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NGHIEN CUU MQT SO PHUONG PHAP HQOC MAY TRONG
THANH LAP BAN PO LOP PHU BE MAT TINH CA MAU
TREN NEN TANG GOOGLE EARTH ENGINE
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Tom tat:

Trong bai bdo ndy, ching téi da xdy dung ban do 16p phu dat tinh Ca Mau, Viét Nam si
dung 3 phwong phdp phan loai khac nhau 1 ring ngdu nhién (RF), May véc to hé tro (SVM)
va Gradient boosting (Gboost). Khu vic nghién cizu 1a Ca Mau thugc Pong bang song Ciru
Long, Viét Nam. Anh vé tinh ding dé phan logi 1a dnh Sentinel-2 da thoi gian tir thang 1 dén
thang 12 ndam 2021. S6 anh giai doan nay sau khi logi bé may con lgi 17 anh. Phwong phdp loc
trung binh da dwoc sir dung dé tao ra mét hinh anh duy nhdt trong khodng thoi gian nay dé sir
dung cho phan logi. Cong cu dé thuc hién viéc phan loqi la neén tang Google Earth Engine. Cac
mau phan logi dioc lay dia trén ban do sir dung dat tinh Ca Mau nam 2014 va anh Google
Earth. Sé lirong mau ldy dé phan logi cho ca 3 phirong phép 1a gan 4000 pixel va sé liong mau
dé danh gid dé chinh xac 1a 3000 pixel. Sai s6 tong thé (OA) ciia SVM 1a 79,5%, hé sé Kappa
la 0,72 trong khi phuong phap Gboost dat 85,6% voi Kappa la 0,79 va RF c6 OA 1a 86,5%,
Kappa dat 0,81. Anh phan logi theo phwong phdp RF ¢6 dé chinh xac cao nhdt da dwoc chon
dé xay dung ban do 16p phi bé mat ty 1é 1:50.000 cua tinh Ca Mau.

Tur khoa: Lép pha bé mat, RF, SVM, Gboost, Ca Mau, GEE.

1. Giéi thiéu bién dién ra nghiém trong. Chinh vi vay, quy
Ca mau 1a mot tinh ndm & cuc Nam caa  hoach dét nong nghiép ciing phii thay déi cho
T6 quéc véi ba mat gidp bién. Trong nhiing  Phu hop va thich ang véi tinh hinh bien doi
nam gin day, do bién ddi khi hau va nuéc bién  khi h@“; Hié’n nay, cdng ngh¢ vien tham da tré
dang, tinh trang sut 1un, x6i & bd song, be  Nén pho bien va gilp cac nha khoa hoc xay
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dung céc loai hinh sir dung dat, tham pha, quy
hoach hay cac linh vuc khac mot cach dé dang.
Dé co thé xay dyung duoc cac loai ban dd nay,
diéu quan trong nhét l1a thuat toan phan loai
phuc vu cho viéc tach céac 16p dix liéu sur dung
dat khac nhau. Trong nhitng nim gan day, cac
phuong phap hoc may di tré nén phé bién va
chung da duoc chiing minh la c6 kha nang va
c6 d6 chinh xac tét. Mot trong nhiing thuat
toan hoc may dau tién can duoc ké tén 1a rirng
ngau nhién (RF) [1]. Su phé bién cua thuat
toan nay 1a né c6 thé dugc st dung cho ca muc
dich phan loai va hoi quy, do d6 c6 thé duoc
sir dung Vi cac bién phan loai va lién tuc. Do
tinh linh hoat nay, RF da duoc su dung trong
nhiéu nganh khoa hoc Trai dat. Cac ung dung
bao gém mé hinh hda 16p pha ring [2], thanh
lap ban db st dung dat [3], ban db 16p phu dat
[4] va lap ban d 16p phu sir dung dat bang két
hop giita hoc déng bo cia RF va phan loai
huéng dbi twong [5].

