Nghién cizu - Ung dung
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TRONG PO THI TAlI THANH PHO HO CHI MINH TU ANH
SENTINEL-2 SU DUNG THUAT TOAN PHAN CUM K-MEANS

PHAN THI ANH THU, NGUYEN TUAN KIET, TRAN THANH LONG
Khoa Ky thudt Xay dung, Truong Pai hoc Bach khoa TP.HCM
Pai hoc Qudc gia Thanh phé Hé Chi Minh

Tom tat:

Sir hién dién cua cac nguon nuwdc bé mdt nhur séng, hé va cac nguén nieéc khac co vai trd
quan trong trong viéc diéu hoa nhiét @ va duy tri can bang sinh thai trong hé thong dé thi.
Viéc quan trdac va danh gid chinh xdc sir phan bé cia cac nguon nuwéc bé mdt trong do thi, dac
biét véi dg chinh xac cao, tré thanh mét yéu té quan trong dé quan ly hiéu qua méi trieong dé
thi. Trong boi canh bién d@oi khi hdu dang gia tang, dé thi dang phai déi mat véi nhiéu thach
thizc, bao gom hién twong dao nhiét dé thi. S hién dién cia cac nguon nweéc bé mdt c6 thé gidp
giam thiéu hién firong nay bang céch tqo ra cac ving mat mé va can bang nhiét do. Diéu nay
khéng chi mang lgi loi ich cho méi truong ma con gop phan vao s bén viing va an toan cia
dé thi trong twong lai. Nghién ciru ndy trinh bay mét thugt toan tw déng trich xuat thdng tin cac
nguon nuéc bé mét dé thi. Phirong phdp dé xudt da dwoc Kiém tra trén dir liéu Sentinel-2 véi
dé phan giai khéng gian 20 mét va c6 thé ap dung trén pham vi réng |6n. Phwong phdp sir dung
thugt toan phan cum K-means dé tién hanh phan logi tw déng cac dnh duwroc tinh theo chi so
NDWI, MNDWI va ty sé tich hep. Nghién ciru da diroc thuec hién tai khu viec Thanh phé Hé Chi
Minh. S6 Lieong 16p t6i wu cho K-means trong theo phwong phdp dé xuat 14 6. Két qua danh gid
dé chinh xac cho thdy rang phwong phdp d@é xuat phi hop dé trich loc thdng tin cac nguon nuréce
bé mat nhanh chéng va chinh xac.

Tur khoa: Sentinel -2, K-means, nwdc mat do thi.

1. Giéi thiéu chung

Theo uéc tinh 70.9% dién tich bé mat Trai
dat dugc bao phu béi nude. Nudc 1a mot tai
nguyén ty nhién quy gia dwoc ton tai dudi
nhiéu hinh thirc va phan bb o nhiéu khu vuc
khac nhau trén thé gigi. Nudc da phan dugc
luu trit tai cac dai duwong. Nudc tai luc dia chu
yéu tap trung vao nudC Mit, nudc ngam va
nudc dong bang tai cac khu vuc lanh gia nhu
vung cuc hay dinh ndi cao. Sy khai thac qua

muac ngudn nudc cling Véi tac dong do thay
doi trong str dung dat va bién d6i khi hau anh
hudng tiéu cuc dén chu trinh nuéc. Nudce dong
vai trd quan trong ddi véi hé sinh thai d6 thi
va khi hau do thi dic biét trong viéc giam thiéu
tac dong cuaa dao nhiét do6 thi [1-2]. Do d6
thong tin vé phan b caa cac dong séng va hd
theo khong gian va thoi gian 1a yéu t quan
trong dé hiéu vé chu trinh nude va la co s dé
tim céc giai phap khac phuc nhitng van dé nhu
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thoat nudc tai khu vue d6 thi. UGc tinh dang
tin cay vé& nudc mit rat quan trong ddi véi cac
linh vuc khoa hoc khac nhau.

