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Tom tit:

Sw ra doi cua cac phwong phap hoc may (cac thudt toan phan logi, phan manh hay cac
thudt todn t6i wu hoa) hé tro tw dong hoa qua trinh phan tich anh da tao tien dé cho viéc nang
cao dj chinh xdc trong theo doéi dién bién su thay doi trén bé mat trdi dat. Nghién civu nay sir
dung bo dir liéu mau EuroSat dé hudn luyén mot s0 bién thé mang EfficientNet, ung dung cho

phén loai 16p phii mat dat theo canh (scene-based classification). Két qua cho thdy do chinh
xac phan loagi cua Mang EfficientNet B3, B4, va B5 dat dwoc twong ung la 97,7%, 97,74%,
97,9% va moé hinh dwoc su dung déphdn loai mét sé loai hinh 16p phu cua mau thir nghiém tai

khu viee Dong bdc Bdc bé, Viét Nam. Sai s6 nay co thé do bé mau hudn luyén khong co mot )

logi hinh lop phu twong ung nhuw tai Viét Nam.

Tir khéa: Lép phit mat dat, Mang EfficientNet, Dit liéu vé tinh

1. Giéi thi¢u

Trong nhiing niam gan day phuong phap
hoc sau (deep learning - DL), mang no-ron sau
(deep neural network - DNN) ngay cang pho
bién nho vao kha nang vuot trdi trong viéc
nang cao do chinh xac cho cac bai toan xtr ly
dir ligu 16n (Wang, Wang, Zhang, Xiang, &
Pan, 2017). DL, DNN duogc xay dung trén co
so (1) ¢6 nhiéu lwong dit liéu hon dé huin
luyén cadc mo hinh, dac biét cho cac bai toan
phan loai can tap mau dé kiém dinh (2) kha
nang phan tich xu 1y dugc tang cuong, dac bi¢t
1a viéc st dung cac bd xur 1y d6 hoa (GPUs)
duoc toi uu cho viée giai quyét cac bai toan
song song hoa hay xur ly hiéu nang cao va (3)

su xuat hién cac thuat toan ning cao cho phép
DNNis giai quyét cac bai toan chuyén siu véi
nhiéu dau ra khac nhau, dan dén hiéu suit vuot
troi soi voi cac kién trac truyén thong. C6
nhiéu mé hinh hoc sau duoc xay dung, Gng
dung trong nhan dién hinh anh (thi giac may
tinh) hay phan loai 16p phu tir &nh v¢ tinh, anh
may bay hay UAV. Cac mo6 hinh EfficentNet
dugc xay dung va tht nghiém dem lai do
chinh x4c cao trong cac tap dit liéu mau khac
nhau. Nghién ctru nay thir nghiém va danh gia
kha ning tmg dung cic bién thé cia mang
EfficientNet trong phan loai 16p phu mat dét.
Trong do str dung bd dir liéu EuroSat (Helber,
Bischke, Dengel, & Borth, 2018) dé huén
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luyén mo hinh, sau d6 thtr nghiém tai khu vuc
bong bic Béc bo ciia Viét Nam.

2. Dir liéu va phuong phap

2.1. Dir ligu vé tinh

Bo dit licu EuroSAT dugc xay dung tu
cac anh vé tinh Sentinel-2 (Helber et al, 2018),
mot hé théng quan sat Trai Dat do Co quan Vil
try Chau Au (ESA) trién khai. Dit liéu tir vé
tinh Sentinel-2 cung cap thong tin vé mit dét
v6i do phan giai cao va da pho, cho phép nhan
dién va phan loai cac ddi tuong trén mat dat.
Dt liéu tur Sentinel-2 dugc str dung rong rai
cho nhiéu tmg dung nhu theo ddi méi truong,
quan ly tai nguyén, nong nghi¢p, va nhan dién
bién doi d4t dia. B dir liéu EuroSAT duoc tao

