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TOM TAT

Phdn lop anh da nhan la mot trong nhitng tac vu quan trong va thach thiec trong thi giac may
tinh. Trong bdi bdo nay, mét phwong phdp phdn 16p anh da nhén dwoc dé xudt dwa trén mang tich
chdp do thi hiedmg dén viéc khai thdc moi quan hé gitta cdc nhan I6p trong tdp diF liéu va giita cdc
doi tuong trong danh nham ndng cao do chinh xac. Pau tién, ndi dung hinh anh duoc hoc biéu dién
bang mang no-ron tich chdp (CNN — Convolutional Neural Network) va mang tich chdp do thi (GCN
— Graph Convolutional Network) dira trén do thi ngit canh (scene graph) ciia anh. Sau dé, do thi mé
ta sy phu thudc gitra cac nhan doi tuwong trong tdp dir lieu duoc xdy dung lam co so cho viéc hoc
cdc bé phan 16p cho cdc nhan bang cach sir dung GCN, tir d6, dp dung cdc bg phdn 16p nay cho ddic
trung dnh dé tao ra cac gid tri nhan lop dy dodn. Cuéi cung, toan bg mang duoc hudn luyén sir dung
cach phan 16p da nhin truyén thong. Thiee nghiém dwoc xdy dung va danh gid trén tdp dir liéu la
phan giao giita tdp Visual Genome va MS COCO. Két qua thire nghiém cho thdy phwong phdp dé
xudt la hiéu qua va vieot tréi hon mét sé cong trinh di cong bo gan day.

Tir khoa: convolutional neural network; graph convolutional network; label graph;
multi-label image classification; scene graph

1.  Giéi thiéu

Hinh anh trong cac tmg dung thyuc thé thudng miéu ta nhiéu déi twong va ngir canh
phtrc tap, phan 16p anh da nhan (multi-lable image classification) 1a viéc du doan tap nhan
tuong ung voi cac ddi tuong, thudc tinh hodc céac thuc thé khac co trong anh dau vao
(Lanchantin, Wang, Ordonez, & Qi, 2021). M6t vi du vé bai toan phan I6p anh da nhin nhu
& Hinh 1, ddu vao 1a anh x, can du doan tap cac nhan {yy,y,, ..., y.},y; € {0,1}. Bai toan
nay c6 nhiéu tng dung trong cac linh vuc nhu: xac nhin cic chan doan y khoa (Ge,
Mahapatra, Sedai, Garnavi, & Chakravorty, 2018), nhan dang thanh toan ban 1¢ (Wei, Cui,
Yang, Wang, & Liu, 2019)...

Cite this article as: Nguyen Van Thinh, Tran Van Lang, & Van The Thanh (2023). A multi-label image
classification method based on convolutional neural network. Ho Chi Minh City University of Education Journal
of Science, 20(5), 831-841.

831


https://journal.hcmue.edu.vn/
https://doi.org/10.54607/hcmue.js.20.5.3644(2023)

Tap chi Khoa hoc Trwéng BPHSP TPHCM Nguyén Vin Thinh va tgk

Tap nhéin dau ra ciia mot hinh anh thuong c6 ciu triic phan anh mdi lién hé tu nhién
trong thé gi6i thuc. Vi du, c4 heo hiém khi cting xuét hién véi c6 trong mot hinh anh, trong
khi con dao s& xuét hién bén canh mot cai nia véi kha nang rat cao (Lanchantin et al., 2021).
Do d6, dé c6 mo hinh phan 16p hiéu qua ngoai viéc trich xut dic trung tot dé du doan cac
nhén 16p ctia anh, cin phai khai thac duoc cac mobi quan hé phtrc tap va phu thudc 1dn nhau
gitra dac trung anh vdi nhan 16p, va gitta cac nhan 16p véi nhau.

