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PHUONG PHAP XU LY MAY VA BONG MAY THEO THOI GIAN
CHO ANH LANDSAT 5/8 TREN NEN GOOGLE EARTH ENGINE

Pham Vin Chién', Nguyén Vin Giang', Lé Vii Viét Phong’, Tran Anh Phwong’

Tém tat: Anh vé tinh la nguon dir liéu da dang va phong phii, véi cdc mike d¢ chi tiét khic nhau theo
khong gian va thoi gian, va thuong dwoc sic dung dé giam sat bién doi khi hdu, tham hoa, qudn Iy tdi
nguyén nude cia luu viee song va cde ving dat ngdp nuée. Tuy nhién, may va bong mdy thuong che phii
mot phan dién tich ciia hau hét cdc anh vé tinh, doi héi can phdi c¢é nhitng xie Iy déc biét dé cdi thién dp
chinh xdc va dé thé hién két qua mot cdch tot nhdt. Trong bdi bdo nay, phuong phdp xir 1) mdy va béng
may theo thoi gian bao gom ba budc chinh: (i) hiéu chinh hé sé birc xa, (i) xdc dinh va nhdn dién cac
pixels co mdy va bong may, (iii) khoi phuc lai cac pixels co6 may va bong may st dung dir liéu tir anh tham
khdo) di dwoc thuc hién trén nén tang ciia Google Earth Engine svr dung ngén ngit ldp trinh Java Script,
va sau dé né dwoe dp dung dé loai bé mdy va béng mady trong 35 dnh Landsat 5/8 (véi 1y 1é che phii ciia
mady va béng mdy nhé hon 10%) dwoc thu thip tir nam 1984 dén 2018. Két qua thé hién rang phuong
phap xue Iy mdy va bong may theo thoi gian da duoc xay dung va ap dung thanh céng cho tap anh Landsat
5/8 da lua chon. Déng thoi, mét cdi tién 1om vé kha nang tinh todn so voi viéc sw dung cdc phcfn mém
truyén thong nhie ENVI va mot tiem ndng lom dé xir Iy anh vé tinh voi ty 1é khong gian réng lom ciing da
duge thé hién. Hon nita, sir dung nén tang GEE con cho phép tdn dung tdt ca cdc dnh vé tinh dé xem xét

sw phén bé theo khéng gian va sw thay déi theo thoi gian ciia cdc yéu t6 quan tam lién quan.
Tir khoa: Anh Landsat 5/8, Xt Iy may, Google Earth Engine, Bé)ng bé“mg song Ctu Long

1. PAT VAN PE

Ung dung anh vién tham trong khai thac va
quan ly tai nguyén nudce trude nhitng thach thic
ctia bién d6i khi hau ciing nhu cic hién tuong
han han, 10 lut da va dang tro thanh moét trong
nhitng xu thé rat phd bién hién nay. Boi vi, anh
vién tham cho phép xem xét cac yéu té quan tim
trong pham vi khong gian cua luu vuc va tai cac
thoi diém khac nhau mot cach d& dang. Cac
nghién ctu trude day (Youssef et al., 2011; Zhu
et al., 2015; Matsuoka et al., 2016) ciling da
khang dinh riang ngudn dir liéu thu thap vé bé
mat luu vuc (tai cac thoi diém khac nhau) tir anh
vién tham 1a mot trong nhitng ngudn dir liéu vo
cung quy gid, gitip cho viéc quan ly tai nguyén
nuoc tré 1é€n hiéu qua. Béng thoi, nguén dir liéu
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nay khi Kkét hop véi cac s lieu do dac tai cac
tram khi tugng thiy van con cho phép cac tinh
toan li€n quan c6 do chinh xac cao. Hon nira, su
két hop cua anh vién tham va mot sb cong cu
phan tich khong gian GIS da cho phép thanh lap
ban d6 chuyén dé nhu ban dd ngap lut, ban dd
han mot cach nhanh chong va tién ich.

Tuy nhién, khi sir dung anh vién tham trong
cac g dung thuc tidn gip phai mot sé thach thirc
nhu khong phai tit ca cac dir liéu thu thap duoc tir
cac vién tham co thé sir dung dugc luén va hon
60% cac anh thu nhan dugc thuong bi may che
phtl v6i cac muc do it nhidu khac nhau (Hinh 1)
(Candra et al., 2017), dan dén anh huong khong
nho t6i két qua giai doan tir anh. Do d6, dé ting
dd chinh xac va dam bao d0 tin cdy cua cac két
qua giai doan tir 4nh vién tham thi x{r Iy may va
béng may cho anh vién tham 1a diéu bit budc va
can phai thuc hién.