ra béng cach lya chon hinh anh tir Sentinel-2
bt duddan

va gan nhén cho ting loai dat dia dé tao thanh
mot tap dit liéu da dang va thach thuce cho cac
mo hinh nhan dang hinh anh. Bg dir li¢u bao
gdm 27.000 tim anh c6 toa do (kich thudc 64
X 64 pixels) voi 13 kénh phd (bd dir licu
Multiple spectrals) hoic bo RGB, bao gom 10
loai hinh 16p pht dugc gén nhan, thu thap tai
céc nude Chau au. Céc loai hinh cha yéu bao
gém Rimg, Cay trong hang nam, Pudng cao
tdc, Tham thuc vat than thao, Déng c6, Khu
dan cu, Song ngodi, Cong nghiép, Cay trong
lau nam va Mit nude (Bién/Hd). B dir lidu
nay da duoc sir dung trong nhiéu nghién ciru,
thir nghiém cédc md hinh phan loai 16p phu
khéac nhau (Pham & Bui, 2021; Tsagkatakis et
al., 2019).

Hinh 1: B¢ dir liéu Eurosat RGB voi 10 loai hinh [0p phu dwoc xac dinh. (Helber et al., 2018)

2.2. Cac mo6 hinh EfficientNet

EfficientNet 14 mot dong kién trac mang
no-ron noi tiéng trong linh vuc thi gidac may
tinh, dugc gidi thi€u qua bai bao (Tan & Le,
2019). Piém ndi bat cua EfficientNet 1a khai
niém "compound scaling," trong d6 déng thoi
tang kich thudc chiéu sau, chiéu rong, va do
phan giai cia md hinh dé dam bao hiéu suat
tbi wu. By carefully balancing these
dimensions, EfficientNet achieves better

performance while being more
computationally efficient than other CNN
architectures (Hoang & Jo, 2021; Punuri et al.,
2023). Véi cac bién thé tr BO dén B7,
EfficientNet cung cép su linh hoat cho viéc
chon lya mo hinh phu hop véi yéu cau tai
nguyén tinh todn va khong gian by nhd cua
mg dung cy thé. Cac phién ban nay di chimg
minh kha ndng Xudt sic trong nhiéu nhiém vy,
dac biét 1a nhan dang hinh anh. Vo1 hi¢u suét
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Nghién ciru - Ung dung

cao va kha ning thich tmg ddi voi diéu kién
tai nguyén da dang, EfficientNet da tré thanh
mot lya chon pho bién trong cong dong nghién
ctru va nganh coéng nghiép. Ung dung cua né
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khong chi giéi han trong thi gidc may tinh ma
con md rong sang nhiéu linh vuc khac nhau,
danh dau dong gop to 16n trong phat trién va
ung dung cua tri tu¢ nhan tao.
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Hinh 2: Cdu triic EfficientNet BO, cdc bién thé sau ndy mé rong tir phién ban B0 (Ahmed &
Sabab, 2021; Tan & Le, 2019). Cdc mang EfficientNet thuong dwoc hudn luyén trude sir dung
bé di liéu hinh anh sén cé. Cac tham s6 ciia mé hinh c6 thé duoc sir dung va duoc tinh chinh

(fine-tune) su dung EuroSat hodc cdc bo dir liéu khac

EfficientNet B0: La phién ban nhé nhét
cua EfficientNet. Thich hop cho c4c tmg dung
c6 tai nguyén han ché, vi du nhu trén thiét bi
di dong. EfficientNet B1: Tang kich thudc so
v6i BO dé cai thién do chinh x4c. Van giir
dugc tinh di dong va phu hop cho nhiéu tng
dung di dong. EfficientNet B2: Tiép tuc ting
kich thudc so véi B1. Thich hgp cho cac tng
dung yéu cau do chinh xac cao hon mt chut.
EfficientNet B3: Mot phién ban lon hon,
thich hop cho cac ung dung c6 kha nang tinh
todn va by nhd nang cao. EfficientNet B4-B7:
Céc bién thé nay tiép tuc ting kich thudc va
do phtric tap cia mo hinh, danh cho cac ung
dung do1 hoi do chinh xac cao va cé tai nguyén
tinh toan du. Vi ddi tuong cta nghién ctu 1a

