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Tom tit:

Phwong phdp tw dong phat hién bién dong dia hinh, dia vt trén bé mdt trdi dat la vin dé dugc dé cdp va
nghién cieu tir lau trong linh viee Vién tham néi riéng va khoa hoc trdi dat néi chung. Cdc nghién ciru gan dady déu tap
trung vao viéc ndng cdo kha ndng tw dong phat hién, giai dodn, phat hién bién dong cdc loai doi twong trén anh Vlen
tham img dung cong nghé dién toan ddm mdy va tri tué¢ nhan tgo. Hé thong Google Earth Engine (GEE) la mgt nén
tang ung dung dién toan dam mdy digc xdy dung san va mlen phi, cho phép tan dung nguon dit liéu mien phi phong
phii, tdn dung hé thong tinh todn online cong sudt 16m, mét s6 thudt todn dwoc xdy dung san dé thuc hién mét sé bai
todn Vién tham pho bién hién nay. Trong gidi han cuia bai bdo nay, nhom tac gia s€ giGi thiéu quy trinh tw dong phat
hién bién dong dia hinh, déi twong dia 1y trén nén tang cong nghé Google Earth Engine trén khu viuc Ha Ngi.
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Abstract:

The automatic method for detecting changes in terrain and surface features on the Earth's surface has been a
topic of discussion and research for a long time in the field of Remote Sensing in particular and Earth Sciences in
general. Recent studies have focused on enhancing the capability to automatically detect, interpret, and identify changes
in various objects on remote sensing images using cloud computing and artificial intelligence technology. The Google
Earth Engine (GEE) is a free cloud computing platform that allows users to leverage a rich source of free data, utilize
a high-capacity online computing system, and use some pre-built algorithms to solve common remote sensing problems
today. Within the scope of this paper, the authors will introduce an automated process for detecting changes in terrain
and geographical objects using the Google Earth Engine technology platform in the Hanoi area.
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1. Mé dau

Nhirng nam gén day, cung vdi sy phat trién manh mé ctia kinh té - xa hoi thi sy bién dong trén
bé mit 1anh thé 1a rat 16n, nhiéu hoat dong pha huy tai nguyén thién nhién, cling nhu do thi hoa, cac
nha may xi nghiép, khu cong nghiép moc 1én cang nhiéu. Vi vy viéc phat hién bién dong cua dia
hinh va céc dbi tuong dia 1y gop phan dwa ra canh bao cac khu c6 nhiéu sy thay dbi dé kip thoi khac
phuc va dua ra cac giai phap ung pho [1].

Gan day, cong nghé vién tham duoc phat trién nhanh chong véi dit liéu 16n va cong nghé dién
toan dam may. Google Earth Engine (GEE) 1a mot nén tang dién toan dam mdy duoc phat trién dé
xu ly anh v€ tinh va cac dir liéu dia khong gian khac. H¢ thong cung cip quyén truy cip vao co s
dir liéu khdng 16 anh vé tinh va cac thudt toan can thiét dé phan tich anh vé tinh dap ung nhiéu tng
dung khac nhau. GEE cho phép giam sat nhiing thay doi trong cac linh vuc ndng nghiép, tai nguyén
nudce va khi hau... sir dung dit liéu dia khong gian véi cac mirc d phan giai theo khong gian va thoi
gian khac nhau. GEE cung cip mot danh muc dir liéu cing véi thudt toan phan tich cho da dang
nhoém nguoi dung [2, 3]. Viée sir dung GEE d tang nhanh trong vai nim qua, trong nhiéu co quan
(nghién ctru, chinh phu, va tu nhan) ciing nhu trong nhiéu linh vic tng dung khac nhau (quan 1y
nude, ndng nghiép, bao tdn thién nhién, v.v.). Su phd bién cta cong cu ¢6 lién quan dén nhitng loi
ich to 16n cua no so voi cac cong nghé thong thuong khac.

Ngoai ra, GEE la mét nén tang dam may manh mg dé xtr 1y va phan tich dir liéu anh vién
tham, dudi day 1a mot sé img dung tiéu biéu cua GEE [4, 5]:
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- Giam sat thay doi dit dai (Land Cover Monitoring): GEE cung cap dit liéu v& bé mit trai dét
tir nhiéu ngudn khac nhau nhu Landsat, Sentinel, MODIS, gitip theo d&i thay doi dét dai theo thoi
gian.

- Quan ly tai nguyén nude: Theo ddi bién dong ctia mire nude trén cic hd, song, va ving dat
lién quan, giup quan ly tai nguyén nudc va du bao han han.

