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Tom tit:

Nghién cieu ndy danh gid hiéu qua cia ba thudt todn hoc mday gom Random Forest (RF),
Support Vector Machine (SVM) va Naive Bayes (NB) trong phén logi 16p phii bé mdt tir dir liéu
danh vé tinh Sentinel-2 tai tinh Thai Nguyén. Dir liéu anh dwoc xir Iy trén nén tang Google Earth
Engine (GEE), két hop cdc kénh phé, chi sé phé, yéu té dia hinh va ddc trung két cau anh dé xdy
dung tap dit liéu dau vao cho mé hinh phdn loai. Tong céng 18.524 pixel mau dwoc sir dung, trong
a6 70% s6 mau ding dé hudn luyén va 30% ding dé danh gia d6 chinh xdc mé hinh. Két qua cho
thdy suw khdc biét ro rét vé hiéu qud phdn logi giita cdc thudt toan. RF dat d¢ chinh xac cao nhat
v6i d¢ chinh xdc tong thé (OA) 90,27% va hé s6 Kappa 0,880, SVM ciing cho két qua tot véi OA
dat 88,78% va Kappa 0,862. Trong khi do, NB cho do chinh xac thap hon dang ké voi OA 37,41%
va Kappa 0,238. Piéu nay cho thdy RF va SVM cé kha nang mé hinh héa tot cac moi quan hé phi
tuyén giita cdc bién phé va l6p phii bé madt, trong khi gid dinh doc ldp gitka cac bién dau vao ciia
NB chwa phu hop voi dac trung phé phike tap cia dir liéu vién tham da pho. Nghién ciiu khang
dinh tiém nang ciia viéc két hop dit liéu Sentinel-2 véi cdc thudt todn hoc may trén nén tang GEE
trong phdn logi va xdy dung ban do 16p phii bé mdt, dong thoi cung cdp co sé cho viéc lua chon
thudt todn phit hop trong cdc nghién civu vién tham.
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Abstract:

This study evaluates the performance of three machine learning algorithms, namely
Random Forest (RF), Support Vector Machine (SVM), and Naive Bayes (NB), for land cover
classification using Sentinel-2 satellite imagery in Thai Nguyen province, Vietnam. The imagery
was processed on the Google Earth Engine (GEE) platform, integrating spectral bands, spectral
indices, topographic variables, and image texture features to construct the input dataset for the
classification models. A total of 18,524 sample pixels were used, of which 70% were allocated for
model training and 30% for accuracy assessment. The results indicate a clear difference in
classification performance among the algorithms. RF achieved the highest accuracy with an
overall accuracy (OA) of 90.27% and a Kappa coefficient of 0.880. SVM also produced good
classification results, with an OA of 88.78% and a Kappa value of 0.862. In contrast, NB showed
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significantly lower performance, with an OA of 37.41% and a Kappa coefficient of 0.238. These
findings suggest that RF and SVM are capable of effectively modeling nonlinear relationships
between spectral variables and land cover classes, whereas the independence assumption of NB
is not well suited to the complex spectral characteristics of multispectral remote sensing data.
The study highlights the potential of integrating Sentinel-2 data with machine learning algorithms
on the GEE platform for land cover classification and mapping, and provides a scientific basis
for selecting appropriate classification algorithms in remote sensing studies.

Keywords: Sentinel-2, land cover classification, Random Forest, Support Vector Machine, GEE
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1. Mé dau

L&p phu bé mit (land cover) phan anh trang thai vét 1y cuia bé mat Trai Dat
va 1a mdt trong nhirng thong tin quan trong phuc vu nghién ctru moi trudng, quan
ly tai nguyén va quy hoach phat trién kinh té — x hoi. Viéc x4c dinh va theo ddi sur
phan b cia céac loai 16p phu cho phép danh gia nhing bién dong cta hé sinh thai
va tac dong cua hoat dong con nguoi 1én moi truong tw nhién [1,2]. Trong bdi canh
gla tang dan s6, mo rong do thi va bién ddi khi hau toan cau, thong tin 16p phi co
vai trd quan trong trong giam sat tai nguyén dat, danh gia phat thai khi nha kinh va
xay dung céac chién luoc phat trién bén viing [3-5]. Nhiéu nghién ctru gan day cho
thdy sy thay d6i 16p phu dang dién ra nhanh chéng ¢ nhiéu khu vuc trén thé gidi,
dic biét tai cac qudc gia dang phat trién, lam gia ting nhu cau xay dung cac co s&
dir liéu 16p phu c¢6 do chinh xac cao va cap nhat thuong xuyén [1,3, 6-8].