Ngay nay, do thi ngit canh (scene graph) (Lu, Xiong, Parikh, & Socher, 2017) di tr&
nén pho bién trong viéc biéu dién ngit nghia vé ngit canh va mdi quan hé giira cac dbi tugng
mot cach chinh xéc va hi¢u qua. Bén canh d6, GCN Ia sy m¢ rong cua CNN dé téng hop
thong tin tir dit lidu cdu triic db thi di cho thay tinh hidu qua trong viéc khai thac mdi quan
hé giita cac ddi tuong va nhan dugc sy quan tim ngiy cang ting clia cac nhom nghién ciru
(Zhang, Tong, Xu, & Maciejewski, 2019). Do do, trong bai bao nay, mot phuong phap phan
16p anh da nhan duoc dé xuét dua trén dd thi va mang GCN dé biéu dién giau nglrt nghia vé
mdi quan hé giita cac ddi tuong trong anh, giita cac nhan 16p trong tap dir liéu ciing nhur syr
phu thudc giita chung nham nang cao d6 chinh xac. Pong gop chinh ciia bai bao gom: (1)
trich xuét do thi nglt canh cua hinh anh va hoc biéu dién dd thi béng mang tich chép dd thi
nham khai thac ddc diém va mdi quan hé ngit nghia ciia cac ddi twong trong anh; (2) dé xuét
mo hinh phén 16p anh da nhén dya trén mang tich chap d6 thi; (3) xay dung tmg dung thuc
nghiém dya trén mo hinh va thuat toan dé xut.
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Hinh 1. Minh hoa mé minh phdn 16p anh da nhan

Cé&c cong trinh lién quan

C6 nhiéu phuong phap phan 16p anh da nhin da dugc nhiéu nhom tic gia quan tim
nghién ctru va cong bo trong nhitng nam gan day nhu: phan 16p anh da nhan sir dung khung
CNN-RNN (Wang et al., 2016), phan 16p anh sir dung d6 thi tri thire (Marino, Salakhutdinov,
& Gupta, 2016), cac phuong phap phan 16p anh da nhin sir dung thuat giai di truyén
(Gongalves, Freitas, & Plastino, 2018), phan 16p anh da nhan s dung mang hoc sau ban giam
sat (Cevikalp, Benligiray, & Gerek, 2020), hoc su déng xuét hién ctia nhin voi mang tich chap
6 thi cho phan loai anh X-quang phdi nhiéu nhan (Chen, Li, Lu, Yu, & Zhang, 2020)...

Feng Zhu va cong sy (2017) (Zhu, Li, Ouyang, Yu, & Wang, 2017) da gioi thiéu
phuong phéap phan 16p anh da nhan dya trén mang no-ron hoc sau bang cach dé xuit mang
SRN (Spatial Regularization Network) phat sinh ra cac ban db dic trung troi (attention maps)
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cho céc nhan 16p trong anh, tir d6 két hop véi dic trung anh trich xuat tir mang tich chép
ResNet-101 dé lam dau vao cho viéc huin luyén mé hinh phan 16p, toan bd mang c6 thé
huén luyén tir dau dén cudi (end-to-end). Tuy nhién, cong trinh niy c6 han ché 14 chi khai
thac mdi quan hé giira cac ddi tugng trong anh ma bé qua mbi quan hé giita cac nhan 16p
trong tap dir li¢u anh. Bén canh do, viéc st dung dac trung mirc anh thay vi muc vung cling
lam giam tdc d6 va do chinh xac.

Zhao-Min Chen va cong su (2019) (Chen, Wei, Wang, & Guo, 2019) da xay dung mot
mo hinh phan 16p anh da nhin dya trén d6 thi c6 hudng biéu dién su phu thudc giira cac
nhan trong tap dir li€u, sau do, mot mang tich chap dd thi duoc sir dung dé hoc cac bd phan
16p cho céc nhan 16p cua anh. Cac bo phan 16p nay ap dung cho déc trung anh dugc trich
xuit bang mang CNN nham huén luyén mang theo phwong phap hoc c6 giam sat dé dy doan
tap phéan 16p anh dau vao. M6 hinh nay c6 nhuoc diém 14 chua tan dung duoc mbi quan hé
ngit nghia gitra cac ddi tuong noi tai trong timg hinh anh dé biéu dién dic trung hinh anh
day du ngit nghia nham tang do chinh xac.

