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Céch mang cong nghiép 4.0 dang 1a xu thé tt yéu va di hién hitu trong nhiéu linh vuc
cuia hoat dong san xuit va doi séng kinh té - x& hoi. Céng nghé sd, chuyén d6i s6 la nhirng phét
trién tat yéu 1a dong luc tang truong cua nén kinh té quéc gia trong d6 linh vuc Dia khong gian.
Vi muc tiéu chia sé co hoi, phét huy tiém ning wng dung cta nghién ciu khoa hoc trong doi
sbng s6 4.0, Khoa Tric dia - Ban d6 va Quan 1y dét dai, Truong Dai hoc Mé - Dia chit va mot
s6 don vi trong nudc té chie Hoi nghi khoa hoc toan qudc vé Cong nghé Bia khdng gian trong
Khoa hoc Trai dat va Mai truong (National Conference on Geospatial Technology in the Earth
science and Environment - NCGEE 2021). Hoi nghi dugc t6 chirc vao ngay 15 thang 10 nim
2021 tai Trudng Pai hoc Mé - Dia chat, Ha Noi.

Hoi nghi 1a dién dan dé cac to chirc, ca nhan dang hoat dong trong cac linh vyc lién quan
dén Cong nghé Dia khong gian cing nhau thao luan, trao d6i hoc thuat va chia sé kinh nghiém
vé chién luoc, ky thuat va khoa hoc cong nghé, dé cd nhimg budc phat trién bén viing hién dai
nhét, hidu qua nhat, déng gop cho nén khoa hoc va kinh té quéc gia. Hoi nghi dugc t6 chuc véi
su phdi hop hiéu qua cua cac don vi: Hoi Tric dia - Ban do va Vién tham Viét Nam; Cuc Po
dac, Ban d6 va Thong tin dia Iy Viét Nam; Cuc Ban do, Bo Tong tham muu; Cuc Vién tham
Qudc gia, Bo Tai nguyén va Méi trudng; Truong Pai hoc Khoa hoc, Pai hoc Hué; Vién Khoa
hoc Po dac va Ban do, Bo Tai nguyén va Moi Truong; Trung tim Tu van Tric dia va Xay dung,
Vién Khoa hoc Cong nghé Xay dung, Bé Xay dung va mot s6 don vi khéc.

Hoi nghi duoc t6 chiic thanh 3 tiéu ban gdm: (1) Xu ly dit liéu sé trong quan trac cong
trinh, tréi dat va méi trudng; (2) Cong nghé mai trong vién tham va dia tin hoc; (3) Quan Iy dia
khong gian théng minh. Hoi nghi da nhan duoc trén 100 bai bao khoa hoc, trong d6 55 bai dugc
lya chon ding trong tuyén tap nay. Ban t6 chirc tin rang Tuyén tap cac cong trinh cia Hoi nghi
khoa hoc toan quéc vé Cong nghé Dia khong gian trong Khoa hoc Trai dat va Mai trudng sé 12
mot an pham khoa hoc ¢6 chét lugng, cap nhat tong thé nhitng tién bo gan déy trong linh vuc
dia khéng gian.

Cuébi cuing, thay mat Ban to chuc, toi chan thanh cam on Bang uy, Hoi dong truong, Ban
Giam hiéu Truong Pai hoc Mo - Dia chét va cac don vi ¢6 lién quan da tao moi diéu kién thuan
loi, gop phan vao thanh cong caa Hoi nghi. Bic biét, tran trong cam on cac tac gia bai bao, cac
phan bién, cac nha khoa hoc va cac nha tai tro da c6 dong gop quan trong vi sy thanh cong
chung cua Ho6i nghi.