Phuong phap phan loai My vector ho tro
(SVM) la mét thuat toan hoc may dua trén ly
thuyét hoc thng ké da duoc sir dung rong rai
trong cong dong vién tham. Ching dudng nhu
hoat dong t6t hon hau hét cac bo phan loai thong
thuong [6], [7], [8]. Hon nita, SVM tham chi con
vuot troi so véi mot sé phuong phap nhan dang
mau méi, chang han nhu mang no ron [6], [9].
Trong nghién ctru caa Foody va Mathur da khang
dinh viéc lya chon mau trong phan loai SVM la
mot Viéc quan trong s& anh huong dén do chinh
xac phan loai [9].

Phuong phap Gradient boosting (Gboost)
la mot thuat toan lan dau tién duoc md ta bai
Schapire, 1999 [10], thuat toan nay co thé
duoc hiéu 1a mot thuat toan tdi uu hoa trén mot
ham chi phi phu hgp. Mgt trong nhitng ung
dung vién tham trén co s cai tién Gboost 13
XGBoost dugc thuc hién bai [10] sir dung téi

wu hoa tham s6 Bayes trén dir liéu
WorldView-3 c6 d6 phan giai rat cao. Ho nhan
thdy rang Xgboost vuot tréi hon SVM 0,3%.
Xgboost ciing dugc phat hién 1a tét hon mot
chat so véi RF 0,2% trong mot nghién cau
phan loai LULC sé&u 16p gan day st dung dit
liéu co do phén giai cao tir RapidEye [11].

Ba phuong phap hoc may nay déu cho do
chinh xéc kh tét theo nhu cac bai bao da khao
sat ¢ trén. Tuy nhién, khu vuc nghién ctu la
khu vire kha phic tap do ¢6 nhiéu kiéu tham
thuc vat va thay doi theo mua. Vi vay, nghién
ctru nay mudn so sanh kha nang phan loai cua
ba thuat toan hoc may phd bién RF, SVM va
GBoost dé thanh lap ban do 16p phu dat cho
khu vgc nghién cau Ca Mau, Viét Nam st
dung anh Sentinel-2.

Gan day voi sy ra mat cia Google Earth
Engine (GEE) - mot nén tang dién todn dam
may dé phan tich khong gian dia ly, gidp dé
dang truy cap cac tai nguyén tinh toan hiéu
Suit cao dé xtr ly dir liéu vé tinh da thoi gian
truc tuyén [12]. Tinh sin c6 cua dit liéu anh vé
tinh va cac cong cu xt ly anh trén GEE cho
phép nguoi ding c6 thé thyc hién cac thuat
toan hoc may nhu RF, SVM hay Gboost mot
cach nhanh chéng. Muc tiéu chinh caa bai bao
la ung dung c&c ngudn anh trén GEE nhu
Sentinel-2 va cac thuat toan sin da dé cap ¢
trén dé phan loai 16p phu khu vuc Ca Mau
phuc vu thanh 13p ban 6 16p phi bé mit.

2. Khu vuc va dir liéu nghién ciru

2.1. Khu vec nghién ciu

Tinh Ca Mau 1a ving dat tan cuing caa T6
qudc véi 3 mat giap bién, c6 vi tri dia ly: Phia
Dong giap Bién Dong véi bo bién dai 107 km.
Phia Tay va Nam gidp Vinh Thai Lan véi bo
bién dai 147 km. Béc giap tinh Bac Liéu va
tinh Kién Giang. Ca Mau 13 ving dat triing,
thuong xuyén bi ngap lut. Ca Mau c6 5 nhom
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dat chinh gdm: dat phén, dat than bln, dat pha
sa, ¢4t man va dat kénh rach.
(Cong thong tin dién tar Ca Mau).

(@)

Hinh 1: (a) V; tri Ca Mau ¢ Viét Nam; (b) Té
hop mau gid cia hinh dnh Sentinel-2 trén nén
tang dién toan dam may Google Earth Engine

2.2. Anh vé tinh

Pé thanh 1ap ban d6 16p phua dat, ching toi
da chon anh Sentinel-2. Sentinel-2 1a mot vé
tinh da phd, hd trg cac nghién ciru giam sat dat
dai cua Copernicus, bao gom giam sat tham
thuc vat, 16p pha dit va nuéc. Hinh anh
Sentinel-2 c6 d6 phan giai khdng gian 1a 10 m
va 20 m véi chu ky lap lai 1a 12 ngay. Thoi
gian thu thap hinh anh Ia tir thang 1 nam 2021
dén thang 12 nam 2021.

