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Tém tat: Trong ky nguyén cong ngh¢ mdi, phuong phap hoc may (Machine learning) dan
thay thé cac phuong phap truyén thong trong linh vuc vién tham. Mot trong nhitng thuat
toan ¢6 do chinh xac cao trong phan loai la Random Forest (Rirng ngau nhién - RF). Cuing
v6i d6, thay vi phan loai anh trén cic phan mém thuong mai, nén tang dam may Google
Colab gitp t6i uu hoa thoi gian xtr 1y voi ngudn thu vién phong phi va dic biét phu hop
v6i phuong phap hoc may. Vi vdy, nghién ctru di tién hanh phan loai 16p phtt mat dat sir
dung thuat toan Random Forest trén nén tang Google Colab, thyc nghiém tai tinh Quang
Binh vo1 thot gian 1a thang 8 nam 2022. Anh vé tinh Sentinel-2 duoc lwa chon do d6 phan
giai khong gian cao hon so v&i cac anh mién phi khac. Pdng thoi, nghién ctru cling so
sanh két qua phan loai RF trong hai trudng hop: (1) sir dung bon kénh anh c6 do phan giai
10m cua anh Sentinel-2, (2) két hop 4 kénh anh trén va cac anh chi s6 NDVI, NDWI,
NDBI. Ca hai truong hop déu dat d6 chinh x4c tong thé trén 90% va Kappa trén 0,9, cho
thay tinh kha thi cua thuat toan RF. Trong do, truong hop (2) dat d6 chinh xac cao hon,
khang dinh rang viéc st dung cac chi s6 quang phd giup lam ting théng tin va cai thién
két qua phan loai.

Tir khéa: Random Forest; Sentinel-2; Lp phu bé mit; Google Colab.

1. Mé dau

Trong diéu kién tu nhién, 16p phu mat dat (land cover) tich hop va phan anh khi hau,
dia chét, dat dai va hé sinh vat sin c6 ciia mot khu vuce tai mot thoi diém, theo thang hodc
nam, c6 thé hang thap ky hoic 1au hon. N6 duoc xem la nguén thong tin dau vao quan
trong trong cac nghién ctru 1t lut, han han, x61 mon, cling nhu can thiét trong quan 1y, giam
sat dbi ‘tuong 16p phu mat dat [1-2]. Nhiéu nghién ctru va nhiéu phuong phap duoc lua
chon dé theo do1 16p d6i twong nay. Cho dén nay, viéc chiét tach 16p phu st dung phuong
phap chu yeu 1a vien tham (Remote sensing) [3]. Viéc st dung tu liéu vien tham trong thanh
1ap ban d6 16p phu tuong d6i don gian va kha nhanh chéng, duogc dénh gia 1a mang lai hiéu
qua tdt, vira c6 thé tiét kiém duoc chi phi va cong strc. Cong nghé vién tham dang ¢ giai
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doan phat trién vuot troi, voi sd luong anh vién tham va cac ung dung khong nging phét
trién qua cac nam. S6 lugng 16n anh mién phi véi nhiéu d6 phan giai khac nhau duoc dung
trong thanh 1ap ban d6 16p pha [4-7].

Trong ky nguyén céng nghé méi, chuyén doi sb mang lai nhiéu sy dot pha trong nhiéu
linh vuc v6i viée xuét hién cua Tri tué nhén tao (Artificial Intelligence - Al) va Hoc may
(Machine Learning). Khi d6, khoa hoc céng nghé gén lién véi viéc xir Iy ngudn dit liéu 16n
(Big data) va phuong tién hién dai. Hién nay, viéc két hop mé phong cha dé vao cac thuat
toan Machine learning tré thanh mot huéng nghién ctru méi ma nhiéu nha khoa hoc quan
tam [8-9], trong d6 dac biét nhin manh sy két hop cua hoc may va linh vuc vién tham. Cac
k¥ thuat phan loai dua trén hoc may xut hién va tré thanh hudng tiép can moi trong nghién
ctru 16p phu mat dat [10]. Mot trong nhitng thuat toan hoc may ¢ gidm sat mang tinh kha
thi 14 rimg ngau nhién (Random Forest - RF). Cac nha khoa hoc di str dung Random Forest
trong thanh lap ban d6 16p phi mat dat voi do chinh xac cao. Nghién ctru [11] cho thiy
thuat toan RF mang lai su phan loai 16p phu mit dat ¢ phia nam TAy Ban Nha véi do chinh
xac tong thé 1a 92% va chi s6 Kappa 1a 0,92. Trong khi két qua nay ¢ nghién ctru ctia [12]
twong ung la 84,6% va Kappa 0,808. Cac nghién ctru [13-14] dénh gia RF c6 d6 chinh xéac
cao hon mot so phuong phap phan loai khac nhu Maximum Likelihood, khoang cach tdi
thiéu, cdy quyét dinh, mang No Ron nhan tao va May vecto hd tro (Support Vector
Machine). Nhin chung, cac nghién ctru da chirng minh tinh hi¢u qua cta thuét toan ring
ngau nhién trong nghién ctru 16p phu [11-14].

