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TOM TAT

Ring ¢ ik Lik rat da dang va phong phi, nhung da bi suy giam nghiém trong do sy mé rong phat trién kinh té
- xa hoi, dan dén thay ddi tham phu sir dung dat. Nham quan |y hiéu qua sy thay déi nay, nghién ctu st dung di
liéu anh vé tinh Landsat 5 va c4c thuat toan hoc may dé phan loai bdn loai tham phu chinh, gdm: Mat nuéc, Dan
cu, Nong nghiép va Rung. Ba thuat toan dwoc ap dung gém Phan loai cay hoi quy (CART), Rung ngau nhién
(RF), va May véc-to hd tro (SVM), véi qua trinh phan loai thuc hién trén nén tang Google Earth Engine (GEE).
Tong cong 701 diém mau dwoc thu thap dé huan luyén, kiém tra doc 1ap va danh gia do tin cay phan loai hién
trang. Két qua cho thiy, thuat toan RF dat do chinh xac tong thé cao nhat (92,75%) va hé sé Kappa 0,90, vuot
troi so voi CART (90%, Kappa 0,86) va SVM (80,7%, Kappa 0,72). RF thé hién wu thé trong viéc phan biét cac
loai tham phu, dac biét giam nham I4n giita ndng nghiép va rimg thwa. Trong khi ¢, SVM gip kho khin véi cac
I6p tin hiéu quang phé chdng chéo nhu nong nghiép va dan cu. CART dat hiéu suat gin twong duong RF, 14 lua
chon dang tin cay. Nghién ciu khang dinh RF 1a phuong phap t6i uu trong phan loai tham phu sir dung dét tai
Dik Lik, cung cip co s& khoa hoc quan trong cho quan |y tai nguyén rirng va phat trién bén virng.

Tir kh6a: Phan loai tham phu, vién thdm, thuat todn hoc may, tinh Dk Lik

COMPARISON OF LAND COVER CLASSIFICATION PERFORMANCE IN DAK LAK PROVINCE
FROM REMOTE SENSING DATA USING MACHINE LEARNING ALGORITHMS

Ho Dinh Bao, Nguyen The Hien, Nguyen Thi Thanh Huong
Faculty of Agriculture and Forestry, Tay Nguyen University

ABSTRACT

The forests in Dak Lak are highly diverse and abundant but have been significantly degraded due to the
expansion of socio-economic development, leading to changes in land use and land cover. The study utilized
Landsat 5 satellite imagery and machine learning algorithms to classify four main land cover types: Water,
Urban Areas, Agriculture, and Forests to effectively manage these changes. Three algorithms were applied,
including Classification and Regression Tree (CART), Random Forest (RF), and Support Vector Machine
(SVM), with the classification process conducted on the Google Earth Engine (GEE) platform. A total of 701
sample points were collected for training, independent testing and validation of land cover classification. The
results showed that the RF algorithm achieved the highest overall accuracy (92.75%) and a Kappa coefficient of
0.90, outperforming CART (90%, Kappa = 0.86) and SVM (80.7%, Kappa = 0.72). RF demonstrated superior
capability in distinguishing land cover types, particularly in reducing confusion between agriculture and sparse
forests. In contrast, SVM faced difficulties with overlapping spectral signals, such as those of agriculture and
urban areas. CART, with performance close to RF, proved to be a reliable alternative. The study confirmed RF
as the optimal method for land cover classification in Dak Lak, providing crucial scientific evidence for
sustainable forest resource management and development planning.

Keywords: Land cover classification, remote sensing, machine learning algorithm, Dak Lak province
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L. PAT VAN PE

Rung va dit dai 1a hai trong s6 nhimng tai
nguyén thién nhién quan trong, khong chi gop
phan duy tri sy can bang sinh thai ma con cung
cép céc dich vu hé sinh thai va dam bao sinh ké
cho con ngudi (Jenkins va Schaap, 2018). Tuy
nhién, trong nhimg thap ky gin ddy, cac ap luc
tir khai thac gd trai phép, chuyén déi muc dich
sir dung dat cho nong nghiép, va qua trinh dé thi
hoa di lam suy giam dang ké dién tich rimg va
thay d6i cdu trac s dung dat (Khalid et al.,
2019; Phan et al., 2023). Piéu nay dit ra yéu
cau cap thiét vé giam sat va quan 1y tai nguyén
thong qua cac cong cu khoa hoc va cong nghé
tién tién.

Ban d6 phan bd khong gian ctia tham phi va sir
dung dat (LULC) dong vai trd nén tang trong
nhiéu linh vyc nghién ctru, bao gdm quan 1y tai
nguyén, chinh sach moéi truong, va quy hoach
phat trién bén viing (Esfandeh et al., 2022; Yao
et al., 2022). Nho sy phat trién manh mé& cua
cong nghé vién tham, cac ngudn dit liéu vé tinh
nhu Landsat, Sentinel, va MODIS da tr¢ thanh
cong cy hitu ich dé xay dung cac ban ¢6 LULC
v6i @6 chinh xac cao (Pande, 2022). Anh vé tinh
cung cép thong tin chi tiét va lién tuc theo thoi
gian, gitp theo ddi nhing bién dong trong tham
phii rimg va hién trang sir dung dét trén quy mo
16n (Kuang et al., 2018).

