co cau lai nén kinh té, gin véi dol mM&i mo hinh ting
truong nham dat thinh vuong vé kinh té, bén vimg moi truong va cong bang x& hoi, huéng téi nén kinh té xanh.

Kinh té tuan hoan 1a mot trong nhiing cau phan huéng téi nén kinh té xanh va phét trién bén viing. Kinh té
tuan hoan dang dugc thuc day ¢ Viét Nam nham thay thé nén kinh té tuyén tinh. Trong béi canh hoa nhap quéc
té, kinh té tuan hoan da va dang tré thanh xu thé tit yéu trong cic nuéc dang phat trién, trong d6 c¢6 Viét Nam.
Niam 2022, thi tuéng Chinh phu da ban hanh Quyét dinh s6 687/QD-TTg Quyét dinh phé duyét dé &n phét trién kinh
té tuan hoan ¢ Viét Nam (Hinh 2).

PHAT TRIEN
BEN VUNG

Hinh 2. Tang trueomg xanh va kinh té tuan hodn — 6 trinh tat yéu hwéng téi phdt trién bén viing
3. Sw phit trién ciia cong nghiép dia khong gian

Tir thoi tién sir, con nguoi da biét sir dung dit liéu dia khong gian dé phuc vu cho cudc sdng, duy tri sy ton tai
va phat trién. Muc do khai thac va sir dung dir lidu dia khong gian ngay cang gia tang manh me khi thé gidi trai
qua céc cudc cach mang cong nghi¢p. Tur nhu'ng phép do dac tho so dén céc thiét bi quang co va hom nay, trong
bdi canh cach mang cong nghiép 1an 4.0, céc thiét bi va cong nghé hién dai thong minh nhu GNSS, vién tham,
UAV, Lidar,... dang san xuat, khai thac hang loat c4c loai hinh dit liéu dia khong gian phong phi, da dang. Cac
thiét bi va cong nghé dia khong gian ngay cang dwoc hién dai hoé, phan bé trén nhiéu tang guan tric cho phép
thu thap, khai théc thong tin ngay cang phong phu va da dang, tur cac thiét bi trén mat dit dén vé tinh quy dao
thip (LEO), hé thdng vé tinh dan duong toan cau (GNSS) dén hé théng nghién ctiru Mat trang va cac thiét bi gidm
sat chuén tinh va thién thé ngoai Thién ha. Déanh gid cao vai tro cua dit liéu va thong tin dia khong gian trong 19
trinh thuc hi¢n cac muc tiéu phat trién bén virng, Uy ban Quan 1y Thong tin dia khdng gian todn ciu caa Lién hop
qudc (UN-GGIM) da ban hanh huéng din khung thong tin dia khong gian tich hgp (UN-IGIF) (United Nation,
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2023). Muc dich cua UN-IGIF 1a huéng dan cho cac qudc gia ting cudng co s¢ ha tang va md hinh quan 1y, bao
goém mot bo nguyén tic va cac giai phap khai thac, quan ly, st dung, tranh xung dot, du thira va dé dang chia s¢
thong tin dia khong gian. UN-IGIF dugc thiét ké dé hd tro cac qudc gia tich hop thong tin dia khdng gian vao qua
trinh ra quyét dinh, thic day viéc sir dung thong tin dia khong gian trong cac linh vuc khac nhau, ké ca quan ly,
giam sat moi truong; wng pho, chdng chiu vai tham hoa thién nhién va bién do6i khi hau,... Trong ky nguyén ky
thuat s6, vai tro cua dir liéu dia khong gian bao gom dir liéu khong gian va phi khong gian dong vai tro quan trong
trong sy thiic day sy phat trién. Thé gisi dang & trong “nén kinh té dir liéu”, cac ddi mai dua trén dit liu DDI (Data
Documentation Iniative) ngay cang tré nén quan trong hon trong moi hoat dong vi mot x4 hoi bén viing. Cot I6i cua
cude “cach mang dix liéu” 1a ha tang di licu dia khdng gian, la nén tang gom nhiéu thanh phan dé chia s¢, khai thac
giita cac d6i tuong cung cap va sur dung. Nén kinh té dit liéu dwa trén nguyén tic “dir liéu lam ra thong tin, thong tin
lam ra gid tri san pham”. Co sé ha tang dit liéu dia khong gian dwoc coi 1a tai nguyén cé gié tri nhat dé kich thich
moi Mit ting trudng caa xa hoi, nhan tb then chét cua cude cach mang céng nghiép 4.0.

Trong nhitng nim gan day, hé thdng tric dia quan sat toan cau GGOS dugc Hai tric dia quéc té IAG thiét lap
nham dong gop cong nghé, khung tham chiéu, cung cép co so dit liéu va thong tin dia khdng gian cho cac noi
dung quan sat va nghién ciru Trai dat va su bién dong cac thanh phan tai nguyén - méi trudng. Dé thuc hién st
ménh quan sat Trai dit véi nhiéu nhiém vu khac nhau, GGOS da dugc sir dung mét ha ting cong nghé hién dai
va dly du, ké ca céc ha ting mat dat va khong gian. Mang ludi trén mat dat, bén canh céc thiét bi hién dai nhu
cac may do trong luc siéu dan, may do trong luc tuyét dbi, cac phuong phap cong nghé tric dia khong gian da
nang nhu: giao thoa canh day dai VLBI, do khoang cach laser SLR, do khoang cach laser Mit trang LLR va ky
thuat Doppler DORIS. Trong nhing ndm gan déy, cac hé théng dinh vi toan cau khéng ngimg duoc hoan thién
va nang cap. Vé tinh thé hé méi GPS III SVO01 di duoc dua 1én quy dao nam 2019 véi do chinh xac dinh vi gap
ba lan va kha ning chdng nhidu gap tdm lan so véi vé tinh thé hé cii. Vé tinh GPS 111 ¢6 két cau viing chic, co
tudi tho 15 nam nghia 1a 25% dai hon so véi vé tinh thé hé cii. Cac hé théng dinh vi GLONASS, Galileo,
COMPASS ciing dang dwgc nang cip, hoan thién ké ca sb luong vé tinh va cong suét tin hiéu. O quy dao tam
thap LEO, ngoai céc vé tinh trong luc CAMP, GRACE, GOCE con ¢ LAGEOS Ia vé tinh laser cia NASA
nghién ciru su chuyén dong cua cac mang kién tao va JASON-2 13 vé tinh do do cao dé xac dinh myc nudc bién

va dai duong.
Ting 5
Chuan tinh Thién ha CHUAN TINH
4
7

/

/
7

N B A /
Tang 4 . MAT SAO MOC ;  SAOTHO
Mit trang & thién thé

Téng 3 GLONASS GALILE COMPASS

V¢ tinh GNSS & ’433:;“ o
R

Téng 2 )

V¢ tinh quy dao thap

Téng 1

Tram mat dét
Hinh 3. Hé thong dia khong gian da tang

Sau 30 nam sb hoa va quy trinh sé, tir nim 2016 dén nay, thé gisi dang & trong lan séng chuyén ddi sé 1a qua
trinh chuyén céc hoat dong quan ly, mé hinh td churc, san xuét, kinh doanh,... tir xa hoi thuc 1én khong gian sé.
Tur kinh nghiém va thanh tuu cua chuyén ddi sé trong tat ca cac linh vuc tir chinh pha sé, kinh té sé va xa hai sd,
cang ngay, thé gioi cang nhan thie dugc chuyén doi s6 1a xu thé tat yéu cua xa hoi twong lai (Thomas M. Siebel,
2019). Sy phat trién nhanh chong ciia cdng nghé da bién chuyén doi s6 tro thanh dong lyc thiét yéu cho qué trinh
hién thuc hoa cac muc tiéu phét trién bén viing, dong gop tich cuc va higu qua trong ca ba hop phan phat trién
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kinh té - x4 hoi va mdi truong. Chuong trinh chuyén déi sé phai dwa trén ha ting sb trong d6, ha ting dir liéu la
then chét quyét dinh su thanh cong cua chuyén di sé. V6i 80% dix liéu trong cac hoat dong x& hoi cia mot dat
nuéc, ha ting dit lidu dia khong gian (GDI) 1a ciu phan quan trong la nén tang trong ha ting dit liéu. GDI cho
phép tich hop cac bo dir liéu dia khong gian da dang tir nhiéu nguE)n khéc nhau, tao diéu kién cho céc hé théng
khac nhau lam viéc véi mét bo thdng tin khong gian thdng nhat va toan dién. GDI cho phép phan tich téi uu, truc
quan hoa thong tin hd tro ra quyet dinh trong nhiéu linh vuc kinh té quéc dan va quéc phong; quy hoach va quan
ly @6 thi, quan ly méi trudng va ang pho thién tai,... GDI tao mdi trudng tuong tac vai cong dan tao didu kién
cho cong ching tham gia cac chuong trinh tham van cong déng dong gop vao cac quy trinh ra quyét dinh trong
cac hoat dong kinh té - xa hoi va méi trudng. GDI 1a co s6 tao ra ban sao sé (digital twin) sir dung dit liéu dia
khong gian thoi gian thue dé mo phong cac dbi twong thuc thé cho phép quan 1y va giam sat cac doi tuong kip
thoi. Cac muc tiéu phét trién bén viing khong thé thuc hién dé dang néu khong c6 chuyén doi s6. Chuong trinh
chuyén d6i s6 quéc gia khong dé dang thuc hién néu khong c6 dir liéu va thong tin dia khdng gian.

Trong ky nguyén sb cua cach mang cdng nghi¢p 4.0, cong nghé/dir ligu va thong tin dia khong gian truc tiép
hoic gién tiép thuc day hinh thanh va déi méi cac nganh cong ngh¢ va nguoc lai. Cac giai phap GeoAl, in 3D, thuc
té tang cuong va thuc té 40 (AR/VR), xe tu l4i,... 1a nhung ddi mai 'sang tao da gop phan nang cao hiéu qua kinh té,
chuyén déi phuong thuc lam viéc, mang lai san pham va dich vu t6t hon cho con nguoi, ndng cao mic séng; giam
st hiéu qua sy bién dong cac thanh phan tai nguyén va méi treong (V8 Chi My, 2024; UN-GGIM, 2021).

4. Pia khong gian thong minh (GeoAl)

Geospatial Artificial Intelligence - GeoAl (tam dich 1a dia khong gian thong minh) duoc thao luan dau tién tai
Hoi thao cua Hiép hoi May tinh (ACM - Association for Computing Machinery) cia Nhom quan tim dic biét vé
thong tin khdng gian SIGSPATIAL té chuc thang 11/2017 tai Redondo Beach, California (Hoa Ky). Ké tir do,
GeoAl khong ngimg duoc nghién ctu va phat trién dua vao su phét trién cuaa tri tué nhan tao, khoa hoc dir liéu,
phan tich khong gian va dién toan. Tri tué nhan tao da duoc tng dung trude do trong cac nganh khoa hoc Trai
dat noi chung va dia 1y néi riéng. Nhung GeoAl dugc hinh thanh va phat trién ké tir khi xuat hién cac mé hinh
hoc may va hoc sau véi kha nang xir Iy hiéu qua dit liéu Ién, da dang, phirc tap c6 cu trdc, ban ciu trdc va phi
céu trdc; tu dong phan loai, phan tich khong gian va chiét xuit cac déi tuong tir dir liéu thd, kha nang khai quat
hoé va chuyén giao huan luyén,... (Nguyén Phi Son, 2024; Krzysztof Janowicz, 2019) (Hinh 4).

Tri tu¢ nhan tao

D/L dia khong gian

Cic khoa hoc Trai dat

Hinh 4. Hoc may/hoc sau - cong cu then chét cua GeoAl

Ngoai tri tug nhan tao, hau hét cac nén tang cong nghé CM 4.0 déu tham gia vao GeoAl:

- Big data cung Cap khéi luong dit liéu 16n, da dang theo thai gian thuc, md hinh hoa khéng gian va thoi
gian,... Cling luu y rang cong cu then chét cua GeoAl la md hinh hoc sau chi c6 thé phét huy kha nang nbi troi
nay kh| str dung khéi luong dit liéu lon da nguon véi cac dinh dang khéac nhau.

- DPién toan dam may cung clp co sé ha tang c6 thé luu trit mo rong, quan Iy, phan tich, cho phép cac ing dung
GeoAl xr ly hiéu qua céc khéi luong dit liéu I6n tir nhiéu ngu0n khéc nhau vai cac yéu cau tinh toan khéc nhau.

- Vi vai tro thu thap, luu trit, quan ly, phan tich va tryc quan hoa thong tin, GIS la cong cu then chdt cia
GeoAl. Sy tich hop véi cac thuat toan hoc méy cho phép GIS giai cac bai toan dia khéng gian phirc tap nham
nang cao do tin cay quy trinh ra quyét dinh céc van dé kinh té - xa hoi va méi truong.

- Cam bién 10T la ngudn cung cap dir lidu theo khdng gian va thoi gian thuc. Tich hop 10T véi GeoAl s& nang
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cao do chinh xac thong tin, hé tro hiéu qua ra quyét dinh trong nhiéu linh vuc khéc nhau.

- Vién tham la nén tang caa GeoAl. Vién tham cung cap di liéu dia khdng gian tir nhiéu ngudn khac nhau nhu
anh vé tinh, anh hang khong, may bay khong ngudi l4i, Lidar,... Hé thong dit liéu raster nay chinh 1a d6i twong
xtr Iy caa cac mo hinh GeoAl hién nay. Pugc két hop phén tich bang céc thuat toan Al va hoc su, dit liéu nay
cung cap céc thdng tin vé hign trang bé mat Trai dat va sy bién dong céc thanh phan tai nguyén - moi truong
(Qianggiang Yuan, 2020) - nhimg thong tin dac bict quan trong dé nhan loai tim kiém cac giai phap ung pho va
chéng chiu véi tham hoa do bién ddi khi hau toan cau.

- Chudi khéi (blockchain) bao dam dir liéu dia khong gian st dung trong cac mé hinh GeoAl duoc bao dam
vé tinh toan ven, tinh bao mat, ngudn gdc dit liéu, chia sé¢ dit liéu phi tap trung, ... Nho thé, blockchain cé thé tich
hop an toan dir liéu dia khong gian tir nhidu ngudn khac nhau, cho phép GeoAl dua ra quyét dinh chinh xac va
kip thoi.

GeoAl duoc coi la cugc cach mang trong cong nghé/dir liéu dia khdng gian. Su tich hop cac nén tang cong
nghé 4.0 trong md hinh GeoAl s& nang cao d6 chinh xéc, do tin cay, giai quyét duoc nhiéu bai toan da dang phirc
tap trén nhiéu linh vuc khéc nhau theo khéng gian va thoi gian thuc (Nguyén Phi Son, 2024; ESCAP, 2022;
Pengyuan Liu, 2022). Nghién ctu trién khai GeoAl ¢ Viét Nam l1a xu thé tat yéu vi sy phat trién cua nganh cbng
nghiép dia khong gian phu hop véi xu huéng phat trién cua thé gigi. Nho nhiing kha nang va wu diém ndi troi,
dia khdng gian thdng minh s& 1a dong lyc thuc day dat nudc hoan thanh cac muc tiéu phat trién bén viing theo
cam két qudc té caa Chinh phu.

5. Két luan

Khi duoc két hop vai cac nén tang cong nghé 4.0, dit liéu dia khong gian tro thanh cong cu thong minh cung
Cap thong tin tin cay cho cac nha hoach dinh chinh séch 1ap ké hoach va ra quyét dinh. Céc chi s6 vé su phét
trién kinh té - x4 hoi, su blen dong céc thanh phan tai nguyén va méi truong dugc nhanh chong xdc dinh la co s¢
dé giam sat va danh gia tién do thuc hién cac muc tiéu phét trién bén viing. Viéc tng dung dit liéu dia khong
gian thdng minh s& nang céo tinh minh bach va cong bang cua céc du an phat trién bén viing. Dir liéu dia khong
gian gip du bao, canh bao va giam thiéu tac dong cua bién déi khi hau va thoi tiét cuc doan - mét thach thic to
Ién d6i voi su phét trién bén virng. Trong bdi canh d6 thi héa nhanh chéng, viéc xay dung cac thanh phé thong
minh va bén viing 14 mot trong nhitng muc tiéu quan trong cua Viét Nam. Dit liéu dia khong gian gidp quy
hoach d6 thi mot cach hop 1y, t6i wu hoa viéc sir dung dat dai, phat trién ha ting giao thong, logistic va quan ly
tai nguyén moéi truong d6 thi. Dir liéu dia khong gian thong minh dong vai tro then chdt thuc ddy nhanh hon
hanh trinh thyc hién 17 muc tiéu phat trién bén virng (SDGs) & Viét Nam.
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Giao djch bat dong san - Thuc trang va bién phap han ché rui ro
vé mat phap 1y
Nguyén Thi Dung-%"

'Khoa Trdc dia - Ban do va Quan ly dat dai, Truong Dai hoc Mo - Dja chat,
2Nhém nghién ciu Qudn Iy dat dai va Cong nghé dia chinh phuc vy phét trien ben viing

TOM TAT

Giao dich bt dong san 1a noi dung quan trong cua thi truong bat dong san, giao dich c6 gia tri 16n va anh
huong t6i nhidu bén lién quan nén yéu cau thu tuc phap ly chat ch&. Thyc té c6 nhiéu rui ro va nhiéu tranh
chap xay ra khi thyc hién giao dich bit dong san trong thoi gian qua. Muc dich bai viét 1a 1am rd tim quan
trong cua van dé phép ly bat dong san; thdng tin phéap 1y ddy du cua bt dong san, mot sb rai ro khi giao dich
bat dong san khong du diéu kién va céc giai phap. Phuong phap duoc sir dung gdom phuong phap thu thap tai
liéu, s liéu va phuong phap phén tich, danh gia, tong hop; bai viét ciing dé xuat mot sé bién phap han ché rui
ro phép Iy bat dong san khi cac bén tham gia giao dich. Giao dich bat dong san 1a mét trong nhiing linh vuc
ton tai nhiéu rui ro doi véi ca nguoi mua lan nguoi ban. Bén canh nhing khia canh kinh té phuc tap, viéc
tham gia vao thi truong nay con doi hoi sy nam viitng trong viéc hiéu biét vé phap ly. Phap Iy bat dong san
cling la yeu t6 c6 anh huong truc tiép téi quyén loi, nghia vu cua ca chi dau tu 13n cac di twong lién quan, la
nén tang ct 15i xac dinh quyén va nghia vu ciia ngudi mua, ngudi ban va cac bén lién quan khac. Viéc rd
rang ciing nhu dam bao cac van dé phép ly 1a mét trong nhitng cach dé tranh viéc xay ra tranh chap sau nay.
Xay dung cac quy trinh dung va tuan thu quy dinh luat phap s& mang lai mot méi trudng giao dich bat dong
san t6t hon, thuc ddy sy phét trién bén viing va tao dyng niém tin cho tit ca chi thé tham gia vao thi truong.
Vi vy, viéc tim hiéu k¥ tinh phap ly bat dong san trudc khi tién hanh ky hop dong giao dich 1a mét trong
nhitng luu ¥ quan trong ddi véi cac nha dau tu.

Tur khoa: Phap ly bat dong san, luat dat dai, giao dich bat dong san.

1. Pjt van dé

Phép 1y dong vai trd vo cuing quan trong trong dau tu bat dong san (BDS) dé bao dam quyeén loi gitra cac bén
khi thyc hién giao dich mua béan bat dong san. Pang chi y 1a nhitng thi tuc va gidy to phép Iy lién quan phai
theo dung quy dinh cia Nha nudc, bao dam phi hop véi tirng loai san phdm bat dong san. Phap ly trong bt
ddng san cang rd rang cang bao dam duoc vén dau tu an toan va ting kha ning sinh 10i. Bac biét, bat dong san la
mot tai san 16n nén véi nhidu chu dau tu, ho s& quan tdm dén tinh phép 1y du tién. Nha du tu can phai chic
chén day 1a tai san thuoc quyén sé hiru, quyén su dung cua minh. Néu cé tranh chap va chuyén nhuong s& duoc
phép luét bao vé.

Hién nay, c6 rat nhiéu vu Iim xtum vé mat phép ly bt dong san, du 4n khong duoc cip phép, du &n khong c6
thuc khién nha dau tu gap rai ro va gay ra nhiéu thiét hai. Do do, viéc tim hiéu k§ phap ly bat dong san trugc khi
tién hanh ky hop dong mua ban 1a diéu nha dau tu can phai dic biét quan tam.

2. Dir liéu va phwong phap nghién ciru
2.1. Di¥ liéu va phwong phdp diéu tra thu thép tai liéu, sé liéu

Thu thap céc tai liéu, s6 ligu vé tinh hinh ban hanh van ban quy pham phap luat dét dai; vé linh vuc kinh té dat
dai; dich vy hanh chinh cong, thi truong bat dong san. Cac tai liéu duoc thu thap tai cac co quan nhu Bo Tai
nguyén va Mdi trudng, cac dia phuong (thong qua cac cong thong tin dién ti).

Céc van ban vé giao dich bat dong san, phat trién thi truong bat dong san tir khi c6 Luat Dat dai 2013 dén nay
sir dung trong nghién ctru nay nhu: (i) Nghi quyét s6 18-NQ/TW caa Ban Chép hanh Trung wong Dang khoa
XI1; (i) Luat Dat dai nam 2013, Luat Nha ¢ 2014, Luat Kinh doanh bit dong san 2014; (iii) Cac vin ban cua
Chinh phu nhu: Chi thi s6 01/CT-TTg ngay 03/01/2018 cua Tha twdng Chinh pha, Nghi dinh sé 44/2014/ND-
CP; Nghi dinh sé 117/2015/ND-CP, Nghi dinh s6 25/2020/NB-CP, Nghi dinh s6 69/2021/ND-CP, Nghi dinh sé
49/2021/ND-CP, Nghi dinh sb 44/2022/ND-CP, Nghi dinh s6 16/2022/ND-CP.

Ngoai ra, nghién ciru ndy con str dung cac bao cio, danh gia ciia Bo Tai nguyén va Moi trudng va ciia mot so
mot dia phuong, co quan khac.

* Téc gia lién hé
Email: nguyenthidung@humg.edu.vn
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2.2. Phwong phdp phan tich, dinh gid tong hop

Tir céc s6 ligu, tai ligu thuc trang tién hanh tong hop, lua chon céc co s6 Iy luan lién quan dén van dé nghién
cuu: quan 1y dat dai, giao dich bat dong sdn, dong thoi nam bat dwoc cac chu truong, chinh sach cua Dang,
dinh huéng cua Nha nudce lién quan dén quan 1y dat dai n6i chung va thi trudng bat dong san ndi riéng trong thoi
gian téi.

3. Noi dung nghién ciu
3.1. Tam quan trong ciia vin dé phdp Iy trong giao dich bit dpng sin

Phap ly bat dong san duoc hiéu la céc hd so gidy to phap Iy caa cac du an bat dong san d6 va dac biét nhitng
hé so phap 1y d6 phai dang theo quy dinh cua phap luat.

Phap ly bat dong san c6 vai trd quan trong, nham dam bao quyén loi gitra cac bén khi thuc hién cac giao dich
mua ban san phém bt dong san nha nudc quy dinh cac thu tuc, gidy to phép Iy lién quan dam bao phu hop véi
ting loai san pham Phap ly bat dong san la yeu t6 quan trong, dugc dat 1én hang déau trong viéc mua béan va dau
tu. Cac nha dau tu khong nhitng quan tam dén vi tri, két ndi cua dy 4n, ma con quan tim hon nira vé an toan
phap ly du 4n. Nham dam bao cho quyén loi gitra cac bén khi thuc hién nhitng giao dich mua béan san pham bét
dong san, nha nudc quy dinh tha tuc va cac loai gidy to phap 1y lién quan. Dac biét, hd so phap 1y d6 phai ding
theo quy dinh ctia phap luat, dam bao phi hop véi timg loai san pham bét dong san.

Theo Rich Nguyen (2023), nhitng bat dong san c6 phap 1y rd rang s€ dem lai nhing loi ich nhu sau:

(i) Thu hat dugc Sy quan tdm caa nhiéu nha dau tu bat dong san

Nha déau tu cang ngay cang cha y dén nhiing bat dong san cé tinh phap ly minh bach, ré rang. Khéch hang sin
sang tra mirc phi cao hon cho nhitng bat dong san c6 tinh phap 1y day du, rd rang. Trong bdi canh xa hoi c6
nhiéu dy an cham tr&, nhitng bat dong san c6 phap ly rd rang s& duoc vu tién hon.

(ii) Kha ning an toan cua bt dong san c6 phap 1y day du, rd rang cao hon

Phap ly trong bat dong san cang rd rang cang bao dam duoc vén dau tu an toan va ting kha ning sinh 16i. Dac
biét, bat dong san 1a mot tai san I6n nén voi nhiéu nha dau tu s& quan tim dén tinh phap 1y dau tién.

3.2. Phdp Iy ddy dii ciia mét dw dn bit dpng sin

Phap Iy bat dong san c6 tam anh huong rat 16n va 1a mot trong nhiing yéu t ma nguoi mua, nha dau tu (Rich
Nguyén, 2023) can phai dac biét luu y dé tranh nhitng tranh chap vé sau, bai trén thuc té, rat nhidu truong hop da
gap phai nhitng van dé lién quan t&i tranh chap va kién tung kéo dai vi bat dong san khong cé gidy to, hd so phap
Iy rd rang.

Trudéc khi giao dich bét ctr loai hinh bit dong san nao can phai tim hiéu ky tinh phép ly bt dong san mot cach
day du va dang noi dung. Phap ly dy &n 1a toan bo nhing gidy to, hd so ma mot dy 4n dau tu BDS can phai c¢6
theo quy dinh cua phap luat (Luat Dét dai 2013, Luat Pau tw 2020, Luat Kinh doanh bat dong san 2014, Luat
Nha & 2014, Nghi dinh sé 148/2020/ND-CP,...).

Céc loai gidy to phap 1y co ban (Admin, 2021) bao gom:

(1) Glay phép kinh doanh bat dong san, quyét dinh chu truong dau tu, gidy chung nhan dau tu, quyét dinh phé
duyét du an cua chu dau tu

Céc loai gidy phép nay chiing nhan cho viéc chii dau tu dy &n ¢ quyén dugc kinh doanh va dau tu bat dong
san hay khong. Mot cha thé thong thuong khi ¢ quyén sir dung dat ma khong c6 cac loai gidy to trén thi s&
khong c6 quyén thwong mai mé ban cong khai céc san phim cua dy an.

Khi nha dau tu xem xét gidy phép kinh doanh cua cha dau tu dy an, can luu ¥:

(i) bung linh vuc bat dong san va phai cé chirc ning xay dung, dau tu kinh doanh;

(i) Cac loai glay to trén duge ky va dong déu 6 cua co quan c6 thAm quyén, con hiéu lyc.

(2) Céc gidy to vé quyen sir dung dat

Quyet dinh giao dat

Chii thé ¢6 nhu cau sir dung dat s& dugc Nha nudc trao quyén sir dung dat théng qua quyét dinh giao dét.
Nguoi sir dung dat duge nha nudc giao dat gom: giao dat co thu tién va giao dat khdng thu tién sir dung dét.
Trong trudng hop thuc hién cac du an bat dong san thi duoc Nha nude giao dét c6 thu tién.

Bén canh d6, Quyét dinh giao dat 14 co s dé co quan nha nudc co tham quyén ra quyét dinh cap Gidy chung
nhan quyén st dung dét, quyén s hiru nha ¢ va tai san khac gan lién véi dét cho du éan.

Diéu 59, Luat Dat dai 2013 quy dinh vé thim quyén giao dit nhu sau:

(i) Uy ban nhan dan cép tinh quyét dinh giao dat trong cac truong hop: Giao dit dbi véi t6 chirc; co s& ton
gi4o; nguoi Viét Nam dinh cu & nude ngoai, doanh nghiép c6 vén dau tu nuéc ngoai.

(ii) Uy ban nhan dan cip huyén quyét dinh giao dat trong cac truong hop: Giao dat dbi vai ho gia dinh, ca
nhan; cong ddng dan cu.

- Gidy chirng nhan quyén st dung dat, quyén s& hitu nha ¢ va tai san khéc gén lién véi dat
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Gidy chang nhan quyeén sir dung dat, quyén so hitu nha & va tai san khac gan lién v6i dat nhu 1a mot minh
chung tot nhat vé tinh minh bach va tinh phap Iy d6i voi dat dai. Mot du an khi c6 Giay ching nhan quyen sur
dung dat, quyen s¢ hitu nha ¢ va tai san khac gan lién véi dat, tac 1a dién tich dat d6 di dugc nha nude cap phép
str dung véi cac quyen

(i) Chttng minh quyen so hitu, quyen sir dung hop phap dbi v6i bat dong san.

(ii) Quy dinh r6 rang, cu thé vé thoi gian su dung dat.

(iii) La co s¢ dé dugc boi thuong, ho tro vé dat va tai san co trén dat khi nha nuéc thu hoi dat.

(iv) La co s¢ thuc hién cac quyen vé chuyén nhuong, thé chap, ting cho,..

(3) Ban db quy hoach chi tiét xay dung (ty 1& 1/500) hoic ban v& tong mat bang va hd so thiét ké ban vé&
thi cong

Ban do quy hoach chi tiét xay dung (ty 1& 1/500) la quy hoach tong mat bang cua céc du &n bat dong san, co
s& dé dinh vi cong trinh, thiét ké co sa, thiét ké ha tang k§ thuat va thuc hién xay dung.

Mot du an bat dong san c6 ban db quy hoach chi tiét xay dung (ty 1& 1/500) duoc phé duyét méi co day du
phap ly.

Ban dd quy hoach chi tiét xay dung (ty 1& 1/500) cung cap céc thong tin sau:

() Téng dién tich dat dy an, trong d6 bao gom dién tich xay dyng nha & va dién tich cac cong trinh tién ich,
ha ting giao thong.

(i) Theo quy ché ky thuat quéc gia: Mat d6 xay dung (%) = Dién tich chiém dét cua cong trinh kién tric (m?)
/Téng dién tich 16 dat xay dyng (m?) x 100%.

(iii) Xac dinh mang luéi giao thong: Ban dd quy hoach chi tiét xay dung (ty 1¢ 1/500) s& thé hién ro mat cat
cac tuyén duong, chi gisi duong.

(iv) Céch bé tri tién ich: Trong ban do quy hoach chi tiét xay dung (ty & 1/500) s& thé hién vi tri nao xay dung
tién ich gi va duoc thiét ké dé sap xép khoa hoc giup khach hang c6 duoc cudc séng tét nhat.

(v) Ranh gigi hanh chinh: Ban d6 quy hoach chi tiét xay dung (ty 1¢ 1/500) thé hién rd ranh gisi hanh chinh
ddi vai cac khu vuec tiép gidp du an, tréanh tinh trang chong chéo va tranh chap trong quy hoach.

(vi) Hinh théi kién tric cua ban d6 quy hoach chi tiét xay dung (ty 18 1/500) thong thuong s& bao gém ca ban
v& kién tric canh quan, cung cip thong tin truc quan vé hinh thai kién trac toan bo khu vuc dy an.

“4) Gidy phép xay dyng

Gidy phép xay dung 13 vin ban phép 1y do co quan Nha nudc c6 tham quyén cip, cho phép c& nhan, té chirc
duogc xay dung, cai tao nha cua, cong trinh,. .

bay 1a van ban phap ly bat dong san bt bu00 cac du an phai cé truae khi khoi cdng cong trinh.

Dé dugc cip phép, du an can déap tng cac diéu kién sau:

(i) Phu hop véi quy hoach xay dung chi tiét duoc duyét.

(ii) Bao dam céac quy dinh vé ranh gici, hanh lang bao vé cac cong trinh céng cong, di san vin hoa,...

(i) Cong trinh stra chira, cai tao khong 1am anh huong dén céc cong trinh khéc vé két cau, khoang cach dén
cac cong trinh xung quanh, cép, thoat nudc, théng gid, anh séng, vé sinh canh quan maéi truong, phong, chdng
chay, no.

(iv) Bao dam khoang cach theo quy dinh ddi véi cng trinh 1a kho chira hda chét doc hai, cac cong trinh khéc
c6 kha nang gay 0 nhiém moi trudng. Khong lam anh huong dén dan cu sinh séng lién k& xung quanh.

) Déi véi cong trinh nha cao tang cap dac biét va cap | phai co thiét ké tang him, trir cac trueong hop khéc co
yéu cau riéng vé thiét ké tang ham.

(5) Van ban nghiém thu viéc hoan thanh xay dung co s& ha ting ky thuat cua dy &n

Theo quy dinh tai Didu 55 Luat Kinh doanh bat dong san (2014), diéu kién cua bat dong san hinh thanh trong
tuwong lai dugc dua vao kinh doanh:

(i) C6 gidy to vé quyen st dung dat, ho so du an, thiét ké ban V& thi cong da duoc cip c6 tham quyén phé
duyét, Giay phép xay dung dbi vai truong hop phai c6 glay phép xay dung, gidy to vé nghiém thu viéc hoan
thanh xay dung co so ha tang ky thuat tvong @ng theo tién do duy an; truong hop 1a nha chung cu, toa nha hdn
hop c6 muyc dich dé ¢ hinh thanh trong twong lai thi phai c6 bién ban nghiém thu da hoan thanh xong phan méng
cua toa nha do.

(ii) Truéce khi ban, cho thué mua nha & hinh thanh trong twong lai, cha dau tu phai c6 van ban théng bao cho
co quan quan ly nha ¢ cip tinh vé viéc nha & du diéu kién dwoc ban, cho thué mua.

Trong thoi han 15 ngay ké tir ngay nhan duoc thong bio, co quan quan Iy nha & cip tinh c6 trach nhiém tra loi
bing vin ban cho chii dau tu vé nha ¢ du didu kién dwoc ban, cho thué mua; trueong hop khong du didu kién phai
néu ré ly do.

(6) Gidy t& bao lanh cua ngan hang

Quy dinh bao 1anh ngan hang nham dam bao nghia vu tai chinh cua chu dau tu véi du &n hinh thanh trong
tuong lai, dam bao sy an tim cho nha dau tr vao bat dong san. Néu c6 bao Ianh ngan hang thi khi chi dau tu dy
an khong c6 kha nang trién khai du &4n xay dung thi ngan hang s& hoan tién lai cho nguoi mua.
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(7 Gidy phép phong chay chira chay

Gidy phép phong chay chira chay (PCCC) 1a mot phan phap ly cua du &n. Sau nhiéu vu hoa hoan 1am nhiéu tai
san va tinh mang con nguoi bi thiét hai, Nha nuéc da siét chat hon cong tac thanh kiém tra hoat dong PCCC. Cac
du &n bat dong san khong co gidy phep PCCC s& khong dugc nghi¢m thu toan phan va khong c6 co s6 dé cap
Glay ching nhan quyén sir dung dat, quyén so hiru nha ¢ va tai san khéac gén lién vai dat cho cac can ho trong
du an.

3.3. Mt 6 riii ro khi tham gia giao dich bit dpng sin khong dii diéu kién phdp Iy

Céc du an dau tu bat dong san ludn ton tai rat nhidu rui ro ddi voi ca nguoi mua lan nguoi béan. Viéc nam rd
c4c rui ro phép 1y khi dau tu bat dong san luén dwoc uu tién hang dau dé tranh mat tién ciing nhu han ché nhiing
tranh chép khong dang co.

Nhitng rai ro c6 thé gap phai khi dau tu BDS ¢ cac du an khong du diéu kién phap ly:

- Khong duoc hoic cham duoc cap Gidy chiing nhan quyén so hitu dat, quyén so hitu nha & va tai san khac
gan lién voi dat.

- Bi lra d4o chiém doat tién do mua phai du 4n ma hoic chu dau tu ban cung 1 san pham cho nhiéu nguoi
mua dé thu loi bat chinh.

- Dy 4n cham ban giao nha theo cam két.

Tai thi truong bat dong san (BDS) Viét Nam, xu hudéng du tu BPS dic biét la cac loai BDS hinh thanh trong
tuong lai ngay cang gia ting. Nhitng loai BDS nay thudng chua hoan thién vé mit phép 1y, c6 kha ning gay ra
rai ro cho nha dau tu va gy anh huong xau dén linh vyc kinh doanh BPS noi chung. Do vay, dé tranh nhiing
hau qua khong dang c6, nha dau tu can phai xac minh va kiém tra tinh phép ly cua bat dong san d6 (Hoai Thu,
2022) theo céc théng tin sau:

+ Chu dau tu du an bat dong san hinh thanh trong twong lai c6 “lach luat” hay khong.

Viéc “lach luat” ¢ ddy co thé 1a chu déu tu dy &n bat dong san hinh thanh trong twong lai chua xay xong phan
mong cong tnnh tham chi chua duoc cap phép xay dung nhung da rao ban cong khai va nhan tién thong qua hop
dong g6p vén tir ngudi mua (hmh thire tré hinh cua dit coc mua san pham). Thuc té da c6 nhiéu dy 4n chua dugc
cap phép xay dung nhung chu dau tu du 4n da rao ban cong khai va nhan dat coc cua ngudi dau tu voi s6 tién dat
coc tir 5-10% tdng gid tri bat dong san.

Ddi véi cac dy an ¢ vi tri tot c6 rat nhiéu nha dau tu sin sang bo tién ra dé dit coc, tiém an rui ro rat cao voi
khach hang. Trong truong hop chu dau tu khong c6 kha ning trién khai du an hoac khong nhén dugc gidy phép
xay dung, nha dau tu rat kho dwoc hoan lai tién dat coc. Tham chi, néu khaoi kién ra toa an thi quyén lgi cua nha
dau tur ciing kho dam bao (An Vi, 2022).

Vi vay, dé dam bao quyén lgi cua minh, nha dau tr yéu ciu chii du tu dy n cho xem nghiém thu phin méng
cong trinh va gidy phép xay dung duoc cap boi co quan c6 thim quyén.

+ Du 4n da duogc ngén hang bao 1anh hay chua

Theo quy dinh cia phap luat vé diéu kién ban nha & hinh thanh trong twong lai, mot dy &n bat dong san bat
budc phai dugc mot ngan hang thuong mai c6 du nang lyc thuc hién bao lanh nghia vu tai chinh cua chii dau tu
d6i véi khach hang. Nha dau tu c6 quyen yéu cau chii dau tu xuét trinh cam két bao lanh ciia ngan hang

Tuy nhién, thuc té hién nay cho thay nha dau tu bat dong san khéng may quan tam dén quy dinh nay nén kha
nang cao gap phai nhiing rai ro phap ly khi dy an bi cham hoic dirng trién khai do chu dau tu dy &n thiéu vén.

Khi cha dau tu dyu 4n khong cé kha ning dé trién khai du 4n thi co hoi hay hop dong va doi lai tién mua nha
khong hé d& dang. Nha dau tu trong truong hop nay roi vao thé yéu, it c6 co sé dé bao dam quyén lgi cua minh.

+ Trbn thué

Khi chuyén nhuong BDS, ngudi ban c6 trach nhiém nop thué thu nhap tir chuyén quyén st dung dét day du
theo quy dinh ciaa phap luat, gia chuyén nhwong ghi trong hop dong 1a can cir dé tinh thué thu nhap ca nhan va
cac phl I& phi lién quan. Néu céc bén trong giao dich c6 tinh ké khai gia ban khéng chinh xac trong hop. dong
chuyen nhuong dé chiu thué, phi thap thi dwoc coi 1a hanh vi vi pham phap luat. Nhitng hanh dong nay tiém an
nhiéu rai ro tham chi c6 thé bi truy cau trach nhiém hinh su. TUy thudc vao mirc 6 vi pham cta c4 nhan d6 ma
co quan chirc ning sé& tién hanh truy thu, xa phat hanh chinh, tham chi ¢6 thé bi xir Iy hinh su vé tgi trén thué
(Diéu 200 B Luat Hinh sy nam 2015).

Hién nay, cac quy dinh méi di chit ché hon trong van dé nay, ciing 1a diém thay d6i gidp thi truong minh
bach va han ché rui ro cho cac bén giao dich bt dong san. Trong giao dich chuyén nhuong nha dét, hop dong chi
dam bao tinh phap 1y truéc phéap luat khi c6 cong ching. Didu nay ddng nghia véi viéc néu cong chimng vién biét
c4c bén ké khai khong ding gia tri mua béan thuc té nhung van cong chiing hop ddng mua bén thi dugc xem la
hanh vi pham phap va sé phai lién ddi chiu trach nhiém, xur 1y theo quy dinh phap luat (Phuong Uyén, 2022).

3.4. Phwong phdp kiém tra ho so phdp Iy dw dn bét dpng sin

Tim hiéu vé ho so phap ly BBS 1a viéc quan trong nha dau tu nén thyc hién khi tim hiéu vé bat cir du an BDS
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nao bén canh gié ban, thiét ké tién ich,... Tuy nhién, nhiéu nha d¢au BDS dang chu quan, chua kiém tra ky ludng
dan dén hau qua bat loi, ric rdi vé lau dal t6n kém khong it thoi gian va tién bac.

Piéu quan trong trudc khi quyet dinh dau tu bat dong san va tranh cac rui ro, rac rbi phat sinh can niam rd
cach kiém tra phap ly du 4n BDS dé lya chon mot BDS tét:

- Lam viéc tryc tiép voi dai dién chu dau tu dy an: Nha dau tu can yéu cau chii dau tu du 4n xuét trinh cac loai
gidy to phap ly bat budc lién quan dén du an.

Kiém tra ky hop df)ng mua béan, Chuyén nhuong BDS. Cac thong tin can luu § y trén horp dong d6 la:

+ Dai dién ky hop dong 1a ngudi ¢6 tham quyén hoac ay quyen tir phia chii dau tu dy an hay khéng.

+ Vé thanh toan: tién do, phuong thic, thoa thuan phi phat néu c6 sai pham cua ca 2 phia.

+ Thong tin vé san pham nhu sb tang, ma cin, phi bao tri chung cu, tién ich,.

+ Trudng hop mua nha & riéng 1é thi can Kiém tra cac gidy to nhu: vi tri thira dét (s6 to ban do, s6 thira,...),
quy hoach cua thira dat phan 16 béan nén,...

- Kiém tra tai co quan nha nuéc c6 thim quyén. Nha dau tu can chu dong t6i cac co quan nha nuéc cd tham
quyén ¢ dia phuong c¢6 du an dé tim hiéu vé quy hoach sir dung dét, nghia vy tai chinh cua chu dau tu ddi véi du
an do.

Bén canh d6, nha dau tu can hoi chi dau tu dw an BPS vé thoi gian ban giao Gidy ching nhan quyén sir dung
dat, quyén so hitu nha ¢ va tai san khac gan lién vai dét va cac phi can nop khi nhan sb. Theo quy dinh ciia Nha
nudéc, chi ddu tu du an BPS phai cung cap hd so day da dé 1am tha tuc cip Gidy ching nhan quyén sir dung dat,
guyén s hitu nha ¢ va tai san khac gan lién véi dat cho ngudi mua trong vong 50 ngay sau khi ban giao nha va
ngudi mua khéng mat bét cir khoan phi nao (khoan 4 Biéu 13 Luat Kinh doanh bat dong san 2014).

- Kiém tra thong qua hinh thirc vay tra gop

Nha dau tue BPS sir dung hinh thire nay dé dugc ngan hang tham dinh tinh hop 1é cua du 4n BPS. Vi céc du
an c6 van dé vé ho so phap 1y s& khong duoc cho vay va nguoc lai.

- Tu van tu cac cong ty moi gidi bat dong san uy tin

O céc cong ty mdi gigi uy tin, cac chuyén gia s& tim hiéu cac thong tin va tu van cho khach hang vé ho so
phép ly du an BDS. Nho d6, khach hang Iya chon duoc du &n ¢ cha dau tu uy tin.

3.5. M{t sé bién phdp han ché riii ro phdp Iy bit dpng sin

Bat dong san 1a mot linh vuce doi hoi su quan tim dac biét vé phap 1y, dé han ché nhitng rui ro phép ly khi dau
tu bat dong san, nha dau tu nén chii dong thuc hién cac bién phap sau:

Thik nhét, ndm viing quy dinh phap luat: Hiéu rd va nim viing cac quy dinh phép luat lién quan dén giao dich
bat dong san la cach quan trong dé tranh rui ro. Didu ndy bao géom Luat D4t dai, Luat Nha ¢, Luat Kinh doanh
bat dong san, Luat Giao dich tai san va cac quy dinh vé thué, phi.

Thir hai, kiem tra thong tin vé bat dong san: Trudc khi dau tu, can kiém tra va xéc minh thong tin vé bat dong
san, bao gom quyen s¢ hutu, quyen st dung, glay to phap ly, lich sir giao dich trude dy, nghia vu thué va phi
lién quan dén bat dong san. Diéu nay giup nha dau tu tranh viéc mua vao tai san co van dé phap ly.

Thi ba, lva chon ddi tac tin cay: Lya chon chu dau tu, don vi méi gidi va cac ddi tac lién quan c6 danh tiéng
t6t va uy tin trong nganh. Piéu nay gitp ting kha ning nha dau tu tham gia vao cac giao dich an toan va minh
bach.

Thir tw, theo ddi thay ddi chinh sach phép luat dét dai, thi truong bt dong san: Chinh sach trong linh vuc dét
dai lubn dugc sy quan tdm cua Pang, Nha nude va duge didu chinh, sira d6i, bé sung cho pha hop véi tinh hinh
phét trién cua dit nuéc qua mdi giai doan phat trién. Nha ddu tu can theo ddi cac thay déi nay dé dé nang cao y
thirc ton trong, tuan tha, chip hanh phép luat. Tuan thu dang cac tha tuc phap 1y lién quan dén viéc mua ban,
chuyén nhuong va so hitu bat dong san 1a diéu can thiét dé tranh bat ky tranh chip nao trong twong lai.

Thik nim, than trong trong viéc tim hiéu dy an: Néu dau tu vao dw &n méi, can than trong trong viéc tim hiéu
vé cha dau tu, tién do du &n, quy hoach va c4c van d lién quan khac. Diéu nay gitp nha dau tu tranh viéc dau tu
v&o dy &n vi pham quy dinh quy hoach hogc gap vén dé sau nay khi quy hoach thay doi.

Trudc khi ky két bat ky hop dong dam bao x&c minh toan bg gidy to phap 1y lién quan dén bat dong san, bao
gom Glay ching nhan quyén st dung dét, gidy phép xay dung va céc van ban khéc,.

Thi séu, kiém tra lich st cua chu dau tu: Nén kiém tra lich sir va danh tiéng cua chﬁ dau tu dy &n trong cac
du an tru6e day. Didu ndy gitip nha du tu danh gia kha ning hoan thanh dy 4n va tuan thu quy dinh phép luat
(BUi Tuén An, 2023).

4. Két ludn

Trong mét xa hoi thuong ton phap luat, giao dich bat dong san khong chi don thudn 1a viéc trao ddi vat chét
ma con 1a sy giao thi¢p phuc tap ve quyén loi va trach nhiém phap ly. Hiéu rd va tuan thu quy dinh phap lut
khong chi 12 bién phap dé tranh nhitng khiic mac, mau thuan trong twong lai ma con dam bao sy 6n dinh va an
toan cho cac bén trong giao dich.
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D& han ché ri ro phap 1y khi dau tu vao bt dong san tai Viét Nam, can két hop kién thic phap luat, tu vén
tir chuyén gia, va thuc hién cac bién phap kiém tra va danh gia can than truéc khi tham gia vao bat ky giao dich
nao.
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ABSTRACT
Real estate transactions - Current status and measures to limit legal risks

Dung Thi Nguyen®?*
'Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology
2Land Management and Cadastral Technology for Sustainable Development Research Group

Real estate transactions are an important content of the real estate market, transactions have great value and
affect many stakeholders, so strict legal procedures are required. In fact, there are many risks and many disputes
that have occurred when conducting real estate transactions in recent times. The purpose of the article is to
clarify the importance of real estate legal issues; Full legal information of real estate, some risks when
transacting unqualified real estate and solutions. Methods used include methods of collecting documents, data
and methods of analysis, evaluation and synthesis; The article also proposes a number of measures to limit real
estate legal risks when parties participate in transactions. Real estate transactions are one of the areas with many
risks for both buyers and sellers. Besides the complex economic aspects, participating in this market also
requires a solid grasp of legal knowledge. Real estate legality is also a factor that directly affects the rights and
obligations of both investors and related entities, and is the core foundation for determining the rights and
obligations of buyers, sellers and stakeholders other relevant parties. Being clear and ensuring legal issues is one
of the ways to avoid future disputes. Building correct processes and complying with legal regulations will bring
a better real estate transaction environment, promote sustainable development and build trust for all market
participants. Therefore, carefully understanding the legality of real estate before signing a transaction contract is
one of the important notes for investors.

Keywords: Real estate legal, land law, real estate transactions.
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Anh huéng cia mat d6 diém do truc tiép dén do chinh xac noi suy
di thuong trong luc budc song dai khi tinh @6 sau tur di thuong trong luc

Nguyén Van Sang™
YTruong Dai hoc M6 - Dia chat

TOM TAT

Muc dich ciia nghién ciru nay 13 xac dinh xem mat do cua diém do truc tiép di thuong trong luc va do sau anh
huéng thé nao dén d6 chinh xac noi suy di thuong trong luc bude song dai trong bai toan xac dinh d6 sau day
bién tir s liu di thuong trong lec. Phuong phap Collocation da duoc sir dung dé noi suy di thuong trong luc
budc séng dai. Khu vuc thuc nghiém c6 d6 vi Bac tir 14,5°-16,0°; d6 kinh Péng tir 115,0°-116,5°, nam & phia
DPong - Nam quan dao Hoang Sa cua Viét Nam. Cac tinh toan duoc thuc hién & 8 phuong an c6 mat do diém
do khac nhau. Két qua thuc nghiém cho thay: Khi khoang cach tdi thiéu gita cac diém do ting tir 183 m (0,1 x
0,1”) &n 3667 m (2’ x 2°) thi d6 léch trung phuong ndi suy di thuong trong luc bude song dai tang tir +1,014
mGal dén +3,945 mGal. Két qua nghién ciru ndy rat c6 y nghia khi xac dinh mat d¢ diém do truc tiép can thiét
khi tinh toan do sau tir s6 liéu di thuong trong lyuc.

Tur khda: Mat do diém do tryc tiép, do chinh xéc, di thudng trong luc budc séng dai, d6 sau trong luc.

1. Pit van dé

Trong bai toan xac dinh d6 sau day bién tir trong luc, di thuong trong luc dugc chia 1am 2 phan: Phan thir nhét
lién quan dén mat do dat d4 dudi su va rong cua day bién, dwoc goi 1a di thuong trong luc budc séng dai, ky
higu 1a Ag® ; phan thir hai lién quan dén dia hinh ddy bién, duoc goi 1a di thusng trong luc budc séng ngan, ky
higu la Ag"". Mot trong nhitng cong viéc quan trong trong bai toan nay la ngi suy Ag™! tir cac diém da biét do
sau va di thuong trong luc (Nguyen Vién Sang va nnk., 2023).

Nhitng nam gan day, trén thé giéi, nhidu nha khoa hoc da c6 nghién ctru vé van dé xac dinh do sau day bién tur
di thuong trong luc nhu: Nam 2010, cac tac gia da su dung phuong phép dia Chat trong luc (GGM) dé xac dinh
d6 sau ctia viing bién phia Pong Nhat Ban tir di thuong trong luc c6 ngudn géc tir do cao vé tinh két hop do sau
do bang tau (Kwang Bae Kim va nnk., 2010); niam 2011, cdc tac gia da nghién ctru phwong phap “downward
continuation - DWC” dé xac dinh do sau day bién tur So IIeu di thuong trong luc cd ngudn géc tir do cao vé tinh
va sb lidu do sau bang tau & hai khu vuc nghién ctru, ndm & phia nam Greenland (Yu-Shen Hsiao va nnk., 2011);
nam 2017, cac tac gia da nghién ciru xay dung md hinh di thuong trong luc budc song dai dé xac dinh dé sau tur
s6 liéu di thuong trong lec. Céc két qua nghién ctiu chi ra raing md hinh di thuong trong lec budc séng dai la rat
quan trong va anh huong dén do chinh xac xac dinh do sau tir s liéu trong luc (Xueshuang Xiang va nnk.,
2017). Nam 2018, Yeon Yeu va cac ddng nghiép da nghién ciru xac dinh dugce do sau tir sb liéu di thuong trong
lyc c6 nguon goc tir do cao vé tinh két hop véi céc s ligu do sau hdi 4m don tia va da tia, s6 liéu do bang Lidar
o vung bién phla Tay Han Quéc,.. . Tuy nhién, chua c6 cong trinh nao nghién ctru vé anh huong cua mat do
diém do tryc tiép trong luc va do sau dén do chinh xac ngi suy Ag®'.

Cong trinh nghién ciu nay sé trinh bay ndi suy di thuong trong luc bude song dai theo phuong phap
Collocation va khao sat anh huong ciia mat do diém do truc tiép trong luc va do sau dén do chinh xac noi suy
Ag® bang cach thuc hién cac phuong dn noi suy véi mat do diém do truc tiép khac nhau, cac két qua ngi suy nay
dugc so sanh véi di thuong trong luc di biét dé danh gia d6 chinh xéc.

2. S6 li¢u va phwong phap nghién ciru
2.1. Khu vwe nghién civu va sé ligu nghién ciru

Khu vue nghién cuu

Khu vuc nghién ctu ndm & phia Pong - Nam quan dao Hoang Sa (Hinh 1), thudc ving triing sau cua Bién
Dong: d6 sau nho nhit 14 -626,0 m; d6 sau 16n nhat 13 -4413,0 m; d6 sau trung binh 14 -4100,7 m. Kich thuéc cua
khu vuc nghién cu mdi chidu 1,5°, dwoc gisi han boi: Do vi Béc tir 14,5°-16,0°; d6 kinh Péng tir 115,0°-
116,5°, dién tich khoang 27 225 km?.
§6 liéu nghién ciku

S lidu do sau va do trong luc tryc tiép trén khu vuc nghién ciru dugc cung cap bai To chic Trong lyc quéc té

* Téc gia lién hé
Email: nguyenvansang@humg.edu.vn
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(BGI). Bay 1a s6 ligu do trong lyc tryc tiép bang tau bién. Tong s6 c6 4298 diém do (cac diem mau do va xanh
trén Hinh 1). Toa do cua cac diém trong hé¢ WGS-84. So liéu nay dugc chia lam 2 phan: phan 1 dung dé tinh
toén, bao gom 3224 diém mau xanh trén Hinh 1; phan 2 dung dé danh gia do chinh xac, bao gém 1074 diém mau
d6 trén Hinh 1.

rd |
d [
3
e g Jf
>
Ghi chi: | .
‘ s =
wetan anuBho e « Diem 50 liéu phan 1, dé tinh todn ; ’
25 i i a A i M <x .
{eamsnena |} * biém 50 lifu phan 2, dé dinh gii
\ - 2
e e 3
Iheoes .
cdaoa Vg
Boan e s aa
Sl Bl : g i
14.5° . et
1 11 116.5]

Hinh 1. Khu viec nghién ciu va sé liéu nghién cizu
2.2. Ngi suy di thuwong trong luc budc sang dai theo phwong phdap Collocation
2.2.1. Tinh di thuong trong luc buwdc séng dai

Gia sir ¢6 n diém da biét di thuong trong luc budc song dai 4g{*, Ags™, ..., g trén khu vuc nghién ciu.
Khi d6, theo phuong phap Collocation, di thuong trong luc budc séng dai cua diém P dugc tinh bang cbng thiac
(Neiman, 2010):

Agdal CT(Agdal Agdal) [C(Agdéi’Agdéi) +CAgdéi]_1_Agdéi @

trong d6: CT(Ag®¢, Agd') 1a ma tran hiép phuong sai di thuong trong luc budc song dai giita diém P va cac
diém da biét di thuong trong lyuc:

CT(Agdal Agdal) [C(Agdal dal) C(Agdal Agdal) C(Agdal Aggéi)] (2)

C(Ag®, Ag®t) 1a ma tran higp phuong sai di thuong trong luc buéc song dai giira cac diém da biét di
thwong trong luc voi nhau:

C(Agfal,Agdm) C(Ag](_ial,Agdal) C(Ag](_ial,Agdal) (3)
C(Agdéi Agdéi) _ C(Ag ai Agdal) C(Agdal gdal) C(Agdal Aggal)
C(Agdal dal) C(Agdal Agdal) C(Agdal Agdal)
Cpgaai I4 ma tran hiép phuong sai d§ chinh xac di thuong trong luc budc song dai:

C. wir i Co asiv asi v Co arie ani

AgtlialAgcllaL AgtlialAggaL AgtlialAg%al (4)
C. wir i Co asiv di v Co arie ani

C, asi = | 2950 “ngfiagd ag$iaght
CAg%éiAgféi CAg%aiAggai CAg%éiAggéi

Ag® 1a ma tran cac gia tri di thuong trong luc budc song dai da biét.
2.2.2. Tinh hiép phurong sai thuc nghiém

Hiép phuong sai thuc nghiém cua di thuong trong luc budce séng dai dugc tinh dya vao s6 liéu thuc nghiém
theo cbng thitc (Nguyén Vin Sang va nnk., 2023):

Cag@0) = - EntalAg™ (P). Ag™ (P)],, )

trong d6: P va P’ - 1a céc diém da biét gia tri dj thuong trong luc budc song dai Ag®®. Khoang cach cau gitra 2
diém thoa man diéu kién:
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Yi-T<y <+ (6)
& dy: m; - 1a s6 luong cap diém thoa man diéu kién, Ay - 1a khoang céch cau giira 2 diém gan nht trong bo
s6 liéu dau vao va i - Ayl2 = 0, néu ;i < Ayl2.
2.2.3. Xdc d@inh ham hiép phicong sai Iy thuyét
Ham hiép phuong sai 1y thuyét cua di thuong trong luc cé dang (Neiman, 2010):
(7)

+1 2 \[+1
(1-1)? o A (@-1(R
C(agiag) = a3t d T (2) Pulcos ) + 3o e (F2)  Picos ),

rl-.rj

trong do: a - tham s6 bo sung; d| phuo’ng sai bac N; b - s6 tu nhién; A - hiang s6 c6 don vi la (m/s)*; R - ban
kinh trung binh Trai dat; Rg - ban kinh cua mat cdu nam trong Trai dat; P,(cos ) - ham Legendre bac ¢; 1 -
khoang cach Cau gitta diémivaj; rivar;- khoang cach tir diém dén goc toa do.

Céc tham s6 caa ham hiép phwong sai 1y thuyét sé duge xac dinh bang cach lam khép gié tri hiép phuong sai
thuc nghiém vai ham ly thuyét (Nguy@n Thanh Lé va nnk., 2021).
Céc phuong an tinh toan ndi suy di thuong trong luc bude song dai

Dé nghién ciru anh huong cua mat do diém do truc tiép dén két qua noi suy di thuong trong luc budc séng
dai, cac tinh todn néi suy dugc thyc hién & 8 phuong an (Bang 1): PA1 - giit nguyén céc diém nhu khi do truc
tiép (s6 liéu phan 1, Hinh 1); trong cac phwong an tiép theo, cac diém do truc tiép duoc bo budt (Iam thwa) dé
khoang cach tdi thiéu ting dan tir 183 m (tuong tmg 0,1”) dén 3667 m (twong Gmg 2°).

Bdng 1. Cdc phwong an tinh todn

PA Khoang cach tdi thiéu (m) PA Khoang cach tdi thiéu (m)
PAl Gilr nguyén nhu khi do PA5 1100
PA2 183 PAG 1467
PA3 367 PA7 1833
PA4 733 PAS 3667

Céc két qua tinh toan noi suy duoc so sanh véi cac diém sé liéu phan 2 (Hinh 1) dé danh gia. Cac gid tri do
léch Aj, d0 léch trung binh Arg dugc tinh theo cong thirc:
A= AgYS — AgEMP; App= YA (©)
trong d6: AgN® 1a di thuong trong luc budc séng dai noi suy; Agl Ship |3 di thuong trong luc bude séng dai tinh tir

gi& tri do tryc t[ep bang tau.
Do 1éch chuan STD duogce tinh theo cong thitec (Pang Nam Chinh va nnk., 2015):

1
STD = \/EZ?:l(Ai — Arp)?, 9)
Do 1éch trung phuong RMS dugce tinh theo cong thue (Bang Nam Chinh va nnk., 2015):

RMS = /— n(A)2. (10)

Trén Bang 2 trinh bay minh hoa két qua xac dinh hiép phuong sai thuc nghiém va ly thuyét cua PAL voi
khodng cach cau tinh den 0,95°. Trén Hinh 2 la do thi cua ham hiép phuong sai thuc nghiém va ly thuyét. Hinh
nay cho thay do thi hiép phuong sai 1y thuyét da dugc lam khop vai céc gia tri thuc nghiém.

3. Két qua va thao luan

__ 450
,—3400 \
E 350
= 300
3250
%"200 \/\
5 150 \\_/_/‘\
S 100 : -
& 50 Cm—TN
T 0
o] 0.2 0.4 0.6 0.8 1
Khoang céch cau (°)
——Thure nghiém Ly thuyét

Hinh 2. P6 thi ham hiép phuwong sai
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Bang 2. Két qua tinh hiép phuwrong sai

.?. Khoéng cach Hi¢p phuong sai (mGal’) ST | Khoing cach Higp phwong sai (mGal®)
T cau (°) Thuc nghiém Ly thuyét T cau (°) Thuc nghiém Ly thuyét
1 0,00 405,3815 405,8097 11 0,50 72,9110 66,8104
2 0,05 146,7698 188,3606 12 0,55 66,6154 61,1589
3 0,10 239,1841 152,8680 13 0,60 41,2277 55,8837
4 0,15 128,2844 131,9489 14 0,65 43,2563 50,9248
5 0,20 97,2602 116,9620 15 0,70 48,7123 46,2375
6 0,25 121,1211 105,1911 16 0,75 58,2313 41,7886
7 0,30 128,5357 95,4265 17 0,80 67,5137 37,5533
8 0,35 155,6112 87,0247 18 0,85 44,3913 33,5129
9 0,40 140,2369 79,6040 19 0,90 37,5825 29,6539
10 0,45 78,0320 72,9206 20 0,95 39,5408 25,9664

Do léch gitra di thuong trong luc budc s6ng dai noi suy duoc va gia tri da biét tai cac diém danh gia cua PAL
duoc tr‘lnhﬂbay trén Hinh 3. Hinh nay cho thay: hau hét cac do 1éch co gia tri rat nho, chi ¢6 vai diém c6 do léch
16N, cac diém nay s€ dugc loai bo. B9 Iéch trung phwong nho, dat 0,231 mGal (Bang 3).

(] 100 200 300 400

500 600 700 800 S00 1000 1100
Thir ty diém dénh gid

D6 léch (mGal)
b Wb e, oW s

Hinh 3. D¢ léch dj thuong trong lue budc séng dai
Két qua danh gia cia 8 phuong an dwoc trinh by téng hop trén Bang 3, trong d6: RMS 1a d6 léch trung
phwong, STD 1a do léch chuan, Mean 1a d6 léch trung binh. Két qua trong bang nay cho thdy: Cac phwong an
tinh déu c6 do léch trung binh nho, chitng t6 khong ton tai do léch hé théng giita két qua tinh va sé liéu danh gia;
Do léch trung phuong ting dan khi mat d6 diém do giam (khoang céch t6i thiéu ting). Khi khoang cach tdi thiéu
giira cac diém do 1a 0,1” (183 m) thi d6 chinh xac noi suy la +1,014 mGal. Khi khoang céch t6i thiéu tang 1én 1a 2°
(3667 m) thi @6 chinh xac ndi suy la +3,945 mGal.

Bang 3. Két qua ddnh gid dé chinh xdc theo cdc phirong dn tinh

PA Khoing cich _ bj 1éch (m)

toi thiéu (m) Max Min Mean STD RMS
PA 1 Giir nguyén nhu khi do 3,446 -4,493 -0,002 +0,231 +0,231
PA 2 183 6,439 -13,131 -0,058 +1,012 +1,014
PA 3 367 13,144 -21,623 -0,108 +1,671 +1,673
PA 4 733 24,150 -23,533 -0,081 +2,295 +2,295
PAS5 1100 13,692 -15,670 -0,153 +2,367 +2,371
PA 6 1467 13,671 -14,955 -0,042 +2,414 +2,414
PA 7 1833 13,736 -14,070 -0,061 +2,590 +2,589
PA 8 3667 25,850 -19,060 0,095 +3,946 +3,945

Moi tuong quan giita khoang céch tdi thicu va cac diém do va do chinh xac noi suy duoc trinh bay trén
Hinh 4. Tur hinh nay cho thay: khi khodng cach toi thicu ting tir 183 m 1én 733 m thi d¢ l¢ch trung phuong
(RMS) tang nhanh, d6 thj doc; khi khoang cach t6i thiéu tang tir 733 m 1én 1833 m thi RMS tang cham, do thi
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thoai; khi khoang cach t6i thiéu ting tir 1833 m 1én 3667 m thi RMS tang ¢ mirc trung binh. Nhu vdy, véi
khoang céch ti thiéu giita cac diém do 1a 1833 m (1°) s& dem lai higu qua tdi wu gitra mat d¢ do va do chinh xac
noi suy.

4.5
4.0
3.5

=30

€ 25

w 2.0

2 15
1.0
0.5

0.0
0 500 1000 1500 2000 2500 3000 3500 4000

Khoang cich (m)

Hinh 4. Méi quan hé giiza mdt dé diém do truc tiép va dg chinh xac néi suy
4. Két luan

Bai bao da nghién ctu anh huong ciia mat d6 diém do dén do chinh xac noi suy di thuong trong luc budc séng
dai theo phuong phéap Collocation. Tam phuong 4n tinh toan ndi suy véi mat d6 diém khéac nhau da duoc tinh toan,
két qua ndi suy duoc so sanh véi gia tri da biét dé danh gia. Khi khoang céch tdi thiéu tang tir 183 m 1én 733 m thi
do léch trung phuong (RMS) ting nhanh tir 1,014 mGal 1én +2,295 mGal. Khi khoang céch téi thiéu tiép tuc ting
1én 1833 m thi RMS ting cham lén +2,589 mGal. Khi khoang céch tdi thiéu ting dén 3667 m thi RMS ting trung
binh 1én +3,945 mGal. Két qua nghién ctru ndy rat c6 y nghia trong bai toan xac dinh d6 sau tir di thuong trong luc.

Can tiép tuc nghién ctru ¢ nhitng khu vuc rong Ién hon dé c6 thé danh gia dwoc anh huéng & mat do diém do
& muc thua hon dén do chinh xac noi suy di thuong trong lee budc song dai.

Loi cam on
Nghién ctru ndy duoc su hd tro cua dé tai KHCN cép bo cia Bo Gido duc va Dao tao, ma sé: B2021-MDA-06

va dé tai cdp Qudc gia Viét Nam DPTDLCN.07/23. Téc gia ciing xin cam on BGI d4 hd trg nhém téac gia s6 liu
trong nghién ctru nay.
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ABSTRACT
Effect of the density of the shipborne points on interpolation accuracy of
the long-wavelength gravity anomaly when calculating seabed depth from
gravity anomaly

Nguyen Van Sang'”
'Hanoi University of Mining and Geology

The purpose of this study is to determine how the density of shipborne points of gravity and depth affects the
interpolation accuracy of long-wavelength gravity anomalies when determining seabed depth from gravity
anomaly. The Collocation method was used to interpolate long-wavelength gravity anomalies. The experimental
area has latitude from 14.5° to 16.0°; longitude from 115.0° to 116.5°, located in the East - South of Vietnam's
Hoang Sa Archipelago. The calculations are performed in 8 options with different density of shipborne points.
The experimental results show that: When the minimum distance between shipborne points increases from 183
m (0.1 x 0.1) to 3667 m (2' x 2'), the root mean square deviation of interpolated long-wavelength gravity
anomaly increases from +1.014 mGal to +3.945 mGal. The results of this study are very meaningful when
determining the needed density of shipborne points when calculating seabed depth from gravity anomaly data.

Keywords: Density of shipborne points, interpolation accuracy, long wavelength gravity anomaly, gravity
derived-depth.
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Két hop da chi s pho trong chiét tach dat xay dung & khu vuc Ha Noi
tir anh vé tinh Sentinel-2

Nguyén Vin Trung®?", Lé Thi Thu Ha%2, Nguyén Thanh Len, Lé Thi Minh Phuong®
1Trieong Pai hoc M6 - Pja chadt
2Nhém nghién cizu Cong nghé Pja tin hoc trong Khoa hoc Trdi ddt (GES), Trirong Pai hoc M6 - Pja chat
3Trieong Pai hoc Kién tric Ha Ngi

TOM TAT

Viéc 1ap ban do dat xay dung & cac khu vire d6 thi hiu hét déu gap khé khin 16n do cac dbi tugng st dung dét
xen k& véi nhau. Chinh vi vay, trong nghién ciru ndy, nhom tac gia cb géng ting cudng do chinh xéac cua ban
dd déat xay dung d6 thi cho thanh phd Ha Noi bang viéc tap trung xac dinh t6 hop phi hop cua céc chi s6 phd
tinh tir dix liéu anh vé tinh. Dé thuc hién nghién ctu, bon chi s6 phéd da duoc lua chon bao gdm chi s6 dat do
thi chuan héa (NDTI), chi s6 dat trong (BSI), chi sé dat tréng khé (DBSI) va chi sé thuc vét chuan héa
(NDVI). Tét ca céc chi s6 phd nay déu duogc tinh tir dit liéu Sentinel-2 thu dugc trong mua kho. Hai su két
hop duoc tao ra tir su xép chong céc 16p chi sé phd NDTI/BSI/NDVI va NDTI/DBSI/NDVI. Viéc st dung
thuat toan “K-means” lam cong cu phan loai khdng gidm sat mang lai kha ning phat hién dat d6 thi tu dong
va nhanh chéng. Két qua cho thay chi s BSI hoat dong tét hon so vdi viéc sir dung chi s6 DBSI. Do d6, chi
s6 BSI mang lai nhiing cai tién: cac loai dat tréng va qué trinh tich tu dwoc phan biét rd hon, trong d6 do
chinh xac tong thé ting 5,82% va hé s6 Kappa ting bang 11,1%. Két qua cho thdy bo dir lidu da chi sé phd
NDTI/BSI/NDVI phii hop cho viéc 1ap ban db cac khu vic d6 thi voi kha ning gitup quan 1y d6 thi tét hon
trong mua kho.

Tur khéa: Dat xay dung, Sentinel-2, K-means, NDTI, BSI, DBSI.

1. it vin dé

Viéc phan loai dat xay dung trong d6 thi tir anh vé tinh gap phai kho khan do trong khu vuc d6 thi thuong
nham lan giira dat trong va dat xay dung. Gan day, cac nghién ctu bao gdm (Pal va Antil, 2017; Vigneshwaran
va Vasantha Kumar, 2018; Xi va cong su, 2019; Yilmaz va cong su, 2019) da tan dung dugc nhimg wu diém cua
dir liéu anh vé tinh Sentinel-2 méi dé xuét nhiéu ung dung chi sé dat xay dung trong phan loai dat do thi. Tuy
nhién, su hiéu qua di dugc thé hién khi sir dung tich hop cac chi phd bao gdm chi sé dat xay dung chuan hoa
NDBI (Zha va cong su, 2003), chi s6 dat xay dung IBI (Xu, 2008), chi sb dat xay dung mai NBI (Jieli, 2010),
chi sb ty 1& kénh pho cho dét xay dyng BRBA va chi sb dién tich dat xay dung Chuan héa NBAI (Wagar va cong
su, 2012), chi sb thanh phan sinh 1y dit xay dung BCI (Deng va Wu, 2012), chi s dat xay dung sira d6i MBI
(Liu va cong su, 2014), chi sb chiét xuat dat xay dung BAEI (Bouzekri va cong sw, 2015) va chi sb két hop dét
xay dung CBI (Sun va cong su, 2016) chiu su thay d6i theo mua, dac biét 1a vao thang khé réo, noi c6 sy tuong
dong gitra quang pho dat trong va dat xay dung do thi dang ting. Cac két qua di khong tao ra dwoc ban do chinh
x&c khu vyce db thi trong thoi ky kho han trong khu vuc dang nghién ctu.

Trong vai nam gan day, cac dir liéu mai da duoc tao ra bai sy két hop cua cac chi s6 pho khac nhau. Trong
thuc té, viéc sir dung céc chi s6 phd nhu cac kénh phd hoat dong tét hon so vai sir dung cac kénh phd ban dau
(Xu, 2008). Lwa chon nay cho phép mot s6 nha nghién ctiu bao gom (Pal va Antil, 2017; Leroux va cong su,
2018; Gasparovié va cong su, 2019) dat dwoc mot két qua tét hon khi phan loai dé 1ap ban d6 16p phu/sir dung
dét. Twong ty nhu vay, cac nghién ctru khéc tap trung vao phan loai khu vice d6 thi nhu cac tac gia (Xu, 2008;
Bramhe va cong su, 2018; Nur Hidayati va cong su, 2018; Ettehadi Osgouei va cong su, 2019; Lynch va Blesius,
2019). Tuy nhién, nghién ciru cua (Ettehadi Osgouei va cong su, 2019) da ap dung chi sé dat chénh léch chuan
hoa (NDTI) duoc phat trién va ciing duoc sir dung trong (Eskandari va cong su, 2016) da st dung céc kénh phé
SWIR cua anh vé tinh Sentinel-2 va da thanh cong trong viéc phan biét cac 16p dat trong va khu vuc dat xay
dung tét hon so véi cac chi s6 phd khac dwoc sir dung trong nghién ciu.

Céc két qua dugc dé cap o trén cho thy can thiét phai cai thién do chinh xac thanh 1ap ban db cac khu vuc dat
xay dung cua cac thanh phd vao moa kho dua trén sy chong xép cac chi s phd, trong d6 da chi s6 bao gom chi s6
NDTI két hop vai chi s6 phd khac cé thé tang cuong phan biét dugc dat xay dung. Vi véy, do ving do thi duoc
dic trung boi mat do thuc vat thap va dat trong rong, dac biét vao mua kho, hai chi sb dat trong da dugc lya chon.
Dau tién, chi s6 dat trong (BSI) duoc gioi thigu bai (Rikimaru va Miyatake, 1997) nham ting cudng viée xac dinh

* Téc gia lién hé
Email: nguyenvantrung@humg.edu.vn
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cac khu vire dét tréng va dat bo hoang; tir d6 phan biét nd véi tham thuc vat va cac loai khac cac loai 16p phu dat
khéc. Gan day, chi s BSI da duoc duoc lua chon rong rdi dé &p dung trong mot sb nghién cau (Doumit va Sakr,
2015; Ettehadi Osgouei va cong su, 2019; Tola va cong su, 2019; Useya va cong su, 2019). Tiép theo 1 chi sé dat
tréng kho (DBSI) dugc phét trién gan day boi (Rasul va cong su, 2018) va di duoc dé cap trong phan tong quan
tai liéu cua (Lynch va Blesius, 2019) la chi sé dién tich tréng phét hién danh cho khi hau khé.

Bai bao nghién ciru viéc lap ban do dat xay dung nhanh chong va chinh xac trong mua kho thdng qua viéc thur
nghiém mot loai tap dir ligu mdi két hop mot s6 chi s6 phd ¢ ngudn gbc tir anh vé tinh Sentinel-2 véi muc dich
tim ra sy két hop da chi s6 phd dé chiét tach ra dat xay dung dé thi. Trong thuc nghiém nay, nhom tac gia tan
dung wu thé cua dir liéu anh vé tinh Sentinel-2 méi véi d6 phan giai khong gian 10 m mién phi duoc su dung
rong rai. Nhém tac gia da chon thanh phé Ha Noi la khu virc nghién ctru dé thuc hién qua trinh tach dét tréng va
dat xay dung do thi trong mua kho dwoc bao quanh bai dién tich rong Ion va dat tréng khong ddng nhat.

2. Dir liéu sir dung va phuong phap nghién ciu
2.1. Khu vwe nghién ciru

Thanh phé Ha Noi 1a thit do ctia nudc ta véi dién tich 3.359,82 km2 (B Tai nguyén va Mdi truong, 2022) va
dan s6 8,4 triéu nguoi (Tong cuc Théng ké, 2022). Khu vuc c6 dia hinh bao gom vung dong bang trung tam va
ving d6i ndi & phia Bic va phia Tay thanh phé. Khi hau caa khu vuc Ha Noi dwoc chia 1am hai mua chinh la
mua mua (tir thang 4 téi thang 10) va mua kho (tir thang 11 t6i thang 3), nhung thoi tiét duoc chia thanh bdn
mua nhd céc thang giao mua (Climate of Hanoi, 2021). Nam 2023, Ha Noi lap D6 a4n Quy hoach chung xay
dung Thu d6 Ha Noi dén ndm 2030 va tim nhin dén nam 2050 cho mét thanh phé 9,1 triéu dan vao nim 2030 va
trén 10 triéu ngudi vao nam 2050 (An Tréan, 2010). Vi tri khu vuc nghién ctu caa thanh phé dugc dua ra trong
Hinh 1.
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Hinh 1. Té hop mau tw nhién (RGB=432) ciia anh Sentinel-2 chup ngay 12/02/2024
2.2. Dit ligu sir dung

Dir liéu anh vé tinh Sentinel-2 dwoc chon dé lam khu vuc nghién cau do dir liéu anh vé tinh nay mién phi c6
san tai https://scihub.copernicus.euwith. Hon nira, mot s6 nghién ciru nhur cong trinh ctia (Xi va cong su, 2019) két
luan rang Sentinel-2 mang lai hiéu qua cao vé d6 chinh xac cho loai dat xay dung d thi hon so v&i dit liéu anh vé
tinh Landsat-8. Ngoai ra, mot nghién ctu cua (Pal va Antil, 2017) cho rang dit liéu Sentinel-2 tot hon hon dir lidu
Landsat-8 khi lap ban db phan 16p dat xay dung do thi bang cach sir dung két hop céc chi sé phd khac nhau.

Dir liéu anh vé tinh Sentinel-2 duoc thu nhan va xir ly ¢ mirc o 2A (tén san pham: S2B_MSIL2A 2024
0212T032849 N0510 RO18 T48QWJ 20240212T054533) di duoc tham chiéu trude dia ly. Bo dit lidu duoc
thu thap vao ngay 12 thang 02 nam 2024 tuong tng cho thang kho han nhét trong nim bao trum khu vuc nghién
ctru bao gdbm thanh phé Ha Nai. Dir liéu anh vé tinh trong ngay di chon cung cap riang dit tréng va dit xay dung
d6 thi c6 thé dwoc quan sat t6t va co thé phan biét bai vi khong co tham thuc vat hdn hop moc bén trong dét
tréng do su trung hop véi thai diém két thac thu hoach trong viing.
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2.3. Phwong phdp nghién ciru

Hai su két hop gom ba chi s6 phé dugc thuc hién. Hai két qua nay duoc st dung dé phan loai dat xay dung
dua vao thuat toan K-means. Su lya chon thuat toan K-means pht hop véi viéc phan loai dé chiét tach mot doi
tuong don ra khoi cac dbi tugng con lai nhanh chong va chinh xac. Phuong phép tong thé dugc ap dung bao gom
ba budc chinh: tién xir ly, xir Iy va danh gia két qua va duoc thé hién trong Hinh 2.

=( Sentinel-2 Level 2A

Tién xu 1y : :
(Phan y L (12 kénh phd)
Cit anh theo khu vuc

nghién ctru "

Anh cit Sentinel-2
(khu vyc nghién
clru)

\ 4

Tién xir Iy
(Phan mém - - T 2
Tinh toan cac chi s6 pho

Chdng xép cac chi 50
NDTI phd
BSI
NDVI *
Phén loai 16p dat xay dung

theo thuat toan K-mean

Panh gia d¢ chinh xac

Két qua | Phan tich va thao luan | |
két qua

Hinh 2. So d6 phiwong phap trich xudt ddt xay dung do thi sir dung tich hop da chi s6 phé cuia dit liéu anh vé tinh
Sentinel-2 bang phén logi K-means

2.3.1. Tien xir ly

Qua trinh chong 16p cc kénh phé va cit khu vuc nghién ciru duoc thuc hién bing céch sir dung céc cong cu
trong phan mém SNAP phién ban 8.0. Cac cong cu xur ly anh vé tinh Sentinel-2 cd thé dwoc tim thay tai
http://step.esa.int/main/download/.

2.3.2. Xt Iy anh
2.3.2.1. Tinh toan céc chi sé phé

Tat ca céc chi s6 pho da lya chon dwgc mé ta cu thé trong Bang 1. Trong nghién ciru nay phan mém ENVI 5.1

20



saefysns .
A HOQI NGHI KHOAHQC QUOCGIA
NC@ S  ONG NGHE PIA KHONG GIAN Vi SU PHAT TRIEN BEN VONG
(NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

véi cong cu “Band Math” duoc sir dung dé tinh todn cac chi s6 pho da dugce dua ra dé phuc vu cho céc cong viéc
tiep theo. Két qua tinh cac chi s6 pho khu vuc nghién ciru duoc trinh bay trong Hinh 3.
Bdang 1. Cac chi so phé si dung trong nghién ciru nay doi véi diz ligu anh vé tinh Sentinel-2

Chi s6 phd Ky hiéu Téac gia Cong thire doi véi dir liéu anh Sentinel-2
Normalized Difference
Tillage Index NDTI (Deventer, 1997) | (B11-B12)/(B11+B12)
Bare Soil Index BSI (Rikimaru & ((B11+B4)-(B8+B2))/(B11+B4)+(B8+B2))

Miyatake, 1997)
(Rasul va cong su,
2018)

NDVI (Tucker, 1979) (B8-B4)/(B8+B4)

Dry Bare-Soil Index DBSI ((B11-B3)/(B11+B3)) -NDVI

Normalized Difference
Vegetation Index

2.3.2.2. Két hop da chi sé phé

Hé s twong quan giita cAc chi sb phd da chon dwoc thé hién trong Bang 2. Mot méi twong quan cao duoc
thay rd giita ca hai chi s6 phd dit tréng BSI va DBSI trong khu vuc nghién ciru. Nguoc lai, mbi twong quan thap
da duoc ghi nhan giira chi sb dat xay dung NDTI va ca chi sb dat tréng BSI va DBSI. Trong khi dé, chi s6 BSI la
chi s6 twong quan thap nhét dbi voi chi s6 NDVI. Méi tuong quan gitta NDVI va chi s6 NDTI 4 trung binh.

Dua trén mirc d6 caa mdi quan hé duoc thao luan gitra bon chi s6 phd, hai su két hop khac nhau duoc dua ra
thong qua qué trinh xép chdng 1op dé gia tang su khac biét phé giita ba loai 16p phu dat chinh (dat xay dung, dat
trong, tham thuc vat). Sy két hop da duoc thuc hién bang cach gitr chi s6 NDTI va NDVI, trong d6 da chi sé pho
NDTI/BSI/NDVI 1a su két hop dau tién va NDTI/DBSI/NDVI da chi s6 1a su két hop thtr hai. Nhiing su két hop
da chi s6 phd nay duoc so sanh vai chi sé6 phd NDTI dé xac dinh mot két qua c6 do chinh xac cao nhét ddi véi
viéc trich xuét khu vuc dit xay dung. Ngoai ra, dé danh gia tic dung cua chi sb dat tréng vai su két hop ban dau
NDTI/NDVI huéng téi giam su phan loai sai giita dat tréng va dat xay dung.

Bang 2. Gid tr fiong quan giira cac chi s6 phé sir dung tai khu viec nghién ciru

Chi sb phé BSI DBSI NDTI NDVI
BSI 1,000000 | 0,952421 0,173467 -0,305834
DBSI 0,952421 | 1,000000 0,124518 -0,332879
NDTI 0,173467 | 0,124518 1,000000 0,534376
NDVI -0,305834 | -0,332879 0,534376 1,000000

2.3.2.3. Chiét tach I6p ddt xay dung dé thi sir dung phwong phdp K-means

Dt xay dung do thi trong khu vyc dang nghién ctru chu yéu bao gém khu dan cu va cong nghi¢p, duong giao
thong va cac bé mat khong thim nuoc khac. Tuy nhién, 16p khdng phai dat xay dung d6 thi bao gom rung, dat
ddng co va dét trong. Dé dat duoc su tach biét chinh xéac cao giira hai cac 16p chinh nay (khu vuc dat xay dung
va dat chua xay dung), su nhi phan hoa da duoc sir dung bai cac tac gia (Zuur va cong su, 2007) dé lam ndi bat
mot loai 16p phi dat cu thé théng qua viée tim ra cac ngudng tdi wu 1a mot van dé 1on khé khan.

Bang 3. Gia trj thong ké cua bon chi sé pho

Chisé phé | Nhénhiat | Lénnhiat | Trungbinh | Pé léch chuin Pham vi gi4 tri

BSI -0,445267 | 0,552146 0,184725 0,052132 Tir -0,445267 dén 0,552146
DBSI -0,394781 | 0,573225 0,236719 0,073513 Tir -0,394781 dén 0,573225
NDTI -0,326284 | 0,337416 0,071523 0,043426 Tir -0,326284 dén 0,337416
NDVI -0,384516 | 0,901425 0,101642 0,072846 Tur -0,384516 dén 0,901425

Mat cit pho duoc trinh bay trong Hinh 4 cho thay chi s6 NDVI 1am noi bat tham thuc vat ¢ ving cd gia tri
duong 16n va duoc thé hién bang tdng mau xam trang c6 thé quan sat dwoc trong Hinh 3d. Ngoai ra, BSI va
DBSI néu bat nhitng canh ddng dat tréng va bo hoang. Gié tri trung binh dé cap dén dit xay dung va gia trj thip
danh d4u tham thuc vat. Tham thuc vat va dat tréng trong khu vuc c6 gi tri NDTI duong va dat xay dung d6 thi
dugc thé hién bang gia tri NDTI duong thdp. Mat khac, cac cong trinh xay dung c6 két qua & gié tri am duoc
biéu thi bang cac pixel téi trong Hinh 3. Ngoai ra, cac gid tri théng ké caa bon chi sé phd co thé duoc tim thay
trong Bang 3, trong d6 gia tri d6 léch chuan thap ddi vai tat ca cac chi s6 phd dugc sir dung.
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Hinh 3. Két qua céc chi so phé sir dung trong khu virc nghién cizu: a) Két qua chi sé phé NDTI;
b) Két qua chi sé phé BSI; ¢) Két qua chi sé phe DBSI va d) Két qud chi sé phé NDVI

Dua trén phan tich & trén vé mét cit pho dugc trinh bay trong Hinh 4, qua trinh 1ap ban d6 dat xay dung tir cac
loai 16p phu dat chinh khéc 1a dat tréng va tham thuc vat c6 thé duoc thuc hién dé dang bang céach sir dung thuat
toan phan loai khong giam sat K-means duoc phat trién boi (MacQueen, 1967). Thuat toan dwoc &p dung cho
mot két qua nhanh chong va chinh xac dé phan cum dwoc chi dinh trudc (Gllavata va cong su, 2004). Thuat toan
K-means duoc sir dung thanh cong dé trich xut mot 16p phu dat cu thé & khu vuc tir mot két qua chi sé phéd duy
nhét (Li va cong su, 2017). Ngoai ra, cong trinh cta (Gasparovi¢ va cong su, 2019) da chitng minh hiéu suit cua
thuat toan cho phan loai 16p phu dat dva trén tap dit liéu da chi s phé. Viéc thuc hién chiét tach 16p dat xay
dung d6 thi bang thuat toan K-means duoc thuc hién trén phan mém ENVI 5.1.
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Mat cét phd

Gia tri chi sé phd

e DAt trng Cé w— RUNG — DAt xay dung

Hinh 4. Mdu phé dwoc biéu thj bang gia tri trung binh cia bon logi l6p phi mét doi véi da chi sé pho
3. Két qua va thao luan
3.1. Két qua

Két qua 1op dit xay dung d6 thi dwoc chiét xuat bang cach sir dung chi s6 NDTI va bo dit liéu da chi sb phd
da Iya chon dwoc dua ra trong Hinh 5. S6 liéu thong ké duoc tao ra tir két qua phan loai cac chi s6 phé sir dung
thuat toan K-means duoc thé hién trong Bang 4.

Dua trén gid tri dién tich I6p phi bé mat cua ting loai chiét tach tir da chi s6 phd trong Bang 4, ching ta thiy
rang dién tich dit xay dung 1a két qua phan loai tir da chi s6 phé NDTI/BSI/NDVI la 593,23 km2, chiém khoang
57,29% tong dién tich khu vuc nghién cuu; dién tich dat xay dung nay nho hon ciing mét khu vuc 16p nay phéan
loai tir da chi s6 pho NDTI/ DBSI/NDVI la 2,32 km? va Ién hon cung loai dién tich 16p dat xay dung khi sir
dung chi s6 NDTI 12 61,89 kmZ.

Bang 4. Dién tich dat xay dung duroc chiét tach tir da chi s6 phé ¢ thanh phd Ha Ngi vao mua khé thang 2

Dién tich dat xay dung | Dién tich céc loai dat khac Tong dién tich

Pa chi s6 phé Diéntich | Dién tich Dién tich Dién tich | Dién tich | Dién tich
(km?) (%) (km?) (%) (km?) (%)
NDTI/BSI/NDVI 593,23 57,29 442,24 42,71 1035,47 100
NDTI/DBSI/NDVI 595,56 57,52 439,91 42,48 1035,47 100
NDTI 531,34 51,31 504,13 48,69 1035,47 100

3.2. Danh gia d chinh xdc

Viéc danh gia 6 chinh xac khi sir dung da chi s6 pho dé chiét tach 1op dat xay dung cho viing nghién ctu cho
thay tinh phu hop cua cac s két hop da chi s6 phé Do d6, viée danh gia do chinh xdc dugc thuc hién béng cach
sir dung phuong phap 14y mau ngau nhién phan tang (Congalton, 1991) da khuyén nghi can it nhit 50 diém danh
cho méi 16p; 300 dlem ngau nhién duoc phan phéi gitra cac cac 16p xay dung va khong xay dung. Ngoai ra, sir
dung coéng cu mién phi Google Earth lay céc anh chup cung ngay c6 do phan giai cao 1am dit liéu tham khao.
Céc anh do phan giai cao dwoc chon cing mua va nam chup dé su thay ddi cac 16p pha ¢ khu vuc nghién ctu la
ft nhat c6 thé. Sau d6, ma tran sai s6 (Foody, 2002) duoc tinh toan 13 két qua cua viéc danh gia do chinh xéac qué
trinh phan loai bao gom: d6 chinh xac tong thé va hé sé Kappa, do chinh xac san xuét (PA) va do chinh xac sir
dung (UA). Tat ca cac loai do chinh xac dwgc thé hién trong Bang 5.

Bdng 5. Pdnh gid dg chinh xac phan logi ddt xay dung tir da chi sé phé cua dnh Sentinel-2

Chi so phd Pa chi s6 pho Pa chi s6 pho
NDTI NDTI/BSI/NDVI NDTI/DBSI/NDVI
Do chinh xac (BCX) bCX bCX bCX bCX bCX bCX
sirdyng | sanxuit | sardung | sanxuit | sirdung | san xuét
UAY% | PAY% | (UA)% | PA)Y% | (UAY% | (PA)%
Dit xay dung 79,32 89,32 85,84 92,76 81,38 83,33
Dit khac 91,22 83,84 95,26 91,22 89,28 88,46
Do chinh xac tong thé (%) 86,43 91,96 86,14
Hé s Kappa (%) 72,24 82,34 71,24
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¢) Két qud phan logi K-means da chi s6 pho
NDTI/DBSI/NDVI

Ma tran sai sé duoc trinh bay trong Bang 5 cho thdy khu vuc dét xay dung c6 d6 chinh xac tét hon khi so sanh
sir dung da chi s6 phé NDTI/BSI/NDVI véi da chi s phé NDTI/DBSI/NDVI. D6 chinh xac tong thé dat duoc
lan Tuot 12 91,96% va 86,14%, hé sé Kappa dat duoc 1a 82,34% va 71,24% tuong (ng. Vi vay, su cai thién do
chinh xac nhan thdy & hé s6 Kappa tang 11,1% va d6 chinh xéc tong thé tang 5,82% c6 mot ¥ nghia quan trong.
Trong khi d6, da chi s6 pho NDTI/DBSI/NDVI cung cap két qua phan loai I6p dat xay dung c6 do chinh xac
tuong tu ca vé d chinh xac tong thé va hé sé Kappa so véi két qua phan loai sir dung chi s6 NDTI trong nghién
ctru khu vuec.

Ma tran sai sé cho thdy ring do chinh xac sir dung cua I6p dat xay dung phan loai tir da chi s6 phd
NDTI/BSI/NDVI dat dugc 85,84% ting 4,44% so do chinh xac st dung khi phan loai tir da chi pho NDTI/DBSI/
NDVI. Tuong ty nhu vdy, d6 chinh xac san xuét cua |6p dat xay dung phan loai tir chi phé NDTI/BSI/NDVI dat
92,76% ting 9,43% so v6i do chinh x&c san xuat phan loai tir da chi s phd NDTI/DBSI/NDVI.Qua quan sét truc
quan céc két qua phan loai dit xay dung dugc minh hoa trong Hinh 5, cho thiy viéc sir dung chi s NDTI va
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phat trién da chi s6 da phan biét duoc dat xay dung vai loai dat khac cac loai. Cac quan sat cho thay rang mot vai
pixel dat tréng bi phan loai sai 1a dat dwoc xay dung, dic biét 1a dit sang va nguoc lai. Chi s DBSI tao ra dai
bién dong 16n hon so véi chi sé BSI. Do d6, chi s6 DBSI cung cap bé mit dit xay dung nhiéu hon bé mat dat
trng do chi sb BSI cung cép. Didu nay ching to rang chi sé BSI ¢6 anh huéng dén viéc tach dt trong va dat
xay dung bang cach giam cac pixel bi phan loai sai bang cach giam phd nham Ian tbi da cua ca hai 16p. Nhu vay,
chi s6 BSI da chig minh dwoc su hidu qua dbi véi viéc 1ap ban @b dat trdng. Vi 16p rimg c6 gia tri am ddi véi
ca hai két qua lop dat tréng duoc minh hoa trén Hinh 4. Nén viéc b sung chi s6 NDVI 1am néi bat tham thuc vat
c6 gia tri tich cuc cao ddi vai da chi s6 phd, cho phép phén loai ty dong tach tham thuc vat tir 16p dat tréng nam
trong qua trinh phan loai.

Cac phan tich ¢ trén di chiing minh rang chi sé BSI trong da chi s6 phé NDTI/BSI/NDVI gilp két qua phan
loai dat xay dung c6 d6 chinh xac tét nhit do ting kha ning phan biét dit trong véi dat xay dung. Vi vay, sit
dung anh da chi phd NDTI bang céch thém chi phd BSI va NDVI ¢6 tac dung tot hon khi chiét tach dat xay dung
véi dat tréng khi sir dung phuong phap phan loai K-means.

Két qua nay hd tro phuong phap do (Ettehadi Osgouei va cong su, 2019) dé xuat huéng toi cach tiép can da
chi s6 phé dya trén NDTI. Bén canh d6, két qua nhan duoc ciing giup phat trién nhirng phét hién cua (Li va cong
su, 2017) va (Gagparovi¢ va cong su, 2019) vé& phuwong phap phan loai dya trén viéc sir dung xép chong 16p chi
s6 phé lam tap dir liéu diu vao phan cum K-means. Do d6, bai bao da dwoc kiém tra lai ca hai da chi sé phd
trong phan loai dat xay dung va dat trong va so sanh anh huong cia nd ké tir khi dwoc sir dung cling véi chi s6
NDTI. Ngoai ra, két qua cho thdy su phéi hop tét gitra ba phat hién cua ba cong trinh (Li va cong su, 2017;
Ettehadi Osgouei va cong su, 2019; Gasparovié¢ va cong su, 2019) dé ting cuong kha niang phéan biét giita dét
xay dung va cac loai dat khac da duoc phat trién tir cac dir liéu duoc thir nghiém trong khu vuc dé thi vao
mua kho.

4. Két luan

Thanh phé Ha Noi (Thua d6 cua Viét Nam) dic trung boi khi hau c6 mua kho va miia mua dugc chon lam khu
vuc nghién ctiu. Muc tiéu chinh cia céng viéc nghién ctru nay 1a tim ra giai phéap tot nhat sy két hop da chi sb
pho dé chiét tach lop dat xay dung c6 d¢ chinh xéc cao ra khoi cac loai lop phu dat khac, chi yéu Ia 16p phu dat
trong thong qua thuc nghiém phuong phap chdng xép l6p cac chi s6 phd khac nhau da dwoc chon trude do. Cac
phan mém vién tham khéac nhau duoc duoc st dung bao gdbm: SNAP, ENVI va ArcGIS dé xir ly dir liéu anh vé
tinh Sentinel-2.

Nhin chung, ca hai su két hop da chi phéd NDTI/BSI/NDVI va NDTI/DBSI/NDVI déi véi dit liéu anh vé tinh
Sentinel-2 da dugc dwoc thir nghiém dé 1ap ban d6 déat xay dyng thong qua phan loai K-means. Két qua nhan
dugc cho thay qué trinh phéan loai nhanh chéng cho 16p dét xay dung. Tuy nhién, dva trén ma tran sai sé bao
gom do chinh xac tong thé va hé s Kappa cho thay két qua tét nhat khi sir dung da chi s6 phd bao gom chi sé
BSI két hop véi chi s6 NDTI va NDVI so véi su két hop chi sé DBSI.

Nhitng két qua nhu vay cung cap su két hop dit liéu da chi phd rat hiru ich dé xac dinh khu vuc dat xay dung
do thi vai thdng tin chinh xac trong mua khd. Vi vay, viéc Iap ké hoach va ra quyét dinh c6 thé nhanh chéng
duoc thuc hién va udc tinh khu vuc dét xay dung cac thanh pho trong mua kho. Tuy nhién, viéc kiém tra lai sy
két hop da chi s6 phé thém trong nghién ctru nay dugc yéu cau & cac khu vuc khac co su khong dong nhat vé lop
phu dat xay dlmg va dét trong trong ca trong mua kho va mua mua. Ngoai ra, cac chi s6 phd khac ciing can duoc
nghién ciru dé dé xuét két hop da chi s6 phd nham cai thién viéc 1ap ban dd dit xay dung khu vuc d6 thi.
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ABSTRACT
Application of multi-spectral index from Sentinel-2 data for extracting
Build-Up land of Hanoi area in the dry season

Nguyen Van Trung®?*, Le Thi Thu Ha'?, Nguyen Thanh Len® Le Thi Minh Phuong?®
'Hanoi University of Mining and Geology
2Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology
SHanoi Architectural University

Mapping urban areas mostly faces great difficulties, especially in the dry season. Therefore, in this study, we try
to increase the accuracy of the urban land map developed for Hanoi city by focusing on determining the
appropriate combination of spectral indices calculated from satellite image data. To conduct the study, four
spectral indices were selected including namely normalized difference tillage index (NDTI), bare soil index
(BSI), dry bare soil index (DBSI) and the normalized difference vegetation index (NDVI). All these spectral
indices are calculated from Sentinel-2 data acquired in the dry season. The two combinations are created from
the superposition of NDTI/BSI/NDVI and NDTI/DBSI/NDVI spectral index layers. The use of the “K-meanss”
algorithm as an unsupervised classifier provides rapid and automatic urban land detection. The results show that
the BSI index performs better than using the DBSI index. As a result, the BSI index brings improvements: bare
soil types and accumulation processes are better differentiated, with overall accuracy increasing by 5.82% and
Kappa coefficient increasing by 11.1%. The results show that the NDTI/BSI/NDVI multi-spectral index dataset
is suitable for mapping urban areas with the potential to help better urban management during the dry season.

Keywords: Sentinel-2, K-means, NDTI, BSI, DBSI.
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Phan tich ty tuong quan khong gian trong nghién ctu kiéu mﬁu phan bd
bénh sot xuat huyét Dengue: Thir nghiém tai Thanh pho H6 Chi Minh

Vii Danh Tuyén®", Vuong Thi Hoe!. Pham Thi Thu Huong?, Nguy&n Tién Thanh!
'Khoa Trac dia, Bdn do va Thong tin dia Iy, Truong Pai hoc Tai nguyén va Moéi truvong Ha Ngi

TOM TAT

Bai bao gidi thiéu phuong phap phan tich ty tuong quan khong gian trong nghién ciru kiéu mau phéan b6 bénh
s6t xuét huyet Dengue. Chi s6 Moran toan cuc va cuc bd dugc tng dung dé xac dinh muc do ty twong quan
khong gian vé& ty 1& nhidm bénh sbt xuat huyét Dengue. Két qua thir nghiém trén bo sé liéu st xuat huyét
Dengue dugc thu thap trong thang 8 ndm 2023 tai Thanh phd H5 Chi Minh cho thiy 04 cum di thudng khéng
gian vai ba low-high va mot high-low da dwoc phat hién. Cac cum low-high va high-low lan luot xuét hién tai
cac quan huyén phia Tay va phia Nam cua thanh phb (Quan 4, Binh Chanh, Can Gio va Tan Pha). Trong khi
d6, khong co6 cum khong gian (high-high va low-low) nao dugc phat hién. Két qua nghién ctru ¢é ¥ nghia
quan trong gitip xac dinh sy phan b vé khdng gian caa bénh sét xuat huyét Dengue.

Tir khoa: Phan tich tu twong quan khong gian, chi s6 Moran toan cuc, chi s6 Moran cuc bd, kicu mau phan b
khong gian, sot xuat huyét Dengue, Thanh pho H6 Chi Minh.

1. Pit van dé

Sét xuét huyét Dengue la bénh truyén nhidm do virus Dengue gay ra. Bénh c6 triéu chig 1am sang dic trung
nhu sét cao, xuit huyét, thoat huyét trong, nhanh chong dan dén sbc va tir vong néu khong dugc didu tri kip
thoi. Theo WHO, bénh sét xuit huyét Dengue duoc chia lam 3 muc do: sét xuat huyét Dengue, s6t xuét huyét
Dengue c6 dau hiéu canh béo va sét xuit huyét Dengue niang (WHO, 2009). Khao st dich t& hoc cho thiy rang
su lay nhidm st xuit huyét Dengue 1én dén 2/5 déan sé thé gidi véi khoang 390 triéu ca mic mai hang nam, dan
dén 500.000 ca nhap vién va khoang 20.000 ca tir vong (Khan va cong su, 2023). Tai Viét Nam, trong nhiing
nam gan dy, sot xuat huyét c6 biéu hién 1am sang da dang, dién bién nhanh va phuc tap, ty 1¢ dién bién nang va
tr vong cao. Do d6, nghién ctru kiéu mau phan b cua bénh sét xuat huyét c6 vai tro quan trong trong nghién
ctru dic diém dich t& s6t xuat huyét. Sot xuat huyét Dengue 1a bénh luu hanh chu yéu tai khu vic phia Nam (Ngd
Vin Dinh va cong su, 2022). Trong d6, Thanh phé H6 Chi Minh 1a khu vuc thuong xuyén duoc ghi nhan cac ca
nhiém sbt xuat huyét Dengue cao.

