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NGHIEN CUU KET HQP THUAT TOAN K-MEANS VA
QUICKSHIFT TRONG TU PONG PHAN LOAI LOP PHU
MAT PAT TU ANH VE TINH VNREDSat-1

PANG NGUYEN HIEN DUONG®: @, PINH NGOC PAT®, DOAN MINH CHUNG®
HUYNH XUAN QUANG®, MAI THI HONG NGUYEN®
Dyién Cong nghé Vii tru
@O Treong Pai hoc Khoa hoc va Céng nghé Ha Néi (USTH)

Phan logi lop phu tur dit lieu anh vé tinh quang hoc dong vai tro quan trong trong nhdn
dién céc bién dong cua cdc doi twong trén bé mat Trai Pat. Day la nguén dir liéu giup ich rat
nhiéu cho qud trinh theo déi va quan 1y tai nguyén thién nhién, danh gid tic dong cia thién
tai... Cdc nghién citu lién quan trong va ngodi nwéce chii yéu tiép cdn cdc thudt todn phan logi
théng dung (K-Means, Iso Data, Random Forest...) dé nhanh chéng thu dwoc dir liéu 16p phii
phit hop véi muc tiéu da dat ra. Viéc danh gid cdc phwong phdp ndy rat can thiét dé dwa ra
nhitng lwa chon phit hop nhdt cho timg bdi todn phan loai riéng biét. Thir nghiém cdc thudt
toan phdn loai khac nhau nhw K-means va Quickshift trén cung mot anh VNREDSat-1 cho phép
cdi thién dé tin cdy ciia két qud phdn logi. Tir d6, xem xét viéc két hop wu diém ciia hai thudt
todn phan logi nay véi cac nghién citu trong tw siv dung phén tich phé (nhiwe thudt todn WiPE)
dé dé xudt phwong an tot nhat cho xdy dung thudt todn phdn logi 16p phii t dong cé thé siv
dung cho tat ca cdc anh chup tur vé tinh VNREDSat-1.

Tur khoa: Phdn logi anh, 16p phu, K-means, Quick shift, VNREDSat-1.

1. Gioi thi¢u

Khoé khan cua nhitng bai toan phan loai
16p pht tir d4nh vé tinh vién tham quang hoc 1a
lra chon phuong phap phan loai phu hgp, dat
hiéu qua cao. Song song véi sy phat trién ciia
cong nghé vién tham, chat luong anh vé tinh
cling ngay cang duogc cai thi¢n voi d§ phan
giai cling nhu do che phu cao. Nhiéu phuong
phap phan loai anh duoc str dung phd bién nhu
cac phuong phap phén loai dua trén diém anh,
phuong phap huéng ddi twong hay cac thuét
toan ap dung may hoc, hoc sau. Mdi phuong

phap déu c6 nhitng wu, nhugc diém riéng, phu
hop riéng cho mat sb loai anh hodc khu vuc
nghién ctru. Viéc phan tich nhitng wu, nhuoc
diém cua cac thuat toan 1a rat can thiét trong
nghién ctru bién doi loai 16p phi. Tir d6, co thé
két hop diém manh cua chung dé xay dung
nén phuong phap méi tdi da do chinh xac
trong phan loai anh v¢ tinh.