Tuy nhién, viéc ing dung cong nghé vién tham
trong xay dung ban d6 LULC ciing d6i mat voi
nhiéu thach thirc, bao gdbm d6 chinh xac cua dir
liéu trong cac khu vuc dia ly phtc tap, kha ning
xtr Iy khéi lwong dir liéu 16n, va yéu cu vé cac
thuat toan phan tich hién dai. “Cac thuat toan
tién tién, bao gdm mang no-ron nhan tao (NN),
Random Forest (RF), va Support Vector
Machine (SVM), dang dong vai trd quan trong
trong vi¢c nang cao do chinh xac phan loai, doi
hoi su két hop dir liéu vé tinh vé6i khao sat thuc

62

dia nham dam bao d6 tin cdy (Nguyén Thanh
Tuén et al., 2022; Mutale et al., 2024). Dbi véi
cac khu vuc quy mé 16n, 14p ban do st dung dat
c6 do phan giai cao can mot luong 16n dir licu
dé phan loai trong cac ki thuat khong gian dia
ly truyén théng, vi vdy, viéc chon nén tang
Google Earth Engine (GEE) dé phan loai gitp
viéc phan loai toan b khu vuc rong 16n tré nén
don gian. Két qua kha ning luu trir khong 16, xir
1y manh mé& va kha ning sir dung nhiéu k¥ thuat
khac nhau déu rat can thiét (Xie et al., 2019).
Vi su ra doi cua Google Earth Engine, nhiing
nhu cau nay di duoc dap tGng va loai cong nghé
nay da dugc cung cAp mién phi cho tit ca moi
nguoi (Gorelick et al., 2017; Sidhu et al., 2018;
Kolli et al., 2020).

Céc nhéan t6 anh huong dén do chinh xac phan
loai thuong gém loai cam bién, nguén dir liéu
dé phan loai va danh gia do chinh xac két qua
phan loai, s6 16p va phuong phap phan loai
(Nguyen, 2011; Manandhar et al., 2009). Trong
cac yéu tb nay, viéc lya chon mot thuat toan phu
hop dat duoc d6 chinh xac phan loai ¢ thé chap
nhan duoc véi thoi gian xir 1y tdi thiéu co thé rat
quan trong (Lu va Weng, 2007). Nhiéu phuong
phap di duoc dé xuit dé xay dung ban dd tham
phu dya vao anh v¢ tinh (Waske va Braun,
2009; Li et al., 2014), ca phuong phap c6 kiém
dinh va khong kiém dinh, ca phuong phép tham
s6 va phi tham sb.

Véi cac thach thire vé suy thodi tai nguyén va
bién d6i khi hau tai Pik Lik, nghién ctru nay
khong chi cung cép ban ¢6 LULC chi tiét ma
con mo ra hudng tmg dung céng nghé sd va
vién tham trong quan 1y tai nguyén tai cac khu
vuc nhiét déi. Cac két qua nghién ctru s& cung
cip co so khoa hoc vimg chic cho viéc ra
quyét dinh trong quan 1y tai nguyén va chinh
sach phat trién, dong thoi gop phan vio béo ton
hé sinh thai va dam bao phat trién bén virng
trong tuong lai.
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IL VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ctru
2.1.1. Pdc diém khu vwe nghién ciru

Tinh Pik Lik nim ¢ trung tim ving Tay
Nguyén cia Vi¢t Nam, véi toa do dia ly khoang
tir 107°28'57” dén 108°59'37” kinh d6 Pong va
tir 12°09'45” dén 13°25'06” vi d6 Bic (hinh 1).
Tinh c6 dién tich khoang 13.085 km?, chiém
Khoang 3,9% dién tich ca nudc. Pia hinh khu
vuc nghién ctu chii yéu 13 d6i nui. PO cao &
khu vuc nay dao dong tir 400 m dén 2.442 m
(dinh Chu Yang Sin). M6t dai cao nguyén bang
phang nam & phan gitra cua tinh, chiém khoang
50% dién tich. Thoi tiét & Dak Lak dugc chia

Hinh 1. Ban d6 khu vyc nghién cau

Rimg ¢ Pik Lik dugc phan b déu khip cac
huyén trong tinh, dac biét 1a doc bién gidi cua
tinh v6i Campuchia. Rimg & Pik Lik phong
phu va da dang, thudng c6 ciu tric nhiéu ting
voi cac loai cay, cay bui, va tham thyc vat than
thdo da dang. Nhitng khu ring nay c6 chuc
ning bao ton cao va chira dyng nhiéu loai c6 gia
tri kinh té cling nhu ¥ nghia khoa hoc. Do diéu
kién dia ly thuan lgi, kha nang tai sinh rung &
day c6 mat do tuong ddi cao. Vi vay, rung dong
vai trd quan trong trong viéc kiém soat x6i mon
dat, diéu tiét ngudn nudc, giam thiéu thién tai va
giam thiéu tac dong ctia bién doi khi hau.

thanh hai mua ro rét. Mua mua kéo dai tir thang
5 dén thang 10, kém theo gi6 Tdy Nam thinh
hanh. Céc thang c6 lwong mua cao nhét 1a thang
7, thang 8, va thang 9, chiém 80 - 90% tong
luong mua hang nam. Tuy nhién, & khu vuc
phia Pong bi anh huong boi ddy Truong Son
Poéng, mia mua kéo dai dén thang 11. Mua kho
kéo dai tir thang 11 dén thang 4 nim sau. Tinh
Pik Lik c6 tong dién tich ty nhién 1a 1.312.537
ha. Theo Quyét dinh cong bd sb liéu hién trang
ring va dat 1am nghiép trén dia ban tinh Pak
Lak, dén cubi nim 2023, tinh Pak Lik c6 dién
tich dit ring 1a 4972352 ha, bao gom
411.930,9 ha rung tu nhién va 85.304,3 ha rung
trong. Ty 1 che phu rimg dat 38,04%.

