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TOM TAT: Hiéu ning cua hé thong tra citu anh dira vao ngi dung phu thuge chi yéu vao hai giai doan: (1) hoc biéu dién
a@nh hiéu qud va (2) ham khodang cach phu hop cho biéu dién dnh dioc hoc. Bd c¢6 nhiéu phirong phdp tra ciru dnh dira vao ngi dung
tan dung hoc sdu @é hoc biéu dién anh hiéu qud, tuy nhién cdc phirong phdp nay khong tdn dung duot cac quan h¢ giia cac anh.
Gdn ddy, mang noron tich chdp do thi (GCN - Graph convolutional networks) @ néi 1én 1a mét cach tiép cdn hoc sdu mgnh mé cho
dit liéu dwoc biéu dién dudi dang do thi. Trong bai bdo nay, chung t6i trinh bay phwong phdp tra ciru anh, goi la IRLIR (Image
Representation Learning for Image Retrieval). Phuong phap dé xuat sir dung mang noron tich chap d6 thi dé hoc biéu dién anh hiéu
qud va gidi phap si dung biéu dién dic trung sang vecto nhi phan trong khong gian Hamming @é chon tdp itng vién nham giam thoi
gian tinh toén, gilip qua trinh tra citu nhanh hon. Ching 16i ciing cung cdp cac két qua thuc nghiém trén co sé dit liéu anh
CIFAR100 d@é chi ra dé chinh xac ciia phirong phap.

Tir khéa: Tra ciru anh dira trén ngi dung, Hoc sau, Mang noron tich chdp d@é thi, Hoc biéu dién dnh.

I. GIOI THIEU

Tra ctru hinh anh dya vao ndi dung (CBIR- Content Based Image Retrieval) 1a quy trinh ty déng tra ciru anh
bang cach trich xuat cic ddc trung anh & muc thap cua ching, nhu mau sic, két cau, hinh dang hodc bat ky dic diém
nao khéac hiru ich cho tra ciru duogc lay tir chinh btrc anh d6 [1]. Hiéu suit cta hé thong CBIR chi yéu phu thudc vao
viée trich rat/lwa chon cac dic trung dé tinh toan d6 tuong ty giita dic trung cua anh truy van va cac anh trong co so dit
lidu [1]. Vé&n d8 thach thirc 16n nhit cua cac hé théng CBIR 1a giam khoang cach ngit nghia, tirc 13 1am giam thong tin
bi mat do biéu dién mot anh theo cac dic trung cua n6 [2]. Khoang cach ngit nghia ndy ton tai thudng do sy sai khac
giita biéu dién dic trung ciia thong tin anh va thong tin anh dugce cam nhan boi hé thong thi gidc nguoi (HVS - Human
Vision System). Khoang cach ngit nghia c6 thé dugc giam bét bang cach sir dung mot sé ky thuat hoc may dé phat
trién cac hé thong théng minh co thé dugc huén luyén dé hoat dong nhu HVS. Thu dwoc cac biéu dién anh (cu thé 1a
dic trung) phéan biét 1a mot yéu cau /quan trong dbi voi bat ky hé thong tra ctru anh nao [3, 4]. De lam cho déc trung
ndy tré nén quan trong va co trong so t6t hon vé mat biéu dién két hop cac dic trung truc quan cap thap thi chi phi tinh
toan cao 14 can thiét dé thu duoc két qua dang tin cay hon [5, 6]. Tuy nhién, viéc trich rat/lya chon cac dic trung khong
phit hop ¢6 thé 1am giam hiéu suit cia md hinh tra ctru anh [8]. Vecto dic trung anh ¢ thé dwoc sir dung lam dau vao
cho cac thuat toan hoc may thong qua cac mé hinh huan luyén - kiém tra (train-test), dong thoi ¢ thé cai thién hiéu
sut cia CBIR [1, 7].