Mot van dé khac can chi ¥ 14 viéc phan loai 16p phu mat dat truyén théng thudng yéu
cau kh01 luong tinh toan khong 15, doi khi gay ra ap luc trong qua trinh phan tich va xu ly
anh vién tham. Do d6, can lya chon mdt nén tang xu 1y cho phép giam bt sy phu thude vao
tai nguyén co so ha tang may tinh, cling nhu giam bot ganh nang vé dung luong 6 cimg
may tinh. Mot trong nhirng nén tang cho phép thyc hién trong linh vyc vién tham 1a Google
Colab. Sy xuét hién cia Google Colab phép cac nha nghién ctru thyc thi ma xir 1y anh
thong qua két ndi Internet va ddc biét phu hop véi phuong phap hoc sau [15] va hoc may
[16].

Hau hét cac nghién ctru trude ddy vé 16p pht mit dit chua tiép cin st dung nén tang
Google Colab. Pong thoi, mudn khiang dinh tinh hiéu qua vé d6 chinh xéac cta ky thuat hoc
may, nhom nghién ctru da tich hop thuat toan Random Forest trén nén tang Google Colab
dé phan loai 16p phii mat dat ¢ tinh Quang Binh, trén co so st dung anh vé tinh Sentinel-2
Nhu vdy, thay vi phan loai anh trén cic phin mém thuong mai, nghién ciu tién hanh lap
trinh Python trong moi truong Google Colab, gitip t6i wu hoa thoi gian xu ly anh, tan dung
vu diém don gian va ngudn thu vién phong phu cia ngén ngir Python. Anh Sentinel-2 duoc
lya chon do duoc tich hop sin trén nén tang dién toan ddm may, mién phi va co do phan
giai khong gian cao hon so véi anh khac nhu Landsat, Modis. Day chinh 1a huéng tiép can
m&i cho khu vyc tinh Quang Binh khi ma trudc day co rat it cac nghién ctru vé 16p phi.

Nghién ctu sir dung thudt toan Random Forest dugc tién hanh theo hai hudng: (1) su
dung bon kénh anh co d6 phan giai 10 m (kénh 2, kénh 3, kénh 4, kénh 8) cua Sentinel-2,
(2) sir dung bdn kénh anh c6 d6 phan giai 10m trén va bd sung thém céc anh chi sé phd
NDVI (Normalized Difference Vegetation Index - chi sé thuc vat khac biét chuin hoa),
NDW!I (Normalized Difference Water Index - chi sé nudc khac biét chuin hoa), NDBI
(Normalized Difference Built-up Index - chi s6 xay dung khac biét chuan hoa). Muc tiéu cu
thé cta nghién ciru la: (1) Phan loai dbi twong 16p phii mat dit & tinh Quang Binh; (2) Panh
gia tiém ning cua thuat toan Random Forest thong qua két qua danh gia d6 chinh xéc; (3)
So sanh hai huéng tiép can; tir d6 lya chon hudng t6i wu trong phan loai 16p phu ¢ tinh
Quang Binh khi str dung thém céc chi s6 pho lam ting luong thong tin va kha ning nhan
biét timg dbi twong dic trung; (4) Panh gia tiém ning cua nén tang Google Colab.
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2. Tai li¢u thu thap va phuwong phap nghién ciru

2.1. Khu vuc nghién ciru

Quang Binh la tinh thudc vung duyén hai Bic Trung B9, Viét Nam voi gidi han toa do
dia Iy tir 16°55° dén 18°05° vi do Béc va tir 105°37” dén 107°00° kinh d6 Pong. Tinh tiép
giap voi tinh Ha Tinh ¢ phia Bic, phia Nam giap tinh Quang Tri, phia Dong giap bién vai
chiéu dai trén 116,04 km va dudng bién gidi phia Tay giap Lao cé tong chiéu dai 222,118
km.

Tinh Quang Binh nim & sudn Péng diy Trudng Son, véi dia hinh ddi nai cao hiém
tr&, bé ngang hep va dbc, nghiéng tir Tay sang Dong va chia cit & cac khu vuc phia Tdy cua
tinh. Dia hinh phan chia thanh cac tiéu ving: Vung nui cao tip trung ¢ phia Tay cua Tinh
va nam doc theo sudn Bong day Truong Son; Vung go ddi va trung du; Ving dong bang va
vung cat ven bién. Phan 16n dién tich tinh 1a d6i nui (chlem trén 85% dién tich ty nhién),
céc dang dia hinh khac 13 trung du, dong bang duyén hai va bai cat ven bién chi chiém gin
15%. Do vay, dién tich dét canh tac lua tuong ddi han ché va thuong xuyén géanh chiu I lut
bat thuong vao mia mua do hé thong song sudi ngan, doc, chay tir Tay sang DPong (theo
Cong thong tin dién tir tinh Quang Binh).
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Hinh 1. Vi tri khu vuc nghién ctru.