2.1.2. Nguén dir liéu anh vién tham

Str dung anh vién tham trong qua khir giup theo
ddi bién dong sir dung dat va 16p phu dat theo
tho1t gian, tir d6 danh gia tac dong cua con nguoi
va thién tai dén tai nguyén. Anh vé tinh cung
cap dir liéu lich sir dong nhat, tiét kiém thoi
gian, chi phi va hd trg xdy dung co s& dit liéu
dai han. Pay 1 cong cu hitu ich dé phan tich xu
hudng, du bao tuong lai va dua ra cac giai phap
quan 1y bén ving. Nghién ctru nay sir dung anh
vé tinh Landsat 5 dé phan loai tham phu sir dung
dat trong qua khtr nhdm phan tich bién dong sir
dung dét, mat rimg... theo thoi gian. Thoi diém
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lga chon nghién ctru 1a nam 1990 khi Viét Nam
bét dau hoi nhap voi kinh té quéc té.

Anh Landsat 5 dugc thu thap ké tir nam 1984
dén nam 2013. Trong thoi gian nay, Landsat 5
da thu thap hon 700.000 hinh anh phuc vu cho
viéc nghién cuu, quan tric cac hién tuong nhu
bién ddi khi hau, thuc hanh nong nghiép, phat
trién va d6 thi héa cac thanh phd, su tién hoa
ctia hé sinh thai, ciing nhu nhu ciu ngay cang
tang d6i voi quan 1y tai nguyén thién nhién.

Cam bién Landsat Thematic Mapper (TM) tao ra
cac hinh anh bao gém sau dai phd véi d6 phan
giai khong gian 30 mét cho cac dai 1-5va 7, va
mot dai nhiét (dai 6), chi tiét cac kénh anh thé
hién ¢ bang 1. Kich thuéc canh anh wdc tinh
khoang 170 km theo hudng Bic - Nam va 183
km theo huéng Pong - Tay. Anh Landsat 5 TM
khong thé phan giai cac ngdi nha hodc ciy cbi
riéng 1¢, nhung c6 thé ghi lai cac khu vuc noi nha
ctra da dugc xay dung hodc rung da bi chat pha.

Bang 1. Bic diém kénh phd anh vé tinh Landsat 5 TM (Theo USGS)

Kénh anh Tén kénh anh Bwéc song (um) Do phan giai (m)
Band 1 Blue - Xanh dwong 0,45 - 0,52 30
Band 2 Green - Xanh la 0,52 - 0,60 30
Band 3 Red - Bo 0,63 - 0,69 30
Band 4 |Near-Infrared - Can héng ngoai 0,76 - 0,90 30
Band 5 Near-Infrared - Can héng ngoai 1,55-1,75 30
Band 6 Thermal - Nhiét 10,40 - 12,50 120
Band 7 Mid-Infrared - Héng ngoai gitra 2,08 -2,35 30

Nghién ctu nay st dung cac anh vé tinh duoc
chyp vao nam 1990 tao thanh anh két hop
khong may dé loai bo han ché cua loai dnh vé
tinh quang hoc va sir dung dé phan loai tham
pht nham danh gia kha ning phan loai tham
phu trong qua khr cua céc thuat toan khac
nhau sir dung cho viéc quan ly thay d6i tham
pht. Str dung ky thuat mat na may (cloud
masking) d6i véi kénh QA dé loai bo cac pixel
bi anh huong béi may va bong may cua céc
anh Landsat 5. Sau do, cac anh dugc ghép lai
bang cach ap dung cac phép tong hop thoi gian
bang gia tri trung vi (Median) trén nén tang
GEE. Két qua 1a mot anh tong hop khong may,
dai dién 16 rang cho bé mat dat trong khoang
thoi gian thu thép anh.

2.2. Phuwong phap nghién ciru

Céc loai anh quang hoc str dung mién phi nhu
Landsat, MODIS, Sentinel c6 han ché vé do
phan giai khong gian nén viéc phén loai chi tiét
v6i cac loai tham phi/sir dung dat 1a khong kha
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thi. Trong nghién ciru nay, dbi twong chinh dé
phan tich gii han trong loai hinh sir dung dét
véi mot s6 loai tham phu chinh 13 Mat nudc,
Dan cu, Nong nghiép va Rung su dung anh vé
tinh Landsat 5.

Pé xay dyng phan b khong gian cac loai tham
phu, sir dung anh vé tinh da duoc tién xir 1y dé
lam dit liéu dau vao cho cac phuong phap phan
loai. Tién hanh thu thip cac diém mau giai
doan, str dung céac thuat toan phan loai va danh
gia két qua phén loai anh vé tinh dé 1ap ban do
phan bd khong gian cac loai tham phu.

2.2.1. Thu thip diém gidi dodn

Dir liéu mau dién hinh cho timg loai tham phu
duoc dung dé phan loai va kiém dinh trong
nghién ctru nay dugc thu thap dua trén céc
ngudn: i) Piém mau duoc lay trén anh c6 do
phan giai siéu cao Google Earth Engine va anh
Landsat 5; ii) kinh nghiém; iii) cac ngudn dir
liéu co san. It nhat c6 30 diém mau/kiéu tham
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phu duoc thu thap dé dam bao d6 tin cay théng
ké phan loai anh.

Viéc thu thap va giai doan ving mau duoc sir
dung két hop mét cach linh hoat va hd trg cho
nhau trong qué trinh thuc hién. Dya vao cac dir
liéu ban dd va sb liéu sin co, cling nhu cac anh
cO6 do phan gidi cao va siéu cao dang c6 hién
nay, bd mau duoc thu thap phan bd déu trén
toan bd dién tich twong ng vdi dién tich céac
loai LULC, dé dam bao tinh chinh xac, trénh
khoanh nhidm vao cac loai khac, miu duoc thu
thap tai trung tim céc loai LULC. Tuy vao diéu
kién dong nhét cac 16p phu, sé luong mau s&
khac nhau. C6 701 diém mau dugc phan b trén
toan dién tich cua tinh dugc sir dung dé thuc
hién viéc phan loai va kiém dinh két qua phan
loai cho cac 16p phu.