- Du bao tham hoa thién nhién: Str dung dit liéu vé thoi tiét, hinh anh vé tinh, va cac thong sb
moi trudong dé du bao va theo dbi tham hoa nhu 1 lut, chay rimg, va béo.

- Panh gia va giam nhe bién ddi khi hau: GEE cung cdp cong cu cho viéc theo dbi bién doi
khi hau, danh gia tac dong ctia n6 trén moi trudong va hd trg trong viée phat trién cac bién phap giam
nhe.

- Quan 1y rimg: St dung dir liéu vé rimg tir nhidu ngudn dé danh gia strc khoe cua rimg, theo
doi dién tich rung, va giam sat cac loai dong va thuc vat.

- Néng nghiép: GEE c¢6 thé hd tro néng dan trong viéc theo dbi hiéu suét cay trong, du bao
thu hoach, va quan 1y tai nguyén dét dai.

- Po dac va thong ké d6 thi: Cung cip dit liéu vé d6 thi nhu thay doi d6 thi, phan loai dét dai,
va thong ké déan s6 dé hd trg quy hoach db thi va phat trién bén vimg.

- Strc khoe cong ddng: Sir dung dir liéu vé& mdi trudng, khi twong va vé tinh dé du bao va theo
ddi cac yéu td anh hudng dén sire khoe cong déng, nhu dich bénh va 6 nhiém khong khi.

Xuét phat tir thuc trang, kha néng Umg dung cua cong ngh¢ va cac nhu cau vé theo ddi bién
dong lién tuc cua cac dbi tuong trong thuc té, viéc nghién ctru ung dung nén tang GEE phat hién
bién dong bé mat dia hinh, déi tuong dia Iy thuc su can thiét.

2. Phwong phap nghién ciru
2.1. Khu vwc nghién ciru
Khu vure nghién ctru 1a toan b khu vuc thu d() Ha Noi véi téng dién tich 1a 3.359 km?

Hal £h6i

Hinh 1: Khu vifc nghién citu

2.2. Phwong phdp gidi dodn dnh vién tham, phdt hién bién dpng

Nén tang, ngdn ngit 1ap trinh: Sir dung cac thuat toan lap trinh ngdn ngir JavaScript trén giao
dién Code Editor dé thu thap dit liéu anh dau vao trén nén tang GEE va tién hanh cac budc xir 1y,
phan tich, hién thi va xuat két qua.

Dit liéu anh déu vao: Anh vién tham Sentinel-2 MSI- MultiSpectral Instrument, Level-2A da
duoc Google Earth Engine hiéu chinh khi quyén dugc sir dung trong nghién ctru nay.

Phuong phéap c6 mét s6 uu nhuge diém sau:

Diém manh: Thoi gian xur ly nhanh, d¢ chinh xéc cta thuat toan giai doan cao.

Diém yéu: Phuong phap giai doan anh véi su tham gia cua tri thirc con ngudi thi mire do day
du, do chinh xdc cua két qua con phu thude rat nhiéu vao kha nang cta ngudi giai doan, hiéu qua
kinh t& va tbn kém nhiéu vé céc chi phi diéu tra ngoai nghiép. Ngoai ra con phu thudc vao loai anh
(it bi che phti boi may va anh hudng boi thoi tiét) va do chinh xéc ctia thuat toan giai doan.
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Chuén bi anh vidn tham

v

Té hop mau di lids d3u vao

v

Phan loai anh 2 thoi diém

w

So sanh anh tai 2 thii didm

v

Ban a6 phat hién sw thay déi

Hinh 2. Phuong phdp gidi dodn anh vién tham, phat hién thay déi trén nén tang GEE

2.3. Quy trinh phan logi dnh

Bude 1. Chudn bi anh vién tham

Trudce khi bat dau quy trinh phat hién thay ddi ta can chuan bi dit liéu anh vién tham dé xu 1y.
Céc budc ndy bao gom dang ky anh da thoi gian va hiéu chinh birc xa va khi quyén, nhiing budc
ndy déc biét quan trong. Tuy nhién, phan 16n cong viée nay da duoc ty dong hoa va ‘ap dung cho
cac dir liéu anh c6 san trong GEE. Lua chon dir liéu anh cho qua trinh xtr ly ciing rat quan trong
trong d6 c¢6 viée tim kiém cac anh c6 d6 che pht may thap.

Lua chon anh Sentinel-2 & hai thoi diém can phan tich, so sanh su bién dong vé dia hinh, dia
vét, trong nghién ciru ndy chiing t6i chon hai thoi diém trong vong hai nam 2020 va 2021.