Ya Wang va cong su (2020) di dé xuat phuong phap phan loai anh nhiéu nhén bang
cach xép chong do thi nhan (label graph). Mbi twong quan giita cac nhan duge mé ta bang
cach xép chdng d6 thi nhén (dwoc xdy dung tir thong tin thong ké dong xudt hién nhan da
biét), tir do céc 16p tich chép dd thi duoc st dung dé tao ra cac embedding cho nhan. Bai bao
nay c6 nhugc diém la chua khai thac mdi quan hé tuong tac giita cac dbi tugng trong anh dé
biéu dién ddc trung anh day du va chinh xac hon vé ngit nghia.

Tir cac cong trinh di cong bd cho thdy bai toan phan 16p anh da nhin c¢6 nhiéu sy quan
tdm cua cac nhom tac gid. Hon nita, vi¢c ap dung dd thi dé biéu dién hinh anh, st dung mang
tich chap d6 thi (GCN) dé hoc biéu dién d6 thi gitip nang cao hiéu qua cho phéan 16p anh
(Milewski, Moens, & Calixto, 2020; Yang, Tang, Zhang, & Cai, 2019). Trén co s& ké thira
tir cac cong trinh da c6 va khic phuc nhimng han ché ctia cac phuong phép lién quan da cong
b6, dong thoi tao ra mot hé phan 16p anh hidu qua, mot phuong phép phan 16p anh da nhin
dua trén dd thi va mang tich chap dd thi duoc dé xuit nham nang cao dg chinh x4c.

2.  Phwong phap nghién ciru
2.1. Phwong phdp dé xuit

Mo hinh téng quat ctia phuwong phap phan 16p anh da nhan d& xuat nhu & Hinh 2,
gdm 3 phan chinh. M6t 1a hoc biéu dién hinh anh bang mang no-ron tich chap va mang tich
chap dd thi dua trén dd thi nglr canh nham tao ra véc-to dac trung mo ta ndi dung hinh anh.
Hai 1a xay dyng dd thi tir cac nhan dbi tuong trong tap dit liéu anh dé biéu dién sy phu thude
giita chung, tir 6 hoc cc bd phan 16p cho cc nhin twong tng bang mang tich chap db thi.
Ba 1 huén luyén mang sir dung phuong phap phéan 16p da nhin truyén théng. Cac bude xir
1y chinh trong mé hinh d& xu4t gdm: hoc biéu dién hinh anh, xdy dung d thi nhan va hoc
b6 phan 16p cho cac nhan, huin luyén mang phén 16p da nhan.
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Hinh 2. Mé hinh tong qudt ciia phirong phép dé xudt

Trong Hinh 2, cac nhin d6i twong (label) duoc biéu dién bai cac word embeding
Z € R*? (C 1a s6 phan 16p cua tap dir liéu va d 1a sé chiéu cua véc-to word embedding).
Dd thi c6 hudng (label graph) duoc xay dung tir cac biéu didn caa cac nhan nay, mdi dinh
biéu dién cho mét nhian. GCN duoc hoc dé anh xa d6 thi nhdn nay thanh tap céc bo phan 16p
dbi twong phu thugc 1an nhau, nghia 1a W € RE*P,

standing isbehind — man

l

jumping over
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o D0 thi ngi canh

Do thi nglr canh 1a mét cau tric dir liu mo ta ndi dung cuia mot ngit canh. No6 1a sy
biéu dién dudi dang cau truc cua mot nglr canh ma c6 thé mod td mot cach tuong minh cac

Hinh 3. M4t vi du vé do thi ngir canh trong tap Visual Genome
2.2.1. Gidi thiéu do thi ngir canh va mang tich chdp do thi

dbi tuong, thudc tinh va mdi quan hé gitra cac d6i tuong trong ngit canh d6. Mot d6 thi ngir

canh bao gom cac dinh la cac doi tugng trong anh, va cac canh bi€u dien moi quan hé gitra
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cac ddi tuong nay (Johnson et al., 2015). B thi ngit canh dugc ing dung nhiéu trong cac
tac vu thudc linh vyuc thi gidc may tinh nhu phan 16p anh (Image Classification), tim kiém
anh (Image Retrieval), chu thich anh (Image Captioning)... (Maheshwari, Chaudhry, &
Vinay, 2021). Hinh 3 minh hoa mot d6 thi ngir canh twong tmg mot ngit canh trong tap dir
liéu Visual Genome. Trong d6 objects 13 cac d6i twong, attributes & cac thudc tinh cta ddi
tuong, relationships 1 cac mdi quan hé giira cac d6i tuong.