C6 nhiéu cong cu khac nhau nhu phin mém
ENVI, ArcGIS c¢6 thé hd tro trong viée xur Iy may
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cho 4nh vién tham. Vi dy, ENVI la mét trong
nhirng phan mém xur 1y anh viém thim hang dau,
cung cap cac cong cu hién thi dit liéu va phén tich
anh trong mot mo1 truong than thién voi giao dién
dé dang sir dung va c6 thé dap ung dugc cac yéu
cau xir Iy anh khac nhau. Trong khi phan mém
ArcGIS, ngoai viéc cung cip cac céng cu phan
tich khong gian, xtr 1y ban dd, n6 con cho phép
ngudi ding c6 thé viét cac chuong trinh hd trg
trong viéc giai doan, phan tich va xtr Iy anh bang
cach sir dung cong cu Arcpy (trong cong cu nay
nd cho phép nguoi dung thao tac véi dir li¢u thong

W/

qua tuong tac voi Arcgis bang ngon ngit lap trinh
Python). Bén canh mét s6 vu diém, tng dung cac
phﬁn mém néu trén van con mot s6 ton tai, nhat 1a
trong truong hop nguoi dung bi gidi han vé thoi
gian xir 1y va giai doan anh. Ngoai ra, anh mudn
xtr 1y phai dugc luu trit va sin c6 trong may tinh,
dan t6i tinh trang mat rat nhiéu dung luong bd nhé
may tinh cho viéc chuan bi va luu trit dir liéu, boi
vi dung luong ciia mot anh vé tinh thuong rat 1on.
Hon nita, cac phan mém déu nay 14 cac phin mém
thuong mai do d6 nguoi dung phai chi trda mot
phin chi phi cho viée c6 duge ban quyén sir dung.

Anh landsat 5 Anh landsat 7 Anh landsat 8

o Sentinel - 2A

’* &._ s r= e
May che phu

Hinh 1. Anh vién tham thu thdp dwoc qua cac vé tinh

Mot s6 thuat toan xir Iy may ciing di duoc phat
trién va ung dung trong xir 1y may va bong may
clia 4nh vién thadm. Cac thuat todn xtr Iy may dua
trén y tuong thay thé nhitng pixels c6 chira may va
bong may trén anh. Mot s6 thuat toan dién hinh ¢
thé ké dén nhu thut toan loai bo may ty dong
(Automated Cloud-Cover Assessment - ACCA),
thuat toan do tim may va bong may trén anh vé
tinh (Function of mask — Fmask, Zhu et. al.,
2015). Thuat toan ACCA di sir dung cac bang phd
nam trong ving nhin thay, cdn hong ngoai, hong
ngoai song ngin va hong ngoai nhiét. Mic du
thuat toan nay c6 thé ap dung cho hau hét cac khu
vuc & trén trai dat, nhung thuong bi nhan dang sai
tai nhirng vung c6 vi d cuc cao va tai nhirng khu