Trén thé gioi, nhiéu nghién ctru da thanh cong tng dung phuong phép phan tich tu twong quan khong gian dé
nghién ciru sy phan b vé khdng gian cua dich bénh, dic biét déi véi cac bénh truyén nhiém nhu dai dich Covid-
19 do SARS-CoV-2 gay ra (Alphonso va cong su, 2024; Santos va cong su, 2024), bénh lao (Gemechu va céng
su, 2023) hay bénh AIDS/HIV (Cao Thi Hién va cong su, 2024; Johnson va cong su, 2024). Trong bai béo nay,
phuong phap phén tich ty twong quan khong gian dwoc thir nghiém dé xac dinh kiéu mau phan bé bénh sét xuat
huyét Dengue & Thanh phé H Chi Minh.

2. Dir liéu sir dung va phuong phap nghién ciu
2.1. Dit ligu sir dung

Theo thong ké cua Trung tam kiém soét bénh tat Thanh phd Ho Chi Minh, mic du trong 6 thang dau nam
2023, sb lugng 6 dich sot xuat huyét duoc ghi nhan giam 62% so voi cing ky nam 2022. Tuy nhién, theo quy
luat dién tién dich bénh hang nim, mua cao diém cta bénh sbt xuat huyét da bt dau ting vao tuan thir 24, s&
tang cao trong thang 7 va du kién s& kéo dai dén hét thang 10 hang nam. Trong khi d6, qua giam sat diém nguy
co, Trung tam Kiém soét bénh tat Thanh ph Ho Chi Minh phét hién c6 ling quang tai cac diém nguy co duoc
giam sat la 47,6% (49/103 diém). Pay la con s6 dang béo dong, ty 1¢ nay s& cao hon nita khi Thanh phé mua
nhiéu hon va khong c6 nhitng bién phap quyét liet dé kiém soat cac diém nguy co. Két qua trong nghién ctru cua
Vién Chinh Chién va cong su (2022) chi ra rang nhitng thang mua mua thuong c6 s6 ca méc cao hon nhiing
thang mua kho, trong do s6 mic cao thuong dugc ghi nhan tir thang 8 dén thang 10 hang nim. Do do, trong
nghién ctiu nay, so liéu vé ty 1¢ nhidm bénh sot xuat huyét Dengue trong thang 8 nam 2023 da duoc lya chon va
thu thap tai Thanh phé HO Chi Minh dé thir nghiém danh gia kiéu mau phan bd bénh st xuat huyét Dengue.

* Téc gia lién hé
Email: vdtuyen@hunre.edu.vn
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2.2. Chi sé6 Moran toin cuc

Nghién cau sir dung chi 36,, tu trong quan khong gian Moran toan cuc dé xac dinh kiéu mau khong gian cua
bénh sot xuat huyet Dengue tong the. Chi so Moran toan cuc do Patrick Alfred Pierce Moran (1950) dé xuat va
dugc Anselin Luc (1995) phat trién theo cong thire (1) dudi day:
Z 12 Wi (= 0)(x; — %)

=1 Z,:i Wij Xz, (x; — %)?

trong do: x; va x; la ty 1 nhiém bénh s6t xuat huyét Dengue tai quan/huyén i va j; x la tri trung binh s6 hoc
cia ty 1& nhidm bénh sét xuit huyét Dengue va dugc xac dinh bang cong thic: ¥ = ?:1% n l1a téng sb
quan/huyén trén toan bo khu vuc nghién ctiu va W;; la ma tran trong s6 khong gian (n x n).

Gidng véi hé sb twong quan Pearson, gia tri chi s6 Moran toan cuc nam trong phamvi [-1; 1. Néu0 <7 < 1
phan anh ve tong the cd su twong quan thuén (gia tri quan sat dugc tap trung cao (hoic thap)). Neu —1 <1 <0
phan anh tong thé ¢d sy tuong quan nghich (gia tri cao tap trung xung quanh gia tri thap hay nguoc lai). Neu I =
0 thé hién kiéu mau khong gian duoc phan bo mot cach ngau nhién (random spatial patterns).

Chi s6 ty twong quan Moran toan cuc chi xem xét mirc d twong quan khong gian tong thé trén toan khu vuc
nghién ctu. Tuy nhién, trong nhicu truong hop, Moran toan cuc phan anh sy phan bo cua cac gia tri quan sat
duoc la ngau nhién, nhung trong mot pham vi cuc bo nao trén khu vuc nghién ctu lai ton tai kiéu mau tap trung
(hay phan tan) vé mat khong gian cua cac tri quan sat dugc. Day la nhuge diém caa Moran toan cuc. Nhugc
diém nay c6 thé duoc khic phuc bang céch st dung chi s6 Moran cuc bd.

2.3. Chi sé6 Moran cuc by

I = (1)

Chi s6 tu trong quan Moran cuc bo (I;) do luong mirc d6 tu twong quan khong gian cuc bo cua ty 1 nhidm st
xuat huyét Dengue tai vung i theo céng thic (2):

N
li = (xia_z 2 Z Wi (x; - %) (2)

JHiJET;
trong dé: x;, x;, %, va W;; da duoc dinh nghia trong cong thic (1); N 1a téng sb viing 1an can (26); J; 1a tap
hop tat ca cac ving lan can cua vang i; j#i am chi téng cua (x; — x) tai cac vung lan can cua vung i nhung
khong bao gém x;; and o2 1a phuong sai va duoc xac dinh bang cong thiic (3). W;; 1a ma tran két néi ving Ian
can va c6 thé duoc xay dung trén co s nguyén ly su tiép giép cac vung lan can.

N
1
=) (=) @)
=1

Néu p(I;) < a (a = 0,05 la gi4 tri dugc chon trong nghién ciru nay), c6 nghia 1a kho co kha niang kiéu mau
khong gian quan sat dugc do qué trinh ngau nghién sinh ra, bac bo gia thiét géc Ho, chap nhan gia thiét doi Hi:
kiéu mau khong gian quan sat duoc 1a phan tan hoic tap trung va c6 y nghia vé mat thong ké. Néu p(I; )<a va
I; > 0vax; —x > 0, thi gia tri quan sat dugc X va Xjej; déu 1a cac gia tri cao va cd su tap trung cao vé khong
gian (high-high cluster) cia ty 1& nhidm sét xuat huyét Dengue ¢ miic cao, goi la cum cao - cao. Néu p(I;) < a
val; > 0vax; —x <0, thi gia tri quan sat duogc x; va Xjeg; déu 1a cac gia tri thap va c6 su tap trung cao vé
khong gian (low-low cluster) cua ty 1& nhidm sét xuat huyét Dengue & murc thip, goi 14 cum thap - thip. Néu
p(I;) < aval; < 0vax; —x > 0, thi cac gia tri quan sat x;e;, thip hon han x; va c6 sy phan tan vé khong gian
(high-low cluster), goi 1a cum cao - thdp. Trong khi d6, néu p(I;) < aval; < 0 vax; — x < 0, thi cac gid tri
quan sat x;e;, cao hon han x; va 6 sy phan tan vé khdng gian (low-high cluster), goi la cum thap - cao. Cum cao
- cao va cum thap - thap duoc goi 1a cum khdng gian (spatial clusters), cum cao thap va cum thap - cao goi la di
thuong khdng gian (spatial outliers) (Nguyen va cong sy, 2016).

3. Két qua va thao luan
3.1. Sw phén bé ciia cdc ca nhiém sot xudt huyét

Su phan bd vé khdng gian cua ty 1¢ nhidm bénh sé xuat huyét/100.000 dan trong thang 8 nam 2023 tai Thanh
phé HO Chi Minh dwoc thé hién trong Hinh 1. Dit liéu trong Hinh 1 (phai) cho thiy ty 1& nhidm bénh sé xuit
huyét & mirc cao c6 xu hudng tap trung vé tai khu vuc phia trung tdm cua thanh phé, dac biét 13 tai cac quan phia
Nam cuaa Thanh phé. Trong thang 8, sé lwong ca nhidm sét xuét huyét thap nhat va cao nhit lan luot 1a 3 ca 28
ca. Gid tri trung binh va trung vi lan luot dat 16,1 va 15,5. Biéu db boxplot trong Hinh 1 (trai) cho thdy phan lon
1a c&c quan huyén vai ty 16 nhiém sé xuét huyét & mirc kha can biang do gid tri trung vi xuat hién gan gia tri trung

29


https://en.wikipedia.org/wiki/Patrick_Alfred_Pierce_Moran

snsffons .
~~ . HOQI NGHI KHOAHQC QUOCGIA
NC@ S  ONG NGHE PIA KHONG GIAN Vi SU PHAT TRIEN BEN VONG
i (NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

binh. Trong khi do6, v6i bicu do boxplot, khoang tir vi phan thir nhét va thir ba ¢6 gid tri lan luot 1a 11 va 19. Gia
tri tham s6 do d6 phéan tan IQR va SDEV lan luot la 8 va 6,1.

[u]
@
A
[ng)
e
Quén dao
Hoang Sa -~
BIEN DONG =
[5:10] (3)
: Aak [10:14] (5) o
L% twongsa [0 [14: 19)(7)
Thanh pho
Hé Chi Minh [ | [19: 23] (3)
oo o

Hinh 1. S6 luong ca nhiém sot xudt huyét rrong thang 8 nam 2023 tqi Thanh phé Hoé Chi Minh: sy phan bé
khdng gian (trai) va biéu do boxplot (phai)

3.2. Sw phin bé cum khong gian ciia ty 1¢ nhiém st xuit huyét

Gia tri twong quan Moran | toan cuc phan anh mic do tu tuong quan khong gian cua ty 1¢ s6 luong ca nhidgm
s6t xuat huyét trong thang 8 nam 2023 ciia Thanh phd H6 Chi Minh. Biéu db phan tan Moran | trong Hinh 2 cho
thiy chi sb tu twong quan Moran I toan cuc c6 gia tri -0,156 (nho hon 0). V& tong thé, chi sé tu tuong quan
Moran | toan cyc thé hién ton tai mdi twong quan nghich giita cac quan/huyén cé sé luong ca nhidm sot xuét
huyét thé hién bang cac quan/huyén cé sé luong ca nhidm I6n co xu hudng tap trung xung quanh cac quan huyén
¢6 s lugng ca nhiém thap va nguoc lai.

2 o
™ j Moran I

toan cuc = -0,156

1.80
1
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Hinh 2. Biéu d6 phan tan Moran | va chi sé Moran toan cuc

Su phan b vé khéng gian cua gi tri Moran | cuc bg xac dinh tir ty 1¢ nhiém sot xuat huyét trong thang 8 nam
2023 thé hién trong Hinh 3. Céc s6 liéu théng ké mo ta cua Moran cuc b nhu sau: gia trj thip nhét va cao nhit
lan luot 14 -3,6 va 0,49, tri trung binh va trung vi lan luot dat -0,28 va -0,05. Dit liéu trong Hinh 3 cho thiy cac
quan/huyén c6 chi s6 Moran Ién hon 0 tap trung & mot s6 quan huyén phia DPong va phia Tay cua trung tam
thanh phd. So sanh véi két qua tir viéc chi sé Moran | toan cuc c6 gié tri -0,156 cho thay chi s6 tu twong quan
Moran toan cuc chi xem xét muic do twong quan khong gian téng thé trén toan khu vuc nghién ctu. Tuy nhién, tir
s6 ligu vé ty 1& ca nhiém sét xuét huyét Dengue cua thang 8 nam 2023 tai Thanh phé HS Chi Minh c6 thé xéac
nhan rang chi sé Moran toan cuc phan anh sy phan b cia cac gié tri quan sat dugc c6 thé coi la ngau nhién,
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nhung trong mot pham vi cuc bd (nhu tai phia Dong va phia Tay cua thanh phd) lai ton tai kiéu mau tap trung
(hay phan tan) vé mit khong gian cua ty 1é ca nhiém st xuat huyét Dengue.

Biéu dd boxplot tir Hinh 3 (phal) cho thay khoang tir vi phan thar nhat va thir ba ¢6 gia trj lan luot 1 -0,35 va
0,03. Gi4 tri do &6 phan tan IQR va SDEV lan luot 12 0,38 va 0,8. Dir li¢u tir biéu do Boxplot trong Hinh 3 (phai
cho thay chi s6 Moran | trong thang 8 bi léch vé bén trén (phia c6 gié tri Ion hon khong) ching to ty 1 nhiém
ctia s6t xuat huyét trong thang 8 & mirc cao. Dit liéu vé sy phan bd cua chi sé Moran cuc b trong Hinh 3 (phai)
cho thiy, trong thang 8 nam 2023, Moran cuc bd c6 gié tri thip ciing chu yéu duoc phat hién tai cac quan/huyén
phia Bic va Nam cua thanh phd, trong khi dé chi s6 Moran c6 gié tri trung binh va cao lan lugt dugc phat hién
tai cac quan huyén phia Tay va DPong cua thanh phé. Bac biét, gia tri Moran cuc bo c6 gia tri cao phan bd tap
trung & khu vuc phia Pong cua Thanh phé Ho Chi Minh.

8
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@ —
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B o5 (3) [-0.913 : -0.347] o
25% - 50% (6) [-0.347 : -0.047) fi ]
50% - 75% (6} [-0.047 : 0.030]

[ - 75% (5) [0.030: 0.505] o R

=

B Upper outlier (0} [0.596 : inf]

Hinh 3. Phan bé khdng gian cia chi sé¢ Moran cuc bg (trai) va biéu do boxplot (phdi) vé mite dé tw twong quan
khéng gian cua ty I nhiém sét xuat huyét Dengue

Két qua xac dinh cum khong gian vé ty 1& nhiém st xuat huyét duoc thé hién trong Hinh 4. Vé tong thé, dir
liéu tir Hinh 4 cho théy, di thuong khong gian chu yéu duoc phét hién ¢ trung tim Thanh phé. Trong thang 8, chi
s6 Moran cuc bo phét hién 4 cum di thuong vai 03 low-high va 01 high-low. Cac cum low-high va high-low lan
lwot xuat hién tai cac quan huyén phia Tay va phia Nam cua Thanh phé gdm Quén 4 (11 ca/100.000 dan), Binh
Chénh (16 ca/100.000 dan), Can Gio (5 ca/100.000 dan) va Tan Pha (24 ca/100.000 dan). Khéng c¢6 cum khéng
gian (high-high va low-low) dwoc phat hién trong thang 8 mac du van ¢6 mot sb quan huyén ¢ ca nhiém cao
nhu Nha B¢ (28 ¢a/100.000 dan), Quan 1 (26 ca/100.000 dan), va Quan 7 (24 ca/100.000 dan). Két qua so séanh
Vé6i v6i s6 lidu V& ty 1& nhidm sét xuit huyét Dengue cua thang 7 cho thiy cum khong gian trong thang 8 c6 xu
huéng dich chuyén vé phia Tay va phia Nam cua Thanh phé Ho Chi Minh.

) 55~ ) 5%

Mot Significant (18)

B High-High (0) Not Significant (18)

B owlow @ B p=00503)

g Low-High (3} M p-001(0)
High-Low (1} M p-o0001(1)

Hinh 4. Phan bé cum khong gian (tréi) va mic dat y nghia thong ké vé ty 1¢ nhiém sot xuat huyét Dengue
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Dit liéu tir Hinh 4 (phai) thé hién su phan b khong gian vé mic dat vé y nghia thong ké cho ting quan huyén
cua Thanh phé H6 Chi Minh. Cac muc thong ké ciing duoc thé hién theo 4 thang do tir khong dat y nghia thong
ké (p-value> 0,05) va dat y nghia théng ké & cac mic 0,05; 0,01 va 0,001. Hinh 3 (phai) cho thay chi c6 mot
quan dat mirc y nghia rat cao tai mac 0,001 tai huyén Can Gio. Ba quan/huyén dat mirc y nghia thong ké tai mirc
0,05 gdm Binh Chanh, Tan Pha va Quan 4.

4. Két luan

Bai bao da tién hanh thir nghiém ap dung phuong phap phan tich tu trong quan khong gian trong nghién ctu
kiéu mau phan b bénh st xuat huyét Dengue. Trong nghién ctu, chi s6 Moran toan cuc va cuc b di duoc tng
dung dé xac dinh muc d6 tu trong quan khong gian vé ty 1¢ nhidm bénh st xuat huyét Dengue tai Thanh phd Ho
Chi Minh. Két qua nghién ctu tir s6 liéu sét xuat huyét Dengue thu thap trong thang 8 nam 2023 cho thiy 04
cum di thuong khong gian véi ba low-high va mét high-low da duoc phat hién. Cac cum low-high va high-low
lan luot xuat hién tai cac quan huyén phia Tay va phia Nam cua Thanh phé (Quén 4, Binh Chanh, Can Gid va
Tan Phd). Ngoai ra, khéng phat hién cum khéng gian (high-high va low-low) nao duoc phét hién. Két qua
nghién ctru ¢é ¥ nghia quan trong giup xac dinh sy phan b vé khéng gian cua bénh sét xuat huyét Dengue, dic
biét la dich t& st xuat huyét Dengue.
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ABSTRACT
Spatial autocorrelation analysis in the study of spatial patterns of dengue
hemorrhagic fever: A case study in Ho Chi Minh City

Vu Danh Tuyen'", Vuong Thi Hoe!, Pham Thi Thu Huong?, Nguyen Tien Thanh?
'Faculty of Surveying, Mapping and Geographic Information,
Hanoi University of Natural Resoueces and Environment

This paper introduces the method of spatial autocorrelation analysis in the study of spatial patterns of dengue
hemorrhagic fever. The global and local Moran’s 1 statistic were applied to measure the degree of spatial
autocorrelation in dengue hemorrhagic fever infection rates. Results from the dengue hemorrhagic fever dataset
collected in August 2023 in Ho Chi Minh City showed that four spatial outliers with three low-high and one
high-low outliers were successfully detected. These low-high and high-low spatial outliers were mainly detected
in the western and southern districts of the city (District 4, Binh Chanh, Can Gio and Tan Phu), respectively. No
high-high and low-low spatial clusters were detected. The research results have important implications for
identifying the spatial distribution of dengue hemorrhagic fever.

Keywords: Spatial autocorrelation analysis, global Moran | statistic, local Moran | statistic, spatial patterns,
Dengue hemorrhagic fever, Ho Chi Minh City.
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Sir dung dir liéu vé tinh Sentinel-2 thanh 1ap ban dd sinh vat day
khu vuc quan dao Con Dao, tinh Ba Ria - Viing Tau, Viét Nam

Nguyén Vin Trung?", L& Thi Thu Ha'2, Doan Thi Nam Phuwong'?, Pham Thi Huong'
Nguyén Quang Minh?, Pham Vong Thanh*
Trieong Pai hoc M6 - Pja chadt
2Nhém nghién cizu Cong nghé Pia tin hoc trong Khoa hoc Trdi dat (GES), Truong Pai hoc Mé - Pia chdt
3Cuc Bdn do - Bo Tong tham muu
*Hgi Trdc dia - Ban do - Vien tham Viét Nam

TOM TAT

Dit liéu vé tinh da phd Sentinel-2A va 2B (MSI) cung cap théng sb ki thuat vé gia tri tiém ning hudng toi
muc tiéu trong thanh lap ban do céc sinh vat day. Quan tric cac ran san hd va co bién 1a mot thach thuc dic
biét doi véi cdng nghé vién tham do su khong dong nhat phan xa pho xay ra ¢ cac do sau khac nhau, céc
thanh phan vat chit trong nudc. Tuy nhién, cac giai phap méi da gitp cho dir liéu vién tham c6 thé lam tang
thém kha nang cung cap cac thong tin giam sat moi trudong quy md 16n. Bé thuc hién cong viéc nay, mot sb
dir liéu vé tinh da phd da duoc sir dung bao gom: Landsat, Sentinel-2 va dit liéu co6 d6 phan giai khdng gian
cao nhu WorldView-2 dé quan tric cac ran san hd phuc vu viéc phét hién cac su kién tay tring san ho.

Dit liéu vé tinh da phd Sentinel-2 dwoc ching minh c6 tinh hiéu qua trong viéc thanh lap ban dd cac sinh vat
day v6i kha ning loai trir cAc phan xa phé cua cac tia sang trén bé mat nude. Do phan giai khdng gian 10 m 1a
ngudng quan trong dé phan dinh cac dac diém sinh vét day dugce quan tim nhu cac ran san hd vai cac dir liéu
kiém chirng tir hinh anh va thuc dia & quan dao Con Dao. Ngoai ra, dit liéu dwoc dwoc cung cip bai ving rong
290 km mang lai loi thé so véi hinh anh c6 do phan giai khéng gian siéu cao.

Tur khoa: Sentinel-2, MSI, ran san hd, quan dao Con Pao.

1. Pjt van aé

C4c ran san hd hién dang bi de doa trén toan thé gigi tir nhiéu nguén anh huéng vé méi truong va con ngudi
(Hoegh-Guldberg va cong su, 2007; Pandolfi va cong su, 2003). Do dd, chinh sach va quan ly hiéu qua sy hinh
thanh doi hoi phai c6 su giam sat trén tit ca cac quy mo tir dia phwong dén toan cau. Mac du khong chi tiét nhu
khao sét tai hién trudong, nhung céng nghé vidn tham cung cip mot phuong phap quan tric 6 gia tri, dic biét la
& quy md Ion khi viéc khao sat truc tiép s& rat tbn kém va kho thuc hién (Hedley va cong su, 2016). Muc tiéu lap
ban db sinh vat day va bao gdm cac loai sinh vat day nhu san ho va tao, phét hién su thay ddi cua sinh vat day va
hién twong tay tring san hd yéu cau dir liéu vién tham trong diéu kién pham vi khong gian va thoi gian cu thé
(Hock va cong su, 2014).

Dé l1ap ban d6 ran san hé, cac lra chon hién nay dya trén vé tinh dang chiém wu thé bang céc dir liéu da phd
c6 d6 phén giai khong gian cao (pixel <5 m) va do phan giai trung binh (pixel 10-50 m). Céac nd luc voéi céc dir
liéu thuong mai chu yéu huéng t6i dir liéu da phd co do phan giai khdng gian rat cao (vi du: Worldview-4,
Pleiades, pixel kich thugc 2 m, chom sao Planet Labs, 3-5 m) (Mumby va cong su, 1997; Hochberg va Atkinson,
2003). Tuy nhién, cac ran san ho rat cao khong ddng nhat & quy mé Ién, cac lodi sinh vat day khac nhau cac loai
nhu san ho, co bién hoic tao vi mé thuong xuat hién ¢ cac quy mé khong gian khac nhau va do dé do phan giai
khong gian tbi thiéu t6i wu c6 thé khac nhau tiy thudc vao muc tiéu va dic diém khu vic nghién ciu (Phinn va
cong su, 2010; Yamano, 2013).

V& co s& khoa hoc, cac ran san hd nim & gitra I6p phi dit va dai dwong. Chinh vi vay, cac dit liéu vé tinh c6
san thudng dap ung nhitng yéu cau cu thé. Dir liéu Landsat c6 sdn mién phi da duoc sir dung & ran san ho dap
g cho tiém nang 1ap dy &n ban d6 mai truong séng ran san hd thién nién ky (Smith va cong s, 1975; Bour,
1988; Andréfouét va cong su, 2004; Palandro va céng su, 2008). Landsat-8 noi riéng, véi do phan giai bac xa 12
bit va dai mau xanh bé sung ¢ budc séng 443 nm mang lai sy tham nhap sau trong ving nuéc (EI-Askary va
cong su, 2014; Giardino va cong su, 2016). Dir liéu dugc thu nhan trong mot vang rong 185 km ¢ ¥ nghia 16n
khi xir Iy ma khong gap kho khan khi ghép hinh anh thu duge trong cac diéu kién khéc nhau. Céc wng dung siéu
phé nhu Hyperion hodc HICO ciing di duogc thir nghiém (Kutser va cong su, 2006; Garcia va cong su, 2014a)
nhung chua c6 cam két s ménh lau dai. Cac dit liéu khac nhu HyspIRI hoic EnMAP (Devred va cong su, 2013;
Guanter va cong su, 2015) cd thé tng dung siéu phd cho gidm sat ran san hé nhung cac lya chon st dung dir liéu
vé tinh nay van con la cac dich vu thuong mai.

* Téc gia lién hé
Email: nguyenvantrung@humg.edu.vn
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Dir liéu Sentinel-2 khéc biét dang ké so voi céc dit lidu da thao luan trude d6 ¢ ca do phan giai khong gian va
thoi gian. Do phan giai khdng gian 10 m & bbn dai nhin thy va can hong ngoai (NIR) nam giita dit liéu da phd
c6 do6 phan giai khdng gian cao 2 m va dit liéu da phd Landsat-8 & 30 m. Viéc chup lap lai sau 5 ngay cua cap vé
tinh Sentinel-2A va 2B cung cép kha ning lya chon dit lidu it may va c6 nang. Pham vi dit lidu cua Sentinel-2 1a
290 km rong hon pham vi anh cua Landsat 1a 185 km mang lai loi thé vé tinh ddng nhat cua khu vuc rong hon
(Roy va cong su, 2017). Trong mo phong phan xa phé ¢ d6 phan giai 10 m trén sinh vat day ti cac dac diém
nhu san ho ¢6 gié tri phd trén kénh 1 tuong tmg qué cao, gia tri & muc trung binh trén mét dién tich 1on hon (d6 phan
giai 60 m). Sau d6 trong mot phan tich do sau, nhing pixel nay duoc diung dé woc tinh sai s6 ¢ ving nuéc sau
(Hedley va cong sy, 2012).

Trong pham vi nghién ctu nay, tai Viét Nam hién nay con it nghién ciru quan tim dén viéc ung dung su uu
viét cua céc loai dit liéu vién tham sin cd trong quan tric, giam sét va thanh 1ap ban dd sinh vat day cho cac khu
vuc trén lanh thé Viét Nam. Nghién ctu (Hoang va cong su, 2020) da sir dung anh vé tinh Landsat 7 TM va
Landsat-8 OLI dé tién hanh theo ddi hién trang va bién dong caa cac hé sinh thai cac tham co bién tai ddm Lang
Cd, tinh Thira Thién Hué. Nam 2012, nghién ctu (Cao va cong su, 2013) da nghién ctru cac tham co tai ving
ven bién Viét Nam bang céch thanh 1ap ban db phan b cua tham co bién. Nam 2016, nghién ciu (Chen va cong
su, 2016) da danh gia sy bién dong cua tham co bién theo thoi gian tai vinh Cam Ranh, Viét Nam. Do dic tinh
ky thuat cua dir ligu vién tham vé d phan giai khdng gian, pho va bic xa nén cac nghién cau ¢ pham vi gisi
han ¢ mot vai loai sinh vat day bién. Trong nghién cau nay dbi vai dir liéu da phd Sentinel-2 tap trung vao hai
loai sinh vat bao gom ran san hd va co bién.

Bai viét nay tap trung st dung cac ky thuat xir Iy dir liéu da pho Sentinel-2 dé thanh lap ban d6 sinh vat day,
dic biét 1a cac ran san ho va co bién dé phuc vu quan ly, gidm sat cac hién tuong bién doi caa ching trong bdi
canh nud6c bién 4m 1én do bién ddi khi hau. Thuan loi cua dir liéu Sentinel-2 véi d6 phan giai khdng gian phu
hop va ché do chup lip 5 ngay giup dap Gmg duoc cac diéu kién sinh vét day cu thé & khu vuc Con Pao. Cac ky
thuat loai trir phan xa pho cua tia sang trén bé mit nudc, tinh toan chi s6 do sau khong dbi va phan loai cac sinh
vat day duoc ap dung dé thanh 1ap ban do sinh vat day véi su kiém chang cua céc dit liéu anh vé tinh d6 phan
giai rat cao.

2. Dir liéu sir dung va phuong phap nghién ciu
2.1. Khu vwe nghién ciru

Quén dao Coén Pao nam cach thanh phd Viing Tau 97 hai ly ¢6 kinh do dia Iy 106°36° Pong va vi do dia ly
8°36° Bic (Hinh 1). Quan dao gém c6 16 hon dao véi téng dién tich dat ndi 1a 76 km2, trong d6 dao 16n nhat 1a
dao Con Son 51,52 km?. Ddo nay c6 dia hinh ddi nii, uu thé boi cac day da granit chay tir phia Tay Nam dén
bong Bac che cha cho céc vung vinh cua quan dao ca vé hai phia khoi nhirng ludng gié manh. Quan dao Con
P4o nam ¢ ving glao nhau gnra ludng hai luu 4m tir phia Nam va luong hai luu lanh tir phia Bic. Nhiét 6 nuée
bién tir 25,7 °C dén 29,2 °C (Tran B¢ Thanh va cong su, 2012).

Vuing bién cua quém dao c6 1.383 loai sinh vat bién, trong d6 c6 127 loai rong bién, 11 loai co bién, 157 loai
thuc vat phu du, 115 loai dong vat phi du, 202 loai ¢4, 8 loai thi va bo sat bién. Cac ran san ho noi day do 219
loai hop thanh; d¢ phii trung binh 1a 42,6 %. Con Pao khong chi la ving ¢6 nhiéu ria bién nhét nudc Viét Nam
ma con 1a noi duy nhat ¢ Viét Nam con ton tai mot quan thé bo bién co cugc song khong tach roi cac tham co
bién (https://www.condaopark.com.vn/vn/2vnTRUST=mod:about).
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Hinh 1. Té hop mau ti nhién (RGB=432) ciia anh Sentinel-2 chup ngay 29/9/2023 khu viee Cén Pao
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2.2. Dir ligu sir dung

Dit liéu anh vé tinh Sentinel-2 dugc chon dé 1am khu vuc nghién ctu do dit liéu anh vé tinh nay mién phi c6
san tai https://scihub.copernicus.euwith. Cac kénh phd cua dit liéu Sentinel-2 dugc dua ra trong Bang 1. Dé dinh
lwong cho pham vi todn cau, mot phan tich dya trén viéc chia 6 ludi dit liéu Sentinel-2 da duoc dwoc tién hanh
(SUHET, 2015), trong d6 danh sach tit ca cac 6 luéi 110 km x 110 km dit liéu Sentinel-2 chira c4c ran san ho da
duoc tao ra. Cac dir liéu con thiéu s& duoc thu nhan bé sung dé cung cip diy du dit liéu dé giam sét ran san ho
trén toan cau.

Dir ligu anh vé tinh Sentinel-2 dugc thu nhan va xa ly & mac do 2A (tén san pham: S2B_MSIL2A
20230929T030529 N0509 R075 T48PXQ 20230929T063909) da dugc tham chiéu dia ly. Bo dit liéu dugc thu
thap vao ngay 29 thang 9 ndm 2023 tuong Ung cho thang mua mua trong nam bao trum khu vuc nghlen cuu
quan dao Con bao. Dir liéu anh v¢ tinh trong ngay da chon cung cap rang luong may che phu rét it va nam & khu
vuc dét trén quan dao gidp cho viéc quan trac cac sinh vat day ¢ cac khu vue nude ndng ven bd duoc tét nhit.

Bang 1. Cac kénh pho cua dir liéu da phé Sentinel-2
(Thong tin tr:https://earth.esa.int/web/sentinel/user-guides/sentinel-2-msi/resolutions/radiometric)

Sentinel-2
Kénh phé Bwdrc song trung tdm (nm) D§ phén giai (m)
B1 — Coastal aerosol 443 60
B2 — Blue (B) 490 10
B3 — Green (G) 560 10
B4 — Red (R) 665 10
B5 — Red edge (RE1) 705 20
B6 — Red edge (RE2) 740 20
B7 — Near infrared narrowl (NIRn1) 783 20
B8 — Near infrared (NIR) 842 10
B8A — Near infrared narrow2 (NIRn2) 865 20
B9 — Water vapor 945 60
B10 — SWIR Cirrus 1375 60
B11 — Shortwave infrared (SWIR1) 1610 20
B12 — Shortwave infrared (SWIR2) 2190 20

2.3. Phwong phap nghién ciru

Phuong phép téng thé duoc ap dung bao gdm ba budc chinh: Tién xu ly, xi ly dit liéu va danh gia két qua va
dugc thé hién trong Hinh 2.
2.3.1. Tien xir ly

Qua trinh chdng I6p cac kénh phd va cit khu vuc nghién ciru duoc thuc hién bing céch st dung cac cong cu
trong phan mém SNAP phién ban 8.0. C4c cong cu xir ly anh vé tinh Sentinel-2 c6 thé duoc tim thiy tai
http://step.esa.int/main/download/.
2.3.2. Xai Iy anh
2.3.2.1. Khi c&c phdn xa phé cua tia sdng trén bé mdt nuéc (Deglint)

Céc phan xa pho cua tia sing mat troi 1a mot hién tugng phé bién trong anh vé tinh dé cap dén su phan chiéu
su phan chiéu cua mat troi trén bé mat nudc. Do phan xa tir bé mat nuéc 6 thé khé quan séat do sy phan xa cua
anh sang mit troi truc tiép trén bé mat phan céch gitra khong khi va nudc theo hudng vé tinh. Dir lidu da pho cua
vé tinh Sentinel-2 d& bi xay ra cac phan xa phd cua tia sdng mat troi. Khi c6 phan xa phé cua tia sang mat troi,
ching ta can 4p dung thuat toan loai bo phd phan xa nay dé cé thé quan sat dwoc day bién nham muc dich 1ap
ban d6 sinh vat day.

Phuong phap loai bo cac phan xa phd cua tia sang mat troi cho dix liéu vé tinh c6 d6 phan gidi cao ap dung
cho cac vung ven bién. Thuat toan duoc phat trién trong cong cu Sen2Coral bsi (Hedley va cong su, 2005). Méac
du thuat toan cho két qua khé tdt nhung nén sir dung dit liéu cé cac phan xa phd cua tia sang tbi thiéu.
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Hinh 2. So' do phwong phép thanh 1gp ban do ran san hd tir dit liéu da pho Sentinel-2
2.3.2.2. Tao mdt na cac khu vue dat, may va béng may

MGt budc tien xir Iy can thiét khac 1a tao mat na che phu dét, dinh bot bién trén séng, may va bong may. Ba
cai dau tién dé cap dén cac dic trung do sang co thé duge xac dinh dua vao cac budc séng hong ngoai gan
(NIR). Kénh phé nay khéng xam nhap vao nuéc nén sau khi khir phan xa phd ciia tia sang cic ving nudc trong
rat t6i. May, dinh bot bién trén s6ng va dit thudng c6 nhiét do cao phan xa trong NIR, do d6 chung ta c6 thé dat
ngudng dé tao mat na dé che ching. Tuy nhién, mit na ndy khong thé che cac dic diém téi nhu bong may hoic
bong dia hinh. Céac dic trung t6i ¢ thé duoc phan dinh khi sir dung ngudng cho kénh phd 2 dé tao mit na b
sung. Két qua cua qua trinh xir 1y loai bo cac phan xa phd cua tia séng mat troi trén bé mat nude va tao mat na
cac khu vuc dat, dinh bot bién trén song, may va bong may dugc dua ra trong Hinh 3.
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Hinh 3. Té hop mau tw nhién (RGB=432) ciia dnh Sentinel-2 sau khi Deglint va tao mdt ng (mdu den)

2.3.2.3. Tinh toan cac chi sé do sdu khong doi

Viéc tinh toan cac chi s6 do sau khong dbi 1a budc hiéu chinh cot nudc rat hiru ich cua qua trinh xi ly dit lidu
dé phan loai sinh vat day. Viéc phat trién cong cu Sen2Coral dwa theo (Lyzenga, 1978; Green va cong su, 2000).
Duya vao co s¢ caa sy suy giam cia do phan Xa xap xi theo ham mii nghich dao véi d6 sau cua nudce, do do su
bién dbi:

X; = —In (R, — R¥P) @

Xap xi tuyén tinh héa anh huong cia do sau 1én hé s6 phan xa, R; 1a do phan xa pixel trong kénh phé i va
R*°P  1a d6 phan xa nudc sau trong kénh phé i d6. Biéu dd céc gié tri pixel cia hai bién ddi cac kénh ph trén
mot loai sinh vat day c6 hé s phan xa khong ddi nhung & cac do sau khac nhau s& nam trén mot duong thang.

Dé tinh cac chi s6 do sau khong ddi, ching ta can chon hai kénh phé c6 kha ning xuyén qua nudce dé quan sat
cac dic trung dudi bé mat day can quan tam. Ddi vai Sentinel-2, cac kénh phé 1-3 1 hitu ich nhat, mic du cac
kénh phd 1-5 c6 thé dap tmg diéu kién. Ching ta khdng can biét do suy giam nudc riéng Ié cac hé s trong hai
kénh phé dau vao da chon, nhung chung ta can biét ty 1¢ cua chung. Piéu nay c6 thé duoc tinh toén tir cc pixel
mau trén cing loai day & cac do siu khac nhau. Két qua cua qué trinh xir Iy tinh toan cac chi s6 do sau khong doi
dugc dua ra trong Hinh 4.

106°33'0"E 106°36'0"E 106°39'0"E 106°42'0"E 106°45'0"E

Chu giai
High : 6.93611

8°45'0"N
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Hinh 4. Chi sé dg sdu khéng doi cho vang bién tinh tir diz liéu da phé Sentinel-2
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3. Két qua va thao luan
3.1. Két qua phan logi dé thanh Igp ban do sinh vt ddy

Str dung phuong phép phan loai Xac suat cyc dai dé phéan loai thanh céc 16p gom san ho, 6, cat & khu vuc
nudc ndng ven bo tir ket qua ban do chi s6 do sau khong doi véi cac ving mau lay tir cac dit liéu vé tinh d6 phan
giai siéu cao. Cac I6p dat trén dao hodc ving nude sau ciling dugc phan thanh I6p riéng biét dé tao thanh ban do
sinh vat day trong Hinh 5.

106°33'0"E 106°36'0"E 106°39'0"E 106°42'0"E 106°45'0"E
Chu giai
W Dt
: [ San hé
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hoén Troc >
; hon Cau
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hoén Bay canh

\
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8°390°N
8°39'0"N
\\

hon Trac Ién hon Tai lon 0 3 6 Kilometers ) YN
honVung vaTraicnhé vaTainhe L— 1 | ey
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Hinh 5. Két qua phan logi cac sinh vdt ddy cho viing bién chiét tach tir diz liéu da phé Sentinel-2
Dua trén gia trj dién tich céc sinh vat dy chiét tach tir da chi s pho trong Bang 2, chling ta thay rang di¢n
tich ran san ho 1a 5,72 km?, chiem khoang 24,51% tong di¢n tich. Dién tich I6p co bién lon nhat 9,06 km?, chiém
khoang 38,82% tong dién tich. Phan con lai 1a dién tich lop cat 8,56 km?, chiém khoang 36,67% tong dién tich
cac sinh vat day ¢ khu vuc nghién cuu.
Bdng 2. Dién tich céc sinh vdr dday cho viing bién chiét tach tir di liéu da phd Sentinel-2

Dién tich san hd Dién tich cé bién Dién tich cét Tong dién tich
(km?) (%) (km?) (%) (km?) (%) (km?) (%)
5,72 24,51 9,06 38,82 8,56 36,67 23,34 100

3.2. Ddanh gia do chinh xdc

Viéc danh gia do chinh xéc khi phan loai cac sinh vat day tir két qua tinh toan cac chi s6 d¢ sau khong doi can
c6 cac dir ligu kiém chimg. Do do, viéc danh gia do chinh xac duoc thuc hién bang cach sir dung phuong phap
ldy mau ngau nhién can it nhat 50 diém danh cho mdi 1op; 231 diém ngau nhién dwoc phan phdi giita cac 16p
sinh vat day. Ngoai ra, sir dung cong cu mién phi Google Earth lay cac anh chup cung ngay c6 do phan giai cao
lam dit liéu tham khao. Sau d6, ma tran sai sé (Foody, 2002) dugc tinh toan 1a két qua cua viéc danh gia do chinh
x4c qua trinh phan loai bao gom: d¢ chinh xac téng thé va hé s6 Kappa, d6 chinh xé4c san xut (PA) va do chinh
xéc st dung (UA). Cac cong thirc tinh toan cho cac loai do chinh xac dwoc dwa ra cu thé sau day:

Do chinh xac téng thé dugc xac dinh nhu sau:

25:1 Dii 2
A=——
. 0 N
HE s6 Kappa dugc xac dinh nhu sau:
Po — Pc (3)
Kappa =
, pp 1—p,
Do chinh xé&c san xuat (PA) va do chinh xac st dung (UA) duogc tinh toan nhu sau:
Pii 4
PA =& “)
i=1 Pi+
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k
j=1P+j
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Py 1 c&c phan tir trong duong chéo chinh ciia ma tran sai s6,

Pi+ VA py; |2 cac phan tir d6i xtmg qua duong chéo chinh ciia ma tran sai sb,

N 12 tong sb hang va cot cua ma tran sai so.

Ma tran sai s6 dugc trinh bay trong Bang 3 cho thay 16p ran san ho c6 d6 chinh xac san xuét 79,80% va do
chinh xac sir dung 81,44%. Do chinh xac tong thé dat 79,66%, hé s6 Kappa dat duoc 1a 69,42% twong tng. Do
chinh xac cua 16p co bién thap hon do chinh xac 16p san hé do dién tich bao phu caa I6p nay Ié6n hon 16p san hé.
Két qua do chinh xac dat duoc thé hién trong Bang 3 do c¢6 su phan loai nham Ian 12 mau cua I6p san ho sang
I6p co bién va phan loai bo sét 13 miu cua 16p cat thanh 16p san hd. Mic du da lua chon cac mau cho ca ba I6p
c6 tinh khac biét vé& dac trung, nhung su nham 13n va bo sét trong qué trinh phan loai la khong thé tranh khoi do
su phan biét phd giita c4c sinh vat day khong rd rét.
Bang 3. Ma trdn sai so két qua phan logi cac sinh vdt ddy tir da chi S6 phé cia anh Sentinel-2

2024)

®)

Miu San ho Cé bién Cat Tong hang D9 chinh xéc sir dung
San ho 79 12 6 97 81,44%
Co bién 7 68 11 86 79,07%
Cat 13 10 84 107 78,50%
Tong cot 99 90 101 290
Do chinh xac san xuét 79,80% | 7556% | 83,17%
D0 chinh xac toan bd 79,66%
Kappa 69,42%
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Hinh 6. Két qua phan logi cac sinh vdt ddy va dir liéu ¢6 d phan gidi siéu cao
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Cac két qua phan loai cac sinh vat day va dix lieu vé tinh c6 d6 phan gidi siéu cao dugc minh hoa trong Hinh
6. D4i voi khu vuc b bién cé dang thang kéo dai va co6 dia hinh day thoai cho thay su phét trién cuaa co bién tap
trung phé bién ¢ khu vuc nuéc ndng nhat va cd bé mat day twong dbi bang phang va 16p cat bién thuong bao
quanh khu vyc co bién nhu trong Hinh 6a. Tuy nhién, ddi véi dia hinh déc hon, sy xuat hién nhiéu ran san hd
nhiéu hon xen 13n véi cét bién thay vi c6 bién kéo dai doc theo viing nudc nong trong Hinh 6b. Dic biét & phia
Tay Nam caa Hinh 6b c6 xuét hign khu vuc cét xen 1an san hd & khu vuc xa b hon cho thiy kha nang xuyén
thiu qua nuéc bién ciia mot sé kénh phd vé tinh Sentinel-2.

Déi véi khu vyc b bién c6 dang 16m vao sau, khu vuc ¢6 ran san hé day ddc xen Ian véi co bién xuat hign ¢
ving nude néng ¢b dd doc 1én hon va khu vuc cat bién & vung day bang phing va d6 sau 16n hon dugc nhéan biét
trong Hinh 6¢. Ran san ho c¢6 xu huéng & gan bd va xen 1an véi ¢o bién tao thanh hé sinh thai chu yéu cua sinh
vat day ¢ ving bién cé day doc, cat bién thuong phan bé & cac khu vuc day bién co dia hinh tuong ddi bang
phang ¢ gan bd nhat hodc & khu vice nude sau nhét nhu trong Hinh 6d.

4. Két luan

Quan dao Con Pao dic trung boi khi hiu 4 xich dao, noi giao nhau cta ca hai luu 4m va hai luu lanh toa nén
mot hé sinh thai sinh vat bién da dang, dic biét I cac sinh vat ddy bién nhu san hé va co bién. Muc tiéu chinh
cua cong viéc nghién ciru nay la su dung cac phuong phéap xur ly dit liéu da pho Sentinal-2 bao gdm khir phan xa
phd cua céc tia sang mat troi trén mat bién, tinh toan cac chi sb d6 sau khong doi dé hiéu chinh cot nu6c va phan
loai cac sinh vat bién. P9 chinh xéc tong thé cua két qua phan loai cac sinh vat day dat 79,66%, hé sé Kappa dat
dugc 14 69,42% twong tmg. Trong do6, 16p ran san hd c6 d6 chinh xé&c san xuét 79,80% va d6 chinh xéc sir dung
81,44%.

Nhitng két qua caa bai béo cung cap su ap dung dir li¢u da phé Sentinel-2 rat hitu ich dé xac dinh céc sinh vat
day thong qua kha nang xuyén thau nuGe bién cua mot s6 kénh phd. Vi vay, viéc lap ké hoach cé thé nhanh
chong dé giam sat ran san ho va ra quyét dinh khi xay ra cac hién tugng thay doi tiéu cuc dbi vai ran san hd do
s 4m 18n cua nude bién trong béi canh bién doi khi hau. Cac nghién ciu véi dir liéu anh vé tinh co6 do phan giai
khong gian, d6 phan giai phd va do phan giai birc xa cao hon s& gbp phén tiang cudng su hiéu biét vé sinh vat day
vai quy md 16n hon.
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ABSTRACT
Using Sentinel-2 data to create a benthic map
Con Dao archipelago area, Ba Ria - Vung Tau province, Vietnam

Nguyen Van Trung!?, Le Thi Thu Ha:2, Doan Thi Nam Phuong?, Pham Thi Huong*
Nguyen Quang Minh?, Pham Vong Thanh?
'Hanoi University of Mining and Geology
2Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology
3Department of Cartography, The General Staff
4Vietnam Association of Georaphy, Cartography and Remote Sensing

Sentinel-2A and 2B multispectral satellite (MSI) data provide specifications of potential value towards targeting
benthic mapping. Monitoring coral reefs and seagrasses is a special challenge for remote sensing technology due
to spectral reflectance inhomogeneities occurring at different depths and material compositions in the water.
However, new solutions have made it possible for remote sensing data to increase the ability to provide large-
scale environmental monitoring information. To carry out this work, a number of multispectral satellite data
were used including: Landsat, Sentinel-2 and high spatial resolution data such as WorldView-2 to monitor coral
reefs for detecting coral bleaching events. Sentinel-2 multispectral satellite data has been shown to be effective
in mapping benthic organisms with the ability to eliminate spectral reflections of light rays on the water surface.
A spatial resolution of 10 m is an important threshold to delineate benthic features of interest such as coral reefs
with validation data from imagery and fieldwork in the Con Dao archipelago. Additionally, the data provided by
the 290 km wide region offers advantages over ultra-high spatial resolution imagery.

Keywords: Sentinel-2, MSI, Coral reef, Con Dao archipelago.

43



sacfjses

~~ . HOINGHI KHOAHQC QUOCGIA
NC@ SD  (ONG NGHE PIA KHONG GIAN Vi SUPHAT TRIEN BEN VONG
' (NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

Nghién ctu giai phap tu dong chiét xuat ddi twong duong giao thong trén
anh vé tinh Sentinel-2 MSI

Lé Vin Pha?, Trinh Lé Hing*?*, T6 Thi Phuong®
Hoc vién Ky thugt Quan su
2Nhém nghién cizu Cong nghé Pja tin hoc trong Khoa hoc Trdi ddt (GES), Truong Pai hoc M6 - Pja chat
3Truong Pai hoc Thanh Péng, Hai Duong

TOM TAT

Phan loai duong giao thong tir dir liéu vién tham thuong gap nhidu kho khan do sy phuc tap cua déi twong
ciing nhu han ché vé& d6 phan giai khong gian cua dit liéu anh. Bai bao nay trinh bay giai phap tu dong chiét
xuat dbi twong dudng giao théng tir anh vé tinh quang hoc Sentinel-2 MSI khu vuc thanh phd Ha Noi trén co
s& chi s6 duong (RI - Road Index). Toan tir Bottom-Hat dwoc sir dung dé lam ndi bat dic diém cua duong
giao thdng va loai bo anh hudng cua cac ddi tugng khac trén anh. Sau d6, phuong phap phan loai khdng giam
sat va thuat toan phan doan Contrast-Split duoc 4p dung dé trich xuat mang ludi duong giao thdng. Cudi
cung, phuong phap loc nhiéu str dung ham Gaussian dugc tich hop dé loai bo nhiéu trong anh phan loai. Két
qua nhan duoc trong nghién ctu c6 thé sir dung phuc vu cdng tac quy hoach giao théng, giam sat su thay doi
hé thong duong giao thong do thi.

Tur khoa: Vién tham, chi sé duong (road index), Sentinel-2 MSI, Ha Noi.

1. Pit vin dé

Viéc phat trién hé thdng duong sa co ¥ nghia 16n trong hoat dong giao thong, két ndi kinh té, phat trién do thi
va bao vé méi trudng, gop phan quan trong trong phat trién kinh té - xa hoi (Han va cong sy, 2009). Thang tin vé
mang ludi dudng giao théng cé ¥ nghia quan trong phuc vu xay dung cac ban db dia hinh, ban d chuyén dé (Shi
va cong su, 2014; Jiao va cong su, 2021). Dir liéu vién tham quang hoc voi do phéan giai khong gian cao cho
phép chiét xuit nhanh théng tin vé mang ludi duong giao thdng, giap tiét kiém thoi gian va cong sic so vai cac
phuong phap do dac truyén thng (Kennedy va cong su, 2009).

Hién nay, viéc phan loai d6i twgng duong giao thong tir anh vién tham gap rat nhiéu kho khan. Trudc hét, vé
dic diém hinh hoc, dudng giao théng ¢ dang hinh tuyén, dé nham Ian véi cac ddi tuong thuy van. Bén canh do,
phan xa phé cua cac di tuong trén duong giao thdng co thé khong ddng nhét do nhiéu yéu té khac nhau nhu vat
liu bé mat, trang thai bé mat va anh sang. Cac phuwong phap phan loai truyén théng dé trich xuét dudng giao
thong tir anh vidn tham quang hoc thuong c6 do chinh xac khdng cao do nhiing han ché trong qua trinh Iy mau
phan loai (Liu va cong su, 2015). M6t s nghién ctru da st dung phuong phap phan loai dya trén déi twong, bao
gdém ca phan loai c6 giam sat (Miao va cong su, 2015) va khdng giam sat (Grinias va cong su, 2016) dé trich
Xuit thdng tin vé hé thdng dudng giao théng tir anh vé tinh d6 phan giai cao. Bén canh do, mot s6 nghién ciu
khac da str dung phuong phéap dua trén thong tin vé két cau (Sghaier va Lepage, 2016), hinh hoc (He va cong su,
2012) trong phén loai ddi twong duong giao théng (Cheng va cong su, 2012).

Nhin chung, cac phuong phap va ky thuat trich xuat dbi tugng dudng giao théng tir anh vién tham co thé duoc
phan loai thanh hai loai: (1) phuong phép phan loai ty dong va béan tu dong va (2) phuong phéap trich xuat khu
vuc dudng va tim duong (Alshehhi va Marpu, 2017). Gan day, cac thuat toan tri tué nhan tao di duoc phat trién
va g dung trong viéc trich xuat dic trung va phan loai ddi twong duong giao thong tir hinh anh vién tham. Cac
thuat toan nhu SVM (Simler, 2011), ANN (George va cong su, 2013; Li va Chen, 2014) da duoc chitng minh cé
hiéu qua cao trong phan loai dbi twong duong giao thdng tir anh vién tham do phén giai cao.

Nghién ctu nay trinh bay két qua trich xuit thong tin dbi twong duong giao thong tir dir liéu vién tham
Sentinel-2 MSI bang phuong phap phan loai khdng giam sat trén co s& chi s6 duong RI - Road Index. Cac kénh
hong ngoai song ngan (kénh 11), can hong ngoai (kénh 8) va xanh lam (kénh 2) anh Sentinel-2 MSI duoc sir
dung dé tinh chi sé RI, sau d6 st dung toan tir Bottom-Hat dé lam ndi bat dic diém cua dudng giao théng va loai
bo anh huong cua cac dbi tugng khac trén anh. Két qua nhan duoc tiép duoc phan manh (segmentation) va phéan
loai khong giam sat, sau d6 vector hoa dé tao thdng tin vé ddi tugng duong giao thong.

2. Dir liéu va phuwong phap nghién ciu

2.1. Dir li¢u va khu vwe nghién ciru

* Téc gia lién hé
Email: trinhlehung125@gmail.com
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a) Khu verc nghién ciru

Khu vuc nghién ctru duoc lra chon la thanh phd Ha Noi, mot trong hai thanh phé 16n nhat caa Viét Nam -
Hinh 1. Ha Noi la mot trung tdm kinh té, chinh tri, vin hoa, xa hoi va la thu d6 cua dat nuéc véi dan s dong,
mat d6 xay dung cao. C4c tuyén duong chinh trong thanh phé thuong tap trung & trung tam, trong khi cac khu
vuc ngoai 6 va ving 1an can c6 mat do dudng thap hon. Bén canh d6, Ha Noi c6 mot hé théng dudng sa phirc
tap, bao gém cac duong phé chinh, dwdng phéd phu va cac con phd nho.

b) Diz ligu sir dung

Dit liéu vién tham st dung trong nghién cau la anh vé tinh Sentinel-2 MSI chup ngay 18/5/2023. Déc diém
chung cua anh vé tinh Sentinel-2 MSI, bao gom: 02 vé tinh (Sentinel-2A va Sentinel 2B) duoc thé hi¢n trong
Bang 1. Anh Sentinel-2 MSI duoc thu thap ¢ mac xur ly L2A, trong d6 da dugc higu chinh biic xa va dua ve gia
tri phan xa phd. Anh thu thap trén nén tang GEE duoc hiéu chinh hinh hoc nhim loai bé nhitng sai s6 vé hinh
dang va vi tri cua anh mot cach ty dong. Sau khi tién xu Iy, di liéu anh Sentinel-2 MSI dwoc to hop mau va cat
theo khu vuc nghién ciu. Cac kénh phd & dai song xanh lam (kénh 2), can hong ngoai (kénh 8) va hdng ngoai
song ngan (kénh 11) dugc sir dung dé tinh chi s6 RI, sau d6 phan loai ty dong ddi twong duong.

o e Trung Quéc

A (
WLty

tao |

1 Quan dao Hoang Sa

; {TP. D3 Nng)
Théitan O _ Ny e =

) Sentinel-2
pE
* Bién Déng
Campuchia

%, =
Phi Quéc =~
ThéChu | Qulin dao Trudmg Sa

’ Con Dao ~ (Tinh’Khanh Hoa)

Hinh 1. Khu vic nghién cizu
Bang 1. Pdc diém dir liéu anh vé tinh Sentinel-2A MSI siz dung trong nghién cizu

A2 A DA Buéc song trung tam P9 phan giai
Kénh anh Tén kénh Sentine?—ZA (r?m) : p(m) g
Kénh 1 Coastal Aerosol 4427 60
Kénh 2 Blue 4924 10
Kénh 3 Green 559,8 10
Kénh 4 Red 664,6 10
Kénh 5 Red Edge 1 704,1 20
Kénh 6 Red Edge 2 740,5 20
Kénh 7 Red Edge 3 782,8 20
Kénh 8 Near Infrared (NIR) 832,8 10
Kénh 8A Narrow NIR 864,7 20
Kénh 9 Water Vapour 945,1 60
Kénh 10 SWIR Cirrus 13735 60
Kénh 11 SWIRy 1613,7 20
Kénh 12 SWIR> 2202,4 20

2.2. Phwong phdp nghién ciru

Quy trinh xt ly anh vién tham Sentinel-2 MSI nham ty dong trich xuét thong tin ddi twgng duong dugc trinh
bay cu thé trong Hinh 2. Trudc hét, trong nghién cuiru tién hanh thu thap di liéu anh Sentinel-2 MSI trén nén tang
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dién toan dam may Google Earth Engine (GEE). Hinh anh tién xi Iy, sau d6 duoc cit theo khu vuc nghién ciu.

Tiép theo, chi s6 duong Road Index (RI) dugc tinh dua trén cac kénh anh hong ngoai séng ngan (kénh 11),
can hong ngoai (kénh 8) va xanh lam (kénh 2). RI dugc gidi thiéu va phat trién cho dit ligu anh vé tinh Landsat-8
(Reddy va Garg, 2020). Chi s nay mang lai két qua tot hon so vai cac phuorng phap trich xuét duong thong
thuong dbi v6i hinh anh da phd. Dit liéu dau ra 1a mot h|nh anh duogc chuan héa ¢ quang phd véi cac dbi tuong
duong duoc ndi bat so vai véi cac ddi tugng khac. Chi sb duong (RI) dwoc tinh toan tir phwong trinh (1):

3« min (B11,9m, BS,B2) 1)
B11,,,, + B8 + B2

trong d6: RI 14 chi s6 dudng, B1liom, B8, B2 lan luot 1 kénh hong ngoai séng ngén dwoc chuan hoé vé do
phan giai 10 m, kénh can hong ngoai va kénh xanh lam.

Sau d6, hinh anh RI dwoc xu ly théng qua bd loc Bottom-Hat. Toan tir Bottom-Hat thuc hién chuyén déi hinh
thai trén anh dau vao thang d6 xam hoic nhi phan. N6 tinh toan d6 dong hinh thai cua hinh anh dau vao va sau
d6 trir két qua cho hinh anh gdc bang céch sir dung phan tir cAu trdc (Thapar va cong su, 2012). Phép bién ddi
Bottom-Hat c6 thé dugc xac dinh bang phwong trinh sau:

T,(f)=(*b)—f 2

trong d6: * 13 thao tac déng, b 1a phan tir cau trdc ma tran vudng, Ty(f) biéu thi toan tir Bottom-Hat, f 13 hinh
anh duogc st dung. Véi viéc &p dung phép bién ddi Bottom-Hat cho hinh anh RI, cac déi trong duong dwoc lam
ndi bat trong khi cac dbi twgng khéc bi han ché.

 Bétdiu

. ¥ .
l Thu thap dir li¢u anh vién thdm Sentinel-2 ]

RI =

[ Loc dit liéu theo khu vire quan tdm ]

!

Tién xir I§ dnh

.

Tinh toan chi sé dwdng (RI)

Bien doi thang do anh st dung todn tir
Bottom- Hat

l )
[ J
[ J
l

( Phan logi khong gidm sét ]
[ ]
[ )
[ )

I

Phan manh anh

I

Loc nhiéu

}

Trich xuat doi twong duong
I
<Két thflc>
Hinh 2. Quy trinh xaz ly diz ligu Sentinel-2

Sau khi &p dung b loc Bottom-Hat, hinh anh tiép tuc duoc phan loai khéng gidm sat sir dung thuét toan ee.
CIustergr.wekaKMeans trong GEE. WekaKMeans la mét thuat ;oén gom cum duya trén thuat toan K-means dugc
cung cap boi Weka. Phan loai khong giam sat hinh dnh chi s6 duong cho phép danh gid ban dau ve khu vuc
nghién ciru va xac dinh cdc mau quang pho phéan Igp ton tai trong moi l6p. Hinh anh phan cum thu dwoc tir
wekaKMeans sau d6 dugc xu ly thdng qua thuat toan phan doan Contrast-Split (CSS). Thuat toan CSS tao cac
dbi twong dya trén nhimg thay d6i vé mirc do tuwong phan. Sy thay ddi do tuong phan (ti 1¢ chiéu dai va chiéu

rong) dugc xur ly dé thu dwoc cac dic diém cua mang ludi dudng.
Cubi cung, phuong phap loc nhiéu st dung ham Gaussian duoC st dung dé loai bo nhiéu trong anh phan loai.
Khi &p dung bo loc Gauss I&n anh, mai diém anh méi s& duoc tinh dwa trén trung binh c6 trong s6 cua cac diém

anh lan can. Qua trinh nay Ianj loai bo cac dbi twong nho, nhidu khi phan loai. Hinh anh cubi ciing chia cac ddi
tuong dudng da duoc trich xuat dua trén hinh anh vé tinh.
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3. Két qua va thao luin

Khu vuc pghién ciru duoc lua chon Ia toan bo thanh phd Ha Noi. Dit liéu anh Sentinel-2 duoc thu thap va tién
Xt Iy trén nen tang GEE, sau dé cat theo ranh giéi khu vuc nghién ciru. Dit liéu hinh anh vé tinh Sentinel-2 khu
vuc thanh phé Ha Néi dugc trinh bay trén Hinh 3.

1057308 106°0' 1057308 106°0'
L L L L

o > 2] 5
Sentinel-2
i Noi
Road Index
High: 077
? On:_:_" —— nKllﬂ)ﬂﬂﬂ\ ;? E ll_o\\ 901 On:_:_" —— nKllﬂ)ﬂﬂﬂ\ ;?
] 105°30 106°0° S R 105°30 106°0° =
Hinh 3. 4nh Sentinel-2 khu viec thanh phé Ha Ngi Hinh 4. Ch/ sé RI xdc dinh tir anh Sentinel
ngay 18/5/2023 ngay 18/5/2023

Hinh 4 trinh bay hinh anh chi s6 duong duoc tinh tir anh Sentinel-2 da thu thap tir bude trudc. CO thé thiy
rang, anh RI ¢ gia tri nho nhat la 0,01 va gia tri lon nhat la 0,77. Bén canh d6, cac doi twong duong co gia tri
thap, twong trng Vi sac mau toi hon so véi cac doi tuong khéc.

sy 1064 sy 1064 e 1054

() ()

2
1 1"((
«

105" Q' = 15"

(@) 3x3 (b) 4x4 (c) 5x5
Hinh 5. Cdc doi twong dwong dwoc trich xudt véi cac phan ti cau trac khac nhau

(b) 3x3
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(c) 4x4 (d) 5x5
Hinh 6. Cdc doi twong dirong duoc trich xudt khu virc qudn Bac Tar Liém
véi cac phan ti cau tric khac nhau
Hinh 5 va Hinh 6 lan luot trinh bay két qua trich xuat cac doi tugng dudng cho toan bg thanh phd Ha Noi va
quéan Bac Tur Liém. Co the thay phan tir cau triic 5x5 trong budc hiéu chinh hinh thai cho ket qua tot hon so véi
cac phan tir 3x3 va 4x4. Hai phan tir nay dua ra két qua chira cac d6i tugng nhiéu khac nhu mai nha xay dung,
bon cay.

Hinh 7. Cdc doi twong dwong dueoc trich xudt khu
vue duong Quoc 1¢ 21B, Ha Péng truréc va sau
khi loc Gauss

Hinh 7 thé hién cac d6i twong duong doc Qudc 16 21B (diém dau béc tai Ha Dong) sau khi loc qua thujt toan
CSS va loc nhicu Gauss. C6 the thay rang, ket qua trich xuat dugc toan bo duong Quoc 16 21B va mét so con
duong dan sinh 16n, noi truc tiép véi cac nat giao véi duong quoc 10. Cac doi twong duong nhd, duong di qua
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khu dan cu khong dugc trich xuat do anh huong boi cac ddi tuong khac xung quanh nhu béng cay, nha va bong
céc toa nha Ian.

Nhin chung, dit liéu sau khi tinh toan véi thuat toan CSS va loc nhidu Gauss, cac déi twong nho va nhiéu da
dugc loai bo ma khong anh huong téi qué trinh trich xuat cac ddi twong duong trong anh vé tinh.

4. Két luan

Nghién ctru dé xuéat phuong phap dé trich xuat cac ddi twong duong trén anh chi sé dudng (RI) chuan héa.
Phwong phap dugc ap dung trén dit liéu Sentinel-2 MSI. Sau khi tinh toan chi sé duong, hinh anh dugc hiéu
chinh hinh thai théng qua bo loc Bottom-Hat, phan loai khdng giam sat bang thuat toan WekaKMeans, loc ddi
tuong thdng qua thuat toan phan doan Contrast-Split va loc nhidu qua bo loc Gauss. Két qua thu duoc cac ddi
tugng dudng khu vuc thanh phd Ha Noi véi su 4p dung cua cac phan tir cdu tric caa bo loc Bottom-Hat khéac
nhau. Viéc trich xut cac déi twong duong tir dit lieu hinh anh vé tinh c6 thé cung cap théng tin quan trong va
hitu ich cho nha hoach dinh chinh sach trong nhiéu linh vuc nhu quan ly giao théng, ké hoach d thi, quan Iy
moi truong va quy hoach ha tang.
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ABSTRACT
Development method for automatic extraction of road using
Sentinel-2 MSI data

Le Van Phu?, Trinh Le Hung*?*, To Thi Phuong?®
1L e Quy Don Technical University, Hanoi, Vietnam
2Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology
3Thanh Dong University, Hai Duong

Road extraction from remote sensing data often faces many difficulties due to the complexity of the object as
well as the limited spatial resolution of the image data. This article presents a development method for automatic
extraction of road from Sentinel-2 MSI data, a case study in Hanoi city area based on road index (RI). The
Bottom-Hat operator is used to highlight road features and remove the influence of other objects on the image.
Then, the unsupervised classification method and Contrast-Split segmentation algorithm are applied to extract
the road. Finally, the noise filtering method using the Gaussian function is used to remove noise in the classified
image. The obtained results can be used for traffic planning and monitor changes to the urban road system.

Keywords: Remote Sensing, road index, Sentinel-2 MSI, Hanoi.
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Phét hién chay rimg dang xay ra su dung dﬁ: liéu vé tinh Sentinel-3 SLSTR
khu vuc x& Khanh Binh Tay, huyén Tran Van Thoi, tinh Ca Mau

Doan Thi Nam Phuong™?", Nguyén Vin Trung?, L& Thi Thu Ha%?, Nguyén Quang Minh?
Trueong Dai hoc Mo - Dia chat
2Nhom nghién ciu Cong nghé Dia tin hoc trong Khoa hoc Trdi dat (GES), Truong Pai hoc Mo - Dia chat
3Cuc Bdn do - B6 Tong tham muu

TOM TAT

Dit liéu vé tinh da phd Sentinel-3A va 3B SLSTR cung cap kha ning giam sat nhiét do bé mat Trai dat dé
phat hién céc khu vuc xay ra chay rung. Phat hién chay ring dua vao sy chénh léch nhiét do bé mat khu vuc
chay va nhiét d6 moi trudng trung binh khu vuc xung quanh (300 K). Cdng viéc nay dugc thuc hién khi sir
dung hai kénh phé Sentinel-3 SLSTR MIR (F1 ¢ buéc séng 3,74 um) va kénh phé Sentinel-3 SLSTR TIR
(F2 c6 budc song 10,85 pm). Hai kénh phé nay duoc st dung do su khac biét tang ddi véi khu vuc khdng xay
ra chay ring va khac biét giam déi véi khu vuc xay ra chéy ring. Ngoai ra, cac kénh phd khac cua dir ligu
Sentinel-3 SLSTR gidp loai trir cac khu vuc bi may che va cac dit liéu bd tro vé céc 16p pha dét trong d6 co
cac 16p thuc pha gitp khoanh ving cac khu vuc rimg ciing duoc két hop dé dua ra két qua khu vuc xay ra
chéy ring cudi cing. Dit lidu vé tinh da phd Sentinel-3 ¢6 tinh hiéu qua trong viéc phat hién chay ring ca ban
ngdy va ban dém do sir dung cac kénh phd hong ngoai va kha niang cung cap dit liéu hang ngay dém véi chidu
rong dai quét (tir 740 km dén 1400 km) bao phu mot pham vi rong I6n. Trong nghién ciru ndy cac ngudng gia
tri duoc dwa ra d6i véi kénh F1 (325 va 315 d6i véi ban ngay va ban dém lan luot) va chénh léch giita kénh
F2 va F1 (18 va 15 ddi véi ban ngay va ban dém 1an luot) cho cac khu vuc rimg da dugc chiét tach tir cac 16p
phu khac dé xac dinh khu vuc chay.

Tur khoa: Sentinel-3, SLSTR, chdy ring, Ca Mau.

1. Pjt van aé

Chay rimng lam xao tron mot khu vuc 1on voi nhiéu loai quan x4 sinh vat hon bat ky tdc nhan nao khac
(Bowman va cong sy, 2009; Johnston va cong su, 2011; Zhang va cong sy, 2018). Chay rung ciing thai ra khoi
6 tac dong dang ké dén Trai dat gom thanh phan khi quyén va héa hoc, chat lwong khong khi va can bang bic
xa (Natarajan va cong s, 2012). Quan sat Trai dat qua vé tinh (EO) tré nén quan trong doi vai viéc dinh luong
mét cach linh hoat céc sy kién chay ring & quy md tir nhd dén 1on, roi rac (xem danh gia gin day cua Wooster
va cong su, 2021). Cac yéu cau vé dir liéu chay ring khong chi mé rong cho cac nghién ctu khoa hoc ma con
cho viéc tao ra va cung cap thong tin hitu ich hd trg gidm séat va ra quyét dinh theo thoi gian thuc. Ngoai ra, cac
két qua quan tric duoc md ta cac buc tranh ty nhién vé canh quan va tic dong cia khoi anh huong téi chit lugng
khong khi ma con ngudi can quan tam.

Céc san phém hoat dong chay (Active fire - AF) 1a mét trong nhung bo dir liéu v¢ tinh EO dugc sir dung rong
réi nhat, mo ta cac vj tri chay rang vao thoi diém do. Théng thuong c4c san pham nhu vay cung cap wéc tinh cua
dau ra cong suat buc xa tan s6 cao (FRP) lién quan dén tan s, cuorng do, muc tiéu thu nhién liéu va lwgng khoi
thai (Freeborn va cong su, 2008; Kaiser va cong su, 2012; Nguyen va Wooster, 2020; Nguyen va cong su, 2023).
Dir liéu tir bo cam do bic xa nhiét d6 bé mat déat va bién (SLSTR) trén cac vé tinh Sentinel-3 cua chau Au
(Coppo va cong su, 2010) duoc sir dung dé tao ra san pham AF chira c4c vi tri, thoi gian va uéc tinh ciia FRP.
SLSTR sir dung tia hong ngoai séng dai (LWIR) trong bo cam do birc xa c6 mot sé diém tuong ddng véi bo cam
do birc xa hdng ngoai trung binh.

Bo cam MODIS hoat dong trén vé tinh Terra va Aqua cua NASA. C4c san phim AF duoc tao tir dit liéu
SLSTR cua vé tinh Sentinel-3 hién duoc sir dung cling véi bd cam MODIS va cudi cung sé thay thé bo cam
MODIS trén vé tinh Terra khi nhiém vu d6 két thic vi chirc ning gidng nhau. Phét hién chay AF vao ban dém
cua dir liéu Sentinel-3 va san phdm FRP da duoc tao ra tir thang 3 nam 2020, dya trén dit liéu vai viéc thu thap
khoang 22:00 gio dia phu’ong (xem Bang thoi gian ban dém, thut toan va dic tinh hiéu suat san phém duoc
trinh bay chi tiét trong (Xu va cong su, 2020). Thuat toan duoc sir dung dé tao ra Active Fire va FRP vao ban
ngay bé sung san pham Sentinel-3 dugc thyuc hién vao khoang 10:00 gio dia phuong. Trong d6, nhiing khac biét
vé thuat toan giira ban ngay so véi ban dém dugc trinh bay chi tiét, diéu nay cho thay hi¢u ning ting Ién rat dang
ké khi sir dung kénh pho MIR “F1” cho san pham ban ngay thu dugc. Diéu ndy thé hién kha nang phat hién chay

* Tac gia lién hé:
Email: doanthinamphuong@humg.edu.vn
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cua dix liéu AF tir bd cam Sentinel-3 SLSTR cao hon khi so sanh vé6i dit liéu AF tir b6 cam MODIS Terra, dix
liéu AF tir bo cam VIIRS va cao hon nhiéu dir liéu AF tir bo cam OLI cua vé tinh Landsat-8. Phét hién chay AF
Sentinel-3 va FRP 1 c4c san pham duoc tao ra boi ca thuat toan ban dém va ban ngay déu cé sin thong qua
Trung tdm dir liéu Copernicus (https://scihub.copernicus.eu/).

Vé tinh Sentinel-3A va Sentinel-3B duoc phong vao nam 2016 va nam 2018 tuong tng. Mdi chiéc déu mang
cam bién SLSTR va cac nhiém vy nay s& dugc thuc hién boi cac vé tinh Sentinel-3C va Sentinel-3D trong thoi
gian toi nam. SLSTR duoc xdy dung dya trén nguyén ly do buc xa quét doc theo duong (Delderfeld va cong su,
1986; Coppo va COng sw, 2010) cung Cap chi tiét toan dién vé nhiéu khla canh cong cu. Hai vé tinh Sentinel-3 hoat
dong dong thoi cung nhau cung cip ving phii séng SLSTR toan cau mot 1an vao ban ngay va mét lan vao ban
dém & xich dao va tan suat lp lai 16n hon & vi d6 cao hon. Kénh phdé MIR duoc st dung phd bién nhat ddi véi
viéc phat hién AF (Wooster va cong su, 2021), nhung MIR quan sat ban ngady do SLSTR thuc hién bi can tré boi
su bat dau b&o hoa & nhiét d6 nong hon khoang 311 K (Xu va cong su, 2020; 2021). Bén canh d6, kénh SLSTR
MIR ¢ mirc ting thap hon (dwoc goi 1a “F1” hoat dong véi budc song trung tam 3,742 um) bio hoa trén ~ 450 K
va viéc str dung né co thé giam thiéu dang ké nhitng van dé nhu vay. Tuy nhién, so vai kénh phé S7, F1 c6 mét sb
ddc diém khién dir liéu cua no tré nén phong pht hon khi st dung ciing véi cac kénh hong ngoai nhiét SLSTR
khéc va cac kénh hdng ngoai nhin thay duoc sir dung trong qua trinh phat hién AF (Xu va cong su, 2020; 2021),
dan dén viéc phat hién AF tir Sentinel-3 ban ngdy thuat toan phuc tap hon dang ké so véi thuat toan ban dém.
Dudi day nhom tac gia cung cap chi tiét vé cac diéu chinh thuat toan can thiét dé giai quyét sy phuc tap nay.

Céc kénh phd SLSTR S7 va F1 cua Sentinel-3 xuét hién kha gidng nhau nhung khong thuc sw giéng nhau (Xu
va cong sy, 2021). Dit liéu kénh phd F1 c6 pham vi dong rong hon c¢6 y nghia dang ké vé nhiéu, hinh dang va
dién tich pixel mat dat khac véi dir liéu tir kénh pho S7 (Xu va cong su, 2021). Trong qua trinh quan sat ban
ngay ¢ mot s6 ving 4m hon, nhiét lwgng mit troi va bic xa phan xa mat troi ciing nhau ¢6 thé tao ra do b&o hoa
kha rong trong kénh phé S7. Két qua 1 thuat toan phat hién SLSTR AF yéu ciu mé rong hon bang viéc sir dung
dir liéu kénh phd F1 vao ban ngay so véi ban dém, tap trung vao dac biét trén cac ving bé mat dat noi bao hoa
trong kénh phd S7 xay ra & ca nhimg pixel. Phuong phép duoc s dung dé phat trién thuat toan san pham
Sentinel-3 AF ban ngay la giir tat ca cac giai doan cua thuat toan ban dém duoc trinh bay chi tiét trong (Xu va
cong sy, 2020), nhung dé thay d6i ngudng va dau vao ban ngay so véi vao ban dém.

2. Dir liéu sir dung va phuong phap nghién ciu
2.1. Khu vwe nghién ciru

X& Khénh Binh Tay, huyén Tran Van Thoi, tinh Ca Mau c6 dién tich ty nhién 5.456,59 ha (Hinh 1), dan sb
3.265 ho, véi 13.396 khau, c6 03 dan toc anh em sinh séng gom Kinh, Hoa va Khmer, trong d6 dan toc Khmer
441 ho, véi 1.863 khau. Véi vi tri dia 1y c6 4,8 km duong bo bién. Khai thac, nudi trong thity san, trong ring
tram va du lich phat trién kha manh tai dia phuong. Xa cé dién tich riung tram 150,04 ha. Thoi gian qua, luc
luong kiém 1am dong trén dia ban, thuong xuyén tuyén truyén, van dong nguoi dan séng trong khu vuc ring
tram ludn nang cao y thirc trong viéc giir gin va bao vé ring (Anh Thu, 2015).

Thoi gian phat hién chay khoang 12 gid, ngay 10/4/2024. Dia diém chay tai Doi Quan 1y dat Qudc phong,
Cuc Hau can, Quan khu 9 (Néng truong 402 cii), thudc dia giéi hanh chinh 4p Coi 6B, xd Khanh Binh Tay,
huyén Tran Van Thoi. Dién tich bi thiét hai khoang 40 ha (chua tién hanh do dac thuc dia), khong thudc dién
tich quy hoach dat 1am nghiép trén dia ban tinh. Hién trang bi chay: Cay tram tai sinh, cay tram tréng nim 2019
va thuc bi gdm cay sdy, dén, choai... (Trang thong tin dién tir Dang bd huyén Tran Vin Thoi).
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Hinh 1. Anh Google Map cua xa Khanh Binh Tay, huyen Tran Vin Thoi, tinh Ca Mau
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2.2. Dir ligu sir dung

Dit liéu anh vé tinh Sentinel-3 dugc chon dé 1am khu vuc nghién ctu do dit liéu anh vé tinh ndy mién phi c6
san tai https://scihub.copernicus.eu. Cac kénh phé cua dir liéu Sentinel-3 SLSTR duoc dua ra trong Bang 1. Dit
liéu duoc cung cap mdi ngay mot canh anh ban ngay va mot canh anh ban dém & xich dao va tan xua nhiéu hon
& vi d6 lon hon.

Dir liéu anh vé tinh Sentinel-3 khu vuc nghién ctu dugc thu nhan va xir ly ¢ mirc do 1 vao ban dém va ban
ngidy tuong Ung V&I tén cac san pham: S3A SL_1 RBT_20240410T150621 20240410T150921
20240412T010755_0179_111_111 0000_PS1_O_NT_004.SEN3 va S3B_SL_1 RBT_20240411T025916_
20240411T030216_20240411T235027_0179_091 360_2700_PS2_O_NT_004.SEN3.

Bang 1. Cac kénh phé cua diF liéu da pho Sentinel-3 SLSTR
(Thdng tin tz:https://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements/slstr/)

A Buéc song Po rong L ot A LA e
Kénh trung binh (nm) | (nm) Chirc nang Chu thich | D§ phan giai (m)
S1 554,27 19,26 ' Nhin | cac
S? 659,47 19,25 Chi so NDVI, giam sat thuc vat, thay va kénh
sol khi can | phd
Iy .| hong | phs
Chi s6 NDVI, xac dinh may, hiéu | Phan
S3 868,00 20,60 chinh pixel ngoai Xa 500
i R R . - A nang
S4 1374,80 20,80 Xac dinh may che phu mat dat Héng lqug
S5 1613,40 60,68 | Giam sat bang, tuyét va thuc vat | ngoai | Mat
3 troi
S6 2255,70 50,15 |Trang thai thuc vét va loai bo may| 92"
s7 3742,00 398,00 | NNi¢tdd bedrf‘r‘;‘t i?]té"a bien, hoat | c4c kenh phé
- ©ng - y - hong ngoai
S8 10854,00 776,00 Nhiét a6 bé rpat dat,va bién, hoat nhlet moi
dong chay truedng xung
S9 12022,50 905,00 |  Nhiét do bé mat dat va bién quanh 1000
F1 3742,00 398,00 Hoat dong chay Céc kénh hong
ngoai nh[ét
F2 10854,00 776,00 Hoat dong chay phat Xﬁ pho do
chay

2.3. Phuwong phdp nghién ciru

Phuong phip tong thé dugc &p dung bao gom ba buéc chinh: Tién xir Iy, xir Iy dit ligu va dénh gia két qua va
duoc thé hién trong Hinh 2.

2.3.1. Tien xir ly

Qua trinh chuyén gié tri bic xa sang hé s6 phan xa, tai chia mau, hiéu chinh hinh hoc va cat khu vuc nghién
ctru duoc thyc hién bang cach sir dung cac cong cu trong phan mém SNAP phién ban 8.0. Cac cong cu xu Iy anh
vé tinh Sentinel-3 c6 thé dugc tim thay tai http://step.esa.int/main/download/.

Cong thic tinh chuyén gié tri bic Xa Lo, sang hé s6 phan xa Ry, nhu sau:

_ TTLroa 1)
Rroa(d) = Ey(N)cos (0)
trong do:

E, va 0 la birc xa quang phd mit troi va goc thién dinh ciia mit troi tai thoi diém thu nhan, twong @ng.
Céc gid tri bic xa quang pho mit troi duoc ldy tir siéu dir liéu san pham mirc d6 1 caa san pham SLSTR.

Gid tri birc Xa Ly, 12 bién duoc do truc tiép bang céc thiét bi vién tham. D6 1a lugng anh sang dugc do
bang dung cu tir b& mat cua vat thé. Trong san pham SLSTR dwoc biéu thi dudi dang do sang cua bé mat trén
mdi budc song don vi [MW*mZ"srnm™ = watt trén mét vudng trén nanomet].

Heé s6 phan xa Ryo, 12 ty 1& (phan tram) ciia lugng anh sang rdi khoi muyc tiéu va lugng anh sang tién toi
muc ti€u. N6 khong c6 don vi. N6 1a thudc tinh cta ddi tugng/vat liéu dugc quan sat.
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( \
Dir liéu Chuyén gia trj btc xa
N o Sentinel-3 SLSTR | gid tri phan xa )
Ph*Tlen‘*msllzlAP ban ngay, v
(Phan mém ) ban dém -

Téi chia mau
Hiéu chinh hinh hoc
Cit anh

v

Tao mat na

Xu ly dir ligu cac khu vuec may
(Phan mém SNAP)
v

Céc cong thuc
phat hién chay

Bin d6 cac 16p phi -
mat dat g /

Tinh toan, phat hién khu
vuc chay

\ 4

Kiém chung két qua

A Y | Phaén tich va thao luin
Ket qua két qua

Hinh 2. So' do phwong phép phat hién chay rimg tir diz liéu da phé Sentinel-3 SLSTR
2.3.2. Xat ly anh

2.3.2.1. Tao mat na cac khu vic may

Dua vio cac dic trung phan xa pho ciia cia may trén cac kénh pho cua san pham SLSTR sau khi da chuyén
ddi sang hé sé phan xa phé. Cac ngudng dwoc st dung dé khoanh ving chinh xac cac ddm may trong khu vuc
nghién curu dugc &p dung theo (Serco Italia SPA, 2018) nhu sau:

Déi véi céc dir liéu SLSTR ban ngay sir dung cac ngudng theo mét trong cac cong thic sau:

(S2_reflectance_an + S3_reflectance_an) > 0.9 2
S9_BT_in < 265 3)
((S2_reflectance_an + S3_reflectance_an) > 0.7 and S9_BT _in < 285) 4

Déi vai cac dir ligu SLSTR ban dém sir dung cac ngudng theo cong thuc (3).

2.3.2.2. Phirong phdp phdt hién hoat déng chay

Trong budc nay, mot thuat toan don gian duoc &p dung dé xac dinh céc pixel chira mot hogc nhidu dam chay
dang hoat dong tai thoi diém thu nhan dit liéu cua vé tinh Sentinel-3. Cach tiép can nay khai thac sy khac biét vé
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phan xa phd gitra kénh pho hong ngoai trung (MIR) va kénh phé hdng ngoai nhiét (TIR) dén cac muc tiéu pixel
c6 nhiét do cao bat thuong. Dac biét, thuat toan tim kiém mot do buc xa (nhiét do sang - BT) ting déng ké &
budc song 3,74 um (kénh phd F1) so véi gia tri do duoc do buc xa ¢ budc song 10,85 um (kénh phd F2) duoc
md ta theo cdng thirc (5) va (6) dudi day.

DAu hiéu hoat dong chay dic trung nay 1a két qua cua su khéc biét 16n vé vat den birc xa ¢ budc séng 4 um va
11 um phét ra ¢ nhiét do ddt chay thuc vat dwoc md ta boi ham sé Planck. Hinh 3 duéi day cho thay buc xa
quang phé phat ra tir cac vat thé den ¢ méi truong xung quanh Trai dét nhiét do (300 K) va pham vi nhiét do c6
thé xay ra chéy do tham thuc vat (650 - 1400 K). Cac budc séng trung tam cua hai kénh pho Sentinel-3 SLSTR
MIR (F1 ¢6 buéc séng 3,74 um) va TIR (F2 ¢6 budc séng 10,85 um) 1a ciing duoc chi ra dung trong treong hop
nay. Theo d6, birc xa cua I6p phu bé mat bao gém ca thuc vat & kénh MIR nhé hon kénh TIR & nhiét do bé mat
300 K. Tuy nhién, khi c6 hoat dong chay vai nhiét do 16n hon 600 K thi xay ra nguoc lai, bic xa cua 16p phu bé
mat & kénh MIR 16n hon kénh TIR.
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Hinh 3. Sentinel-3 Active Fire: Phat hi¢n chay va danh gid nang lwong burc xg chay (ESA)
2.3.2.3. B sung ban do céc lép phi bé mdt

Ngoai ra, trong qué trinh xt Iy can s dung mat na cac dam may dé loai trir cac khu vuc ¢ hoat dong chay.
Bén canh d6, can b sung ban d6 cac 16p phu bé mat dé khoanh ving cac khu vuc cé thuc vat noi c6 thé xay ra
hoat dong chay rung. Trong nghién ctu nay, dir liéu cac lop phu bé mit “land_cover CCILandCover-2015”
duogc cung cap dé lya chon cac ving 6 thuc pha (Hinh 4).
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Hinh 4. Ban do céc |6p phu bé mdt khu viec nghién cizu

55



el A
o) A HOI NQHI KHOA HQC QUQC GIA i ‘ 3
NC@SD CONG NGHE PIA KHONG GIAN VI SU PHAT TRIEN BEN VUNG
‘ ' (NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

3. Két qua va thao luan
3.1. Tinh todan, phdt hién khu vwc chay

Viéc tinh toan dé phat hién khu vyc chay st dung cac ngudng ddi véi phuong phap da dé xu@:lt & tiéu Muc
2.3.2.2 ket hop voi so liéu mt na cac ddm may va su khoanh ving cac loai thuc phu lay tir ban do cac 16p phu
beé mét dé chiét tach cac khu vuc chay trén dir liéu thu nhan ¢ thoi diem xay ra chay trong khu vuc nghién cau.

Doi véi cac dix lieu SLSTR ban ngay sir dung cac ngudng theo mét trong cac cong thic sau:
F1 BT in > 325 and (F1 BT in - F2 BT in) > 18 and cloud mask == 0 and 5)
'land_cover_CClLandCover-2015' >= 50 and 'land_cover_CClLandCover-2015' <= 110

Dbi véi céc dir liéu SLSTR ban dém sir dung cac ngudng theo mot trong céc cong thic sau:
F1 BT in > 315 and (F1 BT .in - F2 BT in) > 15 and cloud mask == 0 and (6)
‘land_cover_CClLandCover-2015' >= 50 and 'land_cover_CClLandCover-2015' <= 110

Két qua cua qua trinh xtr Iy tinh todn theo cong thic (5) va cdng thire (6) da dua ra khu vuc xay ra chay ring
& Hinh 5.
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g
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Hinh 5. Két qua khu vec chay tinh toan tir diz lidu Sentinel-3 SLSTR dém 10/4/2024 va ngay 11/4/2024
3.2. Danh gia dp chinh xdc

Viéc danh gia d6 chinh x4c dwoc so sénh vi tri phét hién chay chiét tach tir dir liéu Sentinel-3 SLSTR ban dérp
va ban ngay thu nhar] trong qua trinh xay ra chéy va vi tri dién tich ring tram bi chay trén thuc dia (Hinh 6). Két
qua danh gia cho thay hoan toan tring khép veé vi tri toa d6 khu vuc da xay ra chay trén di liéu tinh todn va
thuc dia.

R V.
S

Hinh 6. Vu chdy da thiéu rui hoan toan 40 ha rimg tram tai Bgi quan Iy ddt quoc phong
(Nong truong 402 cii, xa Khanh Binh Tay, huyén Tran Van Thoi) (Tran An, 2024)
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Mac du da c6 cac kho khan phat hién chay rung ddi véi dir liéu Sentinel-3 SLSTR ban ngay do su phan xa
phd manh cua &nh sang mit troi 1én cac kénh phd. Nhung cac két qua tinh toan phat hién chay rumg dbi vai dir
liéu Sentinel-3 SLSTR ban ngay di gop phan ting thém thong tin hitu ich bd sung vé phat hién chay cho dir liéu
Sentinel-3 SLSTR ban dém. Két qua nay khing dinh dir liéu Sentinel-3 SLSTR ban ngay va ban dém c6 thé phét
hién duoc sy ting nhiét 6 cua doi twong thuc vat dé canh bao cho kiém I1am c6 thé kiém tra c6 kha ning xuét
hién d¢am chay sém nhat 6 thé nham ngan chin chay rimg va anh huong méi truong dat, khong khi.

4. Két luan

Phéat hién chay rimng st dung dit liéu Sentinel-3 SLSTR ban ngay va ban dém lién tuc hang ngay dém la thong
tin ban dau quan trong. Bén canh do, su két hop véi cac ngudn thong tin khéc véi cac phét hién chay véi sy kiém
chtng tai thuc dia s& gilp phat hién sém kha niang chay rung nham giam thiéu thiét hai dé bao vé ring va moi
truong séng. Céc két qua phét hién chay va kiém chang ¢ thuc dia da khang dinh tinh hiéu qua cua dir liéu sir
dung trong khu vuc nghién cuau.

Céc su kién chay ring c6 hau qua Ion do su phat hién muén va phuong phap phong chay chita chay chua thuc
su hiéu qua. Két qua nghién ciru cua bai bao gidp ich cho viéc phat hién chay ¢ cac khu vuc ring ¢ ving sau, xa
it ngudi biét trong diéu kién cd dir liéu cung cap sém nhat c6 thé. Cac vé tinh Sentinel-3C va 3D s& sém dugc
dua 1én quy dao dé tang cudng va thay thé céc vé tinh Sentinel-3A va 3B dam bao sy giam sét lién tuc.
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ABSTRACT
Detection of active forest fire using Sentinel-3 SLSTR data in
Khanh Binh Tay commune, Tran Van Thoi district, Ca Mau province

Doan Thi Nam Phuong'?*, Nguyen Van Trung*?, Le Thi Thu Ha'2, Nguyen Quang Minh?
'Hanoi University of Mining and Geology
2Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology
3Department of Cartography, The General Staff

Sentinel-3A and 3B SLSTR multispectral satellite data provide the ability to monitor the earth's surface
temperature to detect areas of wildfires. Forest fire detection is based on the difference in surface temperature of
the fire area and the average ambient temperature of the surrounding area (300 K). This work was performed
using two spectral channels Sentinel-3 SLSTR MIR (F1 band with wavelength 3.74 um) and spectral channels
Sentinel-3 SLSTR TIR (F2 band with wavelength 10.85 um). These two spectral channels are used because the
difference increases for areas without wildfires and the difference decreases for areas with wildfires. In addition,
other spectral channels of Sentinel-3 SLSTR data exclude areas covered by clouds and supporting data on land
cover classes including vegetation classes help localize forest areas are combined to give the final wildfire area
result. Sentinel-3 multispectral satellite data is effective in detecting forest fires during both day and night due to
the use of infrared spectral channels and the ability to provide daily and nightly data with a wide scanning range
(from 740 km to 1400 km) covering a large range. In this study, the value thresholds are given for F1 bands (325
and 315 for day and night, respectively) and the difference between bands F2 and F1 (18 and 15 for day and
night, respectively). For forest areas that have been extracted from other land use classes to determine the active
fire area.

Keywords: Sentinel-3, SLSTR, forest fire, Ca Mau.
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Cong nghé SBAS xi Iy di ligu lén cho xéc dinh bién dang bé mit dia hinh
vung Thanh pho H6 Chi Minh

Nguyén Minh Hai'"
1Truong Dai hoc Mo - Dia chat, Ha Ngi, Viét Nam

TOM TAT

Thanh phé HO Chi Minh 1a trung tdm kinh té trong diém phia Nam va hang dau ca nudc, véi dién tich
chiém 0,6% va dan sb chiém 6,6% so vai ca nudc, ¢ toc do tang truong kinh té cao nhat nuéc. Véi sy phét
trién nhanh vé co sé ha ting, nén dia chat yéu da khién cho bé mat dia hinh cia khu vuc Thanh phé bi bién
dang. Sut lun dat & khu vuc Thanh phé H6 Chi Minh dan dén nhiéu nguy co tiém an va de doa sy 6n dinh
ctia moi trudng va cudc séng cua con ngudi. Trong bai bao nay, tac gia da ap dung k§ thuat Small BAseline
Subset (SBAS) dé theo d&i sut lin dit caa Thanh phé H6 Chi Minh. Bo dit liéu anh radar tir nim 2006 dén
niam 2022 duoc s dung dé tao ra téc do bién dang trung binh va chudi thoi gian bién dang. Két qua xac
dinh cho thay, (1) toc do bién dang trung binh hang nim xac dinh tir anh vé tinh ALOS 1 (2006-2011) thi
dién tich bién dang tap trung chu yéu & gia tri 14n (-20)-0 mm/niam (598,493898 km?) va gi4 tri trdi 0-20
mm/nim (1.263,241792 km?); (2) téc d6 bién dang trung binh hang nim xac dinh tir anh vé tinh Sentinel
(str dung anh tir nam 2014-2022 dé xac dinh bién dang) thi dién tich bién dang c6 su thay d6i nhiéu gi4 tri
lGn < -40 (25,017193 km?), gi& tri IGn (-40)-(-20) mm/nam (158,605032 km?), gia tri Iin (-20)-0
(1.052,709457 km?) va gia tri troi 0-20 mm/nam (186,858293 km?).

T khod: HY Chi Minh, SBAS, InSAR.

1. Giéi thiéu

Thanh phé HO Chi Minh la trung tam kinh té trong diém phia Nam va hang dau ca nuéc. Véi tong dién tich ty
nhién 2.095,2 km? chiém 0,6% so vai ca nude nhung mirc GDP 16n nhat trong ca nudéc.
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Hinh 1. Khu vic nghién cuu

Nén dat thanh phé HS Chi Minh dugc hinh thanh trén hai tuéng tram tich: Pleistocen va Holocen. Trong do,
tram tich Pleistocen (phul xa CO) chlem phan hét phia Béc - Tay Béc va bong Béc Thanh pho Tram tich Holocen
(trAm tich phu sa tré) c6 ngudn géc ven bién, viing vinh, séng bién, 1ong séng va bai boi..., da hinh thanh nén

* Téc gia lién hé
Email: nguyenminhhai@humg.edu.vn
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nhiéu loai dat khac nhau (Tim hiéu Viét Nam, 2019). Pia hinh thanh phé thap dan tir Bic xuéng Nam va tir Tay
sang Dong.

Sut 1an 1a mot hién twong chung caa déng bang, nguyén nhan gay ra c6 thé do tu nhién (nén va hop nhat tram
tich, dich chuyén tram tich,...) va do nhan tao (phat trién db thi, khai thac nudc ngam,...). Cc hoat dong cua tu
nhién va nhan tao da gy ra sut lun dat, dugc xac dinh bang cac phép do truc tiép md hinh va InSAR (Erban va
cong sw, 2014; Minderhoud va cong su, 2017). Céac phép do nay thuc hién cho cac khu vuc nho, do d6 viéc quan
tric va giam sét cho toan bo khu vuc trén dién rong cho khu vuc nham 1am rd su thay déi khong gian-thoi gian,
phan tich nguyén nhan dé kham phé co ché cua sut lan dat. Tir d6 c6 thé gop phan phong ngira va giam nhe thiét
hai do sut lun dét gay ra.

Quan tric va giam sat sut 1Gn thuc hién dua trén cac phép do tai chd (hé thong dinh vi todn cau-GPS, thuy
chuan, toan dac). Tuy nhién, dé thuc hién cdng viéc nay thi chi phi tén kém (nhan cong, thiét bi, thoi gian,...) va
s6 liéu thu duoc chi 1a ¢ dang diém khong dic trung thé hién cho ving can quan trac. Ngay nay véi su phat trién
cua khoa hoc, ki thuat INSAR cung cap cac phép do bién dang voi do phan giai khong gian cao, do chinh xéc
cao dugc ung dung nhiéu dé theo ddi bién dang (Zhang va cong su, 2018; Ferretti va cong su, 2000; Berardino
va cong su, 2002).

Mot trong nhitng phuong phap quan trac bién dang bé mat dat duoc tién hanh sém & mién Béc d6 1a phuong
phép thily chuan. Phuong phap do GPS hai tan s§ d6 chinh xac cao ciing c6 thé duoc sir dung trong nghién ctu
bién dang bé mat dat.

Dbi voi phuong phap radar giao thoa vé tinh tng dung cho gidm sét bién dang bé mit dat tai Viét Nam méi
chi dugc thyc hién & hai thanh phé 16n 12 Thit &6 Ha Noi va Thanh phé Ho Chi Minh.

Tai Thanh phé H6 Chi Minh, viéc tng dung phwong phép radar giao thoa trong nghién cru bién dang bé mat
dét khong thé khong dé cap t6i két qua cua nhodm nghién ciu do Lé Van Trung va H6 Téng Minh Dinh (2008).
Trong nghién ciru nam 2008 (Lé Vin Trung va H6 Téng Minh Dinh, 2008), nhém da st dung 02 anh ENVISAT
ASAR ngay 16/12/2003 va 04/5/2004 véi dit lisu DEM-SRTM duoc xay dung theo k§ thuat InSAR. Nhom ciing
da thir nghiém tiép k¥ thuat xir Iy PSINSAR véi cac anh vé tinh ERS-1 va ERS-2 (duoc cung cap bai co quan
khong gian chau Au) cho khu vyc Thanh ph H6 Chi Minh. Céc két qua thir nghiém ban du da cho thay bé mat
dia hinh & tt ca cac quan huyén tai Thanh ph H6 Chi Minh déu bi bién dang véi cac mirc d6 khéc nhau.

2. Dir liéu va phwong phap
2.1. Dir ligu

D¢ xdc dinh bién dang bé mét ciia khu vuc Dong bang séng Ciru Long, nhom tac gia da thu thap 1037 bo dir
liéu hinh anh SAR tu ndm 2006 dén ndm 2022 boi cac vé tinh ALOS1/PALSAR bang tan L gom va vé tinh
Sentinel-1A bang tan C gom 2 quy dao cho khu vuc nghién ctu. Bang 1 cung cip cac thong sé hinh anh cua

ting quy dao, bao gém sd, khoang thoi gian va céc thong sé c6 hé thong (dir liéu duoc tai tai trang web
https://search.asf.alaska.edu/).

Bdng 1. Bang di liéu énh radar cuia khu vuc nghién ciu

STT Dir liéu Dai Khung S6 lwgng dnh Huéng Thaoi gian
1 Alos Palsar 476 36
477 190, 200, 210 Tang déan
65 5/16/2006 - 4/22/2011
110 9
3390, 3400, Gidm din
111 3410 p
2 Sentinel-1A 26 26, 28, 32 285 Ting d
128 29 176 ang aat 1 /152014 - 12/31/2022
18 554,556, 558 250 Gidm din
120 552,554,556 210

2.2. Phwong phap

Viéc sir dung va phat trién ky thuat InSAR dé phén tach do cao mat dét va tin hiéu bién dang (Li va cong su,
2022). Cac ky thuat D-InSAR, PSI,... da duoc phat trién phuc vu cho viéc xac dinh bién dang bé mat dat, tuy
nhién cac phuong phap nay van con mot sé han ché nhét dinh (vi du: D-InSAR thu théng tin bién dang tai tat ca
cac diém trong toan bg hinh anh, PSI d& bi anh huong cua mdi quan hé khong gian-thoi gian). Tir d6 Berardino
va cong su.(2002) da nghién ctru va gigi thiu thuat toan phan tach gid tri s it (Singular value decomposition-
SVD) va phét trién n6 thanh phuong phap SBAS cb dién.
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Hinh 2. So' d6 duwong ddy co sé cho (a) phiong phdp PSI va (b) SBAS (Li va cong su, 2022)

D3 c6 mot s6 tac gia nghién ciru va chi ra rang phuong phap SBAS c6 do chinh x4c cao va dang tin cdy dé
theo ddi su dich chuyén cham cua bé mat dit (Casu va cong su, 2006). Trong nhitng nim gan day, ky thuat
INSAR-SBAS (Small BAseline Subset) dugc sir dung rong réi trong viéc xac dinh cac dich chuyén cua bé mait
dat (Li va cong su, 2022).