Trong bai bao nay, cAu truc do thi ngit canh cda hinh anh dugc dé xuét 1a mot dd thi
c6 huéng nhu sau:

M&i anh [ c6 mdt d6 thi ngit canh 13 mot bd G = (V, E), trong d6 V va E 1an luot 1a tap
dinh va tap canh. C6 3 loai dinh gém: dinh chtra dbi tuong o, dinh chira thudc tinh a va dinh
chtra mdi quan hé r. Ki hiéu o; 1a d6i twong thi i, ry; 1a mdi quan h¢ gitra doi twong o; va déi
tuong oj, a; i 1a thudc tinh thir k cua d6i twong o;. Mdi dinh duoc biéu dién bang mot véc-to
D chiéu. Tép canh E duogc xay dung theo quy téc:

- Néu dbi tuong o; c6 thudc tinh aj  thi tao mot canh c6 hudng tir a; dén o;;
- Néu c6 mot mbi quan hé bd ba < o; — rj; — 0; > thi tao 2 canh ¢6 hudng lan luot tir
0; dén rjj Va rjj dén 0;.

Vi du nhu dd thi ngt canh ¢ Hinh 3 c6 cac ddi tuong: woman, man, shorts,
fire hydrant; cac mdi quan hé giita d6i tuong véi thude tinh: < woman, standing >,
< fire hydrant, yellow >; cac mdi quan hé gilra cac doi tuong: < woman, in, shorts >,
< woman, behind, man >, < man, jumping over, fire hydrant >. La mot do thi c6 huéng
gd6m 9 dinh va 8 canh.

Mic du d6 thi ngit canh dién dat dugc toan bo thong tin ngit nghia ctia ngir canh mot
cach chinh xac va hiéu qua. Tuy nhién, né khong pht hop dé 1am dau vao cho hau hét cac
thuat toan duoc xay dung dé sir dung thong tin ngit nghia boi ban chat khong dong nhat caa
n6 va vé su phy thudc béac cau (Kumar, Aggarwal, Bathwal, & Singh, 2021). Do d6, can phai
chuyén d6i biéu dién d6 thi ndy thanh dang tuyén tinh sao cho bao toan dwogc thong tin cua
dd thi va c6 thé 1am dau vao cho céc kién tric hoc.

e Mang tich chdp do thi

Mang no-ron dd thi (GNN - Graph Neural Network) (Scarselli, Gori, Tsoi,
Hagenbuchner, & Monfardini, 2008) 1a su két hop giita dit liéu cu triic dd thi va mang
no-ron. Gan day, GCN la sy m& rong cia CNN dé tong hop thong tin tir dit liéu cau trac do
thi dd nhan dugc sy quan tdm ngay cang ting ciia cac nhom nghién ctru, dong thoi ciing 1a
mot kién tric GNN phé bién nhat dua trén khai niém tich chap db thi (graph convolutions).
C6 2 phuong phap thuc hién phép tich chap trén dd thi 1a tich chap quang phd (spectral
convolution) (Defferrard, Bresson, & Vandergheynst, 2016) va tich chap khong gian (spatial
convolution) (Chen, Li, Fei-Fei, & Gupta, 2018; Monti et al., 2017). Tich chap quang phd
thuc hién bang cach chuyén biéu dién cua node sang mién quang phé (spectral domain) sir
dung phép bién ddi fourier d thi. Tich chap khong gian thuc hién phép tich chap bang cach
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két hop cac dinh lang giéng. Trong bai bao nay, chung téi thuc hién hoc biéu dién dic trung
ctia d6 thi ngit canh bang mang tich chap do thi s dung phép tich chap khong gian trén do
thi. N6 thuc hién mot chudi cac phép toan tich chép trén dd thi, sau do 1a 16p téng hop dé
gOp ngir canh tir cac d6i tuong khac nhau co trong anh.
2.2. Hoc biéu dién ngi dung dnh

