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PANH GIA BIEN PONG SU DUNG PAT/LOP PHU KHU VUC
TINH PAK LAK GIAI POAN 1989 - 2021 TU DU LIEU ANH VE
TINH LANDSAT DA THOI GIAN TREN NEN TANG
PIEN TOAN PAM MAY GOOGLE EARTH ENGINE

Trin Xuén Bién', Lwu Thiy Dwong', Trinh Lé Hung?
"Truong Pai hoc Tai nguyén va Moéi truong Ha Noi
’Hoc vién K¥ thuat quan su, Ha Noi
Tém tit
Lép phit bé mdt ¢6 vai tro rit quan trong trong diéu tiét nguon nude, han ché li
lut, thodi héa ddt ciing nhuw bdo ton hé sinh thdi. Trong nhitng nam qua, sir dung dat/lop
6 sw thay doi sau sdc do tdc déng ctia qud trinh phdt trién kinh té - xd héi, sw gia ting
dan s6 ciing nhw anh hwéng cua bién doi khi hdu. Vi nhitng wu diém noi bdt so véi cdc
phurong phdp nghién civu truyén thong, dix lidu vién tham da dwoc sir dung réng rdi trong
gidm sdt va danh gid bién dong sir dung dat/lop phii & quy mé khu vue, quoc gia. Hién
nay, do sy phat trién manh mé cia cdc hé thdng vé tinh vién tham, viéc xir ly dir liéu vién
tham da thoi gian gdp rat nhiéu thach thike do han ché vé ha tang luu triv. Bai bdo nay
trinh bay két qua ddanh gid bién dong sir dung dat/I6p phit khu vue tinh ik Lik tie dir
liéu anh vién tham Landsat da thoi gian trén nén tang Google Earth Engine (GEE) giai
doan 1989 - 2021. Pdy la mot gidi phdp phit hop va hiéu qua trong xit Iy dit liéu I6n vién
thdm, givp tiét kiém cong sike va kinh phi khi nghién cieu & mét khu vuee réng Ion.
Tw khoa: Su dung dét/lé’p phu; Vién tham; Landsat; Google Earth Engine;
Diak Lak.
Abstract
Assessing land use/cover changes in Dak Lak province in the period 1989 - 2021
Jfrom multi-temporal Landsat satellite image data using Google Earth Engine platform
Land cover plays a very important role in regulating water sources, limiting floods,
soil degradation as well as preserving ecosystems. In recent years, land use/land cover
has changed profoundly due to the impact of socio-economic development, population
growth as well as the effects of climate change. With outstanding advantages compared to
traditional research methods, remote sensing technology has been widely used in monitoring
and assessing land use/land cover changes at regional and national scales. Currently, due
to the strong development of remote sensing satellite systems, processing multi-temporal
remote sensing data faces many challenges due to limited storage infrastructure. This
article presents the results of assessing land use/land cover changes in Dak Lak province
from Landsat multi-temporal data on the Google Earth Engine (GEE) platform for the
period 1989 - 2021. This is a suitable and effective solution for processing large remote
sensing data, helping to save effort and costs when researching in a large area.

Keywords: Land use/land cover; Remote sensing; Landsat; Google Earth
Engine; Dak Lak.
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1. Mé dau

Lép phu bé mit co vai trd quan
trong, anh hudong dén cac qua trinh trao
doi nang luong bé mat va hoat dong nhu
mot mat phan cach gitra dat va khi quyén.
Trong nhitng nam qua, do tdc dong cua
su phat trién kinh té - x4 hoi, su gia ting
dan sb dan dén su suy giam nhanh chéng
16p phu thyuc vat, ca vé dién tich va chat
luong. Giam sat va danh gia bién dong
sit dung dat/lop phii 1a mot yéu cu co
tinh cap thiét, cung cip thong tin kip thoi
cho cac m6 hinh nghién ctru khi hau,
mdi trudong cling nhu phuc vu cong tac
quan 1y nha nude. C6 rat nhiéu phuong
phéap dé danh gia bién dong st dung dat/
16p phi, tuy nhién phwong phap phd
bién va hiéu qua nhat 1a st dung dir liéu
vién tham da thoi gian. Do d6 phan giai
khoéng gian tt, chu ky cap nhét ngéan, dir
liéu vién tham duoc sir dung rong rii trén
thé giGi trong phat hién thay ddi 16p phu
bé mat Tréi dat.