3. Két qua va thao luan.

Vi 27.000 tAm anh EuroSat (loai RGB)
sir dung trong mé hinh, trong s6 d6 70% duoc

lwa chon ngau nhién dé huan luyén (18.900
tam), 15% dung dé hiéu chinh (4050 tim) va
15% con lai (khong tham gia trong qua trinh
huén luyén) ding dé dénh gia do chinh xac
phan loai mo hinh. Trong nghién ctru nay, cac
tham s6 cia mang EfficientNet duoc huin
luyén trudc (pre-trained) voi bd dir li€u
Imagenet (v6i hon 14 tri¢u tim anh ciia 1000
d6i tuong), EuroSat dugc sir dung trong qué
trinh huan luyén 16p phan loai cudi cing
(dense layer). Cac mé hinh dugc huin luyén
voi cac tham sb mic dinh va mot sé tham sé
dau vao khac nhu (1) Batchsize: 64, (2)
Learning rate: 0.001, (3) Epoch: 200, (4) thuat
toan t6i wu: Adam. (5) Ham muc tiéu:
"categorical crossentropy". Sau khi huédn
luyén cdc mo6 hinh dugc danh gid do chinh
xac, Kkét qua mo hinh B5 duoc thé hién trong
(bang 1). Do chinh x4c md hinh B5 dat dugc
cao nhét 97,9%.

38
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Bang 1: B$ chinh xdc phdn loai theo mé hinh EfficientNet B5. Tong sé canh sir dung dé ddanh
gid dg chinh xdc la 4050 (15%), chia déu cho 10 logi hinh I6p phi

D lién kiém tra (Reference data). Méi loai hinh 1&p phi bac gém 405 tim anh.
. Thim | : Cay
. |Céy trong| Dwimg . |Péng| Khu | Séng | Céng | rbng | Mat | Tong
Rimg ]'li;lg nim| cae tic thure vat cd |dincw| ngoi | nghiép| ldu mH;'rc hang
thin thio : -
nam

Rimg 401 0 0 0 0 0 0 1 3 0 405 | 0,990
Ciy trong 0 383 0 0 1 0 0 0 5 o | 391 |0.985
hing nim
E‘:”“g cao 0 2 401 1 3 0 0 0 0 0 | 407 |0985
Tham thec .
vit thin thio | 2 3 0 390 3 0 0 3 0 401 | 0,973
Ping cé 0 6 0 0 395 0 0 0 0 0 401 | 0,985
Khu din cu 0 0 3 0 0 | 402 D 3 0 0 410 [0,980
Séng ngoi 0 0 0 0 0 0 403 0 0 4 407 [ 0,990
Cing nghigp | 0 3 1 ] 2 3 D 397 3 0 417 [0,052
Ciy trongldu| 6 0 6 1 0 0 2 301 0 | 408 |0,958
nam
Mit nwric 0 0 0 0 0 0 2 D 0 401 | 403 [0,995
Ting ciit 405 405 405 405 405 | 405 | 405 | 405 | 405 | 405

0,99 093 0,99 09 | 098] 090 | 100 | 098 | 007 | 099 0,979

Thong thudng cac mo hinh hoc sau hi¢n
nay di dugc huin luyén sin v6i bd anh da
dang tir cac nguon khac nhau, sau d6 nguoi sir
dung vi chinh béng bo dir liéu muc tiéu.
Nghién ctru ndy sir dung cau trac mic dinh ciia
mang EfficientNet, sau d6 vi chinh tham sé six
dung bd dir liéu EuroSat. M6 hinh Efficient c6
thé dugc huan luyén tir dau (cac tham sé mo
hinh duoc khéi tao ngau nhién) véi bo dir lidu
vién tham su dung, tuy nhién viéc huén luyén
nay sé mét thém thoi gian. Bén canh d6, do
chinh xéc phan loai c6 thé duoc cai thién néu
tich hop thém cdc md hinh t6i wu trong lya
chon céc tham s6 nhu Dropout rate..., hoac tdi
wu ciu trac 16p dense layer. Bén canh do, do
chinh xac phan loai c6 thé ting thém néu sir
dung bo dit liéu EuroSat da phd (13 kénh phd).

