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NGHIEN CUU CAC CHI SO NHAN BIET NUGC TU ANH SENTINEL-2
TREN NEN GOOGLE EARTH ENGINE: AP DUNG CHO
THANH PHO SA PEC, TINH PONG THAP

Pham Vin Chién
Truong Pai hoc Thuy loi

Tém tit: Bai bio nay trinh bay cdc két qud nghién cieu ba chi s6 NDWI, MNDWI va WNDWI cho
nhdn biét, phan biét va gidi dodn pixel c6 nudc va khong nude tie anh Sentinel-2 trong thanh phé Sa
Péc, tinh Dong Thap trén nén Google Earth Engine. Bé loc théng cao tmo"c tién duoc dap dung dé
dong nhdt do phdn gidi theo khéng gian cho ddi biang hong ngoagi séng ngan (SWIR) tur 20 vé 10 m
trong vung nghzen cuu. Cac dién tich nuoc va khong phaz nuoc trong mién quan tam sau do dwoc s6
héa truc tiép tir Google Earth sir dung cong cu GIS dé tao bé dir liéu tham chiéu. Tiép theo, phan tich
do nhay cua gia tri nguong va hé $6 trong $6 dwoc thuc hién khi sir dung chi s6 WNDWI, két qud thé
hién rc%ng gid tri -0.11 va 0. 50 dwoc xdc dinh twong vmg cho gid tri nguéng va hé so trong so. Sai s0
tong the hé so kappa sai s6 EC va EO ldn luot twong ung la 0,98, 0,85, 0,015 va 0,006. Trong s6 ba
chi s6 da chon, chi so WNDWI va MNDWI phu hop nhdt d@é phat hién cdc vimg muée trong khu viee
nghién cieu, Vi sai s6 tong thé > 0,98 va hé sé kappa > 0,84. Cudi ciing, kha ndng va hiéu qud ciia
viéc ung dung GEE cho viéc gidi doan anh ciing dwoc thao lugn.

Twr khéa: Google Earth Engine, WNDWI, MNDWI, NDWI, Sentinel-2

Summary: This paper presents the results of using three popular water indices namely NDWI,
MNDWI, and WNDWI on detecting water bodies for the Sa Dec city, Dong Thap province based on
Google Earth Engine (GEE) cloud platform. The high pass filter is firstly applied for pan-sharpening
of the shortwave infrared (SWIR) band from 20 to 10 m in spatial resolution of the domain of interest.
The real water and non-water areas in the domain of interest are then digitized directly from Google
Earth using the GIS tool in order to create the reference dataset. Next, sensitivity analysis of the
threshold value and weighted coefficient are performed when using the WNDWI, resulting in values
of -0.11 and 0.50 are obtained for the threshold value and weighted coefficient, respectively. The
overall accuracy, kappa coefficient, error of commission and error of omission equal 0.98, 0.85, 0.015
and 0.006, respectively. Among three selected water indices, WNDWI and MNDWI are the most
suitable indices for detecting water bodies in the studied area, with the overall accuracy>0.98 and
kappa coefficient>0.84. Finally, capacity and time consuming on detecting water bodies using
Sentinel-2 images based on GEE are also discussed.

Keywords: Google Earth Engine, WNDWI, MNDWI, NDWI, Sentinel-2

1. GIOI THIEU CHUNG Sentinel-2 cho phép xem xét cac yéu to bé mit
dém v6i d6 phan giai theo khong gian thay dbi
tr quy mo luu vuc téi quy mo vung hoac toan
cAu, tai cac thoi diém khac nhau. Bart et al. [1]
da str dung dir li¢u anh Sentinel-2 c6 d6 phan

Ngay nay, anh Sentinel-2 da va dang dugc su
dung rdng rai cho cac muc dich xay dung cac
ban dd dic trung cua bé mit dém cling nhu giam
sat va quan ly rui ro thién tai [1-3], bdi vi anh
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giai 10 m dé thiét 1ap cac ban do ngap nudc véi
nhidu cip d6 ddc trung khac nhau, trong d6 bao
gém cd phan loai cac kiéu tham thuc vat va thay
d6i dién tich mat nudc ving dam lay St. Lucia
(Nam Phi). Douglas et al. [2] dd két hop anh
Sentinel-2 va Landsat 8 OLI dé nghién ctru su
bién dong theo thoi gian cta cac hé sinh thai trén
mit dat. Bar et al. [3] d4 x4c dinh cac khu vuc
chay rimng dudi anh hudng cta cac didu kién thoi
tiét kho hanh trong mia kho cho viing Western
Himalaya sir dung anh Sentinel-2 va Landsat-8
OLI. Nhirng vi du trén khing dinh rang ngudn dit
liéu bé mat dém thu thap, giai doan duogc tir anh
Sentinel-2 1a ngudn dif liéu vo ciing quy gid, gitp
vi€c quan ly rui ro thién tai trd 1én hi¢u qua hon.