Trong 50 nam qua, ké tir khi Landsat
1 - vé tinh nghién ctru tai nguyén dau tién
trén thé giéi dugc dua thanh cong lén
quy dao, cho dén nay da cé hang tram hé
thong vé tinh vién thdm khac nhau cua
nhiéu qudc gia trén thé gisi di va dang
hoat dong, cung cip ngudn dit lidu vién
tham khong 15, da thoi gian, da chung
loai. Piéu nay ciing dan dén khé khan
vé ha tang luu trir khi xu ly dit liéu 16n
vién tham. Viéc str dung cac nén tang dia
khéng gian mo trong xir 1y tryc tuyén dir
liéu vién tham da thoi gian 1a mot tiép can
phi hop va hiéu qua hién nay, nhat 13 véi
céc dia phuong con gip khé khin vé co so
ha tang vién tham [1 - 4].

Google Earth Engine 13 mét nén tang
phan tich khong gian dia ly dya trén dién
toan dam may cho phép nguoi dung truc
quan hoéa va phan tich hinh anh v¢ tinh
Trai dat. Bo dit liéu cua GEE luu trit dir
liéu vién tham cua cac hé théng v€ tinh
trong giai doan 40 nam qua, cung vdi cac
cong cu tinh toan can thiét dé phan tich
va khai thac kho dit liéu khong 16 d6 ma
khong can phai tai vé& may tinh. Khong
nhitng thé, dit liéu tir GEE c6 thé sir dung
trén cac phén mém khéc nhu QGIS, GIS,
Foris dé t6i uu héa dit liéu [5]. Nén tang
duoc s dung mién phi véi muc dich
nghién ctlru, gido duc va muc dich phi loi
nhudn danh muc dir liéu cong khai cua
GEE bao gdm nhiéu bo dir liéu raster 1én
dén 5 triéu gigabyte (5 petabyte). V&i mot
kho dir liéu vién tham khéng 10, ngudi
dung co thé truy cdp trang web https://
earthengine.google.com/ dé khiam pha
céc ngudn dit lidu hién c6 ctia nd [11].

GEE lam viéc thong qua giao dién
truc tuyén cua ung dung JavaScript (API)
dugc goi 1a Code Editor. Trén giao dién
nay, nguoi dung ¢ thé viét va chay céc
tap 1énh dé chia sé va lap lai cac quy trinh
phéan tich ciing nhu xtr ly dir liéu khong
gian dia ly. Code Editor gitp nguoi dung
thuc hién toan bd céc chiric nang co trong
Earth Engine. Nguoi ding c6 thé sir dung
truc tiép cac bo dir liéu nay vao tap 1€nh
ctia minh chi bang mot ¢t nhap chudt. Bén
canh do, nguoi dung cling co thé tao mot
tdp 1énh khéc tuy theo muc dich nghién
clru ctia minh bang cach truy cap https://
code.earthengine.google.com/.
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Hinh I: Giao dién ciia Code Editor trén nén ting GEE

Bing viéc str dung va mé rong mg
dung véi bd ma 1énh API, cac nha nghién
ctru ¢6 thé tuy bién cong cu phuc vu céc
muc dich khéc nhau. Truée hét, GEE hd
trg xdy dung chudi ban d6 da thoi gian.
Ung dung nay duoc viét trén nén GEE véi
giao dién hién thi chudi cac 16p dir liu da
thoi gian nhu by anh MODIS va céc 16p
dir liéu thoi tiét. Hé thong da gitp cic nha
khoa hoc d& dang tiép can thong tin thoi
tiét, gitip ho tiét kiém nhiéu thoi gian va
cong sirc, dong thoi sir dung dugc nhiing
két qua ma cac 1ap trinh vién trude d6 da
xay dung [11].