vuc ¢ goc chiéu sang cao. Thuét toan Fmask tét
hon so vé6i thuét toan ACCA vé do chinh xéc, tuy
nhién n6 van con ton tai nhu thuong nhan dang sai
gitrta may va bong may trén mét burc anh. Ngoai
ra, mang tri tu¢ nhan tao ANN hay mang noron
tich chap ciing da dugc st dung trong xir Iy may
va bong may trén anh. Mohajerani et al. (2018) da
tmg dung mang noron tich chap dé phan biét
pixels c6 may va khong may trén anh v¢ tinh va
da thu duoc két qua rat dang khich 1¢, mac du
phuong phéap nay con han ché 1a can rat nhidu dix
liéu dé cho may hoc. Ngoai cac thuat toan néu
trén, thuat toan xu ly may va bong may st dung
mot chudi cdc anh khac nhau cling dugc ap dung
(Candra et al., 2017).
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Gan day, Google Earth Engine (GEE) da ra
doi v6i muc dich 12 mot cong cu hd tro dic luc
gitip cho cac nha nghién ciru c6 thé d& dang truy
cap va st dung cic tai nguyén may tinh sin co
va ha ting coéng nghé thong tin cua Google
trong nghién ctru, khai thdc va sir dung anh vé
tinh dé quan ly va gidm sat tai nguyén thién
nhién va moi truong (Gorelick et al., 2017).
GEE duoc xay dung trén nén dién toan dam
may, gitip cho viéc truy cap tré nén dé dang vé&i
tbc do truy suit cao, cing ngudn tai nguyén vo
cung rong 16n. GEE ciing dugc thiét ké dé cho
cac nha nghién ctru dé dang chia sé cac thanh
tyu nghién ctru cia minh v4i cac nhom nghién
cuu khac thong qua viéc tuwong tac va chia sé
cac chuong trinh. Hon ntta, GEE Iuu trit va bao
gdm rat nhiéu dir liéu vé khong gian dia 1y duoc
thu thap tir cdc cdc ngudn anh vé tinh, véi sb
luong anh thuong xuyén dugc cdp nhdt hing
ngdy, nham phuc vu tét hon cho cac nghién ciru
khac nhau nhu: du bao khi hau, thoi tiét, tinh
toan do che phu rung, dia hinh va kinh té xa hoi.
Do do, nguoi dung hoan toan truy cdp mdt cach
c6 hi€u qua, xo6a bo nhiéu rao can trong khai thac
va quan ly dir li€u. Ngoai ra, cung voi sy phat
trién cta ky thudt tinh toan va cac thuat toan vé
tri tué nhan tao trong thoi gian gan day, GEE con
la nguén dir liéu khéng 16 hd tro rat tot cho mot
sb6 thuat toan hoc may duogc thuc hién trén hé
thdng may chu ciia Google. C6 thé nhan thay
rang, GEE duoc biét dén 1a mot nén tang xir 1y
khong gian dia ly dya trén dir liéu dién toan dam
may tién tién va dugc cung cap mién phi co thé
khéic phuc dugc nhiing han ché vé dir liéu, toc do
xtr ly va tinh todn ma phuong phap xtr ly anh
truyén thong gap phai (Gorelick et al., 2017).

Muc tiéu chinh ctia nghién clru nay la xay dung
chuong trinh xur Iy may va bong may theo thoi
gian cho tap anh Landsat 5 va Landsat 8 (viét tit
1a Landsat 5/8) trén nén GEE st dung (i) thuat
toan xu ly may duogc dé xuat boi Candra et al.
(2017) va (ii) ngdn ngi 1ap trinh Java script nham
t6i wru va str dung thoi gian it nhét trong viée xtr Iy
va gidi dodn anh. Chuong trinh xtr Iy may va bong
may xay dung trén nén GEE sau d6 dugc ap dung
dé xtr Iy miy va bong may cua 35 anh Landsat 5/8

thu thap trong khoang thoi gian tr ngay 30-01-
1984 dén 2-12-2018 cho viing nghién ctru.
2.DULIEU VA PHUONG PHAP NGHIEN CUU
2.1 Vung nghién ciru va dir liéu Anh Landsat 5/8
Vung quan tdm trong nghién ctru nay la vung
ha luu Pdng bang song Ciru Long (PBSCL), bao
gdm cac tinh Bén Tre, Tién Giang, Can Tho, Soc
Trdng, Tra Vinh. Vung nghién ctru va BDBSCL
dugc biét dén voi thé manh 13 san xuit nong
nghi¢p (dac biét 1a Iha nudc, voi san lugng lua
nude cua ving chiém khoang 57% ciia ca nudc)
va nudi trong, ché bién thuy hai san. Tuy nhién,
mot s6 van dé 16n ma ving nghién ctru ciing nhu
DPBSCL di va dang gip phai co thé ké dén, do la:
sat 1o bo séng, bd bién, ngap tng do mua, nudc
bién dang va tridu cuong, xam nhap man, sut lan,
mat can bang bun cat. Do d6, d& dam bao phat
trién bén virng kinh té - xa hoi, bao vé méi trudng
va thich ing vé&i nhitng thach thirc ciia bién do6i
khi hau doi héi phai ¢6 cac nghién ciu téng hop

st dung cac cong cu tinh toan nhanh va hi€u qua.
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Hinh 2. So hoa vung nghién citu

Dt liéu anh Landsat 5/8 da dugc st dung cho
muc dich xir Iy may trong nghién ctru nay. Cu thé,
nghién ctru da sir dung 29 anh Landsat 5 c6 d¢ che
phu may dudi 10% dugce thu thap trong khoang
thoi gian tir ngay 30-01-1984 dén ngay 31-12-
2013. Trong khi do ddi véi anh vé tinh Landsat 8,
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nghién ctru ciling da thu thap dugc 6 anh c6 do che
phu dudi 10% trong khoang thoi gian tir ngay 22-
02-2014 dén ngay 2-12-2018. Cac dic trung co
ban nhu chiéu dai budc séng, d6 phan giai ciia anh
Landsat 5/8 dugc théng ké nhu trong Bdng 1. Mot
s6 anh Landsat 5/8 dung trong nghién ctru duoc