Pé nhan biét va xac dinh cac dic trung bé mit
dém quan tdm, cac chi s6 NDWI (Normalized
Difference Water Index), MNDWI (modified
normalized difference water index) va WNDWI
(weighted normalized difference water index)
thudng duoc st dung [1-4]. Lién quan dén phan
biét va nhan di¢n cac khu vuc c6 nude va khong
c6 nudc, ca ba chi sd néu trén déu cho phép
phan biét va nhan dién cac vung ngdp nudc va
khong ngap nudc mot cach nhanh chong véoi do
chinh xac nhit dinh [5]. Chi s&6 NDWI c6 thé
ting cudong cac thong tin lién quan dén nudc
trén anh vé tinh. Tuy nhién, khi tng dung chi s6
NDWI trong viéc gidi doan cac viing ngdp nudc
va khong ngdp nudc (nhat 1a trong cac khu d6
thi) thi chi s6 nay cho két qua giai doan céc
diém anh c6 chira nude va khong chira nude
thuong khong chinh xac [6]. Dé khic phuc duoc
nhuoc diém trén, chi s6 MNDWI da dugc phat
trién va st dung, boi vi chi s6 MNDWI sir dung
budce séng ngin can hong ngoai (SWIR) thay
thé cho budc séng can hong ngoai (NIR). Luru
¥ rang trong cac viing ngap nudc ma c6 ndng do
bun cat cao, chi s& NDWI hoic MNDWI
thuong cho két qua 1a cac ving khong ngap
nude. Do d6, dé khéc phuc cac han ché cua hai
chi sé trén, ké tir nam 2017, chi s6 WNDWI da
dugc st dung cho phdn biét va nhan biét cac
khu vuc c6 nude va khong co6 nude, boi vi chi

s6 nay cho phép xem xét két hop sir dung ban
can hong ngoai, budc sdng ngin can hdng ngoai
va Green trén anh dé tang cuong kha ning giai
doan cac diém anh chira nudc va khong chira
nude cho ving nghién ctru (nhit 1a trong céac
viing nghién ctru ma tai d6 c6 néng do bun cat
16n).

Céc dac trung bé mit dém c6 thé duge giai doan
tr cac vé tinh, nhu MODIS, LANDSAT,
Sentinel. Trong céc loai anh vé tinh néu trén thi
anh Sentinel, cu thé 1a Sentinel-2 c¢6 do phan
giai tot nhat va duoc cung cip mién phi bai Co
quan vil try hang khéng Chau Au (ESA). Do do,
anh Sentinel-2 dugc chon la nguén dit liéu dau
vao trong nghién ctru ndy. Qua trinh gidi doan
anh Sentinel-2 thuong yéu cau va doi hoi cac hé
thong may tinh hiéu ning cao boi vi dung lrong
anh 16n. Trong bdi canh d6, Google Earth
Engine (GEE) gan day da ra doi va cho phép
nguodi dung trong cac linh vuc khac nhau sir
dung hé théng may tinh hiéu suit cao va nén
tang dién todn song song cia may chu Google
dé xur 1y hinh anh v€ tinh mot cach nhanh chong
va hi¢u qua [6].

Muc ti€u chinh cta bai bdo nay la nghién ctu
tmg dung ba chi s6 (NDWI, MNDWI va
WNDWI) dé phan biét va nhan biét cac khu vuc
¢6 nude va khong co6 nudc cho thanh phd Sa
Péc, tinh Pong Thap khi st dung hinh anh
Sentinel-2 trén nén dién toan dam may GEE.
Bén canh d6, nghién ctru ciing nham muc dich
xac dinh chi s6 phii hop cho phan biét va nhan
biét cac khu vic co nudc va khong nudc trong
vung nghién ctru.