Trén khu vuc nghién ciru ¢6 (N+1) anh SAR twong (ng véi thoi gian (to,...,tn), ¢t 2 anh SAR c6 thé tao thanh
mat cap anh giao thoa M thoa mén diéu kién (Berardino va cong su, 2002):

N+1<MSN(N+1) @

Cac diém ma sy gan két pha trung binh cao hon mot ngudng nhét dinh duoc goi 1a diém gan két cao. Giai
doan giai mo pha caa mét diém gan két cao (x, r) caa mot diém giai mo pha i (twong tng vai hai khoang thoi
gian t; va t) sau khi loai bo cac nhiéu, pha dia hinh duoc biéu dién theo cong thuc (Berardino va cong su, 2002):

4n 2
8i() = 9ty 27) — (b x,7) = (At %,7) — it 3,7)] @

trong d6: A- 1a budc séng truyen di; d(ty, x,7) va d(t,, x,7) 1a céc bién dang tich Ity cua line of sight (LOS)
tai thoi gian t1 va tz so véi thoi gian tham chiéu to. i ) )

Tu nhitng phan tich trén, tac gia lua chon phuong phap SBAS dé xac dinh bien dang be mat dia hinh cho khu
vuc thyc nghiém. Trong qua trinh ly s6 liéu anh v¢ tinh radar, nhom tac gia sir dung phan mém GAMA theo so
d6 hinh v& dudi day:

Pang ky Giao thoa
Anh SLC »  Anh dang ky Cap giao thoa Pha twong tw DEM
Tinh todn bién dang tuyén tinh va el ¢
i { S e : ;. 5
pha dia hinh du Giai mo pha Pha giao thoa vi phan

Pha khi quyén

Y

Loc khéng gian- thoi gianl—>

Loai bé bién dang tuyén tinh va pha " BT e
dia hinh du Phan tach gia tri L
I Bién dang phi tuyén
DEM du Bien dang | Két qué bién dang
tuyen tinh thoi gian

Hinh 3. So d6 cong nghé SBAS xur Iy anh radar si dung phan mém GAMA (Guangcai Feng, 2019)
Khi sir dung phan mém GAMA, nhém tc gia da cai dat mot s6 thong s6 cho qué trinh xix Iy anh radar: ty 18
goc nhin 3:8; ngudng két hop 0,4; bién do gia tri ngudng 0,3 va st dung phuong phép loc cai tién Goldstein.
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3. Két qua

Két qua cua qué trinh Xt Iy anh sir dung phan mém GAMA duoc bién tap trén phan mém ArcGIS(ArcGIS
Desktop, n.d.), GMT(Wessel & Smith, 2006; GMT, 2019) dé thanh 1ap cac ban d6 chuyén de.

i 8 g3t b g A 1 Gy ‘ chagie \ _“ Biku &5 gis tri bién dyng Sentinel (mm/y) =

e g
e I o I s
gl o B
k l E = 3 g

Hinh 4. Két qud xdc dinh bién dang bé mdt dia hinh; Tréai- Alos 1, Phdi- Sentinel
Bang 2. Thong ké bién dang bé mér dia hinh

L4 o
— e .

M3 Gi tri i : Alos 1 : : Sentinel
Tan suat | Dién tich (km?) | Tan suat Dién tich (km?)

1 <-40 4 2,166964 | 3917 25,017193
2 -40--20 | 27 35,763364 | 14551 158,605032
3 -20-0 1363 598,493898 | 13465 1.052,709457
4 0-20 542 1.263,241792 | 16628 186,858293
5 20- 40 1908 6,146451
6 >40 99 0,235876

Duya vao Bang 2 thong ké dién tich bién dang bé mat dia hinh ta thay:

- Téc d6 bién dang trung binh hang nam xac dinh tir anh vé tinh ALOS 1 (sir dung anh tir nim 2006-2011 dé
xac dinh bién dang) thi dién tich bién dang tap trung chu yéu & gid tri 1an (-20)-0 mm/nam (598,493898 km?) va
gid tri trdi 0-20 mm/nam (1.263,241792 km?).

- Téc @6 bién dang trung binh hang niam xac dinh tir anh vé tinh Sentinel (st dung anh tir nam 2014-2022 dé
xéac dinh bién dang) thi dién tich bién dang c6 su thay déi nhiéu gia tri 1un < -40 (25,017193 km?), gié trj lGn
(-40)-(-20) mm/nam (158,605032 km?), gia tri lGn (-20)-0 (1.052,709457 km?) va gié tri trdi 0-20 mm/nim
(186,858293 km?).

4. Thao luan

Két qua ciia khu vyc nghién ciru da khing dinh duoc tinh thyc tién cua cong ngh¢ SBAS xir Iy dit ligu 16n anh
V¢ tinh radar cho xac dinh bién dang bé mat dia hinh. Viéc két hop hai loai anh radar Ié'ALos-l \(é Sentinel-1 ta
thay rang dir ligu mién phi hoan toan pht hop cho muc dich nghién ciru va xac dinh bién dang bé mat dia hinh.
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Két qua duoc sir dung tiép cho cac nghién ciru sau nay, ciing nhu giup cic nha quan 1y c6 dugc céi nhin téng
quan khi quy hoach phét trién cho Thanh phé H6 Chi Minh.

Qua trinh xir ly anh radar st dung phan mém GAMA doi héi trinh d6 cia nguoi xir Iy va can lya chon céc
thdng s6 pht hop cho qué trinh xir ly. Bé c6 thé danh gia duge d chinh xac thi can thém nhiéu ngudn dir liéu
khéc (vi du: do thuy chuan, sb lidu tir cac tram quan tric, do GPS,...) dé so sanh véi gié tri bién dang bé mat dia
hinh duoc xac dinh trong nghién ciu. Nén trong bai béo nay, tac gia chi ding lai ¢ viéc xac dinh bién dang bé
mit dia hinh bang viéc sir dung phuong phap SBAS dé 1am két qua tham khao cho cac nghién ciru sau nay.
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ABSTRACT
SBAS technology processes big data to determine terrain surface
deformation in Ho Chi Minh City area

Nguyen Minh Hai*
IHanoi University of Mining and Geology, Hanoi, Vietnam

Ho Chi Minh City is the key economic center in the South and the country's leading, with an area of 0.6% and
a population of 6.6% of the country, with the highest economic growth rate water. With the rapid development
of infrastructure, weak geology has caused the terrain surface of the city area to be deformed. Land
subsidence in the Ho Chi Minh City area leads to many potential risks and threatens the stability of the
environment and human life. In this article, the author applied the Small BAseline Subset (SBAS) technique
to monitor land subsidence in Ho Chi Minh City. Radar image datasets from 2006 to 2022 were used to
generate average strain rates and strain time series. The determination results show that (1) the average annual
deformation rate determined from ALOS 1 satellite images (2006-2011), the deformation area is mainly
concentrated at the settlement value (-20)-0 mm/ year (598,493898 km?) and upwelling value 0-20 mm/year
(1.263,241792 km?); (2) The average annual deformation rate determined from Sentinel satellite images
(using images from 2014-2022 to determine deformation), the deformation area has changed a lot with
settlement values <-40 (25,017193 km?), subsidence value (-40)-(-20) mm/year (158,605032 km?), subsidence
value (-20)-0 (1.052,709457 km?) and heave value 0-20 mm/year (186, 858293 km?).

Keywords: Ho Chi Minh, SBAS, InSAR.
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Nghién cu phan bb khéng gian gié viing bién vinh Bic Bo
giai doan 1981-2020 twr dix ligu vien tham
Nguyén Ngoc Tuan®, Nguyén Hoang Minh?, 5 Thi Phuong Thao?"
Vign Nghién ciu Hdi san
2Trirong Pai hoc Mo - Pja chadt

TOM TAT

Vinh Bic Bo (VBB) nam trong dai khi hau c6 mua déng lanh, muia hé néng trén nén nhiét chung cua khi hau
néng am, cac dic trung cua thoi tiét bi chi phéi bai hoan luu khi quyén dang gié mua luan phién nhau. Trong
nghién ctu nay st dung dit lidu da thu thap vé ché do gi6 bién VBB giai doan 1981-2020 dé phén tich, danh
gia chi tiét vé huong gio, toc do gié va phan bé gi6 bién. Két qua nghién ctiu cho thay tir thang 11 dén thang 3
nim sau c6 huéng gié chinh 1a Pong Bic (NE) va Pong (E), tir thang 5 dén thang 9 c6 hudng gié chinh 1a
Nam (S) va Tay Nam (SW), thang 4 va thang 10 1a cac thang thuong giao mua chuyén tiép giira hai mua gié
nén c¢6 huéng gio khong 6n dinh. Téc do gio trung binh nim dao dong tir 4,3-6,4 m/s, trung binh thang dao
dong tir 3,8-7,5 m/s, tuy téc do gio trung binh khong cao nhung tdc d6 gié bdo tir 25-50 m/s véi 150/407 con
bdo, trung binh m&i nim c6 4 con bio d6 bo. Thang 1 va thang 7 13 hai thang chinh mua dai dién cho hai mua
gi6 Pong Bic va Tay Nam, mua gi6 Pong Bic c6 husng gié chi yéu 1a huéng Dong Béc (NE) voi toe do gid
cao nhat 1a 7,5 m/s (khu vuc giita vinh). Vao mua gié Tay Nam c6 hudng gié Nam (S) véi toc do gié cao nhét
14 5,5 m/s. Ca hai mua gi6 toc d6 gio6 déu c6 xu hudng giam dan tir gitra vinh vao ven bo.

Tur khoa: Hudng gid, toe do gi6, phan b gid bién, vinh Bic Bb.

1. Mé dau

Ché d6 gi6 vung bién Viét Nam 1a tong hop cac didu kién gié mua nhiét d6i Pong Nam A, hé théng céc xody
nghich Bong Nam A va 1a mot bo phan cua gié mua An Do Duong. Toan ving bién Viét Nam néi chung va
viing bién vinh Bic Bo (VBB) ndi riéng chiu anh huong cua hai ché do gié mua la gié mia Pong Bac (tir thang
11 dén thang 3 nam sau) va gi6 mua Tay Nam (tir thang 5 dén thang 9). Cho dén nay cac nghién ciu vé ché do
gi6 khu vyc ving bién Viét Nam da duoc tién hanh tir 1au qua cac chwong trinh nha nudc, hop tac quéc té. Mot
s6 két qua nghién ctu tiéu biéu néu ra nguyén nhan hinh thanh gi6, quy luat gi6 mua, dic diém bién ddi truong
gi6 Bién Dong (Pham Si Hoan, 2012; Tir Thi Nam va Tran Vin Son, 2018),... D& cap nhat va b6 sung thém cac
thdng tin khoa hoc vé ché do gi6 bién ving VBB, trong nghién ctru nay tong hop dir liéu gio bién tir dir lidu vién
tham giai doan 1981-2020 dé phan tich, danh gia dac diém ché d6 gié bién nham hd tro cho ngu dan khai thac
hai san trén vang bién, cac nha khoa hoc va cac co quan quan ly cé nhirng thong tin khoa hoc vé ché do gié bién
tai VBB dé c6 nhitng bién phéap phong tranh va giam nhe thiét hai do thién tai gi6 bién gay ra.

2. Dir liéu va phwong phap nghién ciru
2.1. Dir ligu

Bo dit liéu gi6 bién dwoc thu thap, giai doan, trich loc tir dit liéu vién tham NASA voi do phan giai 0,5° x 0,5°
vung VBB trong giai doan 1981-2020. Dir liéu gi6 bao dugc thu thap tu trang web
http://weather24h.freevnn.com/ theo cac khung gio (Oh, 6h, 12h, 18h). Dir liéu ban d6 nén hanh chinh ty Ié
1:3.000.000 c6 ranh gigi duong bo bién cho ving VBB vai gidi han khung trong ban db tir 16,5°-22,5°N va
105°-110°E, dir liéu nay phuc vu cho viéc phan tich gi6 bién theo khdng gian.

Dir liéu quan tric gié ¢ 3/8 tram tai cac dao CO T6, Bach Long Vi va Con Co cua VBB véi chuin do cao toc
d6 gi6 dung cho nghién cuu 1a 10 m.

Thoi gian nghién ctu: Tir nam 1981 dén nam 2020.

2.2. Phwong phdp nghién ciru

Phuong phdp thong ké: Str dung phuong phap thdng ké trong toan hoc dé tinh toan, xac dinh cac gia tri déc
trung co bdn cua chudi sb liéu. Cac gi4 tri dic trung nay dwoc xac dinh cho cac chudi s6 lidu thang, mua, nim va
nhiéu nam.

Phurong phdp do hoa: Sir dung phan mém WRPLOT View duoc phét trién bai Cong ty Lakes Environmental

* Tac gia lién hé:
Email: dothiphuongthao@humg.edu.vn
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(Canada) dé tinh toan, thong ké va hién thi tan suat xuat hién cua hudng gio (8 hudng hodc 16 hudng) va toc do
gio bién theo knot hozc m/s. Ngoai ra phan mém WRPLOT View con phan tich dit liéu gié bién dudi dang biéu
dd tan suét hinh cot tir Qac file s6 liéu Qau vao * xst, )

Phuong phdp ban do va GIS: Cac so lieu dugc tien hanh xay dung bien trinh theo thoi gian va khong gian cac
ddc trung thong ké cua chudi so licu. Cac ket qud dugc trinh bay dudi dang bicu do, do thi, ban d6 cho viéc phan
tich danh gia két qua. D& dam bao tinh thong nhat cua tat ca cac ban do6 duoc thé hién va tinh khéach quan, chinh
X&c cua céc ranh gidi pham vi, dia danh, thang mau,... can phai két hop véi cac cong cy, phan mém cua hé thong
tin dia Iy.

3. Két qua nghién ciru
3.1. Hudng gio

O nuéc ta hudng gio thudng dugc bjéu thi béng phuong vi va goc, nhung chu yéu biéu thi bang phuong vi Vi
8 huong chinh 1a Bong, Tay, Nam, Bac, Dong Bac, Dong Nam, Tdy Nam, Tay Bac (Bang 1). Ngoai cac hudng
chinh con ¢é cic hudng phu dugc chia nho nhu sau: Bac Bong Bac (NNE), Dong Dong Nam (ESE), Tay Tay

Nam (WSW), Bic Tay Bic (NNW), Dong Dong Béc (ENE), Nam Dong Nam (SSE), Nam Tay Nam (SSW) va
Tay Tay Bic (WNW).

Bdng 3. Cdc hudng gid chinh

Hudng gio Tén Tiéng Anh Ki hi¢u Giéi han

Bic North N 337,5°-22,5°
Pong Bic Northeast NE 22,5°-67,5°
bong East E 67,5°-112,5°
Pong Nam Southeast SE 112,5°-157,5°
Nam South S 157,5°-202,5
Tay Nam Southwest SW 202,5°-247,5°
Tay West w 247,5°-292,5°
Tay Bic Northwest NW 292,5°-337,5°

Vao thoi ky khoang tir thang 11 dén thang 3 nam sau, khu vuc VBB chiu mét khdi khong khi lanh hinh thanh
tir trung tam ap cao Xibia di chuyén xudng khu vuc ¢ khéi khéng khi 4m tai Viét Nam. Lic nay thoi tiét mién
Bac néi chung va VBB ndi riéng c6 tinh chét lanh va kho. Trong giai doan 1981-2020 vao cac thang nay, tai mot
s6 vi tri VBB nhu C6 T6 va Bach Long Vi c¢6 huéng gi6 thinh hanh 1a huéng Pong Bic (NE) vai tan sut xuit
hién tir 33,9-73,4%, con tai Con Co c6 cac hudng gié thinh hanh 1a huéng Dong (E), Dong Nam (SE) va Dong
Béc (NE) voi tan suat xuat hién tir 35,5-46,1%. Thoi glan nay cha yéu gi6 mua Pong Bic hoat dong, khi gid
mua Dong Bic suy. yéu ciing 14 lac glO mua Tay Nam bat dau hoat dong, vao thang 4 va thang 10 la cac thang
giao mua chuyén tiép giira hai mua gié: Pong Bac va Tay Nam. Khi d6 tai C6 T6 va Bach Long Vi ¢6 huéng gi6
thinh hanh 14 huéng Pong Bac (NE) hodc husng Nam (S), tai Con Co co hudng gié thinh hanh 1a Dong Nam
(SE) hodc Pong (S). Tir thang 5 dén thang 9, mot khdi khi duge hinh thanh tir cao ap can chi tuyén ban cau Nam
hoat dong manh, khi vuot qua ving bién xich dao khéi khi nay tré nén néng 4m, gay mua I16n cho toan Nam B9,
Tay Nguyén va khién cho Béc Bo kho, it mwa. Luc nay tai Co T6 va Bach Long Vi ¢6 huéng gié thinh hanh cha
yéu 1a huéng Nam (S) véi tan sudt xuét hién tir 27,9-60,7%, con tai Con Co c6 hudng gié thinh hanh chi yéu 1a
huéng Tay Nam (SW) véi tan suat xuat hién khoang 27,8-33,7% (Hinh 1, 2; Bang 2).

g et e

C6Té ; -\\Ba‘lch Long Vi

Cin Cd

¢ NMNEECEN 33

Hinh 1. Hoa gi6 thang 1 tai mét s vi tri VBB
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WORTH T 5 T NG

CoTé Sl e Bach Long Vi . . ConCa

Hinh 2. Hoa gi6 thang 7 tai mét so vi tri VBB
Bang 4. Huéng gié thinh hanh va tan sudt xudt hién tai mét so vi tri VBB

Khu vuc CoTO Bach Long Vi Cén Cé
Hwéng | Tan suat Huéng Tan sudt Hwéng | Tan suit
Théang chinh (%) chinh (%) chinh (%)
1 NE 58,7 NE 64,9 E 36,4
2 NE 41,2 NE 48,2 E 35,5
3 NE 33,9 NE 39,9 SE 39,2
4 S 33,5 S 33,4 SE 44,2
5 S 44,2 S 60,7 SE 39,1
6 S 52,2 S 56,5 SW 33,7
7 S 454 S 46,7 SW 33,3
8 S 27,9 S 30,5 SW 27,8
9 NE 27,7 NE 32,0 E 21,8
10 NE 47,3 NE 52,8 E 41,9
11 NE 55,0 NE 63,5 NE 42,6
12 NE 67,1 NE 73,4 NE 46,1

Nhu vay c6 thé noi, ché d6 gi6 o viing VBB thé hién hai mua rd rét, mua dong thinh hanh 13 huéng Pong Bic
(NE), mua he thinh hanh 1a huéng Tay Nam (SW). Nhung tiy thudc ting vi tri dia 1y, dia hinh, gi6 thinh hanh
ngay trong cling mot mua ciing ¢ thé khac nhau vé huéng. Ngoai sy thay dbi huéng gié qua cac mua theo chu
ky nam con c6 sy thay dbi theo chu ky ngay va dém. Ban ngay ¢ luc dia hap thu nhiét nhanh, nong hon mat nuéc
bién nén trén luc dia hinh thanh ap thap; & trén bién mat hon hinh thanh ap cao, gi6 thi tir &p cao tGi 4p thap goi
la gi6 bién (gi6 bién 4m va mat). Nhung ban dém, luc dia toa nhiét nhanh hon hinh thanh 4p cao, trén bién toa
nhiét cham nén hinh thanh &p thip nén gié thoi tir dat lién thdi ra bién nén goi 1a gio dat (gio dat kho6 va néng).
Gi6 dat, gi6 bién tuan hoan quanh nim nhung chi thé hién rd nét nhét khi hoan luu chung suy yéu.

3.2. Téc dp gié

Trong 40 nim qua & vlng bién VBB tc do gi6 trung binh nam dao dong tir 4,3-6,4 m/s, tai Bach Long Vi c6
téc d gié trung binh nam cao nhat dao dong trong khoang 5,5-6,4 m/s, cao hon so véi Con Co va Cd To khoang
tir 1,0-1,5 m/s. Tc do gi6 trung binh thang tai VBB dao dong trong khoang 3,8-7,5 m/s, khu vuc Bach Long Vi
¢6 vi tri dia ly gan nhu nam gita VBB nén it anh huong boi cac yéu té dia hinh va duong bo nén cé tée do gio
dn dinh va cao nhét so véi céc vi tri khac. Toc do gi6 trung binh vao cac thang thai ky gio mua dong 16n hon so
véi thoi ky gi6 mua hé va 16n nhit vao thang 11, thang 12. Trong céc thang chinh mua gié Tay Nam téc do gi6
trung binh tai Bach Long Vi dao dong trong khoang 6,5-7 m/s trong khi tai mot s6 vi tri khéc gan bo nhu C6 To
va Cdn Co tdc do gid trung binh chi khoang 4,0-4,5 m/s, thap hon khoang 2,5-3 m/s (Hinh 3, Bang 5). Thuc té
gi6 mua khong phai hoat dong on dinh ma phat trién ting dot, Xen ke cac dot gié mua hogc thoi ky giao mua thi
tdc do gio thuong rit nho, ty 18 ling gio cling dat tin suat cao.

Téc do gi6 trung binh thang, trung binh ndm chi phan anh tinh chat trung binh mot cach twong ddi nhat vé stc
gi6 tai VBB. Cho nén, néu chi dung lai & tc do gio trung binh thang, trung binh nam thi viéc sir dung dé tinh
toan, danh gia tiém ning ciing nhu tac hai cua gi6 bién gay ra s& gap nhiéu kho khan. Theo s6 liéu 40 nim tir
nam 1981-2020 tai VBB, toc do gi6 trung binh ngdy manh nhat & Bach Long Vi vao khoang 26,7 m/s vao ngay
10/11/2013 (twong dwong gi6 bio cap 10 theo thang stc gié Beaufort), tai Con Co toc do gié manh nhét l1a
20,2 m/s vao ngay 15/09/2017 va 29/09/2009, tai Cd T6 téc do gié manh nhat thang 1a 22,1 m/s vao céc ngay
27/09/2005 (Bang 4).
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Hinh 3. Téc do gié trung binh nam
Bang 5. Tdc dé gi6 trung binh thang
Vi tri CoTo Bach Long Vi Con Cé
Thang \(/anB/S) Huéng chinh \ngT?/S) Huéng chinh 2/rTT1/Bs) Huéng chinh
1 5,2 NE 6,7 NE, E 54 NE, E
2 50 NE 6,3 NE 51 NE, E
3 51 NE, S 6,3 S 5,2 NE, SE
4 4.4 NE, E 53 NE 46 NE, E, SE
5 4,3 S 5,6 S 4,3 E
6 4,5 S 6,5 SW, S 4,0 SE
7 4,7 S, SW 6,9 SE, SW 4,6 SW
8 3,8 S, SW 52 S 4,6 SW
9 45 NE, N 5,7 NE, N 47 N
10 53 NE, E 7,2 NE, E 57 NE
11 54 NE, E 7,4 NE, E 6,0 NE
12 55 NE, E 7,5 NE, E 59 NE
(Ch thich: Vrs: Vdn toc trung binh)Bdng 6. Téc dg gi6 trung binh ngay manh nhdt thang va nam (Pon vi: mls)
Vi tri . A A A o
Thing Bach Long Vi CoTo Con Cé
1 16,7 14,8 12,9
2 17,0 15,3 13,7
3 17,2 15,3 15,5
4 17,7 15,8 12,9
5 15,2 13,1 19,1
6 24.6 18,3 16,2
7 238 18,4 14,9
8 23,2 18,4 18,7
9 23,4 22,1 20,2
10 22,5 17,3 18,0
11 26,7 21,1 15,9
12 18,1 15,9 15,3
Nam 26,7 22,1 20,2
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3.3. Gio béao

Gi6 manh thuong xay ra trong con déng hoic do anh huéng cua bdo, 4p thap nhiét déi, gié mua Pong Bic
hoac Tay Nam hoat dong manh, song nhin chung téc d6 gié manh nhat cha yéu xay ra khi cé cac con bdo manh
tir Bién Dong hoac bién Thai Binh Duong d6 bo anh huong truc tiép. Cac nghién ciu cho thay viing b bién Bic
Bo bo hoat dong nhiéu nhét v& s6 luong va manh nhat vé cuong d6. Cudng do gié manh do bao gay ra cé thé
lén dén cap 10, giat cap 11, cap 12 (Vi Thanh Hang va cong su, 2010; Nguyén Vin Thing va Mai Van Khién,
2016). Két qua nghién cau ciia Pham Thuoc trong thoi gian 50 nam (1958-2009) (Pham Thuoc, 2010) di chi ra
tbc do gi6 bdo vao khoang 25 - 30 m/s, trong béo c6 thé quan tric duoc gid giat 1én ti 50 m/s. Theo s6 lidu da
thong keé trong thoi ky 1981-2020 da c6 150/407 con bio d6 bo vao VBB vai s6 ngay hoat dong la 239 ngay,
trung binh mdi nam tai VBB xuét hién 4 con bdo. Thoi gian bio hoat dong & viing bién VBB kéo dai tir thang 5
dén thang 11, dic biét trong 3 thang 8, 9, 10 ¢6 tén suat 16n. Bién hinh c6 mot sb con bdo gio rat manh va mua
16n trén dién rong gay ra nhitng thiét hai ning né nhu lam dim tau thuyén dang hoat dong trén blen hoac dang
neo dau gan bo, d6 vd cac cong trinh xay dyng, sut 1Gn v& dé anh huong dén céc hoat dong doi séng ciing nhu
kinh té dan sinh nhu: bio Damrey (2005), bdo Son Tinh (10/2012), bao Hai Yén (11/2013), bao Mirinae
(7/2016), bao Doksuri (9/2017),... Nhitng ndm gan day, cac con bdo manh ¢ xu thé ting nhe, vi vay can c6 kién
thirc phong tranh dam bao an toan tdi da co thé khi c6 gié manh xay ra.

3.4. Phén bé gié bién

Dé danh gia tiém ning nang luong gi6 can biét gia tri toc do gio tai d6 cao nao d6 ma sb lwong tram quan tric
gi6 trén cao. Tai Viét Nam sb lwong tram quan tric nay khong nhiéu, phan Ién duge xac dinh gian tiép bang mot
ham s tir tbc d6 gid mat dat & cac tram khi trong. Dé dam bao két qua nghién ciru can danh gia chit luong cua
s6 lieu xem két qua tinh toan co do tin cay khong. Hinh 4 sir dung twong quan giita s6 liéu thu duogc tai tram
quan triac Bach Long Vi va dir liéu vién tham theo toan bd ngay cua nim 2020. Gia trj R2 = 0,8146 cho thay méi
tuong quan rat tét gitra 2 loai dit liéu thu duoc. Pa sé dit liéu vé tinh cia ndm 2020 cao hon dit liéu duoc cung
cap tai tram do, diéu nay la do dit liéu trén anh di duoc tinh toan thdng qua cac ham vai cac tham sb xap xi nao
d6, mat khac gié tri trén anh vé tinh thudng |a gia tri trung binh cua cac pixel anh. Bé khic phuc tinh trang nay
can nang cao do chinh xéc cua thiét bi do va nang cao d6 phan giai cua dir lidu vé tinh.
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Hinh 4: So sanh toc dé gi6 (m/s) tir diz liéu trén anh vé tinh va thu thdp tai tram quan trac
Bach Long Vinam 2020

Thang 1 la thang dai dién cho chinh mua gi6 Dong Béc, thang 7 1a thang dai dién cho chinh mua gio Tay
Nam. Qua ban db phan bo gi6 bién giai doan 1981-2020 trong Hinh 5 cho thiy, vao mua gié Dong Béc toan
VBB ¢6 huéng gié chu yéu 12 huéng Pong Bic (NE) va huéng Bic Pong Bic (NNE), téc do trung binh la 6-6,6
m/s. Khu vuc Bach Long Vi va phia cira vinh ¢6 tc do gi6 cao nhét (khoang 7,5 m/s), xu hudng toc do gi6 giam
dan khi vao ven bo. Tai day da co tram dién gi6 cung cip mot phan ning lugng dién cho dao.

Vao mua gi6 Tay Nam toan VBB c¢6 hudng gié chii yéu 1a huéng Nam (S), toe do gié cao nhét & giira vinh
(khoang 5,5 m/s) va ciing ¢6 xu huéng giam dan vao ven bo. Chénh léch toe do gi6 gitra hai mua khoang 2 m/s.
Tai day, tiém nang gio 16n nhat véi toe d6 lan luot 12 6-11 m/s (thang 1) va 6-10 m/s (thang 10); tiém ning gid
thap nhat trong cac thang 4, 7 véi toc d6 gio lan luot 1a 4-7 m/s va 5-7 m/s.
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Hinh 5. Phan b gié bién theo mua ¢ vang bién VBB
4. Két ludn

Str dung dir liéu vidn thdm NASA c6 thé phan tich dugc phan bd va toc do gi6 theo khdng gian mot cach
nhanh chéng trén dién rong, dit liéu co do tin cdy cao. Ban dd phan bé gi6 cé thé tham khao trong khai thac tiém
nang nang luong gi6 ngoai khoi.

Ché do gi6 bién ving VBB chi yéu la gié mua véi hai huéng gi6 chinh 1a Dong Béc va Tay Nam. Tir thang
11 dén thang 3 ndm sau c6 hudng thinh hanh 1a huéng Pong Bic (NE) va hudng Dong (E) véi tan sudt xuét hién
tir 33,9-73,4%. Khu vuc Bach Long Vi c6 huéng gié 6n dinh va toc do gié manh hon so véi Con Co va Co To
tai cling mot thoi diém. Tir thang 5 dén thang 9 ¢6 hudng gi6 thinh hanh 14 huéng Tay Nam (SW) va huéng Nam
(S) véi tan suat xuat hién tir 27,9-60, 7%. Thang 4 va thang 10 la thoi ky giao mua chuyén tiép giira hai mua gi6
nén huéng gié tai VBB Idc nay khdng on dinh.

Téc d6 gi6 trung binh thang dao dong tir 3,8-7,5 m/s, toc do gid trung binh nam dao dong tir 4,3-6,4 m/s. Téc
d6 gi6 trung binh ndm tai Bach Long Vi cao hon tdc do gié trung binh nim tai Cd T6 va Con Co khoang tur 2,5-
3,0 m/s. Téc do gi6 manh nhat thuong xay ra vao khoang thang 9 hoac thang 11 véi téc do gié khoang tir
22-27 m/s. Gi6 manh thudng Xay ra trong con dong hoac do anh huéng cia bo, ap thip nhiét di tir Bién Dong
hoic Tay Thai Binh Duong d6 bo vao.

Phan bé gié vao mua gi6 Pong Bic toan VBB c6 huéng gié thinh hanh 13 huéng Pong Bic (NE) véi toe do
gi6 cao nhat 1a 7,5 m/s (khu vuc giira vinh). Vao mua gié Tay Nam VBB c¢6 hudng gié Nam (S) véi toe do gio
cao nhét 14 5,5 m/s. Ca hai mua gi6 toc d6 gié déu co xu hudng giam dan tir ngoai khoi vao ven bo.

Két qua nghién ciru cho thiy khu vuc bién vinh Bic Bo c6 tiém ning ning lwong gié nhung gan nhu it dwoc
khai thac (méi c6 tram gi6 tai Bach Long V7). Can phat trién thém cac mé hinh khai thac tiém ning ning luong
gi6 tai cac huyén dao dé dap tng phan nao nhu cau st dung dién gi6 tai chd cho dan cu sinh sdng ngoai dao.

70



saefjsms -
A HOQI NGHI KHOAHQC QUOCGIA
NC@ S  ONG NGHE PIA KHONG GIAN Vi SU PHAT TRIEN BEN VONG
(NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

Tai liéu tham khao

Nguyén Vin Thing, Mai Vin Khién (2016). Anh huéng cua bdo ¢ Viét Nam thoi ky 1961-2014. Tap chi
Khoa hoc PHQGHN, Cac Khoa hoc Trai dat va Moi tmong tap 32, sb 35(2016), tr. 210- 216.

Pham Si Hoan (2012). Sy bién dong cua truong gio tai ving bién ven bo Viét Nam. Ky yéu Hoi nghi Qudc té
“Bién Pong 2012,” thang 9/2012, tr. 45-55.

Pham Thuoc (2010). Nghé ca vinh Bic Bo qua nhiing chang diéu tra nghién ciru (1958-2009). Nha xuat ban
Nong nghiép, Ha Nabi.

Tir Thi Nam va Tran Van Son (2018). Nghién cttu ché do gi6 khu vuc Nam Trung Bo. Tap chi Khi twong
thuy van, sb thang 7/2018, tr. 50-59.

Vii Thanh Hang, Ng6 Thi Thanh Huong va Phan Vin Tan (2010). Pic diém hoat dong cua bdo & ving bién
gan bo Viét Nam giai doan 1945 - 2007. Tap chi Khoa hoc Pai hoc Quéc gia Ha Noi, Khoa hoc ti nhién va
Cong nghé sb 26, sb 35(2010), tr. 344-353.

ABSTRACT

Using satellite data to study distribution of wind in the Gulf of Tonkin for
the period 1981 - 2020

Nguyen Ngoc Tuan?, Nguyen Hoang Minh?*, Do Thi Phuong Thao?"*
! Research Institute for Marine Fisheries
2 Hanoi University of Mining and Geology

The Gulf of Tonkin (VBB) is located in a climate zone with cold winters and hot summers on the general heat of
a hot and humid climate, the weather characteristics are dominated by alternating monsoonal atmospheric
circulation. In this study, data collected on the VBB sea wind regime in the period 1981-2020 is used to analyze
and evaluate in detail the wind direction, wind speed and distribution of sea breeze. Research results show that
from November to March, the main wind directions are Northeast (NE) and East (E), from May to September,
the main wind directions are South (S) and Southwest (SW). April and October are the transitional months
between the two wind seasons, so the wind direction is not stable. The annual average wind speed ranges from 4.3 to
6.4 m/s, the monthly average ranges from 3.8 to 7.5 m/s, although the average wind speed is not high, the storm
wind speed is from 25 to 50 m/s with 150/407 storms, an average of 4 storms per year. January and July are the
two main months representing the two northeast and southwest monsoon seasons, the northeast monsoon season
has the predominant wind direction from the Northeast (NE) with the highest wind speed of 7.5 m/s (the area in
the middle of the bay). In the southwest monsoon season, there is a Southerly wind (S) with the highest wind speed of
5.5 m/s. In both monsoon seasons, wind speed tends to decrease gradually from the middle of the bay to the
coast.

Keywords: Wind direction, wind speed, sea breeze space, gulf of Tonkin.
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Nghién cu tng dung tu liéu anh Sentinel-5P trong giam sat chat luong
khong khi tai cac do thi lon

Lé Minh Hang"2 B Thi Hoai®"
Hoc vien Ky thugt quan su
2Nhém nghién cizu Cong nghé Pja tin hoc trong Khoa hoc Trdi ddt (GES), Truong Dai hoc Mo - Dja chat
3Vién Khoa hoc do dac va Ban do

TOM TAT

O nhiém khong khi hién nay ngay cang tré nén nghiém trong, dac biét tai cac thanh phé Ion cua Viét Nam.
Mat do dan cu ting nhanh, sy gia ting cua cac phuwong tién ca nhan va phaét trién cac nganh cong nghiép da
1am cho méi truedng bi 6 nhiém. Thang 10 nim 2017, Co quan Hang khong vii tru chau Au (European Space
Agency-ESA) di phong thanh coéng vé tinh Sentinel-5P (Sentinel-5 Precursor) véi bo cam bién
TROPOspheric (TROPOMI). V¢ tinh Sentinel-5P ¢6 muc tiéu chinh 1 thuc hién theo déi chat lwong khéng
khi, birc xa 0zon va tia cuc tim théng qua cac phép do khi quyén vai do phan giai thoi gian cao. Trong noi
dung bai béo, cac tac gia trinh bay cac két qua nghién ctu vé kha ning st dung tu liéu Sentinel-5P va nén
tang Google Earth Engine (GEE) trong giam sat chat lugng khéng khi tai cac do thi 16n tai Viét Nam. Khu
vuc nghién ciru bao gém toan bo ving dét lién Viét Nam va mot s6 thanh phd 16n gdm Ha Nai, Hai Phong,
Vinh, Pa Ning, Nha Trang, Thanh phd H Chi Minh va Can Tho. Thoi gian theo di chét lwong khong khi la
tir thang 01/2022 dén thang 12/2023. Két qua nghién ciru thé hién phan bé khong gian caa nong do trung binh
trong mot nam cua cac chat khi SOz, NO,, CO trén ving dit lién Viét Nam nam 2022 va nam 2023. Két qua
nghién ctru cho thdy ndng do cua chat khi NO, va CO nam 2023 tang hon so v&i nam 2022 tai mot s6 khu vuc
cua Viét Nam. Bén canh do, chit luong khong khi cua cac thanh phd 16n s& duoc danh gia dua trén su thay
ddi cua nong do trung binh cac chat khi gay 6 nhidm SO, NO,, CO trong timng thang. Két qua nghién ctu cua
bai bao g6p phan nang cao kha ning tmg dung tur liéu vién tham phuc vu gidm sét chat lugng khong khi trén
dién rong tai Viét Nam.

Tir khoa: Sentinel-5P, 6 nhiém khong khi, d6 thi Ién, Google Earth Engine.

1. Pjt vn dé

Chat luong khong khi dang la vén dé dugc quan tdm tai nhiéu qudc gia trén thé gioi, dac biét 1a tai Viet Nam.
V6i su phét trién manh mé caa cac nganh cong nghiép, su gia tang dan s6 va tdc do do thi hoa da 1am thay ddi
chat luong moéi truong khong khi tai cac thanh phé 16n va khu cong nghiép (Bo TN&MT, 2022). Theo bao cao
cua t6 chirc Y té Thé gigi (WHO) nam 2022 thi mét trong nhitng mdi nguy hiém I6n nhét ddi vai stc khoe toan
cau la 6 nhidm khdng khi (WHO, 2022). Chit dang hat (PM), luu huynh dioxit (SO), nitrogen dioxide (NO»),
ozone (0s), carbon monoxide (CO) va carbon dioxide (COo) la nhirng chét gay 6 nhiém khong khi pho bién nhat
ma con ngudi gap phai hang ngay (Chen va nnk., 2007). Tai cac khu vuc do thi lon, nong do6 céc chat khi gay 0
nhiém khong khi da thay d6i boi nhiéu yeu t6 khéc nhau phu thude vao dac diém cua bé mat dat, kiéu thoi tiét,
céc loai chat 6 nhiém khdng khi va nguon 6 nhiém. Cac yéu té tu nhién nhu ap suat khong khi, nhiét o, hudng
gi6 va toc do gié anh huong dén nhitng dac diém nay (Hu va Yoshie, 2020). Tuy nhién, nhitng tac nhan do con
nguoi gy ra nhu dot than sinh hoat, khi thai xe cg, khi thai cong nghiép 1a nhitng nguyén nhan chi yéu anh
hudng dén chét lwong khdng khi tai cac khu d6 thi (Liu va nnk., 2018).

Viéc giam sat lién tuc va chinh xéc chét lugng khong khi 1a can thiét dé xay dung md hinh du béo va ra quyét
dinh nham giam thiéu tac dong cua 6 nhidm khong khi. Hién nay, viéc tién hanh gidm sat 6 nhidm mat dat trén
pham vi rong thudng st dung cac tram ¢ dinh hoic cam bién di dong. Tuy nhién, cac tram giam sat c¢b dinh va
cam bién trén mat dat co chi phi bao tri cao va thu thap diém dix liéu bi gi¢i han & cac khu virc nho hodc chi vai
mét xung quanh cam bién, dan dén dir lieu khong lién tuc dé cung cip két qua noi suy trén dién rong
(Amanollahi va nnk., 2013). Véi su phét trién cua cong nghé vién tham, cac phuong phap vién tham dang dugc
nghién ctu va ung dung trong quan sat Trai dat nhu giam sat nhiét ¢ bé mat, tham thyc vat, 16p phu va chat
lugng khong khi. Két qua quan sat bang tu liéu vién tham gilp cung cip, bd sung théng tin cho cac khu vuc
thiéu cac tram giam sét ¢ dinh va thiéu cac dit kién lich sir (Nagy va nnk., 2022).

Nhiéu nghién ciru da str dung thiét bi do birc xa quang pho trén anh MODIS dé thu dugc do sdu quang hoc
ctia khi dung (AOD) va xéc dinh dwgc nong do PM2.5 trén mat dat (Zhang va nnk., 2021). Vao thang 10 nim

" T4c gia lién he
Email: dthoai_dc@monre.gov.vn
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2017, Co quan Hang khong vii tru chdu Au (ESA) dd phong thanh cong vé tinh Sentinel-5P mang theo bo cam
TROPOspheric Monitoring Instrument (TROPOMI) phuc vu giam sat khi quyén, chat luong khong khi va trang
thai cua tang ozone. Nhiéu nghién cau trén thé giéi dang wng dung tu lidu vién tham Sentinel-5P trong giam sat
chat luong khdng khi trén dién rong, dac biét tai cac thanh phé I6n (Hassaan va nnk., 2024; Jeong va nnk., 2021;
Sivaramakrishnan va nnk., 2021; Morozova va nnk., 2021) va cac khu céng nghiép (Dimitrova va nnk., 2023).
Céc nghién ctru da xac dinh su bién thién cia ndng d6 céc chat khi gay 6 nhidm nhu SO,, NO,, CO trén dit liéu
Sentinel-5P da thoi gian (Dimitrova va nnk., 2023; Davybida va nnk., 2023). Chét lugng khong khi tai cac thanh
phd 16n phu thudc vao nhidu yéu té nhu téc do d6 thi hda va sy gia ting ciia phuong tién giao thong. Nhiéu
nghién ciru da ching minh rang trong thoi gian gidn cach xa hoi do dai dich Covid-19 thi cac khi gay 6 nhiém
nhu NO,, O3, CH, giam dang ké (Mejia va nnk., 2024; Phan va Fukui, 2023; Virghileamu va nnk., 2020). Trong
thoi gian gidn cach, viéc han ché cac phuong tién giao thong da giam dang ké ndng d6 cac chit khi thai nhu NO,
ra méi trudng (Phan va Fukui, 2023, Oxoli va nnk., 2020). Ngoai ra, 6 nhidm khéng khi con c6 méi lién hé voi
dic diém 16p pha bé mat (Kaplan va Avdan, 2020; Hassaan va nnk., 2024; Nagy va nnk., 2024), c6 anh huong
bai cac hoat dong quan su (Rehmat va nnk., 2023; Wieczorek, 2023). Tac gia Wang va cong su (2022) (Wang va
nnk., 2022) di chirng minh vai trd cua chit lvong khong khi trong danh gia chit lvgng moi trudng sinh thai do
thi tai thanh phé Béc Kinh, Trung Qudc. Két qua nghién ctru di st dung tu liéu Landsat-8, Sentinel-2 va
Sentine-5P dé xac dinh cac chi sb tac dong dén sinh thai d6 thi nhu NDVI, NDSBI, ISI, LST va chi s6 chét
lugng khdng khi (AQ) (Wang va nnk., 2022). T4c gia Wang va cong su (2022) di so sanh chi s6 RSEI (chi s6
danh gia chat luong sinh thai d6 thi) va chi s6 AQRSEI (chi s6 danh gia chat lwong sinh thai d6 thi ¢6 thém chi
s6 danh gia chat luong khong khi). Két qua nghién ctru da chi ra rang chi s6 AQRSEI danh gia chat lugng sinh
thai d6 thi gan véi diéu kién thyuc té hon chi sé RSEI (Wang va nnk., 2022).

Tai Viét Nam, céc nghién ciru vé chat luong khdng khi cha yéu dua trén cac két qua do tryc tiép tai cac tram
quan tric ¢ dinh (B3 Thi Phuong Thao va nnk., 2022; Duong Hong Son va nnk., 2006). M6t sé nghién ctu tai
Viét Nam da ther nghiém st dung tu liéu Sentinel-5P trong danh gia chét luong khong khi tai mot sé khu vuc
(Luu Thi Diéu Chinh va nnk., 2023). Theo bo c4o hién trang 6 nhiém qudc gia 2021 thi chét luong khong khi
tai cac thanh phd I6n va cac khu céng nghiép duoc ghi nhan 1a 6 nhidm tai mot s6 thoi diém trong nam, dac biét
1a 6 nhim bui (Bo TN&MT, 2022). Cac tac dong cua didu kién khi hau 1am thay déi mic d6 6 nhidm khéng khi
trong mot nam. DSi véi khu vge mién Bic, 6 nhiém bui tap trung vao cac thang mua dong, mua it (B6 TN&MT,
2022). Béi vé6i khu vge mién Nam thi mirc do 6 nhidm giam rd rét vao cac thang mua mua va cao hon vao mua
khd (Bo TN&MT, 2022). Cac thdng sb vé chét luong khong khi duoc ghi nhan tai cac tram quan tric ¢b dinh
lién tyc trén ca nudc, thdng qua ndng dd mot sé chét khi gay 6 nhiém nhu SO,, CO, NOy, Os, bui, TPS (téng
lwong bui lo ling), bui PM1o, bui PM2sva Pb. Trong giai doan 2016-2021, khdng khi tai cac thanh phd 16n nhu
Ha Noi, Thanh phd H6 Chi Minh va mét sé khu ¢6ng nghiép 16n nhu tinh Bic Ninh c6 mtc do 6 nhidm 16n tai
mot s thoi diém trong nam (Bo TN&MT, 2022). Nguyén nhan gay ra 6 nhidm khdng khi tai Viét Nam do nhiéu
nguyén nhan khac nhau nhu diéu kién khi hau, thoi tiét trong nam, thay doi dién tich rimg va cay xanh do thi,
phat trién cac nganh céng nghiép, xay dung va dich vu, tbc d6 d6 thi hoa, hoat dong giao théng van tai, hoat
dong san xuat nong nghiép (Bo TN&MT, 2022).

Nhu vay, nhiéu nghién ciu tai Viét Nam va trén thé gisi da va dang nghién ctu sur dung tu liéu Sentinel-5P
da thoi gian dé danh gia chat lugng khong khi tai cac khu vuc khac nhau. Két qua nghién cau cho thiy kha ning
g dung va wu diém caa tu liéu Sentinel-5P trong giam sat chét lugng khong kh. Trong ndi dung bai bao, cac
tac gia trinh bay két qua nghién ctru tu liéu vién tham Sentinel-5P da thoi gian va nén tang Google Earth Engine
trong giam sat chat lugng khong khi trén khu vyc dét lién Viet Nam va tai cac thanh phé 16n trong giai doan tir
thang 01/2022 dén thang 12/2023.

2. Vi tri nghién ciru va dir liéu thir nghiém
2.1. Vi tri nghién ciru

Khu vic nghién ctru dugc thé hién trén Hinh 1a. Khu vuc nghién ctu 1a khu vuc dat lién caa Viét Nam. Dién
tich cua Viét Nam 12 331.212 km?, trong d6 dién tich dat lién chiém 93,62%. Puong bo bién 3.444 km. Bién gioi
Viét Nam trén dat lien dai 4.639 km, gidp véi vinh Thai Lan ¢ phia Tay Nam, vinh Bic B¢ va Bién Dong & phia
Dong, Trung Quéc & phia Bac, Lao va Campuchia ¢ phia Tay.

Vit Nam thuge khu vuc c6 dac diém khi hau nhiét d6i. Dia hinh ctia Viét Nam phan lon 1a d6i nii (chiém %
dién tich 1anh thd), khu vuc ddi ndi thap, khu vue ddng bang chiém 1/4 dién tich. Dua trén cac dic dlém dia
hinh, khi hau, Viét Nam duoc chia thanh cac ving khac nhau nhu Ddng bang Song Hong, Trung du va mién ni
phia Bic, Bic Trung Bo va Duyén hai, Tay Nguyén, bong Nam B0 va Dbdng bing song Cuu Long (Téng cuc
Théng ké, 2022). Trong bai béo, céc tac gia danh gia chat lvong khong khi tai mot sé thanh phd 16n nhu thanh
phd Hai Phong, Ha Noi, Vinh, Da Ning, Nha Trang, Thanh phd H5 Chi Minh va Can Tho (Hinh 1b). C4c thanh
phé thugc khu vic nghién ctru 1a khu vie phat trién kinh té ciia vang (Tong cuc Thong ke, 2022).

73



saefysns .
A HOQI NGHI KHOAHQC QUOCGIA
NC@ S  ONG NGHE PIA KHONG GIAN Vi SU PHAT TRIEN BEN VONG
(NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

1S T0'E NOX0E

T T TV i T T

o o 20 St P
TRUNG QUOC N - ) ?‘;‘

v? pe. 5 ) =l A-"f-‘
| VIETNAW A E SR,
- (8 H _— ‘al 230N
2000 -
Vimh
s
LA ; §
08 Hamng 53 T ©9 Hotng Ss
THAI LAN o, -"
y 18°00N 1 " R
BIEN BONG 4\ BIENDONG
CAM PU CHIA A 2] CHU GIAI i 1
Céc tirn thate KNG S
5 QB Trirrng Sa N J-éh_nm'
D% Qi
060 08>
10°0 N N
2 Q. Trueng Sa
6 s im < MA LAY SIA 7 o
D ] — O RO ¢
= 106 09'E W
@ (b)

Hinh 1.V tri khu viec nghién ciiu. (a) Vi tri phdn dat lién Viét Nam; (b) Vi tri mét so thanh phé Isn tha
nghiém danh gida chat lwong khéng khi

2.2. Dit ligu thir nghiém
2.2.1. Vé tinh Sentinel-5P

Vé tinh Sentinel-5 Precursor hay con duoc goi la vé tinh Sentinel-5P, 1a mot trong nhitng vé tinh thugc
nhiém vy Copernicus cia Co quan Hang khong vil tru chau Au (ESA - European Space Agency). Vé tinh
Sentinel-5P duoc phong thanh cong vao ngay 13 thang 10 nam 2017 va c6 nhiém vu chuyén theo d&i bau khi
quyén (Babic va nnk., 2022). V& tinh mang theo thiét bi cam bién TROPOMI dé lap ban d6 cua nhiéu loai khi
vi lugng nhu nito d|0X|de (NO2), ozone (Os), formaldehyde (HCHO), sulfur dioxide (SOz), metan (CHa),
carbon monoxide (CO) va sol khi. Céc loai khi nay déu c6 anh huong dén suc khoe va khi hau cua chung ta.
Véi chiéu rong 2600 km, vé tinh Sentinel-5P 1ap ban d6 toan b Trai dat mdi ngay. Do phan giai khdng gian
cua khi SO, la 5,5%3,5 km? (Theys va nnk., 2022), khi CO la 7,0x5,5 km? (Landgraf va nnk., 2022) va khi NO>
la 7x3,5 km? (Geffen va nnk., 2022). O d6 phan giai ndy, 6 nhim khdng khi trén cac thanh phé c6 thé duoc
phat hién.

Vé tinh Sentinel-5P con dugc (ng dung trong giam sat tro ndi lira vi an toan hang khdng, cac dich vu canh
bao mirc d6 buc xa tia cuc tim cao c6 thé gy ton thuong da. Ngoai ra, cac nha khoa hoc ciing sir dung di liéu
Sentinel-5P dé nghién ctu céc qué trinh quan trong trong khi quyén lién quan dén khi hau va sy hinh thanh cac
15 hdng trén tang ozone (Langen va nnk., 2017). Vé tinh Sentinel-5P hién dang dong vai tro quan trong trong
viéc giam sat va theo ddi tinh trang 6 nhiém khéng khi.

Trong noi dung bai bao, cac tac gia da sir dung anh vé tinh Sentinel-5P bao gdm anh ndng d6 khi NO,, SO, va
CO trén ving d4t lién cua Viét Nam trong khoang thoi gian tir thang 01 dén thang 12 ndm 2022 va niam 2023.

2.2.2. Nén tang Google Earth Engine

Céc dir liéu Sentinel-5P s& duoc tién hanh khai thac va tién xir ly anh tir nén tang Google Earth Engine.
Google Earth Engine (GEE) Ia mot nén tang dé phan tich khoa hoc va truc quan hda cac bo dir liéu khong gian
dia 1y, danh cho nguoi dung hoc thuat, phi lgi nhuéan, doanh nghiép va Chinh phi. GEE luu trir hinh anh vé tinh
va luu trit n6 trong kho luu trit dir ligu cdng cong bao gom cac hinh anh lich str vé Trai déat cach day hon bon
muoi ndm. Cac hinh anh duoc ghi lai hang ngay sau d6 s& dwoc cung cip dé khai thac di liéu trén quy mo toan
cdu. GEE ciing cung cdp APl va cac cong cu khac dé cho phép phan tich cac tap dir lieu lon
(https://earthengine.google.com/platform/).

2.2.3. Quy chudn ky thugt quéc gia vé chdt hiwong khong khi

Vao ngay 13/3/2023, B Tai nguyén va Méi trudng ban hanh Thong tu sb 01/2023/TT-BTNMT. Trong do,
ban hanh kém Théng tu 1a quy chuan k¥ thuat quéc gia vé chit lugng méi truong xung quanh. Chat lwong khdng
khi duge danh gia theo quy chuin QCVN 05:2023/BTNMT “Quy chuén k§ thuat qudc gia vé chat lwong khong
khi” (Bo KH&CN, 2023). Quy chuan QCVN 05:2023/BTNMT quy dinh nhiing théng sé danh gia chat lugng
khong khi gom cac khi SO (luu huynh (sulfur) dioxide), CO (carbon monoxide), NO; (nito (nitrogen) dioxide),
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Os (ozone), TSP (téng bui lo ling), bui PMuo, bui PMz2s. Do d6, trong ndi dung bai bao, cac tac gia st dung
thong sé nong do cua cac chat khi gom SO, CO va NO, dé danh gia chat lugng khong khi cua khu vuc
nghién cuu.

3. Phuong phap nghién ctru

Quy trinh x4c dinh chét lugng khong khi trén khu vuc nghién ciru sir dung anh vé tinh Sentinel-5P dugc thuc
hién theo quy trinh trong Hinh 2.

Ranh gi6i dét lién Sentinel-5P Vi tri céc thanh phd
Viét Nam da thoi gian 16n cua Viét Nam
Lua chon mirc xt Iy mure 3
v y v
NO: (60) SOz
v y
v v
»  Tinh néng d¢ trung binh theo nim Tinh ndng d¢ trung binh
theo thang
v
v v
Nam 2022 Nam 2023
v : v v
. P V& biéu db ndng d6 chét khi
Tao anh raste.r{c.:at theo NO», CO. SO i
ranh gidi |
v v
banh gia chét lugng khéng khi ving Panh gia chét luong khong khi
dat lién Viét Nam theo ting ndm tai cac thanh pho theo thang
| |
\ 4 A 4

Danh gia chung vé chit lugng khong khi tai
Viét Nam trong giai doan 2022-2023

Hinh 2. Quy trinh déanh gia chat lrong khong khi siz dung anh Sentinel-5P trén nén tang GEE

Quy trinh danh gia chat luong khong khi st dung anh Sentinel-5P dugc thyc hién trén nén tang GEE va bao
gom céc giai doan chinh nhu sau:

- Budc 1: Thu thap dir liéu anh Sentinel-5P da thoi gian trong pham vi khu vuc nghién ctu. Dit liéu danh gia
chit lugng khong khi trong noi dung bai bao gébm ndng do céc chat khi SO,, NO,, CO tir tur liéu anh Sentinel-5P
da thoi gian véi muc xu ly L3.

- Budc 2: Danh gia chat lwong khong khi ving dt lién Viét Nam trong nim 2022 va nam 2023. Cac dir liéu
ndng do cac chat khi SOz, NO2, CO sé& duoc tinh trung binh trong thoi gian mét nim ciia ndm 2022 va nam 2023.
Két qua duoc luu dudi dang anh raster va trong hé toa do WGS84. Dé tién hanh so sanh su thay dbi vé& phan bd
céc chat khi trén ving dat lién Viét Nam, céc tac gia tinh chuyén gia tri thang ndng d6 nam 2022 vé cling thang
nong d6 nam 2023 dya trén gia tri 16n nhét va gia tri nho nhat.

- Budc 3: Panh gia chat lugng khdng khi tai vi tri cac thanh phd I6n (Hinh 1b) theo ting thang (01/2022 dén
12/2023). Cac dir liéu nong do chat khi SO2, NO,, CO sé& dugc tinh trung binh cho ting thang. Két qua nong do
dugc biéu thi trén biéu do dign bién cua ndng do6 chat khi tai cac khu vuc thanh phé lon.

- Bude 3. Panh gia chung vé chat lugng khong khi tai Viét Nam va tai cac thanh phd lon trong giai doan
2022-2023.

4. Két qua va thio luan

4.1. Pdnh gid chit lwong khong khi tai viing dit lién Vigt Nam
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Dua trén quy trinh duoc thé hién trong Hinh 2, cAc tac gia x4c dinh ndng do trung binh trong nim 2022 va
nam 2023 cua cac chit khi SOz, NO2, CO tir tu liéu anh Sentinel-5P trén phan dt lién cua Viét Nam va duoc thé
hién trén Hinh 3, 4 va 5.

Hinh 3 thé hién ndng d6 trung binh nam 2022 va nam 2023 cua chét khi SOz vé&i don vi la (mol/m?). Két qua
Hinh 3a va Hinh 3b cho thay nong do trung binh nim 2022 va 2023 trén phan dét lién cua Viét Nam da c6 sy
thay ddi vé gié tri va vi tri phan bd. Nong d¢ khi SO, cao nhét tap trung tai cac tinh phia Bic gom Béc Giang,
Bic Ninh, Hai Duong, Hai Phong va mot phan cua tinh Quang Ninh. Khu viuc mién Nam la céc tinh Ninh
Thuan, Binh Thuan, Lam Ddng. Vi tri cac diém ¢ ndng d6 SO, cao ndm 2022 tap trung tai khu viec Nam Trung
Bo. Xét trong nam 2023 thi vi tri c6 miic ndng do cao giam trén toan ving dat lién cua Viét Nam. Khu vyc co
ndng d6 SO tang 1én tai mot sb diém phia Ty tinh Ha Tinh trong nim 2023.
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Nong d6 trung binh nim 2022 va nim 2023 cua chit khi NO, dugc thé hién trong Hinh 4. Xét trén toan bo
vung dat lién caa Viét Nam thi nong d¢6 NO; 1a twong di thap. Khu vuc c6 nong d6 NO> cao nhat 1a viing Bong
bang Séng Hong ¢ phia Bac va khu vuc Thanh pho HO Chi Minh ¢ phia Nam. Xét vi tri khu vuc phia Bic cua
Viét Nam, tai khu vuc nam giira ba tinh Hai Phong Quang Ninh, Hai Duong ¢6 nong d6 khi NO2 cao nhét. bay
14 vi tri tap trung cac khu cong nghiép I6n cia mién Béc. Ngoai ra, khu vuc ¢d nong do khi NO, cao tai mién
Bic la vi tri khu cong nghiép va duong Quéc 16 1A di qua cac tinh Ha Nam, Ninh Binh va Thanh Héa. Khu vuc
thanh phd Ha Noi va Thanh phé H6 Chi Minh ciing dugc ghi nhan 13 noi ¢c6 nong do khi NO, cao. Nam 2023,
nong d6 chat khi NO; tang 1én tai ving phia Bic va ving Bac Trung B so véi ndam 2022. Tai khu vyc mién Bac,
dién tich viing c6 ndng do NO2 cao da mé rong vé phia Tay Béc. Khu vuc Bic Trung B, vi tri ¢6 ndng d6 NO;
cao dd mo rong hon vé phia Pong tinh Thanh Héa va Nghé An. Tai vi tri phia Tay tinh Son La va Bién Bién,
gan bién gisi voi Lao da xuat hién khu vuc c6 NO; cao trong nim 2023. NO; la chat khi gay 6 nhiém khdng khi
va dugc thai ra tir cac phuong tién giao thong va cac hoat dong cac khu cong nghiép. Duéi tac dong cua anh sang
mat troi khi NO2 ¢6 thé chuyén thanh khi NO va tao ra khi ozone (O3) ciing 1a chat khi gy 6 nhidm moi truong.
Do d6, viéc kiém soat nong do khi NO; s& gilp giam anh huong cua khi NO2 dén chat luong khong khi va sic
khoe con nguoi.

Hinh 5 thé hién ndng d6 trung binh nam 2022 va nam 2023 cua chat khi CO. Hinh 5 cho thiy ndng d6 CO cao
tap trung tai khu vuc mién Bic va Bic Trung Bo. Vi tri ¢6 ndng do cao nhat tai vang Bdng bang Séng Hong va
mot s6 tinh Thai Nguyén, Tuyén Quang, Yén Bai, Lao Cai. Khu vuc phia déng cac tinh Thanh Héa, Nghé An,
Ha Tinh ciing ghi nhan nong d6 CO ¢ mirc cao. Céc tinh mién Nam Trung B ¢6 nong dd CO & mic trung binh.
Khu vuc c6 nong d6 CO ¢ muc thap 1a cac tinh thudc khu viec Tay Nguyén. So sanh hinh anh trén Hinh 5a va
Hinh 5b cho thay khu vuc ¢6 nong d6 CO & mic cao ndm 2023 di ting 1én so voi nam 2022 va mé rong phia
khu vuc Tay Béc, gan bién giéi véi Lao.
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Hinh 5. Nong dg khi CO nam 2022 va nam 2023

4.2. Pdnh gid chit lwong khong khi tai cac khu vue thanh phé lon

Céc thanh phé I6n dugc thir nghiém danh gia chat lugng khéng khi bao gom thanh phd Ha Noi, Hai Phong,
Vinh, Pa Ning, Nha Trang, Thanh phé H6 Chi Minh va Can Tho. Hinh 6, 7 va 8 thé hién biéu dd biéu dién dién
bién ndng do trung binh theo ting thang tir thang 01/2022 dén thang 12/2023 tai vi tri cac thanh phd thudc khu
vuc nghién ctu.

Xét nong d¢ trung binh cua khi SO, tai Hinh 6. Két qua trén biéu do cho thdy nong do chat khi SO, thay doi
theo tung vi tri dia ly va mic d6 hoat dong cua con ngudi. CAc vi tri ¢ ndng do6 SO, nho hon 0 1a thoi diém
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khdng khi rat sach va khéng ghi nhan nong d6 cua khi SO,. Cac thang c6 nong do SO, thap thuong la thang 2,
thang 3 trong nam. Khu vuc Ha Noi va Hai Phong c6 mirc nong d6 cao vao cac thang 5/2022 va thang 12/2023.
Khu vuc thanh phé Vinh, Pa Néng, Nha Trang c6 xu hudng dién bién ndng do SO, trong nim twong tu nhu
nhau. Thanh phd H6 Chi Minh ¢6 mitc nong do SO thap hon so véi thanh phd Ha Noi. Thanh phd Can Tho 1a
khu vuc c6 nhiéu thoi diém c6 ndng d6 SO, cao nhu thang 3/2022, 5/2022 va thang 9/2023. Qua két qua phan
tich trén biéu do cho thay, tai khu vic mién Bic, thoi diém ndng do SO, cao la thoi diém mua hé va mua dong.
Dbi véi cac thanh phd khu vuc mién Pong Nam B va ving Ddng bang sdng Ciru Long thi nong d6 SO, cao
thuong vao cac thang mua kho, it mua.

Thong so $O2 trung binh trong nam 2022-2023
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Thang trong nam 2022-2023

Hinh 6. Nong d@é SO, trung binh theo thang tir 01/2022 dén 12/2023 ciia cac thanh phé lén
Hinh 7 biéu dién ndng do6 trung binh NO; theo thang tir thang 01/2022 dén thang 12/2023 tai c4c thanh phd
I6n. Dién bién ndng do NO; tai cac thanh phé Can Tho, Nha Trang, Pa Néng va Vinh & muc thap va khong cé
din bién bét thuong trong nam 2022 va 2023. Nong d6 NO; tai thanh phé Ha Noi, Thanh phd H6 Chi Minh va
Hai Phong luén & mirc cao. Thanh phé Hai Phong c6 muc ndng do NO2din bién bat thuong vao céc thang 1, 2,
4,5 va thang 12 ciia nam 2022. Nong do NO; cua thanh phé Ha Noi ludn cao hon Thanh phd HS Chi Minh.

Thong so NOZ trung binh trong nam 2022.2023
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Hinh 7. Nong d@é NO, trung binh theo thang tir 01/2022 dén 12/2023 cuia céc thanh pho lon

Hinh 8 biéu di&n ndng do trung binh ciia CO tai cac thanh phé I6n trong giai doan 2022-2023. Dién bién nong
d6 CO tai cac thanh phd twong ty nhu nhau. Trong d6, thanh phé c6 nong do CO cao la Ha Noi, Hai Phong,
Vinh va Pa Ning. Thang c6 ndng d6 CO cao nhat la thang 3, 4 hang nam. Tuy nhién, thang 3, 4 nim 2023, nong
do khi CO tai Ha Noi, Hai Phong va Da Néng ting cao hon so véi cic théng trong nam 2022 va nam 2023.

Nhu v4y, qua két qua phan tich trén anh va trén biéu do cho thay cac thanh phd ndm ¢ mién Bac c6 nong do
trung binh cac chét khi SOz, NO2, CO cao hon céc thanh phé & mién Trung va mién Nam. Dac biét & thanh phd
Hai Phong luén c6 mic ndng do cac chat khi cao nhat trong khu vuc nghién cau. Thanh pho Hai Phong la khu
vuc c6 mang ludi giao thong phuc tap, cac khu cong nghiép, nha may, cang bién, nudi trong thiy san va danh
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bat hai san d3 lam gia tang lwong khi thai cac chat 6 nhidm. Pay ciing la nhitg nguyén nhan lam ting nong do
cac chat khi SO,, NO,, CO tai Hai Phong. Cac thanh phd tap trung dong dan cu nhu Ha Noi, Thanh phd H6 Chi
Minh thi ndng do6 céc khi thai SO, NO,, CO ludn cao hon so v&i khu vuc xung quanh.

Theng so €O trung binh trong nam 2022-2023
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Thang trong nam 2022-2023

Hinh 8. Nong @ CO trung binh theo thang tir 01/2022 dén 12/2023 cuia c&c thanh phé lon

5. Két ludn

Qua két qua nghién ciru cho thay tur liéu anh Sentinel-5P cho phép giam sét chat lugng khdng khi trén dién
rong thong qua gié tri ndng do cua cac chat khi gay 6 nhiém nhu SO,, NO,, CO. Bong thoi, tu liéu anh Sentinel-
5P da thoi gian cho phép theo doi sy thay d6i ndng do céc chét khi gay 6 nhidm trong nhiéu nam va xéac dinh cac
vi tri thay ddi theo khong gian. Két qua so sanh nong dé trung binh nim cua chat khi SO,, NO,, CO trén ving
dat lién Viét Nam trong giai doan 2022-2023 cho thay nong do céc chat NO; va CO da tang 1én tai mot s6 khu
vuc mién Bic trong ndm 2023. Bén canh d6, anh Sentinel-5P cho phép biéu dién ndng do cac chat khi theo
khong gian dia ly va phan bé thang gia tri trén tirng vang. Trong ndi dung bai béo, cac tac gia da thé hién dién
bién ndng do trung binh theo thang trong khoang thoi gian tir thang 01/2022 dén thang 12/2023 cua cac chat khi
S0, NO,, CO tai mét sb thanh phé 16n cua Viét Nam gom Ha Noi, Hai Phong, Vinh, Pa Ning, Nha Trang,
Thanh ph H5 Chi Minh va Can Tho. Két qua ciing cho thy dién bién ndng do cac chat khi trén ting thang tai
céc thanh phé khac nhau va cé thang dién bién bat thuong. Thanh phd Hai Phong ghi nhan ¢ nong do trung
binh céc chét khi SO, NO2, CO cao tai mot sb thoi diém trong nam. Cac khu vuc ¢ ndng d6 chit khi SOz, NO,
CO cao thuong 1a nhirng khu vyuc ¢6 mat d6 giao théng cao, tap trung nhiéu khu cong nghiép. Két qua nghién
ctru ciia bai béo cung cap thém thong tin vé chat luong khong khi trong nam trén ving dat lién Viét Nam va thoi
diém tirng thang tai mot sb thanh phd 16n cua Viét Nam trong giai doan 2022-2023. Dong thoi, bai bao ciing bo
sung két qua (g dung tu liéu Sentinel-5P trong danh gia chat lugng khdng khi tai Viét Nam.
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ABSTRACT
Application of Sentinel-5P imagery
for monitoring the air quality of large cities

Le Minh Hang'?, Do Thi Hoai®"
!Le Quy Don Technical University, Hanoi, Vietnam
2Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology
3Vietnam Institute of Surveying and Mapping

Air pollution is becoming increasingly significant, particularly in the major cities of Vietnam. The rapid increase
in population density, the emergence of personal automobiles, and the development of industries have all
contributed significantly to environmental pollution. The Sentinel-5P (Sentinel-5 Precursor) satellite, equipped
with the TROPOspheric sensor (TROPOMI), was successfully launched by the European Space Agency (ESA)
in October 2017. The primary objective of the Sentinel-5P satellite is to detect ultraviolet radiation, ozone, and
air quality by conducting atmospheric measurements with high temporal resolution. In the article, the authors
demonstrate the utilization of Sentinel-5P data and the Google Earth Engine (GEE) platform to monitor air
quality in major cities in Vietnam. The study area includes the entire mainland of Vietnam and several major
communities, such as Hanoi, Hai Phong, Vinh, Da Nang, Nha Trang, Ho Chi Minh City, and Can Tho. The
period of air quality monitoring is from January 2022 to December 2023. In the period of 2022-2023, the spatial
distribution of the annual average concentration of SOz NO,, and CO on the mainland of Vietnam was
demonstrated by the research results. In some areas, the amounts of CO and NO; in 2023 are higher than in
2022. In addition, we monitor the air quality of large cities through determining the average concentration of
polluting gases such as SO,, NO2, and CO on a monthly basis. The research results of the article enhance the
capacity to utilize remote sensing data for the purpose of large-scale air quality monitoring in Vietnam.

Keywords: Sentinel-5P, air pollution, large cities, Google Earth Engine.
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Thanh 1ap m6 hinh lun dé chan séng Nha may loc dau Dung Quat

Nguyén Thi Kim Thanh®", Nguyén Ha
YTruong Dai hoc M6 - Dia chat

TOM TAT

Dé chin séng 1a mot hang muc quan trong dam bao an toan cho nha méy loc dau nhung lai d& bi chuyén
dich theo thoi gian do chiu tac dong cua cac yéu té nhu song bién, nhiét do,... do d6 chung duoc gidm sat
thudng xuyén théng qua cong tac quan tric. Hién tai phan 16n cac cong trinh n6i chung va dé chin séng néi
riéng & Viét Nam déu dugc quan trac 1an bang phuong phép tric dia, nén két qua thu dugc don gian chi la gia
tri 1Gn cua cong trinh. Chinh vi vay, dé van hanh tuyén dé an toan va hiéu qua, can danh gia tng quan xu
huéng 1Gn cua cdng trinh dua trén két qua phan tich 1an trong khdng gian. Phan tich IGn trong khong gian tir
dir liéu tric dia ban chat 1a thanh 1ap md hinh 1an cua cong trinh thdng qua cac ham toan hoc. Bai bao di tng
dung phuong phéap nay cho truong hop thanh 1ap md hinh 1Gn tuyén dé chin song tai Nha may loc dau Dung
Quat. Két qua thu duoc 12 mot duong thang xac suat 1Gn - thanh l1ap trén co sé két qua do lun thuc té coa
tuyén dé. Theo doi mé hinh nay, cic nha quan ly c6 thé giam sét cong trinh mot céch truc quan va toan dién
hon. Pdng thai, ciing gitip nhan biét va khac phuc cac xu hudng chuyén bién xau cua cong trinh, tir d6 duy tri
hoat dong san xuét an toan va hiéu qua.

Tir khda: Mé hinh 1an, quan tric bién dang, dé chin séng, Nha méy loc diu Dung Quiat.

1. Pit van dé

Phan tich dir liéu quan tric bién dang cong trinh néi chung va quan tric 1Gn néi riéng la giai phép nang cao
hiéu qua xtr 1y s6 liéu, gip cong tac quan ly van hanh cong trinh an toan hon (Tran Khéanh, Tran Ngoc Dong,
2018; Nguyén Thi Kim Thanh, 2021). Hién tai, trén thé gisi, xu huéng xac dinh va phan tich gia tri sut ln cua
mit dat do cac tham hoa thién nhién nhu dong dat, ndi kra phun trao, truot 16,... hodc do 10n cua céc cong trinh
nhu dap thuy dién,... la dya vao dit liéu anh vé tinh quang hoc hoac anh vé tinh radar. Nhitng k¥ thuat hién dai
nay khéng chi gidp tiét kiém sirc lao dong caa con ngudi ma con cho két qua phan tich rat da chiéu va tryc quan,
duoc cap nhat lién tuc hang ngay, hang thang (Guiseppe Modoni et al., 2013; Zhigua Pang et al., 2023). Bén
canh do, ciing c¢6 nghién ctru sir dung hé thong tin dia ly (GIS) tich hop cac thdng sé gay sut lin dé phan tich va
thanh 1ap mé hinh danh gia tinh trang I0n ctia cdng trinh (Haya M. Alogayell et al., 2021). Tuy nhién, c&c cong
nghé, ki thuat hién dai nay ciing c6 nhitng han ché nhat dinh do 1a chwa dugc hé théng hoa mot cach rong rai va
toan dién (Federico Raspini et al., 2022). 0 nhiing khu vuc, nhitng cong trinh ¢6 téc do 1an cham, hodc khong
xac dinh duoc céc théng sb gay Iun thi kh6 c6 thé dung cac phuong phap noi trén dé phan tich ltn (day chinh la
truong hop ¢ Viét Nam). Tai Viét Nam, céc co s san Xuét cha yeu van quan trac 14n bang phwong phap tric dia
truyén théng boi chung ta chwa phong duoc vé tinh, ciing khong d& dang lay duoc dit liéu anh vé tinh mot cach
tu do, mién phi. Hon nira, néu cé thu thap duoc dit liéu vé tinh thi ciing can k§y thuat chuyén mén dé xu ly va tng
dung nhuan nhuyén. Viéc nay phai mat nhiéu thoi gian va cong sic, rat kho thuc hién rong rai. Chinh vi vay, giai
phép phu hop nhét dé ang dung phan tich sb liéu quan tric lin duge do bang phwong phép trac dia la cac phuong
phép truyén théng nhu phan tich hinh hoc (phén tich khdng gian), phan tich thong ké va phan tich theo thoi gian
(du bao) (US.Army Corps of Enginners, 2018). Trong pham vi nghién ctu cua bai béo nay, tac gia dé xuét giai
phap phan tich di ligu quan trac lan trong khong gian tur s6 ligu trac dia, dudi cac dang hinh hoc nhu duong
thang, duong cong, mat phang,... (Tran Khénh, Nguyen Quang Phc, 2010) ap dung dé thanh  14p mo hinh 1Un
tuyén dé chan séng tai Nha may Ioc diu Dung Quét. Dy &n quan tric 1Gn tuyen dé chin séng Van luén duoc cac
nha quan ly cong trinh quan tam thuc hién thuong xuyén theo cac chu ky mdi nim. Tuy nhién, so liéu thu dugc
don gian chi la cac gia tri d6 l0n roi rac cua cac dlem quan trac trén tuyén dé. Do d6, viéc dé xuat thanh lap md
hinh 1Gn trong khéng gian cho cdng trinh nay Ia can thiét va c6 tinh thyc tién cao. Phuong phéap thuc hién don
gian, két qua thu dugc mang lai hiéu qua cao trong viéc giam sat cong trinh ngay tai thoi diém quan tric (Tran
Ngoc Bong, 2009; Loizos Pelecanos et al., 2018). M hinh thu dwugc gilp cac nha quan ly danh gla dugc tong
quan xu huéng chuyén dich cia cong trmh dong thoi co thé noi suy duoc gia tri chuyén dich cia cac mdc quan
trac bi mat hoac bi hu hong (Weizhou et al., 2011; Lé Thanh Lam, 2023).

* Téc gia lién he
Email: nguyenthikimthanh@humg.edu.vn
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2. Co s6' Iy thuyét

Xay dyung md hinh chuyén dich (chuyén dich ngang va chuyén dich thang dang) 12 mét trong nhiing nhiém vu
quan trong cua cong tac quan trac bién dang cong trinh, dac biét 1a ddi véi cac td hop ky thuat nhay cam nhu nha
méy thay dién, cc tuyén dap tran, dap chin nudc, ...

Céc nhiém vu duoc dit ra trong khi phan tich, danh gia chuyén dich bién dang céng trinh bao gom:

- Xac dinh xu hudng chuyén dich cta cng trinh trong khéng gian, theo thoi gian.

- X4c dinh va dénh gia mic d6 phu thudc d6 chuyén dich cong trinh vao mét sb yéu té ngoai canh.

M® hinh chuyén dich c6 thé dugc phan chia thanh 3 loai cha yéu 1a: M6 hinh chuyén dich cia déi twong quan
trac trong khong gian, mo hinh chuyén dich theo thoi gian va mo hinh thong ke.

Trong pham vi nghién ctu cia bai bao, ddng thoi cin ctr vao sé lidu do dac thyc té (quan tric bang phuong
phap tric dia) tac gia xem xét mot s6 mé hinh lun trong khong gian nhu: Phuong trinh dudng thing Xxé&c suat,
phuong trinh dudng cong, mat phang xé&c suat. Nhitng mé hinh nay duwoc xay dung gilp cac nha quan ly van
hanh cong trinh danh gia mot cach tong thé xu hudéng IUn cua cbng trinh. Ngoai ra, cac md hinh lan trong khéng
gian con c6 thé ndi suy d6 1an cua nhitng mdc quan trac cia céng trinh bi hong, bi mat hodc gap kho khin trong
qua trinh do dac.

2.1. Phwong phdp dwong thing xdc sudt

Mb hinh nay duoc tng dung phi hop cho tuyén dap c6 két cdu bé tong cbt thép nhu tuyén dap tran, dap bé
téng trong luc.

Néu doc theo tuyén cong trinh b tri va thuc hién quan tric n mdc lin nhu Hinh 1 véi vector toa do theo
huéng ngang cua cac diém quan tric 1a X = (X1,X2,...Xn), vector d6 1an twong tng 12 S = (S1, S,...Sn). Tai chu ky
dang xét cac mdc da bi 1Gn xudng mot dai lwgng nao d6 va co vi tri tuong ung 1a 1', 2/, 3',....n". Vay duong gap
khic G = {1'-2-3"-...n'"} biéu thi cho dic tinh 1Gn cua cong trinh doc theo truc OX.

Néu xap xi (G) bang mot duong thang (L) sao cho tong binh phwong dé léch cac dinh cua G so véi duong
thang L 1a nho nhat: [VZ#] = Min thi L duoc goi 1a dudng thang 10n xac suat hoic don gian 1a dwdng thang 1un.

o 1 2 3 4 i n X
Si
b
T
Hinh 1. M6 hinh dwong thing xdc sudt
Svy

Phuong trinh dudng thing L c6 thé duoc viét dudi dang:

S=aX+bvbdia=tga Q)

trong do:

a - G6c nghiéng ciia dudng thang so véi phuong nam ngang (thé hién do nghiéng tong thé cia cong trinh).

b - Gia tri IGn cua cong trinh tai diém gdc toa d, néu goc toa do lay tring véi trong tm cdng trinh thi b sé la
d6 1un tai trong tdm cong trinh.

Can c6 it nhat 2 diém quan tric lan dé xac dinh mot hé gdm 2 phuong trinh tuyén tinh (1) va tim dwgc 2 tham
s6 a, b. Néu sb diém quan tric nhiéu hon 2, thi duong thang L xac suat nhat dugc xac dinh theo nguyén ly sé
binh phuong nhé nhét vai diéu kién [VZ] 1 Min, trong trudng hop nay bai toan duoc giai theo trinh ty sau:

Trén co s cc vector X va S lap duoc hé phuong trinh sé hiéu chinh

Ve=A4z+S 2
x; 1 -S; Vs,
voi: a=% Lhz=[]is=|"5| ="
X, 1 =Sy Vs,
Tir d6 thanh 1ap dugc hé phuong trinh chuan:
ATAz+ ATS =0 3)
va xéc dinh dugc vector tham sb z theo cong thirc:
z=—(ATA)ATS 4
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Néu chuyén diém gdc O vé vi tri trong tdm cdng trinh (sao cho [x]=0), khi d6 s& tinh duoc:

(AT4) = ([[9;2]] [z]) _ ([xz] 0)

0 n (5)
S]
05 - (i3)
Trong truong hop nay vector tham sé z duogc xac dinh theo cong thic:
= x5l p="U3 (6)
[x2] n

2.2. Phuwong phap dwong cong
Phuong trinh duong cong 1a mé hinh ddc trung cua cong trinh tuyén dap dat da do. Vi tri ¢ gitra cua nhitng
tuyén dap dang nay sé chiu tai trong va ap luc I6n nhat vi vay d6 1Gn tai do s& 16n hon nhiéu so véi hai dau tuyén

dap nén xay ra hi¢n tuong bi cong vong cua cong trinh. )
Gia thiét Sy, Sz,..., Sn 12 d6 10n ctia cdc moc quan trac duoc gan trén truc cong trinh thi phuong trinh duong

cong thé hién do 14n caa cac diém do duoc viét dudi dang tong quét sau:

Sn = ax,zl + bxn +c (7)

0 1 2 -b/Ra ) g

57T Vi tri ¢6 d6 Lin 16n nhét —
10 1
157 I
20T h

Xi

i
Sn

Hinh 2. B¢ cong cua tuyén ddp duwoc biéu dién bang dirong parabol
Céc h¢ s6 a, b, ¢ clia phuong trinh (7) dugc xc dinh dya theo nguyén Iy s6 binh phuong nhé nhat boi mdi tri
do lan 1ap dwoc mot phuong trinh s6 hiéu chinh dang:

vi=ax?+bx;+c—S; (8)
- Viét dudi dang ma tran vai n diém quan tric
V=AX+1L 9
trong do 121 x2 x 1 a =S
v=|"2 a=|x *2 1 X=[b]L= =52 (10)
V3 x2 x2 1 ¢ —Sn
- Lap hé phwong trinh chuan
ATAX + ATL =0 (11)
- Tham s cua phuong trinh duong cong
X=—(ATA)A"L (12)

- Sai s6 thanh 1ap mé hinh

(13)

[vv]
=+ ’
h== n—3
2.3. Mat phﬁng xdc sudt

Mat phang xac suat la m hinh In trong khdng gian bicu dién do In cua cong trinh ¢6 dang ving, céc diém
quan trac phan bo khong cting trén mot duong thang ma trén toan b¢ di¢n tich cong trinh. Vi vay ¢ mdi chu ky
guan trac sé& ton tai mot bé mat 1an thé hién dac tinh 1Gn cta cac diém do.
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<V

Hinh 3. Tham sé lan cua cong trinh dang ving
Phuong trinh ctia mat phang 1Gn ¢6 thé duoc viét dudi dang:

S; =ax; +by; +c (14)
Véi n diém quan trac (n > 3), thanh 1ap duoc hé phuong trinh sé hiéu chinh
V=A4Z+1L (15)
trong do: Z=(@@ b T
X1 Y11
e (16)
xn yn 1
L=(S S, .. ST
Ap dung nguyén 1y s6 binh phwong nho nhat, xac dinh dugc vector Z
Z=(ATA)TA"L (17)

Tir d6 tinh duoc hé tham s IGn tong quat cia mat phang lan
Do 1Un tai goc toa do (thuong 1a diém trong tdm cdng trinh)

Srr=¢ (18)
G6c nghiéng 1on nhat caa mat phang 1Gn
B = arctan (v/a? + b?) (19)
Hudng nghiéng 16n nhat (tinh tir truc OX theo chiéu kim dong hd)
b (20)
@ = arctan—
a
3. Thanh Iap mé hinh lin dé chin song Nha may loc ddu Dung Quét

3.1. Gidi thiéu cong trinh

Hinh 4. Pé chdan séng Nha may loc dau Dung Qudt
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Cong trinh Nha may loc dau Dung Quat dugc xay dung tai dia ban hai x& Binh Tri va Binh Thuan,
huyén Binh Son, tinh Quang Ngdi c6 cong suat 6 triéu tin/nam la cong trinh quan trong lién quan den an ninh
qudc gia, c6 ¥ nghia dac biét quan trong trong viéc thuc day phat trién kinh té - x& hoi cua khu vuc mién Trung,
Tay Nguyén.

Dé chan séng 1a mot trong nhitng hang muc quan trong caa cong trinh, chu ky 2 duoc thuc hién quan tric theo
g6i thau chung cua toan bo cong trinh tir 17/02/2023 dén ngay 01/3/2023.

Dé chin song dugc xay dung la loai dé bé tong (gdm nhidu khdi bé tdng xép chdng nhau) dai gan 1,6 km; cao
trinh dinh dé tir 8-10 m trén mat nudc bién, bé rong I6n nhét tai chan dé khoang 110 m va tai dinh 1a tir 10-11 m.

Bang 1. Dir liéu quan trdac d@é chan song chu ky 2

Heé toa do VN2000 Hé toa do VN2000
Tén Kinh tuyén truc 108°, miii 3° Do lin Tén Kinh tuyén truc 108°, miii 3° D6 lin
diém Chu ky 2 (02-2023) diém Chu ky 2 (02-2023)
N (m) E (m) H (m) S (m) N (m) E (m) H@m) | S(m)
IR | 1705336,894 | 585145,228 | 10,907 -0,013 8L | 1705329,445 | 584445,071 | 10,651 T
1C | 1705334,000 | 585145,431 | 10,899 -0,008 9R | 1705337,846 | 584345,448 | 10,997 | -0,014
1L | 1705330,738 | 585145,590 | 10,873 -0,015 9C | 1705333,318 | 584344,383 | 11,089 | -0,010
2R | 1705337,708 | 585045,024 | 11,426 -0,010 9L | 1705329,224 | 584346,035 | 11,082 | -0,009
2C | 1705334,028 | 585045,710 | 11,409 -0,011 10R | 1705337,585 | 584245,301 | 11,334 | -0,007
2L | 1705329,963 | 585044,530 | 11,390 -0,015 10C | 1705334,024 | 584245,628 | 11,532 | -0,012
3R | 1705337,311 | 584945,858 | 11,420 -0,009 10L | 1705331,631 | 584245,854 | 11,556 | -0,009
3C | 1705334,343 | 584945,414 | 11,453 -0,01 11R | 1705337,878 | 584146,515 | 11,252 | -0,007
3L | 1705329,933 | 584946,302 | 11,470 -0,012 11C | 1705334,275 | 584144,737 | 9,987 | -0,015
4R | 1705337,054 | 584845,337 | 11,214 -0,010 11L | 1705330,422 | 584145,058 | 11,297 | -0,008
4C | 1705333,918 | 584845,334 | 11,237 -0,014 12R | 1705339,094 | 584045,645 | 10,881 | -0,013
4L | 1705330913 | 584846,572 | 11,239 -0,013 12C | 1705334,487 | 584045,505 | 10,968 | -0,010
5R | 1705337,212 | 584745,278 | 11,140 -0,011 121 | 1705331,260 | 584045,952 | 11,088 | -0,011
5C | 1705334,067 | 584745,393 | 11,191 -0,015 13R | 1705336,488 | 583941,848 | 10,954 | -0,008
5L | 1705331,238 | 584745,519 | 11,170 -0,013 13C | 1705334,128 | 583944,678 | 11,062 | -0,015
6R | 1705336,681 | 584645,461 | 10,550 -0,012 13L | 1705330,728 | 583944,807 | 11,147 | -0,011
6C | 1705334,434 | 584645,569 | 10,576 -0,011 14R | 1705337,349 | 583846,507 | 10,910 | -0,013
6L | 1705330,828 | 584645,596 | 10,601 -0,013 14C | 1705334,956 | 583845,942 | 11,050 | -0,012
7R | 1705338,160 | 584546,409 | 10,355 -0,009 14L | 1705330,960 | 583845,998 | 11,107 | -0,008
7C | 1705334,151 | 584545,375 | 10,666 -0,013 15R | 1705337,795 | 583744,245 | 10,931 | -0,009
7L | 1705330,370 | 584544,937 | 10,577 -0,014 15C | 1705333,809 | 583745,662 | 11,021 | -0,010
8R | 1705338,198 | 584446,277 | 10,392 -0,015 15L | 1705330,996 | 583745,166 | 10,972 | -0,014
8C | 1705334,043 | 584445,717 | 10,643 -0,010

3.2. Két qua thwe nghiém

Do dé chén song c6 dang thang va c6 cau tao bé tdng nén mo hinh 1tn c¢6 dang dwong thing (Nguyén Thi Kim
Thanh, 2021) nhu sau:

{

a = 0.000091
b = —155,605

S=ax+b
_ Nhu vay, 45 mbc quan tric trén tuyén dé déu co do In thoa man quy luat caa mé hinh trén. Dé xéc dinh tham
s0 a, b cua duong thang xac suat, 4p dung nguyén ly s6 binh phuong nho nhat, dugc:

(S tinh theo don vi m)

Dé thuan loi cho viéc biéu dién do thi mo hinh 1dn, dich chuyén géc vé trong tam ciia cong trinh sao cho [x] =
0, khi d6 toa d6 X cua cdc moc quan trac duoc tinh lai nhu sau:




sanfpons

~~ A HOINGHI KHOAHQC QUOCGIA
NC@ SD  CONG NGHE PIA KHONG GIAN Vi SU PHAT TRIEN BEN VNG
: (NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

Bang 2. Toa dé X va d¢ 10n cac moc quan trdc (thay déi goc tog do)

(;1;511:1 Toa do X (m) };Q(:::)n ;g:l Toa do X (m) 29(::)“
IR 2,808 -0,013 8L -4,641 -0,008
1C -0,086 -0,008 9R 3,760 -0,014
IL -3,348 -0,015 9C -0,768 -0,010
2R 3,622 -0,010 9L -4,862 -0,009
2C -0,058 -0,011 10R 3,499 -0,007
2L -4,123 -0,015 10C -0,062 -0,012
3R 3,225 -0,009 10L -2,455 -0,009
3C 0,257 -0,010 11R 3,792 -0,007
3L -4,153 -0,012 11C 0,189 -0,015
4R 2,968 -0,010 11L -3,664 -0,008
4C -0,168 -0,014 12R 5,008 -0,013
4L -3,173 -0,013 12C 0,401 -0,010
5R 3,126 -0,011 121 -2,826 -0,011
5C -0,019 -0,015 13R 2,402 -0,008
5L -2,848 -0,013 13C 0,042 -0,015
6R 2,595 -0,012 13L -3,358 -0,011
6C 0,348 -0,011 14R 3,263 -0,013
6L -3,258 -0,013 14C 0,870 -0,012
7R 4,074 -0,009 14L -3,126 -0,008
7C 0,065 -0,013 15R 3,709 -0,009
7L -3,716 -0,014 15C -0.277 -0.010
8R 4,112 -0,015 15L -3.090 -0.014
8C -0,043 -0,010

Khi d6 hé s6 a, b ciia phuong trinh dwong thang duoc tinh lai 1a:
{a = 0,000091
» b =, _0’q01 13 ’ \ ,
buong thang x&c suat thé hién do 1an ctia dé chan séng Nha may loc dau Dung Quat la:

S =0,000091*X - 0,0113 (21)

Do thi 10n clia cac diém quan tric trén tuyén dé chin séng va duong thang xac suat nhat (mé hinh lan) dugc
thé hién trong Hinh 5.

" SUN | RN SO 0 1 2 ; t .x
- p— e IR ~+ A==t i J.-ll i 4-—\-‘7 . A t 1 ] + i S T—
1
13
1
L E-: ) . R .i)R
10L L | 12€ " |. .
6L i 5C _ljd Ine ® ! e | & R
] i
= ® o Lis 14C y A
° AL . 1 1R
e 'L ® 150 1as
2L 1L 4

Hinh 5. M6 hinh 1an tuyén dé chdn séng Nha may loc dau dung Quadt
Nhan xét: Tir két qua phan tich s6 liéu quan tréc trong khong gian, xé4c dinh dugc mo hinh Iin cua tuyén dé
chan séng Nha may loc dau Dung Quat c6 dang duong thang nhu céng thire (21) va duoc thé hién la duong mau
cam trong Hinh 5, c6 g6c nghiéng a = 197, d6 1n trong tm cdng trinh 14 11,3 mm.
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4. Két luan

Sau khi nghién cau ly thuyét va ap dung xay dyng mé hinh lGn cho tuyén dé chin so6ng tai Nha may loc dau
Dung Quat, tac gia rit ra mot s6 két luan nhu sau:

Phan tich @6 14n trong khéng gian (phan tich hinh hoc) cho céi nhin truc quan va tong thé nhat vé xu hudng
chuyén dich cua cong trinh vi vay thanh lap cac mé hinh lan 14 giai phap dé cong tac phan tich hinh hoc nay tro
nén hiéu qua va toan dién.

Viéc lya chon md hinh ldn trong khdng gian phan nao phy thugc vao dac diém hinh dang va két cau cua cong
trinh. Véi cong trinh ket cau bé téng va dang thang thi _thuong lya chon mo hinh 1un dang duong thang, con cac
tuyén dé dap co két cau dat da, ap luc s& tap trung nhiéu ¢ giita tao d6 véng vi vay mé hinh lin ¢ xu hudng la
duong cong, trong khi dé cac cong trinh dang khéi, dang ving (nha) thi nén lya chon mo hinh mat phang.

M6 hinh lGn cua dé chin song Nha may loc dau Dung Quét cd dang duong thing. Két qua nay co thé duogc
g dung trong thuc té san xuét, lam co so dé cac nha quan ly giam sét tinh trang cua tuyén dé. Trong trudng
hop cac mébc quan trac trén tuyén dé vi ly do nao do6 (séng danh, va cham tau thuyén,...) ma bi hu hong, khong
thuan tién cho cong tac do dac, quan tric thi kién nghi c6 thé dung mé hinh 1an vira thanh 1ap noi suy do lin va
khoi phuc lai caa cac méc d6 (dua vao phwong trinh dudng thang tinh do 1an ciia méc).
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ABSTRACT

Establishment of subsidence model of breakwater
at Dung Quat oil refinery

Nguyen Thi Kim Thanh?", Nguyen Ha?
'Hanoi University of Mining and Geology

Breakwater is an important item ensuring safety of the refinery, but they are susceptible to movement over time
due to the impact of factors such as ocean waves, temperature, etc., so they are regularly monitored. Currently,
most structures including breakwaters in Vietnam are monitored subsidence by geodetic methods, so the
obtained results are only subsidence values of monitoring points. Therefore, to operate the breakwater safely and
effectively, it is necessary to make an overall assessment the subsidence trend based on spatial analysis.
Analyzing subsidence in space from geodetic data means establishing a subsidence model from mathematical
functions. The article has applied this method to establish subsidence model for the breakwater at Dung Quat oil
refinery. The achieved result is a probability line of subsidence - established from actual subsidence data of
breakwater. The model helps managers monitor projects more intuitively and comprehensively. Simutaneously,
it is easy to identify and overcome negative changes of the project, thereby maintaining safe and effective
production operations.

Keywords: Subsidence model, deformation monitoring, breakwater, Dung Quat oil refinery.
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Nghién ctu tng dung phuong phap phan loai hudng ¢ d6i twong va mo hinh
hoc may trong xay dung ban do 16p phu tir anh vién tham quang hoc

Khiic Thanh Pong"”, Tran Pinh Trong?, Tran Van Anh?3 B3 Quang Vinh!, Ha Trung Khién®,
DPao Duy Toan?!, Truong Xuan Quang*
 Truong Dai hoc Xay dung Ha Ngi
2Trirong Pai hoc Mo - Pja chadt
3Nhém nghién cizu Cong nghé Pia tin hoc trong Khoa hoc Trdi dat (GES), Truong Pai hoc Mé - Pia chdt
4Truong Dai hoc Tai nguyén va Méi triong Ha Ngi

TOM TAT

Ban d6 16p pha bé mat dat cé vai trd quan trong trong cong tac quan 1y tai nguyén, giam sat méi truong, hd
tro quy hoach st dung dat va phat trién bén viing. Nghién cau nay két hop sir dung phuong phap phan doan
anh Simple Non-Iterative Clustering (SNIC) va md hinh hoc may Gradient Boosting dé xay dung ban d6 16p
phi khu vic x3 Phong Du Thuong, huyén Van Yén, tinh Yén Bai theo phan loai huéng dbi twong. Cac kénh
phd nhin thay, can hong ngoai va hong ngoai séng ngan cua anh vién tham Sentinel-2 va 203 diém mau théng
qua thu thap thuc dia va giai doan tir Google Earth duoc st dung lam dit liéu dau vao cho nghién ciu. Céac
diém mau tap trung vao sau loai I6p phu dic trung, gdm: Ring, thuc vat khdng phai rimg, dat tréng, ruong
IGa, mat nude, va dat xay dung. Mau dir liéu duoc chia theo ty 18 1an luot 12 70% va 30% dé huin luyén va
kiém chitng md hinh. Nghién ctru da xay dung thanh cong ban dd 16p phi bé mat xa Phong Du Thuong tir anh
vé tinh Sentinel-2 vao thang 02 nam 2019. Panh gia két qua phan loai cho thay ban dd phan loai dat d6 chinh
X4c cao véi d6 chinh xéac tong thé dat 0,871 va chi sé Kappa dat 0,845.

Tir khéa: Lép pha bé mit, phuong phap Simple Non-lterative Clustering, md hinh hoc méay Gradient
Boosting.

1. Pjt van aé

Ban dd 16p phu xay dung tir anh vién tham Ia cong cu hitu ich trong quan 1y tai nguyén méi truong bai kha
ndng cung cap thong tin chi tiét vé lop phu trén quy mo I6n (Tran Ngoc Tuén va nnk., 2016; Ho Lé Thu va nnk.,
2020). Céng cu nay gilp t6i wu hoa quy trinh ra quyét dinh va phat trién cac chién luoc quan ly dat dai, tiét kiém
thoi gian va ngudn luc dang ké. Sy tién bo trong xay dung ban dd 16p phu hién nay duoc gop phan béi su phét
trién cua cong nghé anh vién tham va sy ti wu cua cac mo hinh hoc may (Ngo Buc Anh va nnk., 2016; Jamali,
2021; Ajibola va Cabral, 2024; Saini, 2024; Tran Van Anh va nnk., 2024). C4c nghién ctu hién nay thuong sir
dung cac ngudn anh vé tinh phé bién nhu MODIS, Landsat, Sentinel-2 két hop vé6i phuong phép tich hop dit lidu
dwa trén diém anh (pixel-based) (Ngoé Btrc Anh va nnk., 2016; Vii Thi Phuong Thao va Souksakone Sengchanh,
2022). Ngoai ra, mot sb khu vuc trén thé gici va tai Viét Nam da ap dung phuong phép tich hop dir liéu dya trén
hudng dbi tugng (object-based) cho bai toan nay mang lai hiéu qua tinh toan cao hon va giam céc 1i diém anh
nhiéu (pepper noise) (Ajibola va Cabral, 2024). Nhiing nim gan day, cic mé hinh hoc may dugc ap dung rong
rdi vao bai toan phan loai mang lai nhiing két qua déng khich 1¢ (Tran Van Anh va nnk., 2024). Tuy nhién, chua
¢6 nhiéu nghién ciru dé cap dén viéc két hop phuong phéap phan loai dua trén dbi tugng va mé hinh hoc may, dic
biét 1a ca&c md hinh hoc may két hop (ensemble models) cho bai toan phan loai I6p phi tir anh vién tham. Nghién
ctru ndy str dung phuong phép phan loai hudng dbi twong va mé hinh hoc méay Gradient Boosting, 1a mé hinh
hoc may két hop tién tién hién nay dé xay dung ban do I6p pha cho khu vic xa Phong Dy Thugng, huyén Vin
Yén, tinh Yén Bai tir anh vé tinh Sentinel-2. Két qua cua nghién ciru du kién s& cung cdp nhiing thdng tin quan
trong hd tro cong tac quan ly tai nguyén va phat trién bén viing tai dia phuong.

2. Dir liéu va phuwong phap nghién ctiru
2.1. Khu vwe nghién ciru

Phong Du Thuong la x& mién ndi nam tai phia Tay huyén Van Yén, tinh Yén Bai vai vi tri dia ly tir 104°20' E
dén 21°55' N. X& Phong Du Thuong gidp cac x4 Na Hau, Pai Son, Xuan Tam & phia Péng, huyén Mu Cang
Chai & phia Tay, huyén Van Chan & phia Nam, x4 Phong Du Ha va dia phan tinh Lao Cai ¢ phia Bac. Di¢n tich
ctia Phong Du Thugng 1a 204,95 km2, dan sb vao nam 2019 1a 6.070 nguoi, véi mat do trung binh 30 ngudi/km2.,

" Tac gid lién hé
Email: dongkt@huce.edu.vn
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X& Phong Du Thuong ndi tiéng véi quan thé ruong bac thang, noi co cac ddi mam x6i doc dao va doi hoa
mua sic s&. Téng dién tich ruong bac thang gan 50 ha, vai dinh cao nhat dat d6 cao khoang 1.000 m so véi muc
nuéc bién. Xa ciing co ty 1& dién tich rung 1on, dic biét 1a Khu Bao ton thién nhién Na Hau. Ngoai viéc canh tac
trdng la trén ruong bac thang, xa Phong Du Thuong con ndi tiéng voi cac khu vuc trdng qué hitu co mang lai
hiéu qua kinh té cao. Tuy nhién, do dia hinh phuc tap, noi day thuong chiu anh huong nang né tir thién tai, dac
biét 1a do nhitng anh huéng cua Ii quét va truot 1¢ dat xay ra vao mia mwa hang nam.
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xa Phong Dy Ha N
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Hinh 1. Khu vic nghién cizu xa Phong Du Thirong, huyén Van Yén, tinh Yén Bai

2.2. Dir li¢u
D liéu dnh vién tham i A 7

Sentinel-2 la mét phan cua chuong trinh Copernicus cua Lién minh chau Au, phat trién boi Co quan Vi tru
chau Au (ESA), bao gom hai vé tinh Sentinel-2A va Sentinel-2B, cung cip hinh anh da pho véi do phéan giai cao.
Sentinel-2 co 13 bang tan phd tir viing phd nhin thay (VIS), can hdng ngoai (NIR) dén hdng ngoai song ngén
(SWIR), véi do phan giai khong gian 10 m, 20 m va 60 m (Bang 1). Chu ky Iap lai 1a 5 ngay va dai quét rong 290 km
(https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-2), gidp cung cap dix liéu chi tiét vé

cac dac diém bé mat nhu dit dai, tham thyc vat va nudc, phuc vu cho nhiéu &ng dung quan trong trong nghién
ctru va quan ly tai nguyén.Bang 1. Thong tin cac kénh pho cua anh vién tham Sentinel -2

STT Kén!l phd Buwéc song Do phan giai

Sentinel-2 trung tim (pm) (m)
1 Kénh 1 - Coastal aerosol 0,443 60
2 Kénh 2 - Blue 0,490 10
3 Kénh 3 - Green 0,560 10
4 Kénh 4 - Red 0,665 10
5 Kénh 5 - Vegetation red edge 0,705 20
6 Kénh 6 - Vegetation red edge 0,740 20
7 Kénh 7 - Vegetation red edge 0,783 20
8 Kénh 8 - NIR 0,842 10
9 Kénh 8A - Vegetation red edge 0,865 20
10 Kénh 9 - Water vapor 0,945 60
11 Kénh 10 - SWIR - Cirrius 1,375 60
12 Kénh 11 - SWIR 1,610 20
13 Kénh 12 - SWIR 2,190 20

Nghién ctru sir dung cac kénh phd ¢ ving nhin thay (kénh 2, 3, 4), can hong ngoai (kénh 8) va hong ngoai
song ngan (kénh 11, 12) véi @6 phén giai khong gian 10 m va 20 m vao thoi gian thang 02 nam 2019. Di liéu
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anh cua céac kénh hong ngoai séng ngan duoc ndi suy va lay mau lai (resampling) vé do phan giai 10 m. Trudc
khi dwa vao st dung, cac kénh anh dugc tién xu ly, gom: loai bo may théng qua mit na may QA60 va hiéu chinh
birc xa dé dwa vé gié tri phan xa.