2.2. Dir liéu anh vé tinh

Nghién ctru sit dung anh Sentinel-2 véi do che phu may dudi 30%, phu trum khu vuc
nghién ctru vao thang 8 nam 2022. Sentinel-2 1a vé tinh duoc nghién ctru va phat trién boi
ESA - co quan hang khong vii tru chau Au, c6 nhiém vu quan sat Trai dat, hd trg cac
nghién ciru giam sat tham thyc vat, 16p pht mit dat ciing nhu cac tai bién thién nhién.

Hé théng nay bao gdm hai vé tinh quay quanh cuc trén ciing mét quy dao nhung léch
pha nhau 180°, duoc thiét ké véi chu ky lap 5 ngay (két hop ca hai vé tinh), d6 rong dai
chup 290 km. Anh Sentinel-2 da phd (MultiSpectral Instrument) gdm 13 kénh phd: bon
kénh ¢ d6 phan giai khong gian10 m, sau kénh & 20 m va ba kénh ¢ d¢ phan giai 60 m
(theo ESA).

2.3. Phuong phap nghién ciru

Hinh 2 thé hién so dd quy trinh ing dyung thuét toan Random Forest va anh Sentinel-2
trén nén tang Google Colab dé phan loai 16p phu mat dat.
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Hinh 2. So do quy trinh.

2.3.1. Thuat toan Random Forest (Rirng ngau nhién - RF)

Random Forest dugc dé xuat boi Breiman [17] vao ndm 2001. Pay 1a mot thudt toan
hoc may c6 giam sat d& sir dung va linh hoat, dong thoi ciing dugc sir dung pho bién dé giai
quyét nhiém vu phén loai va hoi quy.

Random Forest dugc hiéu 1 “Ring ngiu nhién”, bt ngudn tir thuat toan Decision tree
(Cay quyét dinh), n6 phat trién nhiéu cay quyét dinh va két hop chung v6i nhau. Véi phan
loai Random Forest,
cay quyét dinh duoc tao
bang cach st dung cac
t@p hop con ngdu nhién Cay quyét dinh (1) Ciy quyét dinh (2) Cay quyét dinh (3)

khac nhau cua gifr liéu
va tinh nang nhat dinh.
Moi cay s€ cung cap du A A /\

dodn cua n6 dé phan

Tap dir liéu

loal' Random ForeSt Két qua dl_l doan (1) Két qua dl_l doan (2) Két qua dl_l doan (3)
dua trén da sO két qua \ \ |
du doan va lay két qua !
pho blen nhat lam dau Binh chon theo sé déng / Liy trung binh
ra CllOlv cung. R ) Rirng ngiu nhién . l .
SII dung thuat toan K¢t qua du doan cudi cung
Random Forest, can
dic biét chl y tham sd Hinh 3. Thuat toan Random Forest

“qumber of trees”- sb (https://interactivechaos.com/en/wiki/random-forest)

luong cdy quyét dinh
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b6i n6 anh hudng 16n dén két qua va do chinh xac du bao [17]. Ngoai ra, con c6 cac tham
s6 khéc lién quan dén s luong thudc tinh dung dé xay dung cay.

Random Forest hoat dong nhu sau:

Tt tap dit liéu D ban dau, tao dir liéu ngdu nhién (miu bootstrap) Dj ¢6 kich thuéc N
str dung phuong phap “bagging”. Nhitng dit liéu con lai khdng dugc lua chon tham gia vao
qua trinh huan luyén goi la dit liéu “out -of -bag”.

Tiép d6, st dung mau Dj lam dit liéu huan luyén: Céc tap con dir lidu lay miu ngau
nhién D1, Da,..., Dk dé thiét 1ap nén céc cay quyet dinh Ty, T2,...,Tk. Khi do, st dung céac
ciy da tao dé nhan két qua du doan. Cudi cung, tong hop két qua tir cac cay quyet dinh theo
hinh thtrc: véi bai toan phan loai, la chon theo da sb (ttrc 1a s6 phidu bau cao nhat), v6i bai
toan hdi quy, ldy trung binh cac gia tri du doan.

2.3.2. Nén tang Google Colab

Bén canh sy xuat hién ciia Google Earth Engine (GEE) - m6t nén tang luu trir va xir Iy
dir liéu 16n (Big data), Google Research tao ra Google Colaboratory (con goi 1la Google
Colab) cho phép thyc thi trén nén tang dam may. Google Colab thay thé cho Google Earth
Engine khi dé dang xt 1y dir liéu trong tai nguyén mdy tinh [18]. Google Colab phu hop dé
thuc thi cac bai toan doi hoi khéi luong tinh toan khong 16, di kém véi cac thu vién hd tro
cho du an deep learning/machine learning va khoa hoc dit li¢u.

Google Colab ¢6 vu dlem 1a duoc thiét ké chay ma Python thong qua trinh duyét, cho
phép thay thé cac phan mém xu 1y anh, cung nhu khong can nang cap phan cimg may tinh.
Khi str dung Google Colab, cic co so ha ting nhu b nh¢, kha nang xur 1y, don vi xtr ly do
hoa (GPU) va don vi xur ly tensor (TPU) dugc cung cap quyén truy cdp mién phi. Va dac
biét Google Colab giai quyét duoc cac bai toan trong nhiéu linh vyuc v6i chi phi thap va thoi
gian ngan.