Trong bdi canh do, cong nghé vién tham di khang dinh vai tro then chdt nho
kha ning cung cap di liéu quan sat Trai Dat mot cach lién tuc, dong nhat trén pham
virdng [9, 10]. Dang chu y, dir liéu vé tinh Sentinel-2 v6i do phan giai khong gian
10-20m va chu ky ldp ngan da tr¢ thanh nguon tai nguyén mang tinh cach mang
trong phan loai 16p phu chi tiét [11,12]. Hé thong kénh pho da dang, trai dai tir ving
nhin thay (visible) dén hong ngoai song ngan (SWIR), khong chi hd trg phan biét
1 nét cac dbi tugng tham thuc vat, dat nong nghiép, mat nude va khu vue xay dung
ma con nang cao dang ké d6 chinh xac cho cac md hinh phan loai phtc tap [13-15].

Su két hop giita ngudn dit liéu chit luong cao va cac nén tang dién toan dam
may nhu Google Earth Engine (GEE) di tao ra mot budc tién méi trong xu ly dir
liéu dia khong gian quy mo 16n (Big Data). GEE cho phép truy cép truc tlep kho dir
liéu v€ tinh toan cau va tich hop cac cong cu phan tich manh mé, giap t6i uru hoa
thoi gian xtr 1y va giam thiéu rao can vé ha tang k¥ thuat dbi v6i cac nghién ctru
giam sat moi truong [16, 17]. Trén nén tang nay, cac thuat toan Al da chirng minh
uu thé vuot troi so voi phuong phap truyén thong nhd kha nang xur 1y hiéu qua cac
mdi quan hé phi tuyén giira cac dbi tuong dia 1y [18, 19]. Cac mé hinh sir dung tri
tu¢ nhan tao nhu Random Forest (RF), Support Vector Machine (SVM), Naive
Bayes, Gradient Boost (GBoost), Vision Transformer (ViT) da dugc su dung rong
rdi trong phan loai anh vién tham va thanh 1ap ban do 16p pha bé mit tai Viét Nam
[20-24].

Tuy nhién, két qua phan loai 16p pha bé mit thudng phu thudc manh vao dic
diém khu vuc nghién ctru, ddc trung cua dir liu anh vé tinh va thuat toan dugc st
dung trong qua trinh xr 1y va phan loai anh. Do do, viéc so sanh va danh gia hi¢u
qué ctia cac thuat toan hoc may trén cing mot ngudn dit lidu va trong cling mot moi
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truong xtr 1y 13 can thiét nham xac dinh phuong phap pht hop cho timg diéu kién
nghién ctu cy thé. Viéc st dung dir li¢u Sentinel-2 két hop voi hé sinh thai xu ly
trén nén tang Google Earth Engine cho phép thuc hién cac thi nghiém so sanh thuat
toan mot cach nhat quén va hi¢u qua, qua do6 lam rd su khac biét vé d6 chinh xéc
phan loai, kha ning tong quat hoa va mirc d6 phu hop cua timg thuat toan dbi véi
cac loai 16p phi bé mat.

Trong nghién ctru nay, ba thuat toan hoc may phé bién duoc Iya chon dé phan
loai 16p phu bé mit bao gdm Random Forest (RF), Support Vector Machine (SVM)
va Naive Bayes (NB). Trong do, Random Forest (RF) c6 kha nang han ché hién
tuong qua khop (overfitting) nho co ché t6 hop nhiéu ciy quyét dinh duoc xay dung
tir cac tip mau va bién ngiu nhién [25]. Support Vector Machine (SVM) duoc danh
gia cao trong cac bai toan vién tham nho kha ning tong quat hoa tot va van dat do
chinh x4c cao ngay ca khi s6 lugng mau hudn luyén han ché [26], Naive Bayes (NB)
1a thuat toan cé cdu tric don gian va téc do tinh toan nhanh, phu hop véi cac bai
toan phan loai dit liéu 16n [2]. Cac thuat toan nay dugc ap dung dé phan loai 16p
pht bé mat tir dit liéu anh Sentinel-2 trén nén tang Google Earth Engine tai khu vuc
tinh Thai Nguyén. Két qua nghién ctru khong chi gbp phan danh gia hiéu qua cia
cac thuat toan hoc may trong diéu kién dir liéu vién tham tai Viét Nam ma con cung
cap co s khoa hoc cho viéc lira chon phuong phap phan loai phi hop phuc vu cong
tac quan ly tai nguyén va gidm sat moi truong tai dia phuong.

2. Khu vue va dir liéu nghién ciru

Khu vuc nghién ctru dugc lua chon 1a tinh Thai Nguyén (ranh gi61 hanh chinh
true khi sép nhdp), ndm ¢ ving trung du va mién nui phia Bic Viét Nam. Thai
Nguyén c6 toa d6 dia 1y khoang tir 21°20" dén 22°25' vi d6 Bic va tir 105°25’ dén
106°16' kinh d6 Déong, tiép giap voi cac tinh Bic Kan & phia Bac, Vinh Phiic va
Tuyén Quang & phia T4y, Lang Son va Bic Giang ¢ phia Pong, va thu d6 Ha Noi
¢ phia Nam. Vi dién tich tu nhién khodng 3.562 km?, khu vuc nay co6 dia hinh da
dang bao gdm ddi nui thp, thung liing va cac khu vuc dong bang xen k&, tao nén
su phan hoéa 10 rét vé céc loai 16p phu bé mat.

