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NGHIEN CUU PHAN LOAI LOP PHU SU DUNG PAT TU ANH

VE TINH SENTINEL - 2 DUA TREN THUAT TOAN SVM
Nguyén Thi Huyén Trang, Ping Thanh Tung
Pham Thi Sao Mai, Ha Thi Thu Hﬁng
Truong Pai hoc Tai nguyén va Méi truong Ha Noi
Tém tit
Anh vé tinh Sentinel - 2 la nguén cung cdp mién phi ¢é do phan gidi vé khdong gian
va thoi gian cao, dir liéu nay co kha nang dem lai hiéu qua trong viéc phdn loai cdc
I6p phii sir dung ddt phuc vu cong tac giam sdt, quan 1y dat dai. Trén nén tang dir liéu
dién toan dam mady Google Earth Engine (GEE), nghién cuu nay su dung thudt todn
Support Vector Machine (SVM) dp dung cho mdy hoc dé phdn loai hién trang cdc I6p
phu bé mat sir dung dat tai khu viee quan Bdc Tir Liém, Ha Noi. Két qua cua nghién
cieu dwea ra 4 loai 16p phii sir dung dat co ban, trong do dién tich 16p phit mdt nwée la
nhé nhat véi 422,31 ha, dién tich 16m nhdt la [6p phu thuc vat dat 1876,97 ha. Do chinh
xdc phdn loai dat két qua tot véi hé sé Kappa dat 0,82.
Tw khoa: Sentinel - 2; Lop phu st dung dat; Google Earth Engine; Thuat
toan SVM.
Abstract

Research classification of land use - land cover from Sentinel - 2 satellite images
based on the SVM algorithm

The Sentinel - 2 satellite imagery is a free source with a high spatial and temporal
resolution, this data has to be effective in classifying land use - land cover for
monitoring, and land management. Based on the Google Earth Engine (GEE), this
study uses the Support Vector Machine (SVM) algorithm applied to machine learning
to classify the land use - land cover status in Bac Tu Liem district, Hanoi. The results of
the study show that there are 4 basic types of land use - land cover, in which the water
- bodies area is the smallest with 422.31 hectares and the largest area is the cover of
Vegetation with 1876.97 hectares. The classification accuracy achieved good results
with the Kappa coefficient reaching 0.52.

Keywords: Sentinel - 2; Land use - land cover; Google Earth Engine; SVM algorithms.

1. M& dau

Hién trang cac 16p phu s dung dét
1a tai lidu rat can thiét cho viéc thong ké,
kiém ké dat dai, dong thoi 1a thong tin
thuc sy hitu ich cho cong tac gidm sat
thuc hién quy hoach st dung dat. Viéc
tng dung coéng nghé thong tin két hop
v6i cong nghé vién thdm 1a mot trong
nhirg gidi phap hiéu qua, nhanh chéng,
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tiét kiém chi phi dé hd tro thanh lap ban
dd hién trang su dung dét va né dac biét
c¢6 ¥ nghia 1a c6 thé x4c dinh ¢ nhimng thoi
diém gan nhu theo thoi gian thuc.

Mot s6 thuat toan truyén thong trude
day nhu Maximum Likelihood Classifier
(MLC), Minimum Distance Classifier
(MDC), K - Nearest Neighbor (KNN)
thuong duoc ing dung trong cac phan mém
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thuong mai nhu ArcGIS, Erdaslmagine,
Envi, ER - Mapper,... [1 - 3]. Hién nay,
cach mang 4.0 phat trién manh mé& da tao
ra nhiéu uvu thé cho viéc xdy dung hién
trang céac 16p phu st dung dét tir anh vé
tinh bang viéc sir dung cac thudt toan hoc
may, trong d6 c¢é nhiing thuat toan noi
bat nhu Support Vector Machine (SVM),
Random Forest (RF) va Classification and
regression tree (Cart),...[4 - 7].