Dz liéu mau giai dodn:

Viéc Iya chon mau giai doan 1a cong doan quan trong anh huéng dén d6 chinh xac cia md hinh phén loai.
Nghién ctu tién hanh lya chon cac diém 1y mau tir chuyén thuc dia nam 2022 ddi vai cac khu vuc dé tiép can va
¢6 tinh 6n dinh nhu khu dan cu, rudng laa. Dong thoi, két hop str dung Google Earth dé chon mau cuing véi thoi
diém chup cuia anh Sentinel-2. Cac diém liy mau duoc lya chon ngau nhién, duoc ddi chiéu véi két qua giai doan
trén anh mau that cua Sentinel-2 dé dam bao cac mau dugc xac dinh chinh xac. Cudi ciing, cac mau da thu thap
dugc tong hop va blen tap dudi dinh dang shapefile trén phan mém Arcmap 10.8 dé tich hop véi dit liéu phan doan
anh. S6 lugng cac mau va mo ta cac loai 16p phu dic trung cua khu vuc nghién ctru dwoc thé hién nhu trong
Bang 2.

Bdng 2. Bang phan logi va mo ta cac loai lop phi ddc trung ciia khu viec nghién cuu

Ky Mb ta S0 luwgng Tong dién

STT Loai 16p phii higu miu tich miu (m?)

1 Rimg FO Ph:an bo‘Aor cac Ehu vuc ndi cao, mau xanh 40 786.991
tham, dong nhat.

Thuc vat khong VE Mau xanh nhat hodc xanh khong déng

2 phai rimg nhat, phan thanh céc 6 thira 16n. 38 633.681

3 Dit trong BA | Mau vang hodc niu nhat, d6 sang cao. 40 380.289
) Mau trél}g, hdng nhat hoic d6 phan bd

4 bat xay dung BU | khong déu, theo timg cum & cac khu vuce 29 176.671

¢0 dia hinh thuan loi.

Mau xanh hodc ndu dat tiry theo thoi diém,
5 Ruéng lua PA | phan thanh 6 thira hodc cac dudong bac 35 427.820
thang 10 rét.

Mau xam, dong nhat, hinh dang tuyén

hodc dang dién nhu ao, hd chira nude. 21 276.954

6 Mat nudc WA

2.3. Cac thudt todn sir dung

Thugt toan Simple Non-Iterative Clustering (SNIC):

Simple Non-Iterative Clustering (SNIC) Ia thuat toan dugc st dung dé phan doan hinh anh thanh cac siéu
diém anh (superpixels) dya trén dong nhat mau sic va tinh lién tuc khong gian (Senanayaka va nnk., 2020).
SNIC bét dau bang cach khai tao cac diém hat gidng phan bd déu trén anh. Sau d6, mdi diém anh dugc gan nhan
dbi twong theo cac diém hat gidng gan nhat dya trén khoang céch khéng gian va mau sic. Diém hat gidng duoc
cap nhat vai gia tri trung binh ciia cac diém anh thudc vé nd va qué trinh nay tiép tuc cho dén khi tat ca cac diém
anh dugc gan nhan.

Uu diém cia SNIC khi so sanh véi cac thuat toan phan doan khac 1a don gian, hiéu qua va khong yéu cau
nhiéu budc lap lai, giup ting toc do va kha nang mé rong cho cac hlnh anh lén. SNIC ciing cho phep kiém soét
$0 luong va kich thudc cua cac siéu diém anh bang cach diéu chinh s lugng diém hat giéng. Dé gan nhén cac
diém anh 1an can vao hang doi thuat toan SNIC sir dung ham khoang cach theo cong thirc (1), nhu sau:

Ax\?  (A\? AL\ Aa\?  /Ab\?
AN LAY\, (ALY (Aay, (Ab )
J(N) () + () +Gr) +G7)
trong do: Ax va Ay 1a khoang cach khdng gian giita cac diém anh.

AL, Aa, va Ab la khoang cach mau sic trong khéng gian mau.
N va M la cac hé so dé can bang gitra khoang céch khong gian va khoang cach mau sac.

Mb hinh Gradient Boosting (GB):

Gradient Boosting la mot ky thuat hoc may két hop tién tién c6 kha nang cai thién hiéu suit va do chinh xac
ctia md hinh dya trén cac mé hinh co s¢ yéu hon (Tran Van Anh va nnk., 2024). Nghién ctu nay sir dung cac mo
hinh co s6 dya trén cay quyét dinh, théng qua qua trinh “boosting” dé tao ra mot mod hinh manh hon. Qué trinh
thuc hién gdm cac budce chinh: khai tao mé hinh ban ddu, tinh toan phan du (residuals) tir md hinh hién tai, huan
luyén md hinh con yéu méi dé du doan phan du, va cap nhat mé hinh du doan bang cach két hgp md hinh méi.
Qua trinh nay lap lai cho dén khi dat tiéu chi ding nhu sé lwong mé hinh con hoic mot ngudng 13i cho phép.
Nghién ciru di xay dung md hinh Gradient Boosting véi s6 luong 80 cay quyét dinh, mdi cay c6 d6 sau tdi da 1a
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3, va hoc véi hé s6 hoc (learning rate) 0.1, dam bao mdi cay quyét dinh trong s6 80 cy s& dong gop 10% vao md
hinh téng.

2.4. Phwong phdp danh gia dé chinh xdc

Nghién ctu sir dung cac chi s6 vé do chinh xac tong thé (overall accuracy), hé s Kappa (Kappa coefficient),
va ma tran sai s6 (confusion matrix) dé danh gia do chinh xac cua mo hinh phan loai. D¢ chinh xac tong thé
(Overall Accuracy) la ty ¢ giita s6 lugng du doan chinh xéac va tong s6 du doan, phan anh phan trim mau dwoc
phan loai ding. Hé sb Kappa do ludng sy dong thuan giira cac du doan cia mé hinh va gia tri thyc té, cé tinh
dén kha niang dong thuan ngau nhién. Hé s6 Kappa c6 gié tri tir 0 dén 1, vai gid tri cang cao cho thay mé hinh
cang chinh xac. Cong thiic tinh hé s6 Kappa dugc thé hién trong cong thirc (2):

P,—P,
T 1-P,

trong do: Po 13 ty 18 dy doan chinh xéac va Pe 12 X4c suit dyu doan ngau nhién.

Ma tran sai 6 1a phuong phap biéu dién truc quan dé danh gia hiéu suat md hinh phan loai, thé hién sé luong
du doan dung va sai cho ting loai 16p phu. Pay 1a ma tran vudng véi cac dudong chéo thé hién sb luong cac mau
duoc phan loai chinh xéc, cac 6 con lai thé hién sai s6 giita cac phan 16p.

)

3. Két qua va thao luan
3.1. Két qua phan ménh doi twong

Dua vao dic trung phan xa khac nhau caa cac loai 16p phu dbi véi céc kénh phd, nghién ciru sir dung diu vao
moé hinh phan doan 1a cac kénh phé c6 d6 phan giai khong gian 10 m & budc song nhin thiy va budc séng can
hong ngoai cua anh vé tinh Sentinel-2. Sau d6, k§ thuat phan doan Simple Non-Iterative Clustering (SNIC) dwoc
str dung dé phan doan hinh anh trén toan b khu vuc nghién ctu. Nghién ctru da tién hanh thir nghiém céc bo
tham s6 khac nhau dé lya chon ra cac gia tri tham s6 phu hop ciia mé hinh ddi véi khu vic nghién ciu. Céc gia
tri tham s bao gdm khoang céach cua ludi diém ban dau (seed grid) bang 80 pixel, phuong thic két ndi giia
pixel trung tdm véi cac pixel l1an can (connectivity) bang 8 duoc lya chon cin ctr vao hai tiéu chi 1a sy tuong
ddng vé gié tri phan xa phd trén cing mot dbi tugng va su khéc biét cua cac dbi tugng lien ké. Qué trinh lya
chon ban dd phan doan phu hop duoc thyc hién thong qua dbi soat gitra ban @b phan doan va cac 16p dit liéu anh
(Hinh 2).

Theo théng k&, nghién ctru da phan manh ban do trén toan bo khu vuc nghién ciu véi tong sé 22.699 ddi
tuong Véi cac dién tich khac nhau. Trong do, dién tich dbi twong nho nhat 1a 100,60 m? va ddi tuong I6n nhét la
69.047,78 m? va cac d6i twong cd dién tich trung binh 1 9.028,18 m2 Biéu dd tin suit cho thdy sé luong ddi
tuong giam déu khi dién tich 16n dan, s6 lwong cac dbi tuong cé dién tich nho hon 1 ha c6 s6 lwong 16n hon khi
S0 sanh véi cac nhom con lai.

Muyén Mis Cang Chii

21°500°N
21°500°N

Ghi cha
Rarh g6t xa
Rarh 9ot huydn

- TRRAEENY ES E 8dn 85 phin doan don 3
e 21 Sentinet-2 RGB (022019) 9
.....ur_. o ; B Rec: vised 5
x T \§ B Groon ve-groon
O, f s | - oo ] s
1 i Huyén Van Chin o 15 3 6
e — — S S —
104°200°€ 104°250°€ 104°300°€
\ 2.4 W Bidu 6 phin b dign tich 841 tuong
b e Thingké [ N
THALLAN | ) QUAN DAC HOANG 24 dién tich +4 tri (m2)
¢ » \
CAMPUC HIA {
y BIEN DONG
oause [
conprs v ¥
BuAn A0 TRUONG 54
o am wm - | - "
—_— — 2 s
— O tich 68 twgmg (m2

Hinh 2. Ban d6 phdn dogn anh tir md hinh SNIC va anh vién tham Sentinel-2
Sau khi thanh 1ap ban d6 phan manh, nghién ciwu tién hanh Iy va phan tich dic trung phd cAc mau trén cac
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kénh c6 d6 phan giai khéng gian 10 m va 20 m cuaa 06 loai 16p phu thong qua diém mau thu thap thuc dia va thu
thap, giai doan anh tir Google Earth (Hinh 3). Két qua cho thdy, dic trung phé c6 su twong ddng giita mot sé ddi
tuong. Can cir vao su khac biét tinh chét phd, cé thé chia ra lam ba nhém chinh. Nhém 1 bao gom Iép phu rirng,
thuc vat khong phai ring, va ruong lta c6 dic trung 1a phan xa yéu v6i kénh phé nhin thiy nhung phan Xa manh
véGi cac kénh can hong ngoai va hong ngoai song ngan C6 thé thay rang c6 su khac nhau nhat dinh vé gia tri
phan xa cua kénh hdng ngoai va hong ngoai song ngan gitra ba loai l6p phu nay. Day la tinh chét duoc sir dung
dé phan loai ba loai 16p phi lién quan dén thuc vat ndy. Nhém 2 bao gdm I6p phu dat d6 thi va dat tréng. Biéu
d6 phan tich pho cho thiy c6 sy twong dong vé phan xa pho ciia hau hét cac kénh. Tuy nhién, ¢6 su khac nhau
noi bat gilta phan xa phd cua hai loai I6p phi nay & kénh phé SWIR2. Pay 1a Iy do mac du kénh phé hong ngoai
song ngan c6 d6 phan giai khong gian 1a 20 m nhung van dugc uu tién str dung cho mé hinh. Nhém 3 1a lop phu
lién quan dén mat nudc. Két qua cho thay c6 su khéc biét rd rét giira 16p phi nay véi hai nhém con lai, c6 thé

phan biét d& dang khi sir dung kénh séng nhin thay va can hong ngOal
0.35

—— Dil xay dung
Mat nude

03} Romg
Thyc vat khong phai ning
Dét tréng

Rudng la

<
R
o

8
g 02}
g
Q
=
Q
Bo1s

0051
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Hinh 3. Biéu do dic trung phé cua cac logi 16p phii véi cac kénh phé cuia anh vé tinh Sentinel-2
tai khu vic nghién cuu

3.2. Bin do phan logi lép phii va dinh gid d¢ chinh xdc

= z
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Hinh 4. Ban do phan logi lép phi bé mat x& Phong Du Thuong, huyén Vin Yén, tinh Yén Bai
Ban d6 phan loai 16p phu xay dung tir anh vé tinh Sentinel-2 va mé hinh Gradient Boosting dwgc thé hién
trong Hinh 4. L6p phu ring chiém dién tich 16n nhat véi 12.254,04 ha, tuong duong 60,38% tong dién tich
nghién ctu. Tiép theo d6 1a 16p phu thyc vat khong phai rimg véi 5.453,85 ha, chiém 26,87%. Céc I6p pha khéc
nhu dét tréng (BA), dit xay dung (BU), Ruéng lia (PA) va mit nuse (WA) chiém ty 18 it, lan luot 1a 6,54%,
2,83%, 2,51%, va 0,84%. Két qua cho thay khu vuc nghién ctu c6 ty 1€ dién tich ring va mat do thuc vét cao,

94



sacfjses

. HOINGHI KHOAHQC QUOCGIA
NC“_ #“SE)  CONG NGHE PIA KHONG GIAN Vi SUPHAT TRIEN BEN VNG
(NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

dién tich dat xay dung va dat canh tac chiém ty Ié thép va tuong duong nhau. Trong nhiéu nam tro lai day, bén
canh chinh sach bao ton rung, nguoi dan va chinh quyén dia phuong da c6 nhiéu nd luc trong cong tac phu xanh
ddi troc. Tuy nhién, ban @ phan loai 16p phu cho thay van ton tai cac khu vuc dat trong nam xen k& véi rirng va
thuc vat. Ngoal ra, cc hién tuong thién tai nhu 1i quét, 1i dng, truot 1 dat xay ra hiang nam ciing gay tac dong
khong nho dén bé mat I6p phu cua khu vyuc nay.

Nghién ctru da sir dung tong sé 61 diém trong tép Kiém tra dé danh gia hiéu suat mo hinh phan loai. Két qua
cho thay céc phan 16p co do chinh xac cao noi bat la thuc vat khdng phai rimg véi tong s6 11 trén 12 mau kiém
tra chinh xac, tiép theo dé 1a 16p phu rl‘rng vé6i 12 trén 15 mau chinh xéac (Bang 3). Lop phu dat xay dyng cho
thay hi¢u suat phan loai thap nhat trong cac nhém lop phu trén véi 6 trén 8 mau dwoc phan loai chinh xéc. Pac
trung cua khu vuc nghién ctiru c6 mat do xay dung thap, phan b6 khdng tap trung dan dén mot sé kho khin trong
qué trinh chon mau cua phan 16p nay. Hon nita, su twong ddng giita dic trung phé cua khu vuc dat trong va dat
xay dung nhu thé hién trong Hinh 4 cling 1a mot nguyen nhan cua cac sai s6. Tuy nhién, mé hinh phan loai 16p
phu cia khu vuc nghién ciru da cung cip mot hiéu suat phan loai tét véi do chinh xac tong thé dat 0,871 va hé sé
Kappa dat 0,845.

Bdng 3. Ma trdn sai sé va tong hop théng tin danh gid d6 chinh xac mo hinh.

Loailépphi | FO | VE | BA | BU | PA | WA | Téngsb
FO 12 12
VE 1 11 12
BA 10 1 1 12
BU 1 2 6 9
PA 1 1 8 10
WA 2 4 6

Téng s6 15 12 13 | 8 9 4
Overall Accuracy (OA)=0,871
Kappa = 0,845

4, Két luan

Nghién ctru da xay dung thanh cong ban b 16p phu khu vic xa Phong Du Thugng, huyén Van Yeén, tinh Yén
Bai tir anh vién tham Sentinel-2 bang phuong phap phan loai huéng d6i tugng va mo hinh hoc may. Thong qua
sir dung céac kénh phé cua anh v¢ tinh va cac diém mau thu thap, nghién ciru da xéc dinh duoc cac khu vuc cua
sau loai 16p phu chinh bao gom: rimng, thuc vat khdng phai rimg, dat trong, ruong lta, mat nude va dat xay dung.
Két qua phan manh tir mé hinh Simple Non-Iterative Clustering (SNIC) di phén doan anh thanh 22.699 dbi
tuong, va md hinh Gradient Boosting di phéan loai I6p phu bé mat dat do chinh xac tong thé 1a 0,871, chi s6
Kappa la 0,845. Két qua phan loai cho thiy phuwong phap thuc hién cua nghién ciru 1a hiéu qua va tin cay. Két
qua caia nghién ctiiu cung cap thdng tin hitu ich va quan trong trong viéc thyc hién céc cong viéc lién quan dén
giam sét tai nguyén rimg, quy hoach dat dai va ung phé véi cac hién tuong thién tai.

Loi cadm on
Nghién ctru nay dwoc tai tro boi Truong Pai hoc Xay dung Ha Noi theo dé tai trong diém cap co s, ma sb
04-2024/KHXD-TD.
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ABSTRACT
Application of the object- based classification technique and the machine
learning model in mapping land cover utilizing remote sensing optical images

Thanh Dong Khuc®*, Dinh Trong Tran!, Van Anh Tran?3 Quang Vinh Do?, Trung Khien Ha®,
Toan Duy Dao?!, Xuan Quang Truong*
'Hanoi University of Civil Engineering
ZHanoi University of Mining and Geology
3Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology
4Hanoi University of Natural Resources & Environment

Land cover maps play an important role in resource management, environmental monitoring, land use planning,
and sustainable development. This study combines the Simple Non-Iterative Clustering (SNIC) segmentation
method and the Gradient Boosting machine learning model to create a land cover map for Phong Du Thuong
commune, Van Yen district, Yen Bai province, using object- based classification. The input data includes
visible, near-infrared, and short-wave infrared spectral bands from Sentinel-2 images, along with 203 sample
points collected through field surveys and interpretation on Google Earth. The sample points focus on six
characteristic land cover types: forest, non-forest vegetation, bare land, paddy fields, water, and built-up areas.
The data samples were divided into 70% for training and 30% for model validation. The study successfully
developed a land cover map for Phong Du Thuong commune from Sentinel-2 satellite images in February 2019.
The classification results show high accuracy, with an overall accuracy of 0.871 and a Kappa coefficient of
0.845.

Keywords: Land cover maps, the Simple Non-Iterative Clustering method, Gradient Boosting machine learning
model.
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Xac dinh lun dat khu vec Ca Mau bang chudi anh radar
trén nén tang dién toan dam may Google Colab

Ha Trung Khién?, Tran Van Anh?3" Khuc Thanh Dong?, Nguyén Dinh Huy!
 Truong Dai hoc Xay dung Ha Ngi
2Trirong Pai hoc Mo - Pja chadt
3Nhém nghién cizu Cong nghé Pia tin hoc trong Khoa hoc Trdi dat (GES), Trueong Pai hoc Mé - Pia chdt

TOM TAT

Tinh trang lan dét dang dién ra phé bién va phuec tap tai tinh Ca Mau, hién twong ndy bét ngudn tir cac yéu td
tu nhién va cac hoat dong cua con ngudi. Cong nghé vién tham radar da trg thanh mot cong cu hiéu qua trong
viéc theo ddi va giam sat lun dat trén mot khu vuc rong 16n. Qua trinh xir Iy anh radar dé xac dinh lan dat
khong chi yéu cau kién thirc chuyén mén va kinh nghiém, ma con can dén sy hd tro cua hé théng phan cung
manh mé& dé xur ly dir liéu da thoi gian. Do vay, qua trinh xir ly s& doi hoi chi phi cao va mat nhiéu thoi gian.
Nghién ctru nay tap trung danh gia kha ning ng dung nén tang truc tuyén Google Colab st dung k¥ thuat xu
ly SBAS (Small Baseline Subset) dé xu ly chudi 24 anh radar khau d6 téng hop tir 01/2022 dén 12/2023 khu
vuc thanh phé Ca Mau va mét s khu vuc 1an can. Bang céch so sanh két qua tir Google Colab vai két qua dix
liéu do dac thuc dia, nghién ciru s& danh gia vé su hiéu qua, do chinh xéac cua két qua xac dinh 1an bang ky
thuat SBAS trén nén tang Google Colab, két qua cho do trong quan R2= 0,71 va RMSE = 6 mm.

Tur khod: Lun dit, INSAR, SBAS, Google Colab.

1. it vin dé

Hién nay, k¥ thuat InSAR (Interferometric Synthetic Aperture Radar) da va dang dugc nghién ctu trong xac
dinh lun dat bang nhiéu phuong phap nhu phuong phép giao thoa vi phan D-INSAR (Differential Interferometric
Synthetic Aperture Radar), phuong phap giao thoa sir dung tan xa ¢ dinh PS-InNSAR (Permanent Scatterers
Interferometric Synthetic Aperture Radar), phuong phap SBAS (Small Baseline Subset) hodc két hop cac
phuong phap tai nhiéu khu vuyc trén thé gigi. Nghién ciru tng dung cong nghé vién tham radar trong xac dinh 1tn
dét dau tién vao nam 1969, Roger va cong su di thanh cong trich xuat dwoc thong tin bé mat sao Kim va Mat
trang (Roger, 1969). Pén nim 1974, pha dia hinh da dugc Graham loai bo trong phwong phép giao thoa anh
SAR dé xay dyng ban d6 dia hinh va xac dinh d¢ dich chuyén bé mit dia hinh (Graham va cong su, 1974).
Howard va cac cong su da lan dau cong bd nghién ciru ching minh ki thuat D-INSAR bi anh huong bai nhidu do
diéu kign khi quyen khong on dinh va do diéu kién khong gian, thoi gian gay ra (Zebker va cong su, 1992).
Phuong phép PS-INSAR lan du dwoc Ferretti va cong su dé xuat (Ferretti va cong sy, 2000). Phuong phap nay
sir dung nhiéu cap anh giao thoa dé x4c dinh cac diém anh c6 d6 twong quan cao, tir 6 ndi suy va xac dinh bién
dang bé mat cho ca ving. Tuy nhién, phuong phap nay doi hoi phai c6 sy xuét hién cua cac diém tan xa cé dinh
(PS - Persistent Scatterers) trong suét thoi gian thu nhan dir ligu, dy ciing 1a han ché caa phuong phap nay khi
thuc hién trong céc khu vuc khdng ¢ nhiéu diém tan xa 6n dinh, chang han nhu cac khu vuc nong thén, ring
hodc sa mac. Vi mot cach tiép can khac, Usai va cong sy da lya chon dé tao mot loat cap anh giao thoa vai
duong day anh nho va thoi gian giira hai 1an chup ngén, sau do6 sir dung phuong phap binh phuong nho nhét dé
phan tich bién dang theo thoi gian tir d6 giam thiéu anh huong tir nhiéu phan tan khong gian - thoi gian. Tuy
nhién, han ché trong viéc tao nhiéu nhom dir liéu doi khi dan dén khong thé 1ap va giai phuong trinh binh
phwong nhé nhét. Dé giai quyét han ché nay, nam 2002, Berardino va cong sy da tiép tuc nghién cau &p dung
thuat toan phan tich gid tri suy bién (SVD) va dé xuit phuong phap SBAS trong xir Iy chudi anh SAR (Berardino
va cong su, 2002). SBAS c6 thé xtr Iy cac vung co thay dbi nhanh chéng vé diéu kién mat dat hoic cac thay ddi
khong lién tuc. Tir d6 dén nay, ky thuat SBAS da duoc tng dung dé xac dinh bién dang bé mat ¢ nhidu khu viuc
trén thé gisi. Mot s6 nghién ciru dién hinh nhu nghién ctu cua Yalvac va cong su da sir dung dit lidu vé tinh
Sentinel-1A trong giai doan tir 2014 dén 2018 dé giam sat sw sut lun & thanh phd Mexico va cac tinh
Aguascalientes bang ky thuat SBAS (Sefa Yalvac, 2020). Nghién ciru (Bo Xiao va cong su, 2022) dugc Xiao va
cong su xac dinh lun dat tai thanh phd Cén Minh, Trung Qudc tir thang 7 ndm 2018 dén thang 11 nam 2020 bang
cdng nghé PS-InSAR va SBAS, ddng thoi so sanh két qua cta hai phuong phap véi két qua do thiyy chuan voi
sai $6 trung binh binh phwong (RMSE) lan luot 12 6,5 mm/nim va 8,5 mm/nam. Yuejuan Chen va cong su da két
hop ca ba phuong phap PS-InSAR, D-InSAR va SBAS dé xac dinh cac diém PS (Persistent Scatterers) va DS

* Téc gia lién hé
Email: tranvananh@humg.edu.vn
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(Distributed Scatterers) tir dir liéu géom 45 anh Sentinel-1B tai khu vuc thanh phé Thong Liéu - Méng Cb
(Yuejuan Chen va cong su, 2024). Két qua nghién ctu da so sanh vai két qua do bang GPS cho sai sé6 RMSE la
14 mm.

Tai Viét Nam, cac phuong phap D-InSAR, PS-InSAR va SBAS ciing da dugc nghién ctu va tng dung dé xac
dinh In dt tai mot s6 khu vuc. Nghién ciru cia tac gia Tran Van Anh va cong su vao nam 2007 (Tran Van Anh,
2007) da xtr ly ba anh JERS-1 (band L) bang phuong phap giao thoa vi phén trong xac dinh 1an tai Ha Noi. Mot
nghién ctru khac vao ndm 2014 cua Bang Vi Khic va Cong sw da st dung dnh ALOS PalSAR-1 xéc dinh ltn do su
phét trién do thi véi két qua cho thay do chinh xac cao, c6 hé sé tuong quan R2 dat 0,98 (Dang Vu Khac, 2014).
Néam 2020, Luyen K.B va cdng su da st dung cic phuong phap nhu PS-InSAR va SBAS trong xu ly anh Sentinel-1
dé phan tich lan dat tai Ha Noi (Luyen K.B va cong su, 2020). Trong pham vi Bng bang séng Cau Long bao gom
khu vuc Ca Mau, nghién cau (Erban va cong su, 2014) da tng dung c6ng nghé InSAR dé xtr ly 121 anh tir 2006
dén 2010 tao ra 78 anh giao thoa, sau d6 st dung phuong phap stacking (chap dir li¢u) dé xac dinh su dich chuyén
pha trung binh. Phuong phap PS-InSAR di dwoc tng dung dé xac dinh lin dit khu vuc Dong bing séng Ciru Long
trong nghién cuu (Philip S. J. Minderhoud va cong sy, 2020) giai doan tir 2014 dén 2019.

Cac nghién cau trén chi yéu sir dung cac phan mém chay truc tiép trén may tinh nhu StaMPS/MTI (Stanford
Method for Persistent Scatterers/Multi-Temporal INSAR), ESA SNAP (European Space Agency's Sentinel
Application Platform), SARScape (Synthetic Aperture Rada Scape),... Khi xt ly bang cac phan mém nay, doi
hoi hé thong may tinh phai ¢am bao vé& cau hinh va bo nhé luu trir da 1on, dic biét khi xu ly chudi anh radar da
thoi gian trén mot pham vi l6n. Bé giai quyét nhitng han ché ndy, cac ing dung nén tang truc tuyén da dugc xay
dung va phét trién st dung truc tiép tai nguyén trén may chu cua cac hdng cong nghé Ién nhu Google,
Microsoft,... Piéu nay giup ting hiéu suat va chi phi khi xt ly dit liéu 16n. Google Colab 1a mét nén tang truc
tuyén cua Google di dugc wng dung nhiéu trong xu ly dir liéu vién tham véi nhitng wu diém vuot troi (Johary va
cong sy, 2023). Trong bai bao nay, phuong phap SBAS duoc st dung dé xir Iy chudi 24 anh radar da thoi gian
trén nén tang truc tuyén Google Colab véi muc dich giam sat lun dat khu vuc thanh phé Ca Mau va cac ving l1an
can tir 01/2022 dén 12/2023.

2. Co 6 ly thuyét va phuong phap nghién ciru
2.1. Gioi thi¢u khu vuc nghién ciru

Khu vuc nghién ciru gdm toan bé dién tich thanh phé Ca Mau va mét sé xa giap ranh véi thanh phé Ca Mau
thuoc cac huyén Pam Doi, Cai Nu6c, Tran Vian Théi, U Minh, Théi Binh nam ¢ tinh Ca Mau thugc phia Nam
lanh thé Viét Nam (Hinh 1). Khu vuc nay dia hinh chu yéu 1a dong bang, véi do cao trung binh tir 0,4 dén 0,6 m
trén muc nude bién. Mot sé khu vuc cé cao trinh khoang 0,2 m & viing thap va tir 0,8 dén 1,1 m & c4c ving cao
hon. Pia hinh ¢6 xu hudng déc nhe tir Bac xuéng Nam va tir Pong Bac xudng Tay Béic. Trén khu vuc c6 hé
thdng séng ngoi va kénh rach phirc tap, gitip tudi tiéu cho ndng nghiép. Khu vic phia Pong va phia Nam chu
yéu duogc sir dung cho nuéi tdm thAm canh va ban tham canh. Khu vuc phia Bic va phia Tay chu yéu duoc st
dung cho trong lda hai vy, rau mau va néng nghiép nuéc ngot.
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2.2. Dir ligu sir dung

Trong bai béo, dit liéu sir dung la chudi anh gém 24 anh cua vé tinh Sentinel-1A tir 01/2022 dén 12/2023 tai khu
vuc thuge tinh Ca Mau. Dir liéu anh Sentinel-1A 1a san pham cua chuong trinh quan sat Trai dat Copernicus cua
Co quan Vil tru chau Au (ESA) dugc trang bi radar khau d6 tong hop bang tan C, c6 chu ky chup lai 1a 12 ngay
& ché do IW (Interferometric Wide Swath) vai phan cuc VV (Bang 1). Cac tap dir liu Sentinel-1A di duoc thu
thap tir co s¢ dir liu vé tinh Alaska (https://search.asf.alaska.edu/). Cling vé&i d6, nghién ctru con st dung dit liéu
md hinh sé d6 cao DEM SRTM do NASA cung cép véi do phan giai mat dat 30 m.

Bang 1. Thdng so cua anh vé tinh Sentinel-1A trong nghién cizu

Tham sb Gia tri
Hudng bay Hudng xubng
Ché d¢ thu nhan di ligu IW
binh dang dix liéu SLC
Phan cuc VvV
Bing tan C
Budc sdng/cm 5,6
Do phén giai khdng gian 20m
Do rong dai quét 250km
S6 lwong anh 24
Thoi gian quan tric 01/2022 - 12/2023

2.3. Co s6 todn hoc ciia phwong phdap SBAS

SBAS (Small Baseline Subset) la mot phuong phép tién tién duoc st dung trong xu ly anh radar khau do tong
hop (SAR) dé theo ddi va do luong su bién dang bé mat Trai dit do Berardino dé xuat nam 2002 (Berardino va
cong su, 2002). ‘Phuong ghap SBAS duya trén y|¢c phan tich céc tap hop con cua anh SAR c¢6 duong day anh
(baseline) nho dé giam thiéu céac 13i lién quan dén diéu kién quan sét va nhiéu tin hiéu. Phuong phap SBAS c6 co
s6 toan hoc nhu sau: i

Gia str c6 N+1 hinh anh SAR tai cac thoi diém to, ta,..., tn ghi nhan hinh anh cing mét khu vuc, hai hinh anh
thoa man cac diéu kien vé co s& khdng gian va thoi gian duoc lya chon dé tao giao thoa voi nhau. Sau khi cin
chinh chinh xé&c, cé thé thu dugc M cép anh giao thoa:

N+1 N.(N+1
+ <M < ( 2+ ) (1)

Chon thoi diém tolam thoi diém tham chicu, g la pha vi phan tai thoi diém t (i = 1, 2, ..., N). Trén anh giao

thoa vi phén thir i duoc tao ra tir cap anh ¢ 2 thoi diém tava ts, gia tri pha giao thoa cua bat ky diém anh (r, x) Ia:
6¢(T,X) = ¢(tAv T'x) - ¢ (tB, T,X) (2)
~ §¢ disp,i + 8¢ topo,i + ¢ atm,i + 6¢ noise, i

trong d6: 8¢ disp,i 1a pha bién dang bé mat theo dudng ngam; 8¢ wpo, 1 18i pha dia hinh; 8¢ am,i 12 16i pha khi
quyén; 8¢ noise,i 1a 10i pha nhiéu. Sau khi da loai bo pha dia hinh, pha khi quyén va pha nhiéu c6ng thuc (2) tro
thanh:
. L 4n (3)
6pi(r,x) = 6¢ disp,i = e [d(tA,r,x) —d (tB,r,x)]
trong do:  bicu thi budc song; d(ta, 1, X) va d(ts, 1, X) bicu thi cac bién dang tich Ity cua bé mit dét tai cac
thoi diém ta va ts cho phan ti hinh anh (r, x) so véi thoi diém ban dau to.

Thoi gian cua cac hinh anh chinh va phy la IE = [IE,............. , |Em], IS = ISy, ..., ISm].
Néu IE; > 1IS; (j = 1,2,...,M), thi phuong trinh ctia pha giao thoa vi phan Ia:
8¢j = d(tiej) — ¢ (tisj) (4)
Sau d6, mé hinh bién dang tuyén tinh cua SBAS la:
A.p = 8¢ (5)

Vi ma tran A c6 hang day du, sir dung phwong phap binh phuong nho nhit dé giai woc lugng phuong trinh (5)
ta duoc:
= (AT.A) - 1.AT.5¢ (6)
Quy trinh tng dung ky thuat SBAS trong xir Iy chudi anh radar khau do tong hop SAR da thoi gian dé giam
sat bién dang bé mat gdém céac budc chinh: )
(1) Thu thap dit liéu SAR: Thu thap 24 anh SAR cua vé tinh Sentinel-1A tir 01/2022 dén 12/2023.
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(2) Tién xu ly dit liéu anh SAR: Str dung cac phuong phap hiéu chinh hinh hoc dé dam bao rang tat ca céc anh
SAR duoc cin chinh chinh xé&c va ap dung cac bo loc dé loc nhidu.

(3) Tao céc cap anh giao thoa: Tinh toan ghép cac cap anh SAR vai khoang cach thoi gian va khoéng gian nho
dé giam thiéu cac 15i hinh hoc. Sau d6 thuc hién giao thoa vi phan céc cap anh di tao dé xac dinh sy khéc biét vé
pha giita hai canh anh. Ap dung céc phuong phap dé loai bo pha nhiéu do thay ddi khi quyén va I8i hinh hoc.

(4) Giai m¢ pha: Sir dung cac thuét toan nhu SNAPHU (Statistical-Cost Network-Flow Algorithm for Phase
Unwrapping) dé giai mo pha cac cap giao thoa, chuyén doi tir pha lién tuc sang pha tuyét aoi.

(5) Phan tich chudi thoi gian bién dang: Str dung mé hinh s d6 cao (DEM) dé hiéu chinh anh huong cua dia
hinh dén cac cap giao thoa. Sau d6 st dung phuong phap SBAS dé phan tich chudi thoi gian cua cac cip giao
thoa d giai mo pha, xac dinh bién dang bé mat theo thoi gian.

2.4. Nén ting triee tuyén Google Colab

Google Colab (Google Colaboratory) 1a mét nén tang dich vu truc tuyén mién phi cia Google cho phép ngudi
dung c6 thé bién tap, thuc thi ma code ngdn ngit lap trinh Python duéi dang s6 tay. Do Google Colab chay va sir
dung tai nguyén truc tuyén cua Google, nén khi st dung Google Colab, khéng yéu cau cau hinh may tinh cao
cua ngudi sir dung, chi can maot tai khoan Google va két ndi mang 6n dinh, nguoi dung cé thé sir dung mién phi
trén nhiéu thiét bi di dong. Qué trinh xir ly chudi anh radar 13 mot qué trinh phic tap va tén nhiéu tai nguyén
may tinh, viéc tng dung nén tang truc tuyén Google Colab s& gip ngudi ding dam béo du cau hinh va tai
nguyén luu trr. Bai bao s dung thu vién PyGMTSAR chay trén nén tang Google Colab dé thu thap, xu ly va
phan tich chudi anh radar bang phuong phap SBAS. Thu vién PyGMTSAR 1a mot thu vién ma ngudn mé duge
xdy dung bang ngon ngit 1ap trinh Python.

& Code_tulipynb
O Ui B e it

Hinh 2. Nén tang truc tuyén Google Colab
3. Két qua va tho luan

Nhu da trinh bay trong Muc 2.2, bai béo st dung dit ligu gdm 24 canh anh radar khau do tong hop SAR da
thoi gian vai duong day anh ngan (Hinh 3).
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Hinh 3. Biéu do phan bé duong ddy cia tap hop anh Sentinel-1
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Sau khi thu thap dit liéu anh thuc hién can chinh véi cac tép quy dao chinh xéac va cit dé khop chinh xac véi
khu vuc nghién ctu. Qué trinh xur Iy giao thoa cua cac cap anh bao gom viéc st dung phwong phap loc Goldstein
dé loai b6 nhidu, gilp tao ra cac anh giao thoa rd rang khi di loai bo céc anh huong cua pha dia hinh. Bén canh
d6 va ky thuat Minimum Cost Flow (MCF) da duoc s dung dé giai mé pha. Tir 24 canh anh d tao ra 50 anh
giao thoa da dugc loc. Hinh 4 gdm 4 anh giao thoa dugc chon vai cac van giao thoa rd rang, chi ra sy bién dang
trong khu vuc nghién ctu.

10-01-2022
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Hinh 4. Anh giao thoa dién hinh

Sau khi str dung cac ky thuat loc phiéq dé ra dugc 50 anh giao thoa rd rang nhit, giai mo pha p?ing thuat toén
Minimum Cost Flow (MCF) trén phan meém SNAPHU da dugc cai dat trong may chu Google cudi cung st dung
phan tich SBAS dé tinh toan d¢ IGn theo chudi 24 mdc thai gian nhu Hinh 5.
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Hinh 5. Chudi anh phan tich bién dang dia hinh bang SBAS
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Hinh 6 thé hién d6 1Gn tdng tir thang 01/2022 dén thang 12/2023 sau khi tbng hop va phan tich bing phuong
phap SBAS. Céc vi trf mau xanh lam thé hién tinh trang 1Gn nhiéu nhét trén khu vuc thanh phé Ca Mau va cac
viing 1an can. Tir két qua trén ban d6 cé thé thiy cac vi tri 1un cha yéu tap trung & Phuong 2, 5 va céc khu vuc
gidp ranh cua hai phuong ndy véi cac Phuong 1, 4, 6, 7, 8, 9. P6 1tn 16n nhét trén ca khu vuc duoc ghi nhan
bang SBAS la -48 mm. D 1tn trung binh trén toan bo khu vuc nghién ciu 1a -20 mm.
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Hinh 7. Tinh gia tri 14n trung binh cia cdc diém anh xung quanh cdc diém thiy chudn

Dé danh gia do tin cay cua két qua lun x4c dinh bang phuong phap SBAS chay trén Google Colab, nghién ctu
da so sanh véi két qua do lan thyuc dia cua 13 diém do cao da dwoc xac dinh do 1Un bang phuong phap do cao
thay chuan (Hinh 6). Do anh xuét ra voi d6 phan giai diém anh 12 30 m x 30 m, nén dé xac dinh d6 lGn cua cac
diém thuy chuén tuong (ng trén anh, nghién cau da 1dy trung binh gia tri cia 9 diém anh xung quanh diém thay
chuan. Hinh 7 thé hién gia tri cua cac diém anh xung quanh cac diém thay chuan 11(SC-PL)27, 11(SC-PL)28,
II(CM-TVT)2, 1I(HS-CM)8, 11(CS-PL24), II(CM-TVT)3. Lan luot trich xuét cac gié tri diém anh xung quanh
céc diém thuy chuan va tinh trung binh céc gié tri d6 dé duoc gié tri thay doi dia hinh theo huéng tin hiéu radar,
&p dung cong thirc (7) dé tinh gié tri dich chuyén theo phuong thing dung.

ALOS (7)
" Cosh

trong do: Ah 1a gia tri dich chuyén theo phwong dimg, ALOS 14 gia tri dich chuyén theo hwdéng tin hiéu radar
va 0 1a goc t6i. Voi khu vyc nghién ctru ndm hoan toan trong IW1, vay gia tri goc téi trung binh dugc ldy 1a
30,5°.

Sau khi trich xuét va tinh toan duoc gia tri dich chuyén so sanh véi gié tri 6 lGn bang do thuy chudn duoc
bang so sanh két qua nhu Bang 2.

Bang 2. So sanh dé 1Un giia SBAS va thiy chudn

Do IGn SBAS
STT Tén diém P6 1Gn theo Pj lGn theo | PY lin do thiy | DO
hwéng tin higu | phwong ding | chuan (mm) léch
Radar (mm) (mm) (mm)
1 | NEM-TvT)3 0 0 10 10
2 IH(CM-TVT)2 -1 -1 -11 10
3 1(NC-H)25 5 6 18 12
4 | 1(NC-H)26 2 2 8 6
5 | 11(SC-PL)24 23 27 25 2
6 I1(SC-PL)25A -33 -38 -23 -15
7 | u(sc-pLy27 13 15 24 9
8 I1(SC-PL)28 -4 -5 -15 10
9 | NiHS-CM)5 -2 2 8 6
10 II(HS-CM)6 -2 -2 -8 6
11 | 1mi(Hs-cmy8 2 2 10 8
12 IHI(HS-CM)9 -4 -5 -14 9
13 | 1(Tv-p)s 1 1 10 9
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Str dung md hinh hoi quy tuyén tinh d¢ danh gia sy twong quan giira két qua lun xéc dinh bang SBAS va bang
thay chuan. Két qua cho thay R? = 0,71 va RMSE = 6 mm (Hinh 8).

R?=0.71; RMSE=6.03

® D(rliéu thyuc té
- y=155x + 13.81 °

|
= 1
o [ =)
L
L ]

U
=
w

B lan SBAS {mm)
VI TR
o w o

1
w
w

-25.0 -22.5 -20.0 -17.5 -15.0 -12.5 -10.0 -7.5
D6 lan thay chuan (mm)

Hinh 8. Pdnh gid twong quan giira s6 liéu 1n bang SBAS va do thity chudn
4. Két luan

Bai bao da sir dung phuong phap SBAS duoc chay nén tang truc tuyén Google Colab vai 24 canh anh trong thoi
gian xir ly 90 phdt, st dung 140 GB bo nhé dam may cua may chu Google. Tir d6 co thé thay sy tién loi khi st
dung nén tang Google Colab trong xir Iy chudi nhiéu anh radar so véi viéc sir dung cac phan mém trén may tinh
ton nhiéu tai nguyén va yéu cau cao vé cau hinh may tinh.

Két qua do 1an khu vuc thanh phd Ca Mau va cac x4 1an can cho thay hién tuong IGn tap trung chu yéu ¢
trung tdm thanh phé Ca Mau, cu thé & Phuong 2, 5 va cac khu vuc giép ranh caa hai phuong nay véi cac Phuong
1,4, 6,7,8,9. Do lun trung binh cua toan khu vuc tir 01/2022 dén 12/2023 14 -20 mm. So sanh vai két qua do
thuc té bang phuong phap thay chuan, két qua xac dinh d 1Gn bang SBAS trén nén tang Google Colab cho két
qua d6 1an véi do tin cay khé tt khi véi R2 = 0,71 va RMSE = 6 mm.

Loi cAm on
Nhém nghién ctu chan thanh cam on sy hé trg vé mit tai chinh tir dé tai nghién ciiu khoa hoc cong nghé cap
truong trong diém - Truong Pai hoc Xay dung Ha Noi, mé s6: 05-2024/KHXD-TD.
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ABSTRACT
Determining land subsidence in the Ca Mau area using a series of radar
images on Google Colab Cloud Computing Platform

Ha Trung Khien?, Tran Van Anh?3", Khuc Thanh Dong?!, Nguyen Dinh Huy?
'Hanoi University of Civil Enginerring
2Hanoi University of Mining and Geology
3Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology

Land subsidence is a prevalent and complex issue in Ca Mau province, originating from both natural factors
and human activities. Radar remote sensing technology has become an effective tool in monitoring and
supervising land subsidence over a large area. The process of processing radar images to determine land
subsidence not only requires specialized knowledge and experience but also necessitates the support of powerful
hardware systems to handle multi-temporal data. Therefore, this process entails high costs and extensive time.
This study focuses on evaluating the applicability of the online platform Google Colab using the SBAS
processing technique to handle a series of 24 synthetic aperture radar images from January 2022 to December
2023 in the Ca Mau city area and some neighboring regions. By comparing the results from Google Colab with
field measurement data, the study will assess the efficiency and accuracy of land subsidence determination
results using the SBAS technique on the Google Colab platform, with the results showing a correlation of R2 =
0.71 and RMSE = 6 mm.

Keywords: Land subsidence, InSar; SBAS, Google Colab.
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Ung dung cdng nghé GIS va vién tham hé trg phén tich, quan Iy tai nguyén
rung trong dieu kién bién doi khi hau ¢ tinh Bak Lak

Nguyén Sach Thanh®", Trinh Lé Hung'3, Lé Vin Phi!, Nguyén Vin Trung?®
YHoc vién Ky thudt quan sy
2Trirong Pai hoc M6 - Pia chdt
SNhoém nghién ciu Cong nghé Pia tin hoc trong Khoa hoc Trdi dit (GES), Trieong Pai hoc M6 - Pia chdt

TOM TAT

Dik Lik la mot trong nhitng tinh c6 dién tich rimg dimg dau ca nuéc, phong phi vé hé sinh thai, da dang sinh
hoc. Tuy nhién, bién ddi khi hau dang tic dong manh m& dén tai nguyén rirng ¢ ik Lik, doi hoi can phai c¢6
nhitng giai phap tng dung khoa hoc cong nghé. Hién nay, cdng nghé GIS va vién tham dong mot vai tro quan
trong trong viéc phan tich, quan ly tai nguyén ring. Chang cung cap cac cong cu co gi tri dé danh gia, quan
ly va bao ton tai nguyén rirng, gidp hd tro cac hoat dong 1am nghiép bén viing va nd luc bao ton da dang sinh
hoc. Trong nghién ctru ndy, nhom tac gia sé trinh bay giai phap tng dung c&c nén tang cong nghé GIS va vién
tham mo nham hd tro hoat dong phan tich, quan Iy cta cac co quan chic nang c6 lién quan t6i linh vuc tai
nguyén ring ¢ tinh Pak Lik.

Tir khéa: GIS, Vién tham, Bik Lik.

1. Pit vin dé

Cong nghé hién dai ndi chung va cong nghé GIS, vién tham néi riéng dong vai trd hét sirc quan trong trong
quan ly tai nguyén thién nhién. GIS la mét hé thong dya trén may tinh dugc thiét ké dé thu thap, luwu trit, thao tac,
phan tich va trinh bay dir liéu khdng gian hodc dia ly. Cong nghé GIS tich hop nhiéu loai di liéu khéc nhau,
chiang han nhu ban db, hinh anh vé tinh, anh chup tir trén khong va di liéu dang bang, cho phép nguoi ding hinh
dung, hiéu va dua ra quyét dinh phd hop vé cac mdi quan hé khong gian dia 1y. Trong khi d6, vién tham lién
quan dén viéc sir dung hinh anh vé tinh hozc anh chup tir trén khong dé thu thap théng tin vé khu ring ma khéng
can tiép xtc vat ly. Viéc tich hop cong nghé GIS va vién tham thuc sy hitu ich trong viéc danh gia tai nguyén
ring va giam sat, bao vé ring, khai thac rirng, phuc hdi ring, bao tén va da dang sinh hoc, bién déi khi hau, co
s& dir lieu khong gian vé rieng quan ly, chuan bi ké hoach 1am viéc, bao tén méi trudng song cua dong vat hoang
da, va bao ton dat va luu vuc song (Ankita, 2022),...

Vlen tham két hop v6i GIS gitp hoat dong. kiém ké va phan tich ring tré nén hiéu qua hon dua trén viéc cung
cap sb lieu théng ké vé quan thé vai cac sai s6 ldy mau thich hop cho nhiéu thugc tinh rimg theo thiét ké mau co
ban (David, 2006). Ngoai ra, Vién tham va GIS con duoc sir dung két hop dé quan Iy rai ro va danh gia chay
ring, lap ban dd che phu ring (Shruti, 2014),... Nam 2022, Martin di phac thao md hinh dang céng théng tin
GIS da chirc nang nham phuc vu cac nhiém vu gi4o duc, nghién ciiu va quan ly ring ¢ Pai hoc Lam nghiép
thugc Pai hoc Ky thuat Zvolen. Day 1a dai hoc & & mién Trung Slovakia quan ly 9724 ha rirng cho céc hoat dong
nghién ctru va gido duc. Trong mé hinh nay, cac dang dir liéu vector, raster va hinh anh dwgc luu trir trong
Microsoft SQL Server 2008 geodatabase. Cac dich vu web ban d6 va img dung web dugc xay dung trén ArcGIS
danh cho méy chu caa Esri va cac ung dung web dugc phat trién trén nén tang Microsoft ASP.Net dua trén kién
trdc C# va Model-View-Controller (Martin, 2022).

Diak Lak 1a mot trong 5 tinh thudc vang Tay Nguyén, cé tong dién tich ty nhién 1a 1.312.349,5 ha, trong d6
dién tich dt 1am nghiép chiém 51,6% tong dién tich tw nhién cua toan tinh. Tai nguyén rimg Dak Lik rat phong
phu va da dang vé céac hé sinh thai cac loai dong, thuc vat. Rimg Dak Lak giir vi tri quan trong trong doi séng
dan sinh kinh té-xa hoi va bao vé moi truong sinh thai, bao vé da dang sinh hoc, dia chét, canh quan thién nhién
(Bui Thi Hai Nhung, 2010). Rung Dik Lk c6 chirc ning phong hd, bao vé ngudn nuéc, phong hd bién gici cua
tinh va 1a khu vic dau ngudn, anh huong dong chay cac con song lén cua khu vuc duyén hai mién Trung va
Dong Nam B nhu song Sérépok, Song Ba, Song Hinh, song Pong Nai,... Rung Dik Lik duoc phan bé ¢ khip
céc huyén trong tinh, dac bi¢t la hanh lang bién gioi cua tinh giap Campuchia Ru’ng Diak Lak phong phl va da
dang, thuong co két cau nhiéu tang, da dang vé cay gd, cay bui va cay than thao; ¢6 nhiéu loai dong thuc vat quy
hiém phan bé chu yéu ¢ Vuon Quéc gia Yok Pén va cac khu bao ton thién nhién Nam Kar, Ea S8, Vuon Qudc
gia Chu Yang Sin,... ¢6 nhiéu loai dong thuc vat quy hiém ghi trong Sach Do Viét Nam va cé loai dwoc ghi trong
Sach Po Thé gisi.

* Téc gia lién hé
Email: thanhns.dth@gmail.com
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Tuy nhién, nhimg nam gan day do viéc quan Iy chwa tot 1am cho dién tich rimg Dék Lik lién tuc bi suy giam
nhanh ca sé lugng va chit lugng. Pay ciing 1a nguyén nhan cua nhitng thién tai bat ngo da va dang c6 xu thé
Manh, thuong xuyen nhu 1& Iut, han han. Dién tich ring tu nhién bi ph4, bi khai thac, 1an chiém trai phép tap
trung nhiéu nhét ¢ cac huyén Ea Stip, Buén Don, Krong Bong, Ea Kar, M’P’rik, Ea H’leo, cac Vuon Quoc gia
Yok Pén, Khu Bao ton thién nhién Ea S6, Chu Yang Sin,... trong d6, Ea Sup 1a dia phuong dé mét rung tu
nhién nhiéu nhét. Theo S& N6ng nghiép va Phat trién néng thon tinh Dak Lak, dién tich ring & Pak Lak ndm 2017 ¢
hon 505.076 ha, giam hon 10.533 ha; trong d6, rirng ty nhién chi con 461.384,5 ha, giam 10.198 ha so v&i nam
2016 (S¢ K& hoach va Pau tu tinh ik Lak, 2019).

Bién doi khi hau (BBKH) 1a mét trong nhitng thach thirc nghiém trong nhat d6i véi the gidi trong giai doan
hién nay. BDKH di tac dong tiéu cuc lén nhiéu linh vyc tir hién tuong néng Ién toan cau, nudc bién dang, han
han, 1d lut gia tang,... gay ra nhiing ton that nang né ca vé kinh té 1an tai nguyén moi truong va suc khoe con
ngudi. Nhimg nim gan day, tac dong cua BDKH da hién di¢n trén moi mat doi song tai Pik Lak véi sy xuat
hién cac hién tuong thoi tiét cuc doan nhu: han han kéo dai va mua 16n bét thudng. Nam 2019, theo Chi cuc
Kiém lam tinh Dik Lék, tinh c6 dién tich ring 16n trén 504.000 ha, trong d6 trén 200.000 ha rimg duoc xac dinh
1a khu vyc trong diém co nguy co chay trong mua kho, thugc cac huyén Ea H’leo, Krong Ning, Ea Kar, Lik,
M’Prik, Krong Bong (Tran Lé Kiéu Oanh, 2016),...

Hinh 1. Minh hoa hi¢n truong vu chay rung Xay ratqi x&8 Ea Lai, huyen M Drak Pk Lk
(Nguon: Tién Ninh, 2020. Bao Pi¢n tir ik Ldk)

Dé phat trién kinh té-x& hoi cua tinh gén véi viéc bao vé rimg, tinh Dik Lik da ban hanh nhidu quy dinh. Dé
thuc hién chién luoc phat trién 1am nghiép tinh Bik Lik giai doan 2006-2020, tinh Dik Lik t6 chuc quy hoach
lai 3 loai rimg va dugc UBND tinh phé duyét tai Quyét dinh sé 1030/QD-UBND ngay 16/5/2007. Nam 2012, Uy
ban nhan dan tinh Bik Lik di ra Quyét dinh sb 2332/QD-UBND V& viéc ban hanh diéu 1& t5 chirc va hoat dong
cua quy bao vé, phat trién rimg tinh Dak Lik. Ngay 17/07/2015 UBND tinh Dk Lik da ban hanh Quyét dinh s6
1860/QD-UBND vé viéc phé duyét dé cuong va du toan kinh phi diéu chinh quy hoach ba loai ring tinh Bik
Lik giai doan 2015-2020 nham xac dinh va co cau lai dién tich dat Iam nghiép, dat ngoai Iam nghiép; Xac dinh
lai quy mo dién tich 3 loai ring ph hop véi tinh hinh thyc té tai mdi dia phuong. Nam 2019, Uy ban nhan dan
tinh Dak Lak da ra Quyét dinh sé 3419/QD-UBND vé ban hanh ké hoach trién khai thyuc hién dé an bao vé, khoi
phuc va phét trién ring bén ving ving Tay Nguyén giai doan 2016-2030, dwoc phé duyét tai Quyét dinh sb
297/Qb-TTG ngay 18/3/2019 cta Thu tuéng Chinh phu,...

Trong diéu kién kinh té - xa hoi Vit Nam hi¢n nay, truéc sy phat trién khong nging cia khoa hoc va cong
ngh¢ chu truong trién khai ing dung phian mém ma ngudn mé cua Pang va Nha nudc thyc sy can thiét, phu hop
v6i dic diém, tinh hinh cua Viet Nam. Ngay 17/7/2006, Thu tuéng Chinh phu ban hanh Quyét dinh sb
169/2006/QD-TTg quy dinh vé viéc dau tu, mua sdm c4c san pham cdng nghé thong tin cua céc co quan, to chuc
sir dung ngudn vén ngan sach nha nudce; trong d6 “wu tién du tu, mua sdm st dung c4c san phim phan mém ma
ngudn ma, dic biét la cac san pham do cac doanh nghiép trong nuréc khai théc, cung cdp”. Ngay 15/4/2015, Nghi
quyét s6 26/NQ-CP ctia Chinh phu ban hanh Chuong trinh hanh dong cua Chinh phu thuc hién Nghi quyét sd
36-NQ/TW ngay 01 thang 7 nim 2014 ciia B Chinh tri Ban Chap hanh Trung wong Dang Cong san Viét Nam
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vé @iy manh ung dung, phat trién  cong nghé thong tin dép Gng yéu cau phat trlen bén vitng va hoi nhap quéc té;
trong d6 nhiém vy phat trién ngudn nhan luc céng nghé thong tin dat chuan quéc té, ddy manh nghién ctu, tng
dung, tiép thu, l1am chua va sang tao cong nghé méi xac dinh “Téng cuong hoat dong nghlen ctru, tiép nhan
chuyén glao va lam cha cdng nghé mai, phan mém nguon ma, cong nghé mo, chuan mo”. Ngay nay, vai su ra
doi cua céac hiép hoi dia khdng gian mo - c6 su tham gia lién két cua cac truong dai hoc, cac té chuc phi lgi
nhuan, cac nén tang cdng nghé GIS, vién thdm ma ngudn mé nhu QGIS, PostGIS, MapWinGIS, Google
EarthEngine,... dd va dang dwoc phéat trién ra cac san pham phu hop véi nhidu cip do, quy mo phat trién khac
nhau. Trong duy an phat trién hé thong théng tin quan Iy nganh LAm nghiép tai Viét Nam giai doan 11 (FORMIS
[1) do Chinh phu Viét Nam va Chinh pha Phan Lan tai trg, duoc trién khai trong thoi gian tir 2013-2018 di xay
dung phan mém cap nhap dién bién rung. Phin mém nay dya trén nén tang phan mém QGIS va CSDL
PostG1S/PostgreSQL. Hé thdng xay dung céc plugin tich hop vao phan mém QGIS nham phuc vu viéc cap nhap
CSDL tai nguyén riing & cac cap do quan ly khéc nhau (cip huyén, cip tinh, cap Trung uong). Nam 2021, Vién
Sinh thai ring va Méi truong da to chuc khoa “Tap huan tng dung dit liéu Landsat va Sentinel giam sét ring
bang QGIS” cho cac can bo ky thuat caa Chi cuc Kiém 1am Ha Néi, Chi cuc Kiém 1am Ninh Binh, Chi cuc Kiém
Iam Hoa Binh, Quy Bao vé va Phat trién ring tinh Hoa Binh va Quy Bao vé va Phét trién ring tinh Nghé An.
Muc tiéu cua khéa tap huan 1 gilp cac can bo ky thuat Vién va cac can bo quan ly, giam sat rung tai cac dia
phwong nim dwoc céac kién thirc va ky nang co ban vé QGIS, ky thuat ung dung phan mém nay trong thyc té
khao sét tai hién truong, xi ly dit liéu ban dd trong phong ciing nhu trich xuat céc dit liéu tir cac loai ban dd 1am
nghiép phuc vu bao cao, kiém tra, giam sét tai nguyén rung tai cac dia phuong. Tuy nhién, dbi vai tinh Dak Lk,
viéc ing dung cac nén tang cdng nghé GIS va vién tham cho cac hoat dong phan tich, quan ly tai nguyén rang
con han ché. Boi vy, trong bai bao nay, nhom tac s& s& trinh bay giai phap tng dung cong nghé GIS va vién
tham hd trg phan tich, quan 1y tai nguyén ring trong diéu kién bién doi khi hau o tinh Pak Lak dya trén mot s6
nén tang ma ngudn mé nhu QGIS, PostGIS, MapWinGIS va Google Earth Engine.

2. Co sé' ly thuyét va phwrong phap nghién ciu
2.1. OGIS

QGIS, ban d4u duoc goi 1a Quantum GIS, 1a mét tmg dung hé thong thong tin dia Iy m& ngudén mo cho phép
nguoi dung phén tich va truc quan héa dir liéu khong gian. Nam 2002, QGIS dugc khoi xudng bai Gary
Sherman khi 6ng dang tim cach tao ra mot phan mém GIS mién phi, than thién voi nguoi ding. QGIS c6 mot
cong ddng manh mé, dong dao bao gdm cac nha phat trién, ngudi ding va nhitng ngudi ung ho trén toan thé
gidi. QGIS cung cip cac cong cu dé tao ban do chi tiét vé cac khu vuc rieng, bao gom cac kiéu tham thyc vat, sy
phan bé loai cay va ranh gisi ring. QGIS cung cép nhiéu cong cu phan tich khong gian c6 thé dwoc sir dung cho
cac nhiém vu quan ly rung, chang han nhu tinh toan dién tich rimg, phéan tich cé&c mé hinh canh quan va danh gia
két ndi moi truong séng. QGIS c6 thé dugc sir dung dé theo ddi tinh trang ring bang céach Iap ban db va phan
tich dit liéu vé tinh trang sau bénh, bung phat dich bénh va &p luc méi trudng; phan tich chudi thoi gian gidp
theo ddi nhiing thay ddi theo thoi gian va xac dinh xu huéng vé sic khoe rirng (Nicolas, 2018).

2.2. PostGIS

PostGIS la phan mé rong co so dir lieu khéng gian cho PostgreSQL, mot trong nhitng hé thong quan 1y co so
dir liéu quan hé ngudn ma phd bién nhat. PostGIS bd sung hd tro cho cac ddi tugng dia 1y vao co s dir liéu
PostgreSQL, cho phép nd dwoc st dung lam co s& dit lisu khdng gian cho cac hé thong thong tin dia Iy (GIS).
PostGIS duoc phaét trién boi Research Inc va dugc phat hanh lan dau vao 5/2001. PostGIS hd trg kha ning thém
cac kiéu di liéu dia ly nham tich hop trén hé quan tri co s& dir liéu PostgreSQL. N6 ciing thém cac ham, toan tir
va céc chi s khong gian dé &p dung cho céc kiéu dir liéu do. Viéc bd sung cac ham, toén tir, cac chi sé va cac
kiéu dit liéu lam tang thém sic manh cua I8i cua PostgreSQL 1am cho né nhanh hon va tré thanh hé quan tri co
so dix liéu khéng gian manh mé.

Vige sir dung PostGIS dé quan ly rimg mang lai kha nang manh mé dé Iuu trit, truy van va phan tich di liéu
khong gian, cd thé nang cao dang ké cac khia canh khéc nhau ciia quan ly rimg. PostGIS c6 thé luu trit dir ligu
vector nhu ranh giéi cua cac khu rung vi tri cly riéng I¢, duong mon va vung nudc. PostGIS cling co thé dugc
sir dung cé4c chirc nang dé phan tich vuing 1an can, lap mo hinh méi trudng séng va truy van méi quan hé khéng
gian; thuc hién cac hoat dong ndi khong gian, 16p pha va dém dé phan tich dir liéu rung,..

Nam 2013, Evangelos va nhém nghién ctru phat trién ung dung GIS cho viéc 1ap ké hoach quan ly Iam nghiép
d6 thi. DBé phat trién ttng dung GIS, nhdém nghién ciru da sir dung cac nén tang Geoserver, PostGIS/PostgreSQL,
OpenLayers, GDAL, PROJ.4 va Entity Framework 5.0. Hon ntta ASP.NET MVC4 da duoc st dung dé phat
trién trang web cua ¢ng dung. Giai phap hay co thé hd tro co quan chire néng lua chon phu hop cac bién phéap
quan 1y, bao vé va sir dung rimg d6 thi bang cach két ndi thuoc tinh vai dit liéu khong gian. Ung dung nay nhu
mot cong cu thich hop cho dich vy hanh chinh d6 thi, gop phan quan ly rimg d6 thi tét hon (Evangelos, 2013).
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2.3. MapWinGIS

MapWinGIS 1a nén tang phéat trién phan mém GIS ma nguon mé cho Microsoft Windows. N6 cung cip mot
b6 cdng cu va chire ning ma cic nha phat trién c6 thé sir dung dé bo sung kha niang 1ap ban d6 va GIS cho cac
ing dung cua riéng cua ho. MapWinGIS c6 ngudn gdc tir dy an MapWindow, bét dau tai Pai hoc bang Idaho
vao nam 2000. Myc tiéu ban dau 1a phat trién mot tng dung GIS ma ngudn ma, mién phi danh cho sinh vién va
cac chuyen gia. Hién nay, du 4n MapWinGIS tiép tuc nhan dugc thong tin cap nhat va hd tro tir doi ngii nha phat
trién va cong tac vién tan tam. Céc phién ban hién dai d cai thién kha nang twong thich véi cac hé diéu hanh va
moi trudng phét trién hién dai, dam bao tinh phu hop caa né trong cac tmg dung GIS hién tai. MapWinGIS dac
bi¢t hitu ich trong quan ly ring nho kha nang xt Iy dit liéu khong gian va thyc hi¢n cac hoat dong GIS khac
nhau. MapWinGIS c6 thé duoc sir dung trong quan Iy ring; quan 1y diéu tra rirng, theo ddi sirc khoe ring, quan
ly chay rung,..

Nam 2015, Arun va ¢Ong sy da trinh bay nghién ctiu vé xay dung hé thong thong tin 1am nghi¢p xa hoi dua
trén nén tang MapWinGIS va ngdn ngir 1ap trinh Microsoft Visual Basic. Lam nghiép xa h0| nham muc dich
tang dién tich rirng trong cho ngudi binh thudng nhiam dap tng nhu cau ngay cang tang vé gd, nhién liéu, gd,
thire an gia stc,... Giai phap dua ra trong nghién ctru cia Arun c6 thé ho tro hién thi, didu huong, két xuat dir liéu
khong gian dia Iy Céc 16p chit dé khac nhau, dia giGi hanh chinh (c6 s6 liéu kinh té - xa hoi) va cac 16p co s¢ ha
tang cuing vai dit lidu vé tinh Cartosat-1 lién quan dén vong tron 1am nghiép x4 hoi khu vuc Nagpur, An o da
dugc tich hop vao phan mém dé mo hinh hoa dau ra mong mudn (Arun, 2015).

2.4. Google Earth Engine

Google Earth Engine (GEE) 1a mét nén tang dua trén dam may duoc thiét ké dé phan tich dit liéu méi truong
& quy md hanh tinh. N6 két hop mot danh muc nhiéu petabyte gom hinh anh vé tinh va bo di liéu khong gian dia
Iy vai cac cong cu manh mé dé xu ly va phan tich dit liéu nay. Google Earth Engine dwgc ra mit chinh thic vao
niam 2010 tai hoi nghi vé bién ddi khi hau COP16 & Cancun (Mexico). Ban dau né duoc phat trién dé hd tro cac
nha khoa hoc, nha nghién ctru va nha hoach dinh chinh séch theo ddi va hiéu nhiing thay doi ciia méi trudng.
Trong nhimg nim dau, GEE duoc sir dung cho cac du an nhu 1ap ban d6 nan pha rimg ¢ rirng nhiét déi Amazon
va theo ddi nhiing thay ddi ¢ cac ving nudc (Mojtaba, 2020).

Google lién tuc mé rong danh muc dir liéu Earth Engine, két hop hinh anh vé tinh méi, dir liéu khi hau va tap
dix liéu kinh té - x4 hoi. Cong cu phan tich cai tién: Nén tang nay gisi thiéu cac cong cu tién tién danh cho may
hoc, phan tich chudi thoi gian va tinh toén khong gian dia ly quy mo 16n. Google Earth Engine (GEE) da tr&
thanh céng cu quan trong dé quan ly ring, cung cap nhiéu kha niang gitip gidm sat, phén tich va quan Iy ring mot
céch hiéu qua. GEE c6 thé phan tich hinh anh vé tinh dé phat hién nan pha ring va suy thoai ring gan nhu theo
thoi gian thyc. Piéu nay giup xac dinh cac hoat dong khai thac gd bat hop phép va cac khu vuc can can thiép.
GEE c6 thé xac dinh cac dam chay dang hoat dong bang cach sir dung dir liéu vé tinh nhiét va theo doi su lay lan
cua ching trong thai gian gan nhu thuc té (Yong, 2022).

3. Két qua va thao luan
3.1. Mé hinh gidi phdp

Duéi day la mo hinh gidi phap ung dung cong nghé GIS va vién tham hd trg phan tich, quan ly tai nguyén
ring trong diéu kién bién doi khi hau ¢ tinh Bak Lak.

B

[, - = =
Phin h@é GIS hé try biéu dién, quan Phiin h¢ phiin loai lip phii nirng
Iy CSDL tii nguyén nrng (vicn thim)
— f f f
| Nénting | [ Thwvien s N
[Q(’Is {\Iap\\’inﬁ[.‘iJ GDAL Nem ting Google Karth Engiee
J : J J
—e——————— 1
— e
T— Dir li¢u anh vién thim, dnh
C3DLKhing gian *  ban db vé rirg Dik Lik
(PostGIS/PostgreS0QL)
M e

J

Hinh 2. M6 hinh gidi phap tham hé tro phan tich, quan ly tai nguyén rimg Dak Lk
MG hinh nay bao gom 2 phan hé: ‘
- Phan hé GIS hd tro biéu dién, quan Iy CSDL tai nguyén rimg duoc xay dung dua trén cac nén tang
QGIS, MapWinGIS, GDAL .
- Phén hé phan loai I6p phu rung duoc xay dung dua trén nén tang Google Earth Engine
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a. Thiét ké tong quan phan hé GIS hd trorbiéu dién, quan Iy CSDL tai nguyén rimng

Phan hé GIS hd trg phan tich, quan ly CSDL tai nguyén ring bao gom 4 nhém chirc ning chinh: Nhém chtc
ning quan tri hé thdng; nhém chirc ning biéu dién co sé dit lidu tai nguyén ring, nhom chirc néng tuong tac véi
co s¢ dir lieu tai nguyén rung, nhém chirc ning cap nhat, chinh sira, xuit dit liéu. Phan hé dwoc phat trién dua
trén cac nén tang GIS ma nguén mé nhu MapWinGIS, PostGIS/PostgreSQL va sir dung cac ngdn ngit lap trinh
C#, SQL (Hinh 3).

PHAN MEM HO TRQ PHAN TiCH, QUAN LY CSDL TAI CSDL TAI NGUYEN RUNG PAK LAK
NGUYEN RUNG PAK LAK N
Nhim chire | [ Nhom chire || Nhém chire Dl dang | ‘LR
Nhém chire ning biéu nang twong nang cip » e —* P-L:::eslg[.)
niing quén tri | | dién co'sé tite véi co so | | mhit, chinh — —
hé thong dif liéu tai dir lifu tai | | sira, xudt div
nguyén rirng ] nguyén rirng liéu
b

Hinh 3. Minh hoa mé hinh céc chite nang phdn hé GIS hé tro phan tich, quan ly CSDL tai nguyén ring
CSDL tai nguyén rirng bao gom:

- CSDL vector: Pugc chuan héa boéi phan mém QGIS va luu trir trén PostGIS, bao gom cac 16p ranh
gidi, 16p dir lidu thuy hé, 16p dir liéu giao théng, 16p dir liéu duong binh d9, l6p dir liéu hién trang sir dung dat,
I6p dit liéu vé co quan quan ly ring, 16p dir liéu vé s phan bé rung.

- CSDL raster: Bugc luu trir ¢ dang cay thu muc, chia thanh cac danh muc nhu dir liéu anh vé tinh
Landsat, dit liéu anh vé tinh Sentinel, dix liéu mau vé rirng, dit liéu anh ban d6 va dit liéu anh vé tinh khac.

b

-l
-
b
-
1

—

g
—
—_—

CcsDL Khong gian tai nguyén

rimg Dak Lak
/_____,_'______H f___.—‘—._____h
L e G sl
CSDL Vector /‘ CSDL Raster
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L R
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hign trang s Ve COr quan vE sir phan DiF hgu mdu DU ligu &nh vé
dung dat quan I rirng bé rirng v rirng tinh khac

NEN TANG QGIS + POSTGISIPOSTGRESGL

Hinh 4. M6 hinh téng quan co sé dir liéu khdng gian tai nguyén rimg Pak Lk
b. Thiét ké tong quan phan hé phan logi I6p phui ring
Hinh 5 m6 ta chi tict cac chirc nang trong phén hé¢ phan loai I6p phu ring. Phan hé nay dugc chia lam ba chirc
ning bao gdbm: (1) trich mau dir liéu, (2) phan loai I6p phu ring va (3) xuat dir ligu.

Phin h¢ phin loai 16p phii rirmg

Trich mau dir liéu . Phin loai lop phi rimg o Xuit dir liéu
(GEE) (GEE, Tava Script) GEE
i f i f 1 I
; e — I'rich miu x P
Ix(hul‘l.i_'l.ﬂ |h|e.t lap teén sk I wa Lh_(lifl lhu.a.l Thigt I._l__pI Google Drive
mau dir li¢u mau R toan phin loai tham so
v¢ tinh
T T
ki
L Support
R:TIJUI:) Vector May tinh cuc bd
oresl
Machine

Hinh 5. M hinh céac chiic nang ciia phan hé phan logi 16p phu ring dwa trén GEE
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3.2. Két qua nghién ciru

Nhom téc gia da xay dung dwoc chuong trinh Hé thdng hd trg phan tich, quan ly CSDL tai nguyén ring DBik
Lik trong diéu kién bién ddi khi hau ¢ tinh Pak Lak dya trén viéc tich hop cac nén ting ma nguon mé nhu
MapWinGIS, PostGIS, GEE. Pay la dang ung dung GIS may tinh dé ban véi phan hé GIS hd tro phan tich, quan
ly CSDL tai nguyén ring va phan h¢ phan loai I6p phu rimng dua trén GEE chay & dang truc tuyén.

- D6i véi phan hé GIS hd trg phan tich, quan ly CSDL tai nguyén rimg

Phan hé GIS c6 thiét ké truc quan theo tiéu chuan ciia mot tng dung GIS dang may tinh dé ban véi giao dién
tiéng Viét. Hé thong dugc khai chay bai chirc nang dang nhap, nhiam xac thyc tai khoan nguai sir dung hé théng
(Hinh 6).

Hinh 6. Minh hoa giao dién ding nhdp hé théng
Céc chtre nang hd trg qua trinh quan ly, tim kiém cac thdng tin, di liéu vé tai nguyén rimg Dak Lik dugc xay dung
truc quan, phu hop véi céc nghiép vu thuong dung cua cac co quan, don vi hoat dong trong nganh 1am nghiép.
@l A = -
Thémmdl Cipnhit X6adirlidu = Loalanh viénthém Titci

STT Tenah

€ HIEN THI NHANH HINH ANH - =] X

Mer anh Di\inputDakLak 1988 _8b.if

Lura chon thw muyc e trir ‘

Loai anh vien thim

Kiu dir Ligu

Thém vio CSDL

Hinh 7. Minh hoa giao dién chinh c&c chite nang hé tro quan ly, tim kiém
céc thong tin vé tai nguyén ring Pak Lak
2 PHAN MEM HI TRO PHEN TICH, QUAN LY CSOL TAINGLVEN RITNG B LEK - o *

Hé thong  Quin 1¥ C8DL til nguwén rimg  Tra clu dirBu  Thing tn
cBRO S RAQH+HICI0E

Ea HTleo
Ea Sup
4 Hrong Buk
Buon Don |0 00 H'aar
Ba Har
; o
{ Krong Bak M'Drak
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HE tpa 45 WGSB4 Toa 46 ¥%: 106,54 Toa 45 ¥ : 1397

Hinh 8. Minh hoa giao dién chinh cia phan hé GIS
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- D6i voi phan hé phan loai I6p phu ring

Truéc hét, chirc nang trich mau di liéu nham muc tiéu xay dung bo dit ligu mau, phuc vu qua trinh huan
luyén va klem tra & cac budc tiép theo. GEE cung Cap cac cong cu V& dé nguoi dung khoi tao va xay dung mau
dix liéu vé ring. Bén canh do, , NgUOi dung can thiét 1ap cac tham sé co ban cho mau dit liéu nhu tén dbi twong,
mau dbi tuong, gi tri diém mau.

Bén canh do, chirc nang phan loai 16p phu rimg dugc xay dung bang ngén ngir Java Script trén nén tang GEE.
Ngudi dung cén Iya chon thuét toan phén loai trugce khi phén loai I6p phu rirng. Lya chon thuat todn phan loai la
yéu td quan trong trong qua trinh xay dung mé hinh hoc may. Dé dat dugc hiéu suat tét trong viéc phan loai dix
liéu, nguoi dung can lya chon thuat toan va thiét 1ap cac tham s diu vao tuong (ng voi thuat toan d6. Trong
phan hé nay, cac tac gia xay dung hai thuat todn hoc méy bao gom Random Forest (RF) va Support Vector
Machine (SVM). Ngudi dung cd thé lya chon mét thuat toan va thiét 1ap cac tham sb dau vao téi wu dé dam bao
hinh anh sau phéan loai dat hiéu qua cao.

Dir liéu dau vao cua phan hé 1a cac anh vién tham Landsat 5, Landsat 7, Landsat-8, Landsat 9 va Sentinel-2.
Ngudn dit liéu duoc lay tryc tiép trén nén tang GEE. GEE cung cap cac bo dir liéu da tién xu ly anh bao gom
hiéu chinh khi quyén va hiéu chinh hinh hoc. M&i hinh anh Landsat c6 kich thuéc khoang 1 GB, thu thap voi do
phan giai khong gian 14 16 ngay. Pong thoi, mdi anh Sentinel-2 co kich thudce tir 3 - 5 GB, thu thap véi do phan
giai khong gian 1a 5 ngay. Cac hinh anh dwoc loc may va cat theo ranh gigi cua tinh Dik Lak.

Dé phu hop véi didu kién tu nhién & rimg ¢ Pak Lak va cac loai dir liéu anh vidn tham quang hoc nhu
Landsat, Sentinel-2, céc tac gia tién hanh trich xuat mau dir li¢u theo 10 d6i twong bao gom rimg thudng xanh,
rimg ban thuong xanh, ring khop, ring trong, cao su, ca phé, dat nong nghiép, dit dan cw, mat nudc va dat
trong. Cac mau dir liéu dugc chia thanh bo dit liéu huan luyén va bo dir liéu kiém tra theo ti 18 7:3. Két qua phan
loai I6p phu rimg trén GEE dat d6 chinh xac trén 90%.

Ngoéi ra, chic ning xuat dir liéu duoc xay dung dam bao hinh anh sau phan loai duoc luu trir vé cuc bo. GEE
cung cap lién két véi Google Drive. Diéu nay cho phép dix liéu hinh anh sau phan loai cé the duoc trich xuit vé
Drive cua tai khoan dang dugc str dung. Cudi cuing, ngudi ding cd thé tai xudng tir Drive vé may tinh cuc bo dé
bién tap va luu trix dir ligu.

Hinh 9. Hinh dnh sau phén logi I6p phu ring trén GEE

4. Két luan

Nghién ciru nay da cho thdy viéc ung dung cac nén tang cong nghé GIS va vién tham mg nham hd trg cac
hoat dong phan tich, quan Iy tai nguyén rimg ¢ Pak Lik l1a kha thi, phi hop véi tinh hinh va diéu kién ¢ dia
phuong. Két qua nghién ctru nay cd thé tiép tuc dugc nghién ciru va ma rong khong chi o Dak Lik ma co thé ¢
pham vi rong hon nhu toan by khu vyc rirng Tay Nguyén hay cac khu vuc ring & Viét Nam khac. Tuy nhién,
trong thoi gian téi, nhom tac gia sé tiép tuc nghién ciru cac giai phap GIS khac nham cd thé phat trién mot md
hinh phan tan, két hop véi md hinh xir Iy di liéu anh vién tham duya trén GEE nham nang cao kha nang sir dung
chung, kha ning chia sé va lién két thong tin di liéu dugc tot hon.
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ABSTRACT
Applycation of GIS and remote sensing technology to support analysis and
management of forest resources under climate change conditions
in Dak Lak province

Thanh Nguyen Sach®*, Hung Le Trinh'3, Le Van Phu?, Nguyen Van Trung?®
!Le Quy Don Technical University, Hanoi, Vietnam
2Hanoi University of Mining and Geology
3Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology

Dak Lak is one of the provinces with the highest forest area in the country, rich in ecosystems and biodiversity.
However, climate change is having a strong impact on forest resources in Dak Lak, requiring solutions that apply
science and technology. Currently, GIS and remote sensing technology play an important role in analyzing and
managing forest resources. They provide valuable tools for assessing, managing and conserving forest resources,
helping to support sustainable forestry practices and biodiversity conservation efforts. In this study, the authors
will present solutions for applying open GIS and remote sensing technology platforms to support analysis and
management activities of authorities related to the field of forest resources in Dak Lak province.

Keywords: GIS, Remote Sensing, Dak Lak.
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Ung dung cong nghé dia tin hoc trong danh gia han han & Quang Nam

Pham Thi Thanh Hoa?*, Tran Hong Hanh'2 Luu Thi Diéu Chinh?
1Trieong Pai hoc M6 - Pja chadt
2Nhém nghién cizu Cong nghé Pia tin hoc trong Khoa hoc Trdi dat (GES), Truong Pai hoc Mé - Pia chdt
3Truong Pai hoc Xay dung Ha Néi

TOM TAT

Nghién ciru tién hanh dénh gia mtrc d6 han hén cho tinh Quang Nam trén co s cdng nghé dia tin hoc. O day,
nén tang dién toan dam may Google Earth Engine dwoc st dung dé xu ly, tinh todn céc chi s6 han tir dir liéu
anh vién tham Sentinel-2, gitp thay thé khdi lugng I6n cong viéc thyc hién trén phan mém thuong mai. Cong
nghé GIS - hé thong tin dia 1y duoc s dung dé truc quan hda va thanh lap ban d phan viing mac do han héan
cho tinh Quang Nam. C4c chi s6 han duoc sir dung 1a LSWI (Land Surface Water Index) - chi s6 nudc bé
mat, NDDI (Normalized Difference Drought Index) - chi s6 han han khac biét chuan héa. Két qua nghién ciu
cho thay trén dia ban tinh Quang Nam trong nim 2023 xay ra han han véi cac muc do khac nhau va khdng
ddng déu. Trong d6 han nghiém trong va han ning tap trung chu yéu & phia Pong cua tinh. Riéng phan phia
Tay cua tinh, do dién tich ring che pha 16n nén xay ra han nhe, hoic gan nhu khong han. Nhin chung, cach
tiép can céc chi sé han véi cong nghé dia tin hoc c6 thé duoc sir dung dé nhanh chéng théng bao cho chinh
quyén dia phuong vé hién trang, dé tir d6 dwa ra cac giai phap thich wng lau dai véi han hén.

Tur khéa: Han han, Quang Nam, dia tin hoc, Sentinel-2, chi sb han.

1. Pit van dé

Vi sy phat trién  khong ngung cua cong nghé thong tin, cong nghé dia tin hoc mang dén nhimg bugc d6i moi
trong nghién ctu vé trai dat, bao gom tai nguyén thién nhién, moi truong, thién tai,... Dia tin hoc dang ching
kién su tién bo trong cong nghé vién tham, tir viéc phét trién phan mém xir 1y, dén wec khéng ngung cai thién do
phan giai cua dir liéu anh vé tinh. Pong thoi dé ting kha nang nghién ciru va dap ung nhu cau sir dung, nhiéu bo
dir liéu anh dwoc cung cip mién phi nhu Modis, Landsat, Sentinel, ...

Vién tham cung cap mot phuong tién higu qua dé thu thap dir liéu tir cac khu vyc dia Iy rong I6n trong thoi
gian ngan, ké ca cac khu vic khong thé tiép can hoic nguy hiém. Céng cu nay cho phep theo doi nhimng thay doi
V€ moi truong va tai nguyén thién nhién, dong thoi hd tro trong céc tinh hudng khan cap (Navalgund et al.,
2007). Toc d6 va pham vi thu thap dit liéu cé thé gidp wng pho véi tham hoa va cung cip théng tin theo thoi gian
thuc vé miic d¢ thiét hai.

Mot nhanh khac cua cong nghé dia tin hoc ma khong thé thiéu 1a Hé thong tin dia Iy GIS (Geographic
Information System). GIS vin dwoc biét dén 13 mot cong cu xur Iy da dang ngudn thdng tin va hd tro ra quyét
dinh. GIS dam bao dir lidu chinh xac va phu hop dugc tham chiéu theo dia ly. Hiéu qua ma GIS mang lai khéng
con c6 gi c6 thé nghi ngo, dic biét khi két hop ciing véi cong nghé vién tham. D6 1a viéc tng dung trong nhiéu
nghién ciru vé thién tai nhu 1o lut (Al-Tahir va cong su, 2014; Irimescu va cong su, 2010), danh gia han han
(Huang va cong su, 2023), truot 16 (Podolszki & Karlovi¢, 2023),...

Bén canh d6, sy bung nd cua dir lidu 16n khong gian dia 1y 1a xu huéng khdng thé bo qua trong tién trinh phat
trién cong nghé. Khi d6, nhitng doi mai trong phan tich dir lieu dugc ghi nhan véi viée gia tang sir dung nén tang
dién toan dam may, mang lai kha ning truy cap, phan tich cac tap dir liéu lon hiéu qua hon. Diéu nay tao diéu
kién thuan lgi cho viéc cong tac va xu ly dir liéu theo thoi gian thuc trén cac vi tri dia ly khéc nhau. Google Earth
Engine (GEE) la mét trong nhitng nén tang manh mé& cho phép thuc hién cac cong viéc d6. GEE dugc danh gia
cao trong nhiéu linh vyc nghién ctru nhu néng nghiép, gidm st tham thuc vat, thién tai,... (Kumar & Mutanga,
2019; Yu & Gong, 2012).

Trong nhirg nam gan déy, tinh Quang Nam c6 xu hudéng gia ting tinh trang han han. Didu ndy dan theo cac
thiét hai dén san xut va sinh hoat trong khu vuc. Pung trudc thach thirc véi loai hinh thién tai nay, can c6 cac
két qua nghién ctru nhanh chéng va dam bao do tin cay, dé danh gid mirc do han han. Tuy nhién, cac nghién cau
vé han han trén dia ban tinh chua thuc sy ¢6 nhiéu. Bién hinh ¢ nghién cau caa nhém (Du va cong su, 2018)
tinh mot sb cac chi s han tir anh vién tham. Hozc nghién cau sir dung cac diém quan tric khi tuong c6 két hop
cong nghé vién tham (Hanh Mai va cong su, 2022). Cac nghién ctitu ndy méi chi sir dung dnh c6 d6 phan giai
thap 12 anh Modis c6 do phan giai 500 m. Diéu nay c6 thé gay han ché dén danh gia tinh trang han han trong khu

* Téc gia lién hé
Email: phamthithanhhoa@humg.edu.vn
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vue. Do d6, véi mong mudn thu duoc két qua co do tin ciy cao hon, nghién ciru tién hanh tinh chi sé han tir dit
liéu anh Sentinel-2 c6 d6 phan giai khdng gian 10-20 m (véi céc kénh anh khac nhau), sir dung nén tang GEE.
Cac chi s6 duoc lya chon sir dung 1a LSWI (Land Surface Water Index - chi s6 nuéc bé mat) dung trong danh
gia han ndng nghiép (Xiao va cong sy, 2004), NDDI (Normalized Difference Drought Index - chi s6 han héan
khéc biét chuan hoa), ding trong d4nh gia han tong hop (Gu va cong su, 2007).

2. Khu vuc nghién ciru, dix liéu sir dung va phwong phap nghién ciu
2.1. Khu vwe nghién cvru

Quang Nam Ia mot tinh nam ¢ ving duyén hai Nam Trung B9, giép tinh Thira Thién Hué va thanh phb Pa
Néng & phia Bic; phia Nam giép tinh Quang Ngéi va tinh Kon Tum; giap tinh Sekong cua Lao & phia Tay; phia
Poéng giap Bién Pong. Tinh nam trong toa do dia Iy khoang 108026'167-108044'04” do kinh Dong va tir
15023'38”-15038'43” d¢ vi BAc.

Tinh chi ¢6 2 mua 1a mua mua (kéo dai tir thang 10 dén thang 12) va mua kho (kéo dai tir thang 2 dén thang
8). Con lai thang 1, thang 9 1a cc thang chuyén mua, voi dic trung 1a thoi tiét hay nhiéu loan va kha nhiéu mua
(Céng thdng tin Bién tir tinh Quang Nam).

Quang Nam la mét trong nhiing tinh mién Trung chiu mic d6 han nghiém trong, thuong xay ra vao thang 4
dén thang 7. Han han con duoc xép hang vao loai thién tai gay thiét hai 16n vé kinh té, méi trudong va xa hoi trén
dia ban tinh Quang Nam. Theo tai liéu théng ké han han tir nam 1990, hiu nhu nim nao ciing ¢6 han han véi cac
muc d6 khac nhau va xu thé khdng ngimg gia tang trén dia ban tinh (Vi Thi Thu Lan, 2011). Tinh riéng giai
doan 1999-2014, thiét hai do han dén lta 14 53.681 ha, 606.000 ngudi trong tinh trang thiéu nudce sinh hoat. Theo
(Uy ban nhan dan tinh Quang Nam, 2010; Vién Khoa hoc Khi tugng Thity vian va Méi truong, 2009), do han héan
kéo dai, 4.841/44.500 ha IGa hé thu ¢ cac huyén dong bang bi hu hai. Ngoai ra, cd trén 3.000 ha lda khéng thé
gieo sa vi kho can cuing véi 5.000 ha cay trong thiéu nude tudi va gan 5.000 ngudi dan bi thiéu nudc sinh hoat &
cac huyén trung du va mién ndi Quang Nam.
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Hinh 1. Vj tri khu vic nghién citu
2.2. Dit ligu sir dung

Nghién ciru nay str dung dir liéu anh vé tinh Sentinel-2 - vé tinh dugc nghién ctru va phat trién boi Co quan
Hang khong vii tru chau Au (ESA). Anh Sentinel-2 phu trdm khu vuc nghien clru vao thang 5 nam 2023 v6i do
che phu may duéi 30%. Bang 1 thé hién thong tin cua anh Sentinel-2 véi cap xu ly & muc 2A, bao gdém 12 kénh
da phé tir kénh nhin thdy dén hong ngoai séng ngan tuong (ng tir B1 dén B12. Ngoai ra, con c6 ba dai QA,
trong d6 mot (QA60) la dai bitmask c6 thong tin vé mat na dam may.
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Hinh 2. 4nh Sentinel-2 tinh Quang Nam (t6 hop mau tz nhién)
Bang 1. Théng tin kénh da phé cua anh Sentinel-2 Level 2A
Kénh Tén kénh anh Do phan giai Budc song
B1 Aerosols (Sol khi) 60 m 443,9 nm (S2A)/442,3 nm (S2B)
B2 Blue (Xanh lam) 10 m 496,6 nm (S2A)/492,1nm (S2B)
B3 Green (Xanh luc) 10m 560 nm (S2A)/559 nm (S2B)
B4 Red (Do) 10m 664,5 nm (S2A)/665 nm (S2B)
B5 |Red Edge1(Kénhriado1)|  20m 703,9 nm (S2A)/703,8 nm (S2B)
B6 |Red Edge2 (Kénhriadd2)|  20m 740,2 nm (S2A)/739,1nm (S2B)
B7 |RedEdge 3 (Kénhriado3)| 20m 782,5 nm (S2A)/779,7 nm (S2B)
B8 NIR (can hong ngoai) 10 m 835,1 nm (S2A)/833 nm (S2B)
B8A |Red Edge 4 (Kénhriado4)|  20m 864,8 nm (S2A)/864 nm (S2B)
B9 | Water vapor (Hoi nudc) 60 m 945 nm (S2A)/943,2 nm (S2B)
B11 (Hong ngso\g‘{'s'z jg ngén 1) 20 m 1613,7 nm (S2A)/1610,4 nm (S2B)
B12 . SWIR2 20m 2202,4 nm (S2A)/2185,7 nm (S2B)
(Hong ngoai song ngan 2)

2.3. Phwong phdp nghién ciru
2.3.1. So do quy trinh

Nghién ciru thyc hién trén nén tang dién toan dam méay GEE, véi viéc st dung anh Sentinel-2. Anh Sentinel-2
dugc chon theo thoi gian, tao mat na may, sau dé cit anh theo ranh gidi tinh Quang Nam.

Hai chi s6 han 1a LSWI va NDDI dugc tinh tir cac kénh anh Sentinel-2.

So d6 quy trinh dwoc thé hién trong Hinh 3.
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Google Earth Engine Anh Sentinel-2

y

Loc anh theo thoi gian

Tao mat na may trén anh

A

A
Ranh gi6i khu vuc Cit anh the
nghién clru

o ranh gioi

Tinh LSWI, NDDI |
GIS)
Phan vung han han

Hinh 3. So do quy trinh nghién cizu han han siz dung céng nghé dia tin hoc
2.3.2. Céc chi s6 han

Chi s6 LSWI thé hién mirc d6 thay d6i ham luong nuéc cua Iop pha bé mat. LSWI 1a mét trong nhiing chi sb
dé danh gia mirc d6 han héan cua I6p pha thuc vat (R. Bajgain va cong su, 2017; K. va cong su, 2011). Chi s6
LSWI cang nhé mirc d6 han han cang nghiém trong.

Chi s6 han NDDI dugc tinh toan lién quan dén céc chi sé NDVI (Normalized Difference Vegetation Index -
Chi sé thuc vat khéc biét chuan héa) va NDWI (Normalized Difference Water Index - Chi s6 nudc khéc biét
chuin hoéa), twong tng nhay cam véi sy hién dién cua tham thyuc vat va cua nuéc trong mot khu vy,

Bang 2. Cong therc tinh céc chi sé trong nghién cizu

Chi so Tén day di chi s6 Cong thirc Y nghia
) . LSWI = NIR — SWIR1 (1a) )
LSWI Chi s6 nu6c bé mat ~ NIR + SWIR1 Chi so he:m ndng
(Land Surface Water Index) LSWl.. _ B8 — B11 (1b) nghiép
Sentinel 2 BS + B11
Chi s6 han han khéc biét chuan hda NDVI — NDWI 2 .2 2
NDDI (Normalizéd Difference Ijrought Index) NDDI = NDVI + NDWI @ Chi 6 han tong hop
Chi sb thuc vat khac biét chuén hoa NDVI = R — RED (3a) T
NDVI (Normalized Difference Vegetation NIR + RED Chi so can tinh
Index) NDVI,, ., _ B8 — B4 (3b) trong cong thac (2)
entinel 2 BS + B4
NIR — SWIR
Nowi | Chisé nude khdc bigt chudn hoa NDWI = =r Wik “a) | chi s6 cin tinh
(Normalized Difference Water Index) NDWL... _ B8A — B11 (ab) trong cong thuc (2)
Sentinel 2 B8A + B11
trong do:

NIR: kénh can hong ngoai; SWIR: kénh hong ngoai song ngan;
NDVI: Chi sé thuc vét khac biét chuan hoa (Tucker, 1979) vai gia tri trong khoang tir -1 dén 1. Gia tri
NDVI gan dén 1 cho chi thi thuc vat khoe manh, NDVI thdp cho nhan biét tinh trang thuc vat suy giam;
NDWI: Chi sé nuéc khéc biét chuan héa (Gao, 1996), nam trong khoang tir -1 dén 1. Gia tri NDWI cao
cho thay da do 4m, trong khi gid tri thip cho thiy tinh trang thiéu nuéc.
Trong Bang 2, cong thuc tinh céc chi sé han duoc thé hién trong cong thic (1b) va (2) khi 4p dung tinh cho
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anh Sentinel-2. Céc chi s6 khac nhu NDVI, NDWI duoc tinh phuc vu cho céng thuc (2).

Céc thong s6 B4, B8, B8A, B11 trong cac cong thirc (1b), (3b), (4b) twong ung vai cac kénh anh dugc ghi
trong Bang 1.

Viéc phan chia mirc d6 han han cho hai chi s6 LSWI va NDDI duoc thé hién trong Bang 3 va Bang 4.

Bang 3. Bang phan chia mize dé han han véi chi s LSWI (Rajen Bajgain va cong si, 2015)

STT Phén lép Mirc do
1 LSWI<-0,1 Han nghiém trong
2 -0,1<LSWI<0 Han nang
3 0<LSWI<0,1 Han trung binh
4 LSWI >0,1 Khéng han
Bang 4. Bang phan chia mize g han han véi chi so NDDI (Nepal va céng sir, 2021)
STT Phén lép Mirc do
1 NDDI > 3 Han nghiém trong
2 1,25 <NDDI<3 Han nang
3 0,7 <NDDI < 1,25 Han trung binh
4 -2<NDDI <0,7 Han nhe
5 NDDI < -2 Khéng han

3. Két qua va thao luan

LA . Han han & tinh Quang Nam aim 2023

) v D4 Midg

i P G, ol

o

Hinh 5. Két qud chi sé han NDDI trén GEE
Cac két qua thu dwoc la cac anh chi s6 duoc tinh toan va hién thi trén Google Earth Engine: LSWI, NDVI,
NDWI, NDDI. Hinh 4 va Hinh 5 thé hi¢n ket qua anh LSWI va NDDI trén nén tang GEE. D¢ thu dugc cac ket
qua nay, viéc lap trinh dugc tien hanh truc ticp trén Code Editor - mdi truong twong tic de phat trien cac tng
dung Earth Engine, trén co s& cidc ham va thuét toan dugc dinh nghia san va phat trién cac code riéng cho
bai toan.
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Sau d6 anh chi s6 han dwoc tai vé va trinh bay trén phan mém ArcGIS véi cac mic d6 phan chia ving han
theo Bang 3 va Bang 4, v6i cac mac: Khdng han, han trung binh, han nang, han nghiém trong.
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Hinh 6. Két qua tinh trang han han tinh Quang Nam duing chi sé LSWI (5/2023)
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Hinh 7. Két qua tinh trang han hén tinh Quang Nam duing chi sé NDDI (5/2023)

Két qua tinh todn LSWI, NDDI dua trén anh Sentinel-2 nam 2023 thé hién trén Hinh 6 va Hinh 7 cho thiy
han han gin nhu xay ra trén dia ban tinh, phan bb khong dong déu véi cdc muc han tir trung binh cho dén
nghiém trong. Trong d6, ving han nghiém trong (mau do) tap trung ven bién con cat phia Pong cua tinh, hoan
toan twong dong két qua phan ngudng han giira hai chi sb: LSWI < -0,1 (Rajen Bajgain va cong su, 2015) va
NDDI > 3 (Nepal va cong sy, 2021). Céc huyén thudc khu vuc phia Pong cling c6 tinh trang han han cao hon
(trong tng mau vang dén mau do), dién hinh tai khu vuc thugc ha luu séng Vu Gia - Thu Bon gém cac huyén
Pai Loc, huyén Duy Xuyén, thi xa Dién Ban, thanh phd Hoi An va cac khu vuc khac thudc huyén Qué Son,
huyén Thing Binh, thanh phd Tam Ky. Tai diy, muc nudc tai cAc con sdng va cac hd chira ciing da giam dén
muc kho han do khong c6 mua va nhiét do cao trong thoi gian dai. Riéng phan phia Tay cua tinh, do c6 dién tich
thuc pha che phu lon (vung cé tham thuc vat ring 1& rong) voi gia tri NDVI cao nén muac d6 han han c6 xu
huéng thip hon so vé6i cac ving con lai. D6 1a cac huyén Nam Giang, Phuéc Son, Tay Giang. Khi do, chi s6
LSWI > 0,1 va NDDI < 0,7, twong ng han nhe hoic khong han. Nhin chung, thoi diém han han & Quang Nam
thuong roi vao thoi ky tir thang 4 dén thang 7. Do d6 vai thoi gian nghién ciu 1a thang 5, gan nhu huyén nao
cling ghi nhan tinh trang han hén.
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Khi so sanh két qua tinh trang han han, quan sat thay rang ban d6 NDDI va LSWI thé hién diéu kién han héan
c6 sy chénh léch. Theo d6, dién tich han nim 2023 14 120.574,64 ha (chiém khoang 10,9%) v&i chi s NDDI va
238.025 ha (chiém khoang 21,6%) vai chi s6 LSWI so véi tong dién tich toan tinh. Ly do cho két qua khéac biét
nay 1a NDDI xem xét ca didu kién thuc vat NDVI, thay vi chi xem xét dén diéu kién mat nuéc NDWI nhu chi s6
LSWI. Vung c6 gia tri NDWI cao cho biét dién tich bé mat nuéc nén mie @6 han han nghiém trong sé giam.
Nguoc lai NDWI thap va xem xét diéu kién NDVI thap (nhung khoéng 4m) cho ra két qua gia tri NDDI cao,
nghia 12 b& mat cua khu vuyc rat it hozc khong phai 1a mat nuée, kém theo diéu kién thuc vat giam, do d6 muc do
nghiém trong ciia han han cao. Dong thoi gia tri NDVI ciing 1a mot phuong tién hiéu qua dé xac dinh céc bat
thuong vé tinh trang thuc vat, chang han nhu sy suy giam rd rét vé siac khoe thuc vat véi cac gia tri thap (nhung
khdng &m) cd thé suy doan vé tinh trang han han (Sruthi & Aslam, 2015).

Két qua nghién ciru dugc so sanh truc quan véi nghién cau trude d6 cua (Du va cong su, 2018), cho thay cac
khu vuc han han twong ddng véi nhau ¢ vi tri thudc ha luu séng Vu Gia - Thu Bon, ciing nhu nhéan dinh thoi
diém han han 14 thang 4, thang 5 va&i nén nhiét cao va lwong mua it. Tuy nhién so sanh nay mang tinh chét tuong
ddi, boi thoi diém so sanh khéc nhau, dit liéu va cac chi s6 khdng giéng nhau. Vi thé trong cac nghién ciu tiép
theo vé han han ¢ tinh Quang Nam, nhém nghién ctu s& bd sung thém cac sb liéu danh gia, dong thoi dwa thém
cac dir liéu dau vao khac dé danh gi4 tinh trang han han, ciing nhu anh huéng cia han han dén hién trang tham
thuc vat tai day.

4. Két luan

Linh vyc dia tin hoc dang phét trién trong ky nguyén khoa hoc k¥ thuat, véi nhimg doi méi méi hia hen sg
mang dén dot phé trong phan tich va biéu dién dir liéu khdng gian. Vi thé viéc tng dung céng nghé nay trong
nghién ciru han han dang duoc nhleu nudc trén thé glorl cling nhu Viét Nam quan tam.