1 i

Landsat 5, ngay

Landsat 8, ngay 18-09-2014

Landsat 8, ngay 09-02-2015

thé hién nhu trén Hinh 3. D& dang nhan thiy rang
do che phu cia may trong tung anh Landsat 5/8
nhiéu hay it tuy thudc vao vi tri va dién tich quan
tam trong vung nghién ctu ciling nhu tuy thudc
vao tirng thoi diém xem xét cy thé.

Landsat 8, ngay 02-12-2018

Hinh 3. Vi du mét s6 anh Landsat 5/8 diing trong nghién ciiu

Bang 1. Bang thong ké cic diic trng chinh clia anh Landsat 5/8

$6 thit tu band Ten band Chiéu dai budc song Do phén giai
7 (pum) (m x m)

Anh Landsat 5

1 Blue 0.45-0.52 30

2 Green 0.52 - 0.60 30

3 Red 0.63-0.69 30

4 NIR 0.76-0.90 30

5 SWIR 1 1.55-1.75 30

6 Thermal 10.40-12.50 120

7 SWIR 2 2.08-2.35 30
Anh Landsat 8

1 Coastal aerosol 0.43-0.45 30

2 Blue 0.45-0.51 30
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$6 thit t band Ten band Chiéu dai budc song D6 phan giai

(pm) (m x m)

3 Green 0.53-0.59 30

4 Red 0.63-0.67 30

5 NIR 0.85-0.88 30

6 SWIR 1 1.57-1.65 30

7 SWIR 2 2.11-2.29 30

8 Pan 0.50-0.68 15

9 Cirrus 1.36-1.38 30

10 TIRS 1 10.60-11.19 30 (100)

11 TIRS 2 11.50-12.51 30 (100)

2.3 Phwong phap xir ly may va bong may

Pé xir Iy may va bong may cho anh Landsat
5/8, thuat toan xur Iy may theo thoi gian dé xut
boi Candra et al. (2017) da dugc ap dung. Cac anh
Landsat 5/8 da duoc lua chon duogc chia thanh hai
nhom chinh: nhom cac anh tham khao (reference
image - RI) va nhom cac anh muc ti€u (target
image - TI). Cac anh muc tiéu la cac anh c6 chira
cac pixels c6 may va bong may, trong khi dé6 anh
tham khdo la cac anh khong bi anh hudéng cua
may va dugc sir dung dé thay thé cac pixels co
may trong anh muc tiéu. Noi cach khac, cac pixel
khong chtra may trong anh tham khdo sé dugc su
dung dé thay thé cho céc pixels c6 may trong anh
muc tiéu, v6i gia thiét rang su chénh léch va bién
ddi cia bé mat dém gitta anh muc ti€u va anh
tham khao 1a khong déng ké.

Thuat toan xir Iy may theo thoi gian st dung
trong nghién ctru nay bao gdm ba budc chinh, d6
la: (1) hiéu chinh hé sb buc xa, (2) xac dinh va
nhan dién cac pixels c6 may va bong may, (3)
khéi phuc lai anh muc ti€éu sau khi da xu ly cac
pixels c6 may va bong mdy. Pau tién, hiéu chinh
hé s6 birc xa (TOA) duoc thuc hién dya trén viéc
chuyén ddi cac gia tri s6 do duoc trén bé mat dém
sang cac gia tri phan xa bé mat. Sau d6, thut toan
xtr Iy may theo thoi gian duge sir dung dé nhan
biét va phan biét cac pixels c6 may (va may ti cho
truong hop sir dung anh Landsat 8) va bong may.
Cubi cling, gia tri cia cac pixel c6 may (va may ti)
va bong may trong anh muc tiéu dugc thay thé
bang cac pixel (khong c6 may) trong anh tham
khao. Qua trinh trén dugc thuc hién lap di lap lai

cho tat ca cac anh muc tiéu khac. Chi tiét vé so dd
thuat toan xir Iy may va qua trinh thyc hién dugc
thé hién nhu trén Hinh 4.

Anh tham khao (RT) Anh muyc tigu (TT)
Band 3.4.5.6.9 Band 3,4.5,6,9
Hé =5 phan xa TOA Hg =6 phin xa TOAe

!