VNREDSat-1, vé tinh quan sat Trai Dt
ctia Viét Nam 1a ngudn anh vé cling c6 gié tri,
phuc vu cho viéc phan tich va gidm sat déi
tuong, hién tugng trén mat dat. Vé tinh
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VNREDSat-1 di ching minh tiém ning cta
n6 trong viéc nhan dang, quan 1y bién ddi cua
16p phii mét dat trong giai doan dai. Trong c&c
bai toan phan loai 16p phu, phan doan tién xir
Iy dong vai tro vo cung quan trong. Cac anh
chup tir cam bién vién tham quang hoc bi anh
huong nhiéu bai miy va bong may, giy kho
khin cho viéc giai doan va phan loai cac dbi
tuong nam dudi bé mat dat. Tuy nhién, céc
budc tién xir Iy anh VNREDSat-1 con thi
cong va tidu ton nhiéu thoi gian. Nhiéu thuat
toan da dugc xdy dung dé giai quyét van dé
nay nhung hiéu suét van chua dat yéu cau.
Céc thuat toan tg dong phan loai (gdp
nhom céac diém anh cung ddi tuong) dua trén
su dong nhét cau pho cua ddi tugng bang quy
trinh tu tinh toan nhu K-means [1] hay dua
trén bo dit liéu diém anh di duoc dinh nghia
nhu Random Forest [2] da thé hién nhiing sai
sd dang ké trén khong gian anh duoc phan
loai. Viéc tw dong hoa trong cong tac phan loai
dua trén nhan dién ban chét, dic tinh phd cua
dbi twong ma diém anh thé hién dang duogc ap
dung rong rai gan day. Pho bién trong céch
tiép can nay 1a thuat toan Fmask (Function of
mask) dung dé tao mat na cho dam may, bong
may va tuyét cho anh Landsat 4-9 va anh
Sentinel-2 [3], [4]. ALCC la phuong phap tu
dong t6i uru cho phén loai 16p phi mat dét [5]
v6i hidu sudt ing dung cao, phat trién dya trén
két hop cac chi s phd phu hop va phuong
phap danh gia khong kiém dinh K-means.
Trong nghién ctu trudc day, nhom da
phat trién thuat toan WiPE tap trung vao xéac
dinh cac diém anh mat nudc trén cac vung
nudc ty nhién ap dung cho anh Landsat-8,
Sentinel-2, va VNREDSat-1 [6]. Thuat toan
thé hién hiéu suit cao trong viéc xac dinh céac
diém anh nuéc, dic biét trong modi trudng
nudGce phtrc tap va bi anh huong nhidu boi may

che phu. Tuy nhién, thuat todn tap trung phan
tach diém anh nudce tir cac diém anh khac chi
chwa phan biét cac d6i twong nghién ciru mot
cach riéng 1é. Muc tiéu ciia nghién ctru hi¢n tai
la nhan dién kha ning nang cip thuit toan
WiPE thanh thuat toan tuy dong hoéa madi gitp
phan loai riéng biét cac loai 16p phu bé mat
Trai Dt (dat trong, cong trinh x4y dung, mit
nudce, thuc vat, va cac dbi tuong khong quan
tAm - may, bong may) bang két hop thuat toan
K-means va Quickshift.

2. Dirliéu va phuwong phap

2.1. Khu vurc nghién ciru va dir liéu s
dung

1058 10554 106°0E 106°6E
10918 109°24E 109°30€ =
=

Thanh phé Quy
Nhon - tinh

Binh Dinh

Khu vuc

nghién ciru

AgN

3

Hinh 1: Khu vue nghién ciru: Thanh pho Ha
Néi - Thanh phé Quy Nhon, tinh Binh Dinh

Dir liéu dau vao cho cong viéc phat trién
thuat toan la dir liéu anh vé tinh VNREDSat-
1 chup tai khu vuc thanh phé Ha Noi va thanh
phé Quy Nhon, thudc tinh Binh Dinh. Day déu
13 hai thanh phd 16n ¢ mién Bic va mién
Trung dat nudc. Ha Noi ¢6 hai dang dia hinh
chinh gém dong bang va d6i nui, trong d6
d6ng bang chiém 3/4 dién tich dat ty nhién cua
thanh phd. Ha Noi Ia trung tam chinh tri kinh
té, van hoa cua ca nudc nén cd sy da dang vé
céc loai hinh s dung dit. Qua trinh cong
nghiép hoa, do thi hda dian dén thu hep dat
ndng nghiép, chuyén muyc dich sir dung dat
ndng nghiép sang phi ndng nghiép dé phat
trién cong nghiép va do thi. Trong khi d6, Quy
Nhon 14 thanh phd nam ¢ phia Dong Nam tinh
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Binh Pinh, véi dja hinh da dang véi nti, ddng
bang, rirng, con cat ven bién, hai dao va nhiéu
kiéu 16p phu va sir dung dét. C6 thé thay rd hai
khu vuc lya chon cd sy bién dong vé cac loai
hinh st dung dat nén sy da dang vé céc loai
hinh 16p phit mat dat 1a co so thuan loi dé xay
dung co s& dit liéu phét trién thuat toan phan
loai 16p phu mat dat tr anh vé tinh
VNREDSat-1.