Nghién ctru da sir dung céc chi sé han tir anh vién tham Sentinel-2 dé xac dinh mac d6 nghiém trong va pham
vi khong gian han ¢ tinh Quang Nam. Céc chi s6 han han 1 su bd sung tét cho danh gia han han va tim hiéu lich
sir han han. Su két hop cong nghé vién tham cing kha nang xu ly anh thyc hién trén nén tang dién toan dam may
va cdng nghé GIS phan tich dir liéu, mang lai hiéu qua vé mat thoi gian, giam tai viéc luu trit dir liéu, gidp truc
quan hoa két qua.

Day 1a nghién ctru ban du vé tinh trang han han trén dia ban Tinh, véi viéc sir dung anh c6 d6 phan giai cao
hon so véi cac nghién ctu trude d6. Tuy nhién, dé c6 thé mang lai két qua cao hon, can c6 thém da dang cac chi
s6 han han, ciing nhu can bd sung ngudn dit liéu anh huéng dén han han nhu lwong mua, nhiét do, dia hinh, 16p
phu,...
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ABSTRACT
Application of geoinformatics technology for
drought assessment in Quang Nam province

Pham Thi Thanh Hoa'?", Tran Hong Hanh2, Luu Thi Dieu Chinh®
'Hanoi University of Mining and Geology
2Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology
3Hanoi University of Civil Engineering

This study assessed the level of drought in Quang Nam province based on geoinformatics technology. Google
Earth Engine - a cloud computing platform - was used to calculate drought indicators from Sentinel-2 images,
replacing a large amount of image processing in commercial software. GIS technology - geographic information
system - was used to visualize and create drought maps for Quang Nam province. The drought indices used such
as LSWI (Land Surface Water Index), NDDI (Normalized Difference Drought Index). The research results
showed that droughts occurred in all districts of Quang Nam in 2023 with different levels and uneven
distribution. Severe and extreme drought areas were mainly concentrated in the East of the province. In the
West, due to the large forest, there was mild drought or no drought. In general, the approach using drought index
and geoinformatics technology can be effective in quickly informing local authorities about the drought
situation, thereby providing long-term adaptation solutions to drought.

Keywords: Drought, Quang Nam, geoinformatics, Sentinel-2, drought index.
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Nghién cau wng dung mo hinh LSTM (Long Short-Term Memory) trong dy
bao d6 man tir chuoi dir liéu da bien tai tram Dai Ngai, Soc Trang

Bui Duy Quynh?", Ha Thi Hang! Luwu Thi Diéu Chinh2, Tran Xuan Truong®*
Khoa Cau dwrong - Truong Pai hoc Xay ding Ha Ngi
2Khoa Cong trinh thaiy - Truong Pai hoc Xay dung Ha Ngi
3Khoa Trdc dia- Ban do va Quan [y ddt dai - Triong Pai hoc M6 - Dja chat
“Nhém nghién cizu Cong nghé Pja tin hoc trong Khoa hoc Trdi dat (GES) - Truong Pai hoc Mé - Dia chat

TOM TAT

Xam nhap man dang dit ra nhing théch thirc dang ké ddi véi cac khu vuc ven bién trén toan thé gi¢i. Cac mo
hinh dy doan xdm nhap man cé thé cung cap thong tin quy gia trong chu dong lén ké hoach phong chéng,
giam thiéu tac dong va anh huong caa xam nhap man. Nghién ciu nay wng dung mé hinh hoc sau mang bo
nhé dai-ngdn LSTM (Long Short-Term Memory) - mét dang dic biét cua mang noron tai phat (RNN-
Recurrent Neural Network) - dé dy bao ¢6 min dua trén viéc phan tich chudi di liéu da bién, bao gom: dir
liu d6 man, muc nudce va lwong mua tai tram Dai Ngai tir nam 2011 dén nam 2022. D6 tin cay caa mo hinh
du bao d6 min duoc danh gia dya trén céc chi s6 R2, MAE va RMSE cho cac tép dit liéu kiém chuang va dix
liéu kiém tra. Két qua danh gia cho thady mé hinh dy bao do man c6 do tin cay cao, vai gia tri R2 > 95,8, gid tri
MAE dao d6ng tir 0,1 g/L dén 0,29 g/L va gia tri RMSE ciing rat nho, thay ddi trong pham vi tir 0,34 g/L dén
0,54 g/L. Két qua thuc nghiém nay cho thay viéc &p dung mé hinh hoc sau trén co s& sir dung chudi dit liéu da
bién trong du bao d6 min co y nghia rat 16n trong viéc canh b4o sém ciing nhu 1én ké hoach phong tranh,
thuc thi cac giai phap ngan man lau dai. Ngoai ra, két qua thuc nghiém nay ciing c6 thé 4p dung hiéu qua cho
c4c tram quan tric do man khac trong khu vuc.

Tur khéa: Dy bao dd man, chudi dir liéu da bién, LSTM, tram Pai Ngai.

1. Pit vin dé

Xam nhap man la hién tuong xay ra khi nugc bién xam nhap vao cac khu vuc nudc ngot thong qua hé thong
song, subi (Ippen va cong sy, 1961) va thuong xay ra & cac khu vuc ven bién va dong bang noi c6 su giao thoa
gitra nudc bién va nudc ngot (Mahmuduzzaman va cong su, 2014). Pong bang séng Ctru Long (PBSCL) duoc
coi la mot trong nhitng ving bi anh huong nang né trén thé giodi trudce cac thién tai nhu han han, xAm nhap man
(Xiao va cong su, 2021). Hién nay, Vi Su gia tang cua Muc nudc bién dang do bién di khi hau (BDKH), viéc
trir nudce tai cac dap thuy dién dau nguon, su ha thap day song do khai thac cat, sy gia ting sir dung nudc noi
ving di va dang 1am cho tinh trang Xdm nhap man ngay cang tro 1én nghiém trong, nude bién 1an sau vao noi
ddng, gay anh huong 6n dén doi séng sinh hoat va san xuét tai khu veec PBSCL (Duong Tran Anh va cong su,
2018; Doan Van Binh va cdng sy, 2020; Nguyen Huu Thoi, 2001) Dé du bao xam nhap man, mot s nghién cau
thuong sir dung bo mo hinh MIKE va thu duoc két qua tuong ddi tot ( ang Hoang Lam va cac cong su, 2022;
Dang Van Diing va Cé&c cong su, 2018; Poan Quang Tri, 2016); tuy nhién, cdc mo6 hinh nay thuong yeu cau sb
lwong dir liéu dau vao 16n va chi tiét, nhu dir liéu dia hinh, mat cét séng, cac cong trinh thay loi, hé sé nham, ...
dé kiém dinh m hinh va can nhiéu thoi gian tinh toan.

Ngay nay, cac md hinh tri tué nhan tao da cung cip thém maot cach tiép can mai trong viéc xay dung cac mo
hinh du bao d6 man dua trén chudi sb liéu theo thoi gian va dat dwoc d6 chinh x4c ciing nhu do tin cay cao. Cac
md hinh tri tué da timg duoc &p dung nhiéu trong du bao d6 man va cho két qua tét, nhu mé hinh trung binh
Bayes (BMA) (Kairong Lin va cé&c cong su, 2019; Nguyen, Thu Thi Minh va cac cong su, 2023)., ARIMA Tran
Thanh Thai va cac cong su, 2021), rirng ngau nhién (RF), may vector h trg (SVM), mang noron Elman (ENN)
Pengyu Lu va cac cong su, 2021) hoic cac md hinh két hop Boruta - mang noron nhan tao (B-ANN), Boruta -
hoi quy vector hd trg (B-SVR) (Abbasi, Mahdi va cac cong su, 2022). Song song véi cac md hinh hoc may
truyén théng, mé hinh hoc sau (Deep Learning) ma dién hinh 1a mang noron hdi quy (RNN- Recurrent Neural
Network) vai phién ban mé rong 1a mang by nhé dai ngan LSTM (Long Short-Term Memory) da duoc sir dung
trong cac bai toan vé du bao chudi thoi gian, nhu dy doan luu lugng x4 nudce hang ngay trong luu vuc (Gauch,
M. va c4c cong su, 2021), du bao do man (Nguyén Cong Thanh va Nguyén Tién Giang, 2022), danh gia sy dich
chuyén cua cau (Thai Ha Vu, Ngoc Quang Vu va Nguyen Van Thieu, 2024), hay du bao do cao song (Tran

* Téc gia lién hé
Email: quynhbd@huce.edu.vn
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Hong Thai va cac cong su, 2022). Hau hét cac nghién ciru nay déu khing dinh tinh hiéu qua cia mé hinh LSTM
trong du bao, cho két qua kha quan nho kha ning ghi nhé cac bude va khdng bi anh huong nhiéu khi s6 ligu dau
vao bi thiéu. Trong mot nghién ciru du bao do man méi day nhat caa Thanh va cong sy (Nguyén Céng Thanh va
Nguyén Tién Giang, 2022) vao nam 2023, nghién citu ndy chi sir dung mét bién dir liéu dau vao duy nhét, d6 1a
di liéu d6 man cao nhit trong ngay tai tram Pai Ngi trong 6 thang mua kho (tir thang 1 d&én thang 6) nam 2002
dén nam 2021 dé du bao d6 man. Két qua cua nghién ctru ndy cho thdy mo hinh LSTM mic du cé thé xi Iy va
du béo chudi dir liéu theo chudi thoi gian kha tbt, nhung mé hinh khong du doan duoc cc gié tri cuc tri trong
qua trinh huan luyén. Trong khi d6, wu diém ndi troi caa md hinh LSTM la xir ly dit liéu da bién theo chudi thoi
gian (S. Alhirmizy va B. Qader, 2019). Bi véi du bdo xam nhap man, md hinh LSTM c6 thé x ly tét dir liéu da
bién, noi ma nhiéu bién sé c6 thé anh huong qua lai 13n nhau theo thoi gian. Bang cach nay, LSTM khéng chi
phan tich timg bién s6 riéng 1é ma con hoc duoc cac mbi quan hé phuc tap giita chung, qua do, gitp cai thién do
chinh xé&c caa mé hinh (Zhang, Xiaoying va cac cong su, 2023).

Chinh vi vay, nghién ciru nay dé xuat va trinh bay két qua ing dung mé hinh bg nhé dai-ngan LSTM trong duy
bao d6 man tai tram do min Dai Ngai, tinh Soc Trang dya trén chudi dir liéu da bién, da thai gian trong qué khtr,
bao gom d6 man, myc nudc, lugng mua. Trén co s& d6 danh gia hiéu qua, do tin cdy va kha nang ap dung rong
rdi md hinh nay cho cac tram quan tric d6 man khéc trong khu vuyc.

2. Co sé' ly thuyét va phwong phap nghién ctu
2.1. Khu vwe nghién ciru

Tram thuy van Dai Ngai (9°44'4,60"N, 106°4'27,03"E) la mot trong cac tram quan tric khi tuong cua tinh S6¢
Trang, nam & khu vuc cira Tran D€ cta nhanh Séng Hau, thudc thi tran Dai Ngdi, huyén Long Pha, tinh Séc
Trang (Hinh 1). Hién nay, tai tram Dai Ngdi quan trac nhiéu thong tin thiy van nhu muc nude, @6 man, do mua

tu dong,... phuc vu cung cép thong tin khi tugng thuy van cho khu vuc ciing nhu Uy ban hoi sdng Mé Kéng vi
su phéat trién bén virng cta khu vygc nay.
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Hinh 1. V; tri tram thiy van Pai Ngéi, tinh Séc Trang
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2.2. 86 ligu sir dung

Trong nghién ctu nay, sé liéu dugc sir dung gém: Sé liéu quan tric man (g/L), sb lieu muc nude (cm) duoc
do lién tyc (2 h/lan) trong ngay tai tram Pai Ngii trong 12 nam (2011-2022) ¢ cac thang mua kho (tir thang 01
dén théng 6); s liéu luong mua thu thap tir dir liéu vé tinh va duogc Iy tir trang web cua dy an POWER (Duy
doan tai nguyén nang luong toan cau) caa NASA, https:/power.larc.nasa.gov/data-access-viewer/.

Toan bo dir ligu dugc chia thanh 4 phan: 70% cho tap huan luyén (training), 10% cho tép xac thuc
(validation), 10% cho tép kiém tra (testing) va 10% cho tép so sénh dy bao (prediction) duoc thé hién trong Hinh
2. Sb liéu tir 01/01/2011 téi 31/05/2019 ding dé huan luyén mé hinh, s liéu tir 01/11/2019 dén 30/6/2020 dung
dé kiém chimng, sé liéu tir 01/01/2021 dén 31/5/2021 ding dé kiém tra va phan con lai tir 01/01/2022 dén
31/5/2022 ding dé kiém tra két qua du bao trong twong lai.

2.3. Phwong phap nghién ciru

a. Mang LSTM

M6 hinh mang LSTM duoc xay dung dya trén mang noron hdi quy RNN do Hochreiter va Schmidhuber dé
xuat nam 1997 (Hochreiter, S. va Schmidhuber, J., 1997) va ngay cang dwoc cai tién (Yao, Kaisheng va cac cong
su, 2015) véi muc dich khéic phuc céac thiéu s6t caa RNN bao gdom sy phu thudc 1au dai trong RNN va hién
tuong gradient bién mat va bung nd. Vé ly thuyét, RNN c6 kha ning tu xu ly cac phu thudc theo thoi gian
(temporal dependenciens) bang viéc sir dung bo nhé ngin han va dua trén viéc xac dinh cac tham sé mot cach
hiéu qua. Tuy nhién, trong thuc t& RNN khong thé tu giai quyét cac phu thugc theo thai gian khi chudi sb lidu co
cac phu thugc xa (long-term dependencies) (Bengio, Samy va Bengio, Yoshua, 2000).

D(r liéu d& man, lugng mua va myc nudc tai tram Dai Ngai (2011-2022)
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Hinh 2. Diz liéu thuiy van tai tram Pai Ngéi tir 2011-2022 (Nhém tac gia thu thdp)

LSTM ¢6 cau tric giéng nhu RNN, nhung céu triic bén trong thi lai phic tap hon nhdm khéc phuc céc van dé
cua RNN (Hinh 3). C6 ba cong trong LSTM véi cac chie ndng khéc nhau: cong dau vao (kiém soat moi quan hé
trang thai va dir liéu dau vao), cong dau ra (kiém soat quan hé trang thai va dau ra) va cong quén (kiém soat
thang thai gian bo nho).

Lugng mua (mm)
v B

=

UC nude {m)
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Hinh 3. Cdu tric cia magng LSTM

Cong quén sir dung ham sigmoid p dung cho dir liéu dau vao hién tai va trang thai an trude do dé quyét dinh
su dong gop cua chung & cac trang thai tiép theo, duoc biéu dién _qua cong thte (1). Day chinh la cong co vai tro
chia khoa dé giai quyet cac van dé ton tai caa md hinh RNN truyén thong Cong vao dugc tron glua ham sigmoid
(xdc dinh cac gia tri can cap nhat) va ham tanh (tao ra cac gla tri moi) dé ap dung cho trang thai dau vao va trang
thal an dé tinh toan trang théi hién tai cua cua 0 LSTM, biéu dién qua cong thirc (2) va (3). Pau ra cua hai cong
cubi cing duoc sir dung cho tinh trang thai an tiép theo cua 6, biéu dién qua cong thic (4) va (5).

ft = s(Wy. [he—q, X¢] + by)
i, = s(W. [he—i, X+ b))

Ce = fi X g + iy X tanh(We. [he_q, X, ] + b.)
0y = s(W,. [he—y, X¢] + b,)

(1)
(2)
(3)
(4)
(5)

h; = o, X tanh (c;)
b. Thiét lgp mé hinh
Dir liéu gdbm d6 man, lugng mua va muc nude do 2 h/lan tai tram Dai Ngii, duoc sir dung lam dit liéu da bién
dau vao cho mo hinh LSTM. Trong nghién ciru nay, md hinh LSTM &p dung d6 dai chudi dau vao trong quéa khi
ki hiéu w = 84 (twong tng véi dit liéu 7 ngay), w = 168 (14 ngay) va w = 360 (30 ngay) dé danh gia cho 2 h tiép
theo, duoc ki hiéu 1a w84, w168 va w360. Ngoai ra, mo hinh LSTM con bi anh huéng cua cac tham sé dau vao,
vi vy, viéc lya chon cac tham sé nay rat quan trong. Do do, trong nghién ciru ndy di sir dung phuong phép tim
kiém ngau nhién (Random Search) dua trén tap dit liéu huan luyén va tép dir liéu kiém ching dé téi wu hoa cac
tham s6 cho timng loai kich thudc cira s trugt. Random search s& ap dung cac bo théng s khac nhau cua cac md
hinh duoc thiét 1ap, qua d6 tim dugc bo thong sb t6i wu nhét théng qua bo dit liéu huan luyén va kiém ching.
Qua trinh thyc hién tim kiém ciing nhu chay mé hinh dugc thyuc hién trén nén tang Google Colab bang ngon ngi
Python két hop cac thu vién cd sin scikit-learn. Céc siéu tham sb nay dugc trinh bay trong Bang 1 duéi day.

Bang 1. CAc siéu tham sé ciia md hinh LSTM

M6 hinh
Siéu tham s6 Pham vi W =84 w =168 w =360
(7ngay) | (14ngay) | (30ngay)
S6 don vi an LSTM | [16,32,64,128,256] 16 32 128
Dropout [0,1,0,2,0,3,0,5] 0,5 0,3 0,5
Batch size [16,32,64,128,256] 256 256 256
Epochs [10, 50, 100, 500] 50 50 50
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c. Cdc chi s6 danh gid dg tin cdy ciia mé hinh

Dé danh gia do tin cdy caa md hinh du bdo LSTM, nghién ciu nay sir dung mot sé chi sé sau, bao gém: hé sb
xac dinh R? (Di Bucchianico, Alessandro, 2008; Wright, Sewall, 1921), sai s6 trung phuong (RMSE) (Nevitt,
Jonathan va Hancock, Gregory R., 2000), d6 léch tuyét déi (MAE) ( Sammut, Claude va Webb, Geoffrey
1.,2010), gid tri phuong sai dugc giai thich Ex_VAR (explained variance) (Nevitt, Jonathan va Hancock, Gregory
R., 2000). CAc gia tri RMSE va MAE dat gia tri t6i wu khi bang 0; gia tri R? va gia tri Ex VAR dat t6i vu khi
bang 100%. C4c chi s6 nay duoc tinh theo cong thirc sau:

2
n . — .
R2 = (1- Zl=1(ytf,l yizb,z)z ) x 100 (6)
Zln:l(ytt,i - ytt)
n
RMSE = 1, i — Yai)? (7)
n tt,i Vab,i
i=1
1 n
MAE == [yani = Yeus| ®
i=1
Ex_VAR = 100 x (1 — 2teianiy )

var(Yee,i)

3. Két qua va thao luan

V6i 3 md hinh LSTM ¢6 cac khoang dit li¢u dau vao khac nhau (w84, w168 va w360) dugc huan luyén voi
bq tham s6 trong Bang 1, s& tién hanh danh gid cac mo hinh nay dya trén bo dir liéu trong tép kiém chiing va
kiém tra. Cac chi s6 danh gia mo hinh duoc thong ké trong Bang 2. ) ) .

Duya trén cac chi so trong Bang 2 cho thay, cac m6 hinh c6 do chinh xac rat cao voi hé so xac dinh R? déu lon
hon 95% ¢ ca tép kiém ching va tép kiém tra. Céc chi s6 nhu RMSE va MAE déu nho hon 1 g/L.

Bang 2. CAc chi sé danh gic mé hinh LSTM

L2 M0 hinh w84 M0 hinh w168 M0 hinh w360
Chiso Kiém chitng | Kiém tra | Kiém ching | Kiém tra | Kiém ching | Kiém tra
RMSE (g/l) 0,54 0,43 0,41 0,34 0,35 0,39
MAE (g/L) 0,29 0,19 0,17 0,12 0,12 0,10
R? (%) 96,58 95,82 98,02 97,29 98,48 97,77
Var_ex (%) 96,77 95,96 98,05 97,35 98,48 97,72

Hinh 4 trinh bay két qua ciia cac tép kiém chimng véi cac khoang dit liéu dau vao khac nhau dwoc du béo bang
md hinh LSTM. Mac du, chudi dit liéu do man c6 sy bién ddi phuc tap, tuy nhién, cac két qua cho thay c6 sy
tuong ddng rat cao gitra gié tri thuc do va gia tri du bao tir md hinh, ké ca tai cac vi tri dinh man caa chudi dir
liéu. C6 thé thay, mé hinh LSTM-w360 c6 gié tri dy béo tai cac vi tri dinh man sat vai gia tri thuc do nhat trong
3 md hinh (khu vygc phéng to Hinh 4).

14 -——- M6 hinh LSTM-w84 [RMSE= 0.54(g/l), R2= 96.6%)| Bl e PRt RS
s I e
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Hinh 4. Két qua cac mé hinh véi cac khoang di liéu w84, w168 va w360 cua tép kiém ching
Tuong ty, Viéc so sanh gitra két qua ciia mo hinh va di liéu thuc té doi vei tép dit liéu kiém tra thé hién trong
Hinh 5. Cac ket qua cho thay c6 su twong dong rat cao giita gia tri thuc do va gié tri du bao tir md hinh, ké cd tai
cac vi tri dinh man cua chuéi dir liéu. Cé thé thay, md hinh LSTM-w360 ¢6 gia tri du béo tai cac vi tri dinh man
sét véi gid tri thuc do nhat trong cac mé hinh LSTM-w84, LSTM-w168 va LSTM-w360 (khu vuc phong to trong
Hinh 5).
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Hinh 5. Két qua cac mé hinh véi cac khodng dir liéu w84, w168 va w360 cua tép kiém tra
Viéc cac m6 hinh LSTM c6 thé du béo dugc trong twong lai dya trén dir ligu lich s, trong nghién ciru da tién
hanh du bao dd man cho nam 2022 va so sanh vai so liéu thuc do cia nam 2022.

S0 s3nh gia tr dy bao vi thut do cla g lidu ndm 2022 Biy o udng quan gite df man thue do va 63 man dy bio
5 s Ditliey
wse DUGNG xU hudng
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Hinh 6. Két qua giiza md hinh dir b4o va diz liéu thuee do nam 2022
V6i két qua mﬁ, hinh LSTM-w360 chq d% chinh xé4c cao nhét nén duoc st dung lam md h‘lnh du bao do man
cho nam 2022. Két qua du bao dugc thé hién trong Hinh 6, cho thay d6 chinh x&c du b&o rat cao vai sai s6
RMSE = 0,34 g/L (Hinh 6a) va hé so6 twong quan r = 0,977 (Hinh 6b).

4. Két luan

Céc két qua dat dugc trong nghién ctu ndy cho thiy md hinh LSTM c6 thé xu Iy hiéu qua chudi sé liéu da
bién, da thoi gian (d6 man, muc nude va luong mua) trong du bao d6 man. Nghién ciru nay da sir dung mé hinh
LSTM véi kich thudc cac chudi dit liéu dau vao khéc nhau, bao gdm LSTM-w84, LSTM-w168, LSTM-w360 dé
du bao 6 man tai tram Pai Ngii, Séc Trang. Trong d6, md hinh LSTM-w360 c6 hiéu suat dy béo tét nhat so véi
cac mo hinh con lai (LSTM-w84 va LSTM-w168). Tuy nhién, c&c mé hinh nay can dwoc thur nghiém mé rong
hon trong thoi gian ti véi sy tham gia ciia cac yéu t6 khac nhu gié, nhiét do, luu lugng dong chay,... ciing nhu
&p dung du bao d6 man tai céc tram quan tric khéc trong khu vuc dé dé kiém ching d6 chinh xac va tinh hiéu
qua caa md hinh LSTM nay.

Loi cam on
Nghién ctru nay dwoc tai tro bai dé tai khoa hoc va cong nghé cip bo “Nghién ciru phuong phép danh gia rai
ro xam nhap man c6 xét téi anh huong cua bién déi khi hau” ma sé6 CT.2022.01.XDA.04.
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ABSTRACT
Research on the application of the LSTM (Long Short-Term Memory)
model in salinity forecasting from multivariate data series
at Dai Ngai station, Soc Trang province

Bui Duy Quynh®", Ha Thi Hang® Luu Thi Dieu Chinh?, Tran Xuan Truong3*
Faculty of Bridges and Roads, Hanoi University of Civil Engineering
2Faculty of Hydraulic Engineering, Hanoi University of Civil Engineering
SFaculty of Geodesy and Land Management, Hanoi University of Mining and Geology
4Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology

Saltwater intrusion is posing significant challenges for coastal areas worldwide. Predictive models of saltwater
intrusion can provide valuable information for proactive planning, mitigating impacts, and reducing the effects
of saltwater intrusion. This study applies the Long Short-Term Memory (LSTM) deep learning model, a special
type of Recurrent Neural Network (RNN), to forecast salinity based on multivariate time series analysis,
including salinity data, water level, and rainfall at the Dai Ngai station from 2011 to 2022. The reliability of the
salinity prediction model is assessed based on the R?, MAE, and RMSE indicators for validation and test
datasets. The evaluation results show that the salinity prediction model is highly reliable, with an R? value
> 95.8, MAE values ranging from 0.1 g/L to 0.29 g/L, and RMSE values also being very small, varying from
0.34 g/L to 0.54 g/L. These experimental results indicate that applying deep learning models using time series
data in salinity prediction is highly significant for early warning, planning, and implementing long-term
saltwater intrusion prevention measures. These experimental results can also be effectively utilized at other
regional salinity monitoring stations.

Keywords: Salinity forecasting, multivariate data series, LSTM, Dai Ngai station.
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Kiém dinh gia thuyét théng ké trong binh sai ludi quan trac chuyén dich
ngang dap cong trinh thuy dién

Tran Trung Anh'2*, Nguyén Quang Ha3
IKhoa Trdc dia - Ban do va Qudn 1y Pat dai, Truong Pai hoc Mé - Pja chadt
2Nhém nghién cizu Cong nghé Pia tin hoc trong Khoa hoc Trdi dat (GES), Truong Pai hoc Mé - Pia chdt
3Cong ty Thuy dién Ban Vé

TOM TAT

Trong nghién ctu nay, nhém tac gia da 4p dung kiém dinh gia thuyét thong k& Chi - binh phuong (x?)dé
danh gia hi¢u qud cua qua trinh binh sai trong luéi quan tric chuyén dich ngang dap thuy dién. Str dung phan
mém ApnetPro, nhom tac gia da xu ly va phan tich dit liu do quan trc bang mdy toan dac dién tur (do 286
goc do, 194 canh do duoc tinh chuyén vé mat chiéu 150 m cua hé cong trinh) gdm 6 diém ludi co sd, 38 diém
quan tra“ic trén dap thuy dién Ban V&. Trong sé dau vao theo do chinh xac may toan dac theo ly lich cua may
c6 sai sb do goc 14 0,57, sai s6 do canh 12 0,6 mm+1 ppm, véi gia tri ¥ = 1348.487, thi muc kiém dinh 95%
khéng dat ky vong. Khi diéu chinh trong s6 theo sai sé do goc 17, sai s6 do canh 1 mm+1 ppm, thi
x? = 420.394 va dat kiém dinh gia thuyét thong ké. Két qua binh sai cho thy su cai thién dang ké vé do
chinh xac (sai s6 twong hd canh yéu nhét tir 1/67740 xubng con 1/81400), véi sai s6 sau binh sai ¢6 xu huéng
nho hon va phan phdi déu hon so voi truge khi binh sai (sai s6 trung phuong trong s6 don vi tir 1.8270 ha
xudng con 1.0201). Gia trj x? tinh toan dugc tir dif liéu quan tréc sau binh sai nam trong khoang gia tri toi han
tur bang phan phol Chi - binh phuong (voi kiém dinh ¢ muc y nghia 95%), chi ra rang khong c6 su khéc biét
dang ké gitra sai s6 quan trac gia thuyét va ky vong. Diéu nay khiang dinh rang qua trinh binh sai da dugc thuc
hién mot cach hiéu qua, gop phan vao viéc nang cao chét lugng toa do binh sai va phan anh trung thuc vé chat
luong tri do. Nghién ctru mé ra huéng tiép tuc t6i wu hoa phuong phap binh sai va kiém dinh thong ké, dong
thoi 4p dung chung trong cac diéu kién quan tric khéc nhau.

Tirkhéa: Ludi quan trac chuyén dich ngang, kiém dinh gia thuyét thong ké, chi - binh phuong, dap thay dién.
1. it vin dé

Trong quan ly, van hanh cac cong trinh thuy dién, viéc theo doi va danh gia chinh xac chuyén dich ngang cua
dap 1a mot yéu t6 quan trong can theo ddi nham dam bao an toan, 6n dinh. Ludi quan tric chuyén dich dap duoc
thiét 1ap nham muc dich thu thap dit liéu chinh xéac vé céc chuyén dich va bién dang cua dap, tir &6 phat hién kip
thoi cac dau hiéu bat thuong co thé dan dén su c¢d. Trong bdi canh ndy, viéc binh sai ludi quan tric khong chi
gilp cai thién do chinh xé4c cua dir liéu do dac ma con gop phan vao viéc danh gia su chuyén dich khach quan
chinh xac (Pham Quéc Khanh, 2021).

Tuy nhién, mot van dé dit ra |a 1am thé nao dé xéac dinh liéu qua trinh binh sai da duoc thuc hién mét céch
hiéu qua hay chua, didu nay doi hoi phai ¢ mot phuwong phap danh gia khach quan va khoa hoc. Théng thuong,
sai s6 do dac trudce binh sai duoc lay tir théng sé cua may do tir d6 lam co s& dé tinh trong sé cua tri do va két
qua sau binh sai thudng bi anh huéng boi théng s nay. Bé danh gia c6 sy phi hop cua sai s6 do trude binh sai
cua day tri do véi sai s6 nhan duoc sau binh sai can bai toan kiém dinh théng ké. Kiém dinh gia thiét théng ké
Chi - binh phwong xut hién nhu moét cdng cu manh mé&, cho phép chling ta so sénh giita sai s6 do dac trudc va
sau khi binh sai, tir d6 d4nh gia xem liéu c6 su cai thién déang ké nao khong dong thoi tra loi vé su phi hop cua
sai 56 do trudc binh sai tuong ng véi chét lugng tri do (Charles D. Ghilani, 2017).

Céc phan mém binh sai & nudc ta thuong bo qua cong tac danh gia kiém dinh thong ké sau binh sai. Nghién
ctu nay nham muc dich ap dung kiém dinh Chi - binh phuong dé kiém tra gia thiét liéu qua trinh binh sai ludi
quan tric chuyén dich ngang tai dap thuy dién co thyc sy mang lai két qua chinh xac hon hay khong, viéc nay
dugc tu dong hoa dudi sy xu Iy cua phan mém ApnetPro. Bang cach nay, nhom tac gia hy vong s& cung cap mot
cdi nhin sau Sac hon vé& viéc &p dung cac phuong phap thdng ké trong tric dia, ddng thoi gép phan nang cao chat
lwong quan tric chuyén dich ngang dap cua cong trinh thuy dién.

2. Co sé ctia phwong phap nghién ciru

2.1. Co 56 ciia kiém dinh thong ké

" T4c gia lién he
Email: trantrunganh@humg.edu.vn
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Co s khoa hoc cua kiém dinh théng ké trong xir 1y ludi trac dia dya trén viéc sir dung cac phép thir thong ké
dé danh gia sy chinh xac va do tin cay cua dit liéu do dac. Trong d6, kiém dinh Chi - binh phuong (x?) la mot
cong cu thdng ké manh mg, cho phép ching ta so sanh xéc suat cia day tri do voi xac suat ky vong dua trén mot
phan phéi nhat dinh. Phan phéi Chi - binh phuong 1a mot phan phdi xac suat dugc st dung rong réi trong céc bai
toan kiém dinh gia thiét. Pac diém cua phan phdi ndy 1a n6 chi c6 mot tham s6, do l1a s6 bac tu do (hay tri do
thira), va hinh dang cta phan phdi s& thay doi tuy thugc vao gia tri cua tri do thura. Phan pho1 nay dugc st dung
dé mo ta téng binh phuong cua cac bién ngiu nhién doc lap, chuan héa theo phan phdi chuan (Charles D.
Ghilani, 2017).

Bang 1. Phan phai Chi - binh phirong

Kiém dinh mat dudi Kiém dinh hai dudi

Gia thuyét ban dau Hy: S? = o2 Hy: §? = g2 )
Gia thuyét thay thé H,: §?> o2 H,: S%? # o2 2
Kiém dinh théng ké . _ VS . _ VS @)
Ving bac bo: Gia thuyét H, bi >,

bac bo khi tiéu chi bac bo duoc ¥2 > x2 of 4)

~ 2 < 2
thoa man. X" < Xi-aj2
trong dé: H, la gia thuyét ban dau cua S;

H, la gia thuyét thay thé cua S;

o la gié tri ky vong;

v 12 56 tri do thira;

a 1a muc xac suat cua kiém dinh.

Kiém dinh gia thiét théng ké chi binh phwong dugc sir dung dé so sanh gitra tin suit quan st va tan suit ky

vong. Néu gia tri Chi - binh phuong tinh toan tir di liéu nam ngoai khoang gia tri téi han tim dugc trong bang
phéan ph01 chi binh phuong, chiing ta ¢6 co s& dé bac bo gia thuyét ban dau va chip nhan gia thuyét thay thé.
Trong tric dia, kiém dinh Chi - binh phuong c6 thé dugc &p dung : dé danh gia su phan phdi cua sai s6 do dac.
Khi binh sai luéi quan tric chuyén dich ngang dap thuy dién, sai s6 do dac cua may dwoc dua vao gia thuyét Ia
gia tri kiém dinh cua may. Két qua binh sai lu6i can danh gia sai s& ndy c6 phu hop véi chat lugng tri do hay
khong. Nguoi dung c6 thé diéu chinh sai s6 do dac gia thuyét ban dau, néu diéu chinh khéng phu hop (ha thap
qua hoic nang cao qua gié tri) thi kiém dinh Chi - binh phuong sé tra 6i. Diéu nay dic biét quan trong trong viéc
danh gia chét luong cua ludi quan trac chuyén dich ngang tra dung vé chat luong tri do dat dwoc cua may do, noi
ma viéc do dac chinh xac 1 can thiét d& ¢dam bao an toan cho cong tr‘mgf.
2.5%

Vimg chap nhan H, | Vimg loai bo

D % = - — > Vung loai bo
Vung chap nhan Hy Xl Ving loai bo Hy

o Lian a2
Hinh 1. Phan phoi Chi binh phwong cho kiém dinh 1 dudi va 2 dudi (Anh: financetrain.com)

Ving chip nhan gia thuyét ban dau duoc biéu thi trong Hinh 1 cho kiém dinh 1 dudi va 2 dudi. O day gia tri
x? gi6i han duoc tra tir bang y2 dwa vao sé tri do thira va mirc Xac sut trong (ng.

Mic du kiém dinh chi binh phuong 13 mét céng cu hitu ich, nhung né ciing ¢6 nhitng gisi han. Cac gia dinh
co ban cua kiém dinh, nhu kich thuéc mau va tan suét ky vong, can duoc dap tng dé két qua kiém dinh 1a hop
16. Ngoai ra, kiém dinh nay khong cung cip thong tin vé mic do cua sy khéc biét hodc vé& hudng cia mdi quan
hé. Nghién ctru nay dwoc thiét ké dé danh gia hiéu qua cia qua trinh binh sai trong ludi quan tric chuyén dich
ngang dap thuy dién thong qua viéc ap dung kiém dinh gia thiét thong ké Chi - binh phwong.

2.2. Phwong phdp nghién ciru

Ludi quan trac chuyen dich ngang dap (Hinh 2) 1a ludi do goc, canh vei d9 chinh xac cao véi tram may va
guong déu co dinh tam bét buoc. Tir cac diém co s da phan tich d 6n dinh, tién hanh do bang toan dac dién tir
t6i cac diém quan trac chuyén dich gén trén dap thay dién.
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Diém quan tric dap

Moc co s

Hinh 2. Luéi quan trdc dap thiy dién (anh Hexagon - Leica, chinh béi Tran Trung Anh)
Sau khi do dac hién truong, tién hanh xir Iy tri do goc, canh & cac vong do. Mot viéc quan trong la cai chinh
tri do canh vé mat chiéu cong trinh (cong thuc 5).
Hp — H
P - mc Ddo (5)
trong do: Hpc 12 d0 cao mat chiéu cua h¢ cong trinh (¢ thuc nghiém lay bang 150 m);
Hp 1a d6 cao cua diém dung mdy do tai moc co sd;
Dy, 1a canh do truc ticp ciia mdy toan dac dién tir;
D, 12 canh do duoc tinh chuyén’vé mat chiéu cbng trinh;
R=6378000 m la ban kinh Tréi dat. i )
Céc budc xt Iy lusi dugc trinh bay trong quy trinh ¢ Hinh 3. Nhap toa d6 di€ém goc co s¢ da xur Iy va phan
tich 6n dinh (Tran Trung Anh, Nguyen Quang Ha, 2023), nhép tri do goc, canh, can thict phai nhap gia thuyet
thong ké ban dau (dong thoi nhap sai s6 tién nghiém cua goc, canh, gia tri nay & lan xa 1y dau tién thuong lay

theo thdng s6 ly lich cua may).
( Cong tac chuén bi )

!

Do dac luéi quan tric dap

|

Nhép toa do méc co s&
Nhaép dir liéu do goc, canh

Nhép gia thuyét ban dau
(sai s0 do goc, canh)

v

Binh sai luéi quan tric

Dppe = Dgo —

Y Y

Tinh toan gia tri Chi - binh phuong Tim tri gidi han cia Chi - binh phuong

J

em xét Chi-binh phuong v4i
khoang gidi han cho phép

. — Chuyén budc
Nam trong gidi han

Y
( Két thic )

Hinh 3. Quy trinh kiém dinh gia thuyét thong ké Chi - binh phirong cho lwéi quan trac ddap

C6 thé lap lai
gid thuyet
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Tién hanh binh sai ludi quan tric: O budc ndy can binh sai theo phuong phap phu thudc, tinh toa d6 gan dung
ctia diém quan tric, cai chinh tri do canh v& mit chiéu cong trinh, lva chon phuong phap kiém dinh (1 dudi hoac
2 dudi).

Sau binh sai, tién hanh tinh gia tri x2 trén co so cong thic (3) dya vao tri do thira, sai sé trung phuong trong
s6 don vi nhan dwoc sau binh sai, va sai sé trung phwong tién nghiém.

Tra bang phan phéi Chi - binh phuong dé x4c dinh gia tri 2, giéi han dya vao tri do thira, muac kiém dinh
X&c suat tin cay thuong chon 95% vai @ = 0,05 (Charles D. Ghilani 2017). Gia tri nay con phu thudc vao kiém
dinh 1 dudi hodc 2 dudi & cong thuc (4).

Trén co s& x? tinh toan sau binh sai, so sanh véi x2,, gisi han dé dua ra quyét dinh Ia gia thuyét théng ké co
phU hop véi day tri do hay khong. O day co6 2 truong hop: trudng hop théa man didu kién (4) tuc 1a gia thuyét
thong ké ban dau duoc chap nhan thi két thic xir Iy ludi; truong hop khdng théa man diéu kién (4) ching ta phai
thay d6i sai s6 do goc, do canh va tién hanh binh sai lai 1an 2. Qué trinh nay c6 thé Iap lai nhiéu lan dé két qua
kiém dinh gia thuyét théng ké duoc chap nhan.

Trong qué trinh phan tich dit liéu, nhém tac gia da s dung phan mém ApnetPro, mot cong cu tét trong xt Iy
binh sai ludi tric dia c6 kiém dinh thong ké&. Phan mém nay xt ly nhanh chéng, cung cp cac modul dé tinh mot
sb phuong phap kiém dinh théng ké phuc vu bai toan binh sai trong xir Iy sb liéu quan tric cong trinh.

3. Thuc nghiém

Khu vuc thuc nghiém la thuy dién Ban V& duoc xay dung trén dong séng Nam Non tai xa Yén Na, huyén
Tuong Duong, tinh Nghé An. Pay la thuy dién 16n nhat khu vuc Bac mién Trung véi cong suat lip may
320 MW, san lugng dién trung binh nadm 1.084 triéu kWh, myuc nude dang binh thuong 200 m va cd dung tich
hd chira 1,83 ty m® (EVN-GENCO1, 2017).

Toa d¢ cac diém mdc co so bao gom ca do cao da dugc xur Iy duoc ldy tir tai liéu da cong bd (Tran Trung
Anh, Nguyén Quang Ha, 2023).

Luéi quan triac chuyén dich ngang dap gém 6 diém méc co so, 38 diém quan tric gén trén thanh dap, cac
diém gan lién dé dinh tam (Hinh 3).

I

Hinh 4. Ludi quan trdc ddp thiy dién Ban Vé
Do goc canh bang may toan dac dién tir kem phu kién guong tiéu chuin, may va guong déu dugc dinh tam bit
budc. May toan dac dién tu Leig:a c6 théng sb cbng bé‘d(f) chinh xdc do goc 0,57; do chinh xdc do canh dat
0,6 mm + 1 ppm x D; (D la chiéu dai canh dugc tinh bang km). Cac thong so cua méy do la tién nghiém gid
thuyét ban dau cua lan tinh thir 1.

134



. HOINGHI KHOAHQC QUOCGIA
CONG NGHE PIA KHONG GIAN Vi SU PHAT TRIEN BEN VUNG
(NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

Hinh 4. Po ludi quan trdc dap thiy dién Ban Vé (anh Nguyén Quang Ha)
Tién hanh do dac hién truong va xir ly tram may véi 286 goc do, 194 canh do duge trinh bay so lugc &
Bang 2 (EVN-PECC1, 2022).

Bang 2. Tri do lu6i quan trdc dap thiy dién Ban Vé

T Canh do Goc do

Pau | Cubi | Ddo (m) | Tréi Giira Phai Py | Phat | Giay
1 | QT04 | M22 | 1175766 | QTO1IA | QT04 | M32 46 20 |431
2 | QTO1A [ M15 | 551.4738 | QT03 | QT05 | M31 31 59 |581
3 | QT05 | M09 |409.1877 | QT05 | QTO1A | M21 325 |26 [513
66 | QT03 | M23 [ 450.1947 | QT03 | QT05 | MO9A | 44 34 [597
67 | QT06 | M23 | 620.8871 | QT04 | QT03 [ M02 297 |52 [227
68 | QT06 | M27 | 676.9140 | QT04 | QT03 | M13 341 |38 [372
128 | QT02 | M33 | 1225105 | QTO1A | QT06 | M11 43 43 | 318
129 | QT02 | M29 | 239.5238 | QTO1A | QT06 | M12 45 50 |116
130 | QT02 | M16 | 424.9572 | QTO1A | QT06 | M13 47 07 |083

V6i @6 hinh ludi quan trac chuyén dich ngang dap thiy dién Ban v& nhu trén, so tri do thira 1a 404, chon mic
kiém dinh x4c suat tin cay 95% véi @ = 0,05. Kiém dinh théng ké Chi - binh phuong duoc thuc hién thdng qua
phan mém ApnetPro cua tac gia Tran Trung Anh vai viéc sir dung thuat toan kiém dinh gia thuyét thong ké va tu
dong tra bang Chi - binh phuong dugc tich hop sin. Diéu nay khdng chi gitp ting cuong d¢ chinh xac cua két
qua kiém dinh ma con giam thiéu kha ning sai sét do tinh toan thi cong.

Bang 3. Kiém dinh gia thuyét thong ké Chi - binh phuwong lu6i quan tréic dap thiy dién Ban Vé

Chi sb Lan tinh 1 Lan tinh 2 Lan tinh 3 Ghi cha
Gia thuyét ban dau S2=¢2=1 S2=¢2=1 S2=¢2=1
Sai 56 do goc 0,5” 17 2”
Sai 50 do canh 0,6 mm+1ppm | 1 mm+1ppm 2 mm+1 ppm
Gia thuyét thay thé 5% =3.33784 52 = 1.040579 S? =0.294689
Chi - binh phuong (x?) 1348.487 420.394 119.055
Gid tri gidi han chap nhan cua .
(x?) cho kiém dinh 1 dubi Xa = 451.865 v = 404
Khoang gi¢i han chap nhan cua 2 . a = 0,05
(x?) cho kiém dinh 2 dubi [X-aj2 = 350-205; xz, = 461.582]
Szzu SO tArung phuong vi tri diém 1.2 mm 1.1 mm 1.1 mm
yéu nhat
Sai s6 twong hd canh yéu nhét 1/67740 1/81400 1/86272
Quyét dinh theo kiém dinh 1 dudi | Loai bo Chap nhan Chap nhan
Quyét dinh theo kiém dinh 2 dudi | Loai bo Chap nhan Loai bo
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Nhom tac gia tién hanh xir ly voi ca 2 phuong an kiém dinh gia thuyét thong ké 1 dudi va 2 dudi vai Chi -
binh phuong giéi han. S6 lan tinh 1a 3 1an, két qua dugc trinh bay trong Bang 3.

Tur két qua ¢ Bang 3, nhdm tac gia nhan thdy voi muc gia thuyét thong ké ban dau S? = g2 = 1, thi tién
nghiém theo thong sé may do ctia nha san xuat ¢ lan tinh 1, nhan duoc y? = 1348.487, thi kiém dinh gia thuyét
thong ké khong dat ¢ cd 2 phuong 4n 1 dudi va 2 dudi. Cho nen nhém tac gia da diéu chinh thﬁng s6 nay o lan lap
thir 2 véi sai s6 do goc 17, canh 1 mm + 1 ppm, nhan duoc y? = 420.394 kiém dinh gia thuyet thong keé dat trong
viing chap nhan cho ca 2 phuong an. Bé khach quan, nhom téc gia tiép tuc thur nghlem thay doi thong sb sai s6 do
goc 1én 27, canh 2 mm+1 ppm thi nhan dugc y? = 119.055 giam xudng, kiém dinh gia thiét thong ké theo
phuong an 1 dudi thi dat, phuong an 2 dudi thi b loai bo. Nhan thay sai s6 twong hd vi tri diém déu ting qua cac
lan tinh 2 va 3, riéng lan 3 gié tri Chi - binh phuong giam nhung sai sé twong hd canh lai ting, diéu nay 1a bat hop
1y vi d6 tin cay cua lan 3 khong tét bang lan 2. Do vay, két qua dugc chap nhan & l1an tinh thir 2 12 hop 1y.

4. Két luan

Nghién ctru nay da ap dung kiém dinh gia thiét thng ké Chi - binh phuong dé danh gia hiéu qua cia qué trinh
binh sai trong lugi quan tric Chuyen dich ngang dap thuy dién. Cac két qua thu duoc tir phan tich dir liéu da cung
cip bang chung vitng chéic vé su cai thién dang ké trong d6 chinh xac cua dit liéu quan tric ddng thoi vaoi do tin
cay sau khi binh sai. Qua trinh binh sai cung kiém dinh gia thuyét thong ké da duoc chung minh la hi¢u qua
théng qua su phan phdi dong nhat cua gia thuyet truc binh sai va két qua sau binh sai. Didu nay gop phan vao
viéc nang cao chat luong xir ly dir liéu quan tric, tir d6 ting cudong do tin cay trong viéc theo dbi va danh gia an
toan dap thuay dién. Quy trinh xu Iy tu dong gém ca binh sai va kiém dinh gia thuyét théng ké bang phan mém
ApnetPro dam bao su thdng nhat va tranh sai sot. Nghién ctu khing dinh rang kiém dinh gia thiét thong ké Chi -
binh phuong 1a mot cdng cu hitu ich trong viéc danh gia va cai thién quy trinh binh sai ludi quan tric chuyén
dich ngang dap thay dién. Viéc ap dung phuong phap nay gop phan vao viéc dam bao an toan va ting cuong
hiéu qua quan ly rai ro cho cac cbng trinh thuy dién.

Kién nghi don vi quan ly van hanh cong trinh thiy dién &p dung quy trinh va phan mém xir ly s liéu
ApnetPro c6 kiém dinh thong ké dé ting ning suét lao dong, dam bao do chinh xéac khi xir Iy ludi quan trac
chuyén dich ngang dap.
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ABSTRACT
Statistical hypothesis testing for horizontal monitoring network adjusment
in a hydroelectric dam

Tran Trung Anh%2", Nguyen Quang Ha®
IFaculty of Geomatics and Land Administration, Hanoi University of Mining and Geology
2Geomatics in Earth Sciences Research Group (GES), Hanoi University of Mining and Geology
SEVN-GENCO1

In this study, we applied the Chi-square statistical test (y2) to evaluate the effectiveness of the adjustment
process in the transverse displacement monitoring grid of a hydroelectric dam. Using the ApnetPro software, we
processed and analyzed measurement data obtained from electronic theodolites (286 angle measurements and
194 distance measurements transformed to a 150 m reference plane of the dam structure). The input weights
based on the theodolite accuracy were 0,5" for angle measurement error and 0,6 mm+1 ppm for distance
measurement error. The calculated y? value was 1348.487, which did not meet the expected significance level at
95%. However, after adjusting the weights to 1" for angle measurement error and 1 mm+1ppm for distance
measurement error, the y? value became 420.394, meeting the statistical hypothesis testing criteria. The results
of the adjustment process showed significant improvement in accuracy (weakest equivalent distance error
reduced from 1/67740 to 1/81400). The post-adjustment errors tended to be smaller and more evenly distributed
compared to pre-adjustment errors (mean square error of unit weight decreased from 1.8270 to 1.0201). The
calculated y? value from the post-adjustment measurement data fell within the critical range from the Chi-square
distribution table (at a 95% confidence level), indicating no significant difference between the theoretical
measurement error and the expected error. This confirms the effective implementation of the adjustment process,
contributing to improved coordinate quality and reflecting measurement accuracy. The study suggests further
optimization of the adjustment method and statistical testing, applying them to various monitoring conditions.

Keywords: Horizontal monitoring network, statistical hypothesis testing, Chi - square, hydroelectric dam.
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Phan tich, loc va hién thi dir liéu dam may diém LiDAR vdéi thu vién
Pandas va Matplotlib cia Python

Nguyén Thi Hitu Phuong!’, Pham Thi Hai Van®, Bao Thi Hong Tham?
! Truong Pai hoc Mo - Dja chat

TOM TAT

Thu vién Pandas va Matplotlib ciia Python 1a ham thu vién c¢6 thé manh rat I6n khi day 1a thu vién ma nguon
mé, ¢6 d6 manh va linh hoat trong xt ly dir liéu, nhét 1a véi nhitng bo dit liéu 16n va rat 16n. Thu vién Pandas
dugc thiét ké dé d& dang lam viéc duoc vai dir ligu c6 cau tric (nhu dit liéu dang bang, da chiéu, khong ddng
nhét) va dit liéu chudi thoi gian. Pandas va Matplotlib c¢6 thé d& dang hién thi va truc quan dit liéu sau khi da
xtr Iy véi nhimg ham va phuong thire dugc cung cap nham giup cho ngudi dung dé dang xir ly trén dit liu
cua minh. Vi dit liéu LiDAR, Pandas va Matplotlib cung cidp mét cach manh mé cac phuong thirc loc, phan
tich va hién thi truc quan dit liéu dang diém. Trong bai b4o nay, nhém tac gia gigi thiéu vé cac ham va
phuong thirc dé thao tac trén bo dir liéu dam may diém LiDAR véi khoang 2 triéu ban ghi. Két qua thuc
nghiém di thé hién rd vu diém cua thu vién Pandas va Matplotlib trong loc, phan tich va hién thi dir liéu
LiDAR.

Tur khéa: Pandas, Matplotlib, truc quan héa dix liéu, phan tich dir liéu LiDAR, loc dir liéu LIiDAR, LiDAR.

1. Mé dau

Dir liéu dong vai tro rat quan trong vai nhidu hé thong thong tin trong thé gici sb hién nay. Nhiing loi ich ma
dir liéu mang lai 12 rat I6n, gitp chiing ta c6 céi nhin chi tiét va hiéu rd vé van dé. Tuy nhién, chiing ta ciing phai
ddi miat véi khong it nhitng thach thuc ma dir lidu dat ra. Dit liéu duoc thu tir nhidu ngudn véi nhiéu cong nghé
va phuong phap khac nhau. Dir liéu khi thu thap s& cé nhidu, bi khuyét thiéu va nhiéu nhiing vin dé khac. Dir
liéu vai hang triéu, tram triéu ban ghi va nhiéu thugc tinh, yéu cau cip thiét can dit ra d6 chinh 1a xi ly, phan
tich dir liéu dé c6 thé hiéu dit liéu mot cach d& dang. Viéc hiéu dir liéu 1a diéu khong d& dang, nhat 1a véi dir liéu
I6n, c6 cau tric phirc tap vi khi dit liéu dugc 4p dung cho cac bai todn khac nhau s& c6 dic trung, ky thuat va
phuong phéap phéan tich khac nhau.

LIDAR 1 cdng nghé vién tham chu dong méi, véi kha ning thu thap duoc dir lidu trén bé mat Trai dét,
LiDAR ngay cang dugc st dung nhiéu va rong rai trong cac linh vuc khéng chi riéng Tric dia - Ban d6. Dir liéu
thu dugc chinh tir LIDAR 1a dam may diém, 1a tap hop cac diém duogc tao ra bai cam bién. Nhig dam may
diém c6 thé rat day dac va chtra hang ty diém, cho phép tao ra cac mo hinh 3D ¢é d chi tiét cao vé mot khu vuc.
Chung dugc st dung trong cac tng dung nhu giam sat moi truong, 1ap ban dd, quy hoach dé thi, giam sat co sé
ha ting,...(Yellow Scan, 2024). Pam may diém LiDAR dugc tao ra bang cach sir dung cac xung laser dé do
khoang cach dén cac déi tuong VA tao ra cac diém biéu dién vat thé trén bé mat Trai dat tir nhitng xung phan hdi.
DPam may diém cung cap dir liéu vi tri c6 gié tri cho cac ung dung khac nhau. Cac diém riéng Ié trong dam may
diém chura thong tin nhu toa d6 3D (X, Y va Z. Ngoai ra, Chung c6 thé dwoc bd sung cac thude tinh nhu s tra vé,
goc quét, husng quét, mat do diém, gia tri mau RGB va dau thoi gian (Yellow Scan, 2024). Tir nhitng ddm may
diém véi hang triéu, hang ty diém va sé luong thugc tinh Ién, s& cung cap thdng tin ¢é gia tri cho ching ta biét
thém vé mat do cua vat thé hozc thanh phén vt chat.

Tuy nhién, dam may diém tho chua thé sir dung dugc ngay sau khi thu thap, Chung can phal dugc xu ly trudc
khi dua vao cac ung dung cu thé. Qué trinh xir Iy ¢dm may diém bao gdm nhiéu nuéc va nhiéu cong doan nhu
loai bo nhiéu, loc, phan doan, phan cum va md hinh héa. C6 nhiéu ngén ngit lap trinh, phwong phap, cong cu va
moé hinh dwoc cac nha khoa hoc sir dung dé xir ly, phan tich va truc quan dit liéu dam may diém LiDAR. Trong
(Wei Yao, Wenbing Tao va cong su, 2023) da chi ra phan tich hozc xur Iy dam may diém LiDAR, bao gom ding
ky hodc anh xa dam may diém, loc, phan doan va phan loai, 1ap mo hinh 3D va truc quan hoa, 1a diéu kién tién
quyét co ban dé (tng dung c6 hiéu qua cac dam may diém LiDAR cho cac bai toan cu thé. Cac thuit toan da dang
da dugc cung cip dudi dang phuong phap tiép can dya trén dir liéu, dya trén md hinh hozc két hop dé phan tich
va kham pha cac ddm may diém LiDAR. Vi cac ki thuat méi nhat trong hoc méy va hoc sau dugc nhém tac gia
sir dung gidp trich xuét théng tin ngir nghia tir cic dam may diém LiDAR theo cach thdng minh va hiéu qua hon,

* Téc gia lién he
Email: nguyenthihuuphuong@humg.edu.vn
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nhanh chéng va chinh xac hon, dong thoi mo rong hon nira pham vi ung dung cia dam may diém LiDAR.
Nghién ctu (Hadi AliAkbarpour, Yuan Li, 2024), nhom tac gia da chi ra sy phic tap vé miat dia ly cua mot sé
dia hinh cu thé va sy thay doi nhanh chong trong méi truong d6 thi van doi hoi cAc giai phéap hiéu qua va hiéu
qua hon cho mé hinh hoa bé mat ky thuat s va tai tao canh 3D. Do d6, can qué trinh phan tich, xir ly dit liéu dé
tim hiéu dit lidu rd hon.

Mac di quy trinh chup 1a diém khai dau cho nhiéu tng dung, nhung viéc xir Iy cac dam may diém la didu can
thiét dé truc quan hoa, lam phong phu, phén tich, dinh luong, danh gia, mo hinh héa va hiéu ddi twong hoac canh
duge do. Mot quy trinh xur 1y thuong bao gom nhiéu giai doan, chang han nhu dinh huéng ddm may diém, dong
dang ky, kiém soét chat lugng, trich xuét tinh ning, phan doan va phan loai ngir nghia, phat hién va nhan dang
dbi twong, phat hién thay d6i va mo hinh héa ddi twong. Nghién ctru cia nhém tac gia (Johannes Otepka va cong
su, 2022) da chi ra rang phuong phap, thuét toan va cau tric dir liéu tién tién cua hoc may cing véi cac quy trinh
xir 1y toan dién cho céc ang dung hodc cam bién cu thé. Chinh vi nhimg 1y do do dit ra yéu cau can phai c6
huong giai quyét nhanh chéng dé xir Iy dam may diém LiDAR va dua dén tay nguoi sir dung hay nguoi ding cé
thé s dung truc tiép véi nhiing dang dir liéu d& xur 1y va thao tac hon nhu excel, csv,... thay vi file .las dinh
dang ban dau. Trong bai bao nay, nhém tac gia sir dung hai thu vién manh caa Python 1a Pandas va Matplotlib dé
xir ly, phén tich va tryc quan héa dir liéu dam may diém LiDAR. Sy lya chon ddi vai ngdn ngir lap trinh Python
mang lai nhiéu diém manh to 16n nhu: Python 1a mot ngdn ngir du don gian dé moi ngudi ¢d thé nhanh chong
hiéu duoc va lam quen dugc véi no, Python di manh dé xir Iy cac tap dix liéu I6n va n6 cho phép tan dung cac
thu vién may hoc manh mé& duoc cung cép bai cong dong rong lon.

2. Noi dung nghién cau
2.1. Phén tich, lgc va truc quan héa dii liu LiDAR

Phan tich dit liéu 1a qua trinh kiém tra, 1am sach, chuyén déi va mé hinh héa dit liéu véi muc tiéu khdm phé
thong tin hiru ich, dua ra két luan va hd tro ra quyét dinh (H. Taderhdost, 2022). Phan tich dit liéu ¢ nhiéu khia
canh, nhiéu huéng tiép can va nhiéu phuong phap thuc hién va duoc ap dung cho nhiéu nganh, linh vuc khoa
hoc khac nhau. Phan tich dit liéu 13 mot qué trinh thu thap dit liéu tho va sau d6 chuyén déi né thanh thdng tin
hitu ich cho viéc ra quyét dinh cua nguoi dung (Stephan Kudyba, 2014). Theo (John W. Tukey, 2020) c4c quy
trinh phan tich di liéu, cac cach 1ap ké hoach thu thap dir liéu dé gidp viéc phan tich dir liéu d& dang hon, chinh
xac hon hodc chinh x4c hon va tat ca cac may moc va két qua thong ké (toan hoc) &p dung dé phan tich dir liéu.
Quy trinh phan tich dir liéu bao gdm 6 budc d6 1a: dinh nghia bai toan, thu thap dir liéu, 1am sach dit liéu, phan
tich dir liéu, truc quan hoa dir liéu va cudi cung la biéu dién dir liéu. Trong do, loc dir liéu 1a qua trinh chon mot
phan nho hon trong tap dit liéu va st dung tap hop con d6 dé xem hoic phan tich. Pay 1a qua trinh sip xép thdng
qua mot tap dit liéu lon dé xac dinh cac tap hop thong tin cu thé dua trén céc tiéu chi da xac dinh. Didu nay rat
quan trong dé tim kiém dir liéu quan trong, loai bo théng tin khdng can thiét va cai thién chat lugng tong thé cua
dir liéu. Loc dir liéu néu dwoc thuc hién mot cach chinh xéac cé thé gitip cho qua trinh phan tich va xu ly dit liéu
dugc nhanh chéng, chinh x4c va don gian hon. Loc dit liéu chon va hién thi mét tap hop con dit liéu dua trén cac
tiéu chi cu thé. Phuong phép loc dit liéu c6 thé khac nhau tly theo ngit canh, ta c6 thé lya chon phwong phap va
cbng cu khac nhau (F. Khan, 2024).

Dix liéu sau khi phan tich va loc can dugc truc quan hoa dé dé hiéu, d& quan sat va dé thao tac hon. Truc quan
hoa dit ligu la sy thé hién dir liéu thong qua viéc sir dung d6 hoa phd bién, chang han nhu biéu do, so do, do hoa
thdng tin va tham chi ca hinh anh dong. Nhitng man hinh hién thi théng tin tryc quan nay truyén dat cac moi
quan hé dit liéu phirc tap va thdng tin chuyén sau dua trén dit liéu theo cach d& hiéu (IBM, 2024). Tryc quan héa
dit liéu duoc st dung trong nhiéu truang hop, nhiéu nganh va nhiéu linh vuc véi nhiéu muc dich khac nhau.

Véi dir lidu dam may diém LiDAR, do s6 lugng diém thu thap rat Ion, trong d6 c6 mot sé dit liéu dugc thu
thap thém ngoai gia tri toa do, do cao nhu gia tri mau caa diém, tht ty tia phan xa, cudng do phan Xa,... nhung
nhiing dir liéu do s& khéng cung cip cho ching ta bat ky théng tin nao néu chiing ta khong phan tich va trich
Xuét théng tin vao nhiing tng dung cu thé. Viéc xir ly va phan tich dit liéu LiDAR thuong dugc thuc hién véi
cac budc nhu trong Hinh 1:

Quy trinh xtr 1y va phén tich ¢dm may diém LiDAR rét phirc tap bao gém nhiéu budc, nhiéu cong doan can
thyuc thi. Chinh vi thé, khi cong nghé¢ dam may diém phat trién, cac k¥ thuat xir Iy yéu cau ngay cang phuc tap
hon, do d6, viéc két hop hoc sau, hop nhit da cam bién va xu 1y dua trén dam may 1a hoan toan can thiét. Nhiing
tién bo nay gidp ching ta trong su hiéu biét phic tap hon nita vé thé gi¢i xung quanh ching ta, tao diéu kién cho
céc ing dung tha vi trong xe tu hanh, xay dyng thanh phd théng minh, bao ton di san van hoa, nhan dang va
nhiéu hon thé nira.
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Dam may diém
LIDAR

. - Loal bd diém ngoai bién va céac nhiéu
Loai bd nhisu trong qua trinh thu nhan
l dam may diém.

Day la budc sé ap dung thuét toan hodc phuong phap

Loc va tai lay méu loc & Iwa chon va tai ldy mau nhiing diém phuc vu cho
i yéu céu cla bai toan

Phan doan va phan bay la buoc gan diém vé cac I&p cu thé, giup hiéu rd hon
|[-;.,-p vé dam may diém, dé phan tich va st dung dam may diém

trong truéng hop cu thé

Y

St dung céng cu tryc quan dé bidu dién dam may
Truc quan hoa diem. giup de quan sat va nang cao kha nang st dung
l clia dam may diém

Phan tich va do dac Phan tich &m may diém theo muc dich cu thé

Hinh 5. Quy trinh xu ly va phan tich dir liéu LIiDAR
2.2. Thu vién Pandas va Matplotlib ciia Python

Pandas 1a thu vién thuong dugc s dung dé xir ly phan tich di liéu. N6 don gian hoa viéc tai dir liéu tir cac
ngudn bén ngoai nhu tép vian ban va co s dit lidu, ciing nhu cung cap cac cach phan tich va thao tac dir liéu sau
khi dwoc tai vao may tinh mot cach don gian, thuan tién va d& dang. Céc tinh nang duoc cung cap trong Pandas
ty dong hoa va don gian hda rat nhidu tac vu phé bién can nhidu dong ma dé viét bang ngdn ngit Python co ban
(Declan V., 2024). Pandas la mot thu vién Python cuc ky phd bién va van dang phat trién, dwoc st dung trong
nhiéu linh vuc tir khoa hoc méi trudng va khi hau, cho dén khoa hoc xa héi, ngdn ngir hoc, sinh hoc ciing nhu
mot sb tng dung trong nganh nhu phan tich dit liéu, giao dich tai chinh, va nhiéu ngudi khac (M-E.OGBEMI,
2024). Pandas c6 hai kiéu cAu trdc dit liéu co ban la Dataframe (Dir liéu khdi) va Series (Dit liéu chudi). Trong
d6, Dataframe duoc t6 chirc dang bang, véi hang va cot, mdi dong s& luu trir duoc kiéu dir liéu don, nhu dir liéu
dang sd, chudi, logic,... Kiéu dir liéu dang chudi (Series) duoc t6 chirc dang mang maot chiéu, mdi phan tir trong
mang s& duoc gan mot chi muc (index), ta s& sir dung chi muc dé truy xuat vao dbi tuong.

Pé str dung duoc thu vién Pandas ta can sir dung cau lénh cai dit nhu sau: pip install pandas. Sau khi cai dit,
ta c6 thé 1am viéc véi cac kiéu dit liéu nhu Series va Dataframe dugc hién thi trong Pandas:

my_series
print(my

Hinh 6. Kiéu di liu series cia pandas

>>> scottish_hills = {'Ben Nevis': (1345, 56.79685, -5.003508),

'Ben Macdui': (13@9, 57.070453, -3.668262),
'Braeriach': (1296, 57.678628, -3.728024),

'Cairn Toul': (1291, 57.054611, -3.71042),

R 'Sgor an Lochain Uaine': (1258, 57.857999, -3.725416)}
>>>

>>> dataframe = pd.DataFrame(scottish_hills)
>>> print(dataframe)

Ben Nevis Ben Macdui Braeriach Cairn Toul Sgor an Lochain Uaine
© 1345.000000 1309.000000 1296.000000 1291.600000 1258.000000

1 56.796850 57.870453 57.078628 57.854611 57.857999
2 -5.003508 -3.668262 -3.728024 -3.71e420 -3.725416

Hinh 7. Kiéu dit liéu Dataframe trong pandas
Matplotlib 13 mét thu vién Python phé bién dé hién thi dit liéu va tao cac biéu dd tinh, hoat hinh va twong tac.
Chuong trinh ndy cho phép ban vé& db hoa hip din va giau thong tin nhu bidu dd duong, biéu db phan tan, biéu
d6 va biéu @6 thanh. Matplotlib c6 kha ning tiy bién cao va linh hoat, khién nd trg thanh lya chon wu tién cua
cac nha phén tich di liéu va nha khoa hoc 1am viéc trong céac linh vyc nhu tai chinh, khoa hoc, k¥ thuat va khoa
hoc x& hoi (J. Field, 2009). C4c loai biéu dd Matplotlib hd tro cho ngudi ding gém: Bar, Pie, Box plot,
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Histogram, Line, Subplots, Scatter, Contour. Matplotlib 12 mét lra chon phi hop cho cac yéu cau can truc quan
hoa dit liéu khac nhau, bao gom phan tich dir liéu, vé so dd va tao céc biéu dd chit lugng. N6 vuot troi trong cac
bai toan ma nguoi dung yéu cau quyén kiém soat chi tiét ddi véi viéc tly chinh kich ban truc quan hda va can tao
cac hinh anh truc quan phuc tap hoac chuyén biét.

2.3. Phén tich, lgc va truc quan dii liéu LiDAR ciia Pandas va Matplotlib

Quy trinh phan tich, loc va tryc quan dit liéu dam may diém LiDAR véi Pandas va Matplotlib dwgc nhém tac
gia thyc hién trong bai bao nhu trong Hinh 4 dudi day:

() (3)

Gt Dam may dism Phan loal Phén loal diém maét dat
déif;a LIDAR dinh dang file (2 dir ligu
Hot oF das 11:3 :guljr Loai b gia tri bién
ligu dam ;
may diém l LIDAR v
’ Phan loai digm khéng
Chuyén thanh dinh . : > mat gat
dang .csv
¢ Loc ba nhigu
- - h A
Impaort dif ligu sir e e F
dyng phuang thirc Biéu dien va phan tich dir
fhad tey liéu sau phén loai

Hinh 8. Quy trinh phan tich, loc va tric quan héa diz liéu dwoc sir dung trong bai bao
Quy trinh phan tich, loc va truc quan héa dit liéu dam may diém LiDAR dugc thuc hién véi bén buse gom:
a) Budc 1: Chuyén doi va doc dir liéu dam may diém LiDAR:
Tai budc ndy, nhém tac gia chuyén doi dinh dang dam may diém tir .las thanh dinh dang .csv, day l1a dinh
dang dit liéu duoc phan céch véi nhau bang dau, gidng véi kiéu dir liéu dataframe cua Pandas.
Dé chuyén ddi dinh dang .las sang .csv, nhom téc gia st dung phuong thic to_csv cua thu vién Lasio. Lasio 1a
thu vién dugc sir dung dé doc va ghi dir liéu, siéu dir liéu cua céc tap tin LAS.
Doc file .las va chuyén déi dinh dang sang csv sir dung cau lénh:
>>> import lasio.examples
>>> from sys import stdout
>»> las = lasio.examples.open('sample.las
>»> las.to_csv(stdout)

Hinh 9. Cau Iénh doc va chuyén dinh dang véi thir vién Lasio
>>> rd_las = lp.read(r'E:\NCS\ThuNghiemMCC\Output.las"')
>>> print(rd_las)

<LasData(1.1, point fmt: <PointFormat(@, © bytes of extra dims)>, 2253292 points, 3 vlrs)>

Hinh 10. Hién th; metadat cza file .las

Sau khi chuyén doi thanh cong dinh dang, st dung phuong thic read_csv cua Pandas dé doc dir liu truéc khi
phén tich va xu ly dir liéu ddm may diém.

Katdi

Hinh 11. Doc file csv

b) Tién xir ly dir ligu:

Trong budc tién xir ly dit liéu, can thyc hién loai bo bién va nhimg diém nhiéu cé trong dam may diém. Vi
hang triéu ban ghi dugc thu thap, nhidu xuét hién trong dam may diém 1a khong tranh khoi. Nhém tac gia da
thuc hién loc bo diém bién va gia tri bién theo cac bude nhu sau:

- Budc 1: Thu thap moi diém thw n.
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- Buéc 2: Gan ma nhi phan cho nhiing diém duoc chon. Hién thi cac diém duoc chon va diém khong duoc
chon theo ma nhi phéan nay.

- Bude 3: Xac dinh sb luong diém it diém 1an can hon so v6i khoang cach trung binh cua dam may diém st
dung hai tham s6 dau vao: s6 diém lan can dugc ding dé tinh khoang cach trung binh va ngudng dugc xac dinh
dua trén d6 léch chuan cua khoang cach trung binh trén dam may diém. Trong budc thir nghiém nay, nhom tac
gia lya chon sb diém 1an can 1a 20, ti 1& léch chuan 14 2.0, viéc lya chon nay dua trén mat do diém va gié tri do
léch chuan ctua dam may diém dé 1am ngudng cho budc loai bo diém bién va nhiéu.

- Loai bo nhimg diém xac dinh & Budc 3

print(“sStatistical oulier removal")

cl, ind = voxel down_pcd.remove statistical outlier(nb _neighbors=20,
std ratio=2.0)

display inlier outlier(voxel down pcd, ind)

Statistical oulier removal
Showing outliers (red) and inliers (gray):

Hinh 12. Logi bé diém bién sir dung thong ké sé lwong diém cé it diém lan cdn
c) Phan loai dir liéu
DPay 1a budce gan nhin cho cac diém, do chinh xac cta qua trinh phan loai dir liéu sé quyét dinh dén do chinh
Xac cua bai toan ung dung. Phan loai dam may diém dwoc chia thanh hai budc vai phan loai diem mat dat va
diém khéng mat dat dugc thyc hién nhu sau:
- Tim cac diém Ia tia phan xa don ¢6 d6 cao z I6n hon ngudng trung binh d6 cao cia cac diém — Gan diém
khbéng mat dat,
- Lap lai qué trinh tim kiém va tim kiém dugc cac diém lan can véi nhitng diém tim kiém vaéi nguong la do
cao trung binh,
- Phén loai lai diém néu d¢ cao cia diém cao hon so véi trung binh dg cao,
- Gan nhan diém theo dd cao vdi cac diém mat dat, thuc vat.
in_file = laspy.file.File(r"points.las", mode = "r")
point_records = in_file.points
#find all points that and single-return vegetation points (class 3, 4, or 5)
#note: num_returns is not included in the point_records above. So I am
#creating new arrays here.

class_arr = in_file.raw_classification
return_arr = in_file.num_returns

single_veg_pts = np.where(np.logical_and(np.logical_or(class_arr == 3,
class_arr == 4,
class_arr == 5), return_arr == 2))

#get the filtered points' records
single_veg_pt_records = in_file.points[single_veg_pts]

Hinh 13. Phan logi dam mdy diém LiDAR

Sau khi gan nhan va phan loai cac diém vao céc I6p chuyén biét, thuc hién phan tich dir liéu véi Pandas va
truc quan héa dir liéu vai thu vién Matplotlib. Phan tich di liéu sir dung cac phuong thirc sau:
b>> dt.describe()
4366595.37 2253.23
.439360e+05 343936.000000
.366621e+06 2271.774274
.758620e+01 22.564076

3

343935. 000000
.532647
.435856
.000000
.600000

. 000000

. 080000
.0ee0ee

.366530e+06 2211 .880000
.366572e+86 2253.410000
.366618e+06 2270.950000
.366667e+06 2288.110000
.366736e+06 2319. 840000

POOOODD®ON

Hinh 14. M6 ta dir ligu véi phwong thirc describe
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»y dt.corr()
¢ 4366595.37 2253.23 2 3
B4366595.37  1.000800 -0.690842 NaN -8.174847

>>> dt.std()
4366595.37 57.506196
2253.23 22.564876

B2253.23 -0.090842 1.606000 NaN -8.221658
Nall NaN NaN Nal
-9.174847 -8.221658 NaN 1.000600

2 ©.000000
3 1.435856
dtype: floated

Hinh 15. B¢ twrong quan va dé léch chuan di ligu véi phwrong thic corr
[->>> rd_las.header
'<LasHeader(1.1, <PointFormat(®, © bytes of extra dims)>)>
|->>> rd_las.header.point_format
<PointFormat(@, @ bytes of extra dims)>
|->>> rd_las.header.point_count
[2253292
[->>> rd_las.vlrs
'[\GeokeyDlrectoryvlr(B geo_keys)>, \GeoDoubleParamsvlr([c double(e 9), c double(e 9), c _double(8.8), c_double(®.8), c_dqg
'uble(e e)])> \GeoAsc11ParamsV1r([ o, ) ) ) ) ' ' Yyttt

] ) ) > )

'
', i) 2 ) i) ) i) 2 )
' ' " ] ' ' ' '

> ) ) ] ] ) > ) > ) ] >
) ) > ) ) ] ] ) > ) > ) ] >
) ) F) ) ) ] ] ) F) ) F) ) ] >
) ) ) F) ) ] >
] "

i) i) i) ) i) 2 )
i) i) i) ) i) 2 )
) ) ) > ) ] >
) ) ) >

Hinh 16. Phan tich thugc tinh vdgi phuwong thirc virs

400000 A

300000

200000 +

100000 -

220 240 260 280 300 320 340
Hinh 17. Biéu do histogram théng ké phan bé dé cao trong dam mdy diém
3. Thir nghiém

Dix liéu thir nghiém duoc nhém tac gia sir dung trong bai béo 12 dit liéu dam may diém duogc thu nhan tai khu
vuc Bic Ninh véi 2.253.292 diém. Cac thudc tinh cua diém cua thé hién trong Bang 1. Pay 1a khu vuc ¢6 mat do
dan cu dong, c6 dién tich khoang 10 km?, mat d6 dan cu cao, c6 duong giao thdng va nhiéu cay. Gia tri toa do
Xmin = 501674.204076; Y min = 3757299.628317; Xmax = 503228.707749; Y max = 3758184.08866. Mat do diém la
2.98 pt/m2,

DPam may diém sau khi loai bo nhidu va diém bién dugc hién thi nhu sau:

Hinh 18. Pdm mdy diém duwoc hién thi theo dé cao sau khi logi bé nhiéu
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Két qua phan loai diém mit dat va diém khdng mit dat dugc nhém téc gia thanh lap mo hinh TIN d§ phan
giai 1 mva bleu dod du’O’ng b1nh d6 dugc thé hién trong Hinh 18, 19.

& ; Aed PQ=
Hinh 19. M6 hinh TIN va dwong binh d¢ cua khu vuc

. Figure 1 — (| >
]
_...-—-"/ il
_—T .
"] .
A +Q= B

Hinh 20. Po th; biéu dién gia trj trung vi ciia dé cao diém
Qua két qua thuc nghiém voi céc thuat toan loc, phan loai diém dugc nhom tac gia s dung, ddm may diém
sau phan loai dugc truc quan hda va thé hién duge do twong quan ciing nhu cau trdc cua dit liéu.

4, Két luan

Qua két qua thir nghiém sir dung thu vién Pandas va Matplotlib cia Python trong phan tich, loc va tryc quan
hoa dir liéu dam may diém LiDAR c6 thé thiy day 1a hai thu vién d& sir dung, dé cai dat, c6 d6 manh trong phan
tich va biéu dién dit liéu LiDAR véi cac ham dugc phét trien boi mot cong dong rong lon, céc ham phan tich dir
liéu ngan gon va thyc hién tryc quan véi nhiéu loai biéu do thay vi phdi cai dat nhiing phan mém chuyén biét c6
thé mat phi va kho cai dat. Bong thoi, hai thu vién cung cip cac cong cu manh mé dé giup ngudi sir dung cé thé
dé dang xu ly dit liéu va truc quan di liéu. Cung véi su 16n manh caa cong dong st dung ngdn ngit Python, day
s& 1a diém manh caa Pandas va Matplotlib so véi ngén ngir va cong cu khac.

Trong bai béo, nhém tac gia da st dung Pandas va Matplotlib thuc hién loai bo nhidu va diém bién, phan loai
va truc quan héa dugc dit liéu dam may diém LIDAR. Vi céc loai biéu do truc quan va quy trinh xtr ly, phan
tich dir liéu da dé xuat, xir ly dit lieu thd LIDAR khong con 1a mot quy trinh phic tap, khé thuc hién.
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ABSTRACT
Analyze, filter, and visualize LiDAR point cloud data with the python
libraries pandas and matplotlib

Nguyen Thi Huu Phuong'®, Pham Thi Hai Van® Dao Thi Hong Tham?
'Hanoi University of Mining and Geology

Python's Pandas and Matplotlib libraries are the strongest functional libraries as they are open source library
code, with speed and performance in data processing, best with large and very large data sets. Pandas library is
designed to easily work with structured data (such as tabular, multidimensional, heterogeneous) and time series
data. Pandas and Matplotlib can easily display and visualize data after processing the functions and methods
provided to help users easily process their data. With LIiDAR data, Pandas and Matplotlib provide powerful
methods for filtering, analyzing, and visualizing data patterns. In this article, the authors introduce functions and
methods to manipulate the LIDAR point cloud data set with about 2 million records. The resulting
implementation was able to determine the priority of the Pandas and Matplotlib libraries during the filtering,
analysis and visualization of LIiDAR data.

Keyword: Pandas, Matplotlib, data visualization, LIiDAR data analysis, LIDAR data filtering, LIiDAR.
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Nghién ctru xac dinh su bién dong do sau ven dao xa bo sir dung dir liéu
vien tham Sentinel-2 trén nén tang Google Earth Engine

Nguyén Nhu Hung®", Lé Van Phii!. Nguyén Vin Son!
Y Hoc vién Ky thudt quan su

TOM TAT

Sy bién dong do sau ven dao xa b ¢6 thé anh hudng dén hé sinh thai bién, quy hoach va phat trién kinh té
ven bién, ciing nhu cac hoat dong hang hai. Viéc theo ddi va danh gia sy bién dong nay gilp bao vé mdi
trurong, quan ly tai nguyén bién va dinh hudng phét trién bén viing. Nghién ciru xac dinh su bién dong d¢ sau
ven dao xa bo sir dung dit liéu vién tham trén nén tang Google Earth Engine (GEE) la mot hudng nghién ctu
rat hiéu qua nho kha ning xir ly dit liéu I6n va cung cip cac cong cu phan tich manh mé&. Trong nghién cau
nay xac dinh su thay ddi sdu ven dao xa bo bang dit liéu anh vién tham duoc thu thap tai hai thoi diém lan
lwot 12 27/3/2020 va 20/9/2020. Két qua thu dwoc gia tri trong quan gitra gié tri do d6 sau thuc té ngoai dia va
gia do sau duoc xac dinh tir anh vé tinh 13 0,87 va 0,93. Gi4 tri RMSE thu dugc tuong ¢ng lan luot 1a 0,06 m
va 0,04 m. Bén canh do, gia tri bién thién d6 sau 16n nhat 1a 8,26 m. Tur két qua tinh toan do sau anh vé tinh
va cao d6 thuy triéu tai thoi diém chup anh tién hanh hiéu chinh dong bo do sau va so sanh, danh gia sy thay
di. Két qua cua phuong phép budc dau cho thay tinh tu dong, nhanh va hiéu qua trong phuc vu dénh gid su
thay doi d¢ sau trén ving bién Viét trén Nam, dac biét 1a & nhitng khu vuc ven bo, ven quan dao. Ddng thoi,
phuong phéap con hd trg cong tac theo doi, cap nhat thuong xuyén.

Tur khoa: D6 siu, Sentinel-2, Truong Sa, Google Earth Engine.

1. it vin dé

Panh gia bién dong d6 sau bién (bién dong dia hinh day bién) 1a mot phan quan trong trong nghién cau hai
duong hoc, quan Iy tai nguyén bién va bao vé méi truong. Bén canh do, day bién chua nhiéu tai nguyén quan
trong nhu dau khi, khoang san, va cac nguon sinh vat bién. Viéc theo ddi bién dong dia hinh gidp quan Iy va khai
thac cac tai nguyén nay hiéu qua va bén virng.

Vi nén khoa hoc ngay cang phét trién, cac phuong phap ude tinh do sau trén bién da c6 nhiéu sy thay doi
I6n. Cac phuong phap do siu truyén théng nhu don tia, da tia trén cac phuong tién duong thuy hoic LIDAR c6
pham vi khéng gian han ché (Zhao va nnk., 2013). Cac phuong phép nay c6 dé chinh xac cao tuy nhién can phai
do dac tryc tiép, ton nhiéu thoi gian, chi phi va cong stc khi dwoc trién khai. Do d6, viéc st dung ngudn dit liéu
mién phi, dap tng nhu ciu vé khong gian va thoi gian 1a diéu can thiét (Traganos va nnk., 2018).

Do nhuoc diém cua cac phuong phép do truyén théng, phuong phép xac dinh do sau sir dung dir liéu vé tinh
da duoc phat trién va cho thdy tiém ning cua né. Cac nghién ciru trude day da ap dung cac cam bién vé tinh c6
d6 phan giai thap nham xay dung cac md hinh ddi twong nudc. Trong nghién ctu (Balsamo va nnk., 2010;
Tedesco va nnk., 2011), c&c t&c gia da s dung dir liéu vé tinh MODIS (Moderate Resolution Imaging
Spectroradiometer) nham xac dinh d¢ sdu khu vuc ho trén toan cau. Két qua nghién ciru dugc 4p dung nham xay
dung mo hinh hd trong dy bao thoi tiét, xac dinh toc do bay hoi va du bao nhiét d6 bé mat chinh xé4c. Bén canh
d6, nghién ctru (Barale va nnk., 2008) da str dung nguon dir liéu SeaWiFS (1998-2003) véi muc dich xac dinh vi
tri, theo d6i cac loai thuc vat dudi nude va di thuong trong luu vue Pia Trung Hai.

Céc cam bién c6 do phan giai khong gian thip ¢ thé gay nhiéu boi cac diém anh phan tach nudc va dét lién
doc theo bd bién. Do d6, mot sé hinh anh vé tinh quan sat mat dat véi do phan giai khdng gian va thoi gian nho
da duoc tng dung trong xay dung mé hinh d sau. Nhdm xac dinh chit luong nuéc, thanh phan chit nén va lap
ban dd d6 sau mot cach chinh xac, cac nghién ciru da st dung ngudn dit liéu da phd nhu CASI-2, Ocean PHILLS
(Dekker va nnk., 2011; Brando va nnk., 2009; Kerr va nnk., 2018). Ngoai ra, nghién ctu (Traganos va nnk.,
2018) sir dung nguon hinh anh vién tham Sentinel-2, dix liéu duoc thu thép tai khu vuc bién Aegean va Dong Dla
Trung Hai va&i @6 phan giai cao phuc vu lap ban d6 do sau, phan tich kinh té va sinh thai & céc ria ven bién. Bén
canh do6, trong nghién ctru (Li va nnk., 2018), hinh anh vé tinh Landsat-8 duoc sir dung dé xac dinh d6 phan xa
cla day bién, dong thoi nghién ciiu hé sinh thai dudi nuéc.

Trong thoi gian gan day, nhidu nén ting dién toan dam may dugc phat trién hd tro ngudi ding xir ly nguon dir
liéu vé tinh va céc dir liéu ban do khac. Google Earth Engine (GEE) 1a mot nén tang dién toan ddm may manh
mé& cung cap kha ning truy cap dé dang vao bo dir liéu vé tinh véi thoi gian tinh toan nhanh hd tro udce tinh do

* Tac gia lién hé:
Email: nguyennhuhung@Iqdtu.edu.vn
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sau. GEE da duoc str dung trong nhiéu san pham véi quy mé toan cau bao gém do che phua dét, thay doi ring,
dién tich mit nuée va sir dung dat do thi (Traganos va nnk., 2018; Li va nnk., 2021).

Tuy nhién, cac nghién ctu hién nay chu yeu nghién ctu vé phuong phép xac dinh do sau, chua c6 nhiéu
nghién ciru vé ung dung dit liéu vién tham dé danh gia sy thay doi d¢ sau dia hinh theo thoi gian. Vi vay trong
nghién ctru nay tac gia nghién ctru phuong phap xac dinh su thay ddi cao do dia hinh ven dao noi tai cac dao xa
bo, dit liéu anh vé tinh thyc nghiém dugc st dung ¢ hai mua gio Tady Nam va Pong Nam.

2. Phuong phap nghién ciu

Quy trinh xir ly dir liéu vién tham trong nghién ctru dugc trinh bay cu thé trén Hinh 1. Trugc hét, nghién cau
tién hanh loc bo dir liéu hinh anh phan xa bé mit tir dir liéu Sentinel-2 dya trén céc tham sé nhu khu vuc nghién
cru, o che phu cia may, khoang thaoi gian quan tdm. Nghién ciru lua chon hinh anh c6 d6 che phu cua may trén
khu vuic nghién ctu 13 tdi thiéu. Diéu nay Iam giam nhidu do may va béng may gay ra trong qué trinh thu nhan
thong tin bé mat caa cam bién.

Tiép theo, nghién ctu tién hanh loc cac déi twong khong phai 1a nudc trén hinh anh phan xa, sit dung cac gia
tri ngudng cua kénh anh dé loc cac khu vuc nuée c6 do duc cao, séng va phan chiéu caa anh sang mit troi. Gia
tri duoc sir dung dé loc cac dbi twong phi hop vai tirng khu vuc nghién ciru. B6i voi khu vic nghién cau, cac
gia tri duoc st dung 1a pereen > 0,01, prep < 0,1 va pyir < 0,03 (Hung & Ph, 2023).

Hinh anh phan xa bé mit Sentinel-2

Lira chon dir lidu dau vao:
Khu vire nghién clu
Loc may, loc nhiéu
Khoang théi gian quan tim

Khu vue khong nuoc Khu vire nude

. 5 Tinh gia tri phan xa vién
Xéc dinh gia trj Chl-a ¢6 tham Ry
dinh
v

i . .
] - Tinh hé so phan xa vien
Binh 1Ll'i?l]'lg IﬁLTJL d6 suy thiim 7.
gidm nudc T
| + U'de tinh d6 siu

]

Hiéu chinh thuy triéu

Danh gia sy bién déng

Hinh 1. Quy trinh ddnh gid sw bién dong do sau tir dir liéu vé tinh

Bén canh do6, nghién ciu tiép tuc loc céc ddi twong khong phai la nuéc bang cach sir dung chi s6 nuéc chénh

léch chuan hoa (NDWI) duoc trinh bay trong céng thac (1):
NDWI = PGreeN ~ PNIR @
Pereen T PNR

Dir liéu hinh anh sau khi loc bo cac ddi tuong khong nudce duogc trich xuat phuc vu tinh toan d6 sau tu dong
dua trén thuat toan do do sau (Li va nnk., 2019). Quy trinh xtr ly dit li¢u dugc thuc hién trén nen tang GEE. Dau
tién, nghién ctu tinh toan gid tri phan xa vién tham Ry tir dir liéu phan xa bé mat p,) (Vanhellemont, 2019).
Cong thirc tinh toan gid tri phan xa vién thdm Rys dugce trinh bay nhu cong thirc (2):

2
R.(1) = @
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Tiép theo, nghién ctu loai bo su anh hudng giira hai bé mat khong khi va nuéc thong qua h¢ s6 phan xa vién
tham dudi bé mat dugc trinh bay & cdng thic (3) (Lee va nnk., 2013):

R.(4) 3)
052+1.7%R_(1)

Sau khi thu duoc gi4 tri hé sé phan xa vién tham duéi vé mat, nghién cuu tinh toan gi4 tri ndng do
Chlorophyll-a (Chl-a) v&i muc dich khai tao tham s6 uée tinh d6 sau (Li va nnk., 2019). Nghién ctu sir dung gia
tri Chl-a ¢ dinh (Chl-a = 0,5 mg.m3) (Li va nnk., 2021). Cac tham s6 u6c tinh d6 sau (mo va my) lan lugt dugc
tinh theo cong thuc (4) va (5):

m, = 52.073x* 6(0'957*Ch|’a) .

r (1) =

ml = 50156 %k e(0-957*Chlfa) (5)

Cuébi cuing, nghién ctru wée tinh do sau nudc bang cach dinh luong cac mie do suy giam khac nhau gitra kénh
anh mau lam va mau luc (Stumpf va nnk., 2003):

In(1000+ r.blue) m (6)
® In(1000 * r_green)

Sau khi thu dugc do sau duoc tinh todn cho cac khoang thoi gian quan tam, cac tac gia tién hanh hiéu chinh
thuy triéu. Didu nay dam bao d6 sau ¢ cac thoi diém khéac nhau c6 cling mat thuy chuan. Bén canh do, nghién
ctu str dung cac diém do thuc té nham hiéu chinh d6 su tai hai thoi diém khéc nhau. Cudi cung, thuat toan trir
anh duoc st dung dé danh gia su bién dong do sau. Bang céch lay hai hinh anh d6 sau va trir chiing vai ting vi
tri diém anh tuong &ng, hinh anh hién thi su khac biét do sau giira hai thoi diém thu nhan anh.

Depth=m

3. Khu vuc va dir ligu thuc nghiém
3.1. Khu vwce va dii liéu anh vé tinh khu vwc nghién ciru

Khu vuc nghién ctru xac dinh sy bién dong d6 sau 1a mot phan caa dao ndi thuoc Huyén dao Truong Sa, Tinh
Khénh Hoa. Khu vyc ndy nam theo truc Pong Bac - Ty Nam dai khoang 9 km va rong khoang 1,8 km, & giira
c6 mot vung bién kin véi d6 sau tir 3 m dén 20 m. Cac dao xa bo c6 hé sinh thai phong pht va vi tri dic biét
quan trong vé qubc phong an ninh (Hinh 2).

Nghién ctu xay dyung ban d6 d6 sau duya trén bo dir liéu phan xa bé mat Sentinel-2 ¢6 san trén nén tang dién
toan dam may Google Earth Engine. Dit liéu sir dung trong nghién ctru da xua ly mac 2A vai phép chiéu UTM,
hé quy chiéu WGS84, mai chiéu 49N.

y sy Trung Quéc

11y Saeis
: SHE NpI 2
Lao

\, Quan dao Hoang Sa

i (TP, D& Nang)
Thaitan .. Y =
£ i SN A;“

o - Bién Déng
Campuchia ¢ DPao Phan Vinh
\ v
X, Y
Phu Quéc
Thd Chu A ol Quin dio Trueng Sa
s _ (Tinh'Khanh Héa)

Hinh 2. Khu vic nghién ciu
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Nghién ciu tién hanh thu thap dir ligu phan xa bé mat cua vé tinh Sentinel-2 khu vuc dao Phan Vinh thuge
huyén dao Truong Sa, Tinh Khanh Hoa. Hai hinh dnh dugc thu thap lan luot ngay 27-3-2020 va 20-9-2020. Dix
liéu vé tinh sau khi loc may, loc nhiéu va loc cac d6i tugng khong nude dugc thé hién trong Hinh 3 va Hinh 4.

113°31'E 113°42°E 113°41'E 113°42°F
h h h h
N =
E = Pao Phan Vinh Pao Phan Vinh
W —E |7
S
e e |
z Z Z z
% w. y = % £ %
Quin dao Truong Sa Quan dao Trudong Sa
(Tinh Khanh Hoa) (Tinh Khanh Hoa)
Sentinel-2 Sentinel-2
27-3-2020 20-9-2020
i/- 0 0.8 Kilometers ,/ £ 0 0.8 Kilometers &
o . I:-:'_ e g : -:-:— £
113°41'E 113°42°E 13°41E 113°42°E

Hinh 3. Hinh dnh Sentinel-2 khu vic nghién cizu chup ~ Hinh 4. Hinh dnh Sentinel-2 khu vic nghién cizu chup
ngay 27/3/2020 ngay 20/9/2020

3.2. Dir liéu do thuc dia

Hinh 5 minh hoa vi tri do dac tai thuc dia, bao gém 210 diém. Bé thu thap dir liéu tai hién treong su dung
phuong phdp do GNSS (RTK) két hop do sau hoi 4 4m don tia Hidrobox da dugce dong bo vai hé quy chiéu dit liu
anh thuc nghiém. Cac diém do nay c6 dic diém nam trén ving bién c6 dia chét day bién cung, khdng bi cat va
dbi twong khéc che pha nén c6 d6 sau khong thay doi trong thoi gian nghién ctru. Dong thoi, gia tri do sau cua
cac diém do thue dia 1a tir 0,5 m dén 1,3 m.

113°41'E 113°42'E
1 1

Pao Phan Vinh
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Hinh 5. Céc diém do thue dia dwoc sir dung cho muc dich hiéu chinh
4. Két qua nghién ciru va thao luan

Tiép theo, cac hinh anh phan xa bé mit Sentinel-2 duoc sir dung dé tinh toan d¢ sau. Thuat toan duoc tinh
toan do sau dugc xay dung theo ngon ngir JavaScript trén nén ting GEE véi cac tham s6 mo hinh duoc trinh bay
trong Phan 2. Céc ban d6 d sau lan lugt duoc trinh bay trong Hinh 6 va Hinh 7.
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Hinh 7. Ban d6 d¢ sdu duwoc tinh bang di liéu vé tinh ngay 20/9/2020
Két qua tinh toan do sdu tir anh vé tinh duoc kiém tra véi 210 diém do dac thuc té (Hinh 8) cho ta théy tinh
tuong quan cao gitra gia tri do do sau thuc té ngoai dia va gid do sau dugce xac dinh tir anh vé tinh (véi R? cua
thoi diém chup anh 1a 0,87 va 0,93). Bén canh do6, gia tri RMSE thu dwoc twong wng véi dir liéu ngay 27/3/2020

va ngay 20/9/2020 ln luot 13 0,06 m va 0,04 m.
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Hinh 8. Ham twong quan giita ¢ sdu dwge xdc dinh bang diz liéu vé tinh va dé sau thuc té tai thue dia
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Thuy triéu do dwoc tai khu vuc nghién ciu trong thoi diém thu nhan anh ngay 27/3/2020 la 1,2 m, ngay
20/9/2,020 la13m. Nhu vay, su khac biét vé thuy triéy gitra hai thbi diém la 0,1 m. Bén canh do, cac diém do
thyc té dugc sir dung dé hiéu chinh d6 sau. Vi tri cac diém do dugc hién thi trong Hinh 5.
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Hinh 9. Ban do bién dgng dé sau khu vic nghién ciru

Hinh 9 trinh bay su thay d6i do sau khu vuc nghién ctu tai hai thoi diém khac nhau. Két qua cho thay khu vuc
nghién ciu c6 sy dich chuyén manh cua cac ddi twong day bién bao gom cac ran san hd, tham co bién va dac biét
1 cét bién.

Khu vyc bién dong lon nhat tap trung ¢ gitra 1ong ho. Noi co sy bién thién do sau I6n 1én dén +8,26 m. Diéu
nay cho thay, do sdu & trong long ho tai thoi diém thang 9/2020 da thap hon so véi do sdu tai thoi diém thang
3/2020. Khu vuc 1ong hd c6 gia tri bién dong do sau I6n ngodi nguyén nhan su ling dong cua cat san hd thi sy
phét trién cua co va tao bién ciing anh huong chi yéu dén sy thay ddi lon cua gié tri d6 sau.

Bén canh dé, cat bién va ran san ho c6 sy dich chuyén sang hai bén 1dng hd, tao thanh hinh vanh khuyén.
Vanh khuyén nay c6 sy bién thién do sau I6n nhét 1a -5,95 m. Két qua d6 dong nghia véi viéc cat bién da dugc
bdi tu tai vi tri vanh khuyén nay.

Ngoai ra, dia hinh tu nhién cua long ho c6 thé anh huong dén cach céat phan bé dan ti do sau ciaa long ho
thay d6i. Dya trén két qua do sau tai Hinh 6 va Hinh 7, 1ong ho ¢6 d6 ddc cao. Diéu nay khién long ho c6 thé dé
dang bi x6i mon va cat bi day di (My, 1995).

5. Két luan

Nghién ciru xac dinh su bién dong do6 su khu vuc ven dao xa bo sir dung dir liéu vién tham trén nén tang dién
toan dam may Google Earth Engine. Trudc hét, cac tac gia st dung hai hinh anh Sentinel-2 tai hai thoi diém
khac nhau thudc khu vuc nghién cau. Tiép theo, thuat toan Stump duoc st dung dé tinh toan do sau tu dong.
Ddng thoi, nghién ciu sir dung dit lidu thuy tridu va diém do thuc té dé hiéu chinh do sau duoc tinh toan tir dit
liéu vé tinh. Tir d6 sau tinh todn va hiéu chinh cao tridu thoi diém chup anh duoc tich hop bang phan mém
ArcGIS dé danh gia su thay ddi dia hinh gitra hai thoi diém. Két qua cia phuong phap bude dau cho thay tinh ty
ddng, nhanh va hiéu qua trong phuc vu danh gia su thay dbi do sau trén ving bién Viét Nam, dac biét 1a & nhiing
khu vuc ven bo, ven quin dao. Viéc danh gia bién dong do sau bién khéng chi mang lai loi ich truc tiép ma con
gian tiép hd trg nhicu Iinh vuc khac nhau, tir kinh té, quoc phong, moi truong, dén giéo duc va nghién ciu khoa
hoc, gop phan vao su phét trién bén ving cua dat nu6c. Tuy nhién, do diéu kién thyc nghiém, dit liéu do va quan
tric cao do thuy tridu chua duoc nhiéu chu ky, nén can nghién ciu tiép dé hoan thién tiép quy trinh xac dinh bién
dong d6 sau tur dir liéu anh vé tinh.
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ABSTRACT
Research to determine depth variations along offshore islands using
Sentinel-2 remote sensing data on the Google Earth Engine platform

Nguyen Nhu Hung'", Le Van Phu?, Nguyen Van Son?
1L e Quy Don Technical University, Hanoi, Vietnam

Variations in depth along offshore islands can affect marine ecosystems, coastal planning and economic
development, as well as maritime activities. Monitoring and evaluating these fluctuations helps protect the
environment, manage marine resources and guide sustainable development. Research to determine depth
fluctuations along offshore islands using remote sensing data on the Google Earth Engine (GEE) platform is a
very effective research direction thanks to its ability to process large data and provide powerful analysis tools . In
this study, the deep changes along the offshore island are determined using remote sensing image data collected
at two times, March 27, 2020 and September 20, 2020, respectively. The results show that the correlation values
between the actual depth measurement in the field and the depth value determined from satellite images are 0.87
and 0.93. The corresponding RMSE values are 0.06 m and 0.04 m, respectively. In addition, the maximum depth
variation value is 8.26 m. From the results of calculating the satellite image depth and tidal height at the time the
image was taken, synchronize the depth correction and compare and evaluate the changes. The initial results of
the method show that it is automatic, fast and effective in assessing depth changes in the Viethamese and
Southern waters, especially in coastal and archipelagic areas. At the same time, the method also supports regular
monitoring and updating.

Keywords: Bathymetric, Sentinel-2, Google Earth Engine.
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Nghién cttu mot sb thuat toan huan luyén mang noron nhan tao
trong du bao d6 1an cbng trinh thay dién

Pham Qudc Khéanht*
YTruong Dai hoc M6 - Dia chat

TOM TAT

Mang noron nhan tao (Artificial Neural Network - ANN) da va dang dugc (tng dung rong réi trong nganh
tric dia, trong xay dung mé hinh chuyén dich va dy bao thi mang ANN Back-Propagation (BP) dwoc ung
dung nhiéu hon ca. P& huan luyén mang BP c6 rat nhiéu thuat todn khac nhau, mdi thuat toan lai c6 wu, nhugc
diém riéng trong qué trinh huan luyén mau. Bai béo str dung 02 tap mau 1a sé liu quan tric do lun cua cong
trinh thay dién Hoa Binh véi s6 mau va 16p dau vao khac nhau, huan luyén céc tap mau nay bang 06 va 03
thuat toan nhu thuat toan Levenberg-Marquardt (Trainlm), téc do hoc thay doi (Traingdx), thuat toan Quasi-
Newton,... roi so sanh két qua du béo vai s6 liéu do thuc té. Két qua cho thdy véi tap mau it (17 mau) va
khdng c6 nhiéu 16p dau vao (chi c6 16p thoi gian va do lin do bang may thay chuin hang 2) thi gia tri du bao
(01 gia tri) 1a nhu nhau véi cac thuat toan khac nhau. Ciing véi tap mau nay khi sir dung mét thuat toan thi
trong céc lan huan luyén, mic du cac chi tiéu danh gia nhu hiéu suat huan luyén, trang thai huan luyén va
phan tich twong quan khac nhau nhung van cho két qua du béo gidng nhau. Khi gia tri twong quan R cang tién
sat 1 thi gia tri mo hinh du bao (khong phai gia tri du bao) va gia tri do cang gan vai nhau. Véi tap mau phuc
tap hon (20 mau) v&i nhleu 16p dau vao (thoi gian, myc nudce va do 10n) thi cac thuat toan nay cho két qua dy
bao khéc nhau, ching to sb tap mau va sb 16p dau vao c6 anh huong dén ket qua hoc cua thuat toan. Nhu vay,
khi xay dung mé hinh chuyén dich va du béo can 1am phép thir véi mot sb thuat toan dé co6 dugc két qua du
bao tét hon va sat vai gia tri thu té hon.