Dé biéu dién day du cac dbi twong va mbi quan hé ngit nghia giira cac ddi tugng va
thudc tinh ctia chiing trong anh, chung t6i dé xuat phuong phép hoc biéu dién anh gém 2
phan: rat trich dic trung bang mang CNN va hoc biéu dién do thi ngit canh cta anh bang
mang GCN.

e Hoc biéu dién anh bang mang CNN

Dic trung cua anh c6 thé hoc dugc bang cach dung bat ki mé hinh mang CNN nao.
Tuy nhién, trong thuc nghiém cta bai bao nay, mang ResNet-101 (He, Zhang, Ren, & Sun,
2016) duoc st dung. Do d6, néu mot anh I ¢6 kich thudc 448x448, cac ban d6 dic trung
(feature maps) tai tang (layer) conv5_x s& 1a 2048x14x14. Sau dé, thyuc hién glogal max —
pooling dé dat dugc dic trung cua anh 1a e:

€= foup (foun (1,0:)) € R, 1)
trong d6, O, cho biét cac tham s6 cia mo hinh vaD = 2048.
e Hoc biéu dién anh tir do thi ngit canh dwa trén GCN
Madi dinh v duoc biéu dién nhu 1a mot véc-to x,€RP, v6i D 14 s6 chiéu. Cac véc-to nay
duoc cap nhat boi phép toan tich chap tir cac lang giéng twong Gmg ctia chung. GCN nguyén
thity hoat dong trén do thi vo huéng, ma héa thong tin vé cac lang giéng ciia dinh v dudi
dang mot véc-to gia tri thuc, dugc tinh béng cong thirc sau:

h =x,

h('-l)
= ol W' u Vlie{01..,L-1 2
" “( UE%mN(v)J <t 4 @

trong d6: h9 1a emdedding khoi tao ctia dinh v, x, 13 dic trung cua dinh v, hl, 12 embedding
ctia dinh v tai tang (layer) 1, N(v) 1a cac dinh lang giéng ctia v (bao gdm v), L 14 tong sd tang
clia mang, o 14 ham kich hoat (v du nhir ReLU), z, 1a embedding cua dinh v sau L tdng cta
cac két hop lang giéng, W! 1a ma tran trong s tai tang L.

Véi truong hop d6 thi ngit canh c¢6 huéng G = (V, E) trong bai bao nay, mdi dinh v
dugc ma hoa thong qua GCN nhu sau:

I _ I hlfl_l) _
h) = a[W "(”‘”)UENZM—I N J,w e{0,1..,.L-1} ©)

Két hop véi dic trung hoc tir mang CNN & cong thirc (1), dic trung ctia anh x 12 trung
binh cua e va dic trung tong hop trung binh cia cac dinh cta do thi ngit canh.
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2.3. Hoc cdc by phén Iop nhan dwa trén GCN

Trong phan nay, phuong phap (Chen et al., 2019) duogc sir dung dé hoc cac bo phan
16p phu thudc 13n nhau tir cac biéu dién nhan cho trudc trong tap dit liéu bang cach tao dd
thi c6 huong (label graph) mé ta sy phu thudc gitra cac nhan 16p trong tap di liu, tir do sir
dung GCN véi co ché lan truyén thong diép giita cac nhan, va do d6 hoc duoc cac bo phan
16p cho tirng nhan cua hinh anh. Mot vi du vé dd thi phu thudc nhan nhu trong Hinh 4, trong
d6 “Label, = Labelg” nghia la khi c6 Label, thi ¢ kha nang c6 Labelg, nhung diéu nguoc
lai 6 thé thi khong dung.

