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NGHIEN CUU CAC GIAI THUAT PHAN LOAI
TRONG GOOGLE EARTH ENGINE
DE GIAM SAT LGP PHU TINH NINH BiNH

TOM TAT

Trong bbi cdnh nhu cdu giam sat 16p phu
dat ngay cang tang nham hé trg quan ly tai
nguyén thién nhién va quy hoach do thi, nghién
cliu nay tap trung vao viéc ung dung céc giai
thuat hoc may Random Forest (RF), Support
Vector Machine (SVM) va Classification and
Regression Tree (CART) trén nén tang Google
Earth Engine (GEE) dé phan loai va giam sat
16p pht tai tinh Ninh Binh. D liéu 4nh vé tinh
Sentinel-2 dugc st dung lam nguén da liéu
chinh nho d6 phan giai khéong gian cao va kha
nang cap nhat thuong xuyén. Két qua nghién
cttu cho thay hiéu suat ctia cac giai thuat trong
viéc phan loai céc loai 16p phi nhu ring, dat
néng nghiép, dé thi va mat nudc, dong thoi
danh gia do6 chinh xac ctia tung phuong phép.
Nghién clu cung cép co sd khoa hoc cho viéc
lya chon giadi thuat phu hop trong giam sat
16p phti tai khu vuc dia phuong, gép phan vao
quan ly bén ving tai nguyén dat dai.
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1. GIGI THIEU

Tinh Ninh Binh 1& mot khu vuc dién hinh
cta mién Bic Viét Nam, noi cic hoat dong
kinh té - xa hoi nhu néng nghiép, du lich va
do thi héa dang gay ap luc 16n 1én 16p pht
d4t [Nguyen et al., 2020]. Su thay d8i 16p pht
khong chi phan anh qué trinh phat trién ma
con lién quan dén cac van dé moi truong nhu
x6i mon dat, ngap lut va suy gidm da dang sinh
hoc. Do d6, viéc gidm sat 16p pht dat dai mot
cach chinh xéc va kip thoi 1a yéu t6 quan trong
dé hd trg cac nha quan ly trong quy hoach va
bdo vé tai nguyén thién nhién.

Céng nghé vién thdm déa tré thanh cdng cu
khong thé thiéu trong gidm sat 16p phti nho
kh& nang thu thap d liéu trén dién rong va
lién tuc [Lillesand et al., 2015]. Két hop véi cac
gidi thuat hoc méy, viéc phan loai 16p pht tu
d@ liéu vé tinh dat dugc d6 chinh xac cao hon
so vdi cac phuong phap truyén théng [Maxwell
et al., 2018]. Google Earth Engine (GEE), mo6t
nén tang xu Iy di liéu dam maéy, cho phép truy
cap va phéan tich nhanh chéng céc bd dia liéu
vé tinh 1én nhu Sentinel-2, Landsat, va MODIS
[Gorelick et al.,, 2017]. Nghién ciu nay tap
trung vao viéc ap dung ba giai thuat hoc may
phé bién - RF [Breiman, 2001], SVM [Vapnik,
1995] va CART [Breiman et al., 1984] - dé
phan loai 16p phu tai Ninh Binh, nham danh
gia hiéu suét cia ting phuong phéap trong bbi
canh dia ly va sinh thai dac thu ctia khu vuc.
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Muc tiéu chinh ctia nghién ctru bao gom:
(1) Xay dung ban do 16p phu hién trang dua
trén d liéu Sentinel-2; (2) So sdnh hiéu qua
cua RF, SVM va CART trong phan loai 16p phu;
(3) DBé xuét giai phép tbi uu cho gidm sat 16p
pht dai han tai Ninh Binh.

Il PHUONG PHAP NGHIEN CUU

1. Khu vyc nghién citu

Tinh Ninh Binh nam & toa do dia Iy tu
19°56’ dén 20°31’ vi d6 Béc va tir 105°40" dén
106°08’ kinh d6 Péng, véi téng dién tich tu
nhién khoang 1.391 km? [General Statistics
Office of Vietnam, 2023]. Khu vuc nay bao
gdm cac dang dia hinh da dang: Péng bang
pht sa (chiém khodng 70% dién tich), doi nui
thdp (cht yéu & phia Tay Bic, noi ¢ Vuon
Qubc gia Cic Phuong), va viing ven bién ngap
man & phia Péng Nam. Céc 16p pht chinh tai
day bao gdm rung tu nhién, dat néng nghiép
(lMa nudc, hoa mau), khu vuc d6 thi (thanh
phé Ninh Binh, Tam Piép), va mat nudc (séng,
ho, ddm phd). Su phan bb 16p phu chiu anh
hudng 16n tir hoat déng con ngudi va diéu kién
tu nhién nhu 14 lut mua mua [Nguyen et al.,
2020]. D@ liéu ranh giéi hanh chinh duoc lay
tu co s& di liéu GEE.