€O & Unttedipimb S Tén notebook B mows o @

*

Tép
., B = mn
. ‘\ \\ \
€y sample_data Nt thém dang [Enh
: Nt k&t ndi Drive
Nut chay dong |&nh Ving vigt dong I&nh
\ Ving hién thi thue muc

Hinh 4. Giao dién Google Colab (https://interactivechaos.com/en/wiki/random-forest).

2.3.3. Cong thirc xac dinh céac chi s6 phd trong nghién ctru

Phan loai 16p phii mat dat trong nghién ciru st dung thuat toan Random Forest dugc
tién hanh theo hai hudng: (1) str dung bdn kénh anh c6 d6 phan giai 10m (kénh 2, kénh 3,
kénh 4, kénh 8 - tuong ung kénh lam, luc, d6 va can hong ngoai) cua Sentinel-2, (2) sir
dung bdn kénh anh c6 do phan giai 10m va bd sung thém cac anh chi s phd. Nhiéu nghién
ctru da str dung cac chi s6 phd dé cai thién két qua phan loai: nghién ctru chi sir dung chi sO
NDVI [14, 19], trong khi nghién ctru s dung két hop nhiéu loai chi s6 pho khac nhau [20].

Trong nghién ctru nay, cac chi sé phd dugc sir dung bao gom:

NDVI — NIR —RED )
NIR + RED
NDWI — GREEN — NIR @)

GREEN + NIR
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NDBI ZM 3)
SWIR + NIR

Trong d6 NDVI (Normalized Difference Vegetation Index): chi sé thuc vat khac biét
chuén héa [21]. Gia tri NDVI nam trong khoang tir -1 dén 1, gilp dinh luong strc khoe va
mat do cua tham thuc vat. NDVI cao dai dién cho khu vuc c6 d6 che phu tham thuc vat cao,
gia tri am thé hién khu vuc mat nuée; NDWI (Normalized Difference Water Index): chi sb
nuée khac biét chuin hoa. Gia trj NDWI giup phan biét gitta ving nudc so véi cac ddi
tuong thuc vat [22]; NDBI (Normalized Difference Built-up Index): chi sé xay dung khac
biét chudn hoa. Gia trj NDBI dung dé nhan manh cac khu vuc xdy dyng [23]; NIR 12 gié trj
bt xa cua séng hdng ngoai gan; RED 14 gié tri birc xa ciia budc song do; GREEN la gia tri
biic xa ctia bude song mau luc; SWIR 1a gia tri birc xa ctia hdng ngoai song ngan.

3. Két qua va thao luin
3.1. Thyc hién phan logi

Python d tich hop sin mot s6 thu vién trong Google Colab nhu Geopandas/panda -
Matplotlib...Bén canh d6, Google Colab két ndi voi Google Earth Engine dé lay dir lidu
anh Sentinel-2 cho khu vuc nghién ctru, v6i thoi gian 1a thang 8 nam 2022, d6 phu may
dudi 30%. Két qua hién thi trén geemap - goi Python dé phan tich va truc quan hoa khong
gian dia ly. Tu tap dir liéu anh thu thap duogc, tién hanh loai bo may dua trén kénh anh
“probability” (COPERNICUS/S2 CLOUD PROBABILITY). Sau d6 st dung ham
“median” va “clip” dé ghép cac anh trong bd suu tap va cit thanh mot anh theo ranh gidi
khu vyc nghién ctru.

Trong nghién ctru nay, gﬁn 1800 diém duoc lua chon trong qua trinh phan loai, trong
d6 str dung 70% lam dir liéu hudn luyén (training data) va 30% duoc str dung lam dir liéu
danh gia (validation data). Ty 1€ nay cling thuong duoc st dung trong cac bai toan phan loai
bang Random Forest [20]. S6 luong cay dugc lwa chon 1a 300 trén co sé cAc thir nghiém
cua nhom nghién ctru. Nhu vay theo hudng (1), phan loai RF v6i viéc lya chon 4 kénh anh
ding dé huan luyén duoc thé hién nhu hinh 5 (trén nén tang Google Colab).

[ 1 # select bands for training
bandsa =['B2', 'B2', 'B4','B8']
# Get training
trainingsampled = S2_StudyArea.select(bands4).sampleRegions (**{
"collection’:trainingfc,
"properties': ['Class’]
‘scale': 1@
B
validationsample4 = $2_StudyArea.select(bands4).sampleRegions (**{
‘collection’:testingfc,
‘properties’: ['Class”]
‘scale': 1@
1)
##aui# RF Classifier Model Building
# ee.Classifier.smileRandomForest(numberofTrees, variablesPersplit, minLeafPopulation, bagFraction, maxNodes, se
#numberofTrees: 300,variablesPersplit:null, minLeafPopulation: 1, maxNodes: null})
RFclassifierd = ee.Classifier.smileRandomForest(308).train(**{
"features’: trainingsampled4,
"classProperty': 'Class’,
"inputProperties’: bands4,
B
# Classify the image
RFClassified4 = S2_StudyArea.select(bands4).classify(RFclassifierd)

Hinh 5. Code trén Google Colab phan loai theo huéng (1) st dung 4 kénh anh 10m cua Sentinel-2.