Céc dit li¢u dugce str dung cho nghién ctru:

- D&t liéu anh vé tinh Sentinel-2  Surface Reflectance
(COPERNICUS/S2_SR_HARMONIZED) dugc truy cdp va xir Iy trén nén tang
Google Earth Engine (GEE). B dir liéu nay thudc chuong trinh Copernicus va dugc
cung cap boi Co quan Vil tru chau Au (ESA). Cac anh Sentinel-2 duoc Iwa chon
trong khoang thoi gian tir thang 01 dén thang 12 nam 2020. Diéu kién loc anh duoc
ap dung véi ty 1é che pha may nho hon 30% cho ting canh anh nhim dam bao chét
luong dit liéu dau vao. Sau do, cac pixel bi anh huéng bai may va bong may tiép
tuc dugc loai bo bang 16p Scene Classification Layer (SCL) trude khi thuc hién cac
budc xir 1y tiép theo. Cac kénh phd duge sir dung trong nghién ciru bao gdom B2
(Blue), B3 (Green), B4 (Red), B8 (Near Infrared), B11 va B12 (Shortwave Infrared)
v61 dg phan giai khong gian tir 10-20 m, cung cép thong tin phan xa phd quan trong
phuc vu cho viéc tinh toan cac chi s6 phd va phan loai 16p phii bé mat.
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Hinh 1. Khu viee thuc nghiém

- Dir liéu mo hinh s6 do cao (DEM) tir Shuttle Radar Topography Mission
(SRTM) v61 d6 phan giai khong gian 30 m do NASA cung cap trén nén tang Google
Earth Engine dugc str dung dé trich xuét cac bién dja hinh gém do cao (elevation)
va do dbc (slope). Trong qua trinh xtr 1y, dit liéu DEM duoc ndi suy (resample) vé
d6 phan giai 10 m dé phu hop véi dit liéu Sentinel-2. Cac bién dia hinh nay dugc
str dung nhu dif liéu bo tro nham cai thién kha ning phan biét giita cac 16p phi co
dic trung phd tuong tu nhung khac nhau vé diéu kién dia hinh.

- Dt liéu anh dg phan giai rat cao dugc khai thac tir nén tang Google Earth
Pro, bao gdm cac ngudn anh tir Maxar Technologies va CNES/Airbus Defence and
Space, tai thoi diém nam 2020. Cac anh nay c6 d6 phan giai khong gian rat cao (nhod
hon 1 m), cho phép nhan dang truc quan cac dbi trgng bé mit nhu cong trinh xay
dung, tham thyuc vat, mat nudc va khu vuc dat tréng. B0 dir li€u dugc str dung lam
ngudn tham chiéu dé s6 hoa cac mau huan luyén va mau kiém tra phuc vu cho qua
trinh phén loai 16p phu bé mit.

3. Phuwong phap nghién ciru

Quy trinh nghién ctru so sadnh hi¢u qua cac thuat todn Random Forest, SVM
va Naive Bayes trong phan loai 16p phu bé mét st dung dir li¢u Sentinel-2 dugc thé
hién & so do Hinh 2.
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Hinh 2. Quy trinh phan loai I6p phu sir dung dir liéu Sentinel-2 trén Google Earth Engine
3.1. Tién xur Iy div liéu danh Sentinel-2

Dir li¢u anh v¢ tinh Sentinel-2 Surface Reflectance dugc thu thap va xtr 1y trén
nén tang Google Earth Engine trong pham vi khu vic nghién ctru cho nim 2020.
Qua trinh tién xu ly nham tao ra bo dit liéu dau vao co chat lugng tdt trude khi tién
tinh toan chi s6 pho va dua vao phén loai. Cac budc tién xur 1y bao gdm:

- Loc theo thoi gian: Lua chon cac anh dugc thu nhan trong khoang thoi gian
nghién ctru nhdm dam bao tinh dong nhat cua dir li¢u.

- Loc may va bong méy: Su dung 16p Scene Classification Layer (SCL) cua
Sentinel-2 dé loai bo cac pixel bi che phu boi méy, bong may va cac ddi tuong
khong mong muén.