Thay mat Ban t6 chirc
Truong Khoa Trac dia - Ban d6 va Quan ly dat dai

PGS.TS Lé bwc Tinh
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XAC PINH DAU HIEU KHAI THAC KHOANG SAN TAI TiNH YEN
BAI TU ANH VE TINH SENTINEL-2

L& Minh Hué!, Vii Thi Thanh Hién!, Nguyén Thi Phwong Bic?,
Tran Trwong Giang', Pd Thi Phwong Thao?”, Trinh Thi Thu?
! Pai vién tham TW, Cuc vién tham Qudc gia

2 Dai hoc M6 - Bja Chat

3cong ty TNHH MTV Trdc dia Bdan do

* Tac gia lién hé: dothiphuongthao@humg.edu.vn

Tom tit: Hién nay, tinh Yén Béi c6 khoang 21 loai khoang san khac nhau tap trung cha
yéu tai cac khu vuc mo cua cac huyén ving cao, tuy nhién hién c6 khoang 130 khu vuc mo
dugc cap gidy phép khai thac khoang san da hét hiéu luc nhung tinh hinh khai thac khoang san
tréi phép van dién ra. Nhiéu phuong an bao vé ngan chan dat diém tinh trang khai thac khoéng
san trai phép da duoc ban hanh, trong d6 c6 viéc ung dung khoa hoc cong nghé cu thé 1a sir
dung anh vién tham theo dbi, giam sét tinh trang khai thac khoang san. Bai bao trinh bay két
qua sir dung phuong phap CCDC dé theo ddi bién dong cua 16p pha bé mit sir dung anh vé tinh
chudi thoi gian day dic. Phuong phap gdm hai phan, phan thir nhat theo déi va phat hién cac
thay d6i cua I6p pha bé mat, phan tha hai phan loai 16p pha trén cac anh vé tinh trong chu ki
theo ddi dé truc quan héa cac thay d6i d6. Nguon dir liéu anh vé tinh chudi thoi gian day dic
duoc cung cap bai nén tang dam may Google Earth Engine (GEE) cuia hdng Google. Thuat toan
hoc may Random Forest tich hop trén nén tang GEE duoc sir dung dé phan loai 16p phu cho do
chinh xéc tong thé két qua dat 87%.

Tw khéa: Sentinel-2, Khai thac khoang san, Tu dong phén loai, Yén Bai.

1. Pit van dé

O Viét Nam, hau hét céc loai khoang san phan b khong tap trung, rai rac trén dién rong,
chu yéu tai khu vuc trung du, mién nui, noi ¢ dia hinh hiém trg, di lai khé khin, xa x6i nén
ciing kho khin trong viéc quan ly bao vé. Cong tac thanh tra, kiém tra, giam sét hoat dong khai
thac khoang san ton kém tién cuaa, thoi gian va stc luc ciia con ngudi. Do vay, viéc ang dung
cdng nghé hién dai dé hd tro cong tac quan Iy khai thac khoang san 1a rat can thiét [1].

Ung dung c6ng nghé vién tham da trd thanh phuong tién chu dao trong giam sét tai
nguyén thién nhién, méi treong noi chung va theo ddi hoat dong khai thac khoang san (KTKS)
noi riéng. Voi wu diém 1a @6 pha tram khong gian rong, tinh da thoi gian, anh vién tham cho
phép ghi lai dwoc cac bién ddi trén mat dat. Sir dung cac dai phd khac nhau dé ghi nhan chinh
xéc cac ddi twong 12 rat quan trong trong viéc nghién ctiu cac hoat dong khai théc khoéng san,
thong qua cac dau hiéu cua chung trén bé mat trai dat [3].