Tir khda: ANN, BP, du bao chuyén dich.

1. Pjt vn dé

Du bao chuyén dich céc cong trinh 16n, trong diém qudc gia nhu dap thuy dién, cau 16n, nha cao tang va siéu
cao téng, truot 16 dat da, ... 1a mot mét xich vo cung quan trong trong quy trinh quan tric chuyén dich cong tr|nh
Trén thé gioi, day la phan khong thé thiéu cua qua trinh quan tric nhung ¢ nude ta chua co quy dinh nao vé vén
dé nay. Nghién cau ve du bao gan day ¢ nudc ta van 1a cac phuwong phap twong ddi kinh dién 12 sir dung cac ham
toan hoc dé md phong Chuyen dich, cac phuong phap nady md phong duoc ca qua trinh chuyén dich chir khong
mo phong xu thé chuyén dich cua tung chu ky quan tric. Phuong phép tu hoi quy, loc Kanmal, BP nhan tao
(Nguyén Dinh Thuc, 2000; Pham Qudc Khanh, Nguyén Quéc Long, 2015; Pham Québc Khénh, Nguyén Viét Ha,
2/2015; Cao Dinh Trong va nnk., 2011) ciing da dwoc nghién ctru nhung chwa phé bién do ¢ Viét Nam sé lugng
mau quan tric han ché.

Ung dung mang noron nhan tao (ANN) trén thé giGi c6 nhiéu nghién ctru vi du nhu du bao dong dat, du bao
d6 1an cong trinh, du bao trong luc khu vuc dap thay dién, du bao truot 16 (S. Narayanakumar, K.Raja, 2016;
George Pantazis, Eleni-Georgia Alevizakou, 2013; Xiaoyu Wang et, 2017; Ke Fuyang, Li Yayun, 2014) voi
nhiéu thuat toan du béo cia ANN khac nhau. Cac nghién ciru nay déu nhan xét mang ANN-BP (noron nhan tao
lan truyén ngugce) dugc &p dung nhiéu hon ca. Tuy nhién, mang ANN-BP ¢6 rat nhiéu thuat todn huan luyén
mau, cac thuat toan ‘nay hién nay da duoc xay dung thanh cac modul trén nhleu phan mém phd bién nhu Matlab.
Tuy nhién, chua thdy c6 danh gia vé viéc nén sir dung thuat todn nao 1a téi wu va vuot troi hon ca khi xay dung
mo hinh chuyén dich va du béo bién dang cong trinh. Chinh vi thé, bai bao nay dya trén mang ANN-BP dé du
bao chuyén dich véi cac thuat toan khéc nhau 1a TrainLM, TrainGDX, TrainRP, TrainSCG, TrainBFG,
TrainOSS (J. Zupan, J.Gasteiger. 1993; Prashant Rao, 2016; Supported and Compatible Compilers - Release
2016a, 2016); xay dung mé hinh chuyén dich va dy bao d6 lin cong trinh thiy dién Hoa Binh theo céc thuat
toan nay, sau do tién hanh so sanh két qua dy bao véi gia tri thuc té dé xac dinh xem thuat toan nao cé hiéu qua
hon. Két qua cho thay, véi mot lwong mau khong nhiéu va 16p dau vao it thi cac thuat toan nay cho két qua du
bao nhu nhau. Nhung g1a tri dy bao s& khac nhau khi 16p dau vao nhiéu hon du s6 lugng mau gan tuong tu. Do
do, dé du bao duoc gia tri gan sat voi thyc té thi khi thuc hién tinh toan can thiét phai lam céc phép thir véi cac
thuat toan nay roi mai ra quyét dinh nén chon thuat toan nao ung dung trong bai todn ma chung ta dang can.

" T4c gia lién he
Email: phamquockhanh@humg.edu.vn
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2. Co s6' Iy thuyét va phuong phap nghién ciru
2.1. Co 56 I thuyét ciia mang noron nhén tgo
2.1.1. Noron than kinh va cau tric cia né

Céc té bao than kinh trong ndo dwgc goi la cac noron than kinh. Mdi noron lién két vai hang nghln noron
khac. Noron 1a don vi co ban ma b ndo ding dé xir 1y thong tin, wéc tinh rang trong vo ndo con ngudi co Xap xi
10 ty noron.

Cau tr(ic mot noron than Kinh véi céc thanh phan chinh dugc minh héa trong nhu Hinh 1.

s

"\\: \”\ napse 1

\ \\
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synapse 2

Hinh 1. Cdu trdc cua mét noron than kinh
trong do:

- Soma la than caa noron.

- Synapse la két ndi gita mot noron va noron khac, hay con goi 1a khop than kinh. Thong tin di ra tir mot
noron qua AXon cua né sau d6 dugc truyén qua mot Synapse dén noron nhan.

- Dendrite la cac day manh gén lién voi soma (tua gai than kinh), ching truyén dir liéu dudi dang xung dién
thé dén cho soma xir ly. Bén trong soma cac dir liéu d6 duoc tong hop lai, cé thé xem gan dung sy tong hop dy
nhu 1a mot phép Iy tng tat ca cac dit liéu ma noron nhan dugc.

- Axon 1a mot cac loai tin hiéu khac ciing dugc gén véi soma. Khéc voi dendrites, cac axon ¢6 kha nang phat
cac xung dién thé, ching Ia day dan tin hiéu tir noron di cac noi khac. Cac axon c6 mot gia tri ngudng threshold,
chi khi nao dién thé trong soma vuot quéa mot threshold nao dé thi axon méi phat mot xung dién thé, con néu
khéng thi n6 & trang thai nghi.

2.1.2. Mang noron sinh hoC va mang Noron nhdn tqo

Theo nghia sinh hoc, mang noron la mét tap hop cac day than kinh két ndi vai nhau. Hién nay, thuat ngir nay
con dung dé chi mang noron nhan tao, cdu thanh tir cAc noron nhan tao. Do d6 thuat ngir “mang noron” xac dinh
hai khai ni¢m phan biét: mang noron sinh hoc va mang noron nhan tao (Hu Wusheng, 2006).

a. Mang noron sinh hoc la mét mang luéi cac noron c6 két néi hoac cd lién quan vé mat chirc ndng tryc thugc
hé than kinh ngoai bién hay hé than kinh trung wong. Théng thudng, mot mang noron bao gom mét hoac nhiéu
nhém céc noron duogc két ndi vat Iy véi nhau hodc c6 lién quan véi nhau vé chirc nang. Mot noron don c6 thé
dugc ndi véi nhidu noron khac va tong sé noron va két ndi trong mét mang c6 thé 1a mot gié tri cuc ky l6n. Cac
két néi (khép than kinh) tir cc axon téi cac té bao tua gai than kinh (dendrite). Ngoai tin hiéu dién, con cé cac
dang tin hiéu khac phat sinh tir viéc khuéch tan cac chét dan truyén xung dong than kinh (neurotransmitter),
ching c6 anh huong ddi véi tin higu dién. Do vay mang noron vé cling phuc tap.

b. Mang noron nhan tao mé phong cac té bao than kinh va cac khép néi than kinh cia b nido con ngudi, trong
mang noron nhan tao ciing c6 cac thanh phan c¢6 vai trd tuong tu cac thanh phan trong noron than kinh. Hai
thanh phan chinh cau tao nén mang noron nhan tao 1a cc noron (Md phong cac té bao than kinh) va cac synapse
(mb phong céac khép ndi than kinh).

M®& hinh mang noron nhan tao dugc mé ta nhu Hinh 2:
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Wiy Hé s6 diéu chinh

@_ﬁkz\’ Ham kich hoat

Pau vao— ——- Daura

Hinh 2. M6 hinh mang roron nhan tao

Trong mdt md hinh noron bao gém 3 thanh phan chinh do 1a:

- Mot tap hop cac synapse hay cac két noi, ma mdi mot trong ching duoc dac trung boi mot trong so cua
rleng no. Tac Ia mot tin hiéu x; tai ngd vao cua synapse j ndi véi noron k s& duoc nhan vai trong sé synapse Wi.
O d6 k 1a chi sé cua noron tai ngd ra cua synapse dang xét, con j chi diém ngd vao cua synapse. CAc trong sé
synapse cua mot noron nhan tao c6 thé nhan ca céc gié tri am va cac gia tri duong.

- Mot b cong dé tinh tong cac tin hidu ngd vao cua noron, di dwoc nhan véi cac trong s6 synapse tuong @ng;
phép toan dwoc md ta & day tao nén mot bo td hop tuyén tinh.

- Mot ham kich hoat (activation function) dé gii han bién d6 ngd ra ciia noron. Ham kich hoat ciing dwoc
xem xét nhu 1a mot ham nén; nd nén (gisi han) pham vi bién d6 cho phép cua tin hiéu ngd ra trong mét khoang
gia tri hitu han. M6 hinh noron trong Hinh 2 con bao gom mét hé sé hiéu chinh tac dong tir bén ngoai, bx. Hé s6
hiéu chinh by c6 t&c dung ting l1én hodc giam di ngd vao thuc cua ham kich hoat, tuy theo n6 duong hay am.

Thé hién biang cong thirc toan hoc, mot noron k dugc mé ta nhu sau:

m 1)
U =D WyiX,
=0
va:
Y = ¢7(uk + bk) (2

trong do: X1, Xz,..., Xm 12 CAC tin hiéu dau vao; Wi, Wia,..., Wim 12 CAC trong s synapse cuia noron k; ux 1a dau ra
bo t6 hop tuyén tinh twong tng; bk 1a hé sé hiéu chinh.

Hé s6 hiéu chinh by 12 mot tham sé ngoai cua noron nhan tao k, tir d6 cong thirc (1) va (2) c6 thé viét lai mot
cach tuong duong la:

< @)
Vie= 2 WyiX;
j=0
va:
=p(v,) “)
Trong cong thire (3), chiing ta da thém mot synapse méi véi dau vao (Bias) cua no 1a:
) xo= +1 (%)
Va trong s6 la:
Wio=Dby (6)

Nhu vay, md hinh cua noron k s& dugc md phong lai nhu Hinh 3. Trong Hinh 3, nhiém vu cua hé sé hiéu
chinh 1a thuc hién hai viéc: Mot 13, thém mét tin hiéu dau vao cb dinh 1a 1; hai 13, thém mot trong s synapse
méi bang gia tri cia hé sé by.

M@ hinh nay trén thuc té duoc goi 1a mot “Perceptron”. Perceptron, mot phat minh cua Rosenblatt [1962] 1a
mét trong nhitng mé hinh noron sém nhat. Mot Perceptron md hinh mot noron bang cach tinh tong céc trong s6
ctia ngd vao (input). Néu tong nay lon hon mot gia tri ngudng (threshold) thi cho gia tri ngd ra (output) bang 1
nguoc lai cho gia tri ngd ra (output) bang 0.

Ngoai ra, trong md hinh mang noron con ¢6 gié tri ngudng va ham kich hoat:

Gid tri ngudng “threshold” 1a mot gia tri c6 thé diéu chinh dwoc. Cac ngd vao (X1, Xz, ..., xm) VA CAC trong. s6
(W1, Wa,...,wm) trong Perceptron la cac gia tri thuc, co thé am (-) hoic duong (+). Ban than Perceptron bao gom
cac trong s6, bo xir Iy tdng, ham kich hoat va mot bo xir Iy ngudng c6 thé diéu chinh duoc goi 1a “Bias”. Bias ¢
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thé duoc xem 1a xu huéng (Mot xu huéng theo mot cach cu xur cu thé) ciia Perceptron dé kich khai bat chap ngd
vao cua nd. Mang md hinh Perceptron kich khei khi tong trong so l6n hon 0. )

Ham kich hoat, ky hiéu bdi ¢(v), xac dinh dau ra cta noron, ham kich hoat bao gom ham ngudng va ham
sigmoid.

Ham kich hoat

;lj > Diura

Pau vao—

Hinh 3. M6 hinh mang noron nhan tgo vdi gia tri Bias
Ham ngudng dugc biéu dién dudi dang toan hoc la:

_(1néuv=0 (7)
o) {0 néuv <0
Khi d6 dau ra cia bo to hop tuyén tinh theo ham ngudng 1a
m (8)
Vi =D WX, +b,
j=1
Va d6 thi cuand la
1 o(v)
0
-2 0 2

Hinh 4. Ham nguong

Ham sigmoid la dang chung nhat caa ham kich hoat dugc sur dung trong céu trdc mang noron nhan tao. N6 la
mot ham tdng va ham nay thé hién sy trung gian gitra tuyén tinh va phi tuyén. Mét vi du caa ham nay 1a ham
logistics, xac dinh nhu sau:

1 ©9)
(V) = ——F—
1+exp(-av)

trong do: a la tham s6 do doc cia ham sigmoid. Bang viéc bién doi tham s6 a, ching ta thu duoc cac ham
sigmoid véi cac do doc khac nhau. Do thi ham sigmoid nhu Hinh 5.

1

—
_/

-10 0 10

Hinh 5. Ham logistic
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2.1.3. Mang noron lan truyén nguoc (Back-Propagation)

Mang lan truyén nguoc la mot ham phi tuyén ¢ thé xap xi gan dang nhat mot ham dich dugc cho qua mot s6
mau trong tap mau.

Mot mang lan truyén tong quét 1a mot mang c¢é n (n > 2) 1op: 16p thir nhét goi 1a 16p nhap, 16p tha n 1a 16p
Xuat va n-2 16p an. Phan Ién cac mang chi c6 mot bién phu thudc nhung véi md hinh ta trén mang noron cho
phép sé ndt trong 16p nhap, 16p xuat va I6p an 1a tdy y. S6 nat trong 16p nhap va I6p xuat phu thude vao yéu cau
bai toan, sé ndt an do nguoi xay dung md hinh quyét dinh. Hinh 6 minh hoa mot mang lan truyén véi mot 16p
an, mang nay thuong dugc st dung xay dyng mé hinh bién dang va dy béo chuyén dich cong trinh (Hu
Wusheng, 2006).

Lé6p nhap Lép an L&p xuat

Hinh 6. Mang lan truyén véi mét I6p dn

Mang Back-Propagation thuc hién dua trén quy luat hoc Widrow-Hoff tong quét hda cho mang da 16p va céc
ham truyén phi tuyén khac nhau. Mang co ngudng, mot I6p sigmoid va mot 16p tuyén tinh ngd ra c6 thé mo
phong bat ki ham nao véi s6 mau roi rac hitu han.

Thuat toan huan luyén Back-Propagation chuén la gradient descent, chinh 1a quy luat hoc Widrow-Hoff. Khéi
niém Back-Propagation mé ta cach tinh gradient trong mang da 16p phi tuyén. Thuat toan co ban c6 mot sb thay
dbi dya trén cac ky thuat tdi wu hoa chuin nhu 13 cac phuong phap “conjugate gradient” va “Newton”.

Goi ANN-BP 1a mang lan truyén nguoc vi qué trinh luyén mang duoc bat dau véi céc gia tri trong sé tay y, ¢6
thé 1a ngau nhién va tién hanh lap di 1ap lai. M3i 1an 1ap goi 1& mot thé hé. Trong mdi thé hé, mang hiéu chinh
c4c trong s6 sao cho sai s6 giam dan. Sai s6 1a d6 léch gitra két qua tinh dwoc va két qua dich. Tién trinh didu
chinh nhiéu lan gidp cho trong s6 dan dat cac gia tri toi wu. Dé cap nhat trong sé trong mdi thé he, mang phai xi
ly tat ca cAc mau trong tap mau.

Nhu vay, d6i véi timg mau, mang s& thuc hién cac thao tic sau day: (1) Trudc tién mang thuc hién qua trinh
lan truyén tién, nghia 1a mang &nh xa cac bién nhap caa mau hién hanh thanh cac gia tri xuat. (2) Sai s6 duoc
tinh duya trén gié tri tinh dugc va gié tri dich. Trén co so sai s6 tinh toan dugc, mang sé cap nhat lai cac trong sb
theo nguyén tic lan truyén nguoc sai s - goi 1a lan truyén nguge. Nhu vay dé hoc mdi mau, mang thuc hién hai
budc: lan truyén tién - thuc hién anh xa va lan truyén nguoc - cap nhat trong sé (Zhang Zhenglu et al., 2007).

Mang Back-Propagation dwoc huin luyén chinh xac s& cho dap wng hop 1y khi dua ngd vao chua timg duoc
huan luyén. Thong thuong tin hiéu méi vao ¢6 ngd ra twong tu Vi ngd ra chinh xac cua tin hiéu vao da duoc
huén luyén gidng véi ngd vao mai ndy. Do tinh chét téng quét héa nay, ta co thé huin luyén mang dya trén céc
cip vao/ra dai dién ma van cho két qua tt déi vai céc tin hiéu chua dwoc huan luyén. C6 rat nhiéu thuat toan
huan luyén mang BP va s& duoc nghién ciu trong phan tiép theo cua bai bao nay.

2.2. Phwong phdp nghién ciru

Dua vao ly thuyét cia mang BP va da dugc xay dung thanh modul vé trén phan mém Matlab 2016a. Dé xay
dung mé hinh va dy bao chuyén dich cong trinh can c6 dit liéu dau vao, dir liéu hoc va dir liéu du ra. Qué trinh
huan luyén mau cé cac thuat toan khéac nhau, chiing khac nhau vé cach tinh toan, dung luong bo nhé,... va dugc
tom tat trong Bang 1 (Prashant Rao, 2016; Supported and Compatible Compilers - Release 2016a, 2016).
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Bang 1. Mét so thugt toan hudn luyén mang BP

HAM MO TA
Traingd Gradient Descent co ban. Pap tng cham, st dung trong ché d6 incremental.
. Gradient Descent c6 quan tinh. Thudng nhanh hon Traingd, c6 thé st dung trong ché do
Traingdm nAc
. Tdc do hoc thay doi. Huan luyén nhanh hon Traingd nhung chi c6 thé st dung trong ché
Traingdx do batch.
Train Resillient Back-Propagation. Day 1a thuat toan huéan luyén ché do batch don gian, c6 do
P hoi tu nhanh va it tén b nhg.
Traincef Thuat toan Conjugate Gradient Fletcher - Reeves. {t tn bo nh¢ nhat trong cac thuit toan
& conjugate gradient.
Traine Thuét toan Conjugate Gradient Polak - Ribicre. Yéu cau bo nhd nhiéu hon Traincgf, doi
&P v&i mot sé bai toan cé d6 hoi tu nhanh.
Trainceb Thuat toan conjugate gradient Powell - Beale. Yéu cau bo nhé 16n hon Trainegp, toc do
g hoi tu nhanh hon.
Trainsce Thuat toan Scaled Conjugate Gradient. Day 1a thuat toan Conjugate Gradient duy nhat

khong yéu cau dinh hudng tim.

Phuong phép Quasi - Newton BFGS. Yéu cau luu trit ma trin Hessian va c6 nhiéu phép
Trainbfg tinh hon cac thuat toan Conjugate Gradient trong moi vong ldp, nhung thuong hoi tu sau
mot vai phép lap.

Phuong phap One Step Secant. Day 14 phuong phap két hop gitra phuong phap Conjugate

Trainoss Gradient va phuong phap Quasi - Newton.

Trainlm Thuét toan Levenberg - Marquardt. Thudt toan huan luyén nhanh ddi véi mang c6 kich
thude vira phai, c6 tinh chat giam bg nhé khi tap huan luyén 16n.

Trainbr Thuét toan chuin tong quat héa Bayesian. La giai thuét huan luyén Levenberg -

Marquardt duoc stra d6i, tao ra mang tot hon, giam su phtrc tap dé mang hoi ty.

Dé c6 thé so sanh va danh gia xem trong cac thuat todn ndy thuat toan nao c6 thé ap dung tét hon cho cong tic
xay dung md hinh va du béo chuyén dich. Nhém tac gia da sir dung hai bo dit liéu quan tric do 1Gn cua thiy dién
Hoa Binh dé tién hanh lam thuc nghiém.

- Thir nhat 12 s6 liéu do lan ciia diém PV-01 thudc hé théng quan tric trén co dap thiy dién Hoa Binh véi 18
chu ky, thoi gian quan tric mot thang mét lan, sé liéu quan trac dau vao chi cé 2 thanh phan Ia thoi gian va két
qua do lan nhu Bang 2.

Bang 2. So liéu do lin diém PVM-1 thiy dién Hoa Binh

Chu ky (thang) Do lin (mm) Chu ky (thang) Do lin (mm)
1 0 10 2,5
2 -0,5 11 4,5
3 1 12 7,6
4 6,3 13 7,7
5 2,3 14 9,6
6 2,1 15 7,7
7 1,4 16 10,1
8 1,2 17 12,1
9 0,3 18 13,3
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Str dung 17 chu ky dau dé xay dung m6 hinh, du béo cho chu ky thir 18 vai céc thuat toan huan luyén (lay
ngau nhién) cua mang BP la TrainLM, TrainGDX, TrainRP, TrainSCG, TrainBFG, TrainOSS. Thyc hién khi
huin luyén mang véi cac diéu kién nhu nhau 13: mang BP co 3 16p gom 16p dau vao, 16p 4n va 16p dau ra, trong
d6 16p an gdm 6 noron. Trong qué trinh huan luyén, qua mdi lan tinh déu c6 thé xem két qua huan luyén mot
céch tryc quan théng qua hiéu suat, trang thai va hé s hdi quy trong tirng lan huan luyén nhu duoc trinh bay
trong Hinh 8.

oy Re0RSRY 4 Valdubn: R=4 6771
Gradient = 0.00012431, at epoch 1000 E e 0 ks

7 E i
| & & 1,
E Validation Checks = 967, al epoch 1000 i b o A MR
(Fig Sl = 3= P
E 10 £ ALl s } | . /
£ g / /
E #~ .
i iy R
; . ) Z LY
D0 AN ‘\.Nm E:nc:‘ 0 W0 B0 1000 wa w4 00 .nl-“:m':1 700 n0n  oon o vk it
a. Higu sudt hudn luyén b. Trang thai huan luyén c. Phan tich hoi quy

Hinh 8. Két qua hudn luyén qua tung lan hudn luyén mang

Tiép do, nhém téc gia sir dung thuat todn huan luyén la TrainBFG va tién hanh so sanh két qua dy bao qua
tung lan huan luyén dé xem ket qua co khac nhau khdng? ‘

- Tha 2 Iég str dung so liéu do lun khi myc nuéc ho thay doi voi tap mau dau vao ¢ 3 thanh phan la thoi gian,
muc nude hd va do 1an theo myc nuéc hd (Nguyén Thi Kim Thanh, 2021). Tap mau xay dung md hinh gom 20
chu ky nhu Bang 3, du bao cho chu ky thir 21 (thoi gian: 32 thang; muc nuéc: 104,68 m; d lan: -32,00 mm). Sw
dung 3 thuat todn huan luyén ctia mang BP la TrainLM, TrainGDX, TrainRP dé so sanh két qua du bao vai
nhau.

Bdng 3. S6 liéu quan trac muc nuweée va dg lin dap thiy dién Hoa Binh

Thoi gian

0 1 4 5 7 8 10 13 14 16
(M

Muc
nudc 0 102,71 101,82 89,62 109,8 117,2 116,41 101,86 109,91 101,85
(m)

Do ltn

0 4.1 T4 -11,9| 74 3,5 4.1 ‘14| -134| -184
(mm)

Thoi gian

17 18 19 20 22 25 27 28 29 31
(1)

Muc
nudc 86,84 | 104,09 | 107,59 1154 | 116,72 | 114,32 111,6 | 109,11 85,83 | 104,68
(m)

b6 lun

248 | 21,1 -195 ‘16| -156| 20,7 | 23,1 -241| -356 -32
(mm)

3. Két qua va thio luin
3.1. Vi thue nghiém sé 1
Quy trinh huén luyén cua cac thuat toan la nhu nhau, chi khéc & phan lya chon thuat toan. Két qua du béo

dugc iy sau khi huan luyén nhiéu lan, khi hé sb hdi quy R > 0,9 thi cho 1a dat dé iy két qua, két qua dy béo
dugc trinh bay trong Bang 4.

Bang 4. Két qua du bao cua 6 thudt toan huan luyén

Th}l at toz:n TrainLM TrainGDX TrainRP | TrainSCG | TrainBFG | TrainOSS
huan luyén

Dy bio 12,10 12,03 12,10 12,08 12,10 11,70
(mm)

b Igch 12 127 12 1,22 12 1,6
(mm)
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Nhdn xét: Két qua du bao cta cac thuat toan trén dbi VvOi tap mau do lan thily dién Hoa Binh sai khac nhau
khong nhiéu, két qua huan luyén déu c6 hé sb tuong quan tot.

St dung thuét toan huan luyén TrainBFG va huén luyén véi 4 lan, sau mdi 1an déu lay két qua du béo, két qua
phan tlch hé sb tu'orng quan nhu Hinh 9 va ket qua du bao ghl trong Bang 5.

Hinh 9. Két qua phan tich hé sé twong quan qua tirng lan hudn luyén
Bdng 5. Két qua di bdo sau ting lan hudn luyén ciia thudt todn TrainBFG

Thuit toan huin luyén 5 X 5 A
Lan1 Lan 2 Lan3 Lan 4
TrainBFG
Dw bao (mm) 12,1 12,1 12,1 12,1

_ Nhdn xér: Qua 4 lan huan luyén, mac du két qua huan luyén (hiéu suat, trang théi, h¢ s6 hoi quy) trong timg
lan 1a khac nhau nhung gid tri du bao la giong nhau. Nhu vay, ching t6 sau moi lan huan luyén gia tri cia mo
hinh Ia khéc nhau, thé hién rd nhat la hé s6 twong quan.

3.2. Véi thue nghigm sé 2
Thuc nghiém nay c6 thanh phan s6 liéu dau vao niéu hon 1 16p, két qua tinh toan du béo ciia 3 thuat toan huan
luyén khi c6 hé s6 tuong quan R > 0,9 trinh bay trong Bang 6.
Bang 6. Két qua du bdo véi 3 thugt toan hudn luyén

Thuét toan Du bao (mm) S6 liéu do (mm) P) léch (mm)
TrainLM -30,62 -32,00 1,38
TrainGDX -31,82 -32,00 0,18
TrainRP -32,82 -32,00 -0,82
Nhan xét:

- Két qua dy béo theo ting thuat toan huan luyén doi voi tap mau nay la khong giéng nhau;
- Gia tri dy bao ciing twong doi sat véi gia tri thuc do nhung 1éch nhau khé nhiéu véi tirng thuat toan.

4, Két luan

Qua tim hiéu va nghién ctiru mot sé thuat toan huan luyén mang tri tué nhan tao, thuc nghiém véi s6 liéu do
ln xap xi 20 chu ky cua thiy dién Hoa Binh va du bao cho chu ky tiép theo, nhém tac gia c6 mot sb két luan
ban dau nhu sau:

- Vi tap mau it 1ép dau vao thi cac thuat todn huin luyén cho két qua du ra nhu nhau, nguoc lai véi tip mau
nhiéu 16p dau vao, s& co két qua khac nhau;

- Gié tri twong quan cua thuat toan huén luyén s& trong ng véi d6 chinh xac cua mo hinh. Gia tri nay cang
gan 1 thi mé hinh cang gan véi gia tri tap mau dau vao.

- Trén thyc té, dé ng dyng t6t mang noron nhan tao dé xay dung mé hinh va lam céng tac dy bao thi s6 tap
mau cang nhiéu cang tét, sé luong 16p dau vao s& lam tang murc do hoc cua thuat toan, tir do s& cho két qua tot
hon va 1a co s cho ngudi dung lya chon thuat ton khi huan luyén mang BP.
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ABSTRACT
Research on some artificial intelligence training algorithms in predicting
structural displacement

Pham Quoc Khanh'*
'Hanoi University of Mining and Geology

Acrtificial neural network (ANN) has been widely applied in geodesy, ANN Back-Propagation (BP) is used more
in modelling of displacement and prediction. To train the BP network, there are many different algorithms, each
algorithm has its own advantages and disadvantages. The article used 02 sample sets of subsidence monitoring
data of the Hoa Binh hydropower project with different amount of samples and input data which were trained by
06 and 03 algorithms such as Levenberg-Marquardt (Trainlm), variable learning rate (Traingdx), Quasi-Newton,
... Then compare the forecasting results with actual measurements. The results showed that the smaller sample
set (17 samples) without many input layers (only time layer and subsidence layer measured by class 2 levelling
equipment), the predictionvalue (one value) is the same when using different algorithms. With the same sample
set, when using an algorithm, during the training sessions, although the evaluation criteria such as training
performance, training status and correlation analysis are different, the prediction results are still similar. With the
bigger sample set (20 samples) with many input layers (time, water level, subsidence), using different algorithms
create different prediction results. This proves that a number of samples and input layers affect leanring results
of algorithm. Therefore, in modelling displacement prediction, it is necessary to test some algorithms to get
better forecasting results and closer to the actual value.

Keywords: ANN, BP, displacement prediction.
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Cong ngh¢ may bay khong nguoi lai va thuat toan ban tu dong trong
viéc xac dinh hé thong khe nit chinh trén mo da op lat
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TOM TAT

Céac mo da bp lat ngay cang dugc ma rong khai thac do gia tri kinh té dem lai 16n hon so v6i khai thac d4 lam
vt liéu xay dung thong thuong. Nhung cong tac khai thac da 6p lat phu thudc rat nhidu vao viéc xac dinh su
phan bd khe nut trong khdi da, dic biét 1a hé khe nut chinh trong mo, 1am co sé dua ra huéng khai thac, cong
nghé khai thac va quy mé khai thac phi hop véi diéu kién mo. Hién nay, viéc xac dinh khe nit méi thu thap
bang phuong phap thu cong sir dung dia ban va thude do giy kho khan cho viée danh gia tong thé khe nut
trén mot khu vuc do sé lwong khe nut thu thap it, mot sé khu vuc khong thé tiép can do, rii ro da roi. Do do,
bai bao da dé xuat sir dung cdng nghé may bay khong ngudi l4i va thuat toan ban tw dong trong viéc xac dinh
hé thdng khe nat chinh cho mo da 6p lat. Bai bao dd phan tich st dung dit liéu dam may diém tir thu thap
bang cong nghé may bay khong ngudi lai két hop véi phan tich ddm may diém bang thuat todn béan ty dong
duoc viét ma trén phan mém Matlab tir viéc hinh thanh mat khe nut tir ddm may diém trén sé luong diém,
théng ké cac mat khe nat, phan nhdm khe nut dua trén gia tri goc hop bai cac hé khe nit cing vai goc phan
tan khe nat dua ra dé tim kiém cac mat khe nut, phan nhom xac dinh hé khe nit chinh va xac dinh su phan b
khoang céc khe nut trong hé khe nit. Bai bao da ap dung phan tich thir cho dir liéu dam may diém tuong va
méi mot phan cua dién thai hoa (cung dinh Hué) véi d6 chinh xac vé goc phuong vi va géc doc 0,7-4%, sai s6
vé khoang céch 2%, tién hanh 4p dung xac dinh hé khe nat chinh cho mo da 6p lat Nam Péng, tinh Thira
Thién Hué va da xac dinh dugc 7 huéng khe nit chinh trong mé va phan bé khoang céch giita ching.

Tir khoa: Mo da op lat, UAV, hé khe nit chinh, mo dé &p 1at Nam Dong.

1. Giéi thiéu

M6 da bp lat 13 loai d4 tu nhién bao gdm cac nhém da nhu magma, tram tich, bién chit khong chira cac khe
nirt duoc khai thac va ché bién t6i cac kich thudce, hinh dang, mau sic va do bong khac nhau. D4 6p lat c6 nhidu
g dung trong thuc té nhu 1am d4 6p twdng, via he, bép an, 1am twong,... D4 dp 1at phai dam bao vé thach hoc,
khoang vat va co hoc, dic biét l1a khdong chua nut né trong da (Morales Demarco, Oyhantcabal, Stein &
Siegesmund, 2013; Mosch, Nikolayew, Ewiak, & Siegesmund, 2011; Taboada, Vaamonde, & Saavedra, 1999).

Trén thé gidi, yéu ciu cho da khdi dang ting do cac hoat dong xay dung sir dung da tu nhién. Cu thé, khoi
luong da khdi cho hoat dong op lat, cac ing dung khéc, tugng nghé thuat va vat liéu xay dung chlem tuong ung

35%, 25%, 20%, 16% va 9%. Do do, cac mo da kh01 nhu da gabro, da hoa cuong va da granit tang vé quy md va
cong suat. Cac nudc trén thé gioi san xuét nhiéu da op lat phai ké den Trung Qudc, An Do, Tho Nhi Ky, Brazil,
Y, Iran, Tay Ban Nha va Ai Cap. Hiép hoi xay dung thé gidi chira rang thé gidi s& su dung da lam op 4t chiém
nhiéu hon 30% va tang 2,5 lan suot 15 nam qua va xu thé s& tang cao do yéu cau cao va cong nghé dau tu hién
dai va gia ca canh tranh véi gach &p ceramic (Stonedeal, 2021).

Qua tit ca cac tai liéu danh gia chi ra rd rang rang nhan t anh huong toi kha nang thu hoi da 6p lat bao
gdm khe nut, co 1y, d6 bong, kich thude. Mot trong ching, khe nit 1a nhan t chinh trong giam thu hdi da 6p
lat da duoc chi ra boi mot vai tac gia. (Palmstrém, 2001; Sousa, 2010; Sousa, Oliveira & Alves, 2016). Hién
nay viéc tinh toan thu hdi da 6p lat thong qua phan b cac hé khe nirt chinh dugc do bang phuwong phéap khao
st theo duong va khao sét theo dién tich trén bé mat, trong 15 khoan va cac moong khai thac thir. Nhung viéc
xéc dinh hé khe nut chinh van con kho khan vi dir liéu thu thap khe nit con it ma méi chi dwa vao viéc xéac
dinh tha cong théng qua do bang dia ban, han ché trong diéu kién dia hinh phuc tap khong thé tiép can dé do
truc tiép (Pham Vin Viét va nnk., 2020). Cac thuat toan phan nhom hé khe nut van chi dwa vao viéc phan
nhom céc khe niit don né duoc thu thap bang thu cong do sé lwgng khe nut han ché nhu phuong phap phan
nhom hé khe nut theo thuat toan fuzzy da dwoc sir dung trong phan mém Dips cua hang rocscience (Hammah
& Curran, 1998) va thuat toan nhoém cac hé khe nut dua trén hé s6 phan tan khe nat trong hé (Nguyen,
Merrien-Soukatchoff, Vinches & Gasc-Barbier, 2016). Viéc thu thap khe nit mang tinh tu dong, trén dién tich
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I6n nham danh gia chinh x4c cac hé khe nat chinh trén mo tir dix liu khe nat da 16n, phan bé dién rong 1a van
dé can phai giai quyét.

Hién nay, véi su phat trién caa cong nghé may bay khong nguoi 1ai UAV (Unmanned Aerial Vehicle) két hop
vé6i cong nghé dinh vi vé tinh theo thoi gian thuc GNSS (Global Navigation Satelite System) ¢ thé tiép do v& bé
mit dia hinh moi vi tri v&i do chinh xé4c cao va do chi tiét 16n, cé thé thu thap dit liéu dam may diém PCL (Point
Cloud). T dix liéu PCL thuét toan ban tu dong s& nhan dién ra cac mat khe nit chtra dit liéu diém, dua ra cac hé
khe nut chinh, khoang céach gitta cac khe nit va sy phan bé cua céc khe nut trong khong gian. Day la mot thuc té
quan trong trong dénh gid nut né cua cac mo da bp lat hién nay, khic phuc cac han ché ciia phuong phéap tha
cong va ph hop véi xu thé cua thé gidi.

2. Phuong phap

Xaéc dinh khe nut tir dir ligu PCL trai qua 3 giai doan gom (tinh toan hinh thanh cac mat phang, phan tich
thong ké cac diém trén mat phang, phan tich phan nhém céc khe nut).

2.1. Tinh todn hinh thanh cic mit phing
2.1.1. Tim kiém cdc diém gan nhat

Thuat toan thyuc hién tim kiém cac diém bén canh sir dung 2 céch tiép can khéac nhau: cé dinh khoang cach
hozc cb dinh s lugng diém bén canh. Mot vai 13i c6 thé ting khi sir dung cach ¢ dinh khoang cach do su khdng
ddng nhat cia mat o6 dam may diém(Lato, Diederichs & Hutchinson, 2010). Trong thuat toan wu tién lya chon
¢b dinh s lugng cac diém sir dung trong nghién ciru.

Ham knnsearch trong Matlab sir dung mat thuat toan cao cap nhanh va hiéu qua tim cac diém bén canh
(Friedman, Bentley & Finkel, 1977). Cac diém gan nhit dugc tinh toan bang ham knnsearch va khoang céch
Euclid. Tiép theo, mdi diém trong tap diém ban dau P;, mot tap Q; cac diém gan nhau hinh thanh. Nhu vay, xac
dinh k diém gan nhau nhat cho mdi diém trong tap 3D dam may diém. Budc tiép theo kiém tra xem tap vai k + 1
diém c6 hinh thanh mét mat phang hay khong.

2.1.2. Kiém tra ciing mdt phang

Trén thuc té phuong phap xem xét moi diém va cac diém gan nhat nhu 1a mot ddi twong miat phiang. Nhu tap
Qi dugc hinh thanh qua budc trén ¢6 hinh thanh mat phang khéng. Quéa trinh thir dwoc thuc hién tinh toan
phwong vi. Néu tap diém Qi 12 mit phing, qua trinh s tiép tuc. Nguoc lai, tip ghép Qi sé& bi loai bo.

Qué trinh kiém tra cling mt phang dya trén phan tich thanh phan chinh. Ham matlab princomp cho phép thuc
hién phan tich xac dinh céc gia tri riéng (4,, A, A3) va vector (V1, V2, V). Phan bién chiém boi k thanh phan Hy
xac dinh theo cdng thic (Rencher & Christensen, 2012):

il 1
>3l

Gia dinh riang phan danh gia duoc xac dinh trong miat phang () & khong gian R3, s& ¢6 2 chiéu c6 thé giai
thich phan chinh cua dir liéu. Kich thudc thir 3 s& giai thich sy thé hién 15i trong dir liéu. Néu bé mat khong
phang hoic 16i do d6 s& du lién quan, kich thudc thir 3 s& yéu cau mire d quan trong téi 2 chiéu kia.

Dé biét 1 tap hop diém c6 1a mat phing hoidc khong, cac théng s dung sai () duoc xac dinh theo cong thic sau:

L3 O]
L+L+1

Thong s6 dung sai (nmax) 1a do léch cho phép 16n nhat cua mot tap diém, sao cho mét phang tap diém xem xét
hop 1y nhu mot mat phang. Gia tri Nmax hinh thanh thong qua phan tich d6 nhay véi dir ligu thue dudi cac diéu
kién kiém tra nhat dinh. Chap nhan rang néu mot tap cac thanh phan chinh c6 80% hoac nhiéu hon s& thé hién dir
lieu hop Iy (Rencher & Christensen, 2012). Vay dé xuat gié tri dung sai 16n nhat nmax 1a 20%, khi cac truong hop
6 N> Nmax thi tap diém s& khong du diéu kién hinh thanh mat phang va bi loai bo.

Hk=

h =

2.1.3. Piéu chinh mat va tinh toan vector phap tuyén (PCA)

Khi phat hi¢n nhiing tap hop diém cua cac diém cung mat phéng, budc tiép theo 12 tinh ton mat phang phu hop
nhét véi nhing tap dlem nay. Cong thirc giai tich thé hién trong cong thirc dudi, trong d6 A, B, C1a 3 thanh phan
cua vector phép tuyén don vi (PCA) véi mat phing va gid tri D dua khoang cach vudng géc tir goc téi mat phang.

Ax+By+Cz+D=0[AB,C,D] €R (3)

Khi PCA dugc tinh todn trong budc trudc, mat phing x4c dinh rd rang theo vector V3 = (A, B, C).

Tom lai, trong phan nay tinh toan xac dinh huéng cia cac tap hop diém. Buoc tiep la tinh toan cac huéng dai
dién nhat cta cac diém 3D va k cac diém gan nhat.
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2.2. Phan tich thong ké cdc diém khe nirt Ién mdt phing

Phuong phap tiép sau la dua trén cac vector phap tuyén song song két hop véi cac diém, s& xem xét cac diém
Qi két hop véi mot diém (P;) ma thudc mot khe nat xac dinh bai mot mat phing chua biét w. Néu a 1a mat phang
hop nhat véi mat phang Q; thi huéng ciia mit o va mét « duoc cho 1a gan. Twong tw, Xem xét mot tap khac Q; vai
cung kich thudc véi Qi két hop voi 1 diém P 1a thanh phan cia P. Tap hop diém con la mot phan mét « va ¢6 thé
tinh todn mat phang phu hop nhat p va 3 mat (x, a, p) co mot huéng gan.

Phan tich thong ké bang d6 hoa stereo graphic cua cac diém nhan mat phang dé xac dinh cac hé khe nut
chinh:

a. Tinh toan vector phap tuyén cho mdi mat va chuyén dbi dwa vé biéu didn dd hoa noi stereographic
(Ramsay, Huber & Lisle, 2000);

b. Tinh toan mat do diém nhan mat phang cho mdi ving trén do hoa;

c. Tinh diém Ién nhat.

2.2.1. Usc tinh mét dé (KDE)

Str dung uéc tinh mat do theo phwong phap Kernel (KDE) 1a cach wéc tinh mat do thong ké khong théng sé
cua cac bién ngau nhién. Nghién ctru da chirng minh rang dé wdc tinh mat do khong thdng sé nhiéu bién thi st
dung KDE t4t hon st dung db thi tan sé truyén théng (Silverman, 2018). Phwong phép thuc hién bang sir dung
ham matlab kde2d boi Gausian kernel (Botev, Grotowski & Kroese, 2010). Thyc hién trén mot ma code cho
phép tinh toan tu dong chidu rong caa kernel va tinh todn mat do cua ching.

2.2.2. Xdc dinh ban ty déng cac hé khe nut

Trong budc ndy, phuong phap gan mot huéng chinh tgi moi diém trong dam may diém. Khi phuong phap
phat hién khong dai dién boi huéng chinh ching s& khéng duoc gan So do tém tit cac budc thé hién trong hinh
bén dudi. Binh thuong phan tich ham mat d6 thé hién nhiéu diém nhat, nhung chi vai 1a nhan chinh, bai vi sy ton
tai ciia cac 16i doc va cac diém don cua cac mit cong dua ra sy phan tan cac diém nhan miat phang. Vay, 2 yéu
cau can gan dé giam sat cho phép xéac dinh cac diém nhu cac nhan mat phang chinh:

a. Diéu kién s6 1 (Non tim kiém): Lua chon mét gié tri nhét dinh (y1) sao cho géc hinh thanh boi hai vector
phép tuyén chinh phai 16n hon gié tri nay.

b. Diéu kién 2 (Loc sé diém nhan chinh): Do ¢6 s6 luong I6n nhét cac hé khe nit (np) hinh thanh. Hé thong

loc va chap nhan sé luong mat hé khe nut chinh c6 mat d6 cao hon.

Nhan chinh i

Nhan chinh 1

Nhan 1 Nhan chinh 1

INhan i Nhén chinh i
Nhan i+1 (56 et

Nhéan n Nhan chinh m

Nhén chinh i
Nhan chinh i+1

Nhﬁn chinh np

Hinh 1. So dé trinh tw xdc dinh hé khe nizt chinh.

Buac tlep theo bao gom chia dam may diém bang gan cac nhan cho mdi diém cia dam may diém theo céc ho
khe nut gan nhét da dugc xac dinh. PSi vai moi diém, tim kiém cac khe niit ma géc nho nhat giira cac vector
phap tuyén cua diém nhan va vector phép tuyén caa khe nut chinh dugc gan. Mot gigi han sau d6 dugc xac dinh
dé gidi han theo gia tri cho phep (y2).

O phan nay, xdc dinh huéng cua hé khe nit chinh va cac diém nhan xung quanh. Huéng tuong tng dugc gan
cho mdi diém nhan phu thudc vao diém va huéng xung quanh cua chung. Sau d6 loai bo cac diém nhéan co
huéng khac vaoi hudng diém nhan chinh (goc 16n hon goc v2). Khi chiing ta khai thac cac diém thudc céc hé khe
nit, tiép theo xac dinh cac phan nhém trong cac hé khe nit chinh.

2.3. Phén tich cac nhom khe nurt
2.3.1. Phan nhém hé khe nit

Dbi véi phan nhém cac hé dir lisu 3D thuat toan quét dua trén mat do véi do nhidu (Density-Based Scan
Algorithm with Noise (DBSCAN) (Ester, Kriegel, Sander & Xu, 1996). Thuat toan phan nhém cho phan loai cac
I6p trong co s dit liéu da dugc chang minh trong céc ung dung hiéu qua xur 1y cac dam may diém LiDAR
(Tonini & Abellan, 2014). Thuat toan yéu cau cac thdng s6 dau vao nhur:

a. € 1a khoang céch I6n nhat giira 2 diém dé xem xét chung nhu 1an can.

b. Min-pts 1a s6 lugng nho nhat cac diém 1an can diém p dé xem xét q nhu 1a mot diém 16i. Sy khac nhau 16n
vé mat do c6 thé anh huong dén phuong phép tu dong (Ester et al., 1996; Lato et al., 2010). Ester et al. (1996)
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goi y thiét 1ap théng sé min-pts 12 4. Thém rang, gié tri € nén dwoc xem xét khoang cach cua diém lan can thu 4
t6i mdi hé khe nut. Phuong phap tinh toan tat ca khoang cach 1an cén thir 4 cho tit ca cac diém duoc chap nhan
ciia mit chinh. Gia trj & dugce xem xét nhur gié tri trung binh, 16n nhat hoic gié tri dai dién théng ké khéc. Gia tri
I6n nhat khong hop ly bai vi su ton tai cua gié tri nhiu. Khi phuong phap thuc hién véi céc dit liéu thd, s luong
cac khoang cach du cao dé xem xét su phan phdi chuan. Vay gia tri & dé xuét Ia trung binh cac khoang cach lan
can thir 4 cong véi 2 do léch chuan.

Phan tich cac nhém thuc té c6 thé tim mot sé lwong 16n cac nhém nho. Nguoi st dung chi vu tién cac nhom
I6n. Vay phuong phap d& xuat tdy chon loai bo cac nhém nho bang lua chon gidi han sb lugng cac diém trén mot
nhom. Thuc vay, chi cac nhom co kich thudc bang sé diém can bang hoic cao hon sb diém giéi han trén mot
nhom dugc thé hién.

O muc nay, tinh toan cac nhém khéng gian ciia méi hé khe nat. Budc tiép theo tinh toan cong thirc mat phang
cua cac khe niit nay dé xac dinh théng s6 toan hoc cac mat phang khe nut.

2.3.2. Tao ra mat khe nuzt trong hé (PCA)

Sinh mit phang thyc hién nhu sau:
- Mot tap hop céc diem thuoc mot h¢ khe nat | - R; )
- Mot tap hop céc diem thanh vién caa mot nhom j thay the mot tap hop Ri-Rjj
- Xac dinh mat phu hgp nhat Rj; ma cdng thirc mat phang c6 thé duoc xac dinh theo:
Aijx + Bijjy +Cjjz+Dij =0 4
Phan tich thanh phén chinh chinh (PCA) téi k diém Pijk c6 toa d6 (x, vk, z&) va 1a thanh vién cua tap hop
khong rong Rij dat duoc vector chinh V3, Cac thong s Ajj, Bij, Cijduoc tinh toan theo cong thirc (4). Tinh toan
nhing thong s6 nay st dung vector phap tuyén cua cac h¢ khe nut chinh. Gia tri doc 1ap Dy cua cong thirc mat
phang dugc tinh theo phuong phap binh phuong t6i thiéu theo cdng thirc:
Aij v Bii Cii e (5)
_ ij k ij k ij k
D;j = T LT, LY T, LG
k=1 k=1 k=1
trong do: n 1a kich thudc nhom R;;.

2.3.3. Kiém tra I3i

Khi cong thac mat Rij dwoc tinh toan, rat d& kiém tra chat lugng cua fitting dit liu. Dua ra ring V5=1, 13i
trung khop erij duoe xac dinh nhu khoang cach mat:

erﬂ-‘j = Axi-‘j + Bx{-‘j + Cxi-‘j +D (6)

Do d6, céc 18i er;j két hop véi nhém Ry c6 thé dugc xac dinh boi cong thic (6). Tap hop er;; phai thoa man 2
ddc trung: gia tri cua modun erjj phai nho nhat (dieu nay s€ théa man nhu cong thirc dugc tinh todn béi phuong
phac binh phuong tdi thiéu va gia tri d§ 1éch chuan o(er;j) phai thap hop ly.

3. Xay dung thir nghiém danh gia xac dinh hé mat

Dir ligu tién hanh thir nghiém 12 bo dit ligu dam may diém ciia mot phan twong va méi cua Dién Thai Hoa,

thuoc khuén vién Hoang thanh ¢ thanh pho Hué, tinh Thaa Thién Hué (Hinh 2).

) (% ’ = R Aa) « ()
Hinh 2 Dit liéu khao sat motphan Dién Thai Hoa (phan khung mau do) (a), dit liéu dam mady diém (b).
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Dit liéu duéi dang dam may diém gém c6 2 hé mit phéng méi nha (méi trén va mai duéi) va h¢ mat phang
tuong (twong chdn mong va tudng trén mai) duoc dua vao phan mém lap trinh matlab chay chuong trinh da duoc
viét code dua trén ngdn ngit lap trinh matlab dang ma nguon mé dé nhan dién hé mit phang twong va hé mét
phiang mai nha. Qua qua trinh chay da xac dinh duoc 2 hé mat phiang (gdom twdng va mai nha), thé hién cu thé
trén Hinh 3. D phan tich ra dwoc cac hé mat twong va hé mat mai thé hién cu thé trén Hinh 4 va Hinh 5. Gia tri
thu duoc tir két qua phan tich hé mat trén phan mém va do truc tiép thu duoc dix liéu Bang 1.

Poles Density Plot, Principal Poles. Isolines each 1.25%

150 180 a9

240

Hinh 4. Hé mgat mai nha (gom mdi diréi va mai trén) Hinh 5. H¢ mat tuwong nha (fwong chan méng
va twong trén mai)

Bang 1. Bang so sanh giiza gia tri do thuc va gia tri thu dwoc tir phan mém.

Do thuc té Gi4 tri phan tich phin mém
TT Thanh phén Goéc phuwong | Géc doc, | Khoang | Géc phwong | Géc dbc, | Khoang
danh gia vi, d do cach, m vi, d¢ do ciach, m
1 | Hé mat mai nha 55 24 1 54,6 23,1 0,98
H¢ mat tuong 233 90 3 232,8 89,14 3,06
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Qua viéc so sanh giira gia tri do va gia tri thu duoc tir phan mém xac dinh hé bé mat thay riang, thuat toan tinh
toan nhan biét cac hé bé mat dam bao d6 tin cay thong qua sai sé vé goc phuong vi 1a 0,7%, sai s6 vé goc doc
khdng qua 4%, sai s6 vé khoang cach 2%, ¢ thé trién khai p dung trong viéc xac dinh cac hé khe nut trong cac
mé da noi chung va cac moé da op lat noi riéng dam bao dé tin cay trong thu thap dit liéu.

4. Nghién ciru trién khai 4p dung cong ngh¢ UAV, thuit toan bin tw dong trong viéc xac dinh h¢ khe nitt chinh
cho mé da op lat

Nghién ctu tién hanh xac dinh cac hé khe nut chinh tai moé da dp lat Nam Dong, tinh Thira Thién Hué. Cong
tac thu thap dir liéu dam may diém duoc thuc hién bai dinh vi GNSS RTK va may bay khong ngudi lai UAV
DJI Phantom 4 pro v2, véi thuc hién dinh vi do 3 diém GCP va 2 diém CP (Hinh 6), thuc hién bay bang phan
mém DJI pilot, xay dung md hinh bang phan mém Pix4Dmapper tao ra mé hinh dam may diém Hinh 7.

Hinh 6. Céc diém GCP va CP trén mé dé dinh vi va kiém tra

Hinh 7. Pdm mdy diém khu viuc mé xdc dinh khe nift.

Dir liéu dam may diém khu vuc xac dinh khe nirt duoc dua vao phan mém lap tr|nh matlab chay chuong trinh
da duoc viét code dua trén ngon ngir Iap trinh matlab vai cac thong so dau vao sé luong diém dua ndi suy mat
phang la 30, sai s6 hinh thanh mat phang 1a 20%, g6c hop tbi thiéu gitra cac hé khe nut 1a 30 va sb luong hé khe
nit so bo dua ra 1a 7 hé khe nut, géc hinh thanh hé khe nut 1a 30°. Qua qué trinh phan tich trén phan mém
Matlab véi code thuat toan dura ra xac dinh su phan bé cac hé khe nut trén d6 hoa ndi Hinh 8 va su phan bé cac
hé khe nut trén Hinh 9, phan b6 cac khoang céch gitta cac khe nut va sé luong khe nut thé hién & Hinh 10 va
bang téng hop cac thdng sé hé thdng khe nut thé hién Bang 1.

Puten Duriady Plad, Principal Pulmn, Jeclines such 1 39%

<l

S5, WY A
™ 0

Hinh 8. Sir phan bé cac hé khe nit trén mé dd op lat Nam Péng
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Hinh 9. Sz phan bé cac hé khe nit khu viee khdo sat
Bang 2. Phan bé thé nam cua cac hé khe nit trén mé da op lat

TT H¢ khe mirt Go6c phuong vi Géc dbc, dp
hwéong doc, do
1 H¢é khe nut 1 40,7 50,5
2 Hé khe nit 2 222.8 86,5
3 H¢ khe nit 3 78 77
4 Hé khe nat 4 178 90
5 H¢ khe nit 5 144 48
6 Hé khe nit 6 335 32
7 Hé khe nat 7 124 83
Khoang cich trong hé khe nit 1 Khoang céch trong hé khe nuit 2
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Khoang céch trong hé khe nut 5 Khodng cich trong hé khe nit 6
10 2017 .
£ E
; 5
‘E 8 Eqggd o el . .
u 2
i -
= B s
2 IR e O R R R
o 2
] 05 NN S 00 W0 . NS
2
21 i
0 ; , ; ; 1 2 3 4 5 6
12 14 16 18 S6 lugng khe nut
56 lugng khe nut
Khoang cich trong hé khe nit 7
3.0 Hinh 10. Tong hop sé lwong va khodng cach giita
g - cdac khe nut trong cac hé khe nurt
\E a
L]
£ 20
=
o
Wls | o
2
B 10 | -
2
05 | [N

15 20 25
$6 lugng khe nut

5. Két luan

Khe nut dong vai tro quan trong trong viée xac dinh kha nang thu hdi da p lat cho cac mo. Giai phap thu
thap thong tin dit liéu vé khe nut tir cac dit liéu dam may diém bé mat dia hinh khu vuc mo da &p lat dé xéc
dinh cac thong sé hé thong khe nirt 1 hitu ich khi két hop véi thuat toan ban tu dong xac dinh céc hé khe nirt tir
cac mat d4 trén bé mat dia hinh bang phan tich dam may diém trén bé mait dia hinh. Qua phan tich thuc nghiém
dir liéu may diém tudong va mai Dién Thai Hoa so voi do thuc té dam bao du do tin cay dé thyc hién phan tich
hé thdng khe niit trén cAc mo d4 noi chung va moé da dp 1at noi riéng. Viéc thu thap dir liéu tir dam may diém co
thé khic phuc duoc viéc thu thap dir liéu it, khdng phan bb déu, khong tiép can do nhitng khu vuc cao, hiém tro
bang thu cong.
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ABSTRACT
Unmmanned Aerial Vehicle Technology and Semi-automatic Algorithm in
Identifying Main Joint Sets for Dimension Stone Quarries

Pham Van Viet“?", Nguyen Anh Tuan*?2 Tran Trung Anh®3, Pham Van Hoa'?
'Hanoi University of Mining and Geology, Hanoi
2Innovations for Sustainable and Responsible Mining (ISRM) Research Group,
Hanoi University of Mining and Geology, Hanoi
3Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology

Dimension stone quarries have been strongly expanded due to bringing back huge ecomomic value from
dimension stones in comparison to quarrying them to produce common contruction materials. However,
quarrying dimension stone depends really more on defining the distribution of joints in rockmass, especially
joint sets, contributing to choosing mining direction, mining techonologies and suitable output scale for each
mine condition. Nowadays, collecting joints has just been carried out by manual ways with using geological
compass, length tape, causing more difficulty to analyze the whole joints in a particular area due to small
numbers of joints, some untouched areas, rockfall risk. Therefore, the paper suggests the application of
Unmanned Aerial Vehicle (UAV) technology and semi-automatic algorithm identify main joint sets for
dimension stone quarries. The study analyzed point cloud data, collected by the UAV technology, with semi-
automatic algorithm coded on Matlab software for joint plane formation from point cloud, joint plane statistics,
joint plane classification based on the angles between joint sets and the disperse angle to find out joint planes,
cluster the planes into joint sets and calculate spacing distribution of each joint set. The algorithm was
experimented with a point cloud file of a part of wall and roof of Thai Hoa Palace (Nguyen dynasty palace) with
reliable exactness. The knowledge of the study was applied to Nam Dong dimension stone quarry in Thua Thien
Hue province. The results of application found out seven main joint sets and their spacing distribution.

Keywords: Dimension stone, UAV, main joint sets, Nam Dong.
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Phuong trinh LiDAR tinh toa 6 diém do trong cong nghé bay quét laser
hang khéng

Tran Trung Anh!2*, Tran Héng Hanh!2, Luu Hai Au®, Quach Manh Tuén*
Khoa Trdc dia - Ban do va Quan ly dat dai, Truong Dai hoc Mo - Dia chat
2Nhém nghién cizu Cong nghé Pia tin hoc trong Khoa hoc Trdi ddt (GES), Truong Dai hoc Mo - Dja chat
3Vign Khoa hoc Po dac va Ban do
4Céng ty CP Thirong mai va Xay dung QT Mién Bdc

TOM TAT

Nghién ctru nay da ap dung phuong trinh LiDAR tinh toa d6 diém do mat dat trong cong nghé bay quét laser
hang khong. Cac két qua thu duoc tir co sé toan hoc, hinh hoc dé xay dung phuong trinh LiDAR, phén tich
tinh toan dit liéu bay quét laser hang khong theo sé liéu twa trén ving thuc nghiém. Tir 6 nhén thiy rang:
trong phwong trinh LiDAR ¢6 nhiing thong sé ¢b dinh tham gia tinh toan toan bo dir liéu nhu thong sb kiém
dinh céc gia tri do léch (toa do, géc xoay) gitra IMU va bo phat Laser; c6 thdng sé dung chung cho thoi diém
phat chum tia laser nhu: toa do va goc xoay cua IMU; thdng sb riéng cua timg tia quét laser 1a goc xoay dé
ddng bo toa do vé hé bo phét laser, con khoang cach thi mot tia laser phét ra cé thé thu duoc nhiéu 16p phan
xa khéc nhau theo tang dir liéu mat dat (c6 thé tir 1 dén 3 hoic nhiéu hon tily theo kha ning k¥ thuat cua thiét
bi quét va dbi trong mat dat) dan dén c6 nhiéu khoang céch, tir d6 co thé tinh duoc toa d6 diém do ¢ nhiéu
I6p khéc nhau. Quy trinh ciia phuong trinh LIDAR dam bao sy thdng nhét va tranh sai s6t. Thuc nghiém tai
phuong Tang Tién, thi x4 Viét Yén, tinh Bic Giang, bay quét laser hang khong véi may bay DJI M350 va bo
quét Zenmuse L2. C4c dit liéu kiém chimg phwong trinh LiDAR tya trén ving thuc nghiém nay cho thay cac
cdng thirc trong phuong trinh LIDAR dam bao sy tuong minh va chinh xac.

Tir khda: Phuong trinh LiDAR, quét laser hang khong, diém do, hé thng dinh vi toan cau, bo do quén tinh.

1. Pjt van aé

Hé théng LiIDAR bao gdm mot thiét bi quét do khoang cach laser va mot hé thong dinh vi toan cau GNSS
(Global Navigation Satellite System) cuing bo dinh hudng POS (Position and Orientation System) hay hé thng
dao hang quan tinh INS (Inertial Navigation System), dinh vi vi phdn DGPS (Differential Global Positioning
System), bé do quan tinh IMU (Inertial Measurement Unit). Khi 1dp dat hé théng LiDAR trén phuong tién bay
(c6 nguoi 1ai hoic khong ngudi 14i) dé thuc hién bay quét dia hinh duoc goi 1a cong nghé bay quét laser hang
khong. May quét laser do khoang céch tir cam bién dén mat dat, trong khi dinh vi GPS/IMU tich hop cung cip
thdng tin vé vi tri va trang thai cua thiét bi (Habib va nnk., 2010). Toa d¢ cua cac diém LiDAR la két qua cua
viéc két hop cac phép do xudt phét tir tirng thanh phan hé théng caa no, ciing nhu cac thong sb lap dat lién quan
dén cac thanh phan d6. Cac nghién ctiu trén thé giéi (Vaughn va nnk., 1996; Schenk, 2001; EI-Sheimy, 2005) vé
phuong trinh LiDAR 14 co sd, tuy nhién chua ¢6 sy thong nhét vé ma tran xoay. Trong nghién ctu sy thay doi ty
s LIDAR theo khoang céch, tac gia (BUi Thi Thanh Lan va Bong Thi Linh, 2016) trinh bay phuong trinh
LiDAR nhin manh vé anh huéng cua khi quyén dén khoang cach do laser 1a mot thanh t6 cia phuong trinh
LiDAR. Nghién ciru khac vé LIDAR (Nguyén Hiru Phuong, 2017; Nguyén Hitu Phuong va nnk., 2022; Tran
Trung Anh va nnk., 2022; Bui Ngoc Quy va nnk., 2023) trinh bay vé phan loai ¢dm may diém LiDAR va ung
dung, chua di sau vao phuong trinh LIDAR. Nghién ctru ciia Nguyén Truong Xuan va nnk. (2017) trinh bay veé
LiDAR trén thiét bi di dong trén mat dat, pham vi nho, c6 dé cap dén cong thac LIDAR & dang goc nhé chua
phai cong thc géc.

Mot van dé dit ra |4 cac hé théng xur ly tic thoi caa cong nghé LiDAR thuong nhu mot hop den dong kin, cac
tép dit liéu do duoc ma héa, ké ca cac phan mém xur ly dit lidu ciing dugc tu dong héa gan nhu toan bo (DJI,
2022, 2023). Bé lam chu dugc cong nghé LIDAR can nim rd ban chét toan hoc, dé tir 6 c6 thé giup ngudi sir
dung c6 tinh chi dong, c4c thao tac tai thuc dia dé han ché cac sai sé va sai sot. Tur cong tac thict ké bay quét
LiDAR dén xu ly dit ligu san pham (Tran Trung Anh va nnk., 2022). Trong nghién ctu nay, trinh bay Ve phuong
trinh LiDAR trong tinh toan toa d6 diém do cua cong nghé quét laser hang khdng & dang cong thirc goc day da
va thong nhét vé ma tran xoay. Nghién ciru 1am 16 co so hinh hoc, toan hoc lam quy trinh, thuat toan dé gitp lam
chu cong tac bay quét LiDAR tai thuc dia ciing nhu x4y dung ung dung xtr ly LiDAR sau nay.

* Téc gia lién he
Email: trantrunganh@humg.edu.vn
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2. Co so ctia phuong phap nghién cau
2.1. Co 56 todan hoc ciia phwong trinh LIDAR

Dé xay dung phuong trinh LiDAR, can xuat phat tir co so hinh hoc caa cong nghé bay quét LiDAR (Ayman
Habib, 2008), hinh v& v& mdi quan h¢ vector duoc thé hién trong Hinh 1. Mi quan hé giita cac phép do hé thong
va céac tham s dugc thé hién trong phuong trinh LIDAR ¢ cong thirc 6 (Vaughn va nnk., 1996; Schenk, 2001;
El-Sheimy, 2005). Nhu ¢ thé thay trong Hinh 1, vi tri ciia diém do laser I, c¢6 thé dugc tinh toén théng qua tong
cua céc vector sau khi &p dung cac phép quay thich hgp (Habib va nnk., 2010). Trong phuong trinh LiDAR,
nhitng thdng sb ¢ dinh nhu do léch tam, léch géc giita IMU va bo quét laser can kiém dinh hiéu chuan trudc khi
sir dung (Mostafa, 2001; Gongalves va nnk., 2011; Li va nnk., 2019). Nhiing théng sb can do/tinh va ding chung
tai mot thoi diém quét cia chum tia laser nhu vi tri va gc xoay caa IMU so vai hé toa d6 mat dat. Nhiing thong
sb g6c quét dung chung cua 1 tia quét laser cho cac 16p phan xa khac nhau (ting dir liéu mat dat).

3. H¢ toa d6 bd phat 1as‘gr

Rb ZIu
N Zo ) o
2 e oy [

()

o/ \Tia laser
I,/ \'Piém do

1. Hé toa dd mat dat

G
Hinh 1. Phuong trinh LiDAR theo tinh téng vector (Vé bai: Tran Trung Anh)
Trong Hinh 1:
Xy
¢ = |yf|latoa do diém do I trong hé toa ¢ mat dat G. X, Y, Z; ;
Zf
Xy
i) = [v¢| 1atoa do mat dat cua gbe hé toa do IMU tai thoi diém t;
Zg ®
RS (t) (1)

cos(a)cos(B) cos(a)sin(B)sin(y) — sin(a)cos(y) cos(a)sin(B)cos(y) + sin(a)sin(y)
= |sin(a)cos(B) sin(a)sin(B)sin(y) + cos(a)cos(y) sin(a)sin(B)cos(y) — cos(a)sin(y)

—sin(B) cos(B)sin(y) cos(B)cos(y) ©
la ma tran xoay giira hé toa do mat dét va hé toa d6 IMU cua céc gdc xoay (a, B, ) tai thoi diém t;
b
Xy

= |yE,| 1a vector @6 léch giira bo phat laser va hé toa do IMU (dd léch canh tay don);

b
am

Ri, (2)
cos(¢p)cos(k) —cos(¢)sin(x) —sin(¢)
= |cos(w)sin(x) + sin(w)sin(¢p)cos(k) cos(w)cos(k) — sin(w)sin(P)sin(k) —sin(w)cos(p)
sin(w)sin(k) — cos(w)sin(¢p)cos(k) sin(w)cos(k) + cos(w)sin(@p)sin(x) cos(w)cos(Pp)

Ia ma tran xoay gitra hé toa d6 IMU va hé toa d6 bo phat laser (ma tran Boresight ciia goc w, ¢, k);
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cos({)cos(m) —sin(¢) cos({)sin(n) (3)
Riy (@) = |sin({cos(n)  cos(()  sin({)cos(n)
—sin({) 0 cos(n) ©

la ma tran quay gitra hé toa do laser va hé toa do tia laser cua cac goc quét guong (¢, 1) dén diém do I tai thoi

diém t (Hinh 2);
0
P (t) = [ 0 ]
Pl

|l toa d¢ ctia diém do I trong hé toa do tia laser tai thoi diém t (Hinh 2);

(4)

Hinh 2. Tinh chuyén toa dé tia laser sang toa dé bé phéat laser (Vé bi: Tran Trung Anh)
Tir Hinh 2 va cong thic (3,4), tia laser cua diém do I trong hé bo phat laser s& dugc tinh nhu sau:

[—p - cos({)cos(n) (5)
1t =R (©) «1{°(t) = [ —p - sin())sin(n)
—p - cos(n)
Tir Hinh 1 va hinh 2, phuong trinh LiDAR tinh toa d6 diém do 1a tong vector theo cong thic (6):
rf =1 (£) + R(0) * 7 + RE(£) * RY, + 1" (6)

Tir phuong trinh LiDAR theo (6) nhdm tac gia trién khai thuat toan dé tinh toa d6 diém do trong cong nghé
bay quét LiDAR hang khong. Trong phuong trinh nay yéu cau can c6 thong sé kiém dinh vé d¢ léch toa d¢, cac
g6c xoay giira tim IMU va bd quét LiDAR (thdng sé cta nha san xuat), day 1a thong s6 ¢b dinh chung khi sir
dung thiét bi bay quét; Khi trién khai ngoai thuc dia, trong mot lan quét & thoi diém t cac théng sé dang chung
cho chim quét 1a toa d6 tm IMU, céc goc xoay cua hé toa do IMU so véi hé toa d6 mit dat (dwoc dinh vi chinh
xé&c boi cong nghé GNSS/INS); Tia laser quét can tra vé gi tri goc cua guong xoay dé phuc vu tinh chuyén vé
hé toa do bo phat laser, trong cling mot tia quét laser néu tra vé cac 1p tin hiéu twong ung véi I6p diém do khac
nhau, thi dung chung gia tri goc nay con gia tri khoang cach sé khac nhau theo loi giai theo xung hoic pha
(Wang va nnk., 2024).

2.2. Phwong phdp nghién ciru

Sau khi xay dung phwong trinh LiDAR, cin tljiég phai xay dung quy trinh tinh toan phuong trinh LiDAR.
Trén co s¢ phuong trinh LiDAR (6), cic thong s6 can cung cap, thdng s6 do ¢ thoi diém do va cac cong thuc
lién quan (1-6), quy trinh duoc trinh bay trong Hinh 3.
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Gié trj kiém dinh vector do
léch va cac goc dg léch <—< Cong tac chuén bj )

v

Phuong trinh Lidar

}

Trong ca bay quét
Thoi gian quét t -

Ca bay quét xong

( Két thuc )
Hinh 3. Quy trinh ciia phuwong trinh LiDAR (Tran Trung Anh, Tran Hong Hanh, Luu Hdi Au)

Céc budce xir 1y ludi dwoc trinh bay trong quy trinh & Hinh 3, trong d6 cong tac chuin bi gdbm cac cong viéc
rat quan trong nhu chuin bi phuong tién bay, pin, cac thong s k¥ thuat cua thiét bi bay, kha ning hoat dong
binh thudng,... bao gdm ca kha nang van hanh thiét bi caa tac nghiép vién, gidy cip phép bay cho khu vuc khao
st va thiét ké bay quét LIDAR. Quy trinh phuong trinh LIDAR rat can rd thong s kiém dinh vector do léch, goc
léch giita IMU va bo phat laser vi lién quan dén tinh chuyén toa d6 do IMU va bo phét laser khdng tring tam,
thong sb nay dugc nha san xuit cung cp (thudng dong kin va an dudi qua trinh xir ly). Khi tién hanh bay quét
LiDAR tai thuc dia, két ndi va dinh vi GNSS/INS chinh xac & tirng thoi diém quét (thong thuong dat & tan sb thu
5 Hz hoic cao hon, dé dam bao tdc do bay cua phuong tién hang khdng anh huong it nhat dén do truot dinh vi).
T tri do tich hgp GNSS/INS cung véi bo cam bién IMU vé géc, tinh toa d6 va goc xoay chinh xac caa IMU so
véi hé toa d6 mat dat ¢ thoi diém phong tia laser (t). Bo quét laser phong chum tia laser ¢ thoi diém (t), ting tia
laser dugc xac dinh cac goc xoay, tinh toan gia tri khoang cach nha tin hiéu phan hdi cua cac 16p phan xa cua bé
mit & thoi diém (t). Cac thdng s6 nay phuc vu tinh phuong trinh LiDAR (6).

Trong qua trinh phan tich di liéu, nhém tac gia da sir dung cac cong thuc (1-6) dé xay dung thuat toan. Vi cac
thong s dugc dong kin, khé tiép can dir liéu trdng minh goc & dang text nén nhém tac gia gia dinh gia tri cua
c4c thong s6 dé &p dung phuong trinh LiDAR tuwa trén mot ving bay quét thuc nghiém cu thé.

gitta IMU va b¢ phat Laser

Y Y
Dinh vi GNSS/INS (t) [« Bay quét Lidar <=
\
\
I
Y Y ‘
_| Dinh vi tdm IMU, céc goc léch Do khoang cach va goc |
"| gitta IMU va hé toa d6 mat dat (t) quét tia Laser (t) |
I
I
[

Y
[
|
I
\

— Chuyén bu6c

—— Lap lai

3. Thuc nghiém

Khu vic thuc nghiém 1a phuong Tang Tién, thi x& Viét Yén, tinh Bic Giang, cach trung tam thi xa Viét Yén 5 km
vé phia Dong Nam, cach thanh phd Bac Giang khoang 7 km theo huéng Pong Bic theo Québc 16 1A méi; phia
Tay giap phuong Nénh, phuong Hong Thai; phia Nam giap huyén Yén Diing; c6 vi tri dia Iy 21°15°38” vi do
Bic va 106°09°09” kinh d6 Pong, dién tich khoang 2000 ha.

! . a 2 s
Hinh 4. V; tri thyc nghiém bay quét LIDAR (4nh: Quach Mganh Tudn)
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Nhém tac gia tién hanh bay quét LiDAR bing méay bay M350 va bo quét Zenmuse L2 cua hang DJI, trong
qua trinh quét cé dinh vi tim chup chinh xé4c bing phuong phap GNSS-RTK (Hinh 4). X Iy dit liéu trén phan
mém DJI Terra nhan dwoc san pham dam may diém (Hinh 5), ddy 1a co s& tua trén thuc nghiém cho kiém ching
phuong trinh LiDAR.

» s

Hinh 5. Bam mdy diém LiDAR (4nh: Quach Mganh Tudn)
Vi cic tép dit liéu do cia LIDAR dugc ma hoa, dong kin, ciing thong sd kiém dinh cac gia tri do léch giira
IMU va bo phat Laser nén nhém tac gia cung cap sé do dé kiém ching phuong trinh LiDAR.
0,147
—0,247| (m)
—-0,476
Cung vai cac goc xoay cua 2 hé toa @6 IMU va bo phat Laser la: w = 2,00°%; ¢ = 1,00,k = —2,00°.
Theo c6ng thire (2) tinh dugc ma tran xoay Boresight
0,9992386 0,0348942 0,0174524
Rﬁt = |—0,0342695 0,9988033 —0,0348942]
—0,0186491 0,0342695 0,9992386
Céc gia tri 2, va R?, ¢ dinh tir kiém dinh thiét bi bay quét LIDAR, phuc vu tinh phuong trinh LiDAR.

Bdng 1. Tinh todn theo phuong trinh LiDAR

Thong s6 kiém dinh do léch giira tam IMU va bo phat Laser la vector 1, =

. ] ] Hé toa dé mar dat
Lép Tia laser Tinh toén (x+410000, y+2350000)
t han RE(t) * R RE(t
an ( ¢n I a,pB,y bl(u) tu bl(7 ) s () g
2 1% m) 0 0 *17 * Ty
©) (m ©) (m) (m) (m) (m)
[ —1,915 1 [ —5,226 ] [ 936,768 ]
1 102,000 -0,169 7,196 1399,282
| —101,982] |—101,612] | 25,653 |
503 | [ —1,974 1| -2,00 | 1 —5,387 1 0,130 941,863 [ 936,606 ]
1 2 105,150 1,08 —-0,174 1,00 7,418 —0,235 1392,321 1399,504
' |—105,1311 | 2,00 | |-104,750] | |-0,487 127,751 | 22,515 |
[ —2,231 T [ —6,087 ] [ 935,906 ]
3 118,815 —-0,196 8,382 1400,468
| —118,794] |—118,363 | 8,902
[ —12,219 ] [ —19,880 ] [ 948,933 1
1 106,665 —-2,157 1,18 7,378 0,125 968,688 1403,396
i 10,01 | [-105,941] 305 | —104,536 —0218 1396 236| I L 22,091 |
6,68 | 1 —13,128 3’16 [ —21,359 ] —0’496 127 '123 [ 947,455 T
2 114,600 -2,317 ' 7,926 ’ ’ 1403,944
| —113,822]] |—112,313] | 14,314 |
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. ] ] Hé toa dé mar dat

Lép Tia laser Tinh toan (x+410000, y+2350000)
t han Ré(t) * R RS (t

pxa pmy | ST i a By *’;l(u) e *’;g) ry (t) e

: ©) (m) ©) ! (m) (rﬁ‘) (m) (m)
—13,623 —22,164 946,649
3 | 118,920 [ —2,404] [ 8,225 ] I14o4,243l
—118,113 —116,546 10,081

Tu dir liéu ¢ Bang 1 nhan théy rang: trong phuwong trinh LiDAR c6 nhung thdng s6 cb dinh tham gia tinh toan
toan bo dir liéu nhu thdng s6 kiém dinh cac gia tri d6 lech (vector toa do 2, goc xoay: w, P, k dé tinh Rlu) gitra
IMU va bo phat laser nén thong s6 nay can c6 do chinh xac cao; c6 thong sé dung chung cho th(n diém phat
chum tia laser nhu: vector toa do r,¢ (t) va gdc xoay (0( B,y) d@é tinh RS (¢) ciia IMU do vay ciing can xac dinh
chinh xac vi anh huong dén chim quét laser; théng sb riéng cua ting tia quet laser la goc xoay ({,n) dé dong bo
toa do v& hé bo phét laser, con khoang céach thi mot tia laser phat ra c6 thé thu duoc nhiéu I6p phan xa khac nhau
theo tang dir liéu mat dat (c6 thé tir 1 d&én 3 hoic nhiéu hon tiy theo kha ning k§ thuat cua thiét bi quét va ddi
tugng mat dat) tinh dugc cac khoang cach p, tir d6 c¢6 thé tinh dugc toa do diém do ¢ nhiéu 16p khéc nhau.

4. Két luan

Nghién ciru nay da ap dung phuong trinh LiDAR tinh toa d6 diém do mit dét trong cong nghé bay quét laser
hang khong. Céc két qua thu dwoc tir co s toan hoc, hinh hoc dé xay dung phuong trinh LiDAR (6), phan tich
tinh toan dit liéu bay quét laser hang khong theo s liéu twa trén ving thuc nghiém. Tir d6 nhan thay rang: trong
phuong trinh LiDAR c6 nhirng thong sb ¢6 dinh tham gia tinh toan toan bo dit liéu nhu thdng sb kiém dinh céc
gia tri do lech (toa do, goc xoay) gitta IMU va bo phat Laser nén thong sb nay can c6 do chinh xac cao; ¢ théng
s6 dung chung cho thoi diém phat chum tia laser nhu: vector toa do va goc xoay cua IMU do vy ciing can Xac
dinh chinh xac vi anh huong dén chum quét laser; théng sé riéng cua timg tia quét laser 1a goc xoay dé dong bo
toa do v& hé bo phét laser, con khoang céach thi mot tia laser phat ra cé thé thu duoc nhiéu I6p phan xa khac nhau
theo tang dir liéu mat dat (co thé tir 1 dén 3 hoic nhiéu hon tiy theo kha ning k§ thuat cua thiét bi quét va ddi
tugng mit dat) dan dén c6 nhiéu khoang cach, tir d6 ¢ thé tinh dugc toa do diem do & nhiéu 16p khéc nhau. Qua
trinh Xt 1y theo phuong trinh LiDAR da dwgc chang minh la hop Iy vé hinh hoc, chinh xéc vé toan hoc. Biéu
nay gop phan vao viéc trién khai chu dong vé thuat toan, Iap trinh xtr ly mé phong. Két qua nghién cau coy
nghia thyc tién quan trong trong viéc huéng dan cac ky su tric dia 4p dung phwong trinh LiDAR khi trién khai
thuc dia can dam bao chinh xac cac yéu t6 lién quan dugc dung trong phuong trinh LiDAR. Quy trinh cua
phuong trinh LiDAR dam bao su thdng nhat va tranh sai sét. Dya trén két qua cua nghién ciru nay, nhom tac gia
dé xuét tiép tuc nghién ctru dé trién khai viét cac tng dung xu ly dir liéu LiDAR.
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ABSTRACT
The LIDAR equation calculates object points
in airborne laser scanning technology

Tran Trung Anh'2", Tran Hong Hanh*?, Luu Hai Au®, Quach Manh Tuan*
'Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology
2 Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology

3The Vietnam Institure of Surveying and Mapping
4Northern QT Construction and Trade Joint Stock Company

This study applied the LiDAR equation to calculate ground point coordinates in airborne laser scanning technology.
The results were obtained through mathematical and geometric foundations, constructing the LIiDAR equation, and
analyzing airborne laser scanning data based on field measurements. From this, several observations were made:
LiDAR boresight calibration: The LIiDAR equation involves fixed parameters for computing the entire dataset.
These include accuracy-critical values such as the deviation (coordinates and rotation angles) between the Inertial
Measurement Unit (IMU) and the Laser Transmitter. Ensuring high precision for these parameters is essential.
Shared Parameters: Parameters related to laser beam emission time, such as IMU coordinates and rotation angles,
also need accurate determination since they impact laser scanning. Additionally, each laser scan beam has its
specific rotation angle for synchronizing coordinates within the laser transmitter system. Considering distance, a
single laser beam can capture multiple layers of ground reflection (typically 1 to 3 or more, depending on the
scanning device’s technical capabilities and the ground object). This allows computation of point coordinates across
different layers. LIDAR Process Assurance: The LiDAR processing workflow ensures consistency and minimizes
errors. Experimental validation in the Tang Tien ward, Viet Yen town, Bac Giang province, involved airborne laser
scanning using the DJI M350 aircraft and the Zenmuse L2 scanner. The validated LiDAR equations based on this
field experiment demonstrate clarity and accuracy.

Keywords: LiDAR equation, airborne laser, object point, GNSS, IMU.
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Lap ban do bién dong hé thuc vat vang dat ven bién khu vuc Khanh Hoa
bang anh Landsat da thoi gian trén nén tang Google Earth Engine

Tran Thanh Hal%*
Truong Dai hoc Mo - Dia Chdt )
2Nhém nghién cizu Cong nghé Dia tin hoc trong Khoa hoc Trdi dat (GES), Truong Dai hoc M6 - Dja chat

TOM TAT

Vung ven bién Khanh Hoa 1a mét trong nhitng khu vuc c6 tinh da dang sinh hoc cao, ¢6 hé sinh thai dong
thuc vat phong pha. Tuy nhién, trong nhidu nim qua do sy phat trién nhanh chéng cua dan sé, d6 thi héa va
cac hoat dong phat trién du lich dang lam thay déi hién trang hé thuc vat ving dat ven bién. Trong néi dung
cua nghién ctru ndy, dit liéu anh Landsat da thoi gian duoc phan loai theo phwong phap huéng dbi tuong bang
thuat todn Random Forest, trén nén tang Google Earth Engine dé thanh 1ap ban dd bién dong hé thyc vat ving
dét ven bién, diéu nay gilp cho viéc quan 1y ciing nhu hd tro 1ap ké hoach quan ly tai nguyén ven bién Khanh
Hoa. Dit liéu nhom tac gia sir dung la anh Landsat-8 OLI chup nam 2019 va 2024 dé thanh lap ban dd bién
dong rimg ngap man va hé thuc vat néng nghiép giai doan 2019-2024. Két qua qua cho thay rieng ngap man
tai khu vuc ven bién tinh Khanh Hoa tap trung chu yéu ¢ dam Nha Phu, ddm Thuy triéu, vinh Cam Ranh va
vinh Van Phong vai dién tich tang 1én 61,3 ha va dién tich hé thyc vat néng nghiép giam 2,734 ha trong giai
doan 2019-2024.

Tir khoa: Hé thyc vat ving dét ven bién, anh Landsat-8, Google Earth Engine, Khanh Hoa, phuong phép phan
loai huéng doi tuong.

1. Pit van dé

Hg thuc vat viing dat ven bién bao gom rimg ngap man va hé thuc vat néng nghiép tao nén hé sinh théi bién
cuc ky quan trong, dong vai tro trong phat trién kinh té va duy tri hé sinh thai sinh hoc cua con nguoi nhu: cung
cap thuc an, 1a noi tra an cho ca va sinh vat bién, bao vé hé sinh théi, 6n dinh day bién va duy tri chét lugng va
giam 6 nhiém nudc (Le Cozannet, G va cong sy, 2019; Pajak, M.J., 2002). Tuy nhién, do qua trinh do thi hoa, su
gia tang dan s6 va bién d6i khi hau da gay ra tac dong I6n nhat dén I6p phu thyc vat, 1am thay doi bo bién, suy
thodi dia hinh, mat da dang sinh hoc, xam nhap nudc bién va 6 nhidm nuéc ngam ngdy mét ting, lam suy thoai
dat va khong khi doc theo céc viing ven bién (Ivan Valiela va cong su, 2001).

Hién nay cd nhleu phuong phép gidm sat bién dong hé thuc vat ving dat ven bién khac nhau nhu: phuong
phap dua vao s liéu thong ké hang nam, sé liéu kiém ké, hay sé liéu diéu tra ngoai thuc dia. Cac phuong phéap
nay thudng ton nhiéu thoi gian, kinh phi do sy thay ddi nhanh chéng cia hé thyc vat ving dat ven bién (Rawat va
cong su, 2013). Trong nhirg nam gan déy, cac k¥ thuat phan tich dit liéu vién tham sir dung trong cac nghién
ctru moi truong ven bién dugc ching minh 1a rat hiéu qua (Lymburner, L va cong su, 2020). Dit ligu anh vién
tham c6 nhiéu loai khac nhau tir anh vién tham c6 d6 phan giai thap, trung binh dén cao, siéu cao két hop véi cac
thuat toan va phan mém da chimg minh dugc hiéu qua trong xac dinh chinh xac vé su thay ddi va bién doi cua
I6p phu bé mat dat tai cac ving nghién ctu (Mohammady va cong su, 2015). Viéc xir ly, phan loai anh vién tham
n6i chung va phan loai 16p phi hé thyuc vat mat dat néi riéng vé co ban thuong sir dung hai céng nghé phé bién
hién nay d6 1a phan loai theo diém anh hay pixel (Pixel - based) va phan loai huéng ddi twong (Object - Oriented
hay Object - based) (Pham, T.D. va cong su, 2019). Trong d6 phuong phap phan loai theo huéng d6i tuong dugc
sir dung phd bién nhat dé thanh lap ban d6 hién trang va bién dong hé thuc vat ven bién, dic biét Ia ring ngap
man (Pham, T.D va cong su, 2019). Vi du, nhu Giri va cic cong sy, dd sir dung anh Landsat da thoi gian dé
nghién ctu sy phan bé dién tich rirng ngap man trén quy mo toan cau bang phwong phap phan loai ¢ gidm séat
(Giri, C va cong su, 2011) v&i do chinh xac dat duoc dao dong tir 79% dén 86%. Tai Viét Nam, Nguy&n Hai Hoa
(Nguyén Hai Hoa, 2016) da tng dung anh vién tham Landsat da thoi gian dé danh gia bién dong dién tich rieng
ngap man huyén Tién Yén, Quang Ninh, két qua do chinh xac dat duoc 1én dén 83%. Hay Nguyén Thanh Son
(Nguyen-Thanh, S. va cong su, 2015) da st dung Landsat da thoi gian dya trén phuong phép phén tich hudng
dbi tugng dé theo ddi dién dong dién tich rimg ngap man & ban dao Ca Mau, két qua cho thiy do chinh xac dat
duoc 1én dén 82%.

Gan day, v6i sy phét trién manh mé cua phan mém ma ngudn ma trén nén tang Google Earth Engine (GEE)
cung tur liéu vién tham, cong tac theo ddi bién dong dién tich rimg ngap man da duoc ung dung rat rong réi va

* Téc gia lién he
Email: tranthanhha@humg.edu.vn
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cho dd chinh xac cao. C6 thé ké dén nhu nghién ciu cua Nguyén Thanh Son (Yancho, J.M.M. va cong su, 2020)
da str dung anh Landsat Thematic Mapper (TM), Enhanced Thematic Mapper Plus (ETM+), Operational Land
Imager (OLI) va Sentinel-2 trén nén tang GEE dé thanh 1ap ban d6 bién dong rung ngap man, két qua dat dugc
tuong d6i cao. Pham Vin Duédn (Pham Vin Duan va cong sy, 2019) da sir dung anh Landsat va Sentinel da thoi
gian dé nghién ctu thiét 1ap ban d6 pham b tirmg ngap man tai Viét Nam trén nén tang Google Earth Engine véi
két qua do chinh xac chung dat dwoc 1én dén 93%. Nhu vy c6 thé thay, nhu cau vé ung dung vién tham trong
nghién ctru giam sét hién trang ciing nhu bién dong hé thuc vat viing ven bién dé phuc vu cong tac quan ly nha
nudc trong linh vuc tai nguyén va méi truong noéi chung va moi truorng ven bién noi rleng la rat 16n.

Ving ven bién Khanh Hoa c6 d6 dai khoang 385 km vai nhiéu cira lach, dam, vinh, cting khoang 200 dao 16n,
nho. Véi quan thé phong pha nhu hién nay ving bién Khanh Hoa dugc coi 1a mot trong nhitng khu vuc ¢6 tinh
da dang sinh hoc cao (noi lwu giit nguon lgi sinh vat bién v6 ciing phong phu va 14 noi sinh séng, sinh san nhiéu
loai hai san c6 gié tri kinh té cao nhu tdm hum, muc, ¢4, cua ghe va rat nhiéu loai hai dic san khéc), ¢6 hé sinh
thai dong thuc vat phong phu va da dang (Vo Xuan Mai va cong su, 2010). Tuy nhién, nhiéu nim qua, phong
trao chat bo cay ring dé mo rong vling nudi trong thay san da anh huong rat 16n dén hé thuc vat ven bién, viéc
chit bo cay ring khién ciu tric ring ngap man va hé thuc vat néng nghiép bi suy thoéi nghiém trong. Tinh trang
khai théc va sir dung tai nguyén chua hop 1y di dan dén dién tich ring ngap méan va hé thuc vat ndng nghiép trén
dia ban Khanh Hoa ngay cang bi thu hep, gay anh huong x4u dén méi trudng sinh théi, hay diét cac loai dong,
thyc vat ven bién, 1am can kiét nguon nudc ngot, tang kha ‘nang xam nhap mén. Do d9, viéc thu thap thong tin,
dir liéu vé bién dong hé thuc vat ving dit ven bién 1a rat can thiét dé thanh Iap ban dd phuc vu cho quan Iy bén
virng viing ven bién ciing nhu hd trg 1ap ké hoach quan ly tai nguyén ven bién tinh Khanh Hoa.

2. Co'so'ly thuyét va phwong phap nghién ciru
2.1. Gidi thigu vé khu viee nghién civu

Khu vuc nghién ciru bao gdm khu vuc ven bién tinh Khanh Hoa véi duong b bién tinh Khanh Hoa c6 do dai
khoang 385 km tinh theo mép nudc tir xa Pai Lanh t6i cubi vinh Cam Ranh. Ving bo ven bién tinh Khanh Hoa
¢6 hinh thai da dang va phuc tap véi hé thong viing vinh, ban dao, dao, dam pha, cira sdng va thém luc dia. Dic
diém vang bo 12 nai doi thuong kéo séat b bién, tao dia mao dac thi va nhiéu miii nhé bai cac bo da gbe bi mon.
Hién nay, Khanh Hoa Ia mét trong nhiing khu vuc ¢6 nhidu dao ven bo, chi sau Quang Ninh, Kién Giang va Hai
Phong.

TINH
¢ sinco KHANH HOA

5137.8km?
Hinh 1. Vj tri khu viec nghién citu

2.2. Dit li¢u swr dung

Trong bai bao st dung dir liéu anh bé mat phan xa Landsat da thoi gian dugc thu thap trén nén tang GEE duoc
sir dung dé thanh lap ban d6 hién trang hién trang thuc vat ving ven bién. Trong nghién ctu st dung 02 canh
anh Landsat véi do phu may nhé hon 10% da dwoc hi¢u chinh anh huong khi quyén va duoc thu nhan vao budi
sang dé tranh anh huong cua thay triéu téi mye nudce bién.

Bang 7. Diz liéu anh Landsat-8 OLI/TIRs khu vic Khanh Hoa

STT Tén dnh Ngay chup | D0 phan giai Kénh phd sir dung
1 Landsat-8 27/4/2019 30 m Kénh 1 (Aerosol), kénh 2 (xanh lam), kénh 3
2 Landsat-8 24/4/2024 30 m (xanh lyc), kénh 4 (dd), kénh 5 (NIR), kénh 6 va
kénh 7 (SWIR)
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Hinh 2. Anh duwoc cdt cua khu viec nghién cieu

2.3. Phwong phap nghién ciru

Trong nghién ciu st dung phuong phap phan loai huéng dbi twong dé chiét xuat thong tin vé hé thyc vat
ving dét ven bién. Py 1a phuong phap phan loai dya trén dbi twong hodc hudng ddi twong, phuong phap nay sir
dung gia tri phd va nhimg dic trung khong gian cua déi twong anh nhu hinh dang, kich thuéc, két cau...dé phan
loai dbi twrong. Phan loai dua trén déi twong la mot qua trinh gdm hai budce, dau tién anh dugce phan doan hoic
chia thanh cac d6i twong riéng biét véi va sau do ting ddi twong dugc phan loai. C6 hai phuong phap co ban
trong phan doan anh la: cac phuong phap theo vung va cac phuong phap theo duong nét. Cac phuong phap theo
vung la viéc nhom cac pixel ¢ dic diém tuong tw nhau va quan hé khong gian. Cac phuong phap phan doan
theo duong nét la viéc xac dinh cac ranh gigi. Trong d6 phuong phap phan doan theo ving thuong hay dwoc su
dung va c6 thé giai thich nhu sau: Qua trinh phan doan anh 12 chia anh thanh cac dbi twong anh (coi mai pixel la
mot doi tugng riéng biét), sau d6 cac ddi twong lién ké nhau dugc nhom lai va dong nhat theo mot tiéu chi dat ra.
C4c tiéu chi, c6 thé 1a hinh dang, gia tri quang phd, mau séc, ciu tric, d6 min,... dé tao thanh cac phan doan lon
hon. Qua trinh nay, lam cho d9 bat ddng nhit tang 1én & muc nhé nhat trong gigi han dinh trwdc. Néu gidi han
ndy vuot qua ngudng dinh sin thi qua trinh gop s& dung lai. Vi cach 1am nhu vy phan ving da phan giai la
mot tha tuc t6i wu hoa mang tinh cuc bd (Sun Xiaoxia va cong su, 2005).

Trong ndi dung nghién ctru nay, phuong phép phan loai dinh huéng dbi twgng véi thuat toan Random Forest
da duoc st dung. Quy trinh ciia phuong phép chiét xuét thong tin theo dinh huéng ddi twong dugce trinh bay nhu
hinh sau day ( Mariana Belgiu va cong sy, 2014):

Anh vign tham

Phén cap
r

Phin doan anh (seamentation)

l

May ding tip mé {rule set)

h J

Branh gid d¢ chinh xic cua ket qua phin

loai

¥

Hién trang lép phit bé miit

Hinh 3. Quy trinh chiét xudt théng tin 16p phi bé mat theo hiromg tiép cdn déi twong

Xay dung tdp mo

Theo (Bardossy A va cong su, 1995), chudi mo dugc dua ra béi L. A Zadeh nam 1965 va da dwoc Gng dung
trong mot vai linh vyc nhu xay dung quyét dinh va diéu khién. C6 nhiéu tac gia dinh nghia khai niém vé tap mo
va nhin téng quan lai thi tap md duoc dinh nghia nhu sau:

X 1a mot mién. A dugc goi la tap con cia X néu A 1a mot chudi trong cap truong hop: A = {(x, pA(x)); x €
XpA(x)€ [0,17)}° noi ma pA(x) 1a muc gia tri thanh vién cia ddi tuong x thuge A. Trong d6: ham pA(x) dugc
goi la ham lién thuoc.
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Khi PA(x) cang gan 1, thi x cang thude A va nguoc lai, HA(X) cang gan 0 thi x cang it thuoc A. Néu [0,1] dugc
thay thé boi chudi hai yéu té (Le Cozannet G va cong su, 2019) thi A cd thé duge xac dinh 1 tap con cua X.

heim eiimgz

leim Lign
theie n(z)

LE) 4]
Hinh 4. (a) tdp cimg, mirc dg thanh vién cila nhém al hodc a2 Hinh 5. Ham lién thudc
chi li 0 hode 1. (b) tdp mé, cho phép sw chéng phil gifea 2 lép

Theo Hinh 4 va Hinh 5 cho ta thay riang su khéc biét gitra tap tuong minh (cing) va tap mo (mém) la dang
membership function (ham lién thuoc). Ham lién thudc trong mot tap tuong minh véi két qua chi co thé chon la
{yes, no} hoic {0,1} va méi dbi twong chi thuoc duy nhat mot nhém. Hay néi cach khéc, quan hé cua ddi twong
trong tap nay la quan hé 1 - 1. Tap mo thi mém déo hon, gia tri lién thuoc cua ddi twong trong tap ma 1a khoang
tir 0 t6i 1. D6i twong dé co thé thude cac nhém khéc nhau va két qua s& thuoc nhém nao néu trong sb thudc cua
ddi twong d6 v6i nhoém cé trong sb cao nhat. Trong phan loai mo, do chinh xac phu thudc vao loai ham lién
thudc duoc st dung va su sip xép cac ham nay trong hé théng suy luan mo. Nhu vay, khi p dung hai tap nay
vao viéc chiét xuat thong tin trén anh vién tham, tip mo s& linh hoat va mém déo hon tap tudng minh.

Khi phan loai cac déi twong theo tap mo ta c6 thé sir dung ba thuat toan khac nhau: thuat toan gid tri trung
binh m& (fuzzy c-means algorithm); phan loai xac suat I6n nhat mo (fuzzy maximum likelihood classification);
Phan loai dya vao quy tic mo (fuzzy rule base). Trong nghién ctru ndy quy tic mo dwoc lra chon sir dung trong
phan loai anh.

Ddnh gid dp chinh xdc ciia két qud phén logi

Ban dd hién trang hé thyc vat ving dat ven bién nim 2019 va 2024 duoc thanh 1ap dua trén tu liéu anh
Landsat-8 OLI, qua trinh ldy miu va phan loai duoc thuc hién trén nén tang GEE. Trong nghién ctu nay cac
mau duoc chon ngau nhién trén anh cd 80% trén téng s6 mau da chon dwoc sir dung cho phan loai anh va 20%
con lai dugc st dung cho danh gia do chinh xac cua phan loai theo cong thirc (Nguyén Ngoc Thach, 2011):

Z—l i Z X, XX, ) Z—l i )

N ‘ Z::l(xn X X+i )
trong do:

K: Hé s6 Kappa;

OA (Overall Accuracy): Do chinh xac téng thé;

r: S6 lwong cot trong ma tran anh;

N: Téng pixel quan sat dwoc trong ma tran anh;

Xii: S lwong pixel quan sat dwoc tai hang i va cot i (trén dudng chéo chinh);

Xis: TOng pixel quan st tai hang i;

Xi: Tong plxel quan sat tai cot I;

Hé sb Kappa nam trong khoang tir 0 dén 1 1a dat yéu cau ( Komatsu, T va cong su, 2012).
Nén ting Google Earth Engine

Google Earth Engine (GEE) la nén tang dién toan dam may dé phan tich di liéu vién tham, théng sé moi

truong, khi tugng cap do tir khu vuc nho toi quy mé toan cau, cho phép ngudi ding chay cac phan tich khéng
gian dia Iy trén co s& nén tang ciia Google. GEE ra doi xuét phét tir nhitg y tuong két hop tri thire khoa hoc voi
ngudn dir liéu khdng 16 va cac ngudn luc cong nghé mai nhat cia Google. Su két hop nay dem dén nhitng hiéu
qua rat 16n nhu tde d6 xir Iy va kha ning tiy bién phat trién (ng dung. Téc do tinh toan, xt Iy trén GEE nhanh
chua ting c6 (Pande CB va cong su, 2023). Trén GEE c6 tich hgp sin mot kho lwu trit hang chuc petabyte dit
liéu anh vién tham mién phi tir Co quan Hang khong Vi tru My (NASA), Cuc Dia chit lién bang Hoa Ky
(USGS), Co quan Hang khong vii tru chau Au (ESA) va cac dir liéu khac. Ha ting dién toan dam may cua GEE
dugc tdi wu hoa dé xu ly dix liéu khéng gian, ké ca xu ly chudi dir liéu vién tham trong khoang thai gian dai véi
dung lugng rét Ién (Dong J. va cong su, 2016). Trong nghién ciu nay, tac gié sir dung giao dién cta Google
Earth Engine - API (Google Earth Engine Application Program Interface) hay con goi la Code Editor. Giao dién
ndy linh dong hon nhiéu so véi Explorer va con ¢ kha nang thyc hién cac quy trinh phan tich phuc tap theo yéu
cau nguoi dung. Trong Code Editor, tac gia sir dung ngén ngir JavaScript dé truy nhap va phan tich dit liéu ciing
nhur tai két qua.
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3. Két qua va thao luin
3.1. Quy trinh thanh Igp ban d6 bién dpng hé thuwe vit viing dit ven bién

Déi véi viec giam sat bién dong hé thuc vat vung d4t ven bién (rirng ngap man va hé thuc vat néng nghiép),
cing nhu cac dbi twong xung quanh ¢ lién quan, vé co ban cling twong tw nhu cac phuong phap gidm sat cac
db6i twong tu nhién hoac nhan tao khac bang cong nghé vién tham. Trong d6, dir liéu anh Landsat-8 OLI c¢6 do
phan gidi khong gian va thoi gian phu hop cho phép phat hién va giai doan thyc vat ving dét ven bién va cac ddi
tuong can quan tam trong khu vuc nghién ctru. Co nhiéu phuong phap xdc dinh va danh gia bién dong 16p phu
bé mit tir anh vién tham da dwoc nghién ciru va ang dung rong rai. Mot sb phuong phép tiéu biéu c6 thé ké ra
nhu phuong phdp phan tich sau phan loai, phwong phap phan loai tryc tiép tir anh da thoi gian, phuong phap
nhan biét thay d6i phd, phuong phap bién dbi sb hoc,..