Hién nay, truy cap va st dung dir liéu vé
tinh da tré nén don gian hon. D@ liéu nay cho
phép ching ta trich xuit va giam sét tai
nguyén nuéc mat dé dap tng nhu cau cua con
ngudi va cung cap thong tin cho cac co quan
quan 1y dé thuc day su bén vimg. Thay doi vé
dién tich cua cac ngudn nude co thé duoc phat
hién bang céch so sanh hinh anh vé tinh tir cac
giai doan thoi gian khac nhau hoac str dung
cac thuat toan phan loai da dang [3]. Bang
cach phan tich cac dic trung phan xa tur anh
vé tinh da phd, ching ta c6 thé cai thién do
chinh xé&c cua viéc ty dong trich xuat théng tin
vé nudc mit d6 thi. Bé dap ang nhu cau ngay
cang ting vé phan tich thong tin vé bé mat
nude, da co nhiéu phuong phap dwoc dé xuat
dura trén thuat toan phan loai, bao gom ca phan
loai giam dinh va phi giam dinh truc tiép tur
anh t6 hop mau, sir dung céc chi s tinh tir
kénh phd, hoic dwa vao cic phuong phéap
ngudng dé trich xuat ngudn nuéc tir hinh anh
vé tinh. Pdi véi viéc tu dong hoa trich xuat
thong tin vé bé mat tir anh vé tinh, nhiéu tac
gia da sir dung cac phuong phap hoc may khac
nhau, nhu random forest [4], support vector
machines [5]. Ngoai ra, cac phuong phap phan
loai khong giam dinh khong doi héi mau dao
tao va phu hop hon dé phat trién céc thuat toan
tu dong. Phuong phap K-means la moét trong
nhitng phuong phap phan loai phi giam dinh
phd bién duoc st dung rong réi trong nhiéu
muc dich nghién ctru, dac biét trong linh vyc
tu dong hda trich xuat thong tin dia ly [6].

Nhiéu nha nghién ctru da dé xuét cac chi
s6 pho khac nhau, chang han nhu chi s khéc
biét chuan héa nudc [7], chi sb khac biét nudc
dugc sira d6i (MNDWI) [8], va chi sé khai

thac nudc tu dong (AWEI) [9] & xac dinh
ving nuéc mat. Mac du nhidu tac gia da
nghién ciu, tuy nhién céc thuat toan dugc dé
Xuit gan nhu luén dya trén cac phuong phép
phan loai giam dinh yéu cau di liéu thyc té tir
mat dat, kién thic va cong sic chuyén gia.
Diéu ndy gay can tro rat Ion trong viéc phat
trién cac thuat toan hoan toan tu dong.

Muc tiéu chinh cta nghién ctu nay la
kiém tra viéc st dung mot thuat toan phi giam
dinh cho viéc tu dong trich théng tin bé mat
mit tir anh vé tinh Sentinel-2. Noi dung cu thé
ctua phuong phap dé xuat bao gébm kiém tra
viéc st dung cac chi s6 nude dé lam noi bat
vung nudc mat do thi. Tu do, st dung thuat
toan phan loai phi giam dinh K-means dé tu
dong phan nhém. Cubi cung 14 danh gia két
qua tach bé mit nudc dua trén phuong phap
phan loai K-means tir gia tri cac chi sb nuéc
khac nhau.

2. Khu vuc va dir liéu nghién ciu

Xem xét tim quan trong caa Cac nguon
nuéc bé mit d6 thi d6i voi chat lwong cudc
sbng trong cé4c thanh phé 16n, va dé danh gia
tinh hiéu qua cia phuong phap dé xuat, Thanh
phd H6 Chi Minh duoc lua chon lam khu virc
nghién ciu (Hinh 1). Thanh phd H6 Chi Minh
la mot trung tam quan trong vé kinh té, giai tri,
van hoa va giao duc tai Viét Nam. Thanh ph
nay thugc loai d6 thi dac biét cua Viét Nam va
nam ¢ ving chuyén tiép gitra Dong Nam Bo
va Tay Nam Bo. V6i 16 quan, 1 thanh phé va
5 huyén, dién tich caa thanh phd 12 2.095 km?.
Mat do dan sé trung binh ¢ day 1a 4.375
nguoi/km?. Do d6 mat d6 xay dung ¢ khu vuc
nay rat cao. Ngoai ra, dan s dong con gay ra
&p lyc rat 16n ddi véi viéc sir dung tai nguyén
nudc tai khu vuc nay. Trong nghién cau nay,
bay hinh anh Sentinel-2 véi do che phu may it
hon 15% duoc st dung dé bao quét hét tda bo
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pham vi ctaa thahh phé (Bang 1). Cac hinh anh
Sentinel-2 da duoc tai xudng théng qua Cong
thong tin Copernicus Open Access Hub
(https://scihub.coperni- cus.eu/dhus/). Tat ca
cac hinh anh Sentinel-2 duoc thu thap bang vé
tinh Sentinel-2 va tai xudng dudi dang san
pham cip do L2A cung cap gia tri phan xa day
cta bau khi quyén twong Gng ting kénh phé
(Bang 2).