Hinh 4. Mét vi du vé do thi mé ta sie phu thude gita cdc nhan 16p

Céc bo phan 16p d6i twong W = {w;}5; hoc tir cac biéu dién nhan ddi tugng thong
qua mot ham anh xa dya trén GCN, trong d6 C 1a s phén 16p cta tap dit lidu. Sir dung mang
GCN nhu & phan 2.2, cong thire (2) va (3), dau vao cua tang thir nhat [a Z € R4, véi d 1a
chiéu ciia word embedding murc nhin, ddu ra cia ting cudi cung 1a W € R&P v6i D 1a s6
chiéu biéu dién anh.
2.4. Hudn luyén mang phén l6p danh da nhin

Ap dung cac by phan 16p da hoc cho dac trung biéu dién anh, gié tri du doan c6 duoc la:

y=Wx (4)

Gia str nhan tap nhin cho trudce (ground truth) ciia anh 1a y € R€, trong d6 y' = {0,1}

cho biét nhan i c6 trong anh hay khong. Khi d0, toan bd mang duoc huin luyén st dung
phuong phap mat mat phan 16p da nhan truyén thong nhu sau:

L= 3%, y¢log(0(99)) + (1 - y9) log(1 — 6(59)), (5)
trong do, o(.) la ham sigmoid.
3. Két qua va thio ludn
3.1. D liéu thwc nghi¢m

Phuong phap dé xuit dugc thuc nghiém trén tap dir liéu anh Visual Genome
(Krishna et al., 2017) gdm 108,077 anh va dd thi ngir canh ctia chung. Dé danh gia hiéu suit
phan 16p anh, chung toi sit dung tap con gdm 51,498 anh, day 1a phan giao cua tap Visual
Gennome va MS COCO (Lin et al., 2014). Tap anh nay ciing duoc chon loc cac loai dbi
tuong va mbi quan h¢ xuét hién tir 25 1an tré 18n, két qua co6 2416 ddi tuong va 478 loai mbi
quan hé. Pong thoi chi st dung cac anh c6 tir 3 dén 40 ddi trong va c6 it nhat mot mbi quan
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hé. Két qua con lai 45,358 anh, trong d6 trung binh c6 21 ddi tuong va 15 mbi quan hé trén
mot dnh. Tap dit liéu cling dugce chia thanh cac tap huén luyén (train), kiém dinh (validation)
va kiém tra (test) v6i ti 18 1an luot 1 70%, 20% va 10%.
3.2. Chi tiét cai dat

Tap dd thi ngtr canh cua 45,358 anh thyc nghiém dugc trich Xudt tir tap dir liéu Visual
Genome. M6 hinh GCN gdm 2 tang v&i sb chiéu dau ra lan lugt 1a 1024 va 2048. Vé phan
biéu dién nhin dbi twong, GloVe (Pennington, Socher, & Manning, 2014) 300 chiéu duoc
chon. Mang ResNet-101 dugc sir dung dé trich xuét dac trung anh. Vé huén luyén mang
phan 16p, st dung SGD, momentum dugc thiét 1ap 13 0.9, hé s6 hoc 1 0.001, mang duoc
huan luyén théng qua 100 epochs.
3.3. Cic dé do dinh gid hiéu suit

D6 do danh gia sir dung trong bai bao gdom d chinh xéc trung binh theo timg phén
16p (CP), @6 phur (CR), d6 dung hoa F1 (CF1) va dé chinh xé4c trung binh trén tat ca phan
16p (OP), do phu (OR), dd dung hoa F1 (OF1).
3.4. Két qua thwe nghi¢m

Thuc nghiém dugc thyc thi trén may PC CPU Intel Core i7-7200U 11800H @
2.30GHz, 16.0GB RAM, hé diéu hanh Windows 11 Pro 64 bit, sir dung ngon ngit lap trinh
python va céc thu vién Pytorch, Stellar graph. Két qua thuc nghiém dugc danh gia trén bo
dir liéu 1a phan giao giira tap dit liéu Visual Genome va MS COCO nhu mb ta & trén.