2. Dit liéu

D liéu chinh dugc st dung trong nghién
ciu la &nh vé tinh Sentinel-2 Level-2A (da
dugc hiéu chinh khi quyén) ti GEE, thu thap
trong khoang thoi gian tir thang 1 dén thang
12 nam 2024 [ESA, 2015]. Sentinel-2 cung
c&p d6 phan giai khong gian 10m cho céc bang
phé kha kién (Blue, Green, Red) va céan héng
ngoai (Near-Infrared), phtu hgp cho phan loai
16p pht chi tiét [Drusch et al., 2012]. Ngoai
ra, chi s6 thuc vat chuédn héa (NDVI) dugc tinh
todn tr biang Red va Near-Infrared dé ting
cuong kha nang phan biét gitta céc loai thuc
vat va phi thuc vat [Rouse et al., 1974].

D liéu 14y m&u gom 80 diém duoc 14y mau
trén anh vé tinh sentinel 2A vao nam 2024

3. Cdc gidi thudt phan logi: Ba gidi thudt phan
loai duoc thit nghiém:

Random Forest (RF): RF la mot giai thuat
hoc tap téng hop dua trén tadp hop nhiéu cay
quyét dinh [Breiman, 2001]. Mbi cay duoc
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huén luyén trén mét tdp con di liéu ngau
nhién (bootstrapping) va st dung mét tap hop
dac trung ngdu nhién tai moéi nit phan chia.
S6 luong cay trong nghién ctu dugc dat 1a
100, véi dd sau tdi da cua cay la 10, nham can
bing gitra d6 chinh xac va hiéu suét tinh toan
[Belgiu & Dragut, 20186].

Support Vector Machine (SVM): SVM hoat
dong bang cach tim siéu phang tbi uu trong
khéng gian da chiéu dé phan tach cac 16p da
liéu [Vapnik, 1995]. Trong nghién c(u nay,
ham hat nhadn RBF dugc st dung véi tham
s6 C (dd phat) la 1.0 va gamma tu ddéng diéu
chinh dua trén d liéu dau vao [Cortes € Vapnik,
1995]. SVM dac biét hiéu quéa trong céc bai
toan phan loai phi tuyén tinh.

Classification and Regression Tree (CART):
CART x&y dung mot cay quyét dinh duy nhéat
béng cach chia d@ liéu thanh cac tap con dua
trén gia tri ngudng cda cac dac trung [Breiman
et al., 1984]. Tiéu chi phan chia la chi sb Gini,
véi d6 sau tbi da clia cay dugc gidi han & 15
dé tranh qua khép. CART don gidn hon RF
nhung dé bi &nh huéng béi nhiéu trong du
liéu [Quinlan, 1993].

Céc giai thuat dugc trién khai bang ngén
ngd JavaScript trong GEE, vd4i tham s6
huéan luyén gom 70% dir liéu mau va 30%
dé kiém tra.

4. Quy trinh thuc hién trén Google Earth Engine

Budc 1: Tién xt ly dir liéu: Anh Sentinel-2
dugc loc dé loai bod cac viing c6 méay che phu
trén 20% bang céch st dung 16p chat luong
may (cloud mask) c6 san trong GEE [Gorelick
et al., 2017]. Cac anh sau khi loc duogc téng
hop theo gia tri trung vi (median) aé tao ra
mot anh dai dién cho nam 2024.