(a)

N1 S
Hinh 1: Khu vec TP. HCM. (a) Vi tri dia ly
cua TP. HCM va (b) hinh anh vé tinh tai khu

vuc TP. HCM
Bang 1: Danh sé&ch anh Sentinel 2
STT Ngay thu thap D;g;‘“
1 17/01/2023 9.25
2 09/02/2023 14.02
3 16/02/2023 7.63
4 08/03/2023 0.13
5 08/03/2023 0.23
6 04/02/2023 12.4
7 24/02/2023 0.02

Bang 2: Pdc trung cua cac kénh phé

Buwérc song trung tim (nm)

Kénh Sentinel- | Sentinel | P9 phan

phd 2A 2B | gidi (m)
Band 1 442.7 442.2 60
Band 2 492.4 492.1 10
Band 3 559.8 559.0 10
Band 4 664.6 664.9 10
Band 5 704.1 703.8 20
Band 6 740.5 739.1 20
Band 7 782.8 779.7 20
Band 8 832.8 832.9 10
Band 8A 864.7 864.0 20
Band 9 945.1 943.2 60
Band 10 1373.5 1376.9 60
Band 11 1613.7 1610.4 20
Band 12 2202.4 2185.7 20

3. Nguén dir liéu thuc nghiém

3.1. Chisé nhdn dién bé mét nuwéc

Dé ting cuong su thé hién cua mot dbi
tuong so voi cac ddi twong khéc trén anh viéc
sir dung cac chi s6 duogc tinh tir gié tri phan xa
pho 1a diéu can can thiét. Can ct vao dic trung
phan xa phd cua ddi twong nuéc bé mit,
McFeeters (1996) dé xuat chi sb chénh léch
chuan héa cia nudec (NDWI), va Xu (2006) dé
Xuit st dung chi sb chénh léch chuin héa
nude dugc sira doi (MNDWI), twong wng. CAc
chi s6 nay dya trén dic trung phan xa pho cua
kénh xanh 14 va dic trung hap thu cua kénh
hong ngoai s6ng ngan doi voi dbi twong mat
nuéc. Trong nghién ciu ndy, ca hai chi sé déu
duoc st dung dé phuc vu cong tac xac dinh
vung ¢6 nudc phu mat. Bén canh sur dung chi
s6 nudc khac biét binh quan (NDWI) va chi s6
khdc biét nudc binh quan hiéu chinh
(MNDWI), viéc lap ty sb tich hop gitra kénh
hong ngoai gan, hong ngoai song ngan va
kénh xanh 14 ciing dugc sir dung dé ting
cuong sy hién thi duong mép nude cua khu
vuc nghién cuu.

Green — NIR

NDW] = ——— 1
w Green + NIR ( )
MNDWI = Green — SWIR1 (2)
" Green + SWIR2
NIR « SWIR1

Ty s6 = | ———————— 3
y $0 ( Green? ) )

3.2. Ghép dnh

Do khu vire thanh phé H6 Chi Minh dugc
thé hién trong pham vi cua nhiéu tdm anh
Sentinel-2. Do do, sau khi tai anh vé can tién
hanh ghép anh. Qua trinh ghép anh duoc thuc
hién ty dong do céc anh di dugc nan chinh
hinh hoc & hé toa &6 WGS 84, mii chiéu 48.
Sau khi tién hanh ghép anh, khu vuc Thanh
phé H6 Chi Minh duoc cat anh ty dong dya
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trén dix liéu ranh gidi hanh chinh ¢ dinh dang
shape file (Hinh 1b).