- Tao anh tong hop: Sau khi loai bo cac pixel bi anh huong boi may va bong
may, cac anh hop 1& dugc tong hop bang phuong phép tinh gié tri trung vi (median
composite) nham tao ra mot anh dai dién cho toan b thoi gian nghién ctru va giam
anh huéng ctia nhiéu hodc cic gia tri ngoai lai trong chudi dnh Sentinel-2. Phuong
phap median composite gitip giam anh hudng cua cac pixel nhiéu con sot lai va dam
bao giit duoc dic trung phd on dinh cta cac 16p phu, tir d6 nang cao do tin cdy cia
dit lidu dau vao phuc vu cho qua trinh phan loai.

- Cét theo ranh gidi khu vyc nghién ctru: Anh téng hop duoc cit theo ranh
gi61 khu vuc nghién ctru nhdm gidi han pham vi phan tich va giam dung lugng dix
liéu cho céc budce xur 1y tiép theo.

3.2. Tinh todn cdc chi so phé va dir liéu bé tro

Tur cac kénh phé cta Sentinel-2, cac chi sb phé va dir lidu bo trg duoc tinh
toan nham tang kha nang phan biét gilra cac loai 16p phu. Ngoai ra, cic bién dia
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hinh bao gdm dd cao (Elevation) va d6 ddc (Slope) dugc trich xuét tir dit liéu DEM
va tich hop cung véi cac kénh phd, chi sb phd va dic trung két ciu dé tao thanh tap
bién dau vao cho cac mo hinh phéan loai hoc may, thé hién & Bang 1. Trong qua
trinh phén loai, cic bién dia hinh dong vai tro 13 dit liéu phu trg (auxiliary variables)
gitip cai thién kha nang phan biét gitra cac 16p phu c6 déc trung phd twong tu nhung
phan bd khac nhau theo diéu kién dia hinh, dic biét giira cac loai rimg, dat nong
nghi¢p va khu vuc xay dung.

Bang 1. Cdc chi s6 phé va dix liéu bé tro

Nhom dir liéu Dit liéu dau vao phan loai
Chi s6 pho (Spectral indices) | NDVI, NDBL, MNDWI, BSI, NDVI SD (d léch chuan NDVI)
Yéu t dia hinh Do cao (Elevation), D6 doc (Slope)
Pic trung két chu anh | Contrast (P twong phan), Entropy (PO hdn loan), ASM
(Texture) (Angular Second Moment — mé men gdc bac hai)

3.3. Thu thdp mdu: huin luyén — kiém tra

Dir liéu mAu dai dién cho cac loai 16p phu bé mat dugc thu thap dé phuc vu
huan luyén va kiém dinh mé hinh. Cac diém mau (point) va ving mau (polygon)
dai dién cho timg loai 16p phu duoc lwa chon dya trén anh vé tinh d6 phan giai rat
cao tir Google Earth va thong tin thuc dia. Trong nghién ctru ny, cac polygon miu
dugc xay dung nham bao phu day du su bién thién phd cua ting loai 16p phu trong
khu vuc nghién ctru. Ttr cac polygon nay, cac pixel dai dién dugc trich Xuét trén
nén tang Google Earth Engine dé xay dung tap dir liéu huan luyén va kiém tra cho
cac md hinh phan loai. Viéc sir dung polygon thay vi chi sir dung cac diém mau don
1é gitp giam sai s6 do pixel hdn hop va phan anh tét hon dic trung phd cua timg
16p phu trong dir li¢u anh vé tinh.

S luong mau cia tiung 16p phu dugc lya chon nhim dam bao tinh dai dién
cho su bién thién phd cua cac dbi tuong trong khu vue nghién ctru. Cac 16p c6 dién
tich 16n va muc do bién thién phd cao nhu rimg ty nhién va rimg san xuat duoc bd
tri s6 lwong mau nhiéu hon nham nang cao d¢ 6n dinh va kha nang tong quat hoa
ctia mo hinh phén loai. Sé lugng méu cho timg 16p pha duoc xac dinh dya trén dién
tich phan b ctia 16p phi trong khu vic nghién ciru va muc d bién thién phd cua
dbi tugng. Cac 16p bao gom: nudc, dat ¢, dat cong nghiép, lua, dat trong, ring tu
nhién va rimg san xuat.

Tap mau duoc chia thanh hai phan: 70% dit liéu huan luyén (Train) dung dé
xay dyng mé hinh; 30% dir liéu kiém dinh (Test): dung dé danh gia do chinh xac
ctia mo hinh. Viéc tach dit liéu nham dam bao qua trinh phén loai va danh gia duoc
thuc hién phan loai mét cach doc lap va khach quan.

3.4. Hudn luyén cdc thudt todn hoc mdy va thwe hi¢n phan logi dnh
Ba thuat toan hoc may duogc sir dung dé xay dung mo hinh phéan loai:

Random Forest (RF): thuat toan dua trén tap hop nhiéu cay quyét dinh, c6 kha
nang xu ly dit li¢u da chiéu va giam hi¢n tugng qua khop.