Nhiéu nghién ctru trén thé gidi va tai
Viét Nam da st dung céc thuat toan hoc
may dé phén loai cac 16p phu bé mit tir
anh vé tinh, cac két qua nghién ctru nay da
chung té duoc hi¢u qua cua viéc xac dinh
hién trang 16p phu bé miat. C6 thé ké dén
mot s6 nghién ciru trén thé gidi nhu cia
Lewis, R. J. (2000) [5], Breiman L. J. M. 1.1
(2001) [6], Jia, K., va cong su (2014) [8].
Va cling da cé nhitng nghién ctru tai Viét
Nam nhu cia Pham Minh Hai va cong su
(2019) [4], Bui Thi Hong Thiam, Trinh Thi
Hoai Thu (2020) [9], Pang Thanh Tung
(2021) [10]. Cac nghién ctru trén thuong
dung dir li¢u anh v€ tinh Landsat la anh
vé tinh c6 do phan giai trung binh, cu thé
véi anh Landsat 8 c6 do phan gidi khong
gian l1a 30 m va d§ phan giai thoi gian 1a 16
ngdy. Bai bao nay trinh bay két qua phan
loai hién trang cac 16p phu sir dung dat tir
anh v¢ tinh Sentinel - 2 cé d phan giai
khong gian 10 m va chu ky chup 1ap lai 1a
5 ngay, thu nghiém tai khu vuc quan Bic
Tur Liém, thanh phd Ha Noi. Céac két qua
dugc phan tich, xtr Iy dua nén tang dién
toan dam may Google Earth Engine (GEE)
va ung dung thuat toan hoc mdy SVM.

2. Dir liéu va khu vyce nghién ciru

Quan Béic Tur Liém dugc thanh lap
cudi nam 2013 tir viéc chia tach huyén

Nghién ciru

Tur Liém trude day thanh hai don vi hanh
chinh cép quan 1a Nam Tur Liém va Béc
Tu Liém [11]. Nam 2020, quan c6 dién
tich 45,24 km?, dan s6 nam 2020 la
340.605 nguoi, mat d¢ 7.529 nguoi/km?,
don vi hanh chinh gdm c6 13 phuong. Tur
khi khu vuc trd thanh quan Béc Tir Liém
cho dén nay, tdc do phat trién co s¢ ha
téng, kinh té, dan cu,... d3 c6 nhiing bién
dong 10 rét, kem theo doé 1a cac bién dong
nhanh chéng vé cac loai hinh sir dung dat.
Hinh 1 minh hoa vi tri khu vgc nghién
cuu.
Quén Bic Tir Liém, Thanh phd Ha Noi
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Hinh 1: Hinh dnh, vi tri khu vuc nghién ciru

Nghién ctu nay, nhom tac gia su
dung tu liéu anh vé¢ tinh Sentinel - 2
dugc chup ngay 19 thang 12 nam 2022.
Anh vé tinh duoc khai thac truc tuyén
thong qua nén tang GEE. Anh vé tinh
Sentinel - 2 gdm c6 anh Sentinel - 2A
va Sentinel - 2B, tan sudt quay lai vi tri
cu thé cia mdi vé tinh Sentinel don 1é
nay 1a 10 ngay. Viéc két hop ca Sentinel
- 2A va Sentinel - 2B tao ra by anh vé
tinh Sentinel - 2 c6 d§ phan giai thoi
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gian 1a 5 ngay. Anh vé tinh Sentinel - 2
dugc luu gitt & muc do 12 bits. Do do,
dir li¢u anh nay co do phan giai buc xa
cao. Piéu nay dem lai kha nang phan
biét muc do sang trén anh c6 pham vi

tiém nang tir 0 - 4 095. Céc thong tin,
dic diém co ban vé do phan giai khong
gian, budc song cdc kénh anh cua dir
li€u anh vé tinh Sentinel - 2 duoc trinh
bay tai Bang 1 dudi day:

Bing 1. Thong tin co ban vé dir ligu anh vé tinh Sentinel - 2

Pj phén gidi khong gian Sentinel -2A | Sentinel - 2B
. Kénh inh Buérc song Budc song

o (nm) (nm)

2 4924 492.1

10 3 559,8 559.,0

4 664,6 664.9

8 832,8 832.9

5 704,1 703.8

6 740,5 739,1

20 7 782,8 779,7

8a 864,7 864.0
11 1613,7 16104
12 22024 2185,7

1 4427 402

60 9 945,1 9432
10 1373,5 13769

Dit liéu anh v¢€ tinh Sentinel - 2 trong
khu vyc nghién ctru dugc lya chon dam
bao ¢6 chét luong 13 rang, do phu may
khoang 0,05 %. Véi cac thong s6 nhu do
phan giai cao, chu ky thu nhan anh lap
lai 1a twong dbi ngin (5 ngay), d6 rong
dai quét 1én t6i 290 km 14 rat 16n so véi
chiéu rong dai quét ciia Landsat 5 TM va
Landsat 7 ETM+ la 185 km, SPOT - 5 la
120 km, cac diéu kién nay cho thay anh
vé tinh Sentinel - 2 mién phi 14 ngudn dit
lidu rat phu hop dé ap dung cho nghién
cliru nay.

3. Phuwong phap nghién ciru

3.1. Tong quan quy trinh nghién civu

bdi véi nghién ctu nay, thudt toan
SVM dugc ap dung dé tinh todn, phan loai
16p phu st dung dat véi dir liéu dau vao 1a
anh v¢ tinh Sentinel - 2. Pay la mot trong
nhiing thuét toan dugc ap dung nhiéu va da
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dugc chirng minh tinh hi€u qua trong phan
loai 16p phu st dung dét tir dix liéu anh vé
tinh [12, 13]. Khu vuc Bac Tir Liém dugc
lya chon thir nghiém phan loai vdi 4 16p
phu sir dung dat co ban bao gém: 1) Lép
phu dat trong, 2) Lép phu mat nude, 3) Lop
phu thuc vat, 4) Lép phunha - CTXD. Céac
16p phu dugc lya chon dé phan loai 1a hién
trang tai thoi diém thu nhan anh. Pac diém
ctia 16p dit trong duoc lya chon 1a céc khu
vuc nhu béi dat, cat, bii bdi, khu vuc dang
san lap, cac khu vyc dét tréng méi san 1ap
chuan bi xdy dung. Lp phi mat nude gdm
céc khu vuc ao hd, séng sudi, kénh muong.
Lép phu thuc vt bao gdm nhimng khu vuc
co cay cdi, bai co, rudng vuon. Lop phu
nha - CTXD gdm cac cong trinh xay dung
ddc 1ap va cac khu vuc nha ctra, cong trinh
xdy dung tai lang mac, khu chung cu, cac
tda nha cao tang. Tong sb luong diém lay
mau 13 136 diém cho 4 16p phu cuia toan bd
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khu vuc nghién ctru. Viéc thuc hién phan
loai cac 16p phu sir dung dit duoc tién
hanh trén nén tang dir liéu dién toan dam
may GEE va sir dung ngdén ngir 14p trinh
JavaScript.

3
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Hinh 2: Thuc hién chwong trinh phan loai
lop phii trén GEE

Nghién ciru

Quy trinh thuc hién theo ting budc,
cac bude 1an lugt bao gdm: Trude hét 1a
liy dir lidu anh vé tinh Sentinel - 2 cla
khu vyc nghién ctru; Sau d6 loc may dam
bao c6 dit ligu tot nhat c6 thé; Tién hanh
viéc hun luyén dé cho chuong trinh hoc
va ghi nhin céc thong tin vé cac mau cho
tung loai 16p phu; Phan loai cac 16p phu
theo mau d3 huan luyén; Ghi nhan két qua
va danh gia do chinh xac phan loai. Hinh
3 minh hoa téng quan quy trinh thyc hién
nghién cuu.