A(B3) = D(B3)=TI(B3)-RI(B3)
A(B4) = D(B4)=TI(B4)-RI(B4)
A(BS5) = D(BS)=TI(B3)-RI(B5)
A(B6) = D(B6)=TI(B6)-RI(B6)
A(BY) = D(B3)=TI(B6)-RI(B6)
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Hinh 4. So dé xir Iy mdy cho dnh Landsat 5/8
dung trong nghién cvuru

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 67 (12/2019) 27



2.4 Chwong trinh xir ly may va béng may
trén nén Google Earth Engine

Hinh 5 14 ctra s6 giao dién chuong trinh xir If may
theo thoi gian trén nén cia Google Earth Enginee
(https://developers.google.com/earth-engine), st dung
ngon ngir 1ap trinh JavaScript ma nghién ctru da thuc
hién. Chuong trinh bao gdm céc thanh cong cu va cac
ctra s6 con, cho phép thuc hién cac cong viéc nhu:
c4c 1énh khai bao dé doc dit liéu anh tir hé théng may
chu ctia Google, cac 1énh lién quan dén xir Iy may va
bong may trong anh muyc tiéu, phan tich anh, hién thi
két qua va két xudt két qua.
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Hinh 5. Chuong trinh xuw ly mdy theo thoi gian

trén nén Google Earth Engine

3. KET QUA VA THAO LUAN

3.1 Két qua xir Iy anh Landsat 5

Hinh 7 1a vi du két qua xtr Iy may cho cac
anh Landsat 5 ma nghién ctru da thu thap. Dé
dang nhan thiy rang, cac pixels c6 may va
bong may trong cac anh Landsat 5 lya chon
déu da duoc xu 1y. Diéu d6 thé hién sy thanh
cong cua thuat toan 4p dung va chuong trinh xu

Hinh 6 1a vi du v& hién thi két qua sau khi
xr 1y may trén nén cua GEE. Luu y rang
chuong trinh xtr 1y may trong nghién ctru nay
duoc xay dung va thuc hién trén hé théng siéu
may tinh va ha tang cong nghé thong tin cia
Google nén thoi gian xr 1y may va bong may
cho mdi anh muc tiéu 1a rat ngan. Cu thé, tong
thoi gian thuc hién xt ly may, bong may va
hién thi két qua cua mdi anh Landsat 5/8 dung
trong nghién ctru thuong nhé hon 80 gidy. Do
d6, co thé noi rang viéc xtr Iy cho tap anh gdm
29 anh Landsat 5 va 6 anh Landsat 8 khong doi
hoi qué nhiéu thoi gian.
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Hinh 6. Vi du anh sau khi xir I mdy trén nén
Google Earth Engine

ly may xay dung trén nén Google Earth
Engine. Ngoai ra, cling cin phai nhdn manh
rang, xu 1y cac anh Landsat 5 dwa trén nén
Google Earth Engine ciling tiét kiém duogc rat
nhiéu thoi gian. Cu thé, thoi gian xir 1y cho 1
anh nhdé hon 5 gidy. Do do6, chuong trinh da
x4y dung s& dugc st dung dé xu 1y cho tit ca
cac anh co6 ty 1€ may che phu trén 10%.
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Landsat 5, ngdy 03-01-1990

Hinh 7. Két qua anh Landsat 5: trueoc (trén) va sau (dwoi) khi xir Iy mdy

3.2 Két qua xir Iy anh Landsat 8

Hinh 8. Két qud ciia anh Landsat 8: trée (trén) va sau (dwdi) khi xir [y mdy
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Hinh 9. Hé s6 twong quan giita anh tham khdo va anh muc tiéu cho céc Band
tir 1 dén 7 cua tdp anh Landsat 5/8 da chon