Trong ky thuat Vién tham cd rat nhiéu phuong phap phan loai phét hién thay doi l6p pha
bé mit trai dat (phan loai c6 chon mau, phan loai hudng dbi tuong, ...) cac phuong phap nay
chu yéu ap dung cho mét vai thoi diém anh, chua 16 rd tiém ning theo ddi bién dong l6p phu.
Str dung thuat toan Change detection and classification (CCDC) trong phan tich thay doi lop
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phu bé mit trén chudi anh vién tham da thoi gian cho phép theo di bién dong bat ky thoi gian
ndo. Zhu et al (2014) da thuc nghiém thuat toan CCDC trén bo dit liéu chudi anh da thoi gian
Landsat tir nam 1982 téi 2011 cua khu vuc New England. Nghién ctru d theo ddi bién dong
cua 16 16p phi bé mit lién tuc trong khoang thoi gian d6 voi d6 chinh xac vé khong gian va
thoi gian rat cao. Theo cac tac gia danh gia do chinh xac cho bo dir liéu trong bai bao vé mit
khong gian 1a 86% va do chinh xac vé thoi gian 1a 80%. Ddi véi d6 chinh xac phan loai, CCDC
cho @6 chinh xac téng thé 90% cho 16 I6p phan loai [6]. Gan déy, Lili Lin et al (2020) ciing d
sir dung thuat toan CCDC dé theo ddi anh huong cia d6 thi hoa t6i hé sinh thai dao Haitan,
nghién ctu theo ddi va phat hién cac khudn mau cua su thay déi l6p phu bé mit tir nam 1990
dén 2019. Trong nghién ciu ndy, thuat toan phan loai Random Forest (RF) duoc sir dung dé
phén loai cac 16p phu. Nhom tac gia thuc nghiém trén cac bo dir liéu anh LandSat cho cac nam
1990, 2000, 2007 va 2019, cho do chinh xac tong thé tir 88,43% t6i 91,08% va tim ra chinh
sach va tac dong cua con nguoi 1€n hé sinh thai dao 14 nghuyén nhéan chu dao [10].

Muc tiéu cua bai bao 1a sir dung anh Sentinel-2 da thoi gian dé theo ddi bién dong l6p
phii xung quanh khu mo nham phét hién céc dau hiéu khai thac tai nguyén khoan san sir dung
thuat toan CCDC va thuat toan phan loai Random Forest thyc hién trén nén tang GEE.

2. Khu vuc nghién céu

Yén Béi la tinh mién ndi phia Bac, sau trong noi dia, nam giita 2 ving Pong Bic va Tay
Bic. Phia Bac giap tinh Lao Cai, phia Nam giép tinh Ph(i Tho, phia Pong giap 2 tinh Ha Giang,
Tuyén Quang va phia Tay giap tinh Son La, Lai Chau (Hinh 1). Bia hinh chia thanh 2 vung lon:
viing cao va viing thap trong d6 ving cao ¢6 dan cu thua thét, c6 tiém nang vé dat dai, 1am san,
khoang san [2].

BAN PO HANH CHINH TiNH YEN BAI Ha Giang

Tuyén Quang

Lao Cai \

Hinh 1: Vi tri khu vic nghién cizu (anh bao Yén Bai)
Vi ngudn khoang san phong pha, tinh c6 diéu kién thuan lgi trong viéc khai thac va ché
bién khoang san. Tuy nhién, tai nhiéu noi trong tinh xay ra hién tuong khai thac khoang san trai
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phép, nhu dao dii da quy ¢ khu vyc x4 Bao Ai, huyén Yén Binh, va xa An Phd, Minh Tién
huyén Luc Yén. Tinh trang dao dai vang sa khoang va khai thac cat soi trén sdng Hong (thudc
dia ban huyén Vin Yén va mét sé sudi nho nhu trén dia ban tinh) van dién bién phic tap. Nan
khai thac da canh tai thon Sudi Lop, xa Subi Giang, huyén Vin Chan, tinh Yén Bai 1a mét thuc
trang nhac nhéi khién nguoi dan dia phuwong bire x(c nhiéu nim qua, nhung dén nay van khong
hé c6 dau hiéu chim dat. Tham chi, cang ngay, méi trudng quanh nhitng mo da nay cang bi
xam pham, tan pha nghiém trong hon [2]. Do vay, tng dung khoa hoc céng nghé trong theo
ddi, quan 1y, giam sat thuong xuyén cac hoat dong khai thac khoang san tranh 1am that thoat tai
nguyén, tac dong xau dén canh quan, moi truong, ... 1a viéc 1am can thiét.