Support Vector Machine (SVM): tim siéu phang t&i wu dé phan tach cac 16p
dir liéu trong khong gian dac trung.
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Naive Bayes: mo hinh xac suat dya trén dinh 1y Bayes voi gia dinh doc 1ap
gitra cac bién.

3.5 Pdnh gid, so sanh két qud phén logi theo cic phwong phdp

Két qua phén loai duoc danh gia bang tap miu kiém tra thong qua cac chi tiéu:

- Confusion Matrix: Ma tran sai s6 thé hién mc d6 nham 1an gitra céc 16p.

- Overall Accuracy: D6 chinh xac téng thé ctia mé hinh.

- Kappa: H¢ sd danh gia muc d6 phu hop giira két qua phan loai va dit lidu
tham chicu.

Céc chi tiéu nay dugc st dung dé so sanh hiéu qua cua cac thuat toan phan
loai va lya chon phuong phap c6 dd chinh xac cao nhat trong viéc xay dung ban do
16p pht bé mat.

4. Két qua nghién ciru va thao luin

4.1. Két qud phén logi 16p phii

Viéc phén loai 16p phi bé mit duge thyc hién theo so dd quy trinh trinh bay
tai Hinh 1, st dung ba thuat toan hoc mdy giam sat gdm Random Forest (RF),
Support Vector Machine (SVM) va Naive Bayes (NB). Qua trinh giai doan va xay
dung mau huan luyén duoc thyce hién cho 7 16p dbi tugng bao gom nuoc, dat o, dat
khu céng nghiép, laa, dat trong, rimg tu nhién va rimg san xuét; chi tiét cac 16p ddi
tugng duogc trinh bay trong Bang 2.

Bdng 2. Cdc mdu giai dodn anh

Lop doi M3 ta cAu triic chi tiét Mau trén dnh to

T tugng hop mau gii chuén

Song, sudi, ho, ao va cac ving mat nudc ty nhién
1 Nudce hodc nhan tao. B& mit tuwong ddi déng nhét, it két
cAu, ranh gidi thuong 16 theo hinh dang thuy hé.

Khu dan cu, nha ¢, cong trinh xay dung va hé thong
giao thong trong khu dan cu. Céu trac khong gian

2 bato phuc tap, xen k& gitta nha &, dudng giao thong va
cay xanh.
z Khu nha xudng, nha may, kho bai va cac cong trinh
bat khu p A - n A , L1y A,
3 N .. | hatang cong nghiép. Cau tric dang khoi 16n, bo tri
cong nghiép

theo quy hoach twong ddi dong déu.

Dit trong lGa, thuong phan bd thanh cac thira rudng
4 Lua nho c6 bd bao 16 rang. Dic trung phd thay ddi theo
giai doan sinh trudng.

Cac loai datbo hoang, da tro hoac dét chua co tham
5 Dit tréng phu thue vat. B&é mat thuong khong dong nhat va it
che phu thuc vat.

Rung tu | Khu ring c6 ciu trac sinh thai tu nhién, da dang

6 | hien loai va nhiéu ting tan. Tan cdy day, d6 che phu l6n.
Rim san Khu rung tréng phuc vu myc dich san xuat lam
7 U tg nghiép nhu keo, bach dan. Cau tric twong doi dong

IH EERD

déu theo 16 trong.

Qua trinh xay dung va huén luyén mo6 hinh dugc thuc hién trén nén tang
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https://www.geocartagis.org/
https://www.geocartagis.org/

Tap chi Tréc dia - Ban dd
Tap 12, S6 01 (02/2026), ISSN: 2615-9481

@ Magazine of Geodesy — Cartography

- Vol 12, N° 01 (02/2026), ISSN: 2615-9481
Google Earth Engine, sir dung tap dir liéu gdm khoang 18.524 pixel mau dai dién
cho 7 16p phi1 bé mit. Ba thuét toan Random Forest (RF), Support Vector Machine
(SVM) va Naive Bayes (NB) dugc cau hinh va huan luyén song song nham danh
gia va so sanh hiéu qua phan loai.

Phan b6 khong gian cta cac diém hudn luyén va kiém tra duoc thé hién trong
Hinh 3. S6 luong pixel miu cua timg 16p phu cho hai tap dir lidu dugc thong ké
trong Bang 3. Trong d6, 70% sb mau duoc sir dung dé huan luyén mé hinh, trong
khi 30% con lai dugc ding lam tap kiém tra nham danh gia 6 chinh xac phan loai.
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Hinh 3. So do vi tri cdac diém huan luyén va diem kiém tra

Bdng 3. Thong ké sé lwong mau thiee nghiém cho 7 16p phi

S6 mau huin luyén

Ma lép| Tén lé6p phu S6 miu kiém tra| Tong s6 lwgng miu
1 | Nudc 1821 900 2721
2 | Pato 1527 350 1877
3 | Pét cong nghiép 1731 715 2446
4 | Loba 1927 1440 3367
5 | Pat trong 956 218 1174
6 | Ring tu nhién 5186 1826 7012
7 | Rung san xuét 5376 903 6279