Hiéu suat ciia phuong phap duogc trinh bay trong Bang 1 véi cac dd do mAP, CP, CR,
CF1, OP, OR va OF c6 gia tri 1an luot 1a 84.7, 86.1, 72.8, 78.9, 88.6, 76.5 va 82.1. Céc gia
trj hiéu suat cia phuong phap dé xuit duoc so sanh vé6i cac phuong phap khac trén cing bo
dir liéu duogc mo ta trong Bang 2. Két qua trong Bang 2 cho thiy phuong phap dé xuat ctia
chung t6i twong d6i chinh xéac, hdu hét cac d6 do déu cao hon cac cong trinh khac. Tir két
qué nay cho thay phuong phap duoc d& xuét 1a kha thi va hiéu qua.

Bing 1. Hiéu sudt phan I6p anh ciia phwong phdp dé xudt trén tdp div liéu thue nghiém

S6inh  Séanh S anh
huin  kiém  kilm mAP CP CR CFl1 OP OR OF
luyén dinh tra

45,358 31750 9071 4537 847 861 728 789 886 765 821

Tong
s0 anh

Bing 2. So sanh hiéu sudt giita cdc phwong phdp trén tdp dir liéu thwe nghiém
Phuong phap mAP CP CR CF1L OP OR OF
SRN (Zhu et al., 2017) 77.1 816 654 71.2 82.7 69.9 758

ML-GCN (Z.-M. Chenetal.,2019) 830 851 720 780 858 754 80.3
KSSNet (Y. Wang et al., 2020) 837 846 732 772 878 762 815

Dé xuét ciia bai bao 847 861 728 789 886 765 82.1
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4.  Kétluin

Trong bai bao nay, mot phuong phap phan 16p anh da nhan dua trén mang tich chép
d6 thi da dugc xay dung. Mot md hinh GCN dé hoc biéu dién dic trung ctia d6 thi ngit canh
va hoc bd phan 16p phu thude 13n nhau cua cac nhin d6i tuong dua trén dd thi nhan dbi tuong
dugc dua ra lam co so cho viéc hun luyén mang phan 16p anh. Dya trén phuong phép va
md hinh da duva ra, thuc nghiém dugc xay dung va danh gid thong qua cac do do
mAP, CP, CR, CF1, OP, OR, OF. Két qua thuc nghiém duogc so sanh vdi cac phuong phéap khac
trén cing mot tip dir liéu anh da cho thay phuwong phap dé xuat twong d6i hiéu qua. Thuc
nghiém ciing cho thiy tinh dang dan ctia phuong phap va cac thuat toan di gidi thiéu, do dé
phuong phap nay c6 thé 1am co s cho viéc phat trién cac hé théng phan 16p anh da nhan va
tmg dung trong thuc té. Hudng phat trién tiép theo 1 xay dung mang hoc sau dé tao tu dong
dd thi ngit canh tir anh dau vao nham tao thanh mot mang huén luyén tur dau dén cudi, déng
thoi két hop thém tri thirc vé mdi quan hé gitra cac ddi tuong tir cac co sd tri thirc bén ngoai
nhim ting do chinh xac.

KD

% Tuyén bé vé quyén lgi: Céc téc gid xéc nhan hoan toan khéng cé xung dot vé quyén loi.
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ABSTRACT

Multi-label image classification is one of the critical and challenging tasks in computer vision.
In this paper, a multi-label image classification method is proposed based on the Graph
Convolutional Network (GCN) to exploit the relationship between object labels in the dataset and
between objects in the image to improve accuracy. First, the image content is representation learning
by a convolutional neural network (CNN), and GCN relies on the scene graph of the image. Then,
the graph describing the dependency between object labels in the dataset is built as the basis for
learning classifiers for the labels using GCN and applying these classifiers to the image feature to
generate predicted scores. Finally, the entire network is trained using the traditional multi-label
classification loss. Experiments are built and evaluated on the dataset, which is the intersection
between Visual Genome and MS COCO. The results show that the proposed method is effective and
superior to some recently published works.

Keywords: convolutional neural network; graph convolutional network; label graph;
multi-label image classification; scene graph
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