Budc 2: Trich xult dic trung: Nam dac
trung dugc st dung lam dau vao cho cac md
hinh: Blue (B2), Green (B3), Red (B4), Near-
Infrared (B8), va NDVI. NDVI duogc tinh theo
cong thuc [Rouse et al., 1974]

NDVI=ge T3

Budc 3: Huan luyén mo hinh: Tap da liéu
tham chiéu duogc chia thanh hai phan: 70%
(350 diém) dung dé huan luyén va 30% (150
diém) dung dé kiém tra. Cac mé hinh RE SVM




va CART duogc trién khai
bing thu vién hoc may tich
hop trong GEE (ee.Classifier)
[Gorelick et al., 2017].

Budc 4: Phan loai: Cac md
hinh d& huan luyén dugc ap
dung dé phén loai toan bd
khu vuc Ninh Binh, tao ra ban
d6 16p phu véi bdn 16p chinh:
ring, dat néng nghiép, do thi
va mat nudc.

Buéc 5: Panh gia: Do
chinh x4c clla mo6i md hinh
dugc danh gia thong qua ma
tran nhdm 14n, tr dé tinh
todn do chinh xac téng thé
(OA), d6 chinh xac theo lép
(Producer’s Accuracy), do tin
cay theo 16p (User’s Accuracy)
va hé s6 Kappa [Congalton €r
Green, 2009].

[11. KET QUA VA THAO LUAN

D liéu huén luyén va
kiém tra: Training points:
80 diém (20 diém mbi 16p:
Nuéc, Rung, Néng nghiép,
Do thi). Validation points: 20
diém (5 diém méi 16p), khac
véi tAp huan luyén dé danh
gia doc lap.

Huén luyén va phan loai:
Random Forest: 100 céay
quyét dinh. SVM: Kernel RBE
gamma: 0.5, cost: 10. CART:
Cay quyét dinh don 1é.

banh gia d6 chinh xac: Su
dung errorMatrix dé tao ma
tran nham 1an so sanh gia tri
thuc té (landcover) va gia tri
du doan (classification). Tinh
Overall Accuracy (d6 chinh
xéc téng thé) va Kappa Coef-
ficient (hé sb Kappa) cho ting
giai thuét.

1. Két quad phan loai

Ban dd 16p pht duoc tao
ra tU ba giai thuat cho thay

Hinh 1: Két qua chay vdi thudt todn R
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Hinh 2: Bang thong ké dién tich tieng loai dbi tuong sau phan loai
o0t thudt todn RF

su phan b6 khéng gian cda
cac l6p phu tai Ninh Binh.
Céc két qua cu thé nhu sau:

Random Forest (RF): OA
dat 92,5%, Kappa la 0,89.
RF phan loai chinh xac cao
abi véi 16p rung (95%) va dat
néng nghiép (93%), nhung
c6 nham 1an nhe gitta do
thi va mat nudc (d6 chinh
xac do thi: 89%) [Belgiu €r
Dragut, 2016].

Support Vector Machine
(SVM): OA dat 90,8%, Kappa
la 0,87. SVM vugt troi trong
phéan loai d6 thi (94%) va mat
nudc (92%), nhung kém hon
RF trong 16p rung (90%) do
ranh gidi gitta rimg va dat

noéng nghiép khéong ré rang
[Cortes € Vapnik, 1995].

Classification and Regression
Tree (CART): OA dat 87,3%,
Kappa la 0,83. CART cé do
chinh x4c thap hon & tat ca
cac l6p, dac biét la dat néng
nghiép (85%), do nhay cdm
véi nhiéu t da liéu NDVI
[Quinlan, 1993].

Két qué chay vdi thuat toan
RF nam 2023 trén Google
Earth Engine (Hinh 1).

Bang théng ké dién tich
tung loai abi tugng sau
phén loai:

(Hinh 2).

Két qua phan loai chay véi
giai thuéat CART:
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(Hinh 3).

Két qua chay véi thuat
todn SVM:

(Hinh 4).

2. Thdo lugn

Hiéu suét cta RF: RF dat
hiéu qua cao nho kha ndng
téng hop tir nhiéu cay quyét
dinh, gitp giam thiéu sai sb
va tang tinh én dinh khi x
ly d liéu phtc tap nhu tai
Ninh Binh, nai 16p phta cé su
chong 14n gitra céc loai thuc
vat [Breiman, 2001].

Uu diém cta SVM: SVM
thé hién kha ning phan tach
t6t trong cac 16p c6 ranh gidi
ré6 rang (d6 thi, mat nudc),
nhung yéu cau thoi gian tinh
toan dai hon (khoang 25 phut
trén GEE so véi 15 phtt cta
RF) [Vapnik, 1995]. Biéu nay
c6 thé 1a han ché khi 4p dung
trén dién rong.