3.3. Gidi thugt phan cum K-means

Muc tiéu chinh ctia nghién ciru nay la phéat
trién thuat toan phi giam dinh va hoan toan tu
dong dé trich théng tin bé mat nudc d6 thi tur
dix liéu Sentinel-2 sir dung giai thuat K-means.
Thuat todn K-means la mét phuong phap phan
cum di liéu, trong @6 mdi cum dit lidu dugc
dac trung boi mot tam. Tam dai dién cho mot
cum va c6 gié tri bang trung binh cua tit ca
cac quan sat nam trong cum dé. Thuat toan
nay str dung khoang cach tir mdi quan sat toi
cac tim dé xac dinh nhan cho chdng, thugc vé
cum nao gan nhat. Ban dau thuat toan sé& khai
tao ngau nhién mot sé lugng xac dinh trude
tam cum. Sau do tién hanh x4c dinh nhén cho
ting diém dir liéu va tiép tuc cap nhat lai tam
cum. Thuat todn s€ dung cho tsi khi toan bo
cac diém dit liéu dugc phan vé dang cum hoic
s6 luot cap nhat tm cham ngudng. Dit liéu
dau vao cho thuat toan lan luot 13 gia tri
NDWI, MNDWI va ty s tich hop.

S6 lugng nhom 1a thong tin rat quan trong
dbi voi phuong phap phéan loai K-means. Vi
vay, can tién hanh xac dinh s6 lugng nhom téi
uu cho giai thuat nay. Phuong phap Elbow
dugc sir dung dé lya chon sé lwong cum phu
hop dya trén biéu d6 ham bién dang. Dé thyc
hién diéu nay, ching ta huan luyén thuat toan
K-means v4i mot loat cac gia tri khac nhau
cho sb lugng cum va tinh toan ham bién dang
cho tig tredng hop. Ham bién dang thé hién
mirc d6 bién ddi cua dix liéu khi chia thanh cac
cum khéc nhau.Trén biéu d¢6 ham bién dang,
chung ta tim diém goi 1a khuyu tay (elbow
point), ddy 1a diém ma sau d6 toc do giam cia
ham bién dang tré nén khong dang ké. Piéu
nay ngu Y rang s6 luong cum tai diém nay co
thé coi 1a lya chon tt nhat cho viéc phan chia

dit liéu. Can ctr vao vi tri diém elbow, nhom
tac gia tién hanh lya chon sb lugng cum dugc
phan cho phu hgp vai dir liéu.

3.4. Ddanh gid két qua

Do chinh xé4c cua két qua tach vang nuéc
mit duoc danh gia dua trén sy so sanh két qua
st dung ba loai chi s6 tach mat nuéc khéc
nhau. T4t ca céc pixel trong khu vuc nghién
ctru dugc st dung dé danh gia do chinh xac.
Dua trén dd thi elbow cho tirng loai dix liéu sb
lwong nhom tdi wu dugc xac dinh cho khu vuc
Thanh phd H6 Chi Minh. Phan 16p nudc dugc
st dung trong danh gia do chinh xac da dugc
trich xuat tir ting loai anh chi sé khac nhau
bang giai thuat K-means. Cudi ciing, cac anh
duoc chong 1én nhau dé tién hanh danh gia két
qua. Thong tin 16p nuwéc mit ciing dwoc chong
16p tryc tiép 1én anh t6 mau mau ty nhién cua
anh vé tinh dé tién hanh danh gia truc quan.

4. Két qua

Chi sé tinh tir gié tri phan xa cua cac kénh
phd c6 thé cung cép thong tin dic trung cho
mot s6 ddi twong nhat dinh. Tuy nhién trong
mot s truong hop cac d6i tugng khéc ciing co
gia tri tuong dong. Chi s6 NDWI, N\MNDWI
va ty so tich hop duya trén dic trung phan xa
ctia nuGe va cac doi tuong khdng phai 1a nudc
trén timng kénh anh. Vé co ban, viéc tinh gia tri
c4c chi s6 nay s& cung cap két qua la mot to
anh cip do xam voi céc gia tri caa mdi pixel
la gié tri dic trung tong hop cua toan bo ddi
tuong trong pham vi cua pixel do (Hinh 2).
Péi voi khu vuc cua pixel tong hop chira ca
nude va cac doi twong khéc thi gia tri duoc
tinh cé thé khdng thé hién rd nét su khac biét
cta cac ddi tuong. Quéa trinh phan nhém theo
K-means can nhic dén ca yéu to gié tri 1an mbi
tuong quan vé Vi tri cia cac pixel. Do do,
phuong phap nay dugc ky vong mang lai do
chinh xac cao.
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Hinh 2: Két qud cé&c dnh chi sé. (a) Anh té
hop mau te nhién, (b) Anh NDWI, (c) anh
MDWI va (d) anh ty sé tich hop.