Céc xu huéng tra ciru anh gn day tap trung vao cic mang noron siu (DNN), mang noron tich chap (CNN) c6
kha ning tao ra két qua tét hon v6i chi phi tinh toan cao. Hé thdng hoc sau co ban sir dung mang noron tich chdp CNN
dé két hop qua trinh trich rat va phan loai déc trung dé cai thién toc do va hiéu qua tra ctru hinh anh nho biéu dién dic
trung c6 dau ra t6t nhat, kha ning tong quat hoa cua cac dic trung dugc trich xuat, mdi quan hé giira giam kich thudc
cling nhu mét d6 chinh xac trong CBIR duoc cai thién. Tuy nhién, cac phuong phap tra ctru anh sir dung CNN khéng
tan dung dwoc mdi quan hé giira cac anh c6 cung chu dé, cing 16p nhan trong co s dit liéu dan téi dic trung anh dugc
trich rit khong coé tinh téng quat hoa cao. Bé biéu dién mdi lién quan giita dic trung cta cac anh trong cing 16p, cung
chu de chung t6i str dung cau triic d thi, cac canh mo ta quan hé giita cac anh va sir dung phuong phap tich chap do thi
dé tong hop cac dic trung clia cac nat 1an can thanh ddc trung c6 tinh tong quét hoa cao biéu dién anh. Trong bai béo
nay Chung t0i trinh bay mét nghién clru s dung mang noron tich chap do thi (GCN - Graph Convolution Network)
biéu dién, bién doi, tinh toan lai ddc trung ciia anh dé tinh d6 twong tu cho xép hang va tra vé két qua tra ciru trong hé
thong CBIR. Két qua thyc nghiém cta ching t6i dugc thyc hién trén bo dir liu CIFAR-100.

Trong céc phan tiép theo cua bai bao nay, & Muc II chung t6i trinh bay ngéin gon vé mang noron tich chap db thi
va cac nghién ciru lién quan vé CBIR sir dung GCN. Muc III trinh bay phuong phdp dé xuat cua chung t6i. Cudi cing
cac két qua thyc nghi€ém dugc md ta trong Muc IV. Két ludn dugc dua ra trong Muc V.

Il. NGHIEN CU'U LIEN QUAN

Vi nhitng wu diém va tinh hiéu qua cta cac mo6 hinh GCN trong viéc thay ddi thudc tinh ctia mot nit trén do thi
bang cach két hop cac thudc tinh ctia cac niit 1an can, trong linh vyc thi gidc méay tinh ndi chung va tra ctru anh néi
riéng da thu hit nhidu sy quan tim ctia cdc nha nghién ciru dé ing dung mé hinh GCN vao giai quyét bai toan cia ho.
Tiép theo tir [9], Yoon ciing cong su dé xuat phuong phép tra ctru hinh anh véi tinh twong ty cua dd thi canh trong [10],
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su dung do thi ngit nghia, dugc goi 14 db thi canh. Vi mot anh truy vin, mo hinh s& tao ra mot do thi ngir nghia va so
sanh sy gidng nhau ciia n6 v6i cac dd thi anh trong co sé dit liéu. Viée so sanh db thi nay dat duoc bang cach lay tich bén
trong cta cac phan nhang d6 thi do GNN tao ra (GCN [11] hodc GIN [12]). So séanh d6 thi dau vao va dd thi dau ra dang
sau mo hinh cho phép cong viéc nay mé rong quy mé tot hon sang co sd dit liéu anh 16n khi so sanh véi [13].

Str dung d6 thi anh K - 1an can gan nhit duogc biéu thi dudi dang nhung dic trung dwoc Liu va cong su [14] dé
xuét sir dung GCN cung voi ham mat mat méi dua trén do twong tu ciia anh. Céc tinh ning nhiing dugc ting cudng dé
giai thich cho toan bg dd thi dua trén toan bd co sé dit liéu hinh anh bang GCN. D¢ tuong ty gitta cac anh dugc tinh
bang cach 14y tich trong ciia cac didc trung nhung. DO tuong tw cang cao, ing cir vién tra ciru cang tét. Him mét mat
mdi cua tac gia duogc thiét ké dé di chuyén cac anh tuong tu lai gin nhau hon trong khong gian nhiing va cac anh khac
nhau s& ra xa hon. Zhang va cong su [15] cling sir dung d6 thi K - 14n cén gan nhat, nhung tap trung vao viéc cai thién
quy trinh xep hang lai trong tra ctru anh dya trén ndi dung. GNN duoc ap dung cho cac déc trung tong hop dugc tao ra
tir ma tran ké da diéu chinh. Viéc str dung GNN cho phép qua trinh xép hang lai khong nhan manh dén cac nit ¢6 diém
tin cdy thap. Cac tac gia cua [16] chuyén sang ap dung céch tiép can da phuong thirc. Ho sir dung GraphSAGE [17] de
tim mot cach hoc hiéu qua nham nhtng cac nat da phuong thirc chira thong tin tryc quan va khai niém tir cac két ndi
trong db thi. Khoang cach gilta cac nut duge két nbi giam, trong khi khoang cach gitra cac nat bi ngat két ndi tang Ién.
Bang cach st dung céc nut dd thi dai dién cho anh cling nhu cac nat dai dién cho thé siéu dir 1iéu, mo hinh cua ho cé
thé cung cap kha nang tra ciru anh dya trén noi dung ciing nhu dy doan nhin. Tai thoi diém suy ludn, cac anh hién thi
cho mé hinh ¢6 thé dugc dinh kém vao db thi thong qua K anh gin nhit cua chung, duge dinh kém véi cac nhin 6 lién
quan hoac ca hai.