2.2.2. Cdc thudt todn phdn logi dnh

Sau khi thu thap dir liéu huan luyén va tap hop
céc thudc tinh lwu trir nhan 16p di biét cung cac
gia tri s6 cuia cac bién du doan, budc tiép theo la
khéi tao cac bd phan loai va dinh nghia cac
tham s6 cua chiing. Trén nén tang Google Earth
Engine (GEE), c6 gobi “Classifier” quan ly viéc
phan loai c6 giam sat bang cac thuat toan hoc
may. Trong nghién ctu nay, ching to6i da su
dung 3 b0 phan loai anh gém Phan loai cay hoi
quy (Classification and Regression Tree -
CART), Ring ngau nhién (Random Forest -
RF) May véc-to hd trg (Support Vector
Machine - SVM). Trong budc nay, chung toi
huan luyén céac thuat toan trén dir li€u huin
luyén da xay dung, sau d6 ap dung céc thuét
toan nay dé phan loai tao ra ban do tham phu
cua khu vuc nghién ctru.

a) Phdn loai cdy hoi quy (Classification and
Regression Tree - CART)

Thuat toan CART 1a mdt thuat toan hoc may cé
giam sat dugc ap dung trong hé théng phan loai
dua trén cdy quyét dinh (Decision Tree) duogc sir
dung cac mau hudn luyén dé xac dinh, nhan
dang va phan loai d6i twong trén anh vién tham.

CART dugc sir dung phd bién trong phan loai
anh vién tham va con duogc goi 1a cdy phan loai
va hdi quy (Breiman, 1984).

CART la mdét thuat todn manh mé trong hoc
may, pht hop cho ca phan loai va hdi quy. Diém
ndi bat cia CART la kha ning chia nho dit liéu
mot cach c6 hé thong dé t6i wu hoa két qua du
doan. Céu truc cay dé hiéu va dé trién khai, dic
biét trong cac bai toan can dwa ra quyét dinh
logic hodc tryc quan.

Trong nghién ctru nay tap huin luyén duoc
trich ngiu nhién 80% diém mAiu trong tong s6
701 diém mau s dung ham Random cho 04
loai tham pha chinh 1la Mat nudc, Dan cu,
Nong nghi¢p va Rung. Thudt todan CART
dugc ap dung voi sb lugng ndt 14 tdi da trén
mdi cdy quyét dinh 1a khong gigi han (null) va
s6 lugng 1a t6i thiéu 1a 01 Gng vdi cac ndt ma
tap huin luyén chua it nhit 01 diém dit liéu
thudc 16p nay.

b) Phan logi rimg ngau nhién (Random Forest - RF)

Thuat toan RF dugc gidi thi¢u bdi Breiman vao
nam 2001, 1a mot phuong phap hoc may to hop,
tao ra mot “rimg” cdy quyét dinh (ntree) dé cai
thién do chinh xé4c va tinh 6n dinh trong du doén.
Thuat toan nay duoc su dung rong rai trong phan
loai, hoi quy va chon loc dac trung nho kha nang
xir 1y dir lidu 16n, dir liéu c6 nhiéu chidu va cac
mdi quan hé phirc tap giira cac bién.

Phan loai RF yéu cau lua chon ba tham sd: ntree
(s luong cdy can phat trién), mtry (sé lwong
bién dé phan tich mdi nut), va tim quan trong
ctia bién (sé lwong bién/dai ph6 anh huong dén
hiéu sudt cia mo hinh). Nguyén Thi Thanh
Huong va dong tac gia (2018) chi ra rang trong
pham vi 1 < ntree < 500, ntree = 300 cho thay
két qua phu hop nhét. Ngoai ra, Breiman (2001)
cling lwu y rang viéc s dung sd luong cay 1én
hon s6 can thiét co thé khong can thiét, nhung
cling khong gay hai, vi mbi quan hé giita do
chinh x4c va ntree c6 tinh chit tiém can. Trong
nghién clru nay, thuat toan RF duogc s dung véi
ntree = 100, s luong bién dugc st dung cho

65



Hb Pinh Bao et al., 2025 (S6 1)

Tap chi KHLN 2025

mdi 1an phan tach 13 cian bic hai cua sb luong
bién (4), khong gi6i han sb luong nét 14 trén
mdi cay va sd luong 14 t6i thiéu 1a 01 ung véi
cac ndt ma tap huén luyén chira it nhat 01 diém
di liéu thudc 16p nay.

C) Phan logi Support Vector Machine

Support Vector Machines (SVM), dugc Vapnik
phat trién vao niam 1979 va cai tién véi khai
niém siéu phéng 16 mém nim 1995, 13 mot
phuong phap phan loai manh mé& va linh hoat.
Ban dau 1a bd phan loai nhi phan, SVM tbi uu
hoa khoang cach phan tach giita hai 16p bang
siéu phang (Vapnik, 2006), gitp xt 1y dit liéu
khong thé phan tach hoan toan (Tso va Mather,
2009). Hién nay, SVM ngiy cang phd bién
trong linh vyc vién thim nhd hiéu sudt cao va
kha nang cdi thién phan loai so vdi cadc phuong
phap truyén thong nhu maximum likelihood.
Trong nghién ctru ndy, SVM dugc sir dung dé
phan loai dua tap huin luyén, cac dir liéu sé
dugc phan loai theo b phan loai nhi phan. Cac
gia tri ¢6 dugc gan la 0 hoac 1. Pau ra cua bd
phan loai cua mot 16p s€ khop vai dir liéu dugc
xac dinh thudc lop do.