Bén canh d6, GEE hd trg phan tich
vol quy md khong gian va thoi gian
khac nhau. Sttc manh cia GEE nam &
kha nang tich hop nhiéu bo dir lidu khac
nhau ¢ nhiéu ty 18 va mdc thoi gian khéc
nhau. Vi dy, mdt dy an nghién ctu dang
dbi mat v6i kho khan trong danh gia bién
dong khu vuc dat ngap nudc khi st dung
dir liéu Landsat cd d§ phan gidi khong
gian twong d6i thap. Vi viée tich hop
co s¢ dir liéu LiDAR cung anh may bay,
GEE da giup danh gid cac thay ddi vé
hién trang dat ngap nudc va ving nudc
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ngap trén bo dit lidu cé san. Loi ich ma
GEE mang dén khong chi géi trong kha
nang tich hop, xtr ly hang loat tap dir li€u
c6 do phan giai khac nhau, trong truong
hop nay la Sentinel-1, Sentinel-2 va
Landsat-8, ma con tinh toan theo chudi
thdi gian nham ting day mat do dir liéu
va kha nang nhan dang cic d6i tugng dua
trén dic diém thay doi cua chung theo
thoi gian. Nhitng két qua d6 gitp cac nha
khoa hoc giam di ndi lo va giai quyét su
¢6 khi anh chup bi may mot cach dé dang
ma khong can phai tai tat ca cdc anh vé
nhu trude kia.

Bai bdo nay trinh bay mdt giai
phap k¥ thuat xir ly dit liéu vién tham
da thoi gian trén nén tang GEE phuc vu
danh gia bién dong st dung dat/Iép phu
khu vue tinh Dak Lik. Bo dit lidu st
dung trong nghién cuu la anh Landsat
™, ETM+, OLI TIRS giai doan
1989 - 2021. Qua trinh x1r ly thuc hién
hoan toan trén nén tang GEE, nguoi sir
dung chi tai vé may tinh két qua phan
loai ma khong can phai luu trir bo dir
liéu anh vién tham dau vao.
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2. Quy trinh xir Iy dir liéu anh vién tham da thoi gian trén nén tang GEE

Lura chon dau vao Panh gid do chinh xdc
- Chon dit liéu anh Landsat 5, 7, 8. -
- Ranh gidi ving nghién ctru
- Khoang thoi gian, d che phu cua may
l Anh két qua
Loc may
Trich xuit anh Phan loai hwréng ddi tuong
l Y
Chi sb két cau cum Phan manh anh bang RF hodc SVM
GLCM thuat toan SNIC :
Phan tich thanh phén P 5 s s PR
> < L
chial e b ash Chong céc kénh anh ay mau

!

Hinh 2: Quy trinh xi¢ I di¥ liéu anh vién tham Landsat da thoi gian trén nén ting GEE

Quy trinh xir ly dit liéu vién thdm
Landsat da thoi gian trén nén tang GEE
dugc trinh bay trén Hinh 2, trong d6 bao
gdm céc budc cu thé sau:

Bwée 1: Lua chon anh dau vao, bao
gém anh vé tinh Landsat 5 TM, Landsat 7
ETM+ va Landsat 8 OLI_TIRS. Céac anh
dugc lua chon trong giai doan tur 1989 -
2021 & khu vyc tinh Dak Lak.

Buéc 2: Loc miy. Do 4nh vién tham
quang hoc bi anh hudng bai thoi tiét, trén
cac anh Landsat thuong bi may che phu.
Pé loc may, trong nghién ctru sir dung bo
anh Landsat tham chiéu bao gdm c4c tham
s6 nhu loai anh, vi tri, thoi gian chup, muc
xur ly, mic do che phu cua may. Nhiing
anh c6 dd che phu cia may 16n hon 80 %
khong dugc luya chon do ching c¢¢ it gid

tri trong viéc loc may, hon nira céc pixels
mAy trong anh c6 thé tao ra nhiing nhidu
kho kiém soat trong qua trinh tinh toan
[4, 6, 7].