Chaudhuri va cong sy [18] ap dung kién trac mang dya trén Siamese trong d6 hai ddu vao twong ty di vao hai
mang riéng biét chia s¢ trong so. Kién triic mang nay thuong sir dung suy hao twrong phan hodc suy hao bo ba dé dam
bao dau ra cua cac mang ndy gidng nhau. Cac tac gia su dung mot Siamese-GCN mdi trén d thi ké ving dugc hinh
thanh bang cach két ndi cac ving duoc phan doan hen ké va trong sb canh chiém khodng céach va goc gilta tam cua céc
ving. Ho 4p dung k¥ thuat ctia minh cho céc anh vién tham c6 d6 phan giai cao dé tra ctru anh dua trén ndi dung. Bang
cach st dung mot Siamese-GCN c6 d6 tuong phan giam, cic tac gia c6 thé tim hiéu mot cach nhung mang cac anh
tuong tu lai véi nhau va tach cac anh khac nhau ra xa nhau. Mot nghién ctru khac dé két hop mot thiét ké mang
Siamese la Zhang cung cac cong su [19]. Ho st dung thiét ké mang ba thanh phﬁn dé thuc hién tra ctru anh dua trén
ban phac thao khong anh véi mang ma hoa dya trén Siamese, mang niy tao ra cac dac diém ciia anh va ban phac thao
lién quan bang ResNet50.

Céc cdng trinh nghién ctru lién quan chu yéu két hop gitra van ban va anh dé xay dung hé théng tra ciru anh
hodc phan tich anh thanh cac thanh phin riéng biét da trén phuong phap tach bién, dd thi dugc xay dung boi cac nit
trong d6 cac nat 1a mot ddi twong trong anh hodc cac sy két hop gitta anh va vin ban tra ciru lién quan, chua cé cong
trinh nghién ciru ndo vé tra ctru hinh anh sir dung cac anh trong co s& dir liéu nhu cac nat. Trong [28], Kipf cing cac
cong sy d& xudt phuong phap sir dung GCN dé phan 16p anh véi hoc ban giam sat, tuy nhién thdi gian ciia mé hinh dé
xuit chua duoc cai thién.

II. PHUONG PHAP TRA CUU ANH PE XUAT

a. Bién doi dic trung siv dung mang noron tich chip do thi

Trong nhiéu nam, cac md hinh hoc sau di tap trung khai thac, xur ly va huén luyén trén cac tap dir lidu co chu
trac. Tuy nhién, trong thuc te cac d6i tuong va cac mbi quan h¢ gitra ching dugc thé hién mot cach phi chu triic. Pd
thi 1a mot biéu dién dit lieu tong quat va cuc ky hiéu qua ddi véi nhiéu loai di lidu phi cAu trac nhu mang xa hoi, cac
cAu trac vat ly, héa hoc. Cac nha nghién ctru da phat trién cac mang noron hoat dong trén dir li¢u dd thi (duoc goi la
mang noron d6 thi hodc GNN - Graph Neural Networks) trong hon mét thap ky qua [20] va da c6 nhiing img dung
thuc té trong cac linh viyc nhu kham pha chit khang khuéan [21], mé phong vat 1y [22], phat hién tin gia [23], du doan
giao théng [24] va hé thdng khuyén céo tién doan [25].

(XXX N
IXIAIX] ®

N \/|><| e\,

Hinh 1. Tich chdp trén ma tran 2 chidu va tich chap trén do thi [30]
Nbi bat trong s cic mang GNN 1a mang noron tich chap do thi (GCN - Graph Convolutional Networks) duoc
gi6i thiéu 1an dau vao nim 2014 nhu mot md hinh hi¢u qua trong viéc hoc dé tong hop va bién ddi cac dic trung cua
cac nut lién quan trong tap dit liéu d thi.
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Khi 4p dung vao bai toén tra ctru anh, ching t6i st dung GCN la phuong phép chiéu véc-to dic trung sang
khong gian méi sao cho ¢ déy cac nUt c6 moi quan hé véi nhau s& ¢ gan nhau va xa cac nit khong lién quan. Qua trinh
nay dugc goi 1a nhiing d6 thi (Graph Embedding) dugc biéu dién trong Hinh 2.