2. DU LIEU VA PHUONG PHAP

2.1. Vung nghién ctu va dir liéu &nh
Sentinel-2 cho viing nghién ciru

Thanh phé Sa DPéc, tinh Déng Théap thudc ha
luu song Mekong, da dugc lya chon 1am mién
nghién ctru trong bai b4o nay (Hinh I). Thanh
phd Sa Déc 14 noi ma phan bd dién tich ngap
nude theo khong gian dién bién rat phirc tap,
bdi vi ngoai anh hudng do It lut tr phia thuong
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lvu song Mekong, thanh phd Sa Péc ciing
thuong xuyén bi &nh huéng manh mé cua thuy
tridu. Do d6, nhan biét cac ving ngap nudc va
cac vung khong bi ngap nudc cho thanh phd Sa
Déc 1a mot viéc 1am hét stc quan trong, nham
hd trg khong chi cho cac nha quan 1y trong qua
trinh ra quyét dinh ma con cho céc to chirc co
thé tién hanh lap ké hoach mdt cach nhanh
chong trong viéc ti€u thoat cling nhu xay dung
cac ké hoach phat trién chién luoc cho thanh
phd trong twong lai. Hinh 2a thé hién anh
Sentinel-2 thu thap ngay 01 thang 01 nam 2020
cho ving nghién ctru, véi d6 phan gidi 10m cho
cac band Green and NIR, 20m cho band SWIR.
Hinh 2b thé hién cic ving ngdp nudc va cic
vung khong bi ngap nudc trong vung nghién
ctru st dung cong cu s6 hoa cia ArcGIS.

Hinh 1: Ban do khu viee nghién ciru

Ron-water
o

Hinh 2: Ving nghién ciru: a) anh Sentinel-2 cho
vung nghién ciru va b) cac dién tich nudc va
khéng mieGe trong viing nghién ciru sau khi s6 héa

2.2. So' d0 qua trinh thye hién trén nén GEE

Hinh 3 thé hién so dd qua trinh phan biét va
nhén biét viing ngap nudc va cac ving khong bi
ngép nudce sir dung cac chi s6 NDWI, MNDWI
va WNDWI trén nén GEE ma nghién ctru thyuc
hi¢n. Cac budce va qua trinh chinh cho giai doan
anh Sentinel-2 c6 thé tom tit nhu sau. Pau tién,
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anh Sentinel-2 bao phu ving nghién ctru duogc
thu thap. Sau d6, qua trinh tién xir Iy dugc thuc
hién nham loai bé cac anh hudng cua cac yéu td
nhiéu. Tiép dén, bo loc thong cao duoc ap dung
dé ddng nhit d6 phan giai theo khong gian (10
m) cho tat ca cac band. Sau do, ba chi s6 NDWI,
MNDWI va WNDWI lan luot duoc ap dung dé
xéac dinh céc pixel c6 nudc va khong nudc, tir
doé xac dinh céc di¢én tich khong nude va co
nude trong ving nghién ciru. Cudi cing, bdn
chi tiéu danh gi4 sai s6, bao gom sai s6 tong thé
(OA), hé s6 Kapa (KC), sai sb chu quan (EC)
va sai s6 bo sot (EO) dugc tinh toan dé danh gia
d6 chinh xac cua cac két qua nhan biét, phan
biét va gidi doan cac khu vuc nudc va khong
nude trong vung nghién ctru.

Anh Sentinel-2 )

Qué trinh tién x¢ 1y |

| B& loc théng cao |
NDWIL, MNDWI, WNDWI =2

Pixels khong nwde Pixels nwrde

Dién tich khéng nwée Dién tich nudce

‘ Panh gia 40 chinh xdc ‘

Hinh 3: So' d6 qud trinh phdn biét
va nhan biet nuoc va khong nuoc

2.3. B§ loc thong cao cho dong nhit dd phan
gidi theo khong gian ciia ciac ban

TAP CHi KHOA HOC VA CONG NGHE THUY LO'I SO 60 - 2020 3



| KHOAHOC

CONG NGHE

Hinh 4: Phén bé theo khong gian ciia chi sé
WNDWI sau khi s dung bo loc thong cao, voi
do phan giai: a) 10 mva b) 20 m