3. Phuwong phap nghién ciu

3.1. Mdy véc to hé trg (SVM)

May vecto hd trg (SVM) lan dau tién
dugc mé ta trong [13] dua trén cbng trinh cia
Vapnik (1982) va la mét ky thuat hoc c6 gidm
sat thuong duoc sir dung trong nhiéu tmg dung
vién tham. Thuat todn SVM tim ra su giam
thiéu t6i wu, tac 1a ranh giéi quyét dinh, cua
cac dau ra caa bo phan loai rd rang trong mot
khong gian bai toan. Ranh gisi quyét dinh nay
duoc goi 1a mot siéu phang va né phan tach
van dé& phan loai thanh mét tap hop cac 16p
duoc xac dinh trudc phi hop voi dit liéu huan
luyén. Thuat toan trai qua mot quy trinh lip dé
tim ranh gidi siéu phing téi wu trong khong
gian bo phan loai n chiéu dé phan biét cac mau

trong dit liéu huan luyén, sau d6 ap dung cau
hinh tuong tu cho mét tap hop dir liéu danh
gia riéng biét. Cac kich thudc trong ngir canh
nay la sé dai quang phd va cac vecto 1a cac
pixel riéng Ié trong tap hop nhiéu kénh. C6 cac
nhan khac nhau ma qua d6 ranh gigi siéu
phang c6 thé duoc xac dinh. C6 thé tim thay
mo ta toan hoc chi tiét vé thuat toan nay trong
Cortes va Vapnik (1995) [13].

3.2. Rirng ngdu nhién (RF)

Rung ngau nhién 1a mot thuat toan bao
gom nhiéu cay quyét dinh don 1é hoat dong
giong nhu cac higp hoi. Mdi cay riéng lé trong
Rung ngau nhién dua ra du doan vé 16p va lop
c6 nhiéu phiéu binh chon nhét sé tré thanh duy
doan ctia mo hinh d6 (Hinh 2a) [14], [15].

Nhu tén goi cua nd, Random Forest (RF)
dua trén: (1) Random nghia 1a Tinh ngau
nhién; (2) Rung twong (ng voi nhiéu cay
quyét dinh.

Pon vi cua RF la thuat toan cay quyét
dinh véi hang tram cay. Mdi cly quyét dinh
duoc tao ngau nhién tir Iy mau ngau nhién va
chi str dung mét phan nho céc tinh nang ngau
nhién tir tit ca cac bién trong dit liéu. Rung
ngau nhién khi thuc hién tai mdi lan tach cay,
md hinh chi xem xét mot tap hop con nhoé cua
cac ddi twong hon 13 tat ca cac dbi tuong cua
mo hinh.

Hinh 2: (a) So do hinh thanh RF (Céc cay
deoc b6 tri song song), (b) Sor do hinh thanh
Gboost (Cac cay dwoC bo tri mét cach tuan tu)

3.3. Phwong phap Gboost
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Y tuéng co ban cia phuong phap Tang
cuong d6 déc (GBoost) 1a tao ra mot loat cac
mé hinh yéu hoc céch bd sung cho nhau. N6i
cach khac, trong Boosting, cac md hinh sau sé
¢b gang hoc héi dé han ché nhiing sai lam cua
cac mo hinh trudc (dir liéu ma mé hinh trudc
dy doan sai), viéc nay tao thanh mot chudi cac
md hinh ma céi sau s& tét hon céi trudc boi
trong sé dwoc cap nhat qua mdi mé hinh (cu
thé ¢ day 1a trong s6 cua nhiing di liéu du
doan dtng s& khong ddi, con trong sb cua
nhiing dir liéu dy doan sai s€ dugc tang thém).
Chung ta sé lay két qua cia mé hinh cudi cling
trong chudi md hinh nay lam két qua tra vé.
Hinh 2(b) m6 ta phuong phap Gboost voi
chudi cac mé hinh tuan ty. Chi tiét thuat toan
Gboost duogc trinh bay trong nghién ctru [16].