d) Phan tich dir liéu

Trong nén tang Google Earth Engine (GEE),
cac ban dd phan loai LULC (Land Use Land
Cover) dugc tao ra béng cach sir dung anh v¢
tinh Landsat 5. Cac thudt toan phan loai CART,
RF va SVM duoc str dung dé phan loai ¢6 giam
dinh anh v¢ tinh thanh cac loai tham phu khac
nhau dua trén cac diém mau dau vao dé huin
luyén cho 03 thuat toan ap dung trong nghién
ctru. Céc diém anh bi nhiém do may che phu da
dugc loai bo khoi tit ca cic anh bang phuong
phap mit na ddm may va tao anh két hop dugc
cung cip trén nén tang GEE (Rahman et al.,
2020). Cac mau huan luyén va kiém tra dugc
tao trén nén tang GEE dé huan luyén céc thuat
toan phan loai. Theo Thomas va dong tac gia
(2004), mdi 16p phan loai can co tdi thiéu 50
mau huén luyén. LULC dugc chia thanh bdn 16p
chinh: Mat nudc, Dan cu, Nong nghiép va
Rung. Nghién ctru nay st dung 561 diém mau
phan loai dé str dung lam tap huén luyén. Trung
binh 140 diém mau huan luyén cho mot 16p
phan loai. Quy trinh nghién ctru duge thé hién
theo so d6 nghién ctru & hinh 2.

—————

D liéu giai doan
(701 diém)

[ )

80% di¥ liéu
huén luyén

)

[ I I

qua phan loai J ( qua phan loai J{_qua phan loa
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| | '
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luyén CART luyén RF luyén SVM

1
Phén loai A : Phén loai
[ CART ] [ Phan loai RF SVM

Danh gia két Danh gi4 két Panh gia két

20% di liéu
kiém dinh

1

[ Ban &6 tham phd ]

__________

__________

Hinh 2. So d6 cac budc nghién cau
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e) Pdnh gid két qua phén logi

DPanh gia d6 chinh xac cua két qua phan loai
dugce xem 13 bude quan trong trude khi két qua
phan loai duoc sir dung cho cac phén tich tiép
theo (Congalton va Green,1999; Nguyén Thi
Thanh Huong, 2011). Str dung cac chi tiéu danh
gia nhu huéng dan cia Congalton va Green
(1999) nhu: sir dung bang ma tran dé danh gia do
chinh xac dya trén ti€u chi do chinh xac chung
(Overall accuracy - OA), do chinh xac ngudi san
xuit (Producer accurary - PA) va do chinh xac
nguoi su dung (Use accuracy - UA). Ngoai ra,
viéc danh gid mirc 46 quan hé giira thyc té va két
qua phén loai con dua vao chi sé Kappa. Hé s6
Kappa dao dong trong pham vi tir 0 dén 1 va biéu
thi sy giam theo ty 1& vé sai s6 dugc thyc hién
bang mot yéu t6 phan loai hoan toan ngau nhién.
Viéc danh gid do chinh xac cho ting 16p phu va
cua toan bo anh phan loai dugc thuc hién dua trén
bang ma tran sai sd theo cac tiéu chi d& nghi cia
Congalton va ddng tac gia (1999) nhu sau:

Do chinh x4c tong thé:

b9 chinh xac nguoi st dung:
UA= Zii x100
Xt
Do chinh x4c ngudi san xuit PA:
_ X
PA = —x 100
Xy
Hé sé Kappa (K):
K= N Y1 Xii - Zi=1 (Xi XX4)
NZ- 3 (Xig XX41)
Trong dé: N 1a tong sb pixel 1dy mau;

r 1a s6 16p d6i tugng phan loai;

Xii 1a sb pixel dting trong 16p thir i
(i=1.2,..,);

Xi+ 12 tong pixel 16p tht i ciia mau
(loai thyc té/tong gia tri theo hang);
X+ 12 téng pixel cua 16p thir 1 sau
phan loai (loai giai doan/tong gia tri
theo cot).

Trong nghién ciru ndy, 20% tong sé diém mau
doc lap trong téng sb 701 diém duoc st dung
dé danh gia do chinh xac cuia két qua phan loai
cho tung thudt toan phan loai khac nhau, 80%
diém miu duoc dung dé huan luyén (Ouchra et
al., 2023). Dua trén cac tiéu chi danh gia do
chinh xdc cuia cac thuat toan phan loai khac
nhau dé xac dinh phuong phép tét nhat dé phan
loai céc loai tham phu béng anh vé tinh
Landsat 5 phuc vu cho cac phan tich tiép theo
lién quan dén tham phu st dung dat, dic biét 1a
tham phu rung.

1L KET QUA VA THAO LUAN

3.1. Thu thip miu giai doan, xir Iy anh vién
tham

Duya trén anh vé tinh, ban d6 kiém ké rimg hang
nam da thu thap duoc 701 diém giai doan thudc
04 16p tham phu va sir dung dit trong d6 ¢ 16p
Mat nudc (165), Dan cu (150), Nong nghiép
(242) va Rumg (305). Cac diém mau duoc chon
dai dién cho timg kiéu tham phu trong nén tang
Google Earth Engine véi 80% sé luong diém
mAu twong Gmg véi 561 diém duoc sir dung cho
phan loai va 20% con lai (140 diém) dugc sir
dung dé danh gia do chinh xac cia két qua phan
loai mot cach doc 1ap. Phan bd cac diém mau
thé hién & hinh 3 véi cac diém mau xanh lam
tuong Ung véi mat nude, mau dé ung voi dan
cur, mau vang 1a dat nong nghiép va mau xanh la
thé hién cac diém mau 1a rimg.