Két qua cho thiy cac anh cap do xam duoc
tao thanh tir céc gi4 tri chi s6 NDWI, MNDVI
cung cap su thé hién ndi bac dbi véi cac ving
nuéc bé mat. Cu thé, viing mit nudce sé ¢6 gia
tri tdi mau hon cac ving khac. Déi véi truong
hop anh ty s6, yéu t6 duong mép nudc duoc

wu tién thé hién r& nét hon. Ving duong mép
nuéc thé hién sy chuyén tiép gitta mat nuée
va ving dat lién nén cac gia tri thé hién duong
bién s€ co gia tri nho hon 1.

Dua trén két qua phan tich lugc dd elbow
cho khu vuc thanh phé HS Chi Minh thay sé
luong nhom thich hgp cho thuat toan K-mean
trong ca 3 truong hop 12 6 nhém (Hinh 3). Két
qua phan nhom dugc thé hién trong Hinh 4.
Chuong trinh phét trién s& gan mau cho céc
phan 16p véi mau cua I6p nudc 1a xanh bién.
Tir két qua phan loai c6 thé nhan thay cac chi
s6 dugc dé xuat chi thé hién sy nhay cam ddi
vé6i d6i tuong mit nude. Di véi cac dbi tugng
khéc két qua phan nhom cua caa ba chi s6 1a
khéc nhau (Hinh 4 a-c). Ving bé mat nuéc
dugc thé hién rd nét trong ca ba truong hop
(Hinh 4 e-f). Trong trudng hop anh ty s6 su
khéc biét khdng thé phan biét biang mit
thuong nhung két qua phan loai van thanh
cdng (Hinh 2d va Hinh 4c).

(a) (b) (<)
168 128 167 )
5 8
4 \ z \ 4
n \ 3
32 :
22 \- 3 2
1 k 2 1
1 —
0 ~ — | 0 —— [0 —
2 4 6 8 10 2 4 6 8 10 10

Number of cluster

Hinh 3: Biéu do Elbow. (a) NDWI, (b) MNDWI va (c) ty sé tich hop
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Hinh 4: Két qua tach bé mdr nuede dé thi tir gié tri (a,d) NDWI, (b, €) MNDWI va (c,f) ty sé
tich hop. Cac hang thé hién (a-c) két qua phan nhom theo k-means va viing nwée dwoc tach
thanh céng (d-f)

Dé tién hanh d4nh gia do chinh xac, ving
nudc mat dugc tach dya trén 3 chi so khéc
nhau duoc chong 16p 18n dit liéu anh t6 hop
mau tu nhién cta anh vé tinh dé tién hanh danh
gia khéach quan. Két qua cho thy, cac tuyén
song lon va sdng chinh dugc trich loc thanh
cdng. Tuy nhién, khdng phai tat ca cac ving
nuée déu dugc trich xuat thanh cong. Khu vuc
séng Vam Thuat bi 6 nhiém nghiém trong va
chuyén mau den thi khong thé duoc nhan biét
trong ca ba truong hop duoc dé& cap trong
nghién cau. Két qua nay co thé duoc tng dung
trong quan traic 6 nhiém ngudén nuéc. Bén
canh d6, mot s6 tuyén kénh nho ciing khong
duoc nhan dién do han ché vé d6 phan giai
khong gian cta anh st dung (Hinh 5).