Tiép theo, chon by dir liéu anh Sentinel-2 dua trén tap Iénh ImageCollection cua GEE tai 2
thoi diém tién hanh loc nhidu dé c6 hinh anh duoc chit lugng tot nhat. Trong nghién ciru nay, tién
hanh loc tham s “CLOUDY_PIXEL PERCENTAGE” nho hon 5% dé thu dugc anh it may nhét
(dudi 5%). Ngoai ra, con ap dung ky thuat Cloud masking dé loai bé may.

Bude 2. To hop mau tw nhién dit liéu anh dau vao
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Hinh 3. Dit liéu anh thu thdp ¢ hai thoi diém Hinh 4. Ldy mau phén loai
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Trudce khi tién hanh phan tich phét hién thay dbi, trudc tién ching ta nén truc quan hoa hinh
anh dau vao ctia minh dé hiéu duoc khu vuc nghién ciru, kiém tra truc quan noi ¢ thé xay ra thay
d6i va xéc dinh bat ky van d& nao cua dir liéu dau vao trude khi tiép tuc. Bang cach té hgp mau kénh
mau do, xanh 14 cdy va xanh lam. Vi anh Sentinel, t hop mau ty nhién bang cach sir dung Band 4
- kénh mau d6 (Red), Band 3 - kénh mau xanh 14 cay (Green) va Band 2 - kénh mau xanh lam
(Blue).

Két qua t6 hop mau tu nhién thu duoc anh tu nhién tai 2 thoi diém

Budc 3. Phén logi anh tai 2 thoi diém

Trong bai bao nay chung t6i tién hanh phan loai cac dbi tuong thue vat, thuy hé, giao thong,
dan cu. Sir dung phuong phap phan loai c6 giam sat voi cac bude tién hanh nhu sau:

1. Chon méu cho timg dbi tuong giam sat

2. Sir dung Machine Learning dé GEE tién phan loai cac d6i tugng trén tai 2 thoi diém, trong
nghién ctru nay str dung thuat toan “smileRandomForest” hd tro bai GEE. Tién hanh danh gia do
chinh x4c sau phan loai dé kiém chimg d¢ chinh x4c cia qua trinh phan loai ¢6 pht hop dé tién hanh
so sanh & budc tiép theo.

BuGc 4. So sanh anh tai 2 thoi diém phat hién doi

Sau khi tién hanh phan loai anh tai 2 thoi diém ta st dung thuat toan so sanh duoc hd tro trong
GEE dé phat hién sy thay doi, 1ay anh phén loai thoi diém sau loai trir cho thoi diém trude. Gan mau
cho cac dbi tuong nghién ctru, dé phat hién ving thay doi, sau d6 hién thi 1én ban db.

3. Két qua nghién ciru

- Dit liéu str dung: Sentinel-2 di duogc hiéu chinh khi quyén trong GEE.

- Pham vi nghién ctru: Khu vuc nghién ciru la toan bé dién tich Ha Noi.

- Ket qua thu dtmc sau khz phan loal khu viee Ha Noi dwoc thé hién tai Hinh 5.
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Hinh 5. Anh sau phan logi ¢ hai thoi diém Hinh 6. Két qua phat hién
bién dong dia hinh, dia vdt

3.1. Ddnh gid dj chinh xdc két qud phan logi

Phén loai anh vién tham 1a qu4 trinh phan dinh cac pixel trong hinh dnh thanh cac 16p hoic
cac nhom don vi 16p phu bé mat dat [6-7]. Dé thuc hién ching ta can c6 bd khoa giai doan va bd
khoa danh gia d6 chinh xac. Viéc chon mau dé danh gia do chinh xac dugc thuc hién qua xac dinh
vi tri cac diém méu ¢ thuc dia dé so sanh va danh gia voi két qua giai doan anh. Thyc hién véi dung
lwong méu twong dbi phi hop véi dién tich giai doan dé co duge su tong quat khach quan va bao
quat cac dbi tuong can danh gia sau do chong xép 1én 16p ban db nén ban d6 giai doan dé kiém tra
dd chinh x4c ctia két qua.

Thuc hién so sanh két qua giai doan va két qua thuc dia dé thanh 1ap ma tran sai ) (Confusion
Matrix) [8-9]. Ma tran sai sb 1a mot ban ma trin thé hién sy sai khac va trung khop két qua kiém tra
thue dia va két qua giai doan. Tir do tinh duoc chi sd Kappa (K) dé danh gia d6 chinh xéac cia két
qua giai doan. Hé s6 Kappa dugc sir dung 1a thude do danh gia do chinh xac phan loai. Day 1a hé 5O
tién ich cua tat ca cac nguyén to tlr ma tran sai s0. N6 1a su khéc nhau co ban giira nhitng gi ¢6 thuc
vé sai s& do 1éch ctia ma tran va tong sé thay doi duoc chi ra boi hang va cot.