Anh vé tinh Landsat 5 chup nam 1990 dugc
xur 1y loai béd may va tao bd anh két hop gitta
cic canh anh theo thoi gian nham tao anh
khong may. Do tinh chit tham pha bi anh
hudéng boi mua mua va mua kho dic biét la
tham phu rimg kho cay ho Dau bi rung 14 vao
mua khoé dé gdy nham 1in voi cac 16p tham
phu khéac nén thoi gian thu thap anh dugce gidi
han trong mua mua dé tranh nham 1an trong
qua trinh phan loai.
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Hinh 3. Vi tri cac diém mau phan loai anh

3.2. Két qua phan loai tham phi

3.2.1. Phin logi thim phii bing thudt todn
CART

Str dung 80% diém mau phén loai & trén dé tién
hanh phan loai cho 4 16p pht chinh bang anh vé
tinh Landsat 5 & thoi diém nam 1990 cho théy,
v6i @6 chinh xac toan cuc 1a 90% va hé s

Kappa = 0,86, thuit toan CART cho két qua
phan loai co6 do chinh xac cao va co y nghia vé
mat théng ké. Dién tich cac loai tham phu lan
luot 1a: Mat nude 15.431,76 ha (chiém 1,17%),
Dan cu 5.641.83 ha (chiém 0,43%), Néng
nghiép 475.476,84 ha (chiém 36,11%) va Rung
820.173,78 ha (chiém 62,29%) (hinh 4).

Dién tich cac loai tham phi 1990 (ha) (CART)

15431,760 5641,830

475476,840

820173,780

= Mat nwéc
EDan cw
Nong nghiép

= Rwng

Hinh 4. Dién tich cac loai tham phu theo thuat toan CART
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Dua trén két qua ma tran sai ) phan loai anh
sir dung thut toan CART (bang 2) cho thiy,
hiéu suat phan loai tong thé kha cao vdi hé sb
Kappa dat 0,86, phan anh sy phu hop dang ké
giita két qua phan loai va dir liéu thyc t&. Do
chinh xac cua nguoi st dung (User's Accuracy -
UA's) dao dong tir 0,83 dén 1, trong d6 16p Mat
nude dat do chinh xac cao nhat (UA = 1), tiép
theo 1a Rung (UA = 0,91), Dan cu (UA = 0,89),

va thip nhét 1a Nong nghiép (UA = 0,83). Vé
d6 chinh xac cua nha san xuit (Producer's
Accuracy - PA's), 16p Rung dat gia tri cao
nhat (PA = 0,97), trong khi 16p Nong nghiép
c6 PA thip nhét (0,77), cho thiy sy nham lan
dang ké giita 16p nay vé6i cac 16p khac, dic
biét 1a 16p Nong nghiép voi cac 1op khac dac
bi¢t 1a rng Khop thua cay ho Dau bi rung l&
vao mua kho.

Bang 2. Ma tran danh gia d6 chinh xac va mirc d6 1an giira cac 16p phén loai bang thuat toan CART

Mat nwérc Dan cw N6éng nghiép Rirng UA's

Mat nwéc 23 0 0 0 1,00
Dan cw 0 24 3 0 0,89
Nong nghiép 1 3 30 2 0,83
Rirng 0 0 6 58 0,91
PA's 0,96 0,89 0,77 0,7 0,90
Do chinh xac toan cuc 0,90

Hé s6 Kappa 0,86

3.2.2. Phin logi thim phii bing thudt todn
Random Forest

Phan loai bdn loai tham phu chinh béng thuat
toan RF cho théy c6 do chinh xac toan cuc la
92,75% va hé s6 Kappa = 0,90. Dién tich cac
loai tham phu 1an lugt 1a: Mat nudc 12.686,40

ha (chiém 0,96%), Dan cu 3.970,17 ha (chiém
0,30%), Nong nghiép 441.530,64 ha (chiém
33,53%) va Rimg 858.537,00 ha (chiém
65,20%). Théng ké dién tich cac loai tham phu
theo phén loai RF duoc thé hién & hinh 5.

Dién tich cac loai tham phu 1990 (ha) (RF)

12686,400 3970,170

858537,000

441530,640

B Mat nwéc
= Dan cw
Néng nghiép

= Rwrng

Hinh 5. Dién tich cac loai tham phu theo thuat toan RF
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Phuong phap phén loai anh bang thuét toan RF
¢6 hiéu suét phan loai téng thé cao voi hé sb
Kappa dat 0,88, phan 4anh sy phu hop dang ké
gitra két qua phan loai va dir liéu thuc t&. Do
chinh xac cua nguodi st dung (User's Accuracy -
UA's) dao dong tir 0,81 dén 1 (bang 3), trong do
16p Mat nuoc dat do chinh xac cao nhét (UA =
1,00), tiép theo 1a Dan cu (UA = 0,96), Ring

(UA = 0,92), va thap nhat 1a Nong nghiép (UA =
0,81). V& dd chinh xac céia nha sin xuit
(Producer's Accuracy - PA's), 16p Mit nudc van
dat gia tri cao nhat (PA = 1,00), trong khi 16p
Nong nghiép c6 PA thip nhat (0,83), cho thiy
van ¢ sy nham 1an déng ké gitra 16p nay voi cac
16p khac, dac biét 1a 16p Nong nghiép voi cac 16p
khac nhét 14 rimg Khop thua cay ho Dau.