Hinh 5: Ving nuéc khong thé trich xuat do

chat lwong nudc va kich thudc dong kénh
bé tien hanh so sanh két qua cua ba
phuong phép, ving nuéc mat duoc trich xuét
tir ba phwong phap dugc chong 16p véi nhau

(Hinh 6a). Nham hién thi tryc quan cac mau
riéng biét dugc gan cho tung 16p gia tri. Cu
thé, mau hong la két qua trich xuat mat nuéc
tir NDWI, mau vang la két qua caa anh ty sb,
va mau xanh 14 cay 1a 1a két qua tir MNDWI.
Két qua cho thiy, chi s6 NDWI va MNDWI
cho két qua twong dong khi chong lép vi
khéng nhan thay su khac biét. Su khac biét
gay ra boi anh ty sé tai mot sé khu vuc c6 bai
bdi 1a do dic tinh ciia anh ty s6 khi tinh tir kénh
SWIR1 nhay cam véi cac ving dat tréng co
dd 4m cao nhu cac bii bdi hoic khu vuc dat
canh tac néng nghiép ngap nudc (Hinh 6b-e).
(a)

Hinh 6: Két qua Chong 16p cua 3 phu’ong phap.
mau hong 1a két qua trich xuat mdt nuoC tir
NDWI, mau vang la két qud ciia anh ty so, va
mau xanh 14 cay 1a 1a két qua ti- MNDWI
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Nhin chung, viéc stir dung hinh anh vé tinh
c6 thé trich loc thong tin bé mat dit nhanh
chong. Ky thuat nay da duoc tng dung rong
réi trén thé giGi trong vai thap ky qua. Ban do
bé mit nude thanh phd duoc tao 1ap tir anh
v6i do phan giai cao cd thé gilp cac nha
nghién ctru va nguoi lam chinh sach trong viéc
ra quyét dinh tét hon va nhanh chéng hon
trong muc dich giam sat hé sinh thai thanh thi,
va dua ra cac chinh sach giam tac dong cua
cac dao nhiét do thi. Trong nghién ctru nay do
phan giai cua anh vé tinh 1a 20 m nén nhiéu
viing kénh nho khong thé dugc nhan biét. Bén
canh d6 chat luvong mau nudc ciing anh huéng
dén két qua. Tuy nhién, dya trén cac chi sé dic
trung duoc tinh cho tung loai 16p phu, viéc
trich xuat théng tin tir anh s& dé& dang hon
trong pham vi rong 1én. Viéc nay dong gop rat
I6n cho cbng tac quan ly cling nhu giam sat sy
bién dong ciia nguon nudc mit.

5. Két luan

Céc nguon dir liéu vé tinh mién phi dong
mot vai tro quan trong trong viéc thu thap
thdng tin vé tinh hinh mat dat tong quan va dac
biét la dit liéu vé mat nudc. Trong nghién ciu
duoc trinh bay ¢ day, ching toi st dung dir
lieu vé tinh Sentinel-2 dé trich xuat thong tin
vé mit nudce tai Thanh phé H6 Chi Minh. Qua
trinh trich xuat thong tin nay dugc thuc hién
tu dong dua trén thuat toan phan loai phi giam
dinh K-means tir cac gia tri chi s6 NDWI,
MNDWI, va ty sb tich hop. Két qua cho thay
rang sb 16p tdi wu dé phan loai cho khu vyc
nay la 6. Tuy nhién, qua trinh trich xuét théng
tin tir dit liéu anh vé tinh van phu thuoc vao
chat lwong cua nudc. Khu vie nuge 6 nhiém
va c6 mau den nhu song Vam Thuat khong thé
duoc nhan dién tir anh dua trén bat ky chi s6
nao dugc su dung trong nghién ciu nay. Nhin
chung, két qua trich xuat théng tin vé mit

nuéc tir ca ba chi s6 déu cho thdy su tuong
ddng dang ké. Tuy nhién, chi s ty sé tich hop
trong quan ca Vi ving dat c6 do am cao.
Diéu nay din dén su khéac biét dang ké trong
két qua cua chi s ty sb tich hop ¢ khu vyc cira
séng so vai hai chi sé con lai. N6i chung,
phuong phéap phan loai phi giam dinh c6 nhiéu
loi thé trong viéc tu dong trich xuat thong tin
vé mit nudc. Tuy nhién, can phai xac dinh cac
chi s6 phu hop cho qué trinh phan loai. Déi
V6i cac anh ty sb khd nhan dién bang mét
thuong, phuong phap K-means van cho két
qua phan loai thanh cdng. Viéc lua chon chi
sb dé tién hanh phan loai nén phu thudc vao
dbi tugng can trich xuat. Viéc tich hop céc
thong tin khac nhu ban d6 st dung dét, cao do
dia hinh va cac yéu té dia ly khac c6 thé cai
thién d6 chinh xac ctia qué trinh phén loai va
trich xuat théng tin vé mat nudc. Cac yéu td
nay cé thé cung cap thong tin bo sung vé moi
truong do thi va hé thong nuéc bé mat.Q

Lol cam on

Chung t6i xin cam on Truong Pai hoc
Bach khoa, PHQG-HCM da hd tro cho
nghién ctu nay.