Buwdéc 3: Lua chon thuat toan phan
loai. Phuong phap phan loai huéng dbi
tuong (object oriented classification)
duoc lua chon dé phan loai su dung dat/
16p phu. Day la phuong phap phan loai
hién dai, cé hiéu qua cao khi phan loai
16p phu thuc vat so vdi cac phuong phap
phén loai truyén thdng khac. Pé phan
manh (segmentation) phuc vu phan loai
hudng d6i tuong, trong nghién ciru sir
dung thuit toan phan manh SNIC két
hop ma trdn tuong quan cap do xam
GLCM (Gray-Level Co-occurrence
Matrix) va phuong phap phén tich thanh
phan chinh (PCA).
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Sau khi phan manh, tién hanh lay
mau huin luyén cho cac d6i tuong
16p phu va tién hanh phéan loai bang
hai phuong 4n: St dung thudt todn
Random Forest (RF) két hop phéan loai
hudng déi tuong va st dung thuat toan
Support Vector Machine (SVM) két
hop phan loai hudng ddi twong. Dé so
sanh, trong nghién ctru ciing tién hanh
phén loai 16p phu bang phuong phéap
phan loai dwa trén diém anh (pixel
based classification) két hop thuat toan
RF va SVM.

Budée 4: Danh gia do chinh xac. Do
chinh xdc két qua phan loai duoc xic
dinh trén co s& ma tran sai s6. Ma trin
sai s6 nay duoc tinh toan thong qua bd
dir liéu kiém tra. Ma tran sai s6 cho phép
tinh toan d chinh xac tong thé va cic
ddi tuong phan loai bi nham 1an véi cc
dbi twong khac. Ngoai ra, chi s Kappa
cling duoc str dung dé danh gid va so
sanh do chinh xac két qua phan loai giita
cac phuong an.

3. Két qua va thao luin

Khu vuc nghién ctu dugc lya chon
1a dia ban tinh Pak Lik. Pak Lik 1a mot
trong 5 tinh thudc vung Tay Nguyén, co
tong dién tich tu nhién 1a 1.312.349,5
ha, trong d6 dién tich dit 1am nghiép
chiém 51,6 % tong dién tich ty nhién
ctia toan tinh. Tai nguyén rimg Pak Lik
rat phong phu va da dang vé cac hé sinh
thai cac loai dong, thuc vat. Ring Dak
Lak giit vi tri quan trong trong doi séng
dan sinh kinh té - x3 hdi va bao vé moi
truong sinh thai, bao vé da dang sinh
hoc, dia chét, canh quan thién nhién.
Rimng Pk Lik c6 chirc nang phong ho,

Nghién ciru

bao vé ngudn nudc, phong ho bién gidi
cta tinh va 1a khu vuc dau ngudn, anh
huong dong chay cac con song 16n cua
khu vye Duyén hai mién Trung va Dong
Nam B¢ nhu séng Sérépdk, Séng Ba,
Séng Hinh, song Pong Nai,... Mic du
vay, trong nhitng nim qua, st dung dat/
16p phu & Pik Lak dang c6 nhimng bién
dong sau sic do anh hudng ctia qua trinh
phét trién kinh t€ - xa héi, su gia ting
dan s ciling nhu anh huong cua bién doi
khi hau.

B dir liéu anh Landsat, bao gém
Landsat 5 TM, Landsat 7 ETM+ va
Landsat 8 OLI_TIRS giai doan 1989 -
2021, chup vao mua kho (thang 01 dén
thang 3) dugc thu thap va tién xu 1y trén
nén tang GEE, sau d6 cit theo ranh gidi
khu vyc nghién ctru. Céc anh déu duoc
chup vao thoi diém tuwong dong trong
nim dé han ché anh huong dén két qua
phén loai 16p phu. Minh hoa dir liu anh
vé tinh Landsat khu vuc tinh Pak Lak
duogc trinh bay trén Hinh 3.

Lép phu bé mit khu vuc nghién
ctru duoc phan loai thanh 06 ddi tuong:
(1) Nudc, (2) Rung tu nhién, (3) Rung
thua, (4) Cay coéng nghiép, (5) Pat
noéng nghiép, (6) Pat ¢. Cac nghién ctru
trong va ngoai nude cho thay, phuong
phép phén loai huéng d6i tuong (object
oriented classification) cé hi¢u qua
cao khi phan loai 16p phu, dac biét
la 16p phu rung so vdi cac phuong
phép phan loai dua trén pixel (pixel
based classification). Pé nang cao do
chinh xac két qua phan loai, c6 thé
két hop phuong phap phéan loai hudéng
déi tuong va cac ky thuat hoc may
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(machine learning) nhu Random Forest
(RF), Support Vector Machine (SVM),
Classification And Regression Tree
(CART),... [8, 9, 10]. Trong nghién ctru
nay, bén phuwong phap phéan loai duoc
thu nghiém dé lwa chon phuong phap
phéan loai ¢6 d¢ chinh xéac cao nhét, bao
gdbm: Phan loai huéng ddi twong két
hop thuat toan Random Forest (RF);
Phan loai duva trén diém anh + RF; Phan