Bing 3. Ma tran dénh gia do chinh xac va murc d6 1an giita cac 16p phan loai theo thuat toan RF

Mat nwérc Dan cw Nong nghiép Rirng UA's

Mat nwoc 23 0 0 1,00
Dan cw 0 26 1 0 0,96
No6ng nghiép 0 4 29 3 0,81
Rirng 0 0 5 59 0,92
PA's 1,00 0,87 0,83 0,95 0,91
Do chinh xac toan cuc 0,91

Hé sé Kappa 0,88

3.2.3. Phdn logi tham phii bang thudt todn SVM

Két qua phan loai bang thuat toan SVM cho
thdy d6 chinh xac phan loai bang phuong phép
nay c6 do chinh xéc toan cuc 1a 80,7% va hé¢ sb
Kappa = 0,72. Dién tich cac loai tham phu phan
loai bang thuat toan SVM lan luot 1a: Mit nudc
11.290,50 ha (chiém 0,86%), Dan cu 223,20 ha
(chiém 0,02%), Nong nghiép 316.339,20 ha

(chiém 24,02%) va Ring 988.871,31 ha (chiém
75,10%). Vi két qua dién tich tham phu déan cu
rat thap, cho thay su khong phul hop cua phuong
phap SVM khi sir dung dé phan loai 16p phu
trong truong hop nghién ciu nay. Thong ké
dién tich céac loai tham phu chinh cua tinh Pak
Lak phan loai bang thuat toan SVM duoc thé
hién & hinh 6.

Dién tich cac loai tham phu 1990 (ha) (SVM)

316339,200

11290,500 223,200 .

988871,310

m Mat nwéc
®mDan cw
mNbng nghiép
= R¥ng

Hinh 6. Dién tich cac loai tham phu theo thuat toan SVM
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Ma tran sai sé (bang 4) ciia phuong phap phan
loai anh bang thuét toan SVM cho thdy, d6 chinh
xac cua nguoi su dung (User's Accuracy - UA'S)
dao dong tir 0,26 dén 1, trong d6 16p Mit nudc
dat d6 chinh x4ac cao nhét (UA =1,00), tiép theo
la Rumg (UA = 0,92), Nong nghiép (UA = 0,89),

va thip nhat 13 Dan cu (UA = 0,26). V& d6 chinh
x4c cta nha san xuit (Producer's Accuracy -
PA's), 16p Mit nudc van dat gia tri cao nhat (PA
= 1,00), trong khi 16p Nong nghiép c6 PA thap
nhét (0,56), cho thdy van c6 su nham 1n déng ké
gitra 16p Nong nghié€p véi 16p Dan cu.

Bing 4. Ma tran danh gia d6 chinh x4c va mic d6 1an giita cac 16p phan loai theo thuat toan RF

Mat nwéc Dan cw NOng nghiép Rirng UA's

Mat nwéc 23 0 0 0 1,00
Dan cw 0 7 20 0 0,26
No6ng nghiép 0 0 32 4 0,89
Rirng 0 0 5 59 0,92
PA's 1,00 1,00 0,56 0,94 0,81
Do chinh xac toan cuc 0,81

Hé sé Kappa 0,72

3.3. Panh gia do chinh xac cia cac thuit toan
phan loai

Pénh gia d6 chinh xac cua phan loai dugc tién
hanh nham danh gi4 hiéu suat cia cac thuat toan
phan loai khac nhau trong phan loai tham phu
st dung dat. Cac danh gia bao gdm do chinh xéc
clia nguoi san xuat va ngudi st dung cho timng
16p tham phu ciing nhu d6 chinh xac tong thé
ctia phan loai va hé s6 Kappa.

3.3.1. Dg chinh xdc toan cuc (OA)

Két qua phan loai cho thay, sy khac biét dang ké
vé d0 chinh xac tong thé cua ba phuong phép
phan loai sir dung cac thuat todn khac nhau.

Random Forest 1a phuong phap dat do chinh xac
cao nhit véi do chinh xéc téng thé 92,75% va
hé s6 Kappa 14 0,90, thé hién kha ning xir 1y dix
liéu phuc tap va phan loai chinh xac. CART dat
d6 chinh xac 90% va hé sb Kappa 1a 0,86, cho
thay do tin cdy va y nghia thong ké cua phuong
phap. SVM, nguoc lai, ¢c6 d6 chinh xéac thip
nhat, chi dat 80,7%, v6i hé s6 Kappa 1a 0,72,
phan anh nhitng han ché khi xu 1y dir liéu cua
phuong phap nay so v6i CART va RF d6i véi
dit liéu anh Landsat 5 cho khu vuc tinh Dik
Lik. Khac biét vé hiéu suat phan loai cta céc
phuong phéap phan loai khac nhau dugc thé hién
6 hinh 7.

0,9 ' 0,86

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

CART RF

Hiéu suét phan loai

0,91 0,88

0,81
0,72

= OA
= Kappa

SVM

Hinh 7. Hiéu suit phan loai theo cac thuat toan khéc nhau
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Két qua so sanh hiéu suit phan loai cho thiy,
mac du khong c6 su sai khac 16n trong hi¢u suét
phan loai bang hai thuit toan RF va CART
nhung thudt toan RF van cho thdy hiéu sut
phan loai cao hon so voi CART va cao hon hin
so v6i phan loai bang thuat toan SVM trong
truong hop nghién ctru nay. Két qua nay cho
thdy thuat toan RF cho két qua phan loai c6 do
chinh x4ac cao hon rd rét so voi thuat toan SVM,
diéu nay twong dong véi két qua nghién ctru cua
Kulkarni va dong tac gia (2015). Tuy nhién,

BAN DO THAM PHU THEO PHAN LOAL CART
HTD - WGS84 (48N)

cling c6 sy khac biét so véi cac nghién clru cua
cic tac gia Phan va Kappas (2018), Nguyén Thi
Thanh Huong va dong tac gia (2019), Patil va
Panhalkar (2023). DPiéu nay c6 thé do anh huéng
cta loai dir liéu dau vao (anh vé tinh), sé luong
tham phu sir dung dat duoc phén loai ciing nhu
kiéu tham phu & cac ving dja 1y khac nhau. Ban
dd phan bd cac loai tham phu khac nhau tinh
Pik Lik nam 1990 phan loai tr anh vé tinh
Landsat 5 bang cac thudt toan phan loai khac
nhau dugc thé hién & hinh 8.