L fome o e
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Hinh 3: Giao di¢n viét code thuc thi Iénh cua
GEE

3.4. CONg cu va cdc buwoc

Cong cu dugc st dung trong nghién ctru
nay la Google Earth Engine (GEE). GEE hoat
d6ng thdng qua giao dién truc tuyén ng dung
JavaScript (API) hoac Python dugc goi la
trinh chinh stira m&. Trén giao dién nay, nguoi
dung cd thé viét va chay céc tap lénh dé chia
sé va lap lai cac quy trinh xur ly va phan tich
dir liéu khong gian dia ly. Code Editor giup
ngudi dung thuc hién tat ca cac chirc ning c6
trong Earth Engine. Dit liéu dau vao cd thé
khai thac truc tiép trén cac trang WEB dit liéu

ma khdng can tai xubng may tinh[14]. Hinh 3
la giao dién cua GEE.

Dé tién hanh phan loai anh trén GEE can
trai qua mot sé budc co ban [14]. Sir dung
ngbn ngtr lap trinh Javascript, ching t6i da xu
ly dit liéu theo lwu dd (Hinh 4) dé dua ra ba
cach phan loai cho khu vuc Ca Mau.

Déi voi phan loai anh thi mau phan loai
can dugc lua chon rat can than. Mau trong
nghién ciru nay l4y trén ban dd sir dung dat ty
I¢ 1:50.000 nam 2014 va anh google Earth.
Céc kénh anh duoc sir dung dé phan loai 13
Kénh 1 d¢én Kénh 8 va NDVI. Chiing toi da
Iya chon 3 phuong phap phan loai la SVM, RF
va GBoost. Ca ba phuong phap déu c6 thé sir
dung cuing mot bd mau dé phan loai va danh
gia do chinh xac nén bo mau nay duoc lay
cuing nhau. Gan 3.386 pixel duogc lay mau cho
6 16p khac nhau bao gom: nuéc trong (bao
gom nudc bién va séng 1on), nudc duc (gom
nuéc ao hd va nudc bién gan bo), ring, dat
laa, d4t nudi tréng thuy san, dat do thi va 3.000
pixel dugc ldy mau dé danh gia do chinh xéac
cua 3 phuong phap phan loali.

4. Két qua va thao luan

Theo so d6 xt ly anh Hinh 4, két qua phan
loai khu vuc Ca Mau tir ba phuong phap duoc
thé hién trong Hinh 5. Cac bang 1, 2 va 3 trinh
bay két qua danh gia do chinh xac cho ba
phuong phap. Két qua cho thay véi 3 phuong
phap phan loai duoc lya chon thi RF va
GBoost déu cho d6 chinh xac tét hon so véi
SVM. Bang 1, 2 va 3 thé hién két qua danh gia
d6 chinh xac bao gdbm ma tran sai s, sai s6
tong thé (OA), hé sé Kappa, do chinh xac cua
Nguoi s dung (UA) va d6 chinh x&c cua Nha
san xuat (PA). Véi 16p ring, ca hai phuong
phap RF va GBoost déu co do chinh xac phan
loai cao hon so vai SVM. Nhin vao ma tran
nham 1an ching ta dé dang nhan thiy kha ning
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tach Rung vai 16p Rudng lda cua SVM kém
hon rat nhiéu khi c6 ti 433 pixel bi 1an vao
I6p Rudng l0a trong khi vai 2 phuong phéap
con lai chi la 206 pixel véi Gboost va 199
pixel véi RF. Bdi véi 16p nudi trong thay san,
ca ba phuong phap déu co sai sé twong tu
nhau. Khu vuc nghién ciru 1a ving dat triing
v6i nhiéu dam nudi tém nén khd phan biét
gitra ruong nudi tbm va rudng laa nudc, vi
vay, dé dang nhan thiy véi ca 3 cach phan loai
nay, su nham Ian gitta ruong nudi tdm va
ruong lua nudc van kha cao. Tuong tu ddi voi
cac 16p nudi trdng thuy san, khu virc Ca Mau
c6 dat do thi khong nhiéu, cha yéu xen 1an véi
dat trong trot nén viéc phan loai ciing c¢6 su
nham 13n véi céac 16p khac. Gia tri UA cua d6