3. Dir ligu va phuwong phap nghién ciru

3.1. D ligu nghién ciru

- Tai liéu vé cap phép khai thac khoang san gom: ho so cap phép hoat dong khai thac
khoang san cap tinh va hd so cap phép hoat dong khai thac khoang san cap Bo.

- Anh Sentinel-2: Sentinel Ia tén ciia mot loat cac vé tinh quan sat trai dat thuoc Chuong
trinh Copernicus cia Co quan Khong gian Chau Au (ESA). Pay 1a b co so dit liéu anh rat 16n
ciia My va Chau Au gom NASA, USGS va ESA di dugc tich hop toan b vao hé théng co sé
dir liéu caa Google Earth Engine (GEE). M&i nguén dir liéu c6 san trén GEE déu c6 1D va co
thé tra ciru tai danh muc GEE qua trang web https://earthengine.google.com/datasets/. Bang 1
mo ta dit liéu Sentinel-2 trong nghién ctru nay. dwoc truy xuét tir b swu tap hinh anh trong GEE
tir 01 thang 9 nam 2019 dén 30 thang 12 nam 2020.

Bang 1: Dir liéu anh dung trong nghén cizu

TT  Anhvé ID Do phan Thoi gian
tinh giai
1  Sentinel-2 L1C_T48QUK_A023367 10m Turngay 01/9/2019
2 Sentinel-2 L1C_T48QVK_A023324 10m dén 30 /12/2020
3 Sentinel-2 L1C_T48QVJ_A023324 10m

3.2. Phwong phdap nghién ciru

Hoat dong khai thac khoang san luén ludn dé lai tic dong lam thay ddi canh quan mai
truong xung quanh vi tri khai thac, thuong 1a cac thay doi vé 16p phii bé mat nhu: phu thuc vat,
phi nuéc mat, phi thd nhudng. Bang cach theo ddi va phan tich sy thay doi phu bé mat, Phuong
phép CCDC c6 thé phat hién cac dau hiéu hoat dong khai thac khoang san [3].

Phuong phap CCDC danh gia cac thay ddi vé gié tri cua diém anh trong mot khoang thoi
gian nhat dinh (thoi ky). Trong mot thoi ky, su bién dong cua gié tri diém anh c6 thé phu thudc
vao mét trong cac loai bién dong sau [4], [6]:

- Bién dong theo mua: gia tri caa diém anh thay di phan anh sy bién dong theo mua, do
cac nguyén nhan nhiét do, anh sang va luong mua. Tir d6 din toi su thay ddi lap lai caa pha
thue vat hodc nude bé mat 6 tinh chu ky theo tirng mua.

- Bién déng ddan déu (gradual): gia tri cia diém anh thay doi phan anh mot xu hudng, vi
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du xu hudng tang hoac giam phu thuc vat qua cac thoi ky.

- Bién dong dst ngét (abrupt): gié tri ciia diém anh thay d6i phan 4nh mot thay dbi dot
ngot do cic nguyén nhan nhu chit pha rimg, d6 thi hda. Cac dau hiéu khai thac khoang san s&
gay ra cac bién doi dot ngot.

- M hinh hdi
—>| cua mét chu ki ( - didu ho —
(Sentinel-2) quy Qe hoa
Y
Y Di liéu dau Xic dinh tham On
vao CCD 56 ham héi quy dinh?
N
A4 v
Bl 2l Xic dinh bién
L— Bién phdp khic phi £l R i
1en phap Khac phuc Lay mau dong N
y B
£ N
Ditliéu diu |, ‘
ra CCD
v
] : Huén luyén Hoc May Phin loai
| Xir Iy dit liu dAu vio
| | Phat hién bién dong
\ Ban d6 bién déng )
[ } Phén loai vimg phii va 16p bién déng A y

Hinh 2: Cdc bude phén tich va xdc dinh bién déng phui bé mat

Phuong phap CCDC sé& xac dinh ca ba loai bién dong trén dé nham muc dich chinh 1a xac
dinh dugc céc bién dong dot ngot. Nhu vay, hai loai bién dong 1a bién dong theo mia va bién
dong dan déu dong vai tro phu tro cho xac dinh céc bién dong dot ngot. Pé udc luong céc bién
dong theo muia va bién dong dan déu, CCDC sir dung mé hinh hdi quy diéu hoa (harmonic
regression) va mo hinh xu hudng (trend model). Tir d6 nhitng gid tri Iéch dt ngot khoi mé hinh
c6 thé duoc sir dung dé xac dinh cac bién dong dot ngot.