Luu y rang trén anh Sentinel-2, ban Green va
NIR c¢6 do phan gidi khong gian la 10 m, trong
khi ban SWIR ¢6 d0 phan giai 1a 20m. Do do,
dé thu dugc két qua nhan biét, phan biét va giai
doan cac pixel c6 nude va khong nude tt nhit,
do phan giai theo khong gian cua céc band phai
d6ng nhat. Cu thé, d6 phén giai theo khong gian
ctia ban SWIR nén duoc dua vé 10 m, trude khi
n6 duge ap dung. Mot sé phuong phap thuong
dugc ung dung dé nang cao do phan giai cho
band SWIR c6 thé ké dén, nhu: phuwong phap
phan tich thanh phan chinh (PCA), phwong
phép chuyén d6i hé mau (IHS), phwong phap bd
loc théng cao (HPF) va phwong phap chuyén
d6i song (ATWT). Trong céc phuong phép néu
trén, phuong phap bd loc thong cao dugc lua
chon va str dung trong nghién ctru nay, boi vi
phuong phap nay két qua chuyén d6i tt nhat
[6]. Phuong phap bd loc thong cao s dung
thuat toan lya chon cac thong tin cao tan vé bé
mat khong gian tur ban Pan-chromatic cta anh
Sentinel-2, trong d6 cho phép xem xét cac toan
tir nhu Gaussian, Laplacian. Hinh 4 thé hién gia
tri ctia chi s&6 WNDWI cho ving nghién ciru
trudc va sau khi st dung phuong phap bd loc
thong cao.

2.4. Cic chi s6 nuéc

Ba chi sb nhan biét nude (NDWI, MNDWI, va
WNDWI) da dugc st dung trong nghién ctru
niy boi vi cac chi s nay cho phép nhan biét,
phan biét va gidi doan cac dién tich c6 nudc va

khong c6 nudc trong cac ving ddng bang co dia
hinh bang phing (Du et al., 2016). biéu thirc
tinh ctia chi s6 WNDWI duoc thé hién nhu sau:

WNDWI = PBand2 ~ XX Prangs — (1 - a)x Prands
Pranaz T OX Ppapas (1 - a)x Prands

(M

Trong d6 Peands, PBands VA Pandi1 1an lugt 13 gia
tri phan xa cia cac ban Green, NIR va SWIR
trén anh Sentinel-2, o 1a hé s6 trong s6 ¢6 gia tri
thay di tir 0 dén 1.0.

Chi s6 WNDWI c6 thé tré thanh chi s6 NDWI
khi =0, trong khi d6 chi s6 nay chinh 14 chi s6
MNDWI néu o=1. Gia tri ngudng thudng duoc
sir dung dé phan nhan biét va phan loai cc pixel
c6 nude va khong nude cho anh, tir d6 xac dinh
cac dién tich ngdp nudc va khong ngip nudc
trong ving nghién ctru. Cu thé, mot pixel (v6i
dd phan giai 10 m x 10) nao do trén anh
Sentinel-2 dugc nhan biét 1a pixel c6 chira nude
néu gia tri cta cac chi s6 (NDWI, MNDWI,
WNDWI) 16n hon gia tri ngudng. Trong nghién
ctru ndy, gié tri thich hop cua gia tri ngudng dé
phan loai pixel c6 nude va khong nudce (va h¢
s6 trong s6) duoc xac dinh theo phuong phap
thir sai va dua trén su so sanh céc pixel c6 nudc
s6 hoa va cac pixel c6 nude giai doan tir anh sir
dung bdn chi tiéu danh gia sai sd.

2.5. Panh gia do chinh xac

Dé danh gia d6 chinh xac két qua giai doan cac
pixel c6 nudc va khong nudce tir anh Sentinel-2
cho viing nghién ctru, bdn chi tiéu sai s6, bao
gom sai s6 tong thé (OA - overall accuracy), hé
s6 Kappa (KC - Kappa coefficient), sai s6 chi
quan (EC - error of commission) va sai s§ bo
sot (EO - error of omission) da dugc tinh toan.
Sai s tong dugc xac dinh dua trén ty sd gitta
téng s6 pixel dugc phan loai chinh x4c chia cho
tong so pixel. Hé s6 KC thé hién sy phu hop
gitra cac pixel phan loai va céc pixel ding, va
n6 duoc tinh nhu sau:
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trong d6 i 1a pixel thir i, N 1a tong s pixels duoc
phan loai so véi pixel ding, mi; 14 s6 pixel thudc
16p thir i (nghia 1a cac gi4 tri dugc tim thay doc
theo duong chéo cua ma tran), Ci 1a téng $6
pixel du doan thudc vé 16p i va Gi 1a téng sb
pixel dang thudc 16p thir i. Sai s6 chu quan EO
duoc tinh bang cach xem xét cac pixel phan loai
khong chinh xac do chul quan. Gia tri cua EO
duogc xac dinh dua trén ty s6 s pixel phan loai
khong chinh x4c va tong sb pixel. Tuong tu, sai
56 bo sot EC ciing duge xac tinh bang ty sb giita
tong s pixel dugc phan loai khong chinh xéac
do bo s6t va tong s pixel tham chiéu.