Anh vé tinh VNREDSat-1 véi 4 kénh da
phd (RGB-NIR) c6 do phan giai khdng gian
diém anh 10 m. Anh VNREDSat-1 chup khu
vuc thanh phé Ha Noi nam 2015 va khu vuc
thanh phé Quy Nhon, tinh Binh Pinh nim
2020 duoc lya chon cho dir lidu phat trién
thuat toan dya trén su da dang thong tin ddi
tuong trén mat dat (mat nudc, thyc vat, cong
trinh xay dung, dét tréng, may, bong may)
thong qua giai doan so bo bang mat. Dit liéu
sau khi dugc hiéu chinh anh hudéng tan xa
Rayleigh (pre())), la dit liéu da duogc loai bo
cac anh huong ~90-96% [6], [7] cua khi quyén
lén anh, duoc dua vao sir dung 1am dau vao dé
danh gia hi¢u qua ctua cac phuong phap phan
nhom diém anh hién nay.

2.2. Thudt toan K-means

Hai loai ki thuét co ban trong cac bai toan
phan loai 1a phan loai c6 gidm sat (Supervised
Classification) va phan loai khong giam sat
(Unsupervised Classification). Su khéc biét
16n nhat gitra hai phuong phap 13 su tro gitp
cia bo dir liéu mau. Phan loai c6 giam sat
duoc str dung dé phan tach cac dbi tuong 16p
pht bé mit dua trén bo mau dir liéu da chon
trude (bang mat hodc dit liéu mau c6 sin). K-
means [1] 1a thuat toan phan loai khong giam
sat. K-means s& phan nhom cac ddi twong 16p
phii mat dat dva trén phan nhom dua trén sy
tuong dong phd cua cac diém anh trong bo dit
liéu dau vao (anh vé tinh). Thuét toan yéu cau

lua chon sb nhém phan loai mong mudn va s&
l3p lai cac budc phan nhém diém anh dén khi
téng phuong sai clia cac nhom thap nhat.

2.3. Thudt toan Quick Shift

Phan manh dix liéu anh (segmentation) la
qua trinh phan tach anh thanh cac cum diém
anh khdng ché bang céc thong sé thiét 1ap (cua
s6 phan nhom, ti 1& khac biét gia tri phd lan
can...). Thuat toan Quickshift la mot trong cac
thuat phan manh [8]. Thuat todn Quickshift
khéc véi thuat toan phan loai khong kiém dinh
la khdng cho vuot qué sé luong cac diém anh
dwa trén cua so da dinh nghia ban dau.

Cum diém anh c6 thé thay dbi dua trén
viéc lua chon ba tham sé chinh 1a kich thuéc
Kernel (o), ty 1& (), va khoang cach tdi da (7).
Kich thudc Kernel 1a gia tri dugc sir dung dé
xéc dinh cira s6 phan nhom. Gia tri kich thudce
Kernel cang cao dong nghia cic vung lan can
ctia diém anh can nghién ciru cang 16n. Ty 1&
1a sy can bang giira tAm quan trong ctia mau
sdc va tam quan trong ctia khong gian, c6 gia
tri chay tir 0 dén 1 va cac gia tri cang 16mn cang
thé hién tAm quan trong ctia mau sic va nguoc
lai, con s6 ty 18 thap danh ddu tim quan trong
vé khong gian cao. Khoang cach t6i da thé
hién khoang cach giita hai diém anh dugc xem
xét trong thuat toan trong khi xay dung nhom
diém anh t anh hudng dén sb lugng diém anh
trong mot nhoém vi khi né tang Ién ciing dong
nghia s6 lugng cic diém anh trong nhém
nhiéu hon. Thuit toan Quickshift da duoc sir
dung trong mot s6 nghién ctru vé phuong phap
tiép can huéng ddi twong dé phan loai cac hinh
anh da qua phan manh.