Tai ligu tham khao

[1]. Xiang X, Li Q, Khan S, Khalaf Ol.
2021. Urban water resource management for
sustainable environment planning using
artificial intelligence techniques. Environ
Impact Assess Rev. 86:106515.

[2]. Nwakaire CM, Onn CC, Yap SP,
Yuen CW, Onodagu PD. 2020. Urban heat
island studies with emphasis on urban
pavements: a review. Sustain Cities Soc.
63:102476.

[3]. Yang L, Driscol J, Sarigai S, Wu Q,
Lippitt CD, Morgan M. Towards Synoptic
Water Monitoring Systems: A Review of Al
Methods for Automating Water Body

TAP CHi KHOA HQC PO DAC VA BAN PO SO 57-9/2023 29



Nghién ciu - Ung dung

Detection and Water Quality Monitoring
Using Remote Sensing. Sensors. 2022;
22(6):2416.
https://doi.org/10.3390/s22062416

[4]. Wangchuk S, Bolch T. 2020.
Mapping of glacial lakes using Sentinel-1 and
Sentinel-2 data and a random forest classifier:
strengths and challenges. Sci Remote Sens.
2:100008

[5]. Liu Q, Huang C, Shi Z, Zhang S.
2020. Probabilistic river water mapping from
Landsat-8 using the support vector machine
method. Remote Sens. 12(9):1374.

[6]. Hartigan JA, Wong MA. 1979.

[7]. McFeeters SK. 1996. The use of the
Normalized Difference Water Index (NDWI)
in the delineation of open water features. Int J
Remote Sens. 17(7):1425-1432.

[8]. Feyisa GL, Meilby H, Fensholt R,
Proud SR. 2014. Automated water extraction
index: a new technique for surface water
mapping using Landsat imagery. Remote
Sens. Environ. 140:23-35.

[9]. Xu H. 2006. Modification of
Normalized Difference Water Index (NDWI)
to Enhance Open Water Features in Remotely
Sensed Imagery. International Journal of
Remote Sensing 27(14):3025-3033. DOI:

Algorithm AS 136: a k-means clustering 10.1080/0143116060058917.0Q
algorithm. J Royal Statist Soc. Series c
(Applied Statistics). 28(1):100-108.
Summary
Extracting surface water in urban areas in Ho Chi Minh City from sentinel-2 images

using the k-means clustering algorithm
Phan Thi Anh Thu, Nguyen Tuan Kiet, Tran Thanh Long
Civil Engineering Faculty, Ho Chi Minh City University of Technology
Viet Nam National University of Ho Chi Minh City

The existence of surface water reservoirs, such as rivers, lakes, and other aquatic bodies,
plays a pivotal role in temperature regulation and the preservation of ecological equilibrium
within urban settings. Precise monitoring and evaluation of the spatial distribution of these
surface water features in urban areas, particularly with high precision, have become
indispensable for effective urban environmental management. In the face of escalating climate
change, cities grapple with various challenges, including the urban heat island effect. The
presence of surface water reservoirs can ameliorate this phenomenon by creating cooler zones
and maintaining temperature equilibrium. This not only benefits the environment but also
contributes to the future sustainability and safety of urban regions. This study introduces an
automated algorithm designed to extract information about urban surface water. The proposed
methodology has been assessed using Sentinel-2 data at a spatial resolution of 20 meters and
applies to large areas. It leverages the K-means clustering algorithm to autonomously categorise
images based on NDWI, MNDWI, and ratio indices. The research was conducted in Ho Chi
Minh City, and the optimal number of clusters for K-means in the proposed approach is
determined to be 6. The results of the accuracy assessments affirm that the proposed method is
well-suited for rapid and precise extraction of data concerning surface water reservoirs.Q

Keywords: Sentinel -2, K-means, urban surface water.
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