Phin loai theo SWVM

v

Dénh gii 46 chinhxac

k.

A

[ Két qua sau phin loai ]

Hinh 3: So dé quy trinh phén loai cdc 16p phii siv dung dit

3.2. Thudgt toan SVM

SVM Ia mdt thuat toan hoc may duoc
giam sat thuong mang lai két qua tot trong
qué trinh phan loai va hdi quy. SVM phan
chia cac vector hd trg nhim phan loai cac

diém dit liéu nhat ky mot cach rd rang véi
muc tiéu tim ra hai loai vecto hd trg doc
1ap c6 bién d6 16n nhat [14, 15]. Hinh 4
dudi day minh hoa moé hinh thuat toan
SVM.
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Hinh 4: M6 hinh phan logi cdc lop theo thudt toan SVM

V6i b6 dit liéu mau dugc hudn luyén
thudc cac 16p cho trudce, thuat toan SVM
xdy dung mé hinh dé phéan loai cac doi
tuong vao céac 16p cho trudc do. Muc ti€u
cua thuat todn nay la tim dugc mot khong
gian F va siéu phang quyét dinh ftrén F sao
cho sai s phan loai 13 thap nhat. Viéc phan
16p duogce thyuc hién qua ham quyét dinh:

f(x) = sign (+ b)

Ham f(x) nay thu dugc bang viéc thay
d6i vecto chuan w, ddy 1a vecto dé cuc dai
hoéa khoang cach t6i cac siéu phang (Optimal
hyperplane). Cac diém dit lidu cho trudc
nam trén céc siéu phang song song duoc goi
la Support Vector. Trong mdt khong gian co
nhiéu diém va céc ki hiéu nhu sau:

yi: 14 céc 16p chira cac diém dit liéu xi.

xi: 1& vector thyc nhiéu chiéu (p
chiéu).

MBJi siéu phiang déu c6 thé dugc viét
dudi dang mot tap cac diém thoa man
w.x-b = 0.

w: 14 1 vector phap tuyén cua siéu
phang.

b/|[w||: xac dinh khoang cach giira
gbc toa do va siéu phiang theo hudng
vecto phap tuyén w.
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Trong Hinh 4, ta ¢6 H2 1a siéu phing
can tim. Luc nay céc siéu phing dé duoc
xac dinh nhu sau: w.x-b=1 va w.x-b=-1.

3.3. Phwong phdp danh gida do
chinh xdc

Phuong phép danh gid d6 chinh xac
phan loai céc 16p phu sir dung dét trong
nghién ctru nay duoc thuc hién thong qua
ma tran nham 14n (Confusion Matrix). Ma
tran nham 14n 1a phuong phép quan trong
va phd bién duogc st dung dé danh gia do
chinh xdc, c6 thé mé ta do chinh x4c ciia
phén loai va chi ra sy nham Ian giita cac 16p
d6i tuong. Cac thong ké co ban cho ma tran
nham 14n trong d6 ¢6 danh gia vé do chinh
Xac téng thé (Overall Accuracy - OA) va hé
s0 Kappa. Trong d6 OA c6 gia tri cang gan
t6i 1 thi cang c6 do tin cay cao, hé s6 Kappa
co gia tri tr 0,4 dén 0,6 dugc danh gia la dat
két qua trung binh, gia tri tir 1én hon 0,6 dén
0,8 1a t6t va hon 0,8 dén 1,0 1a rat tét [15].