Phép chiéu dac trung

Khéng gian géc Khéng gian chiéu

Hinh 2. Anh xa db thi sang khong gian m&i .
Két qua dau ra ctia qua trinh chiéu rat hiru ich trong viéc tim kiém cac diém dir liéu lién quan va khong lién
quan cua mot diém dir li¢u trong do6 thi khi ap dung vao bai toan CBIR. Qua trinh chi€u nay goi 1a qua trinh hoc bicu
dién anh.

b. Phwong phdp dé xuit
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Hinh 3. So @5 hé théng CBIR sir dung GCN hoc biéu dién véi k§ thuat tang tbc d tra ctru anh

1. Hoc biéu dién diic trung hiéu qua

M6 hinh tra ctru 4nh dé xuét cta chung toi sir dung cac vecto ddc trung cia anh duge trich rat boi mot moé hinh
mang noron tich chap CNN nhu LeNet-5; AlexNet; VGGNe; GoogLeNe; ResNet; DenseNet; MobileNet, sau d6 chiing
t6i biéu didn mdi vecto dic trung clia anh nhu mot nut trén dd thi, hai nut tng véi hai anh cing chu d& s& duge két nbi
v6i nhau boi mot canh. Vecto cia anh truy van duoc xem nhu dd thi c6 mdt nit voi mot canh vong tdi chinh nd. So dd
moédun hoc biéu dién dic trung hiéu qua duoc trinh bay trong khung phia trén ctia Hinh 3.

Sau khi ¢6 dugc dic trung ban dau, ching tdi xay dung do thi dau vao G = (V, A) cho qua trinh hoc biéu dién
anh str dung mang noron tich chap db thi; trong d6 V = {v;,v,, vs, ..., vy}, v; € RF 1 tap nit cta do thi véi F 12 sb
chiéu cua vecto dic trung, A € RV*N |a ma tran ké vo hudng biéu dién méi quan hé giita cac nat. D € R¥*N 1a ma tran
bac caa db thi twong ng voi ma tran k& A. Véi tap dit liéu ban diu S = (X, L); trong d6 X € R¥*F |a ma tran dic trung
va L € R" 1a tap nhin cua tap anh. bd thi G dugc xay dung theo cac budce dudi day:
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Buoc 1: Khdi tao

V
2
Buwéc 2: Tao do thi
fori=1...Ndo:
v =X
V <«
forj=1...N do:
if L[i] == L[j]:
E < e(i,))
end if
end for
end for

Kétquala dd thi G = (V,E); V = {vy,v,, V3, ..., vy}, v; € RF 14 tap nit cua d6 thi véi F 1a s6 chiéu ciia vector
dac trung, E 1a tap canh cia do thi.

Tiép theo, chung toi s& trinh bay cach thiic hoc biéu dién anh (dé thu duoc cac vecto dic trung cua anh) trong dd
thi sir dung 16p tich chap do thi. Téng quat, mdi 16p tich chap d6 thi GCN tién hanh ba thao tac: tong hop dic trung,
bién d6i tuyén tinh va kich hoat tuyén tinh. Sy khac nhau chinh gitra 16p GCN va cac 16p MLP (multi-layer perceptron)
nam & qua trinh tong hop ddc trung tir nhitng nat lang giéng 1an can; biéu dién cua nut dang xét ¢ thé duoc iy trung
binh tir biéu dién dic trung cua cac nut lan can.

Gia dinh rang tai 16p tich chap db thi thir k, H* € RN*Fk 13 vecto dic trung biéu dién nut va F,, 1a d6 dai vecto.
Biéu dién khéi tao ctia nat 1a H® = V. Qua trinh tong hop dic trung dién ra trong 16p GCN duogc thyc hién theo cong
thire sau:

A% = D2AD 2H D
trongd6 A = A+ 1 biéu thi ma tran ké véi canh vong va D 1a ma tran bac tuong tng.