Trén co s& phan tich cac dic diém, wu thé va han Che cua timg phuong phap danh gia bién dong sir dung anh
vién tham, nhém tac gia di chon phuong phap so sanh sau phan loai dé giam sat su bién dong hé thuc vat ving
dét ven bién (rirng ngap min va hé thuc vat ndng nghiép) vi phuong phap nay cho phép tién hanh phan loai doc
lap tai ting thoi diém anh, thé hién duoc su bién dong tir loai 16p phi ndy sang loai 16p pha khac va thuan loi khi
tién hanh chong ghép so sanh trén cac phan mém ArcGlIS.

Viéc giai doan cac hé thuc vat viing ven bién can tién hanh trén anh té hop mau tao ra tir c4c kénh anh da phd
cua anh Landsat-8. Kénh anh chi sb khac biét thyc vét chuan (NDVI) duoc tao ra tir kénh can hong ngoai (NIR)
va kénh d6, dwoc sir dung dé hd tro danh gia, phan biét cac 16p thuc phu. Ngoai ra cac kénh td hop nhan biét
viing nudc va ving thyc vat, giao thdng, xay dung trén anh Landsat-8 ciing dwoc xtr dung dé nhan dang va xac
dinh cac diém mau phan loai trén anh Landsat-8 mot cach chinh xac hon.

Quy trinh xéc dinh bién dong I6p phu hé thuc vat viing dat ven bién trén nén tang GEE st dung anh vién tham
da thoi gian s& duoc trinh bay trong so d6 Hinh 6.

- Nhap di¥ liéu ving nghién ciru (khu vize
cac huyén ven bién tinh Khanh Hoa) trén
phin mém GEE

l

- Lva chon, tao anh khong may va ghép anh Landsat-8
theo thoi gian nghién ctu

- Piétu tra khao
sat ngoai nghiép;
- Xay dung khéa
giai dodn, méu
l phan loas;
- Thong tin dac
ditm cac  doi
tuong khu wvuc
nghién ciu.

dat ek = s ik -
- Kiém tra, ddnh gid két qua q—[

///1\.

Bién tp, lap ban 46 Bién tép, lap ban 46 Bién tap, ldp ban &6
hién trang TD1 hién trang TD2 hién trang TD3

Chon céc diém mau -

Ban d6, bdo cao, sd liéu bién dong
ting giai doan

Hinh 6. So d6 quy trinh cong nghé¢ giam sat bién dgng hé thuc var ving dadt ven bién trén nén ting GEE sir dung
diz liu danh vien tham da thoi gian
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3.2. Chon mdu phan logi
Trong nghién ciru mau duoc lay theo phuong phap Training point (1dy mau theo tap hop diém tir anh vé tinh

Landsat. Tong s c6 409 diém mau dugc chon ngu nhién, trong d6 327 mau (80%) dugc ding cho huan luyén
mau va 82 mau (20%) dugc dung cho danh gia d6 chinh xac.

Canh|Tinh

aidnBond

Hinh 7. Tdp hop cdc d@iém mau phan logi Hinh 8. Két qua phan logi I6p phii thuc vdt khu vac
nghién cizu
3.3. Phén logi anh vién tham

Sau khi lay va khai bdo miu xong, tao ham phan loai cac d6i twong 16p phii bé mit va tién hanh phén loai
bang bang thuit toAn Randomforest (RF)

f/var classifier = ee.Classifier.smileCart().train({

f#var classifier = ee.Classifier.libsvm().train({

//var classifier = ee.Classifier.smileRandomForest({{number0fTrees:15@}).train({
!

features: trainingPartition,
// classProperty: 'landcover’,
// inputProperties: bands
S H

Sau khi phan loai, ta hién thi két qua (Hinh 8).
3.4. Danh gia dp chinh xdc

Két qua phan loai dugc thé hién trong Bang 2 cho thy do chinh xac tong thé nhin chung déu lén hon 92% va
chi s6 Kappa déu l6n hon 0,852. Do d6, cac két qua dugc hoan toan dap tng thanh lap ban d6 hién trang va bién
dong cho giai doan 2019-2024.

Két qua dg chinh xac tong thé nam 2019 Két qua do chinh xac tong thé nam 2024
| cetink -I Save .. Aan vllam . Ccmsnler n Gettink -« il Save . R ol Reset o [l aops EI
58 //3018CT Images 7 !é Select 1mages =
2 Velidation accuracy: : ':! o o (ds gl Validation accuracy

138 vor startDate - °

367 I, AT 9.0350245202435024
§i-3% var endDate = '_-‘A]'—I- 29p85-31

@.9123380978873787 i3 var endDate =

3.5. Thanh lip bén dé bién dng I6p phii thue vit viing dit ven bién (rivng ngdp man va hé thue vit nong
nghiép)

Sau khi c¢6 duoc ba ban dd Hién trang Lép phu thuc vat ving dit ven bién (ring ngap man va hé thuc vat
nong nghiép), sir dung module Overlay trong Arctoolbox cua phan mém ArcGIS tién hanh chdng xép lan luot
hai ban d hién trang cua tirng cap thoi gian ké tiép nhau ta thu dugc cac ban dd bién dong I6p phu thuc vat ving
dat ven bién (rimg ngap man va hé thuc vat néng nghiép) va cac sé liéu thong ké vé bién dong cho giai doan
2019-2024.

a. Thanh 1ap ban do bién dong I6p phu thyc vat ving dat ven bién riing ngap man

Ban d6 bién dong I6p phu thyc vat ving dat ven bién rimg ngap man giai dan 2019-2024 duoc thé hién trong
Hinh 9 S4 liéu thong ké vé bién dong céc thoi ky dugc thé hién ¢ cac Bang 2.
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b. Thanh 1ap ban d6 bién dong I6p phu thuc vat vang dét ven bién h¢ thuc vat néng nghiép ,,
Ban d6 bién dong I6p phu thuc vat vang dat ven bién hé thuc vat ndng nghi¢p giai doan 2019-2024 dugc thé

hién trong hinh 10. Sé liéu thong ké vé bién dong cac thoi ky duoc thé hién & cac Bang 2.
BAN DO BIEN DONG LOP PHU HE THU'C VAT NONG NGHIEP

BAN DO BIEN DONG LOP PHU RUNG NGAP MAN
VUNG DAT VEN BIEN TINH KHANH HOA NAM 2019 VA NAM 2024
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Hinh 9. Bdn do bién dgng lop phui thuc vét ving dat
ven bién rang ngdp man giai dogn 2019-2024

VUNG DAT VEN BIEN TINH KHANH HOA NAM2019VA NAM 2024

Hinh 10. Bdn do bién déng lop phui thuc vét viing

ddt ven bién hé thuc vat néng nghiép giai doan

2019-2024

Bdng 2. S6 liéu bién dgng hé thuc vat viing dat ven bién (rieg ngap man va hé thyec vat ndng nghiép)
ter giai doan 2019-2024

Dién tich rimg | Dién tich rimg | S6 liubién | S6 liduhé thuc | S6liéuhéthuc | SO lidu bién
ngdp man nam | ngdp min nam dong rung vat nong nghiép | vat ndng nghiép | dong hé thuc
2019 (ha) 2024 (ha) ngédp man nam 2019 nam 2024 vat nong

(ha) (ha) (ha) nghiép (ha)
85,1 146,4 +61,3 27.354 24.620 -2.734

Tinh Khanh Hoa c6 duong bo bién dai gan 400 km, nhiéu bai triéu rong 16n ven vinh Van Phong, Nha Phu,
Nha Trang, Cam Ranh,... 14 noi sinh séng cua cac loai cAy ngap man nhu ban, dudc,... ¢ thu. Nhiéu nim qua,
tinh trang khai thac va sir dung tai nguyén chua hop 1y da dan dén dién tich ring ngap man (RNM) trén dia ban
Khénh Hoa ngay cang bi thu hep. Truéc nim 1990, toan tinh ¢6 khoang gan 2.500 ha RNM thi trong 2 nim
1990-2000, nhiéu khu RNM d bi nguoi dan tan phé ning né dé liy dit xay dung ao, dia nudi trong thuy san.
Theo théng ke, thoi diém nam 2000, toan tinh chi con 25 ha RNM tap trung va RNM dang ding trudc nguy co
bi x6a s6 (Nguyén Xuan Hoa, 2009). Nhimg nam 1990, khi nghé nudi tom di vao thoai trao, bénh trén tdm nudi
bung phat, ngudi dan méi thiy duoc tam quan trong cua hé sinh théi rimg dudc nén bét dau tai tao rimg dudc,
ring ngap man. Qua két qua thuc nghiém cho thay rimg ngap man tai khu vuc ven bién tinh Khanh Hoa tap
trung chii yéu & ¢dm Nha Phu, ¢dm Thay triéu, vinh Cam Ranh va vinh Van Phong. Két qua tinh toan dién tich rimg
ngap man nam 2019 ciia khu vie 14 85,1 ha dén nam 2024 13 146,4 ha, bién dong dién tich rimg ngap man trong giai
doan ndm 2019-2024 di ting 1én + 61,3 ha. Cac két qua tinh toén la khach quan va pha hop vai viéc tinh Khanh
Hoa da trién khai mot s6 chuong trinh phuc hdi trong rng ngap man trong nhimg nam vira qua,

Déi véi hé thyc vat dat ndng nghiép trong giai doan 2019-2024 c6 xu the giam déu trong giai doan. Sy bién
dong nay mot phan 1 do yéu t mua vu va su bién dong chuyén déi cay trong tir dt ndng nghiép sang dét dan
cu cuia cac dy an cua toan tinh Khanh Hoa. V& phan bb phu hop vai nién giam thdng ké cia tinh Khanh Hoa.

4. Két luan
Ung dung chuong trinh Google Earth Engine (GEE) trong giam sat hé thyc vat viing dat ven bién (ring ngap
man va hé thuc vat ndng nghiép) & khu vuc vung rong 16n da tiét kiém dugc nhiéu thoi gian cdng stee, cling nhu
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tiét kiem kinh phi. Google Earth Engine (GEE) 1a mot cong cu hd tro dac luc gidp cho cac nha nghién ciu c6 thé
dé dang truy cap va sir dung céc tai nguyén may tinh sin c6 va ha tang céng nghé théng tin ciaa Google trong
nghién cuu, khai thac va str dung anh vé tinh dé quan 1y va giam sat tai nguyén thién nhién va moi truong. GEE
duoc xay dung trén nén dién toan dam may, gitip cho viéc truy cap tro nén dé dang Véi toe do  truy suét cao, cling
ngudn tai nguyén vo cung rong [6n. Hon nira, GEE luu trir va bao gom rét nhiéu di ligu vé khong glan dia ly
duoc thu thap tur cac cac nguon anh vé tinh, véi s6 luong anh thuong xuyén duoc cap nhat hang ngay, nham
phuc vu t6t hon cho cac nghién ctru khac nhau nhu: du béo khi hau, thoi tiét, tinh toan do che phu rimg, dia hinh
va kinh té- x4 hoi.

Qua két qua thuc nghiém cho thay rirng ngap man tai khu vuc ven bién tinh Khanh Hoa tap trung chu yéu ¢
dam Nha Phu, ¢am Thay triéu, vinh Cam Ranh va vinh Van Phong. Két qua tinh toan dién tich rirmg ngap man
nim. Két qua tinh toan dién tich rirng ngap min nam 2019 cua khu vuc 1a 85,1 ha dén nam 2024 13 146,4 ha,
bién dong dién tich rirng ngap mén trong giai doan nim 2019-2024 d3 ting 1én + 61,3 ha. Cac két qua tinh toan
1a khach quan va phi hop véi viéc tinh Khanh Hoa, nhan dan ven bién va cac té chire qubc té da trién khai mot
s6 chuong trinh phuc hdi trdng rirng ngap man trong nhimg nim vira qua tai tinh Khanh Hoa.

Viéc thuc hién phan tich, giai doan cac thong tin vé 16p phi bé mit trén anh vién tham da thoi gian cho phép
theo ddi, giam sét bién dong I6p phu hé thuc vat ven bo tai cac khu vuc nghién citu mot cach khach quan va
chinh xac. Su dung anh Landsat-8 da thoi gian va tham khdo cac thong tin b6 sung khac cé thé cung Cap cac s6
liéu kip thoi vé hién trang, pham vi, dién tich ciing nhu tinh hinh bién dong hé thuc vat dudi nuéc ven bién (rong
bién, co bién) va hé thuc vat ving 4t ven bién (rirng ngap man va hé thyc vat ndng nghiép) theo chudi thoi gian
mot cach nhanh chong, hiéu qua tiét kiém kinh phi.
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ABSTRACT
Mapping coastal vegetation changes using Landsat time series based
Google Earth Engine, case study of Khanh Hoa province

Tran Thanh Hal.?"
'Hanoi University of Mining and Geology
2Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology

The coastal area of Khanh Hoa is one of the areas with high biodiversitty and rich flora and fauna ecosystems. In
recent years, due to rapid rise of population, urbanization and tourism development activities, the current status
of coastal flora has been changing. In this study, multi-temporal Landsat image data is classified by the object-
oriented method using the Random Forest algorithm, on the Google Earth Engine platform to establish a map of
coastal flora changes, which helps in the management as well as supporting the planning of coastal resource
management in Khanh Hoa. The data were Landsat-8 OLI images taken in 2019 and 2024 to establish a map of
mangrove and agricultural flora changes in the period 2019-2024. The results showed that mangrove forests in
the coastal area of Khanh Hoa province were mainly concentrated in Nha Phu Lagoon, Thuy Trieu Lagoon, Cam
Ranh Bay and Van Phong Bay with an area increasing by 62.3 ha and the area of agricultural flora decreasing by
2,734 ha in the period 2019-2024.

Keywords: Coastal vegetation, Landsat-8 image, Google Earth Engine, Khanh Hoa, Object oriented
classification.
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Quan tric truot 16 dat da theo thoi gian thuc ¢ tang khai thac mo 16 thién
dua trén cong nghé GNSS/CORS
Pham Cong Khai'*, Nguyén Vin Hai?

Trieong Pai hoc M6 - Pja chadt o
2Truong Pai hoc Thuy Loi (Co sé 2), Thanh pho Ho Chi Minh

TOM TAT

Quan tric theo thoi gian thuc dé canh béo s6m truot |¢ dét da ¢ tang khai thac mo 16 thién la van dé rat quan
trong dé dam bao cho qua trinh khai thac mo duoc hiéu qua, kinh té va an toan. Ngay nay, c6 nhiéu phuong
phap dé quan tric truot 1o dat d4 dua trén nhitng cong ngh¢ va thiét bi khac nhau. Tuy nhién, viéc quan trac
truot 16 dat da dya trén cong nghé GNSS/CORS ¢6 nhiéu wu diém nhu quan tric dugc trong moi diéu kién
thoi tiét, lién tuc va theo thoi gian thuc trong khdng gian ba chiéu. Muc dich ciia nghién ctu nay 1a thiét ké,
xay dung duoc mot hé théng quan tric theo thoi gian thuc dya trén cong nghé GNSS/CORS dé canh bao som
truot 16 dat da & tang khai thac mo 16 thién. Trong nghién ctiru ndy mot hé théng quan tric truot 1¢ dit da theo
thoi gian thuc duoc thiét ké, xay dung, bao gém hé théng tram CORS va hé thdng tram quan tric. Hé théng
tram CORS dugc thiét ké, xay dung dit tai thanh phé Cam Pha, Quang Ninh véi dng ten Zyphir 2 Geodetic
cua Trimble va bo thu GNSS cua hdng Stonex. Hé théng tram quan tric dwoc nhém tac gia tu thiét ké phét
trién ca vé phan cang va phan mém, dam bao cho qua trinh thu nhan, truyén dan, xir ly dir liéu va canh béo
dién ra theo thoi gian thuc. Dir liéu quan tric thu dwoc theo dinh dang tiéu chuan NMEAO0183 duoc xir ly
bang phuong phap va phan mém tu thiét ké phat trién da nang cao dugc d6 chinh xéac két qua quan tric dén
milimet. Mot thuc nghiém mé phong quan tric truot 16 dit da da duoc thuc hién & khu vuc thanh phé Cam
Pha, Quang Ninh va thuc nghiém thyc té ¢ trén bé mit ting khai thac & mo than Coc Sau da khiang dinh duoc
tinh kha thi cua giai phap trong quan tric truot 1¢ dit da theo thoi gian thuc.

Tur khoa: Cong nghé GNSS/CORS, truot | dat d4, thoi gian thuc, mo than Coc Sau.

1. Pjt van aé

Tir trudc téi nay, viéc quan tric truot |, chuyén dich dat da ¢ cac mo 16 thién Viét Nam thuong duoc thuc
hién bang cac phuong phép truyén thong véi viéc sir dung cac thiét bi do dac nhu may thuy chuan, may kinh vi,
may toan dac dién ti. Tur khi ¢6 hé thdng dinh vi toan cau GPS, né da duoc tng dung dé quan tric truot 16 dit da
va nhirng tai bién dia chat khac (Z. Abidin H va cong su, 2004; M.-B. Su va cong su, 2009; J.A. Gili, 2000). Tuy
nhién céng nghé GPS hau nhu ciing chi duoc tng dung dé quan tric chuyén dich dit da theo chu ky. Trong
nhitng nim gan day véi sy ra doi cua nhidu hé thong vé tinh nhu GPS (My), Glonass (Nga), Galileo (Cong dong
chau Au) va Beidou (Trung Qudc) da hinh thanh nén h¢ théng vé tinh dan duong toan cau (GNSS). Vi cong
nghé GNSS, céc quéc gia trén thé gi6i déu da xay mang ludi cac tram tham chiéu hoat dong lién tuc (CORS) lam
co s6 ha tang khéng gian qudc gia, dap (ng cho cac muc dich khac nhau, trong d6 c6 muc dich quan trac truot 1o
dét da. Do mang ludi tram CORS hoat dong lién tuc trong moi diéu kién thoi tiét, cung cip s6 liéu cai chinh
trong khong gian 3 chiéu, vi vay né rat pha hop dé ing dung trong quan tric lién tuc truot 16 dat da theo thoi
gian thyuc. Hién nay, viéc ing dung céng nghé GNSS vao quan trac truot |6 dat da cha yéu ap dung giai phap véi
tram CORS don (Cina, M. Piras, 2015; T.Bellone va cong su, 2016; W.Y. Zhao va cong su, 2021). Uu diém cua
giai phap nay la khoang cach tir tram CORS dén cac tram quan trac nho nén co thé loai bo tt hon anh huong cia
cac sai s6 khi quyén nhu do tré cua tang dién ly va tang dbi luu den két qua quan tric (N. Shen va cong su,
2021). Tuy nhién, giai phap nay cling c6 nhugc diém 1a bi gi6i han vé khoang cach gitra tram CORS va cac tram
quan tric nén sé lugng tram CORS s& tang lén, dan dén chi phi quan tric cao, cac tram CORS ciing c6 xu hudng
bi dich chuyén cuing véi cac khdi dia chit khong 6n dinh (Y. Du va cong sy, 2020).

Ngoai viéc sir dung giai phap tram CORS don dé quan tric lién tuc truot 16 dit d4 theo thoi gian thyc, thi giai
phép g dung cdng nghé tram CORS mang véi ky thuat tram tham chiéu 4o VRS ciing da dugc st dung (Bao
Shu va cong su, 2023; Pengxu Wang va cong su, 2022). Uu diém ciia cong nghé CORS mang la khoang céch tir
tram CORS dén cac quan trac lon nén khong can nhiéu tram CORS, vi vay chi phi quan trac s& giam. Nhuoc
diém cua giai phap tram tham chiéu ao Ia sai sé mé hinh tang dién ly va tang d6i luu anh huong lon dén két qua
quan trac do khoang cach giira cac tram CORS qué dai (J. Paziewski, 2016; J. Cui va cong su, 2018). Két qua la
d6 chinh xac va do 6n dinh cua giai phdp CORS mang kém hon so véi giai phap CORS don (R. Odolinski va

* Téc gia lién he
Email: phamcongkhai@humg.edu.vn
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cong su, 2015). Vi vay, trong quan tric truot 1& dit d4 theo thoi gian thuc tng dung giai phap tram CORS don va
may thu GNSS tu phat trién 1 hiéu qua nhat, véi chi phi thap ( Daniel Janos va cong su, 2022; Pengxu Wang va
cong su, 2022).

Hién nay, mot s mo than 16 thién Ion caa Viét Nam tap trung & viing Cam Pha tinh Quang Ninh, d6 sau khai
thac ngay cang 16n, diéu kién dia chat rat phic tap, dan dén nguy co xay ra truot 19, dich chuyén dat d4 ¢ cac
tang khai théc 1a réat cao, de doa dén tinh mang con nguoi va thiét bi khai thac 1am viéc ¢ trong long mo. Bé co
thé canh b&o sém hién twong truot 1, dich chuyén dat da ¢ céc tang khai thac & mo 16 thién, can thiét phai c6
mot hé théng quan trac lién tuc cung cap sé liu theo thoi gian thuc. Vi vay, trong nghién ctru nay nhém tac gia
dé xuat giai phap quan tric truot 16 dat d4 theo thoi gian thuc ¢ tang khai thdc mo 16 thién Coc Sau dya trén cong
nghé tram CORS don. Hé théng tram CORS dugc nhom tac gia thiét 1ap & khu vuc thanh phd Cam Pha, Quang
Ninh vao thang 6 nam 2023 va cach khu vuc khai thac khoang 5 km. Hé thdng tram quan tric si dung may thu
GNSS do nhom téc gia tu thiét ké, phat trién cho phép quan tric. Viéc quan tric truot I6 dat da theo thoi gian
thuc bo mo than Coc Séu ¢ thanh phé Cam Pha, tinh Quang Ninh, Viét Nam dugc thuc hién tir thang 5 nim
2023. Dit liéu quan tric duoc truyén vé may tinh cha dat tai Truong Pai hoc Mo - Dia chat & Ha Noi va duoc xir
ly tc thoi bang phan mém chuyén dung.

2. Phwong phap nghién ciru
2.1. Thiét ké, xdy dwng hé thong quan tric trwot I dit dd theo thoi gian thuwe

Hé théng quan tric truot 16, chuyén dich dat da theo thoi gian thuc dya trén cdng nghé GNSS/CORS dugc
thiét ké phai dam bao hoat dong on dinh, lién tuc tir thu nhan, truyén tai, xir ly dir liéu va canh bao dién ra theo
thoi gian thuc. So dd cua hé thong quan tric truot 16 dat da theo thoi gian thue duoc thiét ké, xay dung gdm c6
hai phan chinh (Hinh 1). Phan tha nhét 1a hé thdng tram tham chiéu hoat dong lién tuc (Continuosly Operating
Reference Station - CORS) va phan thi hai & hé thdng tram quan tréc lién tuc (Continuosly Monitoring Station
System - CMSS).

Chure ning ctia hé théng tram CORS la cung cap théng tin sb liéu cai chinh vi tri cho tram quan tric, xu ly s6
liéu ctia mang ludi do dong xir Iy tac thoi RTK, hiéu chinh s6 nguyén da tri ciia toan mang ludi tram CORS,
thiét 1ap mé hinh cai chinh sai 50 tang ddi Iuu, ting dién ly va quy dao vé tinh. Ngoai ra may tinh cha cia tram
CORS 14 noi luu trix va xir ly s6 liéu cua tram quan tric.

[ Global Navigation Satellite System (GNSS) ]

g o
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Hinh 1. So dé hé thong quan trdc trieot |6 dat da theo thoi gian thyc

Hé thdng tram quan tric gom c6 cac thanh phan chinh 1a ang ten GNSS (9), bo thu GNSS (10) va bg dinh
tuyén wifi 4G (11), module canh bao bang &m thanh va anh sang (12), ic quy (13), bo chuyén ddi nguon dién
(14), tAm pin ning luong mt troi (15). Trong c4c thanh phan cua hé thdng tram quan trac, bo thu GNSS da dugc
nhom tac gia ty thiét ké, phat trién. Bo thu nay sir dung bo mach thu nhan va xu ly tin hiéu vé tinh BD970 cua
Trimble va duoc tich hop vao bo mach két néi dé tao thanh module thu tin hiéu vé tinh GNSS BD970 [20].
Module GNSS BD970 thu dwgc 220 kénh cua cac hé théng vé tinh GPS (L1C/A, L2E, L2C, L5), GLONASS
(L1C/A, L1P, L2C/A, L2P), SBAS (L1C/A, L5), Galileo (L1BOC, E5A, E5B, ESAItBOC1), BeiDou (B1, B2),
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QZSS(L1C/A, L1 SAIF, L2C, L5). B6 chinh xac dinh vi RTK 1a 8 mm+1ppm vé mit bang va 15 mm+1 ppm vé
d6 cao voi khoang cach dinh vi khong qua 30 km (https://oemgnss.trimble.com/). Module nay c6 mot céng mang
LAN Ethernet qua d6 c6 thé két ndi voi modem wifi dé truyén dir liéu quan triac vé may tinh chu theo dia chi IP
va cbng nhan dit liéu di dugc mo trén modem & tram CORS. Module GNSS BD970 két hop véi mot sé module
khac duoc két ndi véi nhau tao thanh bg thu GNSS (Hinh 3a) cho hé thdng tram quan trac (Hinh 3b).

a) Bg thu GNSS b) Hé thong tram quan trac

Hinh 2. B thu GNSS va hé thong tram quan trdc trueot |6 dat da theo thoi gian thuc

Bo6 thu nay c6 thé nhan sb cai chinh tir tram CORS theo cac dinh dang tiéu chuin CMR, CMR+, SCMRX,
RTCM va cd thé xuat ra dit liéu ¢ dinh dang tiéu chuan NMEA0183.

Dé quan ly hoat dong cua tram quan tric, cai dat cac thong sé ki thuat cho hé théng quan tric, nhan va quan
ly dir liéu tir may thu GNSS, mot phan mém chuyén dung di duoc thiét ké, xay dung bang cong cu lap trinh
Visual Studio 2019 cé tén la Server GNSS CORS WDM (Pham va nnk., 2023) va dwoc cai dat & may tinh chu
cta tram CORS. Phan mem nay duoc thiét ké voi nhiéu tinh nang nhu ho tro quan ly nhiéu tram quan tric cling
mét lic, hd tro truyén sb liéu quan tric qua giao thirc NTRIP, hd tro thiét Iap hé thong két ndi vai tram CORS,
cung cép thdng tin trang thai dinh vi trén man hinh hién thi, cai dat chu ky dau tién cho tram quan tric, quan ly
va xtr ly dit liéu quan tric, lap bao cao két qua quan trac.

2.2. Xir ly di¥ liéu quan trdc trwot 16 dit dd theo thoi gian thuc dwa trén cong nghé GNSS/CORS
2.2.1. Binh dgng di liéu

C6 nhiéu dinh dang dir liéu duoc phét trién trong dinh vi vé tinh cho cac muc dich khac nhau, chang han nhu dé
truyén vi tri dinh vi GPS giira cac thiét b dién tur hodc gitra cac may thu GNSS, truyén sb hiéu chinh vi tri tir tram
tham chiéu dén cac méy thu Rover. Hién nay, Hiép hoi Dién tir Hang hai Quédc gia cua My (National Marine
Electronics Association - NMEA) c6 dé xuat mot tiéu chuan lay tén 1a NMEA dé dinh dang thong tin hé thong
dinh vi toan cau GPS hodc hé thong vé tinh din duong toan cau GNSS (http://www. nmea. org). Tiéu chuan
NMEA c6 nhiéu phién ban khac nhau nhung tiéu chudn NMEA-0183 dugc sir dung rong rdi nhit. NMEA st dung
ma tiéu chuan ASCII, mai tin nhin theo chuan dinh dang NMEA bt dau véi ky tu “$” va két thic bang ky tu “*”,
s6 ky tu trong mét tin nhin khong Ién hon 80. Théng tin trong mét tin nhin véi nhitng kiéu khac nhau va duoc
ngin cach bai ddu phay (,), sau d6 dén thong tin vé thoi gian, toa dd mit bang, d6 cao, trang thai dinh vi.

Tiéu chuin NMEA gdm c6 nhiéu tin nhin, ching han nhu GNGGA, GPGST, GNGLL GNGSA, GNGSV,
GNRMC, GNVTG, GNZDA,... Mot s6 tin nhan NMEA c6 thé chira cac truong dit liéu gidng nhau hoic c6 thé
chwra dit liéu thong béo khac nhung c¢6 kich thuéc nho hon. Trong cac loai tin nhin theo tiéu chuan NMEA, c6
hai tin nhan quan trong nht khi dinh vi 6 1a GGA va GST.

Tin nhan GGA Ia tin nhan duoc str dung pho bién nhat, n6 bao gom céc thdng tin vé thoi gian UTC (1), vi d6
(2), Bic hoac Nam (3), kinh d¢ (4), Pong hodc Tay (5), chi s6 chat lugng dinh vi (6), s6 lugng vé tinh duoc sir
dung (7), d6 suy giam do chinh x4c mat bang (8), cao d6 ang ten so vi mat Geoid (9), don vi do cao ang ten
(10), khoang céch giira mat ellipsoid Trai dat WGS-84 va mat Geoid (11), don vi khoang cach (12), ma kiém tra
chudi tin nhin gui vé (13). C4u tric cua tin nhdn GGA va céc thong tin chi tiét cua noé dwoc thé hién nhu &
(Bang 1).
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Bang 1. Cdu trdc cua tin nhan tri do GGA va cdc théng tin chi tiét cia nd

GGA-Thong tin vé hé thong dinh vi, thoi gian, vi tri mit bang va dd cao may thu nhén dugc

1 2 34 567 8 9 1011 12 13

AR AR AR A

$GNGGA hhmmss.ss LI a, yyyyy.yy,a,x,x00x X, 2., Mx.x, M*hh

SGNGGA,094616.00,2103.33415041 N,10547.84535284 E.4,10,1.0,9.009 M_-28. 235%\’[*?0

tt ittt

1 2 34 5678 9 10 11 1213

Tin nhan trj do GST chira cAc thong tin vé thoi gian higu chinh vi tri (1), phan du cua khoang céch gia (2), gia
tri ban tryc 16n cua elip sai so (3), gia tri ban truc nho cua elip sai so (4), goc dinh huéng cua ban truc 16n cua
elip sai s6 (5), gia tri sai so theo truc Y (6), gia tri sai so theo truc X (7), sai s0 do cao (8), ma kicm tra chudi tin
nhan gui vé (9). Cau trdc cia tin nhan tri do GST va cac thong tin chi tiét cua n6 dugc thé hién nhu & (Bang 2).

Bdng 2. Cdu truc cua tin nhdn tri do GST va cdc théng tin chi tiét cia no

GST — Théngké vé saisd dinh vi

1 2 34 5 6 7
INNEREE.
a.a,b.b,c.c,dde.eff

$GNGST.(?4614.00.% 084.F.Ol D.% 009,56.9
2 3

Ua-d—oo

$GNGST, hhmmss.ss,

9
.g*¥hh
%01 0.?.01 D.?. 026*7D
1 6

4 5 7 8 9

Chi s6 chat luong dinh vi RTK theo cdng nghé CORS c6 6 mirc dd khac nhau tir mac 0 dén muc 5. Néu chi
s6 ndy & mirc 4 thi co nghia 1a tri do nay da duoc hiéu chinh tir tram CORS va ngudi do s& ldy gié tri toa do nay
trong chudi tri do GGA. Két hop vai sai s6 dinh vi thé hién trong chudi tin nhian GST, s& chon dugc nhiing toa
do dinh vi tét nhat.

2.2.2. Phirong phdp xir Iy dir liéu quan trdc trueot |6 dat da theo thoi gian thuc

Dir liéu quan tric truot 16 dit da dya trén cong nghé GNSS/CORS nhédn duoc theo dinh dang tiéu chuan
NMEAO0183 can dugc xtr Iy dé nang cao do chinh xac cua két qua quan trac. Trong di liéu quan tric truot lo dat
d4 c6 nhiéu loai tin nhan khac nhau nhung c6 hai loai tin nhén 1a GGA va GST c6 chira cac thong tin vé toa do
va do cao cling nhu sai sé ciia nd. Dya trén cac thong tin nay s& loc duoc nhiing tri do tot nhét.

Qua trinh xtr ly dir liéu quan tric truot 16 dit dé theo thoi gian thue duoc tién hanh qua cac budc sau:

1) Kiém tra tinh toan ven cua cc thong tin trong chudi tin nhén tri do

Céc dong tin nhan trj do theo dinh dang NMEAO0183 dugc truyén tir tram quan tric vé may tinh chi qua giao
thicc NTRIP c6 thé bi 16i dan t6i thong tin khong ddy di. Dé loai bo nhitng dong tin nhin nay can phai kiém tra
tinh toan ven cta nd. Néu trong céc tin nhin nay khong day du céc thong tin thi s& loai bo cac dong tin nhan tri
do nay. Dé kiém tra tinh toan ven cta cac théng tin trong chudi tin nhan tri do can phan tich tat ca cac ky tu
trong chudi tir ky tu “$” dén ky tu “*”, sau d6 ap dung thuat toan thao tac bit bat dau tir ky tu dau tién dén ky tu
tiép theo cho dén khi két thic chudi dé nhan dugc ma phén tich chudi méi. Ma phan tich chudi nay dem so sanh
v6i mé kiém tra (checksum) giri kém trong tin nhin. Néu hai ma nay giong nhau, thi dong tin nhén trj do nay sé
dugc chap nhan.

2) Loc nhiing tin nhan c6 toa do va do cao da duoc hiéu chinh tir tram CORS.

Tri sb toa d6 va do cao nhan dugc trong chudi tin nhan GGA c6 chi sb béo chit lwong phép do GNSS khac
nhau va dugc danh sé tir 0 dén 5. Khi chi s6 bao chat lwong & muc 4 thi trj do nay da dugc duoc cai chinh vj tri
tir tram CORS va cho chit lwong tot nhat. Khi do6 cac gia tri toa do va do cao trong dong tin nhin nay duoc tach
ra dé sir dung cho viéc tinh d6 truot 16 dat da.

3) Loc nhiing tin nhén tri do ¢6 sai s6 vi tri nho nhét.

Dé dam bao yéu cau do chinh xac trong quan tric trugt 16 dét da thi chi nhitng tin nhan c6 toa 6 va do cao da
dugc hiéu chinh nhung tir tram CORS va ¢6 sai s6 nhd nhat méi duoc gir lai. Bé loc ra nhiing tin nhin c6 toa do
va do cao c6 sai s6 nho nhét can tién hanh phan tich chudi tin nhan GST. Chudi tin nhin nay cé chia cac thong
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tin vé elip sai s6 va sai s6 vi tri diém. Trong nghién ciu ndy nhitng tin nhin c6 sai s6 mit bang nho hon 5 mm va
sai s6 d6 cao nho hon 8 mm sé& duoc gii lai.

4) Tinh chuyén ddi hé toa 6 WGS- 84 sang VN-2000

Toa d6 cua cac tram quan tric truot |6 dat d4 dwoc xac dinh trong hé toa d6 WGS84, dé thuan tién trong viéc
xé4c dinh d6 truot 1o dat da can duoc tinh chuyén sang hé toa do VN-2000 theo cong thirc (1) (Pang Nam Chinh
va D6 Ngoc Duong, 2012).

X =AX, + k(X +&Y —yyZ)
Y =AY, +k(—&g, X +Y +@,Z")
Z=AZ,+k(y,—@,Y +Z) (1)

trong do:
X, Y, Z latoa @6 vudng goc khong gian trong hé toa do VN-2000, (m)
X’,Y’,Z’ 1a toa do vubng goc khdng gian trong hé toa d6 WGS-84, (m)
AXo, AYo, AZ, la céc tham s6 dich chuyén gbc toa do (m)
™o, Yo, € la 3 gbc xoay truc toa dd twong tng vai cac truc X, Y, Z, (radian)
k 12 hé sb ty & chiéu dai gitta 2 hé toa do.
Cac tham sb dich chuyén toa do tir hé toa do WGS84 sang hé toa dd VN-2000 do Bo Tai nguyén va Mdi
truong cdng bo.
5) Panh mirc d6 phan tan cua chudi toa do va do cao
Do phan tan cua chudi tri do toa d6 va do cao duge xac dinh bang dai luong do léch chuin cua mot day tri do
dugc xéc dinh theo céc cong thire (2) (Hoang Ngoc Ha va Truong Quang Hiéu, 2003).

S e . T— (2)

Y:EZXi ’ \?:12Yi ’ ﬁ:lzﬁi
n-T nT N

trong do:
Xi, Yi, Hi 12 toa do va do cao xac dinh lan tha i (m);
%,v, i latoa dd va do cao trung binh trong chudi tri do (m).
6) Xac dinh cac dai lugng chuyén dich, truot 16 dat da theo cac truc toa do xac dinh theo cac cong thic (3):
- Dich chuyén theo truc X: Dx = Xi(t+1)- Xi(t)
- Dich chuyén theo truc V: Dy = Yi(t+1)-Yi(t) 3)

- Dich chuyén ngang: Dp = /Dx* + Dy®

- Dai luong dich chuyén ding : S = Hi (t + 1) - Hi () o
Qua trinh xur ly dir liéu quan trac truot 1¢ dat da theo thoi gian thue dugce xir ly tic thoi dua trén phan mém c6
tén la Server GNSS CORS WDM (Pham Coéng Khai va nnk, 2023) (Hinh 3)

Survar GHEE CORS WOM - a x
Tép  ChiBat CécTidnlch  Thang tn

Canih bao s trimat bang Canh ban cao di e ol i
Ching Toarg thii Fiove: Trarg thii nhin o By Chihbsa  Nguy higm Blbo $tng Corhhén Moy hiim Bén ding
Fowerd (207 | M Biifh  CHdd | mm MhdDhb Bgdﬁy"f
o2 (302 | M BEtpbu | CH AN | (W) MhieDMb
Fiover 3 | 3003 s Béfa  CHAS | wm Hhac Db Phan b
Foverd (304 | Hia MR [caa | wm Hhi Mg ALTM
FowrS (006 | Mid BEPas | Cadg) | W HhircDMb
Rover [3006 | Wit 68Das | | Cadsl| BE Hhirc DM
Rover7 [3007 | Wit B8, | | Cadl| BE Hhaee DMb
Rover® 1008 | Wi BEtfiss  Cadsl | EE Hharc DMb
Roverd |00 | M BEfhs  CHdy | W Hhdec Dkb
Fowen 10 (300 N Diifh  CHdd | W NndeDhb
Fovar 1l [301 | M BEtBbu | CH AN | (W) Nhie DMb
Rowa 12 (3012 M BE D Ca dat EN Mhic 0Mb
Fever 13 [3M3 | Mia Bias | Cads [EE Mg DMb
Fover 14 [ams | MA Bibhs | CHAS (WM Hhic DMb
Fower15 [35 | MAA Bl | CHA% (WM Hhac DM
Fovw 16 [3ME | MM Bibhu | CHa% W Hhie DMy
R 17 [a7 | M BitDh | CHOF W Hhie DMp
Fover 18 (3010 N Bitbhu CHOF WE Nhac DMb
Fovr 13 [303 | Hom Biafh, Csd3 W NhiDhb
Fovw 20 [3R0 | Hem Biph  (Cidy EE NhieDhb
Fovw 2 (301 | W Bapy | Cadg [WE Hha:DMb
Foww 2 (302 | Hia Bif  Cad3 B e Db
Fowwzd (23 | W Bioii | | Chide | W Mhwc oMb

Hinh 3. Giao di¢n phan mém xir ly daz liéu quan tréic trieot |6 dat da theo thoi gian thuc
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3. Thue nghiém va két qua quan tric trgt 16 dit da dya trén cong nghé GNSS/CORS
3.1. Thuwe nghigm moé phéng quan tric trwet 16 dit dd
3.1.1. Nguyén ly thuc nghiém md phong

DPé kiém chung, danh gia do chinh xac cua hé thdng quan tric truot |6 dit da dwa trén céng nghé
GNSS/CORS, mét thuc nghiém mé phong da duoc tién hanh ¢ khu vuc thanh phé Cam Pha, Quang Ninh, & d6
nhom nghién ctru da thiét 1ap mot tram CORS ¢6 sb hiéu CORS-CAMPHA. Nguyen ly cua thuc nghiém mo
phong truot 16 dat d4 1a dva trén sy thay di vi tri ciia ang ten GNSS theo phwong nam ngang va phuong thang
dung (Hinh 4).

Ang ten GNSS
' Chuyén dich dung

(D6 lun)

May do khoang
cach Laser

May do khoang
cachLaser

Chuyén dich ngang
——g—

Chuyén dich ngang
—_—

Hinh 4. Nguyén ly quan trdc thyc nghiém mé phéng trueot |6 dat da bang cong nghé GNSS/CORS

Hé thdng thiét bi md phong cé thé danh gia duoc ca chuyen dich ngang va chuyen dich dung. Dé tién hanh
thuc nghiém mo phong mét hé thong thiét bi da duoc thiét ké ché tao gom c6 hai dng thép hinh tru 16ng vao
nhau. Ong thép ngoai cb dinh va dng thép trong cé thé di chuyén theo phuong thang ding bén trong long dng
thép ngoai, phia trén 6ng thép trong cd gan mot dia thép tron, tim cia dia thép nay c6 khoét mot 16 dé lap ang
ten thu tin hiéu vé tinh GNSS. Toan bé tru mébc nay dugc gén cb dinh véi 4 banh xe. Céc banh xe nay c6 thé di
chuyén ngang trén mot duong ray nam ngang ding dé xac dinh chuyén dich ngang. Str dung may do khoang
cach Laser cam tay SD-120C cua hing SINCON dé do khoang dich chuyén theo phuong ngang va theo phuong
thing dung tir diém tham chiéu c¢b dinh dén tru méc c6 Iip dng ten GNSS. Sau khi thu tin hiéu vé tinh trong
khoang thoi gian khoang 30’ thi thay ddi vi tri dng ten theo phwong ngang va phuong thing dung, rdi lai do
khoang céch tir diém tham chiéu dén tru moc ¢6 lap ang ten va lai thu tin higu vé tinh ¢ vi tri méi. Hiéu khoang
cach do duoc giira hai lan do theo phuong nim ngang va phuong thang dung chinh 1a d6 chuyén dich ngang va
chuyén dich dtng. Dit liéu thu dugc ¢ tram quan trac s& duoc xir Iy qua 6 budc nhu da trinh bay & trén, tir d6 xac
dinh dugc do chuyén dich dat da dua trén cong nghé GNSS/CORS theo cdng thirc (3). So sanh, dbi ching do
chuyén dich xac dinh bang hai phuong phap nay s& danh gia dugc do tin cdy, do chinh xac ciia cong nghé
GNSS/CORS.

3.1.2. Tién hanh thuc nghiém md phong

Viéc quan tric thuc nghiém mo phong dugc tién hanh vao ngay 15 thang 7 nam 2023 ¢ thanh phd Cam Pha,
Quang Ninh v&i 6 lan thay d6i vi tri cua dng ten GNSS. Sau mdi lan thay d6i vi tri ng ten GNSS theo phuong
nam ngang va thing ding mot cach chu dong dé tao ra do chuyén dich ngang va chuyén dich dung. Vi tri dat
tram quan trac thyc nghiém mé phong nam bén & duong bao bién Cam Pha - Ha Long céch tram CORS-
CAMPHA khoang 3,40 km (Hinh 5).

Tram quan tric duoc két ndi véi tram CORS-CAMPHA thong qua dia chi IP cia may tinh chu Ia
118.70.171.179 va cong nhan dit liéu 1a 3004. Dit liéu quan tric theo dinh dang tiéu chuin NMEA duoc gui vé
may tinh chu dat & Truong Pai hoc Mo - Dia chat, Ha Noi. Trong thuc nghiém mé phong nay, nhém nghién ctu
da tién hanh thyc hién 6 lan chuyén dich cha dong, mdi lan lan do vai thoi gian thu tin hiéu vé tinh 1a 30 phut
Vi tan sut thu tin hiéu 1a 1 gidy. Di liéu caa mdi 1an quan tric dugc luu vao mot tép riéng biét véi hai loai tin
nhan tri do thu duoc 12 GGA va GST.
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a)Tram quan trac thec nghiém mo phong  b)Tram CORS- CAMPHA
Hinh 5. Khu vic bé tri tram quan trdc thuc nghiém mo phong

3.1.3. Dir li¢u va két qua quan trdc thyc nghiém mé phong

Dir ligu quan tric nhan dugc theo dinh dang tiéu chuan NMEA véi hai loai tin nhan la GGA va GST. O
(Bang 3) 1a mot doan dir liéu quan trac thuc nghiém m6 phong ¢ lan quan trac thir nhat.
Bang 3. Mgt doan dir liéu quan trac mé phong ¢ lan quan trdc thit nhat.

$GNGGA,045915.00,2059.77350765,N,10716.19035748,E,1,10,0.9,21.233,M,-23.050,M,,*66
$GNGST,045917.00,8.083,2.096,1.647,1.6,2.096,1.648,4.100%49
$GNGGA,045922.00,2059.77299225,N,10716.18966106,E,1,11,0.8,15.804,M,-23.050,M,,*6C
$GNGST,045922.00,8.005,1.893,1.497,177.9,1.893,1.498,3.565*4E
$GNGGA,045927.00,2059.77228694,N,10716.18956554,E,1,20,0.6,14.195,M,-23.050,M,,*61
$GNGST,045927.00,9.950,1.409,1.262,155.7,1.385,1.289,2.801 *4A
$GNGGA,045932.00,2059.77212546,N,10716.18967398,E,1,22,0.6,13.296,M,-23.050,M,,*61
$GNGST,045932.00,9.242,1.373,1.171,165.9,1.362,1.184,2.646*4A
$GNGGA,045937.00,2059.76848666,N,10716.18868776,E,4,19,0.6,4.153,M,-23.050,M,1.0,0000*75
$GNGST,045937.00,0.031,0.004,0.003,163.7,0.004,0.003,0.010*45
$GNGGA,045927.00,2059.77228694,N,10716.18956554,E,1,20,0.6,14.195,M,-23.050,M,,*61
$GNGST,045927.00,9.950,1.409,1.262,155.7,1.385,1.289,2.801 *4A
$GNGGA,045932.00,2059.77212546,N,10716.18967398,E,1,22,0.6,13.296,M,-23.050,M,,*61
$GNGST,045932.00,9.242,1.373,1.171,165.9,1.362,1.184,2.646*4A
$GNGGA,045937.00,2059.76848666,N,10716.18868776,E,4,19,0.6,4.153,M,-23.050,M,1.0,0000*75

Dir lidu quan tric dugc xir ly bang phan mém Server GNSS CORS WDM theo 6 budc da trinh bay & Muc
2.2.2 va xéc dinh duogc toa d6 va do cao tram quan tric ciing nhu d6 phan tan caa nd. O (Bang 4) thé hién két qua
xtr ly dit liéu quan tric do 1an & chu ky thir nhat.

Dir liéu quan tric thuc nghiém mé phong dwoc xir 1y qua 6 budc nhu di trinh bay & trén bang phan mém
Server GNSS CORS WDM duoc két qua nhu & (Bang 4).
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Bang 4. Két qua xr Iy diz liéu & lan quan trac thi nhat

Toa d§ tric dia Toa d§ VN-2000 Do léch chuin

TT (mm)
B (¢ L% H (m) X(m) Y(m) h(im) | Vx | Vy | Vh
1 2059 46,10905 | 107 16 11,32120 | 4,176 | 2323503,981 | 735754,164 | 4,176 | -05 | -38 | 7,3
2 205946,10905 | 107 16 11,32116 | 4,189 | 2323503,981 | 735754,163 | 4,189 | -0,5 | -2,6 | -5,7
3 205946,10909 | 10716 11,32120 | 4,184 | 2323503,983 | 735754,164 | 4,184 | -19 | -3,7 | -0,7
4 2059 46,10903 | 107 16 11,32124 | 4,182 | 2323503,981 | 735754,165 | 4,182 | 0,0 | -50 | 1,3
5 205946,10913 | 107 16 11,32117 | 4,179 | 2323503,984 | 735754,163 | 4,179 | -30 | -28 | 4,3
6 205946,10903 | 107 16 11,32122 | 4,187 | 2323503,981 | 735754,164 | 4,187 | 0,0 | -43 | -3,7
7 2059 46,10908 | 107 16 11,32122 | 4,182 | 2323503982 | 735754,164 | 4,182 | -15 | -44 | 13
8 205946,10913 | 107 16 11,32120 | 4,189 | 2323503,984 | 735754,164 | 4,189 | -29 | -39 | -5,7
9 205946,10911 | 107 16 11,32120 | 4,179 | 2323503,983 | 735754,164 | 4,179 | -23 | -3,7 | 43
10 | 205946,10893 | 107 16 11,32113 | 4,182 | 2323503,978 | 735754,162 | 4,182 | 3,2 | -1,7 | 1,3
190 | 2059 46,10892 | 107 16 11,32099 | 4,189 | 2323503,977 | 735754,158 | 4,189 | 35 | 2,1 | -57
191 | 2059 46,10895 | 107 16 11,32099 | 4,189 | 2323503,978 | 735754,158 | 4,189 | 25 | 23 | -57
192 | 2059 46,10890 | 107 16 11,32105 | 4,185 | 2323503,977 | 735754,160 | 4,185 | 40 | 04 | -1,7
193 | 2059 46,10889 | 107 16 11,32109 | 4,188 | 2323503,976 | 735754,161 | 4,188 | 44 | -08 | -4,7
194 | 2059 46,10888 | 107 16 11,32110 | 4,184 | 2323503,976 | 735754161 | 4,184 | 46 | -09 | -0,7
195 | 2059 46,10890 | 107 16 11,32109 | 4,189 | 2323503,977 | 735754,161 | 4,189 | 42 | -08 | -57
196 | 2059 46,10887 | 107 16 11,32108 | 4,188 | 2323503,976 | 735754,160 | 4,188 | 4,9 | -0,3 | -4,7
197 | 2059 46,10894 | 107 16 11,32106 | 4,188 | 2323503,978 | 735754,160 | 4,188 | 29 | 0,1 | 4,7
198 | 2059 46,10890 | 107 16 11,32108 | 4,188 | 2323503977 | 735754,160 | 4,188 | 4,1 | -03 | 4,7
199 | 2059 46,10889 | 107 16 1132105 | 4,184 | 2323503,977 | 735754,159 | 4,184 | 42 | 06 | -0,7
TB | 205946,10903 | 10716 11,32107 | 4,183 | 2323503,981 | 735754,160 | 4,183 | 0,0 | 0,2 | -0,9

Do léch chuén cua cac thanh phan toa do: Gx = 1,96 mm
oy=1,36 mm
6h=3,92 mm

Dit liéu quan tric thyc nghiém mo phong & cac 1an tiép theo ciing duoc xir Iy trong tw nhu & 1an thir nhat. Tir két
qua xir Iy dix liéu quan trac thuc nghiém md phong cua sau lan do, dya vao toa do va do cao cua ang ten xac dinh
duoc, sé tinh dwoc do chuyén dich ngang, chuyén dich dimng va chuyén dich toan phan. Cac dai luvong chuyén dich
nay duoc so sanh véi gia tri chuyén dich do tryc tiép bang thiét bi do Laser. Cac dai luvong chuyén dich dia va két
qua quan tric va dai lwong chuyén dich do truc tiép ciing nhu do chénh léch cua né duoc thé hién nhu & Bang 5.

Bang 5. Két qua quan trac thyc nghiém md phong

TT | Chuyén dich xac dinh bing cong nghé Chuyén dich do Po chénh léch
GNSS/CORS truc tiép chuyén dich

Qx Qy S Qe | Qr(do) | S(do) 5Qp 8S (m)
(m) (m) (m) (m) (m) (m) (m)

1 | 0032 -0,012 -0,068 | 0,034 | 0,030 -0,057 0,004 0,011

2 | 0,057 -0,007 -0,009 | 0,057 | 0,060 -0,015 0,003 0,006

3 | 0,064 0,006 -0,056 | 0,064 | 0,073 -0,040 0,009 0,016

4 | 0,105 0,003 -0,064 | 0,105 | 0,109 0,049 0,004 0,015

5 | 0182 0,013 -0,074 | 0,182 | 0,188 -0,088 0,007 0,014

Tir két qua quan trac thuc nghiém mo phong nhu ¢ Bang 3, nhan thdy rang chénh léch vé chuyén dich ngang
I6n nhat 12 9 mm va chuyén ding I6n nhat 14 16 mm.

3.2. Thue nghigm thuec té

Thyc nghiém dugc tién hanh trén mot khu vyc bo mo phia Béc caa mé than Coc Sau thudc dia phan thanh phd
Cam Pha, tinh Quang Ninh (Hinh 6). Thai gian bat dau quan tric tir ngay 16 thang 7 nam 2023 va quan trac lién tuc
trong thoi gian dai. D6 cao trung binh b mé dat tram quan tric khoang +250 m, d6 cao day mé dén thoi diém hién
tai 14 -300 m. Nhu vay d6 chénh cao tir bé mat by mo quan trac dén day mo khoang 550 m. Véi do chénh cao I6n
nhu vy, cong thém véi cac hoat dong khai thac 1am cho bé mat by mo chuyén dich, truot I6 rat nhanh. Dé tién
hanh quan tric thuc nghiém ngoai thuc dia, c6 5 mdc di duoc thiét ké gia cong bang thép khong gi dé lip duoc dng
ten GNSS theo hinh thire dinh tdm bét budc.
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Hinh 6. Vi tri khu vi«c quan trdc thuc nghiém (mé than Coc Sau,thanh phd Cam Phd, tinh Qudng Ninh)

Cac mbc dugc thi cong va gan Ién bé mat bo mo bang vita xi méng ¢ nhitng vi tri da dugc thiét ké, lua chon
va duge danh so tir P1 dén PS. Sau khi xi méng dong ctng, cac moc da dugc gan chac chan vao be mat bo tang
thi tien hanh lap dat thiet bi cho tram quan trac. O (Hinh 7) thé hién mot tram quan tréc truot 16 da dwoc lap dat
hoan chinh trén bé mat bo mo Coc Sau.

Hinh 7. Tram quan tréc trueot 16 bo mé da dwoc ld’p dat
Céc thao tac thyuc hién tai tram quan tric trén bé mat bd mo ciing twong tw nhu thyc nghiém mé phong. Dit
liéu quan tric theo dinh dang tiéu chuin NMEA duoc ty dong truyén vé may tinh cha cia tram CORS va duoc
xtr Iy dé xac dinh toa d6 va do cao cho cac méc quan tric. Qua trinh xir Iy dir quan tric chuyén dich, truot 1o bé
mat bd mo ciing thyc hién twong tw nhu xir ly dit liéu quan tric md phong, dugc thuc hién bang phan mém
Server GNSS CORS WDM. Céc thdng tin vé toa do, do cao, ciing nhu sai sb dinh vi va biéu d6 chuyén dich
dugc xir ly tirc thoi va hién thi trén giao dién phan mém duoc cai dat trén méy tinh cha (Hinh 8).
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Hinh 8. Théng tin chi tiét quan trac dich chuyén, rrupt |6 dat dd theo thoi gian thyc

Viéc theo dbi qua trinh chuyén dich, truot 16 dt da c6 thé duoc thuc hién bang cach ding nhap vao may tinh
chu tl}eo dia chi IR va cong ket noi da dugc ma bang dién thoai thong minh, do d6 co6 thé theo ddi qua trinh dich
chuyén, trugt 16 dat da theo thoi gian thuc & moi lic, moi noi.
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4. Két luan

Nghién ctru nay da ung dung thanh cong cong nghé GNSS/CORS trong quan trac chuyén dich, truot 16 bo mo
16 thién. Hé thdng quan tric dua trén cdng nghé GNSS/CORS di duoc thiét ké bao géom hé thdng tram CORS va
hé thdng tram quan trac. Mot dong gop cua nghién ciu nay la thiét ké phat trién duoc bo thu GNSS cho hé théng
tram quan trac dya trén nén tang cong nghé cua hang Trimble. B thu GNSS dugc phét trién thu dugc tin hiéu vé
tinh trong hé théng GNSS, nhan dugc sb liéu cai chinh tir tram CORS, giai ma tin hiéu vé tinh GNSS dé chuyén
vé dit lidu theo dinh dang tiéu chuain NMEA-0183. Dir liéu quan tric dwoc phén tich va xir Iy qua 6 budc va
dugc thuc hién bang phan mém ty phét trién da nang cao duoc dé chinh xéc két qua quan tric dén milimet.

Dé danh gia d6 chinh xac cua hé thong quan tric, mot thuc nghiém quan tric md phong chuyén dich, truot 16
déat da duoc tién hanh & khu vuc thanh phé Cam Pha, Quang Ninh. Qua thuc nghiém mé phong cho thay do
chénh léch I6n nhat vé chuyén dich ngang 1a 9 mm va chuyén dich ding & 16 mm. Thyc nghiém vai s6 ligu thuc
té dugc thuc hién trén bo mo cia mo than Coc Sau vai 5 tram quan tric thuc hién trong mot thoi gian dai. Dir
liéu quan tric duoc xur Iy va xac dinh duoc toa do mat bang va d6 cao cua cac mdc quan tric véi do léch chuan
nho hon 4 mm. Cac thong tin chi tiét cia tram quan tric ciing nhu biéu do chuyén dich dwoc hién thi truc quan
trén man hinh may tinh chu theo thoi gian thuc.
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ABSTRACT
Real-time landslide monitoring at open-pit mining slope based on
GNSS/CORS technology

Pham Cong Khai'", Nguyen Van Hai?
'Hanoi University of Mining and Geology
2Thuy Loi University (Second campus), Ho Chi Minh City

Real-time monitoring for early warning of landslides at open-pit mining slope is a very important issue to ensure
the mining process is effective, economical and safe. Nowadays, there are many methods for landslide
monitoring based on different technologies and equipment. However, landslide monitoring based on
GNSS/CORS technology has many advantages such as monitoring in all weather conditions, continuously and in
real time in three-dimensional space. The purpose of this study is to design and build a real-time monitoring
system based on GNSS/CORS technology for early warning of landslides at open-pit mining levels. In this
study, a real-time landslide monitoring system is designed and built, including a CORS station system and a
monitoring station system. The CORS station system was designed and built in Cam Pha city, Quang Ninh with
Trimble's Zyphir 2 Geodetic antenna and Stonex's GNSS receiver. The monitoring station system was self-
designed and developed in both hardware and software, ensuring the process of data collection, transmission,
processing and warning in real time. The monitoring data collected in standard NMEAO0183 format is processed
by self-designed and developed methods and software, improving the accuracy of monitoring results to mm. A
simulated landslide monitoring experiment was conducted in Cam Pha city, Quang Ninh and a real experiment at
Coc Sau coal mine slope confirmed the feasibility of the solution in real-time landslide monitoring.

Keywords: GNSS/CORS Technology, Landslide, Real-time, Coc Sau coal mine.
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Du bao thay di 16p phi bé mit bang thuat toan hoc may

Tran Thj Hoa'", Tran Thi Ngoc!, Tran Dinh Tri?
1Tru’dng Dai h_o‘C l\/|0’- Dija chat
2Hgi Trac dia - Bdn do - Vien tham Viét Nam

TOM TAT

Lép phu mat dat 1a bé mat hinh thai vat ly caa I6p vo Trai dat, bao gom thuc vat, nude, bé mit ty nhién va
nhitng dbi trong nhan tao. Nhing hoat dong dién ra trén bé mat Tréi dat tir cac hoat dong tu nhién cho dén
hoat dong phaét trién kinh té - x4 hoi, d6 thi hoa déu din dén sy thay ddi dang ké cua l6p pha bé mat. Tai
nguyén dat 1a mot trong nhitng ngudn tai nguyén quan trong va ¢ anh huéng sau sic dén moéi trudng noi
chung va muc tiéu phét trién bén viing néi riéng, vi vy, viéc theo ddi va giam sét su thay d6i cua 16p pha bé
mat, cling nhu phan tich du bio xu hudéng thay d6i 1a mot nhiém vu quan trong. Cac thuat todn hoc may hién
nay di c6 nhitng dong goép dang ké trong viéc tan dung kha ning cua may tinh va dam bao tinh khach quan
trong phan tich céc van dé lién quan dén dy doan. Bai bao xem xét kha ning ung dung caa mot sé thuat toan
hoc may (Machine Learning) khéc nhau trong du doan bién dong Iép pha bé mat, cu thé: cay quyét dinh
(Decision Trees), rirng ngau nhién (Random Forest) va vector may hd tro (SVM).

Tir khéa: Bién dong 16p phii, du doan, hoc may, Random Forest, SVM.

1. Pit van dé

Lép phu bé mat 1a mot thuét ngir chung ding dé chi céc vat liéu hodc cac yéu té tu nhién va nhan tao bao phu
bé mat Trai dat, bao gom: thuc vat (rimg, dong co, hay cay bui); nudc (sdng sudi, ao hd hay bién); dat canh tac
(dat trdng lGa, dat tréng mau hay dét trong céy an qua - cdy lau nam); dét tréng (cat, hoang mac, dat khong c6
cay co); dét d6 thi va cong nghiép (duong xa, khu vuc xay dung, khu vuc c6 cong trinh ha tang) va khu vuc bj
bang tuyét bao phu quanh nam (Giri, 2020). Nhing yeu t6 nay phan b xen k& nhau tao nén su da dang va hinh
thai dic trung cia mdi Vung dia ly trén bé mat Trai dat. Sy phan bd cua cac 16p phu dong vai tro quan trong
trong hé sinh thai va méi truong.

Sy thay ddi cua I6p phu bé mit c¢é thé dién ra dudi nhiéu hinh thie khac nhau, vi du su thay mat phan b
khdng gian hay dién tich hay su bién di vé cau tric - thanh phan caa mot hay nhiéu loai I6p pha theo thoi gian.
Vi du nhu: cung la lop phu thyc vét nhung tir riang Chuyén sang dc‘)ng c6 hay su thay dbi tir 16p phu thyuc vat sang
I6p phu dat d6 thi va cong nghi¢p. Nguyén nhan dan dén su thay ddi 16p phu bé mit chia thanh hai nhom - yeu t6
tu nhién khach quan va yéu t6 chu quan - con nguoi. Cac yeu t6 tu nhién c6 thiy gay ra su thay ddi vé Iop phu
mat cach tir tir nhu sy thay d6i vé& khi hau (nhiét d6 va lwong mua) hodc dot ngdt nhu su xuét hién cua cac hién
tugng thién tai nhu 1d lut, han han, chay ring hay dong dat (Gregorio & Jansen, 2005) (Giri, 2020). Bén canh do,
cac yéu té vé con nguoi c6 thé ké dén nhu qua trinh khai thac tai nguyén thién nhién, cong nghi¢p hoa, do thi
hoa, canh tac ndng nghiép hay cac chinh sach quan ly tai nguyén. Nhin chung, nhiing thay ddi vé 1op phu déu c6
nhitng anh huéng nhat dinh dén moi truong va xa hoi, trong do bao gém giam da dang sinh hoc, giam chat luong
nudée va khdng khi, bién ddi khi hau va su phat trién kinh té vung Vi thé, cong tac gidm sat va quan ly 16p phu
bé mat 1a cong tac quan trong dam bao sy phat trién bén viing va bao vé moi truong.

Nhiing nghién ciru vé& bién dong 16p phu thuong chu yeu lién quan dén su thay dbi vé mat phan bd khong gian
(dign tich) ang dung cong ngh¢ hi¢n dai nhu vien tham, vién tham da thoi gian, ket hop véi h¢ thong tin dia ly
(GIS) (Giri, 2020). Mét s6 nghién ciu ndi bat c6 thé ké dén nhu nghién ctu Ve su bién dong rung nhiét doi
amazon st dung di liéu vé tinh dwoc cung cap boi Co quan Vii tru hang khong qu0c gia Hoa Ky (NASA) va Co
quan Vi try lién minh chau Au (ESA) (Hansen et al., 2013). Nghlen ctru di chi toc d6 pha ring nhanh trong
nhimg ndm gan day thong qua sy méat mat phan lon dlen tich ring va su thay thé bai dit tréng, dat nong nghiép
va chan nuéi. Su thay ddi nay lam phé v& cau tric bén ving cua hé sinh thai ring tu nhién, gay anh huong tiéu
cuc dén da dang sinh hoc va tham chi 1am anh huong dén khi hau toan cau. 'Hay nghién ctu ve dnh huéng cua
hién tuong hoang mac hda ¢ chau Phi (Herrmann & Hutchinson, 2005) dan dén sy sut giam dang ké cua dat canh
t4c va lan rong cua sa mac. Lién quan dén d6 thi h6a, cAc rat nhiéu nghién ctu tir anh vé tinh chi ra rang téc do
m& rong do thi nhanh & nhung thanh phd 16n da lam gia ting nhanh chong cac khu vic xay dyng, giam thiéu
dién tich dat nong nghiép va cac ving xanh (Seto, Giineralp & Hutyra, 2012) (Pham & Nguyén, 2023) (Nguyen
& Ding, 2021) (Tran T. T., 2020). Nhung thay dbi trén c6 tac dong 16n dén suy thodi moi truong, anh hudng dén
sinh ké, hién twong ngap Iut cuc bo va 6 nhidm khong khi. Vi vay, viéc du doan su thay déi vé 16p phu bé mat la

" T4c gia lién he
Email: hoatran106@gmail.com
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diéu can thiét va co y nghia quan trong trong nhiéu khia canh khac nhau, dic biét lién quan dén quan Iy tai
nguyén thién nhién va quy hoach - phat trién bén viing.

Trong nhimg ndm gan déy, viéc str dung tri tu¢ nhan tao (Al) mang lai nhiéu vuot troi so véi md hinh GIS
truyén théng (Kumar & Sharma, 2023). Vi du nhu mo hinh Al ¢6 kha ndng xtr Iy va phan tich luong I6n dit ligu
tr nhiéu ngudn trong thoi gian ngian va phat hién nhanh chong thay doi véi thoi gian thyc. Bén canh d6, cac
thuat toan hoc sau cho phép kha ning nhan dién va phan loai 16p pha bé mat véi d6 chinh x4c cao hon (Zhang,
Li, & Wang, 2023) (Johnson & Lee, 2023) (Garcia & Rodriguez, 2022). Cac md hinh Al ¢6 kha nang tu dong
cai thién do chinh xac qua thoi gian théng qua viéc hoc tir dir liéu thuc té. Ngoai ra, md hinh Al rat linh hoat, c6
thé &p dung duoc trong nhiéu ngir canh khac nhau, trong khi md hinh truyén thdng thuong bi gisi han (Zhou &
Liu, 2022). Vi du nhu khéng thé dung mé hinh du béo sa mac héa truyén théng vao giam sat d6 thi dugc, yéu to
can thiép cua con nguoi ciing la mot trong nhitng nguyén nhan gay sai sot trong mo hinh truyén thong ma Al co
thé giam thiéu duoc théng qua kha ning tng bién va tu dong hoa (Patel & Desai, 2021).

Noi dung cua bai bao di sau vao tim hiéu vu nhuoc diém va kha nang wng dung cliia mot s6 thuat toan hoc sau
trong md hinh tri tué nhan tao trong dy bao sy bién dong cua 16p phu trong twong lai gan. Céc thuat toan nay kha
thong dung trong phan loai 16p phu tu dong nhu ciy quyét dinh (Decision Trees), ring ngau nhién (Random
Forest) hay may hd tro vector (SVM). Qua dé, dé xuét quy trinh tng dung céc thuat toan nay trong du béo bién
dong 16p phua vai viée xac dinh céc tham s dau vao vao ngudn tur liéu khai théc.

2. Co s¢' Iy thuyét va phwong phap nghién ciru
2.1. Lép phii bé mdt va sw thay doi vé 16p phii bé mat

Bé& mat tu nhién cua Trai dat 1a mot tap hop da dang cac dang dia hinh va hé sinh thai, bao gém rirng, ndi, sa
mac, dai duong va séng ngoi. Su phan b xen k& vé mat khdng gian va méi tac dong tuong quan véi khi hau va
con ngudi d3 tao ra nhimg hinh thai dic trung khac nhau vé dia hinh va sinh thai & cac khu vuce dia ly khac nhau
ma thé hién bén ngoai cua no 1a 16p pha bé mat. Lép pha bé mat Trai dat bao gdm hinh thai cua céc thanh phan
tu nhién va nhan tao nhu dét, cay cbi, da, biang va cac cong trinh xay dung. Viéc nghién ciru 16p phi bé mat Trai
dat 12 mot phan quan trong trong cac linh vuc khoa hoc nhu dia ly, sinh thai hoc, ndng nghiép va méi truong.

MJi mét linh vuc nghién ciru déu c6 cach thic phan loai 16p pha bé mit Trai dat véi mie do chi tiét khac
nhau. Vi du nhu phan loai theo hé sinh théi, 16p phu dugc chia thanh 05 nhém: rimng, ddng co, sa mac, bing va
nuée, Phuong phap phan loai theo muc dich sir dung, 16p phu bé mit dugc chia thanh 04 nhém 16n, bao gom dit
ndng nghiép, do thi, rimg va dit khdng st dung. Con ddi véi dac diém dia hinh, 16p phu chia thanh 03 nhom; dia
hinh cao, dia hinh thap va dia hinh dic biét nhu hang dong hay hém ndi. T chic Nong Luong thé gigi (FAO) c6
cach phan chia theo y nghia sir dung cua dat (Thackway & Atyeo, 2006); USGS - Cuc khao sat dia chat Hoa Ky
c6 phuong phap riéng dé phan loai 16p pha bé mat dya trén dic diém ddi twong tu nhién xuat hién trén bé mat
I6p phu. Tuong tu, Co quan Vi tru chau Au (ESA) cling lya chon phuong phap phan chia 16p phu cua t6 churc
lien hop qubc dya trén loai thuc vat cd trén bé mit (the UN LCCS) (Gregorio & Jansen, 2005). Bén canh do, dé
ph hop Vvéi dic diém dia ly cua tung khu vuc ciing nhu muc dich su dung, mdi qudc gia déu xay dung hé phan
loai 16p phu - 16p st dung d4t khac nhau.

Vé co ban, viéc phan loai Iop phu bé mat nham muc dich dé theo ddi, giam st nhiing tac dong cua tu nhién
va con nguoi duoc thuan tién va dé dang hon. Qua dé, cong tac bao vé, quan ly va quy hoach s& dat duoc.

Bang 1 va Hinh 1 thé hién hé thng phan loai ma FAO hién dang sir dung hién nay trong phan loai I6p pha bé
mit va 16p hién trang sir dung dat doi véi cac tai liéu va ban do cong bd bai t6 chie nay. Day ciing 1a hé thong
phan loai kh& phé bién dugc ap dung trong cac nghién ciru vé bién dong hay hién trang I6p phu hién nay. Giai
doan phan dbi (dichotomous phase) xac dinh ba cap phan loai dua theo thuc vat (Bang 1), con giai doan phan
cip (modular - hierarchical phase) (Gregorio & Jansen, 2005) thi mdi Iép & cdp 3 cua giai doan 1 s& chia thanh
nhiéu loai hon nita phy thudc vao tinh chét ciia moi truong (nhu khi hau, loai dat, kha niang x6i mon) va tinh chét
ky thuat, vi du nhu trong d4t nong nghiép c6 dit trong laa hay dat trong mau. Pac diém nay cho phép nhiing
nghién ctu vé sao khong bi giGi han vé sb lugng 16p phu ma tiy thudc vao khu vuc, cac nha nghién cau co thé
bo sung thém dinh nghia cta lop phi bé mat méi.

Bdng 1. Hé phan loai phdn déi UN LCCS (Dichotomous Phase) (Thackway & Atyeo, 2006)

Cap 1 Cap 2 Cip 3

Dit co thyc vat Thuc vat trén can Thyc vat trén can c6 quan ly
Thuc vat ty nhién hodc ban tu nhién trén can
Thyc vat ngap nudc hodc Thyc vat vung trong ngap nudc

thuong xuyén ngap nudc Thuyc vét vung tu nhién va ban tu nhién
Dat gan nhu khong c6 thye | Trén can Bé& mit nhan tao
vat Dat trong
Vung ngdp nudc hoac Hd nhén tao, bing va tuyét
thuong xuyén ngap nudc Vung nude ty nhién, bang va tuyét phu theo mua
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Hinh 1. Hé thang phan logi theo giai doan: giai doan phin déi va giai doan phan cdp
(Gregorio & Jansen, 2005)
Trong nghién ctru nay, nhom tac gia chu yéu di sau vao mo hinh phan loai cia ESA, c6 ké thira phuong phap
phén loai cia UN LCCS. Cu thé gom 11 I6p, trinh bay ¢ Bang 2.
Bang 2. Hé thang phan logi ciia ESA (ESA)

Gia tri Mau sic Tén tiéng Anh Tén tiéng Viét
10 #006400 Tree cover Thuc phu
20 #ftbb22 Shrubland Cay bui
30 #{ftfac Grassland Pdng co
40 #1096 ff Cropland Dat nong nghiép
50 #£20000 Built-up Dat xay dung
60 #b4b4b4 Bare/sparse vegetation Dét tréng/it thuc vat
70 #f0f0f0 Snow and ice Tuyét va bang
80 #0064c8 Permanent water bodies Nudc mat
90 #0096a0 Herbaceous wetland Thuc vt than thao ngdp nudc
95 #00cf75 Mangroves Rung ngap man
100 #fae6al Moss and lichen Dét 4m co réuva dia y

2.2. Mt sé thudt todn hoc mdy trong dw dodn thay doi I6p phii bé mdt

Hoc may va hoc siu 1a hai linh vuc con cua tri tué nhan tao Al. Cac thuat todn hoc sau st dung cac mang
noron nhan tao dé biéu dién dit liéu phic tap va triru twong. Nhitng mang noron nay thuong nhidu tang va 16p tu
dong tim ra cac dic trung dir liéu va han ché xur Iy dit liéu thu cong. Tuy nhién, di véi hoc sau, dir liéu can 16n
vé ca dung luong va thoi gian dé dat hiéu sut tbt, dong thoi yéu cau tai nguyén tinh todn manh mé&. Véi linh vuc
hoc may, cé4c thuat toan thuong nhiam dén viéc may tinh ¢ thé tu hoc tir cac dic trung lya chon thu cong ma
khong can lap trinh rd rang tirng nhiém vu cu thé. Céac thuat toan hoc may thuong don gian va it tham sé hon
nhung can kién thic chuyén gia trong lua chon déc trung. Chinh vi vay, hoc méy phi hop véi yéu cau it dir liu
huan luyén, khéng can may tinh cdu hinh cao, d& dang trién khai va hiéu qua trong cac (g dung vai dir liéu thuc
té. Cu thé di v6i du doan thay dbi I6p phu bé mat, dir liéu dau vao 1a anh vé tinh da thoi gian nhung khong lién
tuc, can c6 danh gia cua cac chuyén gia trong trich xuat dic trung ting 16p pha. Vi véy, st dung hoc may la mot
lya chon hop 1y. Duéi day, cac tac gia trinh bay ba thuat todn hoc may dwoc (ng dung phd bién nhit trong phéan
loai 16p phu bé mat, vé dé xuit quy trinh tng dung véi dic diém cu thé caa khu vuc nghién ctu.
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2.2.1. Thudt toan cay quyér dinh (Decision Tree)

Thuat toan cay quyét dinh (DT) la mot thuat toan hoc may manh mé& duoc sir dung hiéu qua trong phan loai va
du doan thay doi 16p phu tir dir liéu anh vé tinh (Pal & Mather, 2003). DT hoat dong bang cach chia dir liéu
thanh cac nhanh dua trén cac tiéu chi quyét dinh, gidp phan loai va du doan céc loai 16p phu bé mat khac nhau.
Trong d6 mdi nut trong cdy quyét dinh dai dién cho mét thudc tinh caa dir liéu va mai nhanh 1a két qua cia mot
thugc tinh. Céc quyét dinh nay duoc tién hanh thyc hién cho dén khi dat duoc sy thong nhat mot du doan cuy thé
& la cay (Breiman, Friedman, Stone & Olshen, 1984).

Codng thirc cua thuat toan nay dugc md ta nhu sau (Quinlan, 1986):

- Entropy (S): do ludng mirc do hon loan cia tap dir liu:

H(S)=-Xi_1pi log.p: 1)
trong dé: pi 1a ty 1 phan tir thuoc 16p thu i trong tap di liéu S.
- Information Gain (IG): do lugng mirc @6 giam hdn loan sau khi chia trach tap dir liéu theo mot thuoc tinh A.
ISyl
|G(S,A) = H(S) - ZveValues (A) Ter Is| H(Sv) (2)
trong do: Sy 1a tap con cua A véi thude tinh A co gia triv.
Mot trong nhitng wu diém noi bat cua DT la tinh dien giai va tryc quan gitip cho cac nha nghién cau phan
dinh céc yéu t6 quyét dinh dén sy thay doi cua lop pha bé mat thong qua xac dinh yéu to hoi quy dé ra quyét
dinh phan loai.

2.2.2. Thudt todn ring ngdu nhién (Random Forest)

Rung ngau nhién (RF) la mot tap hop cua nhiéu cay quyet dinh dwoc huan luyén doc lap trén cac mau dir lieu
khac nhau. Két qua cudi cung duoc quyét dinh bang cach lay trung binh hoic phiéu da s6 cua cac cay quyét dinh.
Piéu nay gilp giam thiéu hién twong qua khép dir lieu (overfitting) so voi viéc sir dung mot cay don 1é
(Breiman, 2001).

Codng thirc cua thuat toan nay dugc mo ta nhu sau (Breiman, 2001):

- Bootstrap sampling: mdi cay trong rimg duoc huan luyén trén mot mau dir liéu bootstrap (chon mau méi
thay thé tir tap dit liéu huéan luyén).

- Random feature selection: tai mi nat chia tach, mot tap con ngau nhién cua cac thudc tinh duoc chon dé tim
kiém thudc tinh tét nhat dé chia tach.

- Ensemble Prediction: du doan tap hop:

Dbi véi bai toan phan loai, két qua dugc xac dinh bang cach Iy da phiéu tir cac cay:

y=mode({T;(X)|i=12 .. N} 3)
trong d6: Ti(x) 1a duy doan ctia cy thir i cho mau x.
Dbi véi bai toan hdi quy, két qua dugc xac dinh bang cach l4y tri trung binh cua cac dy doan:

N

1

9= h@
=1

trong do, Ti(x) la du dodn cua cdy thir i cho mau X.

So v6i thudt toan cay quyét dinh, RF linh hoat hon va c6 do chinh x4c cao do c6 tinh chat tong hop cua nh1eu
cdy quyét dinh. Bén canh d6, RF c6 thé xir Iy hiéu qua cac bo dir liéu 16n va phirc tap, bao gom ca dir liéu s6 va
dir liéu phén loai. Ngoai ra, viéc sir dung nhiéu cdy quyét dinh ciing gitip giam thiéu hién tuong overfitting,
mang lai két qua du doan 6n dinh hon dic biét véi dit liéu vé tinh khi ma cac pixel nhidu kho phan loai twong doi
phé bién (Belgiu & Dragut, 2016) (Rodriguez-Galiano, Ghimire, Chica-Olmo, & Rigol-Sanchez, 2012). Bac
biét. RF ¢6 thé cung cip thong tin vé tAm quan trong cua cac bién dau vao, gitp hiéu rd hon vé cac yéu t6 anh
huong dén du doan.

(4)

2.2.1. Thudt todn vector may hé trg (Support Vector Machine)

Vector may hd trg (SVM) la mot thuat toan hoc may c6 gidm sat, chu yéu dugc sir dung cho cdc bai toan
phan loai va hdi quy. SVM hoat dong bang cach tim kiém mot siéu phang (hyperplane) t6i wu dé phan chia cac
16p dir liéu trong khong gian nhiéu chiéu sao cho khoang cach tir siéu phiang d6 dén cac diém dir liéu gan nhat
cua m01 16p 14 16n nhét, hay con goi 1a bién an toan (margin) (Vapnik, 1998).

V& cong thire ciia thuat toan SVM bao gdm cac thanh phan:

- Siéu phang phén tach c6 dang:

w-x +b=0 5)
trong d6: w 1a vector trong s6 va b 1a bias.
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- Margin: khoang céch tir siéu phang dén diém dir liéu gan nhat 1a: ﬁ

- Ham muc tiéu:
min = [|w]|? (6)
wb 2
Vi céc rang buéc:
yiwx; +b)=>1, Vi (7)
- Ham muc tiéu véi soft margin (trong truong hop SVM c6 16i cho phép):
min= [wll> + CEX, & (8)
w,b,€ 2
Vi céc rang buéc:
yiwx; +b)=1-§;, & =0, Vi ©)

trong dé: &; 1a bién 16i cho phép va CCC la tham sé diéu chinh muac do cho phép 16i.

- Kernel Trick: SVM c6 thé st dung ham kernel dé anh xa dir liéu vao khong gian cao hon, dé d& dang phan
tach. Mot s6 kernel thuong dwoc dung: Kernel tuyén tinh; Kernal da thic; RBF kernel.

SVM c¢6 hiéu qua khi l1am viéc voi dir liéu c6 nhiéu thudc tinh hay dac trung va c6 thé tim ra cac mé hinh
phan loai trong khdng gian nhiéu chiéu (vi du thém vé chiéu thoi gian). Bén canh d6, SVM c6 kha ning téng
quéat hoa tét, dac biét voi cac bo dir liéu nho dén vira phai va cé thé giam thiéu hién tuong overfitting (Melgani &
Bruzzone, 2004) (Mountrakis, Im, & Ogole, 2011) (Huang, Davis & Townshend, 2002). Ngoai ra, bang cach sir
dung céc ham kernel anh xa dir lidu vao khong gian cao hon, SVM c6 thé phén tach dit liéu dé dang hon.

2.3. Dé xuiit quy trinh dw dodn bién dong I6p phii bé mt

Viéc du doan bién dong 16p pha bé mat twong ddi phirc tap do ‘qua trinh nay c6 thé bi tac dong bai nhiing yéu
t6 tu nhién Vva nhan tao, doi khi la sy trong téc qua lai gitra cac yéu to nay nén dé cé thé trién khai dwoc mé hinh
hoc may, can nhiéu dir liéu tham s du vao trong d6 vai tro chinh van Ia hién trang 16p phu & cac thoi diém gian
doan thu nhan hoac cap nhat dit liéu. Quy trinh dé xuit dugc mé hinh héa & Hinh 2.

/vaphnrh,.ncf —“I/ ————1
[)n' lign lop plm Dt licu bien dong 2
sau pi.l in 10.1 L = ’
7/' B L 3
v Lip phit this didm 2 -
-"—/

- hia 2l 1
Diik lign kiém tra

G . 1 Hién trang bicn dong
do chinh xac ok 2=

*
| Véu 1 anh hrong —

e 4
)/ Dit Ligu dia hinh //
Ly
p
%4 Dir lidn vé khi haw #
1 h
Dit liéu phw trg J_ ['” llll in bign - Ban do dir doan
L -~ 7 e , | Ong TV
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Hinh 2. Quy trinh dé xudt vng dung thugt todn hoc may trong du dodn bién déng

Trong d6, dir liéu dau vao bao gdbm: dit liéu anh vé tinh dé thu thap théng tin vé hién trang 16p phu; dir lidu dia
ly chung vai théng tin v& dia hinh, khi hau va cac yéu td tuy nhién khéc (loai dat) va dir liéu kinh té - xa hoi (dan
cu, tbe do do thi hda). Cac dir liéu nay dugc chuian hda vé mit hinh hoc va do phan giai, phan loai va phan dé
trich xuat cac dic trung.

Céc thong tin vé phan loai va dic trung sau d6 duoc loc dé xir ly gia tri nhidu va tao bo dit liéu mau chuan. Bo
dir liéu mau duoc chia thanh cac tap huan luyén va kiém tra dé danh gia d6 chinh xéac ciaa mé hinh.

Trong qua trinh huan luyén, cac tham s6 s& duoc tinh chinh dé tdi wu hoa hiéu suit ciia mo hinh. Viéc /danh
gi4 hiéu sudt cia mé hinh duogc tién hanh thong qua dbi sanh voi tap dit lidu kiém tra thong qua cac chi sd nhu
do chinh xac, d6 dac hiéu va F1 score. Ngoai ra, dé dam bao mo hinh khong bi overfitting c6 c6 kha nang tong
quat hoa t6t, cac tac gia dé suét st dung phuong phéap k-fold. Khi mé hinh dat dén hiéu suat mong mubn, tién
hanh trién khai md hinh vao hé thong va du doan thay dbi dbi voi bo dir liéu mai, tlep tuc ddi sanh dé nang cao
chét luong cia mo hinh. Bén canh viéc giam sat hoat ddng ctia mo hinh, viéc cap nhat dir liéu méi dinh ky cling
dong vai trd quan trong trong duy tri d§ chinh xac va hiéu suét cta du doan.
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3. Két qua va thao luin

Hién tai, nghién ctru dang trong qua trinh lya chon khu vuc nghién ciu va xay dung bo dir liéu mau. Trong
d6, theo du kién khu vuc thyc nghiém & hai khu virc: khu vire ¢6 tde do d6 thi héa cao va khu vue thuong xay ra
c4c tai bién tu nhién nhu x6i 16. Hinh 3 13 ban d6 hién trang 16p phu mét trong hai khu vuc du kién thue nghiém.
Hinh 4 12 khu vuc tinh Quang Ngéi vai cac tham sé hiéu chinh phuc vu x6i mon dét.
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Hinh 4. Khu vic thyc nghiém tinh Quang Ngéi véi tham s6 hiéu chinh chudn héa cho mé hinh bién déng do x6i
mon dat véi cac chi so Is va P lién quan dén dia hinh, c lién quan dén 16p phu va l6p hi¢n trang si dung dat, k
lién quan deén logi dat, va r lién quan den khi hgu (Tran, Tran & Poadn, 2023)
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Do diéu kién thu thap va khai thac di liéu & mdi khu vyuc c6 nhirng han ché khac nhau, diéu nay ciing phan
anh thuc té trong nhimg kho khin cua viéc thu thap va xu ly dir lieu & Viét Nam noi chung. Tuy nhién, véi
nhitng dir liéu hién co, cac tac gia s& tlep tuc tap trung vé miat 1am hai hoa dir liéu va tién hanh phat trién cac
thuat toan trong diéu kién han ché véi cac théng s6 dau vao.

4. Két luan

Nghién ciru da d& cap tai ly thuyét chung vé 16p phi bé mit va y nghia cua viéc theo ddi giam sét cua Iop phu
bé mat. Thém vao do, nghlen clru cling tién hanh phan tich vu va nhuoc diém cua cac thuat toan hoc may pho
bién trong phan loai va du dodn bién dong lop phu bé mat. Céc thuat toan cay quyét dinh, rang ngau nhién va
vector maéy hd tro déu 1a nhung thuét todn c6 tinh téng quét va truc quan c6 kha nang ap dung dbi vé6i nghién ciru
vé 16p phu va bién dong 16p phu. Nhiing thuat toan nay dua vao viéc chiét xuat dic trung va chuyén gia phan
tich dé tao ra cac thong tin dic trung cho bé dir liéu mau, gidp may tinh hoc t6t hon va phu hop véi kha ning
tinh toan trén may tinh ca nhan. Bén canh do, véi bd dir liéu khdng lién tuc va khoéng du I6n, cac thuat toan nay
1a lra chon phl hop so véi cac thuat toan vé mang noron nhan tao. Nghién ctru d xac dinh khu vuc thuc nghiém
va dau vao dir liéu du kién. Trong thoi gian toi, nghién ctu s& tién hanh thiét 1ap bo dir liéu mau va huan luyén
md hinh. Két qua vé hiéu suat va do chinh xéac cua cac thuat toan sé dugc dem ra so sanh dé dé xuat thuat toan
phu hop ¢6 kha nang ap dung ¢ nhirng khu vuc khac & Viét Nam.

Loi cam on
Bai bao 1a két qua tim hiéu va nghién ctru cua cic tac gia khi thyc hién dé tai cép co s¢ trudng Pai hoc Mo

Dia Chat, ma s6: T24-02.
Mot s0 hinh anh trong bai viét nhu Hinh 1 va Hinh 4 dugc sir dung tuan thu theo quy dinh Copyright.
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ABSTRACT
Predicting land cover changes using Machine learning algorithms

Tran Thi Hoa'", Tran Thi Ngoc?, Tran Dinh Tri?
'Hanoi University of Mining and Geology
2Vietnam Association of Georaphy, Cartography and Remotesensing

Land cover refers to the physical surface morphology of the Earth's crust, encompassing vegetation, water,
natural surfaces, and artificial objects. Activities occurring on the Earth's surface, ranging from natural processes
to socio-economic development and urbanization, lead to significant changes in land cover. Soil resources are
among the critical resources with profound impacts on the environment in general and sustainable development
goals in particular. Therefore, monitoring and observing changes in land cover, as well as analyzing and
forecasting trends, are crucial tasks. Current machine learning algorithms have made significant contributions by
leveraging computational power and ensuring objectivity in analyzing related predictive issues. This paper
examines the potential applications of various machine learning algorithms in predicting land cover changes,
specifically: Decision Trees, Random Forests, and Support Vector Machines (SVM).

Keywords: Land cover changes, predicting, Machine Learning, Random Forest, SVM.
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Xay dung co sd dit liéu GIS phuc vu cdng tac tim kiém va cttu nan
khu vuc Vinh Bac Bo

Nguyén Quang Minh'*, Nguyén Vin Trung?3 Bui Tién Di¢u?
1Cyc Ban do - Bé Tong tham mueu
2Trirong Pai hoc M6 - Pja chadt
3Nhém nghién cizu Cong nghé Pia tin hoc trong Khoa hoc Trdi dat (GES), Truong Pai hoc Mé - Pia chdt
“Dai hoc Béng Nam Na Uy

TOM TAT

Phuong phép ng dung cdng nghé hé thong tin dia 1y (GIS) duoc &p dung rong rai dé giai quyét nhiéu van dé
trong thuc tién. Tuy nhién, kha ning wng dung GIS trong cac ké hoach tim kiém va ciru nan trén bién van Ia
mot thach thac ¢ nuédce ta. Viée dua cong cu GIS ap dung vao xdy dung co s dir liéu (CSDL) phuc vu giai
quyét bai toan tbi wu vé thoi gian di chuyén tir tram ctu ho dén cac vi tri tim kiém va cau ho 1a can thiét o cac
vling bién & nude ta. Bai bdo nay tap trung vao cac cong tac xu ly, chuan hda cac dir liéu dé xay dung cac
CSDL thanh phan bao gom dix liéu lich st tim kiém va ctu ho, dir liéu vé doi tau va cac tram cau ho va di
liéu vé khi twong hai van. Viéc xay dung cac CSDL thanh phan nay can dam bao tiéu chuan dé sir dung lam
di liéu dau vao cho mé hinh tinh toan duong di t6i wu vé thoi gian di chuyén trén bién. Bén canh do, cac
CSDL thanh phan xay dung dugc ciing dwoc dé cap dé cung cap thdng tin vé kha ning dap ung dbi véi cac ké
hoach tim kiém va ciu nan & vinh Bic Bo.

Tir khoa: Vinh Bic Bo, ciru ho, GIS, khi twong, d6 cao song bién.

1. it vin dé

So véi tim kiém, ciru ho trén dat lién, hoat dong tim kiém, ciru ho trén bién gap nhiéu khé khin, thach thic
Ién hon do dic thu khu vuc vung bién. Nhiing kho khan, thach thic chinh trong tim kiém, cau ho trén bién bao
gom: dién tich vang bién rong, diéu kién thoi tiét trén bién phirc tap, nguy hiém va han ché vé trang thiét bi tim
kiém, ctru ho.

Cac hé thong tim kiém, cau ho trén bién da duoc phéat trién nhiéu trén thé giéi bao gom: hé théng an toan va
ctru nan hang hai toan cu (GMDSS) la mét hé thng dung dé lién lac tin hiéu khan cap tu dong cho tau trén bien
do Té chirc Hang hai quéc té (IMO) phat trién nam 1988; Hé thong quan ly thong tin chuong trinh tim kiém va
ctru nan (SISAR) ciia canh sat bién Canada chira co s dir liéu vé cac sy ¢b tim kiém va ciru nan hang hai (SAR);
hé théng nhan dang tu dong (AIS) do Pai hoc Rostock (Lién bang Pirc) da thuc hién du an nghién ctu lién
nganh AgaPaS nhim phat trién hé thong bao dong tu dong trong tim kiém, ciru ho dé rat ngan dang ké thoi gian
ctru nan trén bién; hé thong SARGIS chira phan mém duya trén GIS dwoc Guoxing va cong sy (2010) phat trién
dé cung cip thong tin hd trg cho dich vu tim kiém va ciu nan hang hai va hé théng giam sat dya trén dit liéu
vién tham vé tinh (RS-MSR) phuc vu tim kiém ctu nan hang hai phat trién bai Peng va Yang (2011).

Str dung co so dir liéu (CSDL) GIS dé xay dung cac mo hinh tim kiém ctu hg, ciru nan trong hé thong SISAR
nhu Shahrabi (2003) da phat trien mot ky thuat phan tich khong gian va thoi gian vé céc sy ¢ danh bit ca va
giao thong hang hai ngoai khoi bo bién Nova Scotia, trong d6 du doan vi tri va thoi gian xay ra su ¢ trén bién.
Bang cach sir dung hé thong thong tin dia Iy (GIS) va nhiéu phuong phap théng keé khong gian, chang han nhu
udc tinh mét do (kernal density estimation) va phuong phap phan cum theo cap bac (hierarchical clustering
method), Shahrabi c6 thé xac dinh cac khu vuc co nguy co su ¢b cao hon déi voi ngu dan va tau danh bét ca
ngoai khoi khu vyc nghién ctu (Shahrabi, 2003).

Nghién ctru cia Venalainen (2014) da st dung cong nghé GIS trong xac dinh thai gian phan héi trong céng
tac tim kiém, ciru ho véi cac su ¢ do hoat dong chéo thuyén & vinh Phan Lan (Venalainen, 2014). Phuong phap
md hinh hoa duoc 4p dung dé tinh thai gian phan hdi cho toan b khu vuc nghién ciu bang cach st dung cac
thong tin nhu dir lidu sy ¢d, dic diém tau tim kiém, ctru ho, kich ban vé chidu cao song bién, gi6 bién. Théng ké
tir Co quan Bao vé b bién Phan Lan cho thay, chi co 40,76% su ¢b xay ra ma c6 cac tau tim kiém, cau h dang
tuan tra. Nhu vay, c6 t6i gan 60% cac su ¢ trén bién xay ra ma khong c6 cac tau SAR dang hoat dong, do vay
can sy diéu dong tir cac tram tim kiém, ctu ho.

Tac gia Zhou va cong su (2020) da phat trién mot md hinh xac dinh thoi gian phan hdi cia tau ciu ho nham
danh gia kha nang tim kiém, ctru ho hang hai ¢ khu vuc Bién Péng, tap trung vao 4 qudc gia gom Trung Qudéc,

* Téc gia lién he
Email: nguyenquangminh.sar@gmail.com
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Viét Nam, Malaysia va Philippin. M8 hinh nay gdm 3 buéc: (1) Dau tién, mé hinh thai gian phan hdi dua trén
GIS dugc phét trién dé wéc tinh thoi gian phan héi cua tau ctru hd, (2) Thir hai, nhu cau vé dich vu SAR hang hai
dugc tinh todn bang cach két hop dir liéu vi tri tau va dir liéu sy cb hang hai; (3) Thu ba, ba tiéu chi danh gia
gém pham vi phu séng chinh, pham vi phii s6ng c6 trong sb va thoi gian truy cap trung binh, dwoc sir dung dé
danh gia dinh lugng kha nang phan hoi cua hé thong SAR hang hai (Zhou va cong su, 2020).

Ashrafi va cong sur (2024) dé xuat mot khung mé hinh hda dya trén tac nhan (ABM - agent based modelling)
dé danh gia hiéu suat cua cac hoat dong tim kiém, ctru ho (SAR) nham giai quyét nhiing thach thic lién quan
dén diéu kién thoi tiét & Bic Cyc. Phuong phap mé phong Monte Carlo dwoc sir dung dé mé hinh héa dong luc
va sy khdng chic chin cua didu kién thoi tiét va bién bang céch st dung dit liéu lich st. Sau dé, quy trinh dénh
gia cua chuyén gia s& duoc sir dung dé dinh lugng tac dong cua cac mic d6 nghiém trong do dbi véi hoat dong
cua hyc lwong ctu ho cling nhu tong thoi gian cau ho. Tai khu vuc thir nghiém & Bién Barents (Na Uy) cho thay,
tong thoi gian giai ciru dai nhat 1 tir thang 12 dén thang 2 nam sau va thoi gian giai ciru ngan nhét 1a tir thang 5
dén thang 8 (Ashrafi va cong su, 2024).

C6 thé nhan thay, cho dén nay trén thé gi¢i da co nhiéu nghién ctru s dung phuong phap md hinh hoa trén
nén tang GIS nham xac dinh khoang cach, thoi gian t6i uwu trong tiép can tim kiém, cau ho trén blen Mac du
vay, cac nghién ciru nay déu ddi mat thach thirc do su han ché vé dir liéu dau vao, nhét la thong tin vé diéu kién
khi tugng, hai van khu vuc nghién cau.

2. Dir liéu sir dung va phwong phap nghién ciru

2.1. Khu vwe nghién ciru
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Hinh 1. V; i dia ly c&c vang bién Viét Nam

Vinh Bic B¢ c6 toa do dia ly ¢ vi tuyén 18°31°19” Bac, kinh tuyén 108°41°17” Dong, qua dao Con Co cua
Viét Nam dén mot diém trén bo bién cua Viét Nam c6 toa do dia 1y 1a vi tuyén 16°57°40” Béc va kinh tuyén
107°08°42” Dong (Hinh 1). Vinh Béc Bo co tai nguyén thién nhién phong phi véi nhiéu ngu truong 16n, ¢ tiém
nang vé diu mo va khi dét. Vi dac diém trén, vinh Bic Bo c6 tim quan trong dac biét déi vai su nghiép phat
trién kinh té, thwong mai qudc té ciing nhu qudc phong, an ninh cia nuéc ta. Ngay 25/12/2000, Viét Nam va
Trung Quéc da ky Hiép dinh Phan vinh Béc Bo dé xac dinh ranh gigi lanh hai, ving dic quyén kinh té va thém
lyc dia ciia mdi nuéc trong vinh Bic Bo. Hiép dinh c6 hiéu luc thi hanh tir ngay 30/6/2004.
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V¢ lugng mua hang nam, khu vuc céc tinh ven bién Quang Ninh - Hai Phong va Nghé An - Quang Binh ¢6
luong mua cao nhit véi gan 1400 mm/nim. Vao mua dong, lvong mua giam man, dao dong trong khoang 150 -
600 mm va giam dan theo huéng Tay Nam - Pong Bic. Bdo la hién twong thién tai phd bién tai vinh Bic Bo.
Theo sé liéu thdng ké cia Trung tdm Du bao Khi twong Thuy vin Qudc gia, trung binh mdi nim c6 khoang 5 - 6
con bdo anh huéng tryc tiép dén vinh Bic Bo. Bén canh d6, bao thuong bat dau vao thang 5 (mudn vao thang 6)
va két thuc vao thang 10 hoac thang 11. Stc gié manh nhat trong cac con bao c6 thé dat téi 50 m/s. Trong nhiing
nam gan day, do anh huong caa bién déi khi hau, tan suit va cuong d6 cua bao tai vinh Bic B c6 xu hudng gia
tang. Con bdo ddu tién trong nam 2024 (con bdo s6 1, thang 5/2024) anh hudng dén vinh Bic Bo ¢6 suc gio 1én
dén cap 11. Thay triéu va triéu luu trong vinh Bac B mang tinh nhat tridu 1a chu yéu. Thuy tridu tai khu vuc
phia Béc dao déng vai bién d6 1on véi bién do khoang 3,8 m dén 4,2 m. Khu vyc cira vinh thi bién d6 nhé hon
dao dong tir 1 m dén 1,5 m (Nguyén Dinh Hai va cong su, 2023). Bén canh d6, d6 16n thuy triéu giam tir Bac
xubng Nam.

Vinh Bic Bo co dién tich rong, 1a mot trong nhiing tuyén duong hang hai quan trong trén thé gici véi giao
thong hang hai nhon nhip, cac tai nan hang hai, su ¢b méi truong dién ra rat phac tap, nhat Ia trong diéu kién anh
huong cua bién d6i khi hau. Vang bién vinh Béc Bo va cac khu vyc ven bién thudng xuyén chiu anh huéng cua
cac yéu té thién tai bio, 1i, tridu cudng, mua 16N, thoi tiét nguy hiém trén bién va cac hé qua thién tai nhu séng,
nuéc dang do bao, ngap lut, bdi Idng, x6i 16, xam nhap man,... gy anh huong dén sw on dinh va phét tricn kinh
té - x& hoi. Hang ndm, khu vuc chiu anh hudéng cua nhiéu con bao va ap thap nhiét déi, kéo theo d6 cac hé thng
song d6 ra bién ¢ vinh Bic B¢ ciing chiu anh huong cua lii thugng ngudn, mua 16n, triéu cuong, séng lon va
nudc dang do bao.

2.2. Dit ligu sir dung
2.2.1. Dir ligu sy co

Dir liéu vé sy ¢b va doi twong can tim kiém, ctu nan 1a yéu cau dau vao rat quan trong trong cac mé hinh tim
kiém, ciru ho trén bién. Dix liéu sy cd trén bién 1a cac thong tin duoc thu thap va luu trit vé cac sy ¢d, tai nan va
rii ro xay ra trén bien. Nhitng dix ligu nay bao gom:

- Théng tin vé sy cb: Thoi ~gian xay ra su cd, vi tri, dija diém, sé luong va thdng tin tau thuyén c6 lién quan,
tinh trang thoi tiét, mo ta su ¢, thiét hai Ve ngudi va tai san trong qua trinh xdy ra su cd.

- Nguyén nhan va anh huéng cua sy ¢b: Lbi con ngudi, 16i ky thuat, didu kién khi hau thoi tiét bét lgi; nguy
co 6 nhiém mdi trudng, gidn doan cta hoat dong giao thong hang hai.

- Qué trinh ing phé va khéc phuc: Cac bién phap dwoc &p dung dé wng ph6, ctru ho va khoi phuc hoat dong.