3. KET QUA VA THAO LUAN

3.2. Anh hwéng ciia gia tri ngudng va hé sb
trong s0
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Hinh 5: Anh hwéng cua gid tri nguong
16i két qua gidi dodn (0=0.50)
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Hinh 6: Anh hwéng ciia hé s6 trong sé tGi két
qua giai doan (gia tri nguong bang -0.11)

Nhu da trinh bay, chi s6 WNDWI c6 thé tro
thanh chi s6 NDWI hoic MNDWI tiy theo su
thay d6i gia tri ctia hé s6 trong s. Do d6, chi s6
WNDWI da duoc lya chon dé khdo sat sy anh
hudng cua gia tri ngudng (ciing nhu hé sb trong
s0) tdi cac két qua giai doan va nhan biét nuédc
va khong nudc tr anh Sentinel-2 cho khu vuce
nghién ctru. Hinh 5-6 thé hién gia tri ctia cac chi
tidu sai sb twong mg véi cac gia tri ngudng va
hé s trong s6 khac nhau, trong khi d6 gia tri cu
thé ctia bon chi tiéu sai sb duoc théng ké nhu
trong Bang 1. Gia tri cia OA rat gﬁn mot, trong
khi gia tri ciia hé s6 KC thay d6i tir 0.75 dén
0.85. Gia tri ctia EC thay dbi giita 0.011 va
0.028, gi4 tri cia EO bién d6i tir 0.0003 dén
0.021. Pdng thoi, trong bdn chi tiéu sai s6, chi
s OA 1a chi sb sai s6 it nhay nhat ddi véi su
thay d6i cua cac gia tri ngudng va hé s trong
sO.

Bang 1: Gia tri cua 4 chi tiéu sai s0 ing vdi cac gia tri hé s6 khac nhau

Hé )
Gia tri OA KC EC EO
* nguong

-0.20 0.9764 0.824 0.0109 0.0145
-0.15 0.9798 0.842 0.0128 0.0089
-0.11 0.9808 0.848 0.0146 0.0061
0.50 -0.10 0.9806 0.843 0.0151 0.0056
-0.05 0.9800 0.832 0.0179 0.0034
0.00 0.9783 0.812 0.0210 0.0019
0.05 0.9761 0.787 0.0242 0.0009
0.10 0.9735 0.757 0.0274 0.0003
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Hé )
Gia tri OA KC EC EO
* nguong
0.00 0.9743 0.768 0.0259 0.0011
0.20 0.9779 0.809 0.0211 0.0023
0.40 0.9801 0.836 0.0166 0.0046
0.50 -0.11 0.9808 0.848 0.0146 0.0061
0.60 0.9803 0.845 0.0131 0.080
0.80 0.9776 0.831 0.0112 0.0129
1.00 0.9711 0.793 0.0101 0.0211

Hinh 7: Nuoc trong khu vuc nghién cieu khi
sw dung cac hé s6 trong 56 khdc nhau (0=0,
0.5 va 1.0) va gid tri ngudng bang —0.11

Hinh 7 thé hién két qua phéan biét cac khu vuc
c6 nudce va khong nude trong vung nghién cuiru
tuong ng vai cac gia tri khac nhau cta hé sd
trong s6 va gia tri tdi wu ciia tri sé ngudng. Két
qué giai doan thé hién rang co sy twvong quan
chat ché giita két qua giai doan (cac khu vuc
¢6 nude va khong nude) voi két qua sd hoa cac
khu vuc c6 nudc va khong nudc trong ving
nghién ciru khi st dung chi s6 WNDWI (véi
0=0.50 va gi4 tri ngudng bang —0.11). Gia tri
clia cac chi tiéu sai s6 OA, KC, EC, va EO lan
luot 13 0.98, 0.85, 0.015, va 0.006. Cac két qua

giai doan khu vuc ¢6 nudc khi sir dung chi sd
NDWI va MNDWI thi thién nho so voi gia tri
tham khao. Nguyén nhan chinh din dén hién
tuong trén 1 do sir dung gia tri ngudng bang
—0.11.