Sau budce téng hop dic trung, hai bude con lai cia GCN 1a bién ddi tuyén tinh va kich hoat phi tuyén dugc thyuc
hién giéng nhu cac 16p MLP co ban. Lép GCN thir k bao gdm mét ma tran trong sé ¢6 thé huin luyén W* € RFk-1%Fk
va mot ham kich hoat phi tuyén ¢(x), vi du nhu ReLU(x) = max(0, x). Pic trung biéu dién ciia nut duoc cap nhat
theo cong thirc:

H® = g(H®OW )

Ma tran trong s W duoc tbi uru bing céch téi thidu hoa ham mét mat.

Qué trinh thuc hién tich chap trén db thi biéu dién dic trung dé thuc hién bién ddi va cho két qua dd thi dau ra
gdm cac dinh 1a cic vecto dic trung dd duwoc cap nhat tir qué trinh hoc biéu dién anh theo phuong phap dé xuét ctua
ching toi. Tir d6 thi gdm cac vecto dic trung da dugc cap nhat, chung t6i tién hanh trich xudt va luu trix lai tap hop dic
trung moi nay.

2. Tra cuu nhanh trén tdp anh c6 lon va ham khoang cach hiéu quad

Trong Muc 111.1 bén trén ching ta da thu dugc mot biéu dién dic trung anh hiéu qua, ma gitp ting do chinh xéac
ctia phuong phép tra ctru anh. V&i cac hé thdng tra ciru anh chung da dugc nghién ciru trude ddy thi budc tiép theo la
st dung ham khoang cach dé tinh do tuong tu, xép hang cac vecto dac trung theo thur tu do tuong ty gidm dn va dua
ra két qua tra cuu. Mdt $6 ham khoang cach phé bién duoc st dung co thé ké dén nhu: Euclide, Manhatten, Cosine,...
Tuy nhién, v&i nhirng hé thdng tra ctru nhu vay thoi gian tra ctru anh st dung céc biéu dién dic trung anh s& cham ddi
V6i cac co sé dit lidu anh c6 kich thude 16n. Do do, trong phin nay chung t6i d& xuit giai phap khic phuc dé tang toc
do tinh toan, lam giam thoi gian cua qué trinh tra ctru. So do cua giai phap nay dugc thé hién trong médun cai thién tde
do tra ctru anh & khung bén dudi ciia Hinh 3, ma chung t6i s& giai thich chi tiét ngay sau day.

Sau khi thu duoc tap dac trung GCN cua co so dir liéu (CSDL) anh va anh truy van (dau ra ciia mo hinh biéu
dién dic trung trong khung bén trén cta Hinh 3), ching t6i tién hanh nhi phan hoa dé dugc tap vecto nhi phén (trén
khong giam Hamming) tuong tmg. Trén khong gian Hamming, ching tdi tinh khoang cach tir anh truy van t61 moi anh
trong CSDL va sap xép cac anh CSDL theo thit ty ting dan cua khoang cach dé thu duge mot tap Gmg vién gdm K anh.
Ly do ching t6i chuyén cac anh tir khong gian ddc trung GCN sang khong gian Hamming 13 boi vi trén khong gian nay
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khoang cach giira 2 vecto dugc tinh mot cach nhanh chdng. Bén canh d6, ching ta ciing can thu mot tap tng vién ma
khong phai tap két qua tra ctru cubi cung bai vi trén khong gian Hamming, khoang cach tor mot anh CSDL dén anh truy
van c6 thé khong phan anh t6t do twong tu gitta anh CSDL va anh truy van nhu trén khong gian dic trung GCN. Ching
t6i ciing sir dung ba khong gian dic trung GCN véi s6 chidu cua vecto dic trung GCN lan luot 13 ba gi tri khac nhau
m, n, p dé gia ting do tin cay cua két qua tim kiém trong truong hop s chiéu tong quat. Trén khong gian dic trung
GCN m chiéu, chung t6i tinh khoang cach tir anh truy vin dén mdi anh trong tap tng vién dé thu duoc danh sach cac
khoang cach twong tng (chiing t6i goi 1a DSKC_m). Thyuc hién tuong ty véi khong gian dic trung GCN n chiéu va p
chiéu chung t6i thu dugc danh sach khoang cach DSKC_n va DSKC p. Duya trén danh sach khoang cach DSKC_m,
DSKC_n, va DSKC_p chung ta tinh khoang cach trung binh tir anh truy van dén mdi anh trong tap mg vién dé nhan
dugc danh sach khoang cach trung binh. Khi tinh khoang cach tir anh truy vin dén mdi anh trong tip Ung vién trén
khong gian dic trung GCN, ching ta s& thu dugc mot tap két qua chinh xac hon 1a trén khong gian Hamming va kich
thudce cua khong gian tim kiém sé& nho hon. Dé tang tinh téng quat, chiing ta c6 thé sir dung nhiéu hon 3 khong gian
ddc trung véi s6 chidu cu thé. Sap xép cac anh trong tap tmg vién theo thir ty ting dan cua khoang cach trung binh dé
thu dugc tap két qua tra ciru cudi cung.