Cong thire xac dinh chi sé Kappa nhu sau [10]:
18
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N Y1 Xii = Zi1 Xy — X40)
i N2 —Z{=1(Xi+ — X41) i )
Trong d6: r = SO lugng cot trong ma tran anh, Xi = SO luwgng Pixel quan sat dugc tai hang i
va cOt 1 (trén duong chéo chinh) Xi= Tdng pixel quan sat tai hang i, X; = Tong pixel quan sat tai
cot i, va N = Tdong sb pixel quan sat dugc trong ma trén anh.
Heé s Kappa thuong nam gitra 0 va 1, gia tri nim trong khoang nay thi do chinh xac cua sy
phan loai duoc chap nhan. Theo Cuc Dia chat My§, Kappa c¢6 3 nhom gia tri: K > 0,8: d6 chinh xac
cao, 0,4 <K <0,8: d6 chinh x4c vua phai, va K <0.,4: d0 chinh xac théip

Bang 2. Ma trdgn Confusion cua anh nam 2020 Bang 3. Ma trdn Confusion cua anh ndm 2021
= 2 @ S ) pPCX = g 2 g . PCX
Lép ° = 2z 2 Tong | nguoi Lép © £ 2 2 Tong | nguoi
- 2 = = dung S = = g ding
Do thi 433 5 0 3 441 98,18 Do thi 433 5 0 3 441 98,18
Giao 2| 222 0 7| 231 961 Giao 2| 22 0 7 231 96,1
thong thong
Thuy hé 0 0 15783 11 15794 | 99,93 Thuy hé 0 0 15783 11 15794 99,93
Thyc vt 0 0 1] 10507 | 10508 | 99,99 Thuc vt 0 0 1 10507 10508 99,99
To 435 227 15784 | 10528 To 435 227 15784 10528
e -PCX: 99,89% 1)2;? = -PCX: 99.89%
s SN0 19954 197,79 | 9999 | 99,8 | - Kappa: 0.9978 yCA 99,54 | 97,79 | 99,99 | 99,8 | - Kappa: 0.9978
san xuat san xuat

Dua trén cac két qua tir Ma tran nham 14n tai cac thoi diém néu trén, nghién ctru da chi ra réng
do chinh xdc dat muc A9 cao, voi nghién cieu khoa hoc co thé chd}) nhdn duoc.
3.2. Két qud bién dpng trén bé mdt
- Nhitng ving mau trang: Khu vuc khong bi thay dbi
- Viing mau do: Khu vire ¢6 sy bién dong cta cac dbi tuong
- Thoi gian xu ly: Duéi 3 phut.
Bdng 7. Két qua cdc khu viee bién dong

TT | Pdi twong Dién tich (m?) TT Poi twong Dién tich (m?)
1 | P thi — Giao thong 731486 | 7 | Thiy hé — D6 thi 32348
2 | D6 thi — Thuy hé 25338 | 8 | Thity hé — Giao thong 213411
3 | P thi — Thuc vét 2048116 | 9 | Thity hé — Thuc vét 1274626
4 | Giao thong — D6 thi 264406 | 10 | Thuc vit — D§ thi 830485
5 | Giao théng — Thity hé 17485 | 11 | Thyc vat — Giao thong 2094208
6 | Giao thong — Thuyc vat 628903 | 12 | Thuc vat — Thuy hé 227256

Qua ban dd bién dong két qua phat hién su thay d6i & mot sb vi tri nhu sau:

O khu vuc Trung tim thdy c6 su thay dbi nhiéu nhit: Su thay ddi ¢ sy bién dong cua khu do
thi (nha, cong trinh duoc xay dung thém kha nhiéu), giao thong.

Khu vuc it bién d6i nhit, Tay Bic dén Tay Nam chil yéu khu vuc nay 14 rimg, thuc vét nén it
bién dong.

Tuy nhién, trong qua trinh phat hién sy thay d6i con phu thudc vao do chinh xac ciia qua trinh
chon mau phan loai cua anh trude va sau. Loai anh st dung ciing cho ching ta mot s6 két qua khac
nhau tuong ddi, do vay can phai lya chon céc loai anh twong d6i on dinh, it bi che phu boi may va
anh huong bai thoi tiét. Ngoai ra, viéc lua chon thuat toan xir Iy ciing anh huong nhiéu d&én két qua
tinh toan do d6 can phai lwa chon cac thudt toan phi hop véi timg ving dia 1y nhét dinh dé dat dugc
két qua chinh xac.