3.4. Két qua phén biét nwéc va khong nuéc
tir cac chi sb

Nhu d3 trinh bay, cac két qua giai doan khu vuc
¢ nudce trong ving nghién ctru ¢6 thé thién 16n
hodc thién nho khi str dung chi s6 NDWI hoic
MNDWI. Do do, céc gia tri ngudng khac nhau
da duoc thir dé xac dinh dwogc gia tri phi hop
nhat cho viéc phan biét va nhan dién nudc khi
sir dung cac chi s6 néu trén. Bang 2 thong ké
cac gia tri thich hop nhat khi sir dung chi s
NDWI, MNDWI va WNDWI dugc xac dinh
dwa trén phuong phap thir sai, trong khi két qua
phan biét cac khu vuc c6 nude va khong nudce
theo khong gian trong viung nghién ctu dugc
thé hién nhu trén Hinh 8. Cac két qua phan biét,
nhén biét va giai doan tir anh Sentinel-2 cho thé
hién rat tot cac khu vuce ¢6 nudc va khong nude
trong ving nghién ctru. Trong ba chi sd da sir
dung trong nghién ciru nay, chi s6 WNDWI va
MNDWI thi phit hop hon cho viéc nhan biét va
phan bi¢t cac khu vuc cé nude va khong nude,
voi gia tri cia OA>0.98, KC>0.84, EC=0.014,
EO=0.006.
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Bang 2: Gia tri ciia bon chi tiéu sai so khi str dung cic chi so0 phan biét nuwéc khiac nhau

Hé )
Chi sb . Gia tri OA KC EC EO
nguong
WNDWI 0.5 -0.11 0.9808 0.848 0.0146 0.0061
NDWI 0.0 -0.18 0.9779 0.816 0.0185 0.0050
MNDWI 1.0 0.15 0.9804 0.844 0.0140 0.0069

Hinh 8: Két qua phdn biét nude trong khu viee
nghién ciru khi sw dung gida tri thich hop cho
tirng chi sé phan biét nude

Luu y rang trong cac dién tich bai ngap cta khu
vuc nghién ctru, cac két qua giai doan cac khu
vire ¢6 nudc va khong nudce co thé van thién 16n
hodc thién nho cho dii str dung cac gié tri toi uu
cho cac chi s6 NDWI hoic MNDWI. Nguyén
nhén xay ra hién tuong nay 1a do sy ton tai cac
thanh phan nha, tham phu thyc vat, dudng x4,
va do thi hoa trong cac dién tich bai ngap cua
viing nghién ciru. Mit khac, lién quan dén thoi
gian xur ly va gidi doan cac khu vuc cé nudce va
khong nudc trong vung nghién ctu tor anh
Sentinel-2 trén nén GEE, thoi gian xir 1y, giai
doan va chiét xuat két qua nho hon 10 gidy, boi
TAI LIEU THAM KHAO

vi toan bd qua trinh tién xir 1y, xtr Iy va chiét
xuét két qua duogc thyc hién trén hé théng si€éu
may tinh va song song cia Google. Do do, viéc
nhan dién, phan biét va xac dinh cac khu vuc co
nude va khong nude khong mat nhiéu thoi gian,
va hoan toan c6 thé duoc thuc hién cho cac
vung nghién ctru khac.

4. KET LUAN

Ba chi s6 NDWI, MNDWI, va WNDWI da
duogc sir dung dé phan biét va nhan biét cac khu
vue ¢6 nude va khong nude cia thanh phd Sa
Péc, tinh Dong Thap. Qua trinh xir 1y va giai
doan dugc thuc hién trén nén dién toan dam
may GEE, thé hién r:;ing mot su cai tién rat 16n
vé thoi gian xir 1y va giai doan anh Sentinel-2
cho khu vuc nghién ciru. Dong thoi, trong ba
chi s6 ma nghién ciru da Iya chon thi chi sd
WNDWI va MNDWI cho két qua phan biét va
nhan di¢n cac khu vuc c6 nudc va khdong nudce
trong ving nghién ctru tot hon chi s6 NDWI,
voi gid tri cia OA 16n hon 0.98 va hé s6 KC 16n
hon 0.84 khi sir dung cac chi s6 nay. Chi sb
WNDWI duoc xac dinh 14 chi sé cho két qua
phan bi¢t va nhan dién cac khu vyc c6 nudc va
khong nude tdt nhat, voi gia tri cua OA, KC,
EC va EO lan luot bang 0.98, 0.85, 0.015 va
0.006.

Nghién citu nay dwoc tdi tro boi Quy Phat trién
khoa hoc va cong nghé Quoc gia (NAFOSTED)
trong dé tai ma s6 105.06-2017.320.
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