Sau khi cac m6 hinh duogc huin luyén, ba thuat todn RF, SVM va NB dugc
trién khai dé thuc hién phan loai 16p phti bé mit tir dit liéu Sentinel-2. Két qua phan
loai dugc biéu dién dudi dang cac ban d6 16p phii bé mit twong tng véi timg thuat
toan, 1am co sd cho viée so sanh va danh gia hiéu qua phén loai. Cac ban d6 két qua
cling nhu d6 chinh x4c phan loai cua ting phuong phap duoc trinh bay trong cac
phan tiép theo.

12 The Magazine of Geodesy - Cartography has been in operation since 1970.
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- B6i v6i thuat toan RF, ban d6 két qua phan loai duoc thé hién tai Hinh 4.
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Hinh 4. Két qua phan loai I6p phit bé mdt bang thudt todn RF

Thuat toan RF véi thiét 1ap 80 cdy quyét dinh cho thiy hiéu suat phan loai cao
va 6n dinh nhat trong ba thuat toan dugc thir nghiém. Két qua danh gié tr ma tran
nham 13n tinh toan trén Google Earth Engine cho thdy mé hinh RF dat d6 chinh xéac
tong thé (OA) 1a 90,27% va hé sé Kappa dat 0,880, cho thdy murc d6 phu hop cao
giita két qua phén loai va dir liéu tham chiéu. Ma tran nham 1an cta RF dugc trinh
bay trong Bang 4, trong d6 cac gié tri trén duong chéo chinh biéu thi sé lugng diém
anh duoc phan loai ding.

Bdng 4. Ma trdn nham lan ciia mé hinh RF

Lép Nuoe | itg | Pateong |y | Bat | Rimgir | Rimg sin

nghiép trong nhién xuat

Nudc 885 0 1 11 0 0 3

Dat ¢ 0 325 21 1 2 0 1

Dat cong nghiép 1 72 663 5 4 0 0

Lua 1 57 2 1376 0 0 4

Dat trong 2 3 5 4 204 0 0
Rung tu nhién 0 0 0 0 0 1568 258
Rirng san xuét 0 0 0 4 0 156 743

Ma trdn nham 13n ctia mé hinh RF ¢ Bang 4 cho thiy cac 16p phu duoc phan

tach tuong d6i tot voi phan 1on cac gia tri nam trén duong chéo chinh. Tuy nhién,
van ton tai nham 1an gitra cac 16p c6 dic trung phd turong dong, dac biét gitra dat &
va dat cong nghiép, cling nhu gitra rung ty nhién va rimg san xuat. Ngoai ra, l6p
l4a ciing xuat hién mot s6 nham 13n véi 16p dat & do anh hudng ciia cac pixel hdon
hop tai ving chuyén tiép giira khu dan cu va khu vuc canh tac. Két qua danh gia
theo ting 16p cho thiy 16p nude va lua dat do chinh x4c cao nhét, trong khi 16p rimg
san xudt c6 d6 chinh xac thip hon do su twong ddng phd véi cac 16p thuc vat khac.

Tap chi Tric dia — Ban dé hoat dong tur nam 1970. 13
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- P6i v6i thuit toan SVM, ban do két qua phén loai duoc thé hién tai Hinh 5.

Thuat toan SVM duoc thiét 1ap véi hat nhan RBF (Radial Basis Function),
tham s Gamma = 0,1 va Cost = 5 dé thyuc hién phan loai 16p phu bé mat tir dir liéu
Sentinel-2. Két qua danh gia trén tap kiém tra cho thdy mé hinh dat 6 chinh xac
tong thé (OA) 88,78% va hé s6 Kappa 0,862, phan anh muc d6 phu hop cao giita
két qua phén loai va dit liéu tham chiéu. Ma trdn nham 14n ctia SVM duoc trinh bay
trong Bang 5.