4. Két luan

Viéc nghién ctru quy trinh tw dong phat hién bién dong dia hinh, ddi tuong dia 1y trén nén tang
cong nghé dién toan ddam may va Al la cong nghé méi dé giai quyét nhanh bai toan phat hién thay
dbi trén dién rong; giai doan ddi twong dia 1y. Nghién ctru s& 1am phong phti thém ngudn dit liéu
dau vao dé xtr 1y va nang cao kha nang tham muu cho lanh dao, chi huy vé pham vi bién dong nhiéu
dé co thé ra quyét dinh trong viéc hoach dinh céc ké hoach vé quy hoach, quan ly trong dé c6 viéc
thanh 1ap mai, cap nhat hoac chinh 1y ban dd & cac khu vuc khac nhau trong thoi gian nhanh. Péc
biét, chiing ta tin dung dugc ngudn tu liéu vién tham mién phi d6 phan giai cao, pham vi rong, do
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phti d chinh x4c dong nhat dé tién hanh phén tich, bo qua qua trinh chd mua anh thuong mai vira

khong hiéu qua vé kinh té va doi khi khong c6 tinh thoi su.

Déi v6i Cuc Ban d6 theo chu ky hang nam hoédc ké hoach dot xuét can phai c6 su danh gia vé
bién ddi dia hinh dia vat trén mot pham vi réng (trén mot quan khu, mot mién, ca nudc hoic trén
mot khu vue bét ky) dé Tham muu cho Thu truéng Cuc pham vi bién dong nhiéu dé co thé ra quyét
dinh vé viéc thanh 14p m&i, cap nhat hodc chinh Iy ban d6 & cac khu vue d6. Viée phat hién thay doi
nhu trén 1 rat can thiét dé hoach dinh ké hoach cap nhat, chinh 1y ban d6 cac loai ty 1& & cac khu
vuc ¢6 bién dong 1on. Dbi v6i cac quan, binh ching khac viéc phat hién thay ddi, bién dong dia
hinh, dia vat trén pham vi rong ciing 1a mot thong tin vo cung hitu ich trong cac hoat dong san sang
chién dau va chién dau ctia don vi.

Tai liéu tham khao

[1] Té Van Tudng, “Quy hoach tai nguyén nudc luu vyce song Pdng Nai”, Dy dn cdp Bo - Vién
Ouy hoach Thuy lgi mién Nam, 2009.

[2] Vién Khoa hoc Thity loi mién Nam, “Ra soat quy hoach thity loi ving Dong Nam B phuc vu
tai cAu tric nganh nong nghiép”, Du dn quy hoach cdp, 2015.

[3] McFeeters S K, “The use of Normalized Difference Water Index (NDWI) in the delineation
of open water features™. International Journal of Remote sensing, 1996.

[4] N. Patel E A, “Multitemporal settlement and population mapping from Landsat using google
carth engine”. Earth Obs Geoinf, 2015.

[5] Nguyen Hoang Quan, “Mot sd phuong phap xdy dung ban d6 ngap 1ii tinh Long An trong diéu
kién bién @i khi hau, nudc bién dang”. Science & Technology, 2013.

[6] Carrasco L, O’Neil A W, Morton R D, Rowland C S, “Evaluating Combinations of
Temporally Aggregated Sentinel-1, Sentinel-2 and Landsat 8 for Land Cover Mapping with
Google Earth Engine”, 2019.

[7] Google Earth Engine APIL Introduction, ngay truy cap 22/12/2023. bia chi
https://developers.google.com/earth-engine

[8] Nguyén Van Hoang, “Nghién ciru ung dung nén tang Google Earth Engine thanh 1ap ban d
giam sat han han luu vyuc sdng Péng Nai ving Déng Nam Bo”, Tap chi khoa hoc va cong
nghé dai hoc thuy loi, $b 58, 2020.

[9] Trinh Minh Ngoc, Nguyén Quang Hung, “Ung dung nén tang Google Earth Engine x4y dung
ban do phan ving han han cho tinh Binh Thuan”, Tap chi khoa hoc bién doéi khi hdu sb 24 —
Thang 12/2022.

[10] Pinh Bao Ngoc, Nong Thi Oanh, Pham Quang, “Nghién ctru nén tang Google Earth Engine
phuc vu xay dung cac hé théng xé4c dinh vi tri sat 16 dat tir dit liéu vién tham da thoi gian”,
Tap chi khoa hoc Po dac va ban do, sb 57-9/23, 2023.

Article © 2024 by Magazine of Geodesy - Cartography is licensed under CC BY 4.0 m

20