Theo hudng (2), tinh toan bd sung cac chi s6 d néu trong muc 2.3.3 vdi code thé hién
trong hinh 6. Hinh 7 thé hién code phan loai theo hudng (2).

#i#t# Image Classification with indices: NDVI, NDWI, BSI

# NDVI=(NIR-R)/(NIR+R)

NDVI=S2_StudyArea.normalizedDifference([ 'B8",'B4"']).rename( 'NDVI")
#NDWT = (G-NTR)/(G+NIR)
NDWI=52_StudyArea.normalizedDifference([ 'B3', B8"]).rename( NDWI")
#NDBI = (NIR-SWIR1)/(MIR+SWIR1)
NDBI=52_StudyArea.normalizedDifference([ 'B11",'B8"]).rename( NDBI")

Hinh 6. Code tinh toan céc chi sé NDVI, NDWI, NDBI.



Tap chi Khi twong Thuy van 2023, 756, 29-41; doi:10.36335/VNJHM.2023(756).29-41 35

© # select 4 bands and 3 spectral indice for training
bands7 =[*B2°, 'B3", 'B4’,'B&", 'NDVI', 'NDWI', 'NDBI']
# Get training
trainingsample? = 52_StudyArea3.select(bands7).sampleRegions(**{
‘collection” :trainingfc,
'properties': ['Class'],
'scale’: 18

validationsample? = $2_StudyArea3.select(bands7).sampleRegions(**{
‘collection” itestingfc,
"properties’: ['Class'],
"scale”: 10

h

sttt RF Classifier Model Building
# ee.Classifier.smileRandomForest(numberofTrees, variablesPersplit, minLeafPopulation, bagFraction, maxNodes, seed)
#numberOfTrees: 300,variablesPersplit:null, minLeafPopulation: 1, maxhodes: null})
RFclassifier? = ee.Classifier.smileRandomForest(3e@).train(**{
‘features': trainingsample7,
‘classProperty’: ‘Class’,
"inputProperties’: bands?,
h
# Classify the image
RFClassified? = S2 StudyArea3.select(bands?7).classify(RFclassifier?)

Hinh 7. Code phan loai theo hudng (2) sir dung 4 kénh anh 10m cuia Sentinel-2 va 3 chi s6 phé.

3.2. Két qua phdn logi

Hinh 8 va hinh 9 tuong tng 1a dnh Sentinel-2 cét theo khu vuc tinh Quang Binh trén
giao dién Geemap trong Google Colab va ban do ket qua phan loai 16p phu mat dat theo hai
hudng tiép can.

f

{
\‘W
Saul

ey

ko N

Hinh 8. Anh Sentinel-2 khu vuc tinh Quang Binh véo thang 8 nim 2022 (T6 hgp mau thuc) trén nén Geemap.
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Hinh 9. Két qua phan loai 16p phu mit dat tinh Quang Binh véi Random Forest: (a) Trudng hop 1:
sir dung bon kénh anh B2, B3, B4, B8; (b) Truong hop 2: sir dung bon kénh anh B2, B3, B4, B8 va
3 anh chi s6 NDVI, NDWIL. NDBL
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Hinh 9 thé hién két qua phan loai cia mo hinh Random Forest ctia khu vuc nghién ciru
trong hai truong hop da trinh bay ¢ phan 2.3.3. Cac 16p phu duoc phén loai bao gom: Rung,
Pit néng nghiép (gdém dat trong lua, hoa mau, ciy an qua.. D, Dit tréng (gorn dat trong, cét,
da soi, doi troc ...), Mt nude (song, hd, kénh muong) va Dt xay dung (gdm dan cu va co
s& ha tang). Nhll’l chung két qua phan loai cho thiy dién tich ring tinh Quang Binh chlem ti
1€ 16m, tap trung chu yéu ¢ vung nui phia Tay tinh Quang Binh. Vung dat tréng (cat) nam
ven bién phia Pong cua tinh. Cac 16p khac nhu dit nong nghiép, dat xay dung phéan bd rai
rac; vung mét nude nhu song, hd, kénh muong duoc phén loai chi tiét trén anh. Tuy nhién
v6i két qua phan loai trong truong hop (1), phan dién tich dat nong nghiép 16n hon so voi
truong hop (2). Dé kiém tra két qua phan loai nao tot hon, nhom da tién hanh danh gia do
chinh xéc va danh gia tryc quan trén hai anh phan loai.

3.3. Panh gia do chinh xdc

D6 chinh x4c ciia hai hudng tiép can trén dugc danh gia bing ma tran nhim 1in
(Confusion Matrix), do chinh xac tong thé (OA-Overall Accuracy), Kappa, do chinh xéc
ctia nha san xuat (PA) va do chinh xac cua nguoi dung (UA- user’s accuracy).