Dit liéu Sentinel-2 | |

v

Lua chon khu wire nghién
ctru (AOI)

i

Nhap anh

i

Loc anh ¢6 d phu may nhé hon 10%

thi nho hon 40% cho ca ba phuong phap, diéu
nay cho thdy kha ning phan loai khu vuc d6
thi khi 13n nhiéu thuc pha van con 1a mot van
dé dang quan tam.

Sai s tong thé (OA) cua SVM 1a 79,5%,
hé sb kappa 1a 0,72 trong khi phuong phap
Gboost dat 85,6% va Kappa: 0,79 va RF cé
OA: 86,5% va Kappa: 0,81.

Qua cac danh gia trén, két qua phan loai
tir RF duoc chon vi ¢6 sai 6 tong thé OA va
hé s Kappa cao nhat. Két hop voi diéu tra
thuc dia, chung t6i di thanh 1ap dugc ban dd
tham pha tinh Ca Mau trén phan mém ArcGIS
10.4 (Hinh 6).

Tinh toan chi s6 NDVI va sit dung nhu
mdt band anh dé phuc vu phén loai

v

Chon mau va tién hanh phén loai anh

A4
Panh gia do chinh xac

v

Xuit két qua ra Google Driver

v
Thénh 1ap ban db trén ArcGIS

Hinh 4: Luru d6 xit Iy anh phuc v phan logi anh trén GEE

Hinh 5: (a) Phan logi SVM, (b) Phan loqi RF, (c) Phan loai Gboost
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Bdng 1: B¢ chinh x4c ciia phan logi bang SVM

Po chinh xéc Ma tran nham lan
Céc 16p hoc Nuéc | Nudc Ring | Ruéng lta | Dat nudi | D6 thi
UA | PA trong | duc trong
(%) | (%) thuy san
Nuéctrong | 89,6 | 95,2 Nudc 640 0 0 0 32 0
trong
Nudc duc 99,7 | 88,9 Nudc duc 43 401 0 0 2 5
Rung 999 | 75.2 Rung 0 0 1319 433 0 1
Rudng lua 31,7 | 99,6 Rudng lda 0 0 1 254 0 0
Dét nudi 80,9 | 47,6 Dt nudi 22 1 0 112 174 56
tréng thay tréng thay
san san
Do thi 34,0 | 66.6 Do thi 9 0 0 0 7 32
Do chinh xac tong thé: 79,5% va Kappa: 0,72

Bang 2: ¢ chinh xac cia phan logi bang GBoost véi 300 cay

Po chinh xéc Ma trian nham Iin

Cac lop phan Nudc Nudc Rung Ruong D{it nubi Do thi
loai UA PA trong duc lda trong

(%) (%) thiy san
Nudc trong 88.3 96,8 | Nudc trong 651 0 0 0 21 0
Nuéc duc 98,6 83.1 | Nudc duc 67 375 0 0 7 2
Rung 98,9 86,6 Rung 0 0 1542 206 1 41
Rudng lia 45.3 97,6 | Rudng lda 0 0 6 249 0 0
Dat nuoi 814 | 493 | Datnuoitrong | 19 5 11 94 180 56
trong thuiy san thuy san
b6 thi 36,7 75,0 | Do thi 0 0 0 0 12 36

Do chinh x4c tdng thé: 85,6% va Kappa: 0,79

Bang 3: P¢ chinh xac cia phan logi bang RF véi 300 cay
Pd chinh xéac Ma tran nham In
Dat nuoi
Céac lop phan | UA PA Nudc Nudc Ruong trong
; Ru . huy sa D6 thi

loai (%) (%) trong duc g 10a thuy san 0 thi
Nudc trong 913 956 Nudc trong 643 0 0 0 29 0
Nuéde duc 99,7 88,4 Nuéde duc 43 399 0 1 7 1
Rung 99,8 88,8 Rung 0 0 1558 190 1 4
Ruong lua 45.2 99,2 | Rudng lua 0 0 2 253 0 0
Dat nuoi Dét nudi trong
trong thuy san | 78,4 48,7 | thuy san 18 1 0 115 178 53
b6 thi 38.3 75,0 | D6 thi 0 0 0 0 12 36