IV. THU'C NGHIEM

Dii ligu thue nghiém

Chung t6i tién hanh thyc nghiém trén tdp huan luyen cia bd dit liéu anh Cifar (Canadian Institute for
Advanced Research) 100 14 tap dit liéu bao gdm c¢6 50000 anh. Trong d6 chiing toi chia thanh 30000 cho huén luyén va
10000 cho danh gia va 10000 anh cho kiém thir. S6 luong 16p phan loai 1a 100 véi kich thude 32x32 mét anh. Ching
t6i s dung mo hinh Autoencoder dé trich rit dic trung ban dau cho cac anh, voi vecto dic trung trich rat boi
Autoencoder 1 128 chiéu. Cac nut ctia @ thi 1a mot bo gdm 2 thanh phan u = {nhén, vecto dic trung}. Hai nit twong
(g v&i hai hinh anh ctiing nhan s& s& c¢6 canh két nbi.

Xdy dwng kién triic mang noron tich chdp do thi cho thwe nghi¢m

Trudce hét, dé c6 thé co dugec mot mé hinh trich rat dac trung hiéu qua, ching t6i xay dung mé hinh cho bai toan
phén loai nut trong dd thi st dung 16p tich chap dd thi GCN. Sau d6, chung t6i sir dung phuong phép hoc chuyén giao,
b6 di 16p cudi cing c6 chire ning phén loai va gilr lai cac 16p phia trude c¢6 nhiém vu hoc va bién ddi cac dic trung 1én
mirc cao. Chiing t6i sir dung mé hinh GCN gdm 8 16p tich chap dé bién d6i dic trung véi sb chidu vecto dic trung dau
va va dau ra cho trong bang sau:

Bang 1. Thong sb kién trac mé hinh

Loép Convl | Conv2 | Conv3 | Conv4 | Conv5 | Conv6 | Conv7 | Conv8
S6 chiéu vecto dau vao 128 1024 1024 | 512 512 256 256 128
S6 chiéu vecto dau ra 1024 | 1024 512 512 256 256 128 100

Trong d6 chung t6i str dung dau ra cua lop thir 7 dé trich rat dic trung cho cac nhiém vu trong bai toén tra ciru
anh. Ham kich hoat softmax, dwoc dinh nghia la softmax(x;) = %exi V6i Z = ¥ e¥i Z, duoc ap dung cho 16p cubi
cung lam nhiém vu phéan loai, c6 chiic nang tinh toén’ ti 1€ mot nut thudc vé mét 16p nao d,('). Chung t6i trién khai viéc
tinh toan d¢ sai 1éch trong phan 16p s dung ham mat mat Cross-EntropyLoss, la ham mat mat don gian nhung hi¢u
qua va dugc su dung rat pho bién cho bai toan phan 16p.

Chuyén doi vecto dic trung GCN sang vecto nhi phin va ham khodng cich Hamming

Trong phan ndi dung niy, ching toi s& tap trung trinh bay phuong thiic bién ddi vecto dic trung sang khong
gian nhij phan dé c6 thé st dung ham tinh khoang cach Hamming nham ting toc d¢ qué trinh tinh toan do twong tu giita
vecto nhi phén cta anh truy vin vdi cac vecto nhi phan trong CSDL. Trong thuc nghiém nay, tir mo hinh phén 16p
GCN (dugc trinh bay trong Muc IV.B), chung t6i thuc hién bod 16p cudi cing cua mé hinh, giit lai toan bo 7 16p GCN
dau tién dé thu dwoc mot md hinh trich rat dic trung hidu qua voi dau ra 1a vecto dic trung 128 chidu. Ly do ching toi
chon sb chiéu 128 14 vi s6 chidu nay thuong dugc cac md hinh tra ctru anh st dung. Sau do, chung t6i tién hanh nhi
phan héa mot cach hiéu qua cac vecto dic trung. Trude hét, chung t6i tdi gian hoa cac gia tri trong vecto vé khoang [0,
1] bang cach sir dung mot ham kich hoat phi tuyén Hard-Sigmoid:

f(x) = max (0, min <1, (x ; D))