Ma tran nham I4n 1a bang tom tat hiéu sudt cua thuat toan phan loai, trong d6 bao gdm
gia tri phan loai va gia tri kiém tra/tham chiéu. Mdi hang va mdi cot sé twong tng véi ting
16p phit dugc phéan loai va 16p kiém tra/tham chiéu. Puong chéo chinh ctia ma tran liét ké
sd luong pixel dugc phén loai chinh xac. Cac gia tri con lai cho biét mdi 16p phu duoc phan
loai thé nao khi so véi 16p kiém tra, 16p nao dugc phan loai ding nhiéu nhat va 16p nao bi
phan loai nham vao 16p khac.

Hé s6 Kappa [24] 1a hé s trong thdng ké, dung dé do dac do dong thuan giita cac
thanh phan dinh tinh (phan loai), 1 thuéc do mutic d6 phi hop tong thé ctia ma tran.

Kappa =2 (4)
1-P,

Trong d6 P, 12 gi4 tri ddng thuan quan sat dugc giita cac bién danh gia; Pe 1a Xac suit
ctia sy dong thuan ngdu nhiénPo va Pe duoc tinh toan dya trén dir liéu trong bang ma tran
dé tinh toan xac suat ngiu nhién cho mdi nhom.

Mot thude do co ban 1a do chinh xac tong thé, dugc tinh bang cach chia cac pixel dugc
phan loai chinh x4c (t6ng cac gia tri trong duong chéo chinh) cho téng sb pixel duge kiém
tra.

N
OA = - (5)

Trong d6 N 1a S6 luong cac pixel duge phan loai chinh xéac; T 1a Tong sé lugng cac
pixel dugc kiém tra.

Bén canh d6 chinh xac tong thé, do chinh xac phan loai cua timg 10p riéng 1& co thé
dugc tinh theo cach tuong ty: d§ chinh x&c cia nguoi dung (con goi 1a DO chinh xéc sai
sot/str dung) va do chinh xdc cta nha san xuat PA - Producer's accuracy (con goi 1a Do
chinh xac thyc hién). B chinh xac cua nha san xuit duogc tinh bang cach chia sb pixel
chinh x4c trong mot 16p chia cho tong s6 pixel dugc lay tir dir liéu tham chiéu. Do chinh
xac cua nguoi dung UA-User's accuracy, vé€ co ban cho biét murc do thuong xuyén ma 16p
trén ban d6 s& thuc sy hién dién trén mat dat, dugc tinh 1a cac pixel dugc phan loai chinh
xac trong mot 16p chia cho tong s6 pixel dugc phén loai trong 16p do [2]. D chinh xac cua
két qua phan loai theo hai hudng tiép can trén duogc thé hién trong bang 1 dén bang 4.
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Bang 1. Ma tran nhim 1an ctia phuong phap phan loai RF 4 kénh anh (don vi: pixel).

Lép phi Piat xdy dung  Dit nong nghiép  Pit trong Mt nuéc Rirng
Dat xay dung 167 0 3 0 1
Dit nong nghlep 5 97 0 0 6
Dit trng 3 5 64 1 1
Mit nude 0 2 0 77 0
Rung 2 5 0 0 98

Bang 2. Ma tran nham 14n ciia phuong phap phan loai RF sir dung 4 kénh anh va 3 chi s6 pho (don vi: pixel).

Lép phi Pit xay dung  Dit nong nghiép DAt trong Mt nuéc Rirng
Pit xdy dung 166 1 3 0 1
Dit néng nghiép 5 98 0 1 4
Pit trong 0 5 67 1 1
Mat nudce 0 1 0 78 0
Rung 1 1 0 0 103

Bang 3. P9 chinh xac tong thé (OA) va hé sb kappa trong 2 trueong hop.

Trudng hop phén loai RF Do chinh xic tong thé (OA) % Kappa
(1) 4 kénh anh 93,7 0,92
(2) 4 kénh anh va 3 kénh anh chi sb 95,3 0,94

Bang 4. DBJ chinh xéc thyc hién PA va dd chinh xac st dung UA trong 2 truong hop.

ruwong hop phin loai RF RF 4 kénh dnh RF 4 kénh anh va 3 kénh chi sb
Lé6p phi UA (%) PA (%) UA (%) PA (%)
Dit xay dung 94,4 97,7 96,5 97,1
Dit nong nghiép 89,0 89,8 92,5 90,7
DAt trong 95,5 86,5 95,7 90,5
Mat nudc 98,7 97,5 97,5 98,7
Rung 92,5 93,3 94,5 98,1

3.4. Thdo lugn

Qua s liéu tir bang 1 dén bang 4, dé dang nhan thay két qua phan loai déu dat muc cao
(trén 90% v&i d chinh xé4c tong the OA va trén 0,9 vdi Kappa) khi st dung thuat toan
Random Forest. Cac 16p d6i twong vé co ban ¢ sy phan tach véi cac 16p con lai. Trong do,
ca hai truong hop déu cho thay két qua 16p mat nude duge danh gid ¢ mirc d6 phan loai
dat cao nhat, s6 pixel 1an rat it so v6i 16p dat nong nghiép va khong 1an bat ky pixel ndo véi
cac 16p khac (Bang 1 va Bang 2), gia tri PA va UA gan nhu dat muc tuyét d6i (Bang 4).
Diéu nay thé hién rang mau ciia 16p mat nudc thé hién dung dic trung riéng.