Ma tran nham 13n cua thuét toan SVM cho thiy cac 16p phit bé mit dugc phan
tach tuwong ddi tét v6i phan 16n cac gia tri tap trung trén dudng chéo chinh. Tuy
nhién, van ton tai mot sé nham 1an gitta cac 16p c6 dic trung phd twong ddng. Cu
thé, 16p dat & va dat cong nghiép co su nham lan dang ké v6i 22 mau dét & bi phan
loai nham sang dat cong nghiép va 85 mau theo chiéu nguoc lai. Lép laa cling xuat
hién mot s6 nham 13n v6i dat & (55 mau) va dat cong nghiép (106 mau), phan anh
su trong dong pho gitra cac khu vuc néng nghiép va bé miat xay dung. Ngoai ra, sy
giao thoa giita cac 16p thuc vat van xay ra, dic biét giita rimg tw nhién va rimng san
xudt v6i 222 va 136 mau bj phan loai nham 13n giira hai 16p nay.
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Hinh 5. Két qud phan loai I6p phii bé mat bang thudt todn SVM
Bdng 5. Ma trdn nham lan ciia mé hinh SVM
Lép Nuéc | Ditg | Dateong | . | Dat | Rimgty | Rung san
nghiép trong nhién xuat
Nudc 881 0 1 17 0 0 1
bat ¢ 1 323 22 1 2 0 1
bat cong nghiép 9 85 618 2 1 0 0
Lua 5 55 106 1267 0 0 7
Dbat trong 9 0 27 0 182 0 0
Rung ty nhién 0 0 0 0 0 1604 222
Rung sén xuat 0 0 0 3 0 136 764
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- Béi v6i thuat toan NB, ban dd két qua phan loai duoc thé hién tai Hinh 6.

Két qua phén loai bang thuit toan Naive Bayes (NB) cho thiy su phan b 16p
phii chua phit hop véi thyuc té. Lép laa chiém ty 1¢ dién tich rat 16n (khoang 53,2%
dién tich toan tinh), do mé hinh c6 xu hudng gan nhan 16p nay cho nhiéu khu vuc
rimg trong, doi thap va cac dang dat nong nghiép khac. Pong thoi, dién tich cua
mot s6 16p phu khac bi giam dang ké nhu dat & va rimg san xuit. Piéu nay phan
anh kha ning phan biét 16p phu ctia mé hinh NB con han ché. Ma tran nham l4n
cua NB duoc trinh bay trong Bang 6.
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Hinh 6. Két qud phan loai I6p phit bé mdt bang thudt todn NB
Bdng 6. Ma trdn nham lan ciia mé hinh NB
Lép Nuéc | Phtg | Dateomg |y, | Dat | Rungtr | Rung sin
nghiép trong nhién xuat
Nudc 493 18 80 86 19 204 0
Dit ¢ 17 2 213 116 2 0 0
bat cong nghiép 1 4 627 76 7 0 0
Lua 69 432 182 735 22 0 0
bat trong 46 0 0 119 53 0 0
Rung ty nhién 7 0 0 1306 47 436 3
Rung san xuat 12 13 4 557 302 12 3

Ma tran nham 14n ctia mo6 hinh NB cho thdy sy phan tach giita cac 16p phu
chua 16 rang, voi nhiéu diém anh phan bd ngoai dudng chéo chinh. Lép lta co mic
d6 nham 1an cao khi nhiéu miu cua cac 16p khac bi gan nhén sang 16p nay, dac biét
tir ring ty nhién (1306 mau) va ring san xuat (557 miu). Bén canh do, 16p dat ¢
cling c6 sy nham 1an dang ké voi dat cong nghiép va lua. Diéu nay cho thiy kha
ning phan biét gitta cac 16p pha ctia mo hinh NB con han ché khi ap dung cho dir
liéu Sentinel-2.
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4.2. Danh gia cdac thudt toan phdn logi
Két qua danh gia do chinh xac cta ba thuat toan phan loai dugc thé hién trong
Bang 7.

Bdng 7. Do chinh xdc cua cdc thudt toan phan logi

Thuit toan Overall Accuracy Kappa
Random Forest 90,27% 0,880
Support Vector Machine 88,78% 0,862
Naive Bayes 37,41% 0,238

Bang 7 cho théy su khac biét rd rét vé hiéu qua gitra ba thuat toan phan loai.
Trong do6, RF dat do chinh xac cao nhét véi OA dat 90,27% va hé sb Kappa dat
0,880, cho thiy kha niang mé hinh hoa t6t mbi quan hé phi tuyén giita cac bién phd
va 16p pha bé mat. Thuat toan nay thé hién kha nang phén tach cac 16p phu tuong
dbi 6n dinh va han ché sy nham 1an giita cac dbi tuong co dic trung phd gan nhau.
SVM ciing dat hiéu qua phan loai cao véi OA dat 88,78% va Kappa dat 0,862. Méc
du thdp hon RF mot mire nho, SVM van cho thay kha ning phén loai tt dbi voi dir
lidu anh Sentinel-2 da phd va dam bao d9 tin ciy trong thanh 1ap ban dd 16p phu bé
mit. Nguoc lai, NB cho do chinh xéac thip hon dang ké voi OA chi dat 37,41% va
Kappa dat 0,238, cho thiy kha niang mé hinh hoa ctia phwong phap nay con han ché
d6i véi dir lidu vién tham da chiéu. Piéu nay cho thay gia dinh doc lap giita cac bién
dau vao ciia NB chua phu hop véi dic trung phd phtic tap cta anh Sentinel-2, dan
dén sy suy giam dang ké vé do chinh xac phan loai.