Sau do, dé thuc hién nhi phan héa, chiing t6i thuc hi€n phan ngudng gia tri theo cong thurc sau:

_ (0néux<0.5
fe) = {1 néux = 0.5
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Khi d6, viéc tinh khoang cach (hay d6 tuong tu) gitta vecto dac trung da dugc nhi phan hoéa cua anh truy vAn va
anh CSDL s& dugc tinh bai khoang cach Hamming, 1a s6 lugng bit khac nhau trong 2 vecto nhi phan. Bé don gian hoa
gié tri tinh toan, chung t6i thuc hién chia sb lugng bit khac nhau cho d¢ dai ciia vecto dé thu dugc két qua cudi cing 1a
d6 tuong tu gitra 2 vecto nhi phan.

Két qua thwe nghiém

3. Thuc nghiém danh gia hiéu quad cia moé hinh GCN cho bai todn phdn lop

Dé danh gia hiéu qua ctia moé hinh biéu dién dic trung do chung t6i dé xut, chung t6i thuc hién huan luyén mo
hinh cho bai toan phan loai nut véi 50 vong 13p huin luyén sir dung phwong phép tdi wu Adam véi téc d6 hoc 0.001.
Qua4 trinh huén luyén mo hinh phan loai va trich rit dédc trung méi duogc thyc hién trén moi truong Python3 véi may
tinh hé diéu hanh Linux sir dung GPU P100 16 GB duoc cung cp boi Kaggle. Sau d6, qua trinh chay va danh gia két
qua thyc nghiém cho bai toan tra ciru anh dwoc cai dat trén may tinh hé diéu hanh Windows 11, véi CPU Intel Core 17-
8550U 1.80 GHz va 16 GB RAM. Hinh 5 thé hién két qua thay d6i cua d6 chinh xac, do mat mat trong qua trinh huin
luyén theo s6 vong lap.

Bg mat mat
B chinh xac
=]

[

—— Huén luyén
— Banh gia

o 10 20 30 40 50 o 10 20 30 40 50
56 wong lap Sd vong lap
~ Hinh 4. Biéu d d¢ mét mat va d¢ chinh xéc trong qué trinh huén luyén va kiém thir mo hinh phan loai
Két qua cho thay m6 hinh hoi tu tai vong 1dp 44 véi d6 chinh xac trén tdp danh gia 1a ~93,06% va 92,58% trén
tap kiém thir.

Mo hinh trich xuat dic trung méi dugce 1ay ra tir md hinh phan 16p da dugc huin luyén cho bai toan phan 16p nat
truge d6. Viée nay ciing duge thuc hién twong ty nhu khi ta xay dung moé hinh trich rat dac trung tir mét mang CNN
nhu VGG hay ResNet di duoc huan luyén trude. Ching toi ciing sir dung mé hinh hoa tryc quan hai chiéu dé biéu dién
két qua hoc biéu dién sir dung md hinh dé xuét, tir d6 cho thdy hiéu qua trong viéc cip nhat ddc trung. Chung toi st
dung 2000 mau ngiu nhién trong s6 50000 miu, két qua truc quan dugc thé hién trong Hinh 6.

(@) (b)

Hinh 5. Biéu dién két qua phén 16p dic trung sau khi ap dung m6 hinh GCN cua chung t6i: (a) Biéu dién tap dic trung dau vao
trude khi ap dung mo hinh GCN, (b) Biéu dién két qua dAu ra sau khi ap dung mé hinh GCN
Hinh 6.a cho thy rat 1 rang ring trude khi dwoc hoc biéu dlen b&i GCN, dic trung cua cac nit & mirc rat thap,
dan toi viéc kha nang nhom dir liéu kém, vi tri biéu dién cac nit rat 16n xon, khong c6 sy phan tach rd rang; tur do, rat
khé dé xac dinh dugc nhom cac hinh anh thudc cing mot chu dé. Tuy nhién, sau khi st dung GCN dé hoc biéu dién,
dic trung ctia cac nit dugce cai thién dang ké, kha niang nhom dir lidu tt hon rat nhiéu (dwoc biéu dién trong Hinh 6.b),
do d6, két qua cia bai toan tra ctru anh ciing trd nén tot hon nhiéu so véi liic ban dau.