loai huéng ddi tugng + SVM va phan
loai dua trén diém anh + SVM. B¢ dix
liéu mau bao gdm 250 mau, trong d6 c6
175 mau dé huin luyén cac mo hinh hoc
may va 75 mau dé danh gia do chinh
xac cia mo hinh. Trén Hinh 4 va 5 trinh
bay két qua phan loai 16p phu khu vuc
tinh Bak Lak tir anh vé tinh Landsat TM
nim 1989 va Landsat 8 OLI_TIRS bing
cac thuat toan khac nhau.

229D
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Hinh 3: B dit liéu anh vé tinh Landsat da thoi gian giai doan 1989 - 2021 khu vuc
tinh Dik Lik
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Két qua danh gia do chinh x4c phan
loai 16p phu bang 04 phuong an duoc
trinh bay trén Hinh 6 va 7. C6 thé nhan
thay, véi ca 02 truong hop anh vé tinh
Landsat nam 1989 va 2021, phuong an
st dung phuong phap phan loai hudng
dbi tuong két hop thuat todn mdy hd
trg vector (SVM) déu cho do chinh xéc
khi phan loai 16p phul cao nhét, dat trén
90 % (gia tri chi s6 Kappa dat tir 0,90
dén 0,91), cao hon dang ké so vdi
phuong an két hop phan loai hudng déi
tuong va thuat toan RF (d¢ chinh xac dat
khoang trén 85 %, gia tri chi s6 Kappa
dat 0,816 va 0,835 d6i voi anh Landsat
nam 2021 va 1989). Ngoai ra, két qua
nhan duoc ciing cho thay, phuong phap
phan loai huéng dbi twong t6 ra hicu

CHU GIAI

W nuce

B Ring tu nhién

W Rimg thua

W Cay cong nghiép
Dat ndng nghiép

| R
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qua hon so vdi1 phuong phap phan loai
dua trén diém anh khi phéan loai 16p
phu thuc vat. Trong ca 2 trudong hop,
do chinh xdc phan loai 1ép phu thuc vat
bing phuong phip phan loai dua trén
diém anh chi dat trén 83 %. Véi anh
Landsat 7 ETM+ chup ngay 4/3/2000,
d6 chinh xéac két qua phan loai 16p phu
bang phuong phép phan loai huéng ddi
tuwong két hop SVM ciing cao hon so véi
cac thuat toan khac (cao hon 3 % so voi
st dung thuat toan RF va hon 5 % so vdi
thuat toan xac sudt cuc dai). Tu két qua
nay, trong nghién ctru dé xuét lya chon

phuong phap phan loai huéng dbi tugng
két hop SVM dé tién hanh phan loai va
danh gia bién dong 16p phu thuc vat khu
vuc tinh Dak Lak.

Hinh 4: Két qua phan logi siv dung dat/lop phii khu viec tinh Dik Lik tiv anh vé tinh
Landsat 5 TM nim 1989: (a) Anh géc; (b) Phan loai huong doi twong + RF; (c) Phdn logi
dwa trén diém anh + RF; (d) Phan loai hwong doi twong + SVM; (e) Phén logi dwa trén
diém anh + SVM
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CHU GIAI

W Hudc

W Rimg 1y nhién
W Rimg thua
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Hinh 5: Két qud phén logi sie dung dat/Iép phii khu vuee tinh Dik Lik tiv anh vé tinh Landsat 8
ndm 2021: (a) Anh g(’fc; (b) Phan logi huong doi tuong + RF; (c) Phan logi dya trén diém dnh
+ RF; (d) Phin logi huwong doi twong + SVM; (e) Phén logi dwa trén diém anh + SVM