Céc budc phan tich va xac dinh bién dong phu bé mat nham phat hién cac bién dong dot
ngdt sir dung phuong phap CCDC dugc khai quat hoa trong so dd Hinh 2. Cac budc thyc hién
duogc phan chia thanh cac cong doan: (1) Xt ly dit liéu dau vao, (2) phat hién bién dong va (3)
Phan loai ving phi va 16p bién dong.

4. Két qua nghién ciru va thao luan
4.1. X Ii dir liéu ddu vao
Dt liéu anh Sentinel-2, duoc xtr li may, bong may theo thuat toan Fmask [8], thong tin
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chua trong b dit liéu nay bao gom:

- Théng tin phan xa phd bé mat

- Théng tin danh gia chat luong gia tri diém anh

- Thong tin pham vi dia ly caa khu vuc nghién ctru (hé toa do, vung bao) va thong tin thoi
ky (ngay bat dau va két thac).

4.2 Phuwong phap 1dy mau

Céc phu bé mit s& duoc chia thanh 5 16p co ban gdm: phii nude (water), pha thuc vat
(vegetation), pht d6 thi (built-up), phu dat dai (soil) va 16p khai thac khoang san (mining). Su
bién dong qua lai gitra cac 16p dugc phat hién boi ki thuat CCDC va truc quan hoa thong qua
ki thuat truc quan hoa chudi thoi gian (time series visualization). Cong tac phan loai dugc tién
hanh trén nén tang dién todn dam may Google Earth Engine (GEE) nén phwong phap ldy mau
duogc thyc hién theo phuong phap Stratified Equal Random Sampling (SRS(Eq)). S6 diém lay
mau chon & mdi 16p bang tong sd diém 1y mau chia cho s6 16p. Cu thé, trong thuc nghiém tong
s6 diém 1y méu 14 100, thi sb diém ldy mau cho mdi 16p trong s6 5 16p néu trén s& 1a khoang
20.

4.3 M6 hinh hoi quy diéu hoa va xac dinh ham hoi quy

Dir liéu duge luu trir va xap xép vao cau tric dir lidu chudi thoi gian (time series data).
M5 hinh hdi quy diéu hoa duoc sir dung dé tién hanh cac phan tich chudi thoi gian (time series
analysis). Dir liéu dau vao CCD la dit lidu sau khi xtr 1i may, s& dugc khép (fitting) véi mo hinh
ham diéu hoa c6 thanh phan hinh sin 1 bdi s6 tan sb cia tan s6 co ban hang nam. Mot s6 hang
khong ddi va tuyén tinh dic trung cho do phan xa bé mit hodc gia tri bu nhiét d6 d6 sang va do
déc tong thé, trong tmg [5], [9].

4.4 Phét hién bién déng (CCD)

Trong cong doan nay bién dong gia tri diém anh theo mua hozc bién dong dan déu duoc
xéc dinh sir dung mé hinh diéu hoa (harmonic model) va ham hdi quy LASSO (Least Absolute
Shrinkage and Selection Operator). Su sai khéac trong gia tri diém anh trong mé hinh du doan
bién dong va gié tri diém anh thuc duoc tinh toan. Néu sy sai khac nay 16n gap ba lan sai sé
binh phuong nho nhat (RMSE) thi diém anh d6 s& duoc danh dau 14 c6 kha ning xay ra bién
dong dot ngot caa lop phu. Bién dong dot ngot cua l6p pha duge danh gia 1a bién dong thuc sy
dua trén viéc thuc hién lién tiép nhiéu 1an tinh toan su sai khéc trong gié tri diém anh. Néu trong
cac 1an thuc hién tinh toén lién tiép nhau tai mot diém anh, sy sai khac chi xay ra mot lan thi su
sai khac d6 duoc coi nhu ngoai 1 théng ké (outliner). Néu sy sai khac xuat hién trong cac lan
thuc hién tinh toan lién tiép, diéu d6 chung té cd kha ning rat cao tai diém anh d6 di xay ra
bién dong dot ngot phu bé mat (Hinh 3).
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o = i s :
Truc t: biéu dién th tu trudc sau cac thdi diém trong mot chu ky danh gia
Truc P: bi€u dién gia tri tai mét diém anh cu thé tuong ng vai cac thdi diém trong chu ky