Viéc xay dyung va phan tich bo dit liéu sy ¢6 1a rat quan trong dé nang cao kha nang van hanh, quan ly rai ro
va cai thién hiéu qua hoat dong cua cac t6 chirc vi cac ly do sau:

- Xac dinh mirc d nguy hiém va nhu cau can thiét: Thong tin vé tinh chat, quy md cua sy ¢b giup danh gia
muc d6 nguy hlem va 50 lwong, tinh trang cua tau thuyén, nguoi can tim kiém, ciru ho. Diéu nay cho phép 1én ké
hoach cung cap céc ngudn luc, thiét bi, phuong tién phi hop dé dap tmg nhu cau ciru hd mot cach hiéu qua.

- Pinh vi va tiép can nan nhan: Di liéu vé vi tri, dac diém cua d6i twong can tim kiém, ctiru ho gitp xéac dinh
chinh xéc noi can tim kiém va tiép can doi tuong, nhét la trong diéu kién tim kiém, ciu ho trén bién.

- Lén ké hoach ciru ho phu hop: Thong tin Ve tinh trang, vi tri cua sy ch gitp xac dinh cac bi¢n phap xu Iy sy
cb, phuong tién di chuyén can thiét. Dix liéu vé quy md, tinh chit su ¢b va sé luong nguoi can ctu ho gitip didu
phdi hiéu qua cac luc luvong, phuong tién tham gia.

Nhu vay, c6 thé nhan thdy dit liéu vé su cb va déi tuong la 16p thong tin diu vao dac biét quan trong cua cac
md hinh tim kiém, ctru ho, gitp xac dinh nhu cau, 1&n ké hoach va phéi hop cac hoat dong tim kiém, ciu ho mot
céch chinh xéc va hiéu qua nhat.

2.2.2. Dir liéu khi tuwong, thuy van, hdi van

Thong tin vé khi tugng, thiy van, hai van 1a mot 16p dit liéu dau vao quan trong ctia cac md hinh tim kiém,
ctru ho trén bién. Viéc két hop dir ligu khi twong, thuy vin, hai van véi cac nguon dir liéu khac sé gidp nang cao
hiéu qua cac hoat dong tim kiém, cau nan, ctiu hé trong nhiéu tinh hudng khan cip, hd tro xay dung ké hoach
ciing nhur ra quyét dinh phu hop trong diéu dong luc lugng, phuong tién tim kiém, ciru ho.

Nhiét do co anh huéng déng ké dén hoat dong tim kiém, ciu h¢ trén bién. Trudc hét, trong truong hop nhiét
d6 thip, didu ndy s& anh hudng dén sic khoe va an toan cua thuy thu doan va nhan vién ctu hd, c6 thé dan dén
tinh trang giam nhiét, w6t lanh. Bén canh d6, nhiét d6 thap c6 thé lam giam hiéu qua hoat dong, kha ning di
chuyén va sir dung thiét bi. Thiét bi va phwong tién cttu ho c6 thé bi hu hong do nhiét do lanh. Nguoc lai, nhiét
d6 cao c6 thé gay ra nguy co vé stic khoe nhu say néng, kiét strc cho nguoi tham gia citu hg, dnh hudng dén kha
nang hoat dong, dan dén suy giam nang suét va hiéu qua. Nhiét do nudc bién ciing anh huong dén kha ning séng
sot ctia ngudi gap nan trén bién.
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Bén canh d6, d6 am ciing 1a mot yéu tb co vai tro quan trong trong hoat dong tim kiém, ctu ho trén bién. Do
am cao lam giam kha néng nhin thay cac vat thé trén bién, anh huong dén viéc phat hién nguoi, tau thuyén gap
nan. Pong thoi, d6 4m cao co thé gay hu hong thiét bi nhu radar, may anh, thiét bi dién tir sir dung trong hoat
dong tim kiém, cau hg, 1am giam hiéu qua hoat dong.

Ngoai ra, cac yéu t6 khac nhu mua, swong mu, gié ¢6 thé anh huong dén kha nang tiép can, di chuyén t6i vi
tri xay ra su c6 trén bién. Nhiing hién tuong thoi tiét cuc doan nhu bao, swong mu c6 thé gay nguy hiém cho hoat
dong tim kiém, cau nan trén bién.

Céc thong tin vé thay, hai van nhu thay triéu, dong chay rat quan trong cho cac hoat dong tim kiém, ctru ho
trén bién, gidp luc lugng tim kiém, ctru nan lap ké hoach tiép can khu vuc xay ra su ¢ mot cach an toan, kha thi.
Hon nita, cac dir liéu vé do sau, dia hinh day bién c6 vai tro quan trong trong xac dinh vi tri, tuyén duong di
chuyén an toan cua cac tau tim kiém, ctru nan.

2.3. Phwong phdp xdy dwng cdc lop thong tin ddu vao
2.3.1. Lép da liéu tau tim kiém, cizu hg trén bién

Lop dir liéu tau tim kiém, ciu ho trén bién 1a mot yéu t6 dau vao cé vai tro quan trong trong xay dung md
hinh wéc luong khodng cach hiéu dung h trg cong tac tim kiém, ctu ho trén bién. D& mo hinh hoa khoang cach
hiéu dung, nguoi lap ké hoach can blet ¢6 nhitng loai don vi tim kiém, ctu nan nao; vi tri cua cac don vi tim
kiém, ctru nan; cac dac diém, thong sé cua cac trang thiét bi tim kiém, ctru nan trén bién. Thong sb V& cac tau tim
kiém, ciru nan cho phép xay dung ké hoach tmg pho kha thi trong timg diéu kién thoi tiét cu thé ¢ khu vuc xay ra
su ¢6. Hinh 2 trinh bay hinh anh tau tim kiém, ciru nan CN-09 cua bo doi bién phong thanh phé Hai Phong.

BN/

Hinh 2. Hinh anh tau cizu hg CN-09 cuia bé dgi bién phong thanh phd Hdi Phong
Bang 1 trinh bay dic diém va cac thong sb cua cac tau tim kiém, ctu nan trén bién duoc st dung trong
nghién cuu. ) , .
Bdng 1. Théng so luc lwong tau tim kiem cizu nan trén bién

Van téc R A
Don vi Sé higu (Hai ly/gio) Ta"E:ﬁOialty«;ong
Vit V max
TS: 01, 02, 04, 06
i qua 12,14, 16, 10 12 4000
Hai quan 08, 10, 12, 14, 16, _ : (
18, 20, 21, 22. (TS12:7) (TS 12:10.7) (TS 12: 3500)
Bién phong CN-09 20 29 (V(fl%%?{/h)
i KN-579 22 25 13 ngay
Cuc Kiém ngu KN-568 1 o g

2.3.2. Lop dit liéu doi twong dat lien - mét nweéc

Lép dir liéu ddi twong dat lién - mat nudc 1a mot tap hop cac dir liéu mo ta vi tri va dic diém cua cac khu vuc
dét lién va mat nudc trén bién. Trong dé, cac ddi twong mat nudce co gia tri 1a 0, cac ddi tuong dat lién co gia tri
> 0 (thong thuong cac d6i tuong dat lién cé gié tri gidng nhau va dugc lay bang 1) (Siljander va cong su, 2015).

Lép dir lidu dbi tugng dét lién - mat nude dwoc xay dung nhiam hd trg cac muc dich sau:

+ PAau vao cho quy trinh tinh todn anh ldy gi6: Di liéu dwoc st dung dé xac dinh gigi han nhiing vi tri can
tinh toan trong anh Iy gi6 va dit liéu khoang cach hiéu dung & budc tiép theo.
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+ Xac dinh gidi han ranh gidi 1op dfx liu do Vséu:‘ Lop dir liéu d6 sau duoc xac dinh tai cac vi tri mat nuéec.
Chinh vi vay, viéc xady dung dir liéu doi tugng dat lién - mat nudc lam giam chi phi tinh toan, ting thoi gian xi
ly dix liéu.

2.3.3. Lop diz liéu hudng gio

Hudng gié duge xéc dinh theo 8 huéng (Bic, Pong Bic, Pong, Dong Nam, Nam, Tay Nam, Tay, Tay Bac).
Bén canh d6, ngudi ding ciing cé thé do hudng gié theo don vi tir 0° dén 360°. Sy anh huong cua huéng gié tac
dong tdi cac don vi tau nhu sau (Hoffmann va cong su, 2021; Zhang va cong su, 2022):

+ Gi6 thuan (gié xudi - downwind): Gi6 thdi tir phia sau tau (goc 0° - 180° so vé&i huéng di chuyén caa tau) 6
thé tao ra luc day bo sung, gitp tau ting téc do khi di chuyén trén mat bién.

+ Gio6 nguoc (upwind): Gid thdi tir phia trude tau (géc 180° - 360°) c6 thé tao ra luc can, khién tau giam téc
d6 va tiéu hao nhiéu nhién liéu hon. Khi huéng gio d6i dién hoic gan ddi dién voi hudng di chuyén cua tau, né
tao ra lyc can 16n, 1am giam téc d6 di chuyén cua tau va yéu cau nhiéu ning lugng hon dé duy tri téc d6. Trong
truong hop nay, tau cé thé can diéu chinh hudng hodc thay doi tbe do dé vuot qua luc can.

+ Gi6 ngang (crosswind): Gi6 thdi vudng goc vaoi huéng di chuyén cuaa tau c6 thé khién tau bi léch hudng.

M0 ta anh huong cua hudng gio, bao gdbm gio thuan, gié nguoc va gié ngang duoc thé hién trén Hinh 3
(Zhang va cong su, 2022).

Hinh 3. M@ td dnh hwong ciia huéng gié den su di chuyén cua tau trén bién
2.3.4. Lép dit liéu tée dé gio diéu chinh

Dix liéu vé toc d6 gi6 ¢ anh huong 1on dén hiéu qua va an toan cua cac hoat dong tim kiém, ciu ho trén bién.
Trudc hét, cudng do cua gié anh hudng dén cac hoat dong cua don vi tim kiém, ctu ho ciing nhu cac trang thiét
bi hoat dong trén bién. Gié manh c6 thé tao ra séng 16n va bién dong bé mat bién, 1am cho viéc duy tri dinh vi va
diéu khién tau thuyén tré nén khé khan. Ngoai ra, gié manh ciing tao ra luc ddy I6n, cé thé 1am ting tdc do di
chuyén cua tau hodc nguoc lai, tly thudc vao hudng gié tuong ddi voi huéng di chuyén. Bén canh do, toc do gio
c6 méi quan hé chit ché va anh huong rat I6n dén chiéu cao séng trén bién. Téc d6 gié cang manh thi chiéu cao
s6ng cang lén. Pay 1a méi quan hé ty Ié thuan. Gié manh s& tao ra nhing lugng ning luong 16n dwoc truyén tir
gi6 xudng mit bién, lam cho séng cao va dir doi hon (Siljander va cong su, 2015).

2.3.5. Lop dit liéu anh ldy gis

Ly gi6 (wind fetch) dugc dinh nghia 1a khoang céach lién tuc ma gi6 thoi trén mat nuée, khéng bi anh huong
boi dia hinh hoac cac vat can khac. Thong tin vé dir liéu lay gi6 dugc tinh bang khoang cach theo dwong thang
tinh tir vi tri quan tam dén vi tri xa nhat ma gi6 thdi lién tuc trén mat bién. Hay noi cach khéc, lay gi6 1a khoang
céch khong bi can tré ma gi6 co thé di chuyén trén mat nudc theo mot hudng khong déi. Khoang cach lay gié
cang dai s& dan dén chiéu cao song Ién hon. M6 hinh ctia Cuc Khao sat dia chit Hoa Ky (USGS) cung cap ba
phwong phap khac nhau dé tinh toan dir liéu Iy gié, bao gdm don, SPM han ché va SPM (Rohweder va cong su,
2008; Venalainen, 2014) - Hinh 4.
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Hinh 4. Cdc phwong phdp tinh todn théng tin ldy gié khdc nhau
2.3.6. Lép di liéu gia toc trong trieong

Gia tdc trong truong, dai dién bai gié tri g, 12 gia toc ma mot vat thé trén bé mat Trai dat trong luc. Gia toc
trong truong khong anh huong truc tiép dén d6 cao song trong méi trudng khong khi (Cartro, 2014).

Do cao song trong mdi trudng khong khi duoc xac dinh bai mot sb yéu té nhu toe do gio, su chénh léch nhiét
do, d6 am va ap suat khdng khi. Nhitng yéu t6 nay anh huong dén su truyén dan va giao thoa ciia song am, song
anh séng va cac loai séng khac.

Tuy nhién, gia téc trong truong c6 thé c6 mot tac dong gién tiép dén do cao séng thdng qua anh huéng caa nd
dén khi quyén. Gia téc trong trudng cao hon c6 thé dan dén mat do khi quyén cao hon & d6 cao thap hon. Piéu
nay c6 thé lam cho am thanh truyén qua khdng khi mot cach nhanh chong hon va c6 thé anh huong dén tan sb va
d6 dai séng cua &m thanh (Cartro, 2014).

2.3.7. Lop dir liéu do sau

Dir liéu do sau va dia hinh day bién c6 anh huong dang ké dén qua trinh hinh thanh va phaét trién cua soéng
bién, dac biét 1a d6 cao cua song. Trudc hét, khi song di chuyén vao ving nuéc néng ven bo, qué trinh dich
chuyén ciia song bi anh huong bai do sau. Pong thoi, néu song bi bién dang thi dinh séng s& dc hon dan dén do
cao song tang l1én (Herterich va Dias, 2019; Salamed va cong sy, 2019).

Bén canh do, cac dun cat, vach da, vat thé dudi day bién s& tao ra cac hiéu ing phan xa, giao thoa song. Diéu
nay lam do cao song tang 1én tai c4c vi tri nhét dinh. Ngoai ra, trong diéu kién, dudong bo khong déu, song sé bi
uén cong, tap trung hoic phan tan khi di chuyén doc theo dudng bd khong déu. Biéu ndy dan dén cac khu vuc co
d6 cao song lon hon hoac nhé hon so vai trung binh (Herterich va Dias, 2019; Salamed va cong su, 2019).

2.4. Phwong phdp moé hinh hoa khodng cach hi¢u dung
2.4.1. Khai niém vé khodng cach hiéu dung

Khoang céch hiéu dung hay khoang cach chi phi (Cost distance) Ia mot phép do khoang céch gitra cac vi tri,
trong d6 co tinh dén chi phi hay suc can khi di chuyén tir vi tri nay dén vi tri khac. Khac véi khoang cach
Euclidean la khoang cach duong thang ngan nhét giira hai diém, khoang céch chi phi 1a khoing cach ngén nhat
dugc xac dinh dya trén mot hoac nhiéu tuyén duong di chuyen t6i wu (Greenberg cong su, 2011). Day la thong
tin quan trong phuc vu xay dung cac ké hoach trong tim kiém, ctu nan, nhat la tim klem ctru nan trén bién, giap
xac dinh dugc tuyén duong tiép can t6i uwu va nhanh chong trong didu kién cu thé vé khi hau, hai van.

M@ hinh hoa khoang cach hiéu dung phuc vu tim kiém, ciru ho trén bién duoc danh gia thong qua thoi gian di
chuyén ngén nhit tir vi tri tram ctu nan toi diém can cu nan (Hinh 5). M6 hinh dugc xay dyung véi cac huéng
gi6 va do cao séng khac nhau. Day 1a céc yéu t6 anh huéng t6i toe d di chuyén ciia don vi ctu hd. Bén canh do,
thoi gian phan hdi duoc md hinh héa biang cach sir dung don vi ctiru hd nhanh nhit c6 thé dén dia diém xay ra su
cb va khong duoc xem xét liéu don vi d6 c6 phut hop véi nhiém vu hay khéng.
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Hinh 5. Vi du vé xdc dinh khoang cach hiéu dung
2.4.2. So do quy trinh

Trén co s& phan tich diéu kién ty nhién, khi hau, thay-hai van khu vic vinh Bic Bé ciing nhu kinh nghiém tir
c4c nghién ctu trén thé gioi, trong dé tai da xay dung bo dir liéu dau va phuc vu md hinh héa khoang cach hiéu
dung hd trg cong tac tim kiém, ciru nan trén bién. Tir bo dir lidu nay, trong dé tai da xay dung quy trinh xac dinh
thoi gian phan hoi (khoang cach hiéu dung) trong tim kiém, ciru nan trén bién, ap dung cho khu vuyc vinh Bic Bo
nhu Hinh 6.

Di ligu tdu, toc 8§ tiu _ Thoi gian i hét | don vi
theo d¢ cao sdng khong gian
Toc 4 gio diéu chinh Thon gian phan hoi tim
kiém vi ciru nan
Huomg gio
Anh lay gio

Anh doi twong dit lién iy =
N » Chicu cao song hiéu chinh
- (UrGC mat

Gia tde trong treomg

Ban 40 49 siu Vi tri tram ctro can ctru b

Hinh 6. Quy trinh xz Iy diz ligu mé hinh héa khodng cdach hiéu dung trong tim kiém, cizu nan trén bién

Dit liéu dwoc xay dung ban ddu bao gom:

+ Huéng gio: Puoc xac dinh 1a huéng gi6 trung binh theo thang hoic khoang thoi gian quan tam. Dau vao
cua hudng gi6 duoc xac dinh bai nguoi dung. Tuy nhién, qua trinh xay dung huéng gi6 can dam bao mot sé yéu
cau nhu sau:

- Hudng gio duge xac dinh ¢6 thé theo don vi tir 0° dén 360°. Nguoi xir Iy dir liéu c6 thé dua ra bat ky gia tri
nao trong khoang don vi d6. Bong thoi, ngudi xir Iy can dua thém ti 1¢ phan trim xut hién hudng gi6 d6 theo
khoang thoi gian dénh gid. Bén canh do, ngudi dung co thé chi danh gi4 khu vuc nghién ciru theo mét hudng gio
duy nhat.

- Tong gi4 tri phan trim xuat hién cia cac huéng gio phai la 100%. Néu nguoi xur 1y dit lieu chi mudn danh
gia khu vuc quan tam theo mot huéng gié cb dinh, dau vao cua hudng gi6 s& bao gom hai gia tri 1a huéng gié va
100 (khéng can ghi thém dau %).

+ Anh dbi twong dat lién - nudc mat: Xay dung dya trén cac vector khu vuc nghién ctu va bién. Vector duoc
chuyén ddi vé raster theo d phan giai khéng gian phi hop véi huéng xir 1y (dam bao qua trinh tinh toan khéng
bi tran bo nhé). Gia dinh trong nghién ctru 1a 100 m x 100 m. Bdng thoi, ddi tugng nuéc mit co gié tri 0, ddi
tuong dat lién co gia tri 1.

+ Tdc d¢ gi6 hiéu chinh: Xac dinh theo téc do gié chu yéu. Trong noi dung nay, nguoi ding can dua ra cac
toc do gi6 theo huong gi6 da dugc dua ra & phan trén va thoi gian xay ra. Dau vao sé yéu cau ba tham so:

- Hudng gio
- Toc db gi6
- Thoi gian xuat hién téc d¢ gi6. Thoi gian ¢ day dugc hiéu la ngay xay ra huéng gié va toc do gié do.
Tham s6 thoi gian dwoc dinh nghia dudi dang dd-mm-yy (vi du 061021, c6 nghia 1a ngay 06 thang 10 nam 2021).
+ Gia tbc trong trudng dang duoc st dung mac dinh.
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+ Bin d6 d6 sau dugc xay dung dya trén di ligu diém do sau két hop vei thuat toan Spline. ,
+ Dit li¢u tau, toc do tau theo d¢ cao s6ng. Nghién cau sir dung céc thdng so luc lugng tau tim kiém ciru nan
trén bién da dugc mé ta chi tiét trong Muc 2.4.3 lam dir liéu thu nghiém.

2.4.3. Cac buoc thuc hién
Qua trinh tinh toan cac Iérp dir liéu dau vao phuc vu mé hinh héa khoang cach hiéu dung trong tim kiém, ciru
nan trép bién khu vuc vinh Bac Bo dugc thuc hién nhu sau: )
+ Lay gio (wind fetch) duoc tinh theo phuong phap SPM. Sau khi tinh toan duoc dit li¢u lay gio, di liéu nay
dugc str dung cho tinh toan ‘chiéu cao song hiéu chinh. ) ] 7
+ M0 hinh tinh toan chiéu cao séng hiéu chinh véi cac céng thire dudi duoc lay tir S6 tay Ky thuat Bo bién
(USACE, 2002):
C, =0.001*(1.1+(0,035*U,))
U.=(C,)"**U,
X'(g*x)/(U.)? @)
H AmO — /11 *(X")ml
HmO = H/\mo*((U*)2 / g)

trong do:
+ Ua = tdc d6 gio duge didu chinh (m/s);
+z=d6 cao quan sat duoc cua toc do gié (m);
+t = s gidy dé di duoc mot dam;
+ Cq = hé s luc can;
+ U* = van tdc ma sat;
+\ =0,0413;
+ml=1%;
+ H%mo = chiéu cao song c6 y nghia khong thir nguyén;
+ Hmo = chiéu cao song dang ké (m);
+ x” = lay gi6 khong tht nguyeén;
+x = ldy gi6 (m);
+ g = gia toc trong truong (9,82 m/s?).
Thoi gian di hét mot don vi khong gian duoc tinh cho tau tim kiém, ciru nan theo md hinh ciia USACE nhur
sau (USACE, 2002):

Dau tién tinh thoi gian khong hiéu chinh: t :S Vi s 1a @ phan giai khong gian, v 1a téc d6 cua tau. Sau do,
tién hanh chia cac khoang d6 cao song véi céc van téc khéc nhau, mdi d6 cao song tinh toan cac tham sé:
__ L=t

wh, —wh,
— Whl *tz — th *tl
~ wh —wh,

2
b

Khi d6, thoi gian di hét 1 don vi khong gian dugc tinh bang: t = Wh*a +Db vei wh 1a d6 cao séng, ava b
lan luot 14 cac tham sé wng véi do cao wh.

Cuéi cuing, thai gian phan hdi tim kiém va ctru nan duoc tinh ton theo khoang céch hiéu dung véi dau vao 1a
vi tri c&c tram ciru nan ctu ho va dir liéu thoi gian di hét mot don vi khdng gian.

3. Két qua xay dung dir liéu diu vao

Truée hét, nghién ciu tién hanh thu thap céc sé liéu khi twong, thuy van tai khu vuc nghién cau. Tir do, cac
tac gia tién hanh thuc nghiém véi 3 kich ban nhu sau:

Kich ban 1: Sir dung tau TS-01 cua don vi Hai quan tim kiém, ciu ho tau gap nan. Thoi tiét troi nang, gi6 thoi
huéng Bic (0°), toe d gid 1a 5 m/s.

Kich ban 2: Str dung tau CN-09 ciia don vi Bién phong tim kiém, ctru ho tau gap nan. Thoi tiét troi néng, gio
thoi huéng Pong Bac (45°), toc do gi6 1a 10 m/s.

Kich ban 3: St dung tau KN-579 cua don vi Cuc kiém ngu tim kiém, ctru ho tau gap nan. Thoi tiét troi néng,
gi6 théi husng Nam (180°), te d6 gi6 la 15 m/s.
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3.1. Két qua xdy dung I6p dit ligu tau tim kiém, cieu h$ trén bién

Bang 2. CAc tau tim kiém, cizu hg trén bién sir dung trong thuc nghiém

Tau Pon vi Van toc téi da (hdi 1y/gio)
TS-01 Hai quén 12
CN-09 Bién phong 22
KN-579 Cuc Kiém ngu 25

b6 cao sén?g thu thap dugc tai khu vuc nghién ctru khéng vuot qua 4 m. Chinh vi vay, nghién ciru gia st van
toc tau thay doi, giam dan véi cac d6 cao song khac nhau nhu trong Bang 3.
Bang 3. Van toc tau thay déi Véi cac dé cao song khac nhau (hdi ly/gio)

TS-01 CN-09 KN-579
Tau
Chiéu cao séng (m)
0 12 22 25
0,5 12 22 25
1 10 20 22
2 9 18 20
3 8 16 18
4 7 14 16

Tiép theo, dir liéu thoi gian dwoc biéu dién dudi dang raster. Mot don vi khéng gian sir dung trong nghién ctu
12 100 m (c6 nghia la 1 diém anh c6 d6 phan giai khong gian 12 100 m x 100 m). Vi s6 ligu van toc tau thay doi
dua trén cac d6 cao song khéc nhau ¢ Bang 3, thoi gian dé mot don vi tim kiém ctru nan trén bién di hét mot don
vi khéng gian dugc tinh toan trong Bang 4.

Bang 4. Thoi gian tau di hét mét don vi khdng gian véi cac chiéu cao séng khac nhau (s)

Tau TS-01 CN-09 KN-579
Chiéu cao séng (m)
0 16,20 8,84 7,78
0,5 16,20 8,84 7,78
1 19,44 9,72 8,84
2 21,60 10,80 9,72
3 24,30 12,15 10,80
4 27,77 13,89 12,15

Sau d6, cac tham s6 a va b trong phuong trinh t = wh>a + b dua trén cong thirc (2) dugc tinh toan, phuc vu
cho qué trinh xé4c dinh thoi gian phan hdi ¢ cac budc tiép theo. Cac tham s6 a va b tng véi cac don vi thuc
nghiém doi véi moi khoang chiéu cao séng dugc tinh todn trong Bang 5.

Bang 5. Cac tham sé a va b iing véi cdc don vi thuc nghiém doi véi méi khodng chiéu cao séng khac nhau

. TS-01 CN-09 KN-579
Tau a b a b a b
Chiéu cao séng (m)
0-0,5 0,00 16,20 0,00 8,84 0,00 7,78
0,5-1 6,48 12,96 1,77 7,95 2,12 6,72
1-2 2,16 17,28 1,08 8,64 0,88 7,95
2-3 2,70 16,20 1,35 8,10 1,08 7,56
3-4 3,47 13,89 1,74 6,94 1,35 6,75

3.2. Két qua xdy dwng I6p dit ligu ddi twong dit lién - mat nwéc

Hinh 3.1 trinh bay két qua I6p dit li¢u ddi tugng dat lién - mat nudc. Trong hinh biéu thi hai mau xanh bién va
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vang, trong d6 mau vang twong trung cho cac déi twong dat lién, mau xanh bién tuong trung cho cac ddi tugng
mat nudc. VE mit gid tri, cac doi tuong dat lien cd gid tri 1 va cac doi tugng mat nudce co gid tri 1a 0.
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Hinh 7. Két qud 16p dit liéu doi twong dat lién - mat nueéce
3.3. Két qua xdy dwng I6p dit ligu hwong gié

Bang 6 cung cap thong tin chi tiét vé tan suit cac hudng gio tai vinh Bac Bg, cho thiy cai nhin rd rang hon vé
phan b6 huéng gi6 trong khu vuc ndy. Theo bang, huéng gié phd bién nhat 1a huéng Pong Bic vai goc 45°,
chiém 17,39% tong s6 1an khao sat. Theo sau do 1 hudng Béc véi géc 0°, chiém 15,65%, va huéng Nam véi goc
180°, chiém 13,91%. Cung chiém 13,91% la huéng Tay Bic véi goc 315°. Huéng Pong Nam véi goc 135° va
huéng Tay Nam véi goc 225° lan luot chiém 12,17% va 10,43%. Hudng Dong véi géc 90° chiém 8,70%, trong
khi huéng Tay véi goc 270° 1a it phd bién nhét, chi chiém 7,83%.

Dua trén nhitng con s6 ndy, co thé thiy riang gié thdi tir phia Dong Béc va Bic chiém ti 1é cao hon so véi céc
huéng khéc. Sy phan bd nay cho thdy mot xu huéng gié rd rang tai vinh Béc B, diéu nay cé thé anh huéng l6n
dén céc hoat dong hang hai va cac linh vuc khac trong khu vuc. D6 ciing chinh 1a 1y do, cac tic gia gia dinh
hudng gi6 Pong Bic, Bac va Nam trong ba kich ban thar nghiém.

Bang 6. Tan sudt huéng gi6 thu thdp tai Vinh Bdc Bé

Huwéng gié Goc Tén suiit Phin trim
DPong Bic 45° 20 17,39%
Bic 0° 18 15,65%
Nam 180° 16 13,91%
Tay Bic 315° 16 13,91%
DPong Nam 135° 14 12,17%
Tay Nam 225° 12 10,43%
DPong 90° 10 8,70%
Tay 270° 9 7,83%

3.4. Két qua xdy dwng I6p dit ligu toc dp gié diéu chinh

Bang 7 biéu dién tan suat xuat hién cua cac cap do gio do dugc tai vinh Bac Bo. C6 thé thay rang, cap do gio
tir 1 m/s dén 5 m/s xuat hién 20 Ian, chiém 17,39% s lan do. Bén canh do, cip do gid tir 6 m/s dén 10 m/s xuét
hién 38 lan, chiém 33,04% s6 lan do. Hon thé nira, cip do gi6 tir 10 m/s dén 15 m/s xuat hién 48 1an, chiém
41,74% s6 lan do. Ngoai ra, cip do gi6 16n hon 15 m/s xuat hién 9 1an, chiém 7,83% sb lan do. Biéu nay cho
thiy vinh Bic Bo chu yéu chiu anh hudng cua gid nhe va gié vira, véi tin suat xuét hién cao nhat I cap do gio tur
10 m/s dén 15 m/s. Dua trén két qua thu thap tai Bang 6, nghién ctiu gia dinh ba tbc do gi6 12 5 m/s, 10 m/s va
15 m/s twong (ng voi ba kich ban thi nghiém khac nhau.
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Bang 7. Tan sudt toc dé gio thu thdp tgi vinh Bdc Bg

Téc dd gio Tén suit Phin trim
(m/s) (x 4696 1in) (%)
1-5 20 17,39
6-10 38 33,04

10- 15 48 41,74
> 15 9 7,83

3.5. Két qua xdy dwng I6p div ligu dnh ldy gié

Hinh 8 trinh bay két qua cac lop dir lidu lay gié (wind fetch) véi hudng gié 0°, 45°, 90°, 135°, 180°, 225°,
270°, 315° dudi day:
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Hinh 8. Két qua céc lop dir lidu ldy gi6 (wind fetch) véi hudng gid: a) 0°, b) 45°, ¢) 90°, d) 135°, e) 180°, f) 225°,
g) 270°, h) 315°

3.6. Két qua xay dung lép di ligu dé sau

Hinh 9 biéu din dit liéu diém do sau thuc té thu thap tai khu vuc vinh Bic Bo. Dir liéu bao gdm 1180 diém
v6i d6 sau tir 0,1 m dén 96 m. Tiép theo, cac tac gia sir dung thuat toan Spline dé tao ban dd d6 sau dang raster
nhu d3 trinh bay trong phan trén, xay dung dir liéu dau vao cho mé hinh tinh toan chiéu cao séng. Dit liéu d6 sau
dang raster dugc hién thi trong Hinh 10. C4c gié tri do sau dugc tinh toan c6 gia tri tir 0,1 m dén 96,2 m.

218



el )
o) A HOI NQH[ KHOA HQC QUQC GIA i ‘
NC@ SD CONG NGHE PIA KHONG GIAN VI SU PHAT TRIEN BEN VUNG
(NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

106°0°1 107°0°k 108°0°F 109°0°t 1100k 106°0°E 107°0'E 108°0'E 109°0'E 1OE

& &
£ tE g Novg te
o 4 < = W [rme st &

I % 5, w E
v‘ . 2 - ." \ ‘-" L
z Tl é Z v Ak i 1§
= = " <
a > . ~ :'11 i ~
T, P i |2
g A e [E z g
=) . ~ =1 >
& o : P £ 3
27t BIEN DONG |z - A
z < '€ i BIEN DONG | >
2 | £ 2
‘ = PO SAU -
{m)
z R\ v 3TN . Y | Z High: 96.2
< - 08 » A CHU GIAL: 1% ~
2| (2 : . 4 Biém d6 sin - % »::
\ . 0 —_
g T : Puimg binh 4 siu « e
i ; SR Viing bién K Low: 0.1
2 S 1€ -
;. b - 4\;3:4-; 80 120 |r4)vw‘".mm = % o :{:
ol oo b7 107°0'F 108°0'E 109°0'E HOOE & | ey - b o L DR
106°0'E 107°0'E 108°0'E 109°0°T 1HO00'E
Hinh 9. Diz liéu diem doé sau thuc té tai khu vic Hinh 10. Dz liéu bdn do dé sdu xdc dinh bang
vinh Bac Bg thugt toan Spline

4. Két luan

Bai bao di trinh bay co sé khoa hoc phuong phap md hinh hoé khoang cach hiéu dung phuc vu tim kiém va
cttu ho khu vyc bién vinh Bic Bo. Trudc hét, cac yéu td lién quan téi dic diém vinh Bic Bo bao gdm dia hinh,
khi hau, thuy - hai vin, méi truong va théng tin vé su ¢d duoc thu thap va xay dung. Bén canh do, nghién ciru
dua ra cac co s khoa hoc khai tao cac 16p dir liéu ddu vao, phuc vu cho xay dung quy trinh mé hinh héa khoang
cach hiéu dung phuc vu tim kiém, ctu ho trén bién.

Ngoai ra, bai béo ciing dé xuét quy trinh mé hinh hoa khoang cach hiéu dung véi thoi gian phan hoi tim kiém,
ctru ho 1am dau ra cho qué trinh xu Iy dir liéu. Bén canh d6, cac CSDL dau vao da dwoc xay dung gom: 16p di
liéu tau tim kiém, ciru ho trén bién, 16p dir liéu ddi twong dat lién - mat nudc, 16p dir liéu huéng gié, 1op dir liu
tdc do gio diéu chinh, 1op dit liéu anh 13y gi6 va lép di liéu d6 sau.
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ABSTRACT
Establishment of GIS database to serve search and rescue operations
in the Gulf of Tonkin

Nguyen Quang Minh'*, Nguyen Van Trung?2, Bui Tien Dieu*
!Department of Cartography, The General Staff
2Hanoi University of Mining and Geology
3 Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology
4University of South-Eastern Norway

The Geographic Information System (GIS) technology is widely applied to solve many practical problems.
However, the ability to apply GIS in search and rescue plans at sea is still a challenge in our country. Applying
GIS tools to build databases to serve the problem of optimizing travel time from rescue stations to search and
rescue locations is necessary in our country's sea areas. This article focuses on processing and standardizing data
to build component databases including historical search and rescue data, data on fleets and rescue stations, and
data on hydrometeorology. The construction of these component databases must ensure standards for use as
input data for the model of calculating optimal routes in terms of travel time at sea. In addition, the constructed
component databases are also mentioned to provide information on the response capacity for search and rescue
plans in the Gulf of Tonkin.

Keywords: Gulf of Tonkin, rescue, GIS, meteorology, wave height.
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Phén tich luong mua tich liy va nguy co truot 16 dat: Nghién cau va
mo phong so tai Km10+950, Quoc 16 34, tinh Ha Giang

D4 Vian Dang!”, Nguyén Chau Lan?, Ha Thi Hang?®, Bui Duy Quynh?,
Duong Cong Hiéu*, Luu Thi Diéu Chinh?
1Khoa Cong trinh thiy, Truong Pai hoc Xay dung Ha Ngi
2Khoa Céng Trinh, Truong Dai hoc Giao théng Van tdi
3Khoa Cdu duwong, Triong Pai hoc Xay ding Ha Ngi
“Vign Cong nghé Trdc dia xay dung, Trirong Pai hoc Xay ding Ha Ngi

TOM TAT

Sat 16 dat 1a méi nguy hiém dang ké ¢ cac viing mién nui, dac biét & cac khu vuc co dia hinh phtc tap nhu
tinh Ha Giang, Viét Nam. Nghién cau nay tip trung phan tich lwong mua tich lily v6i co ché hinh thanh trugt
I& dat tai diém Km10+950 trén Quéc 16 34 trén co so st dung dit liéu tir 35 tram do mua ty dong va anh vé
tinh PlanetScope. Bén canh d6, nghién ctru ndy con mé phong qué trinh truot 1& dat tai ddy bang mé hinh do
s6 d6 cao DEM dugc xay dung tir dit lisu UAV. Két qua cho thay lugng mua 16n lién tuc, kéo dai, dac biét tir
ngay 02/7 dén ngay 12/7/2024 véi tong cong 1a 491,4 mm, d3 lam bdo hoa dat, tir d6 lam tang dang ké nguy
co truot 16 dat. Phan mém RAMMS dugc st dung ¢é md phong dong chay bun d4, cung cap thong tin chi tiét
vé dong lyc cua vy truot 1¢ dat nay. Cac phét hién nhay néu bat nhu cau thiét yéu vé viéc xac dinh ngudng mua
tich lity chinh x4c trong viéc kich hoat truot I¢ dat va thuc hién cac bién phap giam thiéu hiéu qua. Nghién
ctru ndy khong chi nang cao hiéu biét vé& co ché truot 16 ¢ cac dia hinh phirc tap ma con déng gop cac giai
phép thiét thyc nham ting cudng an toan co s& ha ting va bao vé cong dong dia phuong.

T khoa: Truot 1o dat, lugng mua tich iy, md phong sat trugt, RAMMS, Ha Giang.

1. Pit vin dé

L dét 13 mot trong nhitng loai hinh thién tai phd bién va gay thiét hai nghiém trong & cac khu vuc doi nai
trén toan thé gigi (Froude, Melanie J. va Petley, David N., 2018). Tai Viét Nam, tinh Ha Giang dwoc biét dén la
mét trong nhimg ving c6 dia hinh phic tap va thuong xuyén xay ra hién tugng lo dat, dac biét 1a trong mua
mua. Truot 16 dat khéng chi gay thiét hai vé tai san va co so ha tang, ma con de doa nghiém trong dén tinh mang
ctia nguoi dan. Hé thong canh bao sém vé cac méi nguy hiém ty nhién 1a cong cu quan trong dé giam thiéu rai ro
thién tai (Guzzetti, Fausto va cac cong su, 2020). Do d6, viéc nghién ciru va du bao nguy co truot 16 dét 1a vo
cling quan trong dé c6 thé dua ra cac bién phap phong chdng va giam thiéu thiét hai.

Nghién cttu v& lugng mua tich lily va nguy co truot |6 dit da thu hut dugc sw quan tam rong réi tir cc nha
khoa hoc trén toan thé gisi. Cac nghién ciru truée day di chirng minh ring lwong mua tich lity dong vai trd quan
trong trong viéc kich hoat cac hién tuong truot |6 dét, dac biét & cac khu vuc ddi nii c¢6 dia hinh phic tap.
Iverson, Richard M. (2000) da phan tich mdi quan hé giira lwong mua tich lily va trugt |& dat, cho thay riang
lugng mua lién tyc va dai han la yéu to chinh dan dén sy bdo hoa cua dat va gay ra truot 16 dat. Guzzetti, Fausto
va cac cong s (2022) da xay dung mo hinh du bao truot 1¢ dat da trén dir lidu lugng mua va dia chat, cung cap
c4c ban do nguy co trugt 1 dat co do chinh xac cao. Baum, Rex L. va Jonathan W. Godt ( Baum, Rex L. va
Godt, Jonathan W., 2009) da sir dung mé hinh sb dé md phong qua trinh truot 16 dat, két hop dit liéu lugng mua
va diéu kién dia chit dé du bao nguy co truot 1o dét trong thoi gian thuc. Nguyen Duc Ha va cac cong su (2018)
da xay dung cong cu xac dinh ngudng mua va nguy co sat truot cho khu vuc tinh Bic Kan. Hau hét cac nghién
ctru trude day déu da thiét 1ap mot nén tang virng chic cho viéc hiéu rd hon vé mdi quan hé gitra lvong mua tich
liiy va nguy co truot 1 dat. Tuy nhién, van con nhiéu thach thirc trong viéc 4p dung cac md hinh sé dé du béo
truot 16 dat voi do chinh xéc cao, dic bigt 1a tai cac khu vuc c6 dia hinh, dia chat phirc tap va diéu kign khi hau
bién doi.

Muc tiéu caa nghién ciru ndy Ia tiép tuc phat trién va tng dung cac mo hinh sé tién tién trong phan tich lugng
mua tich lity v6i nguy co truot I dat, md phong qué trinh truot 16 tai vi tri Km10+950, Quéc 16 34, tinh Ha
Giang. Bang céch sir dung dit liéu quan tric thyc té va phuong phap mé hinh sd, nghién ciru ndy nham cung cap
céc co sé khoa hoc viing chic trong nhan dinh nguy co hinh thanh truot 16, 1am co s& cho viéc dé xuat cac bién
phép phong chdng hiéu qua, gop phan giam thiéu thiét hai do truot 1& dét gay ra.

* Téc gia lién he
Email: dang1511464@huce.edu.vn
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2. Khu vue nghién ciru

Khu vuc nghién ctru dugce xdc dinh tai Km10+950 trén Quéc 16 34, thuoc thdn Ta Mo, xa Yén Dinh, huyéen
Bic M@, tinh Ha Giang, day 1a mot trong nhiing tuyen duong giao thdng quan trong ndi tinh Ha Glang véi cac
tinh mién ndi lan can. Dia hinh tai day chu yeu 1a @6i nai déc, véi do doc 6m, dat da khong 6 6n dinh va dé bi tac
dong bai cac yéu té thoi tiét. Cu truc dia chat cua khu vuc nay chu yéu gdm cac loai dit da bo roi, dé bi phong
hoéa va x6i mon dudi tac dong cua nude mua. Dac biét, 16p dat bé mat thuong bi nit né va thim nudc, lam giam
d6 bén co hoc cua dat d4 (Hinh 1).

Hinh 1. Km10+950 trén Quéc 16 34, thugc thon Ta Mo, xa Yén Dinh, huyén Bac M, tinh Ha Giang
(4Anh chup tir UAV)

3. Dir liéu va phwong phap nghién ciru
3.1. 86 liéu sir dung

a. Dz liéu lwong muea

Dit liéu lugng muwa dwoc thu thap tir thu thap tir 35 tram do ty dong, gdbm 26 tram cua hé théng do mua ty
dong Vrain va 9 tram cua hé théng co s nganh Thuy loi, quan tric lién tuc trong 12 ngay, tir 01-12/7 tai khu vyc
tinh Ha Giang. CAc tram do mua ty dong nay ghi nhan lugng mua theo gid, cung cap thng tin chi tiét vé sy bién
dbi cua lwong mua trong tirng khoang thoi gian cu thé.

b. Dit liéu danh vé tinh

Dir ligu anh vé tinh cung cap thdng tin vé su thay doi bé mat dat truéc va sau khi xay ra truot 1¢ dat, giup
danh gia mic d6 va pham vi anh huong. Nghién ciru ndy sir dung anh vé tinh PlanetScope tir cong thong tin ESA
Earth Online véi thoi gian chup tir ngay 01/7/2024 dén ngay 16/7/2024, bao gom céc anh chyp trudc va sau su
kién truot 1. Anh vé tinh PlanetScope la dit liéu anh c6 d6 phan giai cao (3 m) nén cho phép quan sat chi tiét cac
thay doi trén bé mat dat va hién tuong truot 16.

c. Dt ligu bay chup UAV (Unmanned Aerial Vehicle)

Dix liéu bay chup UAV duoc sir dung dé thu thap hinh anh chi tiét va xay dung mé hinh sb d6 cao (DEM) véi
d6 phén giai khéng gian cao tai khu vuc nghién ciru vao ngay 02/8/2024. Dir liéu DEM duoc Xy dung nay sé
cung cép théng tin chi tiét vé do doc, husng dong chay nude mua va cac yéu té khac lién quan dén nguy co
sat 16.

d. D liéu khdo sat thyce dia

Quan sét hién truong dé ghi nhan cac dic diém dia hinh, cau trac dat d4 va cac dau hiéu truot 16 trén thuc dia,
tir d6 xac dinh nguyén nhan, dac diém va hau qua cua vu truot 16 dat. Bén canh do, ciing tién hanh thu thap cac
bao cdo va sé ligu thong ké tir S& Giao théng van tai va cac co quan lién quan.

3.2. Phwong phap nghién ciru

a. Phan tich lwong muea tich lity
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Tong hop dit liéu lwong mua tir cAc tram do dé tinh toan lwong mua tich lily trong khoang thoi gian nghién
ctru. Trén co s& d6, 1ap biéu d6 lugng mua tich lily va so sanh véi cac sy kién sat 1o dat trude do dé xac dinh
ngudng kich hoat sat 16.

b. Phan tich di liéu anh vé tinh

Str dung ky thuat phat hién thay déi (change detection) trong phan mém ArcGIS Pro dé xac dinh su thay doi
bé mit dat trude va sau su kién sat 1o trén anh vé tinh PlanetScope. Bén canh do, sir dung phan mém Agisoft
Metashape dé xu ly dit liéu bay chup tir UAV va xay dung md hinh s6 d6 cao DEM cuaa khu vuc nghién ctu. Di
lieu DEM nay sé& duoc st dung lam ngudn dit liéu dau vao trong mé phong sé qua trinh truot 16.

¢. Phwong phdp mé phong sé qud trinh trueot 16

Phan mém RAMMS (Rapid Mass Movement Simulation) 1a mét phan mém duoc phat trién bai Vién Nghién
ctru Tuyét va Lo tuyét Thuy ST (WSL Institute for Snow and Avalanche Research SLF) nham md phong va duy
bao cac hién tugng di chuyén khéi lugng nhanh nhu 16 tuyét, 16 dat, 16 d4, va dong bun. Phan mém nay sir dung
cac thuat toén tién tién va md hinh toan hoc dé md phong cac hién tuong di chuyén khéi lugng. N6 tinh toén dua
trén mo hinh dia hinh s6 (DEM) va céc thdng s vat ly caa vat liéu. RAMMS bao gdm nhiéu module chuyén biét
dé mo phong céc loai hién tuong khac nhau, nhu Avalanche dé md phong 16 tuyét; Debris flow dé mo phong
chuyén vi caa bun va dat da; Rockfall d& mé phong 16 da.

Nghién ctu nay st dung module Debris flow trong phan mém RAMMS dé md phong su chuyén vi caa khdi
dét da tir trén suon ndi xudng cac diém thap hon dua trén céc tinh chét co ly cua vat lidu va dia hinh cua khu vyuc
xay ra sat 1. Cac dir liéu ¢au vao cho md hinh bao gdm: DEM dé phan giai cao thu duoc tir dir liu UAV, dit
ligu vé kich thuéc va loai vat ligu cua khdi truot.

4. Két qua va thio luin
4.1. Phan tich lwong muwa tich liiy v6i co ché hinh thanh trwot I

Ban d6 phan ving lugng mua tich lity cho toan bo khu vuc tinh Ha Giang trong khoang thoi gian tir ngay
01/7/2024 dén 12/7/2024 dwoc xay dung tir dit liéu lugng mua thu thap duoc trong phan mém ArcGIS Pro (Hinh
2). Béi voi vi tri xay ra sat 1 dt vao rang sang ngay 13/7, cu thé tai Km 10+900 trén Quédc 16 34 thudc dia phan
thon Ta Mo, x4 Yén Binh, huyén Biac Mg, tinh Ha Giang, qua phan tich dit liéu lwong mua thu thap tai cac tram
do mua trén dia ban tinh Ha Giang gan vi tri xay ra sat 16 cho thay, ngay 01/7 chwa xut hién mua, tir ngay 02/7,
mua xudt hién lién tuc va kéo dai nhiéu ngay, trong d6, lwong mua 16n nhat ghi nhan dwoc 1 trong ngay 03/7 va
ngay 12/7 véi tong lwong mura tich liy 1a 491,4 mm (Hinh 3).

BAN PO LUUNG MUA TICH LUY TINH HA GIANG NGAY 01-12/07/2024
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Hinh 2. Ban d@o lwong mura tich liy tqi tinh Ha Giang tir ngay 01-12/7/2024
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Dé lam 13 hon mbi quan hé twong quan gilta lugng mua véi co ché hinh thanh sat 16 dat tai vi tri xay ra sat 15,
tién hanh xem xét dit liéu mua tich lity trén biéu d6 luong mua cta sau 8 ngay la 350 mm, sau 11 ngay (tu 02/7
dén 12/7) 12 491,4 mm (Hlnh 3). Luong mua tich luy tang dan cho dén ngay xay ra sy ¢o truot 1o dat, vao rang
sang ngay 13/7. Thuc té nay cho thiy, sat 16 dit c6 méi quan hé mat thiét v6i lugng mua trong khu vuc, khi
lwong mua 16n kéo dai lién tuc trong nhiéu ngay, lam ting d6 bdo hoa nudc trong dat, didu nay lam cho luc dinh
giita cac hat dat giam di, dat tro nén yéu hon va dé bi truot 16. Lwong mua 16n kéo dai nhiéu ngay con lam ting
dong chay bé mat, tao ra lyc tic dong manh I&n trén bé mat dat va co thé gay ra hién twong x6i mon va sat ¢ dat.
Ngoai ra, v6i dic thi ciia mot tuyén qudc 16 viing ndi, tai Km10+900 trén Quéc 16 34, doan thugc dia phan thon Ta
Mo, x4 Yén Binh, huyén Bic Me, tinh Ha Giang, vén la khic cua gap véi nhiéu doan quanh co, d¢ ddc dia hinh
I6n, dia hinh déc theo khe tu thay, gp phan khién cho tuyén duong nay c6 nguy co sat 1& dat cao khi cd yéu t tac
dong tir bén ngoai, cu thé & day 1a luong mua. D6 thi lwong mua tich lity va so sanh voi cac su kién sat 16 trude do
cho thiy ngudng luong mua dé kich hoat sat 16 tai khu vire nghién ciu nam trong khoang 400-500 mm.

BIEU PO LUONG MUA TAI TRAM DO MUA HA GIANG
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Hinh 3. Biéu do lwong muea tich lity tai tram do mwa Ha Giang tir ngay 1-12/7/2024 (tram do gan diém sat 1o
Km10+950 Quac Ig 34)

4.2. Phan tich hi¢n trang sat I6 dit qua nguon danh vé tinh dp phén gidi siéu cao

Qua phan tich hinh anh trén di liéu anh vé tinh PlanetScope truéc va sau khi xay ra sy ¢ sat truot tai khu vuc
Km10+900 trén Qudc 16 34, c6 thé nhan thay rd nhiing thay di trén bé mat dét, cu thé 1a su thay ddi bé rong mat
duong, sy thay d6i bé mat 16p phu thuc vat, sy bién déi dia hinh, su hu hong co s¢ ha tang (Hinh 4). Két qua
phan tich nay cho théy, sat 1o dit tai Km10+900 trén Quéc 16 34 c¢6 dic diém 1a mang truot 16n, rinh truot sdu da
gay thiét hai nghiém trong vé ngudi va tai san, khdi lwong dit bi x6i mon va truot 16 rong ln.

Anh vé tinh trwoc sw kién 16 dét ngay 04/06/2024 Anh vé tinh S(;u :gnk;j;:n'; g:; ng)éy 16/07/2024
(Nguén PlanetScope) 9 P

Hinh 4. Khu virc Km10+900 trén Qudc 16 34 thugc dia phan thon Ta Mo, xa Yén Dinh, huyén Bdc Mé
tinh Ha Giang trudc va sau sy o Sat o ngay 13/7/2024.
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4.3. Két qua moé phong sé qud trinh trwot 16

Hinh 5 mo6 phong lai qua trinh sat 1& dat tai Km10+950 trén Quéc 16 34 qua tinh Ha Giang vao rang sang ngay
13/7/2024. M6 phong cho thiy su di chuyén cua dong bun da tir khu vuc sat 16 (khu vie mau do) xudng sudn
d6i va tran ra duong bén dudi. M6 phong sir dung mau sic dé biéu thi chiéu sau cia dong bun da (Flow height),
v6i mau doé tuong tng vai chidu sau 16n nhat, giam dan qua cac mau sic khac nhu cam, vang, xanh 14 va xanh
duong. Hinh anh cung c4p cai nhin tryc quan vé mic @6 nguy hiém va pham vi anh huéng cua su cb sat 16, gilp
danh gia rui ro, c6 thé két hop tinh toan duoc &p luc dat da phuc vu thiét ké cac giai phap gia ¢ pha hop.

Flow haight (m)

Hinh 5. M6 hinh mé phong sat l6 tai dogn Km10+950 trén Quéc I 34, tinh Ha Giang trong phan mém RAMMS
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Hinh 6 the hién két qua md phong cua khdi truet theo thoi gian trén hai bicu do.

- Ddi véi biéu dd phia trén, truc tung thé hién phan trim khéi lugng dang chuyén dong (%), truc hoanh thé
hién thoi gian tinh bang gidy (s). DBuong mau xanh la cay thé hién su giam dan cua phan tram khéi luong dang
chuyén dong theo thoi gian. Ban dau, phan tram khdi lugng chuyén dong 1a 100%, nhung giam nhanh chéng va
6n dinh dan khi thoi gian tién trién. Pidu nay cho thay khdi truot ban dau cé sy chuyén dong manh mé, nhung
sau d6 dan 6n dinh va gan nhu ngimng lai sau khoang 80 gidy.

- Déi véi biéu do phia dudi, truc tung thé hién thé tich dong chay tinh bang mét khbi (m?), truc hoanh thé hién
thoi gian tinh bang gidy (s). Puong mau xanh lam cho thay sy giam dan cua thé tich dong chay theo thai gian.
Ban dau, thé tich nay ¢ mirc 7353 m?3 va giam dan theo thoi gian, diéu nay cho thay khdi luong vat chét trong
khéi trugt dan giam do su di chuyén va phan tan caa no.

Tom lai, két qua md phong nay cho thay khéi truot ban dau ¢é sy chuyén dong va phan tdn manh mé&, nhung
sau mot khoang thoi gian, qua trinh nay dan 6n dinh va gan nhu ngimng lai, véi su giam dan cia ca phan tram
khéi lwong dang chuyén dong va thé tich dong chay.

5. Két luan

Nghién ciru nay da thyc hién phén tich lugng mua tich lity voi co ché hinh thanh truot 16 dat va mé phong sé
qua trinh truot |6 tai Km10+950 trén Quéc 16 34, tinh Ha Giang, dua trén dit liéu lwong mua quan tric thuc té,
dir liéu anh vé tinh va dit liégu DEM tir UAV. Két qua nghién ciru di chi ra rang lwong mura tich liy c6 tac dong
I6n dén sy hinh thanh céc sy ¢6 truot |6 dét, dac biét trong diéu kién dia hinh phuc tap cua khu vuc nay. Cu thé,
ngudng luong mua dé kich hoat truot 1¢ dat tai khu vyuc nghién ciru da duge xéc dinh nam trong khoang 400-500 mm.
Bén canh d6, viéc md phong qué trinh truot 1 dat sir dung module Debris flow trong phan mém RAMMS ciing
cho thdy phan trim khdi lwong chuyén dong va thé tich dong chay di chuyén theo thoi gian. Nhin chung, voi
viéc sir dung va tong hop dir liéu lwong mua két hop vai phan tich anh vé tinh da phan nao cho thay tinh hiéu
qua cua cdng nghé méi trong danh gia hién trang sat ¢ dat, cung véi viéc mé phong sé qua trinh truot 16 trong
phan mém RAMMS ciing gop phan du bao quy dao, van téc va sicc manh cua cac dong di chuyén trong khu vuc.
Nhitng két qua dat duoc ndy co6 thé cung cap nhitng thdng tin quan trong trong viéc dinh huéng, khoanh ving
nhitng khu vuc c6 nguy co sat 1o trong twong lai, nhu nhimg cung dudng cé khic cua hep, dia hinh déc cling vai
luong mura tich lity 16n trong nhiéu ngay, day s& la co s phuc vu cho cong tac canh bao sém ciling nhu phong
tranh va giam thiéu thiét hai do thién tai. Bén canh d6, cac két qua nghién ciu nay c6 thé &p dung duoc trong
viéc thiét lap hé thong canh b&o sém va quy hoach cac bién phap phong chdng truot 1 dat hiéu qua, gop phan
vao viéc giam thiéu rai ro thién tai tai cac khu vure ddi ndi phic tap.

Loi cam on
Nghién ctru nay duoc tai tro boi du 4n VLIR-UOS TEAM (VN2022TEA533A105), “Co sé ha ting dit liéu

GEOdata va khoa hoc cong dan hd tro sy phat trién kién cuong cua cong dong ndng thon tinh Quang Nam
(GEOSCIRE)”.
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ABSTRACT
Analysis of accumulated rainfall and landslide risk and
numerical model simulation: Case study at Km10+950,
National Highway 34, Ha Giang province

Do Van Dang* Nguyen Chau Lan?, Ha Thi Hang?, Bui Duy Quynh?, Duong Cong Hieu?#, Luu Thi Dieu Chinh?!
Faculty of Hydraulic Engineering, Hanoi University of Civil Engineering
2Faculty of Engineering, University of Transport and Communication
SFaculty of Bridges and Roads, Hanoi University of Civil Engineering
4Institute of Geodetic Engineering Technology, Hanoi University of Civil Engineering

Landslides are a significant hazard in mountainous regions, particularly in areas with complex terrain like Ha
Giang province, Vietnam. This study focuses on analyzing cumulative rainfall and its correlation with landslide
risks, specifically at the Km10+950 mark on National Highway 34. Using data from 35 automatic rain gauge
stations, satellite images, and UAV data, we have developed a digital elevation model (DEM) to simulate
landslide events. The results indicate that continuous heavy rainfall, particularly from July 2 to July 12, 2024,
totalling 491.4 mm, saturated the soil, thereby significantly increasing landslide risks. The RAMMS software
was used to simulate debris flow, providing detailed insights into the dynamics of the landslide. The findings
highlight the critical need for precise rainfall thresholds to predict landslides and implement effective mitigation
measures. This research not only advances the understanding of landslide mechanisms in complex terrains but
also contributes practical solutions to enhance infrastructure safety and protect local communities.

Keywords: Landslide, cumulative rainfall, landslide simulation, RAMMS, Ha Giang.
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Nghién ciru mot s6 van dé chuyén doi toa do tir WGS-84 ve hé toa do
trac dia sur dung tai Viét Nam

Hoang Ngoc Ha'" )
YTruong Dai hoc M6 - Dia chat

TOM TAT

Hién nay cong nghé GNSS dugc st dung rong réi trong cong tac Tréc dia - Ban d6 - Vién tham. Két qua xir ly
s6 lisu GNSS duoc xéac dinh trong hé toa 6 WGS-84. Tuy nhién, tir khi cong bé hé toa dd VN-2000, ¢ Viét
Nam sir dung Elipxoit véi kich thuéc nhu WGS-84 nhung dugc dinh vi lai. Trong bai bao dé cap van dé
nghién ciru chuyén ddi toa d6 trén co s¢ tng dung ly thuyét Molodenski. Xem xét mot sé bai toan cu thé,
trong d6 c6 bai toan quan tric bién dang. Cac két qua nay gop phan xay dung co so khoa hoc xay dung co s¢
dix liéu khdng gian ¢ nudc ta.

Tir khda: GNSS, chuyén ddi toa do, quan tric bién dang.

1. Pit van dé

Cong nghé GNSS d tao ra budc tién 16n trong linh vuc tric dia- ban d6 n6i chung va quan tric blen dang néi
riéng. Cong nghé GNSS & nudc ta tng dung hé toa d6 WGS-84. Tuy nhién, cac yéu cau ve phap ly can phai xac
dinh trong h¢ toa do VN-2000. Viéc tinh toan nay doi khi gap khé khan do ching ta van can bo tham sé tinh
chuyén tin cay trong cac khu vuc khéac nhau. Trong mét sb truang hop cu thé co thé khdng nhét thiét chuyén doi
toa d6 ma van dat dugc muc tiéu dé ra mot cach chit ché. Trong bai bao dd nghién ctru van dé nay voi bai toan
phan tich bién dang st dung cong nghé GNSS.

Trong do dac truyen thdng, viéc xac dinh bién dang chuyén dich lin thuong phai thuc hién biang viéc xay
dung lugi thuy chuén va do theo chu ky. COng viéc nay doi hoi thoi gian do dai va t6n nhiéu cong sirc. Ung dung
cong nghé GNSS cho phép xay dung ludi vai do chinh xac cao véi thoi gian ngén, trong pham vi rong va cho
phép xéac dinh vector chuyén dich vector chuyén dich dimg cua vo Trai dat. Cong nghé GNSS ¢ wu viét hon
cong nghé truyén thong 1a khong doi hoi su thong hudng giira cac diém, do dac dugc tién hanh trong moi diéu
kién thoi tiét. Mot s6 cong bd qudc té da tap trung xay dung cac mé hinh ung dung phép loc Kalman dé ting
dung trong linh vyuc phan tich bién dang nhu (Welsch, W. M. and Heunecke, O., 2001), phan tich chuyén dich
phuc vu diéu tra sat I¢ (Yalc inkaya, M. and Bayrak, T, 2003),...

O Viét Nam, cong nghé GNSS di dugc tng dung trong mét s6 nghién ciru vé chuyén dich cua doi dat gay
Song Pa va déi dut gdy Son La - Bim Son (Vy Qudc Hai, Tran Binh Té va Duong Chi Cong, 2005) cua Vién
Dia chét, nghién ctu chuyén dich cia vo Trai dat trén khu vuc dut giy Lai Chau - Dién Bién (Ha Minh Hoa va
cong su, 2004).

Trong bai bdo ngodi van dé hé toa do trong phan tich bién dang con tap trung nghién ctu wng dung ly thuyét
binh sai luéi GNSS két hop véi phép loc Kalman dé giai quyét bai toan phan tich, danh gia sy chuyén dich dung.

2. Co sé' ly thuyét va phwrong phap nghién ctu
2.1. Nghién ciru ddnh gid sw dich chuyén do bién dang trong hé toa dp WGS-84 va VN-2000

b tinh toan chuyén doi toa do tric dia gitra 2 hé toa o thuong ding cong thirc Molodenski chuan véi 5 tham
s6 chuyén doi: da, df, Xo,Yo, Zo. Dang ma tran cua cong thuc nay la:

B B dB 1)
L| =|L|+|dL
H|, [H| [dH

*Téac gia lién hé:
Email: hoanghakhcn@gmail.com

228



saefjsms -
~~ . HOINGHI KHOAHQC QUOCGIA
NC@ SD  (ONG NGHE PIA KHONG GIAN Vi SUPHAT TRIEN BEN VONG
' (NCGSD - 2024)

NATIONAL CONFERENCE ON
GEOSPATIAL TECHNOLOGY FOR
SUSTAINABLE DEVELOPMENT

M+H 1 - _
dB 1., . a b ...
p —=Ne“sinBcosB (—M +—)sinBcosB
N+ H a b aN da
cosBdL |= 0 0 .|:df:|+
i dH a ENsinzB
L N a | (2)

sinBcosL —sinBsinL cosB || dXo
+| —sinL cosB 0 |.|dYo
cosBcosL cosBsinL sinB || dZo

Dbi véi 2 hé toa d0 WGS-84 va VN-2000 co cung kich thudc Elipxoit nén da=0 va df=0. Khi d6 cong thic(1)
sé& ¢6 dang sau:

dB dXg (3)
dL|=S"1G dy,
dH dz,
O day:
M+ H
( . ) 0 0
4
S = N+ H “)
0 (—) 0
p
0 0 1
sinBcosL. —sinBsinL.  cosB (5)
G = [ —sinB  cosB 0 l
cosBcosL.  cosBsinL.  sinB
Déi véi bai toan quan tric bién dang, so sanh gia sb toa do giira 2 chu ky, c6 thé thiy:
AB AB dXo (6)
AL — | AL =S710 dY,
AHlygs—g4 AHlyyz000 dz,

O day ma tran O trong cdng thirc (6) gom céac thanh phan O; gan bang 0.
2.2. Xdc dinh dp cao tric dia tiv két qua binh sai lwéi tw do véi in sé la toa dp B,L,H

Hé phuong trinh cac sé hiéu chinh twong ng vai n tri do AXjj, AYj;, AZjbinh sai ludi khdng gian GNSS trong
hé toa @6 diatam (X, Y, 2)
V=AD+L @)

V6i A la ma tran hé sb voi cac h¢ sb +1 va -1 ang voi céc thanh phén toa do twong ting trong tri do (AXj;
AYij, AZij), Ax 1a vector an so, V va L tuong ing la vector s6 hi¢u chinh va s6 hang tu do trong hé phuong trinh.
Ma tran trong s6 P c6 dang:

P 0 0 0 8)
0O P, 0 O
P=

o o - O
0 0 0 B,

Py P Py 9

PL'= Py Py Pog =Qi_1
P3y Py Pig

V6i Qi la ma tran hiép phuong sai cia cac tri do (AXj, AYij, AZ).
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Ddi voi mdi diém lugi GNSS, chiing ta cd cdng thirc sau:

dB; (M; + H;)sinBjcosL; (N; + H;)cosB;sinL; — cosBjcos L dX; (10)
(dLi> == | (M; + H;)sinB;sinL; (N; + H;)cosB;cosL; — cosB;sin L; <in>
dH; (M; + H;)cosB; 0 — sinB; dz;
Nhu vay, néu an sb 13 B, L, H thi hé phuong trinh cac s6 hiéu chinh (1) c6 thé viét lai nhu sau:
V=A4,Dz+L (11)
O day:
Matran A, =PA
P, 12)
P= P2
.
(M; + H;)sinBjcosL; (N; + H;)cosB;sinL; — cosBjcos L; (13)
P, = [ (M; + H;)sinB;sinL; (N; + H;)cosB;cosL; — cosB;sin L;
(M; + H;)cosB; 0 — sinB;
Tir hé phuong trinh sé hiéu chinh, ta lap dugc hé phuong trinh chuan c6 dang:
R,Dz+b, =0 (14)
R,=ATP A, b, = AL PL (15)
O day ma tran R, suy bién.
Dz = — R} b, (16)
Trong d6, R; 1a ma tran nghich dao tong quét:
R; = (R, +CCTYt —TTT (17)
Véi:
TT = B(CTG)™! (18)
G"'=(G;, Gy .. Gp) (19)
Gila ma tran Hermet, khi cac tri do 1a baseline (AX, AY, AZ), ma tran G cé dang:
100 (20)
G = (0 1 0>
0 0 1
CT=(G, = G 0 .. 0 (21)
Trong truong hop n = Kk (tic C = G), ma tran nghich dao tong quat duoc tinh theo cong thc:
Rf =(R,+GG")™* —TTT (22)
TT = G(GTG)™? (23)

2.3. M6 hinh dong va phép loc Kalman

Trién khai cong thirc Taylor cia ham s6 H;®*9 theo bién s thoi gian t, mo hinh dong theo thoi gian véi do cao
tric dia, van toc va gia téc dugc biéu dién bang cong thirc sau (Markuze Y U. 1., Hoang Ngoc Ha, 1991):

Hj(k+1):Hj(k) + (tkes - t)VHj +1/2 (tees - tk)zaHj (24)

H;*D: Do cao tric dia diém j ¢ thoi diém chu ky (ta)
H;i®: Do cao trac dia diém j o thoi diém chu ky (t)
vhj: Van téc chuyén dich caa H cia diém j
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awj: Gia toc chuyén dich cua H cua diém j

k=1,2,...,i (i s6 thi ty chu ky do)
j=1,2,...,n(n:so tha ty ctia diém trong ludi)
Nhu vay:
k+1 k
HE = B 4 (teaa-ti) + 0,5t -t)°) (25)
k+1 k k
”1(1]-+ ) = ”1(1]-) + (tk+1—tk)a1(-1j)
(k+1) _ (k)
aHj = aHj

Biéu thirc (25) c6 thé viét lai dudi dang ma tran nhu sau:

p&+D H® (26)
ékﬂ) 1 (trsi-te) 0,5(tis1-ty)? ék)
ij = 0 1 1 ij
(k+1) 0 0 1 %)
\aHf / \a”f /
Ky hiéu:
1 (tksr-tr) 0,5(txs1-ty)? (27)
7}(k+1) _ ( 0 1 1
0 0 1
g+ (28)
j
k+1)
yj(k+1) _ UISI]-
(k+1)
ay;
2% (29)
j
(k) _ ®)
Yio =\ UH
(k)
ay;
yj(k+1) _ ,I}(k+1)yj(k) (30)

Phép loc Kalman dugc st dung dé du doan vector trang théi hién tai bang cach sir dung thdng tin vector trang
thai cua cac thong sé chuyén dong da biét & chu ky tc va cac phép do & chu ky Tww. duogc thu thap ¢ ky
Tk1.Vector trang théi ciia tham s6 chuyén dong bao gom cac tham sé vi tri, van toc chuyén dong va gia téc. Hé
phuong trinh dang ma tran cia mé hinh chuyén dong dugc sir dung dé du bao cac tham s chuyén dong bang ky

thuat loc Kalman trong lugi c6 thé dugc biéu dién nhu sau:
Yoty = Toerny Y s (31)

O day:
y1(k+1) (32)

) (k+1)
Yerry = | 72

(e 1)
n

(yl(k)\‘ (33)
- ()
Y(k) = yZ

\y;i"")/
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T]Fk+1) (34)

Taerry =

D
Y1y - Vector gia tri du béo cua toa do, van téc va gia toc

YTy - vector trang thai tai thoi diém Tk.

Tk+1.- Ma tran chuyén dich.

Phuong trinh (31) 1a phuong trinh du bao trong phép loc Kalman
Phuong trinh ¢6 yéu t6 nhidu s& nhu sau:

Yacrn) = Taerny Vi + Skaik (35)

CY(k+1) = Tis1k CYTkT+1,k + Sk+1k Cs S€<+1,k (36)

O day, ma tran Cy la ma tran hiép phuong sai ciia vector trang thai Yi da duoc loc ¢ thoi diém ty.
Ma tran Cs 1a ma tran hiép phuong sai cua vector T nhidu hé théng & thoi diém Tk

Tai thoi diém t ching ta thuc hién do dac lugi GNSS, ¢ thé thanh 1ap hé phuong trinh do (phwong trinh loc)
nhu sau:

Vik+1 = Ak+1?k — kg1 (37)
Hay la:
lesr + Vik+1 = Ak+1?k (38)
Tir cac biéu thirc (30) va (34) chiing ta c6 cong thic sau:
V = Ak+1?k+1 + L (39)
Ky hiéu:
\% 40
V=<kﬂ) (40)
Vik+1
A E (41)
A, =
wi=(, )
Y
L:_<kﬂ)
L
Ma tran hiép phuong sai:
. =(®¢H 0 ) (42)
e 0 Cirsr

Ma tran A1 néu lay gid tri do bang chinh gid tri binh sai & chu ky k+1 s& la: AL,, = (100)
Ma tran Egxk) - Ma tran don vi, k s6 4n s6 toa do.

3. Két qua nghién ciru va thao luan

3.1. Két qua nghién ciru

3.1.1. Khao sét ddanh gid si dich chuyén do bién dang trong hé toa dé WGS-84 va VN-2000
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Bang 1. Gid tri toa do trdc dia trong hé WGS-84
B L H

WGS-84
22 36 21,13080 104 05 09,91421 | 320,198
22 10 01,68093 104 43 49,64803 109,290
21 48 11,15885 105 03 33,23984 89,926
21 24 24,01892 105 28 17,80833 22,965
21 08 01,69835 105 47 29,73300 10,787
22 39 12,16087 104 54 53,06101 111,167
22 11 40,18437 105 12 24,38548 71,243
21 48 41,28093 105 26 11,20578 85,977
21 30 17,50599 105 48 52,27588 23,207
20 52 59,22781 105 47 01,81859 6,000
21 08 01,69765 105 47 29,73294 10,781
Bang 2. Gid trj toa do trdc dia trong hé VN-2000
B | L | H
VN-2000
22 36 17,68273 104 05 16,77838 | 285,098
22 09 58,19687 104 43 56,48721 77,046
21 48 07,65447 105 03 40,05940 59,406
21 24 20,49083 105 28 24,60631 -5,495
21 07 58,15295 105 47 36,51583 -16,137
22 39 08,67816 104 54 59,92280 78,595
22 11 36,68081 105 12 31,22273 40,453

21 48 37,76112 | 105 26 18,02291 56,639
21 30 13,96557 | 105 48 59,07557 -4,349

=
o
=
u
=
o>
=

-
o
=

olo(No|lulslwiNdik| g RlB|lo|lo(v|jo|ja|s|w (|-
=
&

10 20 52 55,67882 | 105 47 08,59018 | -20,471
11 21 07 58,15226 | 105 47 36,51577 | -16,142
Bang 3. B¢ léch gid tri bién dang gitra 2 hé WGS-84 va VN-2000
. dB20oo-0Bs4 dL2000-dLs4 ditan00-
Tén diém dHeq
D 1éch giira 2 hé

1 0,00000 0,00000 0,000
2 0,00001 0,00000 -0,001
3 0,00000 0,00000 0,001
4 0,00000 0,00000 0,000
5 0,00001 0,00000 0,001
6 0,00000 0,00001 0,001
7 0,00000 -0,00001 0,000
8 0,00000 0,00000 0,000
9 -0,00001 0,00000 0,000
10 0,00000 -0,00001 0,001
11 0,00000 0,00000 0,000

3.1.2. Phan tich bién dang do cao si dung dg cao trdc dia GNSS
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D¢ tinh toan, thir nghiém nhém tac gia sir dung ludi do GNSS tai khu vuc mién Trung (lu6i Thach Ban - Cat
Tién) gom 8 diém (Hinh 1).

Hinh 1. So dé hedi GNSS

Thyc hién do 1ap 4 chu ky 2015, 2016, 2017, 2018 véi giédn cach thoi gian giira cac chu ky 1a mot nam. Két
qua binh sai cho gia tri do cao tric dia tai cac diém lugi va sai s trung phuong twong ng cua cac chu ky duoc
trinh bay ¢ cac Bang 1- 7.

Bdng 4. Gia trj d¢ cao trdc dia va sai 6 trung phwong ciia cac diém trong chu ky 1 (2015)

Piém 1 Piém 2 Piém 3 Piém 4 Piém 5 Piém 6 Piém 7 Piém 8

H (m) 233,660 | 422,073 46,164 462,312 | 478,985 | 433,701 132,895 | 1530,043

my (M) 0,0015 0,002 0,002 0,002 0,002 0,002 0,002 0,002

Bdng 5. Gia tri d¢ cao trdc dia va sai 6 trung phwong ciia cdc diém trong chu ky 2 (2016)

Piém 1 Piém 2 Piém 3 Piém 4 Piém 5 Piém 6 Piém 7 Piém 8

H (m) 233,712 | 422,062 46,150 462,315 | 478,945 | 433,055 | 132,860 | 1530,039

my (M) 0,001 0,002 0,002 0,002 0,001 0,002 0,001 0,002

Bdng 6. Gia tri dg cao trdc dia va sai 6 trung phwong ciia cac diém trong chu ky 3 (2017)

Piém 1 Piém 2 Piém 3 Piém 4 Piém 5 Piém 6 Piém 7 Piém 8

H (m) 233,671 | 421,997 46,117 462,256 | 478,938 | 433,026 132,838 | 1530,029

my (M) 0,001 0,001 0,002 0,001 0,001 0,001 0,001 0,001

Bdng 7. Gia tri d¢ cao trdc dia va sai 6 trung phwong ciia cac diém trong chu ky 4 (2018)

Piém 1 Piém 2 Piém 3 Piém 4 Piém 5 Piém 6 Piém 7 Piém 8

H (m) 233,673 | 422,043 46,153 462,287 | 478,951 | 433,044 | 132,873 | 1530,031

my (M) 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,002

Bang 8. Cac tham so chuyén dich dé cao giita nam 2015 - 2016 va cac tham sé toc dé chuyén dich

Piém 1 Piém 2 Piém 3 Piém 4 Piém 5 Piém 6 Piém 7 Piém 8

dH (m) 0,052 -0,012 -0,015 0,003 -0,039 -0,009 -0,035 -2,1E-05
VH 0,062 -0,014 -0,018 0,003 -0,047 -0,035 -0,042 -2,5E-05
(m/nam)
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Bang 9. C4c tham sé chuyén dich do cao giita ndm 2015 - 2017 va cac tham sS4 téc dg va
gia toc theo chu ky 1 nam

Piém 1 Piém 2 Piém 3 Piém 4 Piém 5 Piém 6 Piém 7 Piém 8
dH (m) 0,052 -0,076 -0,047 -0,056 -0,049 -0,009 -0,057 -0,014
Vi -0,086 -0,091 -0,040 -0,090 0,009 -0,036 -0,015 -0,011
(m/nam)
an -0,092 -0,053 -0,017 -0,062 0,032 -0,022 0,0131 -0,003
(m/nam
r?)

Bang 10. Cac tham s6 chuyén dich dg cao giita ndm 2015 - 2018 va cac tham s6 téc dg va
gia toc theo chu ky 1 nam

Piém 1 Piém 2 Piém 3 Piém 4 piém 5 Piém 6 piém 7 piém 8
dH (m) 0,012 -0,076 -0,011 -0,025 -0,034 -0,024 -0,008 -0,012
VH -0,092 0,032 -0,040 0,076 0,024 0,047 0,064 0,004
(m/nam)
an -0,072 0,065 -0,01687 0,09 0,021 0,050 0,057 0,005
(m/nam
r?)

3.2. Thdo lugn

Qua 2 thyc nghiém c6 thé thiy mot s6 két qua sau:

D4i v6i bai todn nghién ctru bién dang dich chuyén, ¢d thé sir dung truc tiép két qua binh sai ludi khong gian
GNSS ma khdng can chuyén do6i vé hé VN-2000 vi cho két qua tuong duong.

Giai phap ng dung cong nghé GNSS trong van d& do cao va chuyen dich d¢ cao trong bai toan quan tric bién
dang da dat muc tiéu da dé ra. Giai phép nay gilp gidi bai toan quan tric bién dang trong cac pham vi khac nhau
ma khong can xay dung mang ludi thuy chqan Céc tham sb phuyen dich ngoai bién doi do cao nhu trong mo
hinh tinh, ma con xac dinh cac tham s6 van toc va gia téc chuyén dich.

Két hop cong nghé GNSS véi cac phuong phéap xir 1i s6 lidu tric dia hién dai nhu binh sai luéi ty do khong
gian GNSS va loc Kalman cho phép hinh thanh cong nghé phan tich quan trac chuyén dich bién dang dimg
khéng nhat thiét phai vy dung ludi thuy chuan truyén thong.

Dé c6 két luan day di can ma rong thir nghiém ¢ nhiéu khu vuc va véi sé chu ky nhiéu hon dé danh gia vé
kha nang du bdo mot cach tin cay.

4. Két luan

Trong bai béo da xdy dung co s khoa hoc va tinh toan thuc nghiém chiing minh cho vén dé chuyén déi toa
do gitra 2 h¢ WGS-84 va VN-2000 trén co s¢ ung dung ly thuyet Molodenski doi véi bai toan phén tich, ddnh
gia chuyen dich bién dang dimng str dung cong nghé GNSS. Tinh vu viét cua giai phdp nay dugc thé hién ¢ su
phat trién cua cong nghé GNSS véi do chinh xac cao. Ngoai ra véi s6 chu ky do 16n ¢6 thé c6 kha ning du bao
vé chuyén dich bién dang trdi, lun dé c6 cac phuong an tng pho phu hop.

Hién nay, véi tinh hinh sut, IGn & cc tinh Bong bang séng Ciru Long, cd thé xay dung c4c tram quan trac, dyua
trén ung dung GNSS va ap dung giai phap da trinh bay ¢ trén dé danh gid, phan tich va xay dung co sé dir liéu
vé chuyén dich bién dang lun cua vung.
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ABSTRACT
Research on some issues of converting coordinates from WGS-84
to the geodetic coordinate system used in Vietnam

Hoang Ngoc Ha'"
'Hanoi University of Mining and Geology

Currently, GNSS technology is widely used in Geodesy - Mapping - Remote sensing work. GNSS data
processing results are determined in the WGS-84 coordinate system. However, since the announcement of the
VN-2000 coordinate system in Vietnam, it uses the Ellipse but has been repositioned. In the article, the issue of
studying coordinate conversion based on the application of Molodenski theory is mentioned. Consider some
specific problems, including the problem of deformation monitoring. These results contribute to building the
scientific basis for building spatial databases in our country.

Keywords: GNSS, coordinate systems, adjustment, molodenski theory, deformation monitoring.
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SEAMAP CUC PO DPAC, BAN PO VA THONG TIN DIA| |
TRUNG TAM TRAC DIA VA .BAN

NHIEM VU CHINH

Xay dyng cac van ban quy pham phap luat,
tiéu chuan, quy chuan ky thuat quoc gia,
dinh mirc kinh té - ky thuat;

Thue Imn cac dé an, dy an, nhiém vu chuyén
mon vé do dac coban trén dat lién va trén bicn

Xay dung co so dir li¢u nén dia ly quoc. gia, thanh
lap ban d6 dia hinh q udc gia, ban dé dia hinh day
bién;

Khao sat, do dac, thanh 1ap h¢ thong ban d6 dia hinh
day bién, hai dao va cac loai ban do khac phuc vu
cong tac quan ly nha nudc;

Quan ly, van hanh va khai thac cdc tram dinh vi vé
tinh (DGPS/DGNSS) cung cap tin hi¢u cai chinh
phén sai phuc vu cong tac dinh vi dan dudng trén
bién thudc pham vi quéan ly.

CAC LOAI HINH DICH VU

Chuyén cung cap dich vy tric dia, ban d6 phuc vu cac cong tac
khao sat kha thi, tién lap dat, lap dat, hoan cong va sira chira, bao
dudng cac cong trinh trén bién va dat lién, giao bién bang nhiéu
cong nghé hi¢n dai cuthé:

Po sau hdi am bang cong ngh¢ don tia, da tia, thanh
lap ban do dia hinh day bién cac ty 1; tu van lap ho
so giao khu vuc bién, hai dao; 1an bién, nhan
chim & bién.

Quét anh phat hién dia vat dudi nude, quét khao sat
hién trang cong trinh ngdm nuée bing cong nghé
quétsudn, quét3602D, 3D dd phan giai cao.

Pinh vi RTK, DGNSS bé mat, dinh vi ngam USBL,
dinh huéng, xac dinh dd nghiéng dd chinh xac cao
phuc vu céc cong tac khao sat dia chat, khoan tham
do dau khi, xay dung cong trinh, bay chup anh hang
khong.

Do dac, quan triic lan, bién dang cong trinh; cung
cap céac dich vu vé khao sat, thanh 1ap ban do, dia
hinh, dia mao, dia vét ly, khi twgng thuy van va cac
loai ban d6 chuyén nganh khac; danh gia dia hinh,
dia mao cac ving cira bién, cira song, bai bdi va cac
dang tai bién thién nhién, bién dong dia hinh day
bién, x6i 1, bdi tu bo bién.

Trung tam Trac dia va Ban db bién (Seamap) 1a don vi Nha
nudc, duoe thanh lap vao nam 1998.

Hién nay Trung tdm true thude Cuc Do dac, Ban dd va Thong
tin dia ly Viét Nam - Bo Tai nguyén va Moi trudng.

Vi bé day hon 25 nam xdy dung va phat trién, Trung tam ¢ doi
ngii nhan lye gdm 160 ngudi ¢ trinh d6 chuyén mon cao, giau
kinh nghiém va trinh d¢ ngoai ngit tot. Trong s6 d6 ¢6 18 Thac
s, 96 Dai hoc va Cao dang, hang chuc chuyén gia dugc dao tao
chuyén sau ve€ nganh do dac va ban do tai cac truong cua cic
nude ¢6 nén khoa hoc, ky thuat phat tr ién nhu Lién X6 cii, Na
Uy, Singapore.

Trung tim c6 ning luc vé ky thudt, thiét bi va cong nghé do dac,
dinh vi va thanh 13p ban dd bién hang déu tai Viét Nam.

LIEN HE

{ (+84) +24 3 7547194
I5  (+84) +24 3 7547365

o contact@seamap.com.vn

Website: se

amap.com.vi



CONG TY CO PHAN LONG MA

T Cong ty C6 phan Long M4, dugc thanh lap tir ndm 2010, tu hao la mot
E E Tp 44l trong nhing don vi tién phong trong linh vurc khao sat va thiét ké cong

% trinh Néng nghiép & phat trién nong thon, cong trinh dé diéu tai Viét

Nam. Vé&i doi ngli chuyén gia giau kinh nghiém va trang thiét bj hién
dai, chiing toi cam két cung cap céc dich vu chat luong cao, dap Ung

(Kol [} " /- Wi{oll moiyéu cau khat khe ctia khach hang.

(‘ Khao sat dia hinh va dia chat cdng trinh \
Coéng ty Co phan Long Ma cé ching chi nang luc hoat déong khao sat Hang 1,
chuyén thuc hién khao sat dia hinh va dia chat cac cong trinh xady dung, giao
théng, thuy Igi. Chung toi cung cap cac dich vu khao sat chinh xac va chi tiét, tu
viéc xac dinh cac yéu t6 dia chat cd ban dén phan tich sau rong vé diéu kién dia
K chat cong trinh, ddm bao su an toan va 6n dinh cho cac céng trinh xay dung.

‘ Thiét ké va tham tra cdng trinh ndng nghiép va phat trién néng thén

Chung t6i cdé nang luc thiét ké va tham tra cac cdng trinh ndng nghiép va phat
trien néng thon dén Cap 1. Cong ty Co phan Long M3 cam két mang dén cac giadi
phap thiét k& téi uu, phu hop véi cac tiéu chuan k¥ thuat va yéu cau thuc tién clda
nganh néng nghiép va phat trién ndng thon.

‘ Thiét ké céng trinh dé diéu
Cong ty Co phan Long M3 chuyén thiét ké cdng trinh dé diéu dén Cap 1. Véi kién
thuc chuyén sau va kinh nghiém day dan trong linh vuc nay, ching t6i dadm bao
thiét k& cac cong trinh dé diéu viing chac va hiéu qua, gép phan bao vé an toan
cho cac khu vuc ven bién va sbng ngoi.

. Thiét ké céng trinh giao théng
Chung téi cing c6 nang luc thiét ké cong trinh giao thong dén Cap 3. Dich vu cua
chung téi bao gom thiét ké cac loai cong trinh giao théng nhu cau, dudng, va hé
théng giao thong khac, dam bao tinh kha thi va hiéu qua cho cac du an ha tang
giao théng.

(‘ Ung dung céng nghé BIM trong thiét ké& \
Cac ky su va chuyén gia cua Cong ty C6 phan Long Ma cd kha nang Ung dung
cdng nghé BIM (Building Information Modeling) vao cdng viéc tinh toadn va thiét ké
cdng trinh. Cong nghé BIM giup cai thién tinh chinh xac va hiéu qua cla cac du an
théng qua mo hinh hoéa théong tin 3D, cho phép du doan va giadi quyét cac van dé
tiém an tU giai doan thiét ké dén thi cong. Biéu nay dadm bao su déng bd va téi uu
\ hoa trong quan ly du an va gidm thiéu rui ro trong qua trinh thuc hién. j

V3&i cam két chat lugng va su tan tdm trong cong viéc, Cong ty Co phan Long M3 |a

daéi tac tin cdy cho moi du an xay dung va phat trién. Chidng toi san sang hgp tac va
mang dén cac gidi phap to6i Uu nhat cho khach hang.

Tru sé chinh: S6 9 khu Niém, P. Kinh Bac,

TP. Bac Ninh; @ 0989050566; 0983083572; 0971444169
VP dai dién:; Biét thu BO1-L.20 Khu dé thi ctylongma@gmail.com

Dudng No&i, Q. Ha Bong, Ha No&i;



TRUNG TAM NGHIEN CU'U UNG DUNG CONG NGHE MO
TRAC PIA - BAN DO

Trung tam Nghién ctu ing dung cdng nghé méi Trac dia - Ban dd
dugc thanh lap theo Quyét dinh s6 206/QD.TCCB ngay 25 thang 9
nam 1995 ctia Trudng Dai hoc M4 - Dia chét.

e Gidy ching nhan dang ky hoat dong khoa hoc va cong nghé sb:
63/DK-KHCNMT ngay 31/12/1995, cap lai 11/7/2024 clia S& Khoa hoc va
Cong nghé thanh phd Ha Noi.

e Gidy phép hoat ddng do dac va ban dé sé 00580 do Cuc Do dac, Ban dd
va Thong tin dia ly Viét Nam - B6 Tai Nguyén & Mai trudng cip ngay

o 8/10/2020.

PGS.TS Lé buc Tinh | Ching chi ndng luc hoat dong xay dung sb: BXD-00057386 do Cuc

QLHDXD (Bd Xay dung) cap ngay 13/6/2024 chirc nang khdo sét xay

dung: Bia hinh Hang I.

Giam déc

e Nghién clru thuc nghiém, trién khai dp dung cac cong nghé mdi, cac ky thudt mai, cac
phuong phap maéi va bién phap td chirc méi vé Trac dia, Ban do, Dia ky thuat.
e Trién khai két qua nghién ctru irng dung cong nghé mdi vao san xuét, tao nén cac san pham
mdi vai trinh do cdng nghé cao.
Ch&e * Tham gia, phdi hop, thanh lap cac quy trinh, quy pham, cac chi tiéu ky thuat Trac dia, Ban dd

nang trén co s& ing dung cong nghé mdi.
chinh ® Thuc hién cac dich vu khoa hoc cong nghé, thong tin, tu van nghiép vu Trac dia, Ban dd,
Dia ky thuat.

e Tham gia, phéi hop té chirc dao tao, boi dudng can bd co6 trinh dé Pai hoc va trén bai hoc,
nang cao trinh dé chuyén mén, nghiép vu.
e Hop tac qudc té vé dao tao khoa hoc cong nghé thudc linh vure Tréc dia, Ban do, Bia ki thuat.

Dia chi: Tang 1, Nha A, Pai hoc M9 - Dia chét, s6 18 Phé Vién, Phuidng Duic Thang, Quan Bac TU Liém, Thanh phd Ha Noi.
Dién thoai: 0912296180 / 0988959681/ 02437523819
Email: ttncudcnmtdbd@humg.edu.vn / ttncudcnmtdbd@gmail.com




CONG TY CO PHAN THIET Bl KHOA HOC CONG NGHE TUGNG ANH

DPia chi BDKKD: 234/4A Bui Binh Tuy, Phudng 12, Quan Binh Thanh, TP. HCM
VPGD HCM: 251/9 Nguyén Van Tréi, Phudng 10, Quan Phu Nhuan, TP. HCM
VPGD HN: 25 Ngd 12 budng Van Phu, Phudng Phu La, Quan Ha Béng, TP. Ha NOi
Tel : (+84)942646644, Website: www.tuonganh.vn

Email: sales.tuonganh@gmail.com

Cong ty Co6 phan Thiét bi Khoa hoc Céng nghé Tudng Anh thanh lap nam 2017 tai TP. HCM,
v3i thanh vién sang lap 1a cac K¥ su Trac dia day dan kinh nghiém tét nghiép Khoa Trac dia -
Ban do va Quan ly dat dai thudc Trusng Dai hoc Mo - Dia chat. Vi nén tang kién thuc khoa
hoc va cong nghé ving chac, Cong ty Tudng Anh da& nhanh chéng vuan |én trd thanh nha
cung cap thiét bi va dich vu uy tin hang dau vé giai phap dinh vi vé tinh GNSS. Chi sau mot
nam thanh lap, Cong ty Tudng Anh da chinh thuic trd thanh Dai dién phan phdi déc quyén
tai Viét Nam cung cdp cac san pham cua Hang Stonex Srl dén tU Italia va tiép tuc dam
nhiém thanh céng vai tro nay cho dén nay, goép phan dua thuong hiéu Stonex tréd thanh mot
trong nhing thuong hiéu manh tai Viét Nam. Céng ty Tudng Anh dang la doi tdc cung cap
thiét bi va gidi phap céng nghé cho hang chuc van phong dang ky dat dai cac tinh, cac cong
ty do dac ban do, khao sat dia chinh — dia hinh truc thuéc Nha nudc cling nhu tu nhan trén
toan qudc.

Hién nay, chiing t6i dang tu van va cung cap cac giai phap céong nghé tron géi nhu sau:
e Giai phap tram dinh vi vé tinh GNSS tham chiéu thudng truc.
e Thiét bi dinh vi vé tinh GNSS (Static, RTK, PPK, PPP).
e Thiét bi khao sat truyén théng: May toan dac dién tl, Toan dac Robotic, thdy chuan.
e Gidi phap quan trac tu dong da sensor (GNSS, Toan dac Robotic, sensor dia ky thuat,...).
e Gidi phap GIS (thiét bi va phan mém thu thap dU liéu, phan mém CSDL GIS).
e Gidi phap 3D (Thiét bi quét laser 3D, SLAM, XVS VSLAM va phan mém xu ly, mé hinh hoéa).
e Gidi phap thiét bi trac dia diéu khién tu dong trong xay dung théng minh (Machine
Control).

SOFTWARE
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SURVEYING
GNSS | TS | GIS
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"SOLUTIONS

o

- Ny n
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SOLUTIONS
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TU VAN PHU THAI

Cac linh vic hoat dong chinh

* Khao sat xay dyng cong trinh (dia hinh,
dia chat).

Thiét ké xay dung cong trinh, giao thong, ha
tang ky thuat, ndbng nghiép va phat trién
nong thon,...

* Tu van thu héi dat, dén bu GPMB.

e Tu van tham dinh cdng trinh xay dung.

e Tu van dau thau.

Thong tin lién hé:

Dia chi: S6 40, Ngb 2 phd Nguyén Ngoc Nai, phuong
Khuong Mai, quan Thanh Xuén, TP. Ha Noi.

Dién thoai: 024. 3565.7695

Website: tuvanphuthai.com
Email: tuvanphuthai@gmail.com

Gidi thiéu



http://tuvanphuthai.com/

TRUNG TAM HO TRQ PHAT TRIEN KHOA HQC KY THUAT

Nghién clu va san xuat thd nghiém cac  Tu van dao tao trong linh vuc Mo, Dia chat,
san pham mdi theo cdong nghé mdi Dau khi, Trac dia, Ban d6, Vién tham, Hé
trong linh vuc Mo, Dia chat, Dau khi va thong tin dia ly, Cong nghé thdong tin va Moi
Trac dia; Nghién clu thiét k&, ap dung trusng; Tu van lap cac du dn dau tu trong
cidc bién phap thi céng tién tién va linh vuc Mo, Bia chat, Dau khi, Trac dia, Ban
tham dinh nudc dan dung va coéng do, Vién tham, Hé thong tin dia ly, Céng
nghiép; Ap dung céng nghé tién tién nghé théng tin va Moi trudng, khao sat danh
trong khai thdc mao va dau khi. gid tac déng mdi trudng va cac coéng trinh
ha tang; Tu van phat trién hdp tac dau tu
trong linh vuc tham do, khai thac khoang
san, danh gid trd lugng, chat lugng tai
nguyén va do dac cac loai ban do; Lap trinh
phan mém Ung dung trong cac linh vuc lién
quan; Ché tao gia cong ca khi; Khoan tham
do, khao sat dia chat, dia chat cong trinh va
dia ky thuat; Quy hoach; Kiém dinh va sua
cha thiét bi do dac va thuc hién cac dich vu

khoa hoc va céng nghé khac trong linh vuc
dau khiva céng nghé tin.

Khao sat dia hinh trong linh vuc xay dung.

@ Tang 1, Nha A, Dai hoc Md - Dia chat, 18 Phé Vién, (©) 0354806361/
Phudng Buc Thang, Quan Bac TU Liém, TP. Ha Noi tthotro.mdc



CONG TY CP TU VAN KHAO SAT VA DICH VU TRAC DIA BAN DO

Dia chi: P308, Nha C5, KDT My Binh |, T6 4, P. Cau Dién, Q. Nam Tu Liém, Ha NOI
TOMAS..JSC | Tel: (+84)966151618
Website: www.tomas-tracdiabando.com

Cong ty chung téi chuyén cung cap cac dich vu:

1. Khao sat xay dung cong trinh:
Hang | (Dan dung cap |, Cong nghiép céap |, Giao théng cap I, Ha tang ky thuat cép |,
Thay loi cap I).

e Khao sat, lap thiét ké ky thuat - du todn cong trinh do dac va ban dé.

e Kiém tra chat lugng sdn pham do dac va ban d6 dia chinh, dia hinh.

e Do V&, thanh lap ban dé dia hinh ty 1& 1/500, 1/1000, 1/2000, 1/5000.

e Do dac, thanh lap ban d6 dia chinh.

e Do dac, thanh lap ban dé cong trinh.

e Bay chup - Xt ly dnh bay chup - Thanh [&p ban d6 bang cong nghé bay chup UAV.
2. Thiét ké, tham tra thiét ké xay dung coéng trinh:
Hang IIl (Cong nghiép cép I, Giao thong cap II, Ha tang ky thuat cp 11, Thay lai cap II1).
3. Giam sat thi cong xay dung céng trinh: Hang Ill.

L‘EL =
TRACDIABAN B0 sy
KHAQ SAT BIA HINH &

¥ BE gl can b k§ thudt ghdu dnh nghlém
o Hop 16 val nhidu a8l tac 18n trong ngdnh
W Lé doanh nghidp khiio sat hang |

Chiing chi BXD-00006974 - HAN-00006974

i

THIET xE“ aﬁiﬁuﬁié - CAm mOC GPMB

¥ Phye vy mol edng finh dan dung, gioo théng, thdy dién...
¥ Ung dung cac frang hidt bl may mae hidn dal

T VAN TAN TINH TIEN 80 NHANH CHONG CHI PHi PHAI CHANG

..‘{&

oooooo
oooooo

MAY TRAC PIA © HE) =
May foan dgc dign I - May GPS - My bay khang ngudi IGi - ‘:’ ‘ | l.?

 Khdo sat, quon trdc dia hinh cdng tinh chinh xac
¥ Nhép khéiu chinh héng 1 nhidu thudng higu 1dn
¥ Thi&t ké chdc chén, hién dal, tich hgp céng nghd cao




TRUNG TAM NGHIEN CUU CO BIEN MO

RESEARCH CENTER
FOR MINING AND ELECTRO-MECHANICAL ENGINEERING

Ly Thuyét & Thuc Tién

WO KHOA HOC VA CONG NGHE S0 DANG KY < & - 457

s 0 R O ST VI
TSP A g e - T g e
CHUNG NHAN Hugt (ing iromg B vige Wbin Bipe vh chng aghé s
: CHUNG CHI
SANG LE BOAT BONG XAY BUNG

Nam thanh 1ap: 1990 tai Ha Noi.

Quyét dinh thanh 13p sb: 445/TCCB, cip
ngay 14/6/1990.

Co quan quyét dinh thanh lap: Bo Giao
duc va Pao tao.

Gie"iy chirng nhén hoat dong KHCN sb A-
857. cp 10/5/2017.

Gidy chimng nhan dang ky thué, Cuc thué
TP Ha Noi.

S dang ky kinh doanh: 003.

Ngay dang ky thué: 17/7/1998.

Ma s6 thué: 0100529622 | " o
S tai khoan: 113000000900 tai Ngan | p—y T rh b= N
hang Céng Thuong - Chi nhanh Hai Ba _SETH IRING g
Trung, Ha Noi.
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CAC HUONG NGHIEN cUU

Xay dyng ban dd 3D mo phuc vy giam sat an toan
va méi trvong mé

Nghién ciru téi wu hoa bién gii mo 16 thien
bang phan mém chuyén dung

Trao d6i nghién ctru vé cdng nghé khai thac
bauxit, Tay Nguyén

~ Ung dung
| UAV trong

@nh mé

pom . 1

Tham gia cac Hoi nghi quéc t& Nhirng tién bo trong
Khai thac mé va Xay dyng ngam - 2008

| e oy -
Khao sat thye t& va hop tac voi chuyén gia nwdc ngoai mé
da kim Ni Phao - Thai Nguyén va mé déng Sin Quyén —
Lao Cai, 2019

Tham gia hdi thao va hop tac véi chuyén gia
tai Ba Lan 2019, 2020 va 2023

Béng doanh thu 3 ndm gin nhét . — n—— e
Xay dwng cac mo hinh cai tao, phuc hoi
mai trrdng sau khai thac mé

1 2021 11.771.666.098 e

2 2022 15.805.155.490
3 2023 15.271.077.604
Huéng phat trién o ) L 4
trong thoi gian tgi S0 de tai, dw an 3 ndm gan day e
= & [ 7T | Nim [ Slwong A
2 2022 54 Xay dung cac mé hinh én dinh bo ma 18 thién
3 2023 49

ARTIFICIAL NEURAL NETWORK

Phu trach Trung tdm: PGS.TS. Nguyén Anh Tuan

Dién thoai: 0912507096

Email: nguyenanhtuan@humg.edu.vn

Tén don vi: TRUNG TAM NGHIEN CU’'U CO PIEN MO

Dia chi tru s& chinh: Phong N.01 Nha N, Khu B, Trwdng Pai hoc Mé - Dia chét,
T& dan phé sb 4, Phwong C6 Nhué 2, Quan Béc T Liém, TP. Ha Noi

bién thoai: 0243.8681888 Yo “”gjﬁ:{‘ggn‘j’kijﬂ‘hg‘f;n mopnong
Email: codienmo@humg.edu.vn

o Edn

A The ganerat struchim of aricial naurst natwers (A8N) >




NHA XUAT BAN KHOA HQC TU NHIEN VA CONG NGHE
Nha A16 - S 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

HQI NGHI KHOAHQC QUOC GIA
CONG NGHE PIA KHONG GIAN VI SU PHAT TRIEN BEN VUNG

NATIONAL CONFERENCE
ON GEOSPATIAL TECHNOLOGY FOR SUSTAINABLE DEVELOPMENT

(NCGSD - 2024)

Chju trach nhiém xudt ban
Giam déc, Tong bién tap
PHAM THI HIEU

Bién tap: Nguyén Thi Chién
Trinh bay kj thugt: PGS.TS Nguyén Viin Trung
Trinh bay bia: Nguyén Minh Hai

Lién két xuét ban:
GS.TS Tran Thanh Hdi - Truong Pai hoc Mo - Pja chat
Pia chi: 18 Phé Vién, Péng Ngac, Bac Tir Liém, Ha Ngi

ISBN: 978-604-357-305-3

In 100 cubn, khd 21%29,7 cm, tai Cong ty C6 phan Khoa hoc va Cong nghé Hoang
Quéc Viét. bia chi: S6 11 ngach 1, ngd 1 V& Chi Cong, P. Nghia Do, Q. Cau Gidy, TP.
Ha Noi. S6 xac nhan diang ky xuét ban: 3231-2024/CXBIPH/02-36/KHTNVCN. S
quyét dinh xuét ban: 50/QD-HKTNCN, thang 10 nim 2024. In xong va ndp luu chiéu
quy IV nam 2024.
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