100.00%
90.00% 85.00%

(d) (€)

91.25% g 8oy
0.816 82.40% 795 8323% 785

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Hudng déi tugng + RF Hudng d6i twgng + SVM  Duya trén diém anh + RF Dya trén diém anh + SVM

EDo chinhxéctf}ngﬁlé lChiséKsppa
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Hinh 7: So sdnh, dinh gid dp chinh xdc két qud phén loai sir dung diat/Iép phii nam 1989
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Két qua phan loai cac d6i tuong sir
dung dat/Iép phi khu vuc tinh Pak Lak
giai doan 1989 - 2021 duogc thé hién
trong Bang 1. C6 thé nhan thdy, dién
tich rimg tu nhién va rung thua (rimg
khop) c6 xu hudng suy giam trong
giai doan 1989 - 2021, trong d6 dién
tich rung ty nhién nam 2021 dat trén
1.802 km?, bing 54,4 % so véi nim
1989. Dién tich rung thua (rung khdp)
nam 2021 dat 3.716,64 km?2, bang
56,0 % so vdinam 1989 (6.636,92 km?).

Nghién ciru

Nguoc lai, dién tich dt nong nghiép,
cdy cong nghiép c6 su gia tang dang ké
trong giai doan nay, tang khoang 2,5 1an
s0 véi nam 1989. Pat ¢ ciing b sy gia
tang rat nhanh chong, tir 13,25 km? nam
1989 1én 160,68 km? nam 2021 (gia tang
khoang 13 1an). Dién tich mat nudc ciing
c6 xu hudng gia tang, tuy nhién su bién
dong khong nhiéu. Diéu nay cé thé giai
thich do su xuét hién ctia mot s ho chira
nudc phuc vu hoat dong nong nghi¢p &
Pik Lak trong giai doan 1989 - 2021.

Bing 1. Két qud xdc dinh dién tich cdc déi twong 16p phii khu vuc tinh Dik Lik giai doan
1989 - 2021 (km?)

A A .4 A
Nim Mit nwéc | Rirng tw nhién | Rung thwa Cy c_(Amg bat n_(A)ng Pit ¢
nghi¢p nghiép
1989 70,08 3.315,85 6.636,92 1.030,77 1.985,70 13,25
1995 145,57 2.769,24 5.503,67 1.389,66 3.085,05 21,75
2000 145,11 2.693,25 4.339,16 1.821,40 4.014,91 38,92
2005 147,91 1.969,48 4.221,90 2.220,74 4.404,36 86,88
2010 155,66 1.954,28 4.273,70 2.217,65 4.329,26 121,93
2015 138,41 1.835,96 3.939,22 2.559,51 4.548,26 132,46
2021 177,94 1.802,02 3.716,64 2.520,49 4.676,06 160,68
4. Két luan mat trén co s& két hop phan loai hudng

Dir liéu anh Landsat 5 TM, Landsat 7
ETM+ va Landsat 8 OLI_TIRS giai doan
1989 - 2021 duoc thu thap va tién xu ly
trén nén tang GEE, sau do tién hanh loc
mAy va cat theo ranh gidi tinh Pk Lik.
Dé phan loai 16p pht bé mat, trong nghién
ctru cling thir nghiém véi 04 phuong éan:
Phan loai huéng ddi twgng + RF; Phan
loai dua trén diém anh + RF; Phan loai
huéng ddi tugng + SVM va phéan loai
dwa trén diém anh + SVM. Két qua thir
nghiém véi 02 canh anh Landsat nam
1989 va 2021 déu cho thay, phuong 4n két
hop phan loai huéng dbi tugng va thuat
toan SVM cho d6 chinh x4c cao nhét (trén
90 %, chi s6 Kappa dat trén 0,90). Tir két
qua ndy, trong nghién ctru da dé xuat lya
chon phuong phép phan loai 16p phu bé

dbi twong va thuat toan may hd trg vector
(SVM).

Két qua nhan dugc trong bai bao
cling cho thdy xu thé suy giam dién tich
rung tu nhién, ring khop & khu vuc tinh
Pik Lk va su gia tang nhanh chong dat
néng nghiép, dat tréng cay cong nghiép
cling nhu dit 6. Pay 1a c4c thong tin quan
trong trong giam sat sy bién dong bé mit,
phuc vu cong tac quan ly va quy hoach
16p phiv/str dung dit.