Do chinh xac tong thé: 86,5% va Kappa: 0,81
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Hinh 6: Ban do 16p phi bé mat tinh Ca Mau

5. Két luan

Qua sir dung anh vé tinh Sentinel-2 dé xay
dung ban d6 16p pha bé mit khu vuc tinh Ca
Mau, Viét Nam, ching t6i nhan thiy anh
Sentinel-2 c6 d6 phan giai khé tot dé c6 thé
xay dung ban db 16p phu ty 1¢ 1:50.000.

Trong ba phuong phap phan loai anh
duoc lua chon la SVM, GBoost va RF thi
phuong phap GBoost va RF cho d6 chinh
X4C gan nhu nhau nhung RF ¢6 d¢ chinh xac
nhinh hon mot chut véi OA la 86.5% va
Kappa l1a 0.81. SVM la phuong phéap c6 d6
chinh xac thap nhat trong 3 phuong phap va
dac biét vai phuong phap nay, do phan biét
gitra hai d6i twong giéng nhau la ring va
ruong laa kém hon nhiéu so véi phuong
phép RF va Gboost.O

Lol cam on

Nhom nghién cttu chan thanh cam on su
hd tro vé mit tai chinh tir dé tai Nghién ctu
khoa hoc cua Bo Giao duc va Dao tao Viét
Nam, mi s6: B2022-MDA-13.
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Research on machine learning methods for land cover mapping of Ca Mau province

using Google Earth Engine
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In this paper, we present a land cover map of Ca Mau province in Vietnam, which was
generated using three different classification methods: Random forest (RF), Support
Vector Machine (SVM), and Gradient Boost (Gboost). The study area is a lowland region
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with complex land cover in the Mekong Delta. To create the map, we used multi-temporal
Sentinel-2 satellite images from January to December 2021, with 17 images remaining
after cloud removal. A mean filtering method was employed to generate a single image
for classification. The Google Earth Engine platform was used to perform the
classifications, with sample data drawn from the 2014 land use map of Ca Mau province
and Google Earth images. We collected nearly 4000 pixels for classification for all three
methods, with an additional 3000 pixels used to evaluate accuracy. The SVM method
produced an overall error (OA) of 79.5% and a kappa coefficient of 0.72, while the Gboost
method achieved 85.6% accuracy with a Kappa of 0.79. The RF method had the highest
accuracy, with an OA of 86.5% and Kappa of 0.81. We selected the land cover map
generated by the RF method using the most accurate image for a scale of 1:50.000.0O

Keywords: Land cover, RF, SVM, Gboost, Camau, GEE.
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Effects of satellite attitude on PPP accuracy when using code products
Nguyen Ngoc Lau
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The product package of CODE supports PPP-AR GPS+GALILEO with satellite orbit every
5 minutes and satellite attitude every 15 minutes. However, these products do not give us the
best PPP accuracy [18]. To find out if this problem is caused by satellite attitude, we used PPP
to process 90 days of data from January 1, 2022, to March 31, 2022, for 4 permanent GNSS
stations in Southeast Asia according to 2 options to replace the CODE satellite attitude file:
using the nominal satellite attitude and using the GFZ's satellite attitude file with an interval of
30 seconds. The results show that the PPP accuracy of the two options is the same, and the
improvement when using the CODE satellite attitude file is (12, 27, 8)%, respectively, in the
North, East and Elevation components. Accuracy is also similar to when using CNES products.
Therefore, we conclude that using satellite attitude files with an interval of 15 minutes is
inappropriate because it reduces the accuracy of PPP.O

Keywords: ITRF2014, ITRF2020, PPP, CORS, Vietnam.
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