4.3. Thdo ludn

Trong nghién ciru ndy, RF dat d¢ chinh xac phéan loai cao nhét, tiép theo 1a
SVM, trong khi NB cho két qua thap hon déng ké. Xu hudéng nay phu hop véi nhiéu
nghién ctru trude day vé phan loai 16p phii bé mat sir dung dit liéu vién tham. RF
thuong cho hi€u qua cao trong phan loai anh vién tham nho kha nang xur Iy dir liéu
da chiéu va mo hinh héa cac moi quan hé phi tuyén giita cac bién pho. Co ché t6
hop nhiéu cay quyét dinh gitp ting tinh 6n dinh ciia mo hinh va giam hién tugng
qua khép [25]. Trong khi d6, SVM 1a mot thuat todn phan loai manh, thuong dugc
ap dung trong xir 1y dir liéu vién tham. Phuong phép nay hoat dong bang cach xac
dinh ranh gi6i phan tach téi wu giita cac 16p dit liéu trong khong gian ddc trung,
giup cai thién kha nang phan biét gitra cac loai 16p phu bé mit. Tuy nhién, hiéu qua
ctia SVM c6 thé phu thudc dang ké vao viéc Iya chon ham kernel va tham sé mo
hinh [26]. Trong khi d6, NB thuong cho d6 chinh xac thip hon do gia dinh cac bién
dau vao doc lap, trong khi cac kénh phd ciia anh vién tham thuong c6 méi twong
quan nhét dinh.

Xu huéng nay ciing phtt hop véi nhiéu nghién ctru trude day sir dung di liéu
Sentinel-2 trong phan loai 16p phu bé mat. Mot s6 cong trinh tai Viét Nam cho thay
RF va SVM déu dat d6 chinh xéc cao trong thanh 1ap ban d6 16p phii hoic sir dung
dat tir dir liéu vién tham da phd [12, 18], [20, 21], [24]. Ngoai ra, viéc khai thac di
lidu vién tham két hop véi cac thuat toan hoc méy trén nén tang Google Earth
Engine da dugc chung minh la phuong phap hi¢u qua trong giam sat 16p pha va
bién dong sir dung dat [11], [15], [22]. Nhin chung, két qua ciia nghién ciru nay phu
hop v6i xu hudng chung ctia cac cong trinh dd cong bd vé tng dung cac thuit toan
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hoc may trong phén loai 16p phu bé mat tir dir liéu vién tham [2], [10].

5. Két luan

Nghién ctru da thyc hién phan loai 16p phu bé mit tinh Thai Nguyén tir dit
lidu anh v¢ tinh Sentinel-2 trén nén tang Google Earth Engine bang ba thuat toan
hoc may gom RF, SVM va NB. Tap dir li¢u dau vao dugc xay dung tur cac kénh
anh Sentinel-2, cac chi sb phé, yéu td dia hinh va dic trung két cAu anh, véi téng
s6 18.524 pixel miu duoc sir dung cho qué trinh huan luyén va kiém tra mé hinh.

Két qua danh gia do chinh xéc cho théy thuat toan RF dat hiéu qua phan loai
cao nhat voi do chinh xac tong thé (OA) 90,27% va hé s6 Kappa 0,880. Thuét toan
SVM ciing cho két qua phén loai t6t voi OA dat 88,78% va Kappa 0,862, trong khi
NB ¢6 do chinh xac thip hon dang ké (OA 37,41%, Kappa 0,238). Két qua nay cho
thay RF va SVM c¢6 kha niang mé hinh hoa t6t cac mdi quan hé phi tuyén giita cac
bién phd va 16p phu bé mit, trong khi gia dinh doc lap gitta cac bién ctia NB chua
pht hop véi dic trung phd phirc tap ctia dir liéu vién tham.

Nhin chung, viéc két hop dit liéu Sentinel-2 voi cac thudt toan hoc may trén
nén tang Google Earth Engine cho thay tiém nang 16n trong thanh lap ban do 16p
phu bé mat va glam sat tai nguyén moi truong. Két qua nghién ctru cung cap co so
khoa hoc cho viéc lya chon thuat toan phan loai phi hop trong cac nghién ciru vién
tham va hd trg cong tac quan 1y tai nguyén, quy hoach str dung dét tai dia phuong.

Loi cam on

Nghién ctru nay dugc tai trg boi B Nong nghiép va Moi truong thong qua de
tai khoa hoc va cong nghé “Nghién ctru cong nghé vién tham, xu 1y dir heu 16n ket
hop tri tu¢ nhan tao phuc vu xac dinh luong bu dap cac-bon tur rung”, ma s6
TNMT.PL.2025.08.01.

Cam két cia cac tac gia

Céc tac gia cam két khong c6 xung dot loi ich trong qua trinh thuc hién va
cong bo nghién clru nay.
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