Céc thir tw mirc chinh x4c giam dan tir rimg, dat xay dung dén dat nong nghiép va dat
tréng. Ve dat nong nghiép, pixel 16p nay bi nhan nham véi pixel rimg do phan xa phd nén
mau sic d6i twong kha glong nhau; con mot phan bi nham vai dat xay dung vi dat nay bao
gdm ca dat dan cu, co thé xay ra truong hop nhan 16p thuc vat trong khu dan cu thanh dat
néng nghiép. Dbi véi ving dat trong, gia tri PA ¢ hai truong hop déu thap hon, pixel bi 1an
chu yéu voi dat nong nghiép (Bang 1, Bang 2) do anh thu nhan trong thoi ky mua kho, mot
s0 ruong kho trén anh c6 mau gan twong dong véi mau dat trong (cu thé 1a cac ving doi
troc), tuy nhién mac do 1an khong 16n, va cac chi sé danh gia do chinh xac déu cao (trén
85%). Mot sb pixel dat tréng 1dn voi dat xdy dung trong trudng hop (1), nhung trong
truong hop (2) thi khong 1an do ¢6 sir dung thém chi sé NDBI. Twong tu v6i 16p Rimg,
trong truong hop (2) pixel rimg 1an voi dat nong nghiép it hon truong hop (1) nho vao viée
két hop chi s6 NDVI.



Tap chi Khi twong Thuy van 2023, 756, 29-41; doi:10.36335/VNJHM.2023(756).29-41 38

V6i hai hudng tiép can, két qua t6t hon khi phan loai véi thut toan Random Forest
trong truong hop co s dung thém céc chi s6 phd ngoai cac kénh anh c6 sin trén anh
Sentinel-2. Cy thé trong bang 3, két qua moé hinh (1) RF 4 kénh anh c6 d chinh xac tong
thé OA 12 93,7% va hé sé Kappa 12 0,92, thip hon so v6i mé hinh (2) (OA = 95,3%, Kappa
=0,94). Bang 4 cho théy cac gia tri UA va PA trong trudng hop (2) co ban cao hon truong
hop (1) Nghlen ctru tién hanh so sanh hai anh két qua phan loai nhu trong hinh 10.

vt -
g 8
s 7 I B e
e )

TGN

Hinh 10. (a b) So sanh két qua phan loai 16p phu mat dat: Cot 1 1a anh chup mot phan anh
Sentinel-2, cot 2 1a két qua phan loai RF 4 kénh anh (RF trudng hop 1), cot 3 14 két qua phan loai
RF 4 kénh anh va 3 chi s6 phéd NDVI, NDWI, NDBI (RF truong hop 2). Cac vong tron mau do 1am
ndi bat cac ving co su khac biét giita két qua phén loai RF truong hop (1) va (2) lién quan dén dan
cu-dat nong nghiép. Cac vong tron mau den thé hién sy khac biét nhan biét 16p mat nude giita RF
trudng hop (1) va (2).

Hinh 10a m6 ta mot phan khu vuc véi dat nong nghiép va dat xay dung. C6 thé nhan
thdy rang, mo hinh RF véi truong hop 1 khong phan loai t6t: dat nong nghiép 1an véi mau
xanh cua rung, pixel dan cu rai réc, 1an ving dan cu va dat nong nghiép; trong khi truong
hop c6 bd sung céac chi sb pho cho két qua phén loai 18 rang (khu vuc dugc khoanh hinh
tron d6). Hinh 10b thé hién dbi tugng mit nudc duge phan loai kha rd trong ca hai trudng
hop. Tuy nhién, tai khu vyc vong tron den, két qua phan loai trong truong hop st dung 4
kénh anh cho thiy mét sé ving mat nudc, cu thé 1a cac kénh muong, bi nham 14n véi 16p
dat nong nghiép. Mit khac, mo hinh RF (2) sir dung 4 kénh anh Sentinel-2 va 3 chi s6 pho
da phan loai chinh xac cac 16p phu nay do duoc b sung chi sé vé mat nuéc NDWIL. Viée
danh gia truc quan cho thiy, sw nhim 1an pho giira cac 16p phi miat dat c6 mirc d6 cao hon
trong mo hinh RF 4 kénh pho so véi két qua cia mo hinh RF trong trudng hop con lai.

So sanh két qua dat dwoc v6i nghién ciru [25], mic du st dung dir liéu anh khéac nhau,
nhung két qua phan loai 16p phu tinh Quang Binh dat duwoc do chinh x4c cao khi str dung
thuat toan Random Forest. Nghién ctru [25] cho d6 chinh xac tong thé 88,8% va hé sb kappa
0.85 trong khi RF (1) 1a 93,7% va 0,92, RF (2) 1a 95,3% va 0,94. Cac két qua cua [25] cua
ciing kha tuong dong v6i bai bao nay ¢ do chinh xac PA va UA: phan loai RF cho ket qua
t6t nhat ¢ d6i twong mit nudce, rimg, con dat xdy dung va dat nong nghiép c6 chi sé PA va
UA thép hon.