Loi cam on: Bai bao c6 st dung mat
phan s liéu va két qua cta dé tai KH&CN
cap tinh Dak Lak “Nghién ciru g dung
tri tué nhdn tao va cong nghé dia khong
gian xdy dung hé thong hé tro phan tich,
quan 1y tai nguyén rimg trong diéu kién
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Nghién cuu

bién doi khi hdu ¢ tinh Bk Lak’. Céc
tac gid xin chan thanh cdm on S¢& Khoa
hoc va Cong nghé tinh bik Lk, Ban chu
nhiém dé tai d3 hd tro nhém nghién ctru
hoan thanh bai bdo nay.

TAI LIEU THAM KHAO

[1]. Pham Van Chién (2020). Nghién citu
cdc chi s6 nhdn biét nude tir anh Sentinel-2
trén nén Google Earth Engine: Ap dung cho
thanh phé Sa Péc, tinh Pong Thap. Tap chi
Khoa hoc Thuy loi va Méi truong, s6 60, 113
- 120.

[2]. Nguyén Van Hoang, Huynh Thi
Kim Nhan, Nguyén BPinh Vuong (2020).
Nghién ciiu ving dung nén ting Google Earth
Engine thanh ldp ban d6 gidm sdt han hdn
liew viee séng Pong Nai viing Péng Nam Bo.
Tap chi Khoa hoc Thuy 1¢i va Méi truong, )
58,47 - 54.

[3]. Trinh Lé Hung, Mai Dinh Sinh,
Nguyén Nhu Hung, Lé Vin Pha (2021). Tw
dong phat hién viing ngap lut tir anh Sentinel
1 str dung nén tang Google Earth Engine. Tap
chi Khoa hoc K¥ thuat, chuyén san Ky thuat
cong trinh dic biét, s6 8, 29 - 43.

[4]. Trdn Anh Tuin, Nguyén BDinh
Duong (2019). Tao anh khong may phuc
vu phdn logi [6p phu voi tw liéu Landsat da
thoi gian - Nghién curu thie nghiém tai tinh
Pdk Léik. VNU Journal of Science: Earth

and Environmental Sciences, Vol. 35, No. 4
(2019) 80 - 87.

[5]. Gomes V., Queiroz G., Ferreire K.,
(2020). An overview of platforms for big Earth
observation data management and analysis.

Remote Sensing, 12, 1253. Doi:10.3390/
rs12081253.

[6]. Foga S., Scaramuzza P., Guo S.,
Zhu Z., Dilley R., Beckmann T., Schmidt
G., Dwyer J., Hughes M., Laue B., (2017).
Cloud detection algorithm comparison and
validation for operational Landsat data
products. Remote Sensing of Environment
194, 379 - 390, http://doi.org/10.1016/;.
rse.2017.03.026.

[7]. Jeppesen J., Jacobsen R., Inceoglu
F., Toftegaard T., (2019). 4 cloud detection
algorithm for satellite imagery based on deep
learning. Remote Sensing of Environment,
229, 247 - 259.

[8]. Kumar A., Sinha N., (2020).
Classification of forest cover type using
Random Forest algorithm. Advances in Data
and Information Sciences, Part of the Lecture

Notes in Networks and Systems book series
(LNNS), Vol. 94, 395 - 402.

[9]. Talukdar S., Singha P., Mahato
S., Shahfahad, Pal S., Liou Y., Rahman A.,
(2020). Land use land cover classification
by machine learning classifiers for satellite
observation - a review.. Remote Sensing,
Vol. 12(7), 1135. https://doi.org/10.3390/
rs12071135.

[10]. Yang B., Li S., (2013). Remote
sense image classification based on CART
algorithm. Advanced Materials Research,
Volumes 864 - 867, 2782 - 2786

[11]. https://earthengine.google.com/.

BBT nhan bai: 10/10/2023; Phan bi¢n xong:
20/10/2023; Chap nhan dang: 15/12/2023

12

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 48 - nam 2023