4. Két qua nghién ctru va thao luin

Két qua phan loai cac 16p phu s
dung dét theo thuat toan SVM dugc minh
hoa tai Hinh 5. Anh sau phén loai bao gém
4 16p phu co ban 14 16p phi Dt tréng, 16p
phu Mat nudc, 16p phu Thue vat, 16p phu
Nha - CTXD.
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Quén Bic Tir Liém, Thanh phé Ha Noi
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CAC LOP PHT STT DUNG BAT
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Hinh 5: Anh goc va anh sau phén logai khu vwe quén Bdic Tiv Liém, thanh phé Ha Nji

Anh sau phan loai theo thudt toan
SVM duoc thé hién rd rang. Trong do
céc 16p phu chiém da s6 13 16p phit Thuc
vat va 1ép phu Nha - CTXD. Hai 16p phu
nay c6 do che phu tir khoang 30 - 40 %
cho cho mdi 16p. Cac 1ép phu con lai
1a 16p Pat tréng va 16p Mat nudc ¢ do
che phu tir khoang 10 % dén 15 % so
v6i tong dién tich ty nhién. Két qua cua
phan bd cac 16p phu nhu trén thé hién su
pht hop vé6i dic diém ty nhién, phan bd
dan cu, tap quan canh tac, san xudt, kinh
doanh,... tai khu vuc quan BacTur Liém,
thanh phé Ha Noi. Cu thé 16p Pat trong
co dién tich khoang 638,5 ha, tuong
duong 14,5 % so véi téng dién tich tu
nhién. Lop Mat nude 1a 422,31 ha (9,5
%), 16p Thuc vat 1876,9 ha (42,5 %), 16p
Nha - CTXD chiém dién tich 1477,5 ha
(33,5%). Biéu @b ty 1¢ sir dung dit duoc
minh hoa tai Hinh 6.

TY LE PHAN TRAM SU DUNG PAT

Dit tréng
14 %

Thue vat
43 %
Hinh 6:’Bié°u do co céu sir dyn:g dit tai
quan Bdc Tw Liém, Thanh pho Ha Nji

Két qua phan loai cac 16p phu s
dung dét cho thay rang 16p Dét trong hién
tai chiém ty 1& khong nhiéu va phan bd
khong tap trung, chi yéu 1a cac khoang dat
tréng nam rai rac trén dia ban 13 phuong
clia quan Bic Tur Liém. Day 1a mot s6 khu
dat da dugc quy hoach str dung vao nhiéu
muc dich khac nhau, trong d6 cé nhiing
khu dt hién tai chua thyc hién dung tién
dd cua du an, ngoai ra con cd cac manh
dat, 6 dit nhé 1é nam rai rac trong cac
khu dan cu chua dugc nguoi dan xay
dung cong trinh, nha ctra. Ngoai ra cac 0,
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manh dat tréng trén con 1a mot sé manh
vuon dé tréng, chua thyc hién canh téc,
san xuat,... Dac biét 1a 16p Mat nudc tai
khu vuc nghién ctru c6 dién tich rat nho,
chi chiém khoang 10 % so véi tong dién
tich ty nhién, trong d6 mat nudc cua phén
song Hong nim trén dja ban quan chiém
khoang 80 - 90 % dién tich mat nudc cua
toan bd dién tich 16p Mt nudc duoc phan
loai tai thoi diém thang 12 nam 2022. Déi
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véi 16p Thuc vat (42,5 %) va 16p Nha -
CTXD (33,5 %) la dién tich chiém chu
yéu trong khu vuc. Py ciing 1a ngudn dir
lidu hién trang hitu ich c6 thé tham khao
gitip cho cong tic quan ly nha nudc vé
dat dai, quy hoach st dung dat dugc hiéu
qua hon. Hinh 7 minh hoa hién trang cac
16p sir dung dat trén dia ban quan Béc Tur
Liém ngay 19 thang 12 nam 2022.
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Trong téng s ¢6 136 diém mau da
xay dung kiém dinh va thanh 1ap ma tran
nham 14n. Ty 1& diém kiém tra va tong s6
diém ldy mau lan lugt 1a 30 % va 70 %.
Két qua cac do chinh xac sau phan loai
duoc tinh toan tir ma tran nham 14n bao
gbm céc thong tin co ban 13 do chinh xac
tong thé (OA) 1a 0,88 va hé sd Kappa 1a
0,82. C6 nhitng nghién ctru sir dung s6
lugng mau phan loai cho mdi 16p trong
khoang tir 10 dén 30 s6 luong kénh anh
st dung. Tuy nhién ciing c6 nhiéu két qua
nghién ctru da chimg minh rang s lugng
mau phan loai khong can thiét qua nhiéu,