Nhin chung, trén co s so sanh do chinh xac va so sanh triuc quan hai huéng tiép can
ctia thudt toan Random Forest trong bai toan phan loai (Hinh 10), khang dinh ring viéc st



Tap chi Khi twong Thiiy vin 2023, 756, 29-41; doi:10.36335/VNJHM.2023(756).29-41 39

dung cac chi s6 quang phd gilp lam ting thong tin va cai thién két qua phan loai. Trong khi
do, cong cu Google Colab da hoan thanh nhiém vu chay cac tap 1énh voi thoi gian la 308
gidy. Con s6 ndy cling thé hién loi thé vé thoi gian tinh toan cta Google Colab [18], dong
thoi cho thiy tiém ning cta nén tang nay trong phan loai 16p phu mat dat.

4. Kétluan

Nghién ctru dd phan loai 5 nhém 16p phii mit dat tinh Quang Binh vao thang 8 nim
2022 sir dung anh Sentinel-2 va thuat toan Random Forest, dong thoi ciing danh gia hiéu
qua cua viée két hop cac bang tan khac nhau cta anh Sentinel-2 v&i cac chi sb phd dic
trung. Voi cac diém dao tao (training data) trong nghién ciru, két qua thir nghiém cho thay
rang mo hinh RF (2) v6i 4 kénh phé (cac kénh lam, xanh luc, do va cén hdng ngoai) két
hop véi cac chi s6 phd NDVI, NDWI, NDBI dé dat duoc d6 chinh xac phan loai tong thé 1a
95,3% (kappa = 0,94), tot hon so véi mo6 hinh RF 4 kénh phd. Nhin chung, véi hudéng di
méi nay trong phén loai 16p phii mat dat, can c6 thém cac nghién ctru toan dién hon nhu sir
dung thém cac anh do phan giai cao, cac chi s6 phd, hoic két hop cac phuong phap, mod
hinh khac nhau.

Bén canh viéc khing dinh tinh kha thi cta thuét toan Random Forest trong bai toan
phan loai, nghién ciru ciing danh gia hiéu qua xur 1y ctia nén tang Google Colab vo6i thoi
gian nhanh chéng. Bay la mot cong cu thé hién sy vuot troi trong linh vuc vién tham, khi
ngudi ding co6 thé bat ddu ma hoéa cac md hinh khoa hoc sir dung ngon ngir 1ap trinh Python
thong qua céc trinh duyét.

Nghién ctru da thuc hién day di theo muc tiéu dé ra, tuy nhién con cd mot sd han ché
nhu sau: Google Colab mién phi nhung bi gi6i han vé thoi gian, bi ngét két ndi khi khong
c6 tuong tac cua nguoi dung, phu thudc vao Internet va Google Drive. Vi vay, viéc st dung
mot phién ban khac nhu Google Colab Pro s€ mang lai hiéu quéa hon trong tuong lai.

bong gop cia tac gia: Xy dung ¥ tuong nghién coru: P.T.T.H.; Thu thap dir liéu: L.T.N,,
N.M.H.; Xt 1y s0 li¢u: V.N.Q., B.T.N.P.; Thuc hién 1ap trinh: P.T.T.H.; Viét ban thdo bai
bédo: P.T.T.H., V.N.Q.; Chinh stra bai bao: P.T.T.H., N.M.H.

Loi cam on: Bai bao hoan thanh nhd vao két qua cia dé tai nghién ctru khoa hoc cép co so
ma s6 T23 - 41 duoc hd tro kinh phi tr Truong Pai hoc Mo Dia chat, Ha Noi: “Nghién cuu
ung dung phuong phdp Machine Learning vdi thuat toan Random Forest trong thanh 1ap
ban dd 16p pha bé mat”.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chép lgi ich trong nhom tac gia.
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Research on the potential of applying Random Forest algorithm
and Sentinel-2 to classify land cover in Quang Binh province on
the Google Colab platform
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Abstract: In the era of technology, Machine learning has gradually replaced traditional
methods in the field of remote sensing. One of the supervised machine learning algorithms
which has high accuracy in land cover classification is Random Forest. Besides, instead of
classifying images by commercial software, the cloud platform - Google Colab helps
optimize image processing with a massive variety of libraries and is especially appropriate
for machine learning methods. Thus, the article classified land cover using the Random
Forest algorithm on the Google Colab platform, a case study in Quang Binh province in
August 2022. Sentinel-2 image was chosen since it has a spatial resolution higher than
other free images. At the same time, a comparison was performed in two cases: (1) using
four image bands with 10m spatial resolution, (2) using four image bands with 10m spatial
resolution and NDVI, NDW!I, NDBI indices. The results with two approaches have an
overall accuracy higher than 90% and Kappa above 0,9, showing the feasibility of
Random Forest algorithm. Regarding accuracy, the second case has better results,
confirming that the use of spectral indices helps increase information and improve
classification results.
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