Hinh 3. Dién dat sir sai khéc vé gia tri diém anh trong mét chu ki

Dit liéu dau ra caa qua trinh phat hién bién dong 1a di liéu raster chira thdng tin phan tich
bién dong va cac tham s6 mo hinh phét hién bién dong. Cac diém anh c6 dang bién dong twong
tu nhau s& duoc danh diu mau sac gidng nhau trong di liéu raster phan tich thay doi. Tir do, ta
xéc dinh duoc khi nao va bao 1au mot diém anh dwgc danh dau 1a c6 bién dong phu bé mit. Dir
liéu raster phén tich thay d6i con chira cac thdng tin phd can thiét cho phan loai cac loai phu bé
mat. Cudi clng va quan trong nhat 1a dit liéu raster phan tich thay d6i dugc sir dung cing véi
két qua ldy miu dé thuc hién budc tiép theo phan loai phu va l6p bién dong.
4.5 Huén luyén hec may

Mot trong cac thuét todn huan luyén hoc may hay dung trong vién tham dé phan loai 16p
phu 1a Random Forest (RF). Phuong phap huan luyén hoc may nay sir dung hoc tip theo nhom,
12 mot k¥ thuat két hop nhiéu ‘may phén loai’ (classifier) dé giai quyét cac van dé phirc tap. RF
chtra dyng nhiéu cay ra quyét dinh (Hinh 4). Mot rimg cdy ra quyét dinh dugc san sinh ra boi
thuat toan RF duoc huan luyén thong qua ki thuat dong bao (bagging). Trong linh vuc hoc méy,
dong bao 1a mot thuat toan tong hop gitp cai thién d6 chinh xac cua cac thuat toan hoc may. Ki
thuat dong bao bao gdm viée st dung cac mau dit liéu khac nhau (di liéu huén luyén) thay vi
chi mot mau dit liéu. Tap dir liéu huén luyén bao g@)m cac quan sat va dac trung dugc su dung
dé dua ra dyu doan.

May phan loai RF

Dir liéu
cay ra quy&t dinh

- -

. -
Dy doan Dy doan Dy doan

B& phi&u da 56 -

Hinh 4: M6 phong qud trinh hudn luyén ciia RF
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4.6 Phan loai phii va 16p bién dong

Cong doan cudi ciing trong phuong phap CCDC 1 phan loai c4c 16p pha va 16p bién dong
cho tat ca céc anh trong bo dit liéu da chiéu. Dit lidu raster phan tich thay d6i két hop véi thong
tin phd dugc dua vao mé hinh thong tin s& cho két qua phan loai tot hon di véi dix liéu raster
chudi thoi gian.
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Ranh gisi giam sat TK4

Anh Sentilen théi diém 01/012020 dén 30/09/2020 Anh Sentilen théi dicm 01/10/2020 dén 30/12/2020

104°46'40"E 104°46'40°E

Hinh 5: Phan logi tu déng anh Sentinel tai khu viec khai thac mé dd hoa Coc Ha I, thj tran Yén Thé,
huyén Luc Yén, tinh Yén Bai theo 4 thoi ky gidm sét.