Hinh 8 1a két qua x ly miy cho cac anh
Landsat 8 ma nghién ctu da thu thap. Tuong tu
nhu két qua xir Iy mdy cho cac anh Landsat 5, cac
pixels c6 may trong tat ca cac anh Landsat 8 ciing
da dugc xur ly. Nhu trong anh thu dugc vao 31-10-
2018 phuong phap c6 thé phan biét rit tét ra
ngudng cua bong may, hay nhu anh thu dugc vao
ngay 02-12-2018 chuong trinh d@ nhan dang ra
duogc nhiing pixel c6 chira may che phu trén anh.
Hinh 9 thé hién hé sb twong quan giita anh tham
khao va anh muc tiéu cho céc Band tir 1 dén 7 ciia
tap anh Landsat 5/8 da chon. D& dang nhan thiy
rang hé sb trong quan r thay doi tir 0.75 dén 0.90.
Gia tri ctia hé s r néu trén kha tuong dong véi dai
gi4 tri xac dinh boi Candra et al. (2017). Céac két
quéa thé hién rang (i) thuat xir Iy mady ma nghién
ctru da thuc hién hoan toan dap ung dugc yéu cau
xtr ly may cua tap anh Landsat 5/8 da chon va (ii)
anh muc ti€u sau khi dugc xtr Iy may va bong may
hoan toan c¢6 thé duoc su dung cho cac muc dich
xdy dung ban dd ngap lut hay nghién ctru dién
bién x6i 16 duong bd trong ving nghién ctru.

4. KET LUAN

Dua trén cac két qua da dat dugc, mot sb két
luén chinh cta nghién ctru c6 thé tom tit nhu sau:
(1) nghién ctru da thanh cong trong viéc xay dung
chuong trinh xur Iy may va bong may theo thoi
gian cho 35 anh Landsat 5/8 sir dung hé thng co
so dir liu va ha ting cong nghé thong tin cua

30

Google, (i1) chuong trinh xtr Iy may va bong may
theo thoi gian sau khi dugc xdy dung trén nén
tang Google Earth Engine stt dung ngdn ngit 1ap
trinh Java Script da dugc 4p dung thanh cong
trong viéc xur Iy may va bong may cho tap anh da
chon, véi thoi gian xir Iy cho mdi anh 1a rat ngan
va thuong nhé hon 80 giay. Do do, ap dung
chuong trinh trén, vi¢c xur ly may va bong may
cho cac anh Landsat 5/8 s& tiét kiém dugc rat
nhiéu thdi gian so véi cac cong cu xir Iy truyén
thong. Anh Lansat 5/8 sau khi xir Iy mdy s& duoc
sir dung dé nghién ctru xay dung ban dd ngap Iut
va xac dinh dién bién x6i 16 dudng b ving quan
tAm trong cac nghién ctru tiép theo.

Thuét toan xay dung da nhan dang rat tot cac
pixels va cac vung c6 chitra may va bong may trén
anh muc tiéu, tuy nhién, cling can luu v rﬁng sau
khi nhan biét ra dugc pixel co chira may va bong
may trén anh muc ti€u thi nhiing pixel nay da
dugc thay thé boi nhitng pixel co trén anh tham
khao. Hé s6 phan xa tai nhiing pixel bi thay thé co
thé s& khong phan anh ding diéu kién vé bé mit
dém tai thoi diém anh duoc chup. Nghién ciru s&
tiép tuc cai thién vin dé nay dé ting do chinh xéac
cua anh sau khi duoc xu ly.

Nghién ciru nay dwoc tai trg boi Quy Phat
trién khoa hoc va céng nghé Quobc gia
(NAFOSTED) trong dé tai md so 105.06-
2017.320.
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Abstract:
A MULTI-TEMPORAL CLOUD METHOD FOR DETECTING CLOUD AND
SHADOW CLOUD IN LANDSAT 5/8 IMAGES ON GOOGLE EARTH ENGINE

Satellite images provide a source of data given its spatial and temporal coverage with different level of
detail, and are often used in monitoring climate changes, disasters, water management in river basins
and wetlands. However, cloud and cloud shadow cover on most satellite images, requiring a special
handling in order to improve the accuracy and to have more representative results. In this paper, a
multi-temporal cloud removal method (consisting of three main steps: (i) radiometric correction, (ii)
cloud and cloud shadow detection, and (iii) image reconstruction) was implemented on the Google
Earth Engine (GEE) cloud computing platform using Java Script language, and then it was applied to
remove cloud and cloud shadow in 35 Landsat 5/8 images (in which the area of cloud and cloud shadow
is less than 10% of total image area) that were collected from 1984 to 2018. The results showed that the
multi-temporal cloud removal method was implemented and applied suceessfully to all selected Landsat
5/8 images of the domain of interest. A great improvement of computing capacity in comparison with the
use of traditional softwares such as ENVI and a great potential for processing satellite images with
regional large-scale mapping were also observed and presented. Futhermore, the use of GEE platform
allows for using all available satellite images to investigate spatial distribution and temporal variation
of the relevant field of interest.

Keywords: Landsat 5/8 images, multi-temporal cloud algorithm, Google Earth Engine, Mekong Delta
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