2.4. Phwong phap thwc nghi¢m

Dir liéu anh VNREDSat-1 duoc tién xir Iy
loai bo anh hudng khi quyén bang phuong
phap trr db6i tuong tdi (Dark Object
Subtraction - DOS). Pay la phuong phap phd
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bién dé hiéu chinh khi quyén bang cach loai
b6 anh huong cua tan xa anh sang dén chat
lugng anh vé tinh dya trén cac diém anh tdi.
Dit liéu sau budc tién xir Iy dwoc dua vao phan
loai theo hai phuong phap K-means va Quick
shift, sit dung ngdn ngir 1ap trinh Python. Viéc
lua chon sb nhom phan loai nhiéu hon sd
lwong 16p phu mit dat can phan loai dé dam
bao giam thiéu su nhiu cua cac di tuong lan
can (vi du: may mong trén cac déi twong can
phan loai khac) dong vai tro quan trong trong
phuong phap phan cum K-means. Dé thyc
hién hai thuat toan phan loai trén, nghién ctru
tan dung cac thu vién xdy dung san trén
Python. Scikit-learn va Skimage la hai thu
vién ma ngudn mo xay dung trén nén NumPy
va SciPy, chira hau hét cac thuat toan thong
dung cho hoc may ciling nhu qué trinh xu ly
hinh. Thu vién scikit-learn duoc sir dung dé
biéu dién cac model Gng voi giai thuat hoc
may tu phuong phap K-means. Véi phuong
phap phan manh Quick shift, nghién ctru tiép
tuc st dung thu vién skimage dé biéu dién.
Nhu da nhic t6i ¢ trén, két qua phan manh cua
Quick shift duge quyét dinh boi ba tham s ty
1€ (A), kich thude Kernel (o) va khoang cach
t6i da (t). O day, nghién ctru chon gia tri cac
tham s6 nay lan lugt 14 0.95, 1 va 9. Cac budc
thyc hién thuat toan duogc trinh bay trong so
d6 Hinh 2.

Dix ligu anh v¢

tinh VNREDSat-1

Hiéu chinh khi
quyén (DOS)

Hinh 2: So dé thudt todn tw dong phan loai
[6p phu

3. Kétqua

Sau phan loai, nghién ctru ghi nhan két
qua phén loai anh vé tinh VNREDSat-1 theo
hai phuong phap phan cum K-means va phan
manh Quick shift. Hinh 3 va Hinh 4 biéu dién
su khéac nhau gitra hai phuong phap phan loai.
Trong tam cua phuong phap phan cum K-
means la phan chia céc 16p bang cach nhom
céc diém anh c6 gia tri va dic diém phd tuong
ddng. Do d6, mbi tap hop déu duoc phan chia
1d rang va khong 1an véi cac loai khac. Tuy
nhién, cac 16p ddi tuong dugc tao béng K-
means noéi riéng hay cac phuong phap phin
loai khong giam sat khac ndi chung khéng thé
hién dugc chinh x4c hét tinh chat ctia cac dbi
tuong trén thuc té. Phuong phap K-means chi
tinh toan dén d6 twong ddng phd nén hai dbi
tugng khac nhau c6 chung dic tinh quang phd
c6 thé bi nhan dién sai 1éch va dugc hop nhit
phén loai vao cung mot nhém. Bén canh do,
muc tiéu chinh cua thuat toan Quick shift la
phan méanh anh thanh céc siéu diém anh bang
cach nhém gop céc diém anh tuwong tu véi
nhau. Diéu nay gitp giam tir khoang mot tridu
diém anh trong anh xudng con vai nghin cum
diém anh dé giam mirc d6 phirc tap ctia anh va
dé dang xir 1y. Cac cum diém anh dugc phan
tach theo ranh gidi cia cac ddi tuong trong
anh. Trong cac bai toan phan loai, Quickshift
thuong 1a bude dém trude khi dén budc phan
loai, dac bi¢t trong céc bai toan phan loai
huong dbi tuong. Vo1 cung mot ddi tuong mat
nude, K-means phan loai thanh mét 16p d6i
tuong duy nhit (dva trén twong ddng phd) con
Quickshift phan manh thanh rit nhidu cum
diém anh (Hinh 4). Pay 1a budc quan trong vi
Quickshift co thé phan manh dugc hét cac dbi
tuong, ké ca nhimng ddi tugng ma K-means
phan loai sét. Pay sé& 1a tién dé dé thuc hién
budc dién trdng cac 16p chua dugc phan loai
boi K-means bang cic cum diém anh cia
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Quickshift. Tuy nhién, han ché cua thuat toan 350 >
Quickshift 1a ¢ ranh gidi giita hai d6i twong, - E— 7
céc diém anh ¢4 thé bi phan loai 1dn v6i nhau. a0 f,f >
Quan sat trén Hinh 3, phan doan ctia cac diem = :’; 7 7
anh khu vyc xay dung bi 14n véi diém anh dam N Y /4
may (¢ day 1a ving may mong). Trén Hinh 4, R— — - .
& khu vuc ven bién, cac phan doan nudc co thé Band name

chira cac diém anh dat hoic cat trong ving 1an ) Gid tri Ion nhit va nhd nhat ciia mdt 1dp doi frong
cAn thwe vat (thudt toan Quick shift)