BAN B0 THAM PHU THEO PHAN LOAI RF
HTD - WGS84 (48N)

Cha din
— 1t e
——DEn o
“Nong nghiép
RN

Cha din
-t nude
DN v

“Nong nghiép
RN

(b)

BAN DO THAM PHU THEO PHAN LOAL SYM

Chi din
_—E S
——DEn v
“Nong nghiép
ERing

3.3.2. Dy chinh xdc ciia nguwoi sir dung (UA)
va nha sin xudt (PA)

Do chinh x4c cua nguodi st dung do ludong muc
d6 chinh xac trong viéc phan loai cac diém anh
duoc gan nhan bdi dir liéu tham chiéu. Pd chinh
x4c clia ngudi san xudt cho biét ty 18 cac pixel &
16p d6 duoc phan loai chinh xac. Két qua phan
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©
Hinh 8. Ban d6 tham phu, sir dung dit theo 3 phwong phap phén loai: (a) CART, (b) RF, (c) SVM

tich do chinh x4c ctia nguoi sir dung cho tung
thuat toan dugc trinh bay trong bang 5. Ddi voi
l6p Mat nudc, cac thuat toan RF va SVM dat
diém do chinh xac ctia nguoi s dung va nguoi
san xuat hoan hao 1a 1,00 cho thiy viéc phan
loai tham phu mat nudce rat chinh xac. Lép Dan
cu va Nong nghiép dé c6 sy nham 1an véi nhau
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khi str dung thuat toan SVM. Déi v6i tham phu
la Rung thi d chinh xac trong phéan loai céc lop

phu nay kha cao va khong c6 su chénh 1éch
dang ké giita cac thuat toan phan loai.

Bang 5. Danh gia kha nang phan biét cua tirng loai tham phu

Do chinh xac ngwei str dung D6 chinh xac ngwi san xuét
Tham phua
CART RF SVM CART RF SVM
Mat nwéc 1,00 1,00 1,00 0,96 1,00 1,00
Déan cw 0,89 0,96 0,26 0,89 0,87 1,00
No6ng nghiép 0,83 0,81 0,89 0,77 0,83 0,56
Rirng 0,91 0,92 0,92 0,97 0,95 0,94

Panh gia do chinh xac cta két qua phan loai
bang céc thuét toan khac nhau thong qua hé sb
Kappa cho thdy phuwong phap phéan loai bing
thuat toan RF van 1a phuong phap cho két qua
¢6 d6 chinh xé4c cao nhat trong cac thuit toan su
dung (K = 0,88). Cac phuong phap c6 do tin cay
theo sau lan luot 1a CART (K = 0,86) va SVM
(K =0,72). Qua d6 cho thiy phuong phap phan
loai tham phu bang thuat toan RF 1a phuong
phap 6n dinh va co d6 tin cy cao hon so voi
thuat toan CART va SVM.

3.3.3. Thdch thirc va nham lin chinh

CART va RF gap kho khan trong viéc tach biét
khu vuc ndng nghi¢p voi rung thua, dac biét &
nhitng ving c6 thay doi theo mua, nhu rimg
Khdp rung 14 vao mua kho.

SVM c¢6 sy nham 1an 16n giita cac khu dan cu
va ving néng nghiép, ciing nhur PA thap ddi voi
khu vuc nong nghiép. Diéu nay cho thdy nhing
han ché cia thuat toan nay trong viéc xr 1y tin
hiéu quang phd chong chéo.

IV. KET LUAN

Cac két qua phan loai bang 3 thuat toan khéc
nhau bao gdbm CART, RF va SVM cho thiy RF
1a phwong phap hiéu qua nhat trong phan loai
tham phu tai tinh Pak Lak, voi do chinh xéac
téng thé cao nhat va hiéu suét vuot troi & tat ca
cac chi sb quan trong. CART la moét lga chon
dang tin cdy voi hiéu sudt gin twong duong.

Trong khi d6, SVM maéc du dugc st dung rong
rdi, cho thdy nhiing han ché dang ké trong xur 1y
dw liéu phuce tap va phan biét cac 16p tham phu
chdng chéo.

Két qua nay nhan manh tdm quan trong cua viéc
lga chon thuat todn phan loai phu hop voi dac
diém khu vuc nghién ciru va dit lidu. Doi voi cac
ung dung doi hdi do chinh xac cao, RF 1a lya
chon tdi wu, trong khi CART cung cip mot giai
phép hiéu qua ddi véi khu vuc tinh Pak Lik.
SVM c6 thé can tdi wru hoa tham sd va cac ky
thuat bo trg dé cai thién higu suat trong cac bdi
canh tuong tu. Vi vdy, can co cic nghién ciru
tiép theo trong viéc str dung cac tham s khac
ngodi dai quang phd anh vé tinh dé phan loai
tham phii cho két qua tot hon khi sir dung cac
thuat toan hoc mdy. Ngoai ra cn nghién ctru
thong ké twong quan giita 03 thuét toan hoc may
va két qua phan loai hién trang dé phan tich
dugc két qua mdi thuat toan phu hop cho loai
hinh hién trang nao tai vung nghién ctru.

Loi cam on: Két qud nghién ciru nay la mot
phan ciia d@é tai khoa hoc va céng nghé cdp tinh,
tinh Ddk Lik. Chiing t6i xin chan thanh cam on
S¢ Khoa hoc va Cong nghé tinh Pdk Lik da hb
tro tai chinh va tao diéu kién thudn loi trong
suot qud trinh thue hién nghién ciru. Pong thoi,
chiing t6i ciing giri 107 cam on sdu sdc dén cdc
dong nghiép da nhiét tinh hé tro trong viéc thu
thap dir lieu thuc dia.
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