Nghién ciru

c6 thé s lugng mau chi can bang tir 2 dén
4 lan s6 luong kénh anh st dung trong
phan loai dé c6 d6 chinh xac tong thé va
hé s6 Kappa cao t6i hon 90 % [16, 17].
Vi nghién ctru nay, khu vuc cé dién tich
khong qua 16n, 16p méat nudce, 16p thuc
vat ¢6 nhiéu gia tri pixel dong nhat va sir
dung 8 kénh anh Sentinel - 2 dé phan loai,
do d6 sb lugng mau st dung trung binh
cho mdi 16p 14 khoang 34 mau. S6 lugng
mau ndy tuong dwong véi hon 4 lan s6
lugng kénh anh st dung va két qua dat do
chinh x4c cao. Két qua phén tich ma tran
nham 14n thé hién chi tiét tai Bang 2.

Bing 2. Ma trdn nham lin (Confusion)

Pit trong | Mt nuée Thuc vit | Nha-CTXD Tong
Pit trong 12 4 8 3 27
Mt nurérc 15 184 8 13 220
Thye vit 0 0 255 2 257
Nha-CTXD 6 6 1 62 75
Tong 33 194 272 80 579
OA: 88,60 % Kappa: 0,82289

Két qua nghién ctu cho thiy do
chinh xéc anh sau phan loai 13 rit cao nén
két qua nay dam bao d9 tin cdy dé sir dung
cho cac thdng ké, phan tich vé cac 16p
phu su dung dét tai khu vuc quan Béc Tu
Liém, thanh phd Ha Noi. Cac mau huin
luyén va chat luong anh c6 anh hudng
nhat dinh t&i do chinh xac phan loai cac
16p phu st dung dat. Trong nghién ciru
nay, chat lwong anh thu nhan c6 dé phu
maAy rat thap, hinh anh va cac thong tin vat
ly 15 rang. Do d6, véi cac diéu kién trén
ta c6 anh két qua sau phan loai 13 ¢6 d6
tin cdy cao, ddm bao dé st dung cho cac
budc tinh toan tiép theo.

5. Ket luan va dé xuat

Khai théc, phan tich dit li¢u anh v¢
tinh truc tuyén phuc cong tac quan ly dat
dai dang ngay cang to6 ra hi¢u qua, nhanh

chdéng va tiét kiém chi phi. Ngoai ra ap
dung céc thuat todn hoc mady trong phan
loai 16p phu st dung dit tir anh vé tinh
cling gép phan tich cuc vao cong cudc
chuyén d6i s6, cach mang cong nghiép 4.0
noi chung hién nay. Phuong phap nghién
ctru dd dwa ra cac két qua dam bao do tin
cay va cac dit li¢u phan tich thuong 1a cd
thoi gian gan ddy nhat. Cac két qua nay c6
d6 chi tiét cao, c6 tinh thoi diém va cho
théiy kha nang dat hiéu qua cao dé phuc
vu cong tadc giam sat quy hoach st dung
dat, theo ddi va du bao bién dong dét dai.

Céc két qua phan loai anh véi cac 16p
phu co ban 1a Dét trong, Mat nude, Thuc
vat, Nha - CTXD da thé hién dugc do tin
cdy, tuy nhién dé nén co cac nghién ciru
sau hon va cé su so sanh vdi cac loai ban
dd hién trang cung thoi diém dugc thanh
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Nghién cuu

1ap v6i cac két qua didu tra va bo sung tir
thuc dia.
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