Hinh 3. Phdn loai sir dung canh anh Ha N§i
So d6 duong cong phd ciing thé hién dugc
su khéc biét co ban gitta hai phuong phap
phan loai. Nghién ctru trinh bay cac gia tri nhd
nhit va 16n nhét cia mot 16p ddi tuong (thuc
vat va mat nudc) trén cac kénh da phé cua hai
bo dir liéu K-means va Quickshift. Trén bo dix
liéu K-means, sy chénh 1éch dudng cong phd
gitra hai gié tri trén cac kénh khong qua 16n vi
¢6 sy dong nhat phd trong mot 16p dbi twong
phan loai. Bén canh do, trén b dir licu
Quickshift, sy chénh 1éch nay dé quan sat hon
nhiéu. Ly do cho sy bién dong nay 1a vi voi
cach phan manh cta Quickshift, cac cum diém
anh bi anh huéng nhiu bdi cac aerosol, hién
tuong lién ké (adjacency effect)... Vi vay,
viéc két hop két qua giai doan, phan loai cia
hai thuat toan K-means va Quickshift duoc
mong doi co thé cai thién d6 chinh xéac phan
loai va giai quyét cac han ché ciia chung.
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 2) Anh VNREDSat-1 khuvue Quy Nhon

Band name

d) (Gia tri 16n nhit va nho nhit ciia mot 1dp dbi
tirgng thuwe vt (thudt todn Kmeans)
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DN,

Band name

d) it 16nnhat va nhé nhat cia métlep do
trong mat meoc (thuat todn Kmeans)

¥
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Band names

DN

e) Gia tri Ién nhat va nhé nhat cia mét 1op doi
twrong mat mroc (thuat toan Cuick shift)

Hinh 4: Phan logi sit dung cdanh anh Quy Nhon

Ung dung viéc phan tich mbi quan hé phd
trén timg vung duoc tao ra bang thuat toan K-
means va Quickshift trén bd dir li¢u tuong tu
v&i cac nghién ctru trude day [7] nhung khong
chi cho dbi tugng nuwéc ma con ap dung cho
cac ddi tugng khac (dat trong, cong trinh xay
dung, thuc vat, may va bong may). Mot qui
trinh ty dong budc dau dugc thir nghi¢m trén
3 canh anh doc 1ap (Hinh 5), khac bi¢t voi dir
lidu dura vao phat trién thuat toan.

Anh vé tinh VNREDSat-1 chup 1§ lut tai Svayrieng, ampuchia
Hinh 5: Bude dau thir nghiém thudt todn phdn
loai l6p phu (anh phai) cho dnh vé tinh
VNREDSat-1. Trong do Mat nudc (Xanh lam),
thye vat (xanh la cdy), cong trinh xdy dung (do),
ddt trong (vang)

Hiéu suit cia phwong phap méi duoc
danh gia bang chénh 1éch ty 1¢ phan trim tuyét
d6i trung binh (MAPD). Déi v6i mdi canh anh
dugc dd chon thir nghiém, mot ban do_cac
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diém anh mat nuéc tham chiéu duoc tao ra
dua trén phan tich tryc quan thuc hién trén
phan mém QGIS. Chi s6 MAPD duoc tinh
toan giita s6 diém anh nuéc tham chiéu va sd
diém anh nuéc phan loai tw dong bang phuong
phap moi. Gia trt MAPD dugc tinh theo cong
thtrc:

Prp,i — Prcii

MAPD = 100

1

1)

n
— PwiPE,i

L

& do, prp,; VA prc,; 1an lugt 1a s6 diém anh
mat nudc duoc phan loai ty dong theo phuong
phap mai va thu cong dua trén phan tich truc
quan trén QGIS.