Han ché clia CART: CART
tuy nhanh (thoi gian tinh toan
khodng 10 phut) nhung dé bi
qua khép khi dir liéu dau vao
cé nhidu, dac biét 1a & cac khu
vuc giao thoa gitta dit néng
nghiép va rung [Breiman et
al., 1984].

Vai tro ctia GEE: GEE cho
phép x 1y nhanh chéng da
liéu Sentinel-2 trén quy mo
16n, dong thoi tich hop cac
cong cu hoc may manh mé
[Gorelick et al., 2017]. Su két
hop nay gitp rdat ngan thoi
gian tUr thu thap di liéu dén
tao ban do6 16p phd, hd tro
giam sat gan thoi gian thuc.

IV. KET LUAN

Nghién ctru cho théy, Ran-
dom Forest vuot troi nho kha
nang xu Iy di liéu da chiéu
va gidm nhiéu tir céc chi s6
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Hinh 3: Két qud phan loai chay vdi gidi thugt CART

L
G e
H9~vwv R Geometry Imports R

[ om
o
N
\.
Dién tich timg loai op phi (km?) -~ 70
~ Ninh Binh 2023 (SVM) "~
Lép phi Dién tich (km?)
T Nute 008
1 -
Rimg 002
y
Nong nghiép 093
)
§
Do thi 1458.18 for Ve s .ﬁj
1
-m

= f
»\ ,\‘ A CX et

PhLy ‘ Y
!

A Nam Dinh,

= cTol

| =@ m!

\ )
/

o B

ch Cir

Hinh 4: Két qud chay vdi thudt todn SVM

quang phé, trong khi SVM
va CART phu hgp hon cho
céc khu vuc cé ranh gidi 16p
pht ré6 rang hoac d liéu don
gian. Tuy nhién, dd chinh
Xac cua cac gidi thuat phu
thudc nhiéu vao chat luong
mau huén luyén va diéu kién
thoi tiét khi anh vé tinh dugc
chup, dac biét 1a su hién dién
clla may trong mua mua tai
Ninh Binh. So vdi cac nghién
ctu trudc day vé Ung dung
GEE, két qua nay cung cb vai
tro cla RF nhu mét coéng cu
manh mé trong phan tich 16p
pht, déng thoi md ra tiém
nang két hgp dir liéu radar tir
Sentinel-1 dé cai thién phan

loai trong diéu kién thoi tiét
bat 1oi.

Loi cdm on:

Bai bdo nay la mét phan
két qud nghién citu cia dé tai
“Nghién citu dién bién I6p phi
bé mdt tinh Ninh Binh 50 nam
qua bang tu lidu vién thim da
thoi gian dé phuc vu cong tdc
dinh hudng quy hoach phdt trién
kinh té - xa hoi va bdo vé moi
triong”. Tap thé tic gid xin
chéan thanh cdm on su phoi hop
cia §¢ Khoa hoc va Cong nghé
Ninh Binh va cdc bén lién quan
trong qud trinh thuc hién dé tai
va bai bdo.
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RESEARCH CLASSIFICATION ALGORITHMS IN GOOGLE
EARTH ENGINE TO MONITOR LAND COVER IN NINH
BINH PROVINCE.

SUMMARY

In the context of the increasing demand for
land cover monitoring to support natural
resource management and urban planning,
this study focuses on applying machine
learning algorithms, including Random Forest
(RF), Support Vector Machine (SVM), and
Classification and Regression Tree (CART),
on the Google Earth Engine (GEE) platform to
classify and monitor land cover in Ninh Binh
province. Sentinel-2 satellite imagery is used
as the primary data source due to its high spatial
resolution and frequent updates. The research
results demonstrate the performance of these
algorithms in classifying land cover types such
as forests, agricultural land, urban areas, and
water bodies, while also evaluating the
accuracy of each method. The study provides
a scientific basis for selecting appropriate
algorithms for land cover monitoring in local
areas, contributing to the sustainable
management of land resources.

Key words: Google Earth Engine, Classification
algorithms, Random Forest, Support Vector Machine,
Classification and Regression Tree, Ninh Binh,
Land cover.
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