Sau khi hoan thanh viéc chuan bj dit liéu, nhom tac gia sir dung 80% bo dit liéu nay dé
lam tap huan luyén va 20 % tap di liéu 1am tap kiém tra dé tao ra mé hinh hoc méy, md hinh
nay cling duoc goi la cdng cu phan loai (classifier) dua trén thuat toan phan loai da lya chon tur
truée (Hinh 5, 6). Dé dam bao tinh phé quat, dir liéu kiém tra khdng sir dung trong qué trinh
xay dung md hinh.

Cudi ciing tién hanh phan loai cac 16p phu va 16p bién dong sir dung md hinh hoc may. Téng
hop thong tin, két hop vai két qua qua trinh phan loai dé cho ra ban db bién dong (Hinh 7).
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Hinh 6. Phan logi tir déng xdc dinh ddu hiéu khai thac khodng san tinh Yén Bai theo anh Sentinel 2
chup ngay 201901010 dén 20201230
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Hinh 7: Khai thac mé dd hoa Ban nghé 11 chong ghép 4 thoi ky

Két qua ctia qua trinh phén tich va phat hién bién dong khai thac khoang san bao gém ca
dang vector (vi du: ranh giéi khu vuc xdy ra bién dong) va ca dang raster (vi du: anh danh dau
vung khai thac khoang san), duoc luu trit vao co so dir liéu khong gian va dugce td chirc thanh
cac 16p thong tin.
4. Két luan

Lua chon nguén tu liéu anh vién tham 1 anh Sentinel 2 dwgc cung cdp mién phi boi GEE
c6 sin tir ndm 2011 dén nay dam bao dy da bo dit liéu chudi anh vién tham da thoi gian rat
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pht hop cho céc nghién ciru bién dong tai nhiéu thoi diém khac nhau.

Nghién cttu cho thay d6 tin cay ciing nhu d6 chinh xéc cao cia phwong phap CCDC trong
theo ddi va phat hién céc bién dong Iop phu bé mit.

Thuat todn phan loai Random Forest két hop vé6i bo dit liéu mau thuc dia dé huan luyén may phan
loai di véi khu vuc co dia hinh phuc tap lién quan nhiéu dén tac vy lay mau thyc dia cho két qua phan
loai dat dugc do chinh xéc vé ca khong gian va thoi gian 1a trén 80%.

Két qua theo ddi, kiém soat bang cong nghé vién tham la kénh thdng tin nhanh chong, khach
quan, chinh x&c nham dua ra cac bién phap giam thiéu téi da nhitng hau qua cua viéc khai thac khoang
san bira bai, dua ra bién phap bao vé méi truong thién nhién va méi trudng sdng.
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ABSTRACT

DETERMINATION SIGNS OF MINERAL MINING IN YEN BAI
PROVINCE FROM SENTINEL SATELLITE IMAGERY

Le Minh Hue!, Vu Thi Thanh Hien?!, Nguyen Thi Phuong Bac?,
Tran Truong Giang?, Do Thi Phuong Thao?”, Trinh Thi Thu?®

! National Remote Sensing Station

2 Hanoi University of Mining and Geology

3 Survey and Aerial Mapping One Member Limited Liability Company
“ Corresponding author: dothiphuongthao@humg.edu.vn

In Yen Bai province, there are about 21 different types of minerals, mainly concentrated
in highland areas of districts. However, there are currently about 130 mining that has been
granted licenses that have expired but illegal mining continues. Many protections plan to
prevent illegal mineral exploitation have been issued, including the application of science and
technology such as the use of remote sensing images to monitor the status of mineral
exploitation. This paper presents the results of using the Change detection and classification
(CCDC) method to monitor the fluctuations of the surface mantle using dense time series of
satellite imagery. The method consists of two parts, the first part tracks and detects the changes
of the surface, the second classifies the coating on the satellite images during the tracking period
to visualize those changes. The dense time series satellite image data source is provided by
Google Earth Engine (GEE) cloud platform. The integrated Random Forest machine learning
algorithm on the GEE platform is used to classify the overlay for an overall accuracy of 87%.

Keywords: Sentinel, Mineral mining, Automatic classification, Yen Bai.
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