Trong cac nghién ctru xay dung mo hinh
hoc sau phan loai 4nh vién tham, bo dir liéu
mau chuan, c6 kich thudc 16n déng vai tro
quan trong dé huan luyén mé hinh, nham nang

cao do chinh xac va kha nang nhan di¢n cac
loai hinh 16p phu da dang. Hién nay c6 nhiéu
bo dit liéu chuin duoc xay dung tai cac khu
vuc khac nhau trén thé gidi véi cac dic diém
dia 1y khac nhau, tuy nhién dir li¢u tai Viét
Nam hién con han ché, chu yéu 1a dit liéu tur
cac nghién ctru don 1¢, chua c6 bo dir liéu mau
thong nhét trén toan lanh tho. Trong nghién
clru ndy, bo dir liéu mau duoc xay dung tai
Chau au, do d6 mau dang co thé c6 sy khac
biét so véi mau dang cac dbi tuong tai Viét
nam (hinh dang, phan b6 cac ddi tuong trén bé
mit trai dat). Trong (hinh 3), két qua phan loai
tir mo hinh kha tuong dong véi két qua giai
doan bang mat. Tuy nhién c6 mot s6 han ché,
dic biét c6 mot sb mau ty 1é phan bd cua cac
ddi tuong kho co thé Iwa chon chinh xac ddi
tuong chi phéi ctia canh anh 14 gi. Thém vao
d6 cac khu dan cu tai khu vue mién nti thuong
¢6 dién tich nho, xen k& voi cac doi tuong
khac nén ciing kho dé phéan biét rd.

TAP CHI KHOA HOC PO PAC VA BAN PO SO 59-3/2024



Hinh 3: Két qua phan loai mot $6 mau tai Viét Nam st dung mo hinh EfficientNet BS, voi

nguon anh dau vao la Sentinel 2. Hang trén la két qua phan loai tir mé hinh, hang dwdi la két

qua giai doan
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4. Kétluan

Nghién ctru nay thtr nghiém cac mé hinh
EfficientNet trong phan loai anh vién tham
(scene-based classification) st dung bo dir
liéu chuan EuroSat (RGB). Két qua cho thay
d6 chinh xac sau khi huan luyén vi chinh (fine-
tuning) dat trén 97% cho ca 3 mo hinh. B§
chinh x4c c6 thé dugc cai thién néu cac tham
sO ctia mo hinh duoc vi chinh (fine tuning)
bang cac thuat toan tdi wu hoa, thay vi str dung
céc tham s6 mic dinh sdn c¢6 ctia mo hinh. Bén
canh d6 c6 thé tich hop cac bo dir liéu khac
nhau dé da dang hoa sb lugng mau phan loai
dai dién cho cac khu vuc dia 1y khac nhau.
Viéc tich hgp nay s€ nang cao tinh trng dung
cua mo hinh trong céc bai toan phan loai 16p
phu v6i quy mé rong 16n, véi dic diém 16p
phu da dang.O

Dir liéu sir dung: B dir liéu EuroSat
duoc tai tu https://github.com/phelber/eurosat

Loi cam on: Nghién ctru nay dugc tai trg
bdi Bo Khoa hoc va Cong ngh¢, Chuong trinh
phat trién khoa hoc co ban trong linh vuc hoa
hoc, khoa hoc su séng, khoa hoc trai dat va
khoa hoc bién giai doan 2017 - 2025. M4 s6
dé tai: PTDL.CN-42/23.
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Summary

Application of EfficientNet in surface coating classification

Pham Le Tuan, Dong Vu Ha, Bui Quang Thanh

University of Natural Sciences, Hanoi National University
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Department of Natural Resources and Environment of Ca Mau province

Do Thi Phuong Thao

Mine geological college

The emergence of machine learning methods, including classification algorithms,
segmentation techniques, and optimization algorithms, has significantly contributed to
automating the image analysis process and improved accuracies in monitoring changes on the
Earth's surface. In this study, the Euroset dataset was used to train various variants of
EfficientNet models, applied to scene-based classification of land cover. The results show that
the classification accuracy of EfficientNet B3, B4, and B5 reached respective values of 97.7%,
97.74%, 97.9%, and the models were used to classify several scenes in the Northeastern part of

Vietnam. Some miss-match occurred and it may be attributed to the training dataset lacking
certain land cover types that are prevalent in Vietnam.O

Keywords: Landcover, EfficientNet, Sattelite data
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