Bang 1: Pdnh gia thudt todn bang tinh todn MAPD (%) trén 3 canh anh doi véi doi twong mieée

g Phuong phap két | Phan tich truc o
Vit hop (Piém anh) | quan (Piém anh) MAPD (%)
Ven by Pa Nang, Quang Nam 1754460 1731648 1.301
Ven bo tinh Tién Giang 2485485 2486356 0.035
Svayrieng, Campuchia 1374327 1281921 6.723

Két qua cho thay gia tri MAPD chay trong
khoang 0.035% dén 6.723% trén ba canh anh
thir nghiém dbi véi d6i twong nuéc. Gia tri
MAPD cao nhat (6.723%) ghi nhan trén canh
anh 10 lut tai Svayrieng, Campuchia. Canh anh
nay co ty 1é may va bong may nhiéu nhat trong
ba anh, va dt thyc phu xuét hién day dic hon.
Khéc vai hai canh anh viing bién ven bo chira
nhiéu cac diém anh nudc dé phan loai, canh
anh nay ghi nhan tinh trang Iii lut v&i phan Ion
1a nuwéc duc, nuéc che phu dat, khién nhiéu
diém anh dat va diém anh nuéc duc c6 thé bj
phan loai nham 13n véi nhau. Tuy nhién, qua
day co thé danh gia thuat todn co tiém ning
trong viéc phan tach nhiéu 16p pha dat khac
nhau, ké ca trong cac truong hop kho giai
doan.

4. Két luin va kién nghi

Cong tac phan loai anh v¢€ tinh quang hoc
da pho trong thanh lap ban d6 16p phu di va
dang gdp nhiéu thach thirc dic biét 13 thoi gian
giai doan va bién tap dir licu. Mot quy trinh tu
dong (thuat toan) budce dau di dugc phat trién
dua trén anh vé tinh tai hai khu vuec Ha Noi va
Binh Dinh cling nhu thir nghiém tai 3 khu vuc
doc_lap khac (Da Néng, Tién Giang va

Svayrieng-Campuchia). Vi két qua bude dau
ctia thuat toan (Hinh 5), c6 thé nhan thay quy
trinh thanh 1ap ban do 16p phu ty dong tir anh
vé tinh VNREDSat-1 1a hoan toan kha thi va
som dugc hoan thién trong tuong lai. Phuong
phap d¢ xuat ban dau dugc phat trién trén cac
canh anh c6 chat luong tot (it may) nén viéc
ap dung cho cac anh c6 chit luong tuong ty 13
dé nhan thiy. Phuong phép cin duoc hoan
thién dua trén cap nhat dir liéu phat trién thuat
toan trong d6 phai chira dung nhiéu canh anh
¢6 cac cudng d6 may khac nhau, chup & nhiéu
ving sinh thai khac nhau, khi d6 c6 thé ap
dung cho cac anh chyp chtra ti 1€ may khac
nhau. Thuat toan s€ duogc hoan thién va danh
gid voi cac dir liéu truyén thong trong tuong
lai (dir liéu hién trang st dung dét ctia co quan
quan ly nha nudc hodc dir li€u v¢ tinh d6 phan
giai cao nhu Google Earth). M6 hinh thuat
toan nay hoan toan co thé duoc ap dung sang
cac anh v¢ tinh c6 d¢ phan gidi khong gian, do
phan giai phd tuong tu (Sentinel-2, Landsat-8,
9..).0

Lo1 cam on: Nhom tac gid xin gui 101 cam
on dén Vién Cong nghé vii try, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam d4 tao diéu
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Development of automated algorithm for land cover classification applied to
VNREDSat-1 images

Dang Nguyen Hien Duong, Institute of Space Technology

Hanoi University of Science and Technology (USTH)
Dinh Ngoc Dat, Doan Minh Chung, Huynh Xuan Quang, Mai Thi Hong Nguyen
Institute of Space Technology

Land cover classification using optical satellite images plays an important role in the
change detection of materials on Earth. This data source has contributed significantly to
monitoring and managing natural resources, as well as hazard analysis and risk assessment.
Various presented studies have approached traditional algorithms such as K-Means, Iso Data,
Random Forest, etc, to quickly obtain the classification output for further research. It is crucial
to assess each classificaiton method's performance to select the most optimal algorithm for
different classification projects. Applying different methods, such as K-means and Quick shift
to VNREDSat-1 images, allows us to improve classification accuracy. From that, the study
considers the combination of these classification approaches, along with spectral analysis
developed in previous works (WIPE algorithm), to propose an automated land cover
classification method taking advantages of all results applied to VNREDSat-1 images.O
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