4. Thyc nghiém danh gid hiéu qua ciia mé hinh biéu dién ddc trung mé hinh tra cieu dnh truyén thong

Trong phan nay, ching t6i tap trung thyc nghiém dé so sanh hiéu nang hoc biéu dién dic trung ciia GCN véi
mot s6 md hinh hoc sau CNN phd bién nhu AlexNet, Vision Transformer. Chiing t6i sir dung dic trung trong tap dir
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liéu huén luyén CIFAR100 duoc hoc tir md hinh cta ching t6i va ham khoang cach Euclide dé tién hanh tra ciru va so
sanh két qua véi mot s6 mé hinh trich rat dac trung khac, minh hoa két qua nhu sau:

M8 hinh trich xust dic tnmg anh: AutoEncoder
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Mé hinh trich xust dac trung anh: AlexNet

58 lugng anh lién quan: 59/100
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Mo hinh trich xuét dac trung anh: Graph Convolutional Network (GCN)

56 lugng anh fién quan: 100/100
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(d)

Hinh 6. So sénh két qua tra ctru giita mo hinh GCN ciia chiing t6i v6i mt s6 md hinh CNN: (a) Két qua tra ctru v6i m hinh
trich rat déc trung Autoencoder, (b) KEt qua tra ciru v6i mo hinh trich rat déc trung AlexNet, (c) Ket qua tra cliru v6i md hinh
trich rt dac trung Vision Transformer, (d) Két qua tra ciru v4i mo hinh trich rat dac trung GCN do chang t6i dé xuat.

Tir két qua tra ciru trén cho thay dic trung anh dwoc hoc tir mé hinh cuia chung toi rat hiéu qua cho viée tra ciru
anh. Pé chimg t6 hiéu qua cta viéc hoc ddc trung, ching t6i ciing sir dung phuwong phap dénh gia hiéu ning ciua mo
hinh tra ctru bang cach thuc nghiém tinh toan chi s6 mAP. Do do mAP 1a phép do d6 chinh xac dé so sanh hiéu ning
truy van trong bai toan tra ctru anh. Phuong phép xac dinh gi4 tri mAP duoc trinh bay nhur sau:

Do chinh xac trung binh (AP): dé cap dén ving phu dudi dudng cong precision-recall curve. AP 16n ngu y
dudng cong c6 do chinh xac cao hon va do chinh xac tra ctru tot hon. AP ¢6 thé duoc tinh nhu sau:

Zk=1 P(k).Tel(k)

AP =

R

trong d6, R biéu thj s0 két qué c6 lién quan cho hinh anh truy van tir tong s6 N hinh anh. P(k) 1a do chinh xc ctia k anh
trong ket qua tra vé va rel(k) 1a ham chi bao bang 1 néu myc trong hang k 1a hinh anh c¢ lién quan va 0 néu nguoc lai.
Do chinh xac trung binh trung binh (mAP) duogc ap dung dé danh gia trén tat ca cac hinh anh truy van:

Q
1
mAP = — » AP(q)

trong d6 Q 1a s luong hinh anh truy van.

99.9541

100

55,6860

B4 chinh xéc tra ciu (%)

IRLIR

VIT_b_16

22.1427

MexNet AutoEncoder

M4 hinh

Hinh 7. Két qua so sanh chi s mAP giita phwong phap IRLIR va cac md hinh CNN
Chuing t6i tinh toan va so sanh chi s6 mAP trong tra ctru anh st dung md hinh GCN cua chung t6i voi chi sé
mAP ciia cac mé hinh CNN da dugc danh gia t6t nhu: ViT_b_16, AlexNet, Autoencoder dé so sanh. Két qua thé hién
trong Hinh 8. Tir két qua nay cho thdy mé hinh trich rit ddc trung ciia chung t6i c6 d6 chinh xac cao.
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5. Thuc nghiém danh gid hiéu qua ciia giai phap tang toc dé tinh todn

Dé danh gia hiéu qua cua viéc chuyén doi vecto dac trung GCN sang vecto nhi phén trong khong gian
Hamming cho muc tiéu giam thoi gian tinh toan, ting téc do tra ctru ciia md hinh, ching t6i chon cac chiéu gom 128,
96, va 32 d¢ khai thac cac khia canh khac nhau (ching t6i thue nghiém v6i 3 khia canh, trong thuc té chiing ta c6 thé
chon nhiéu hon 3 khia canh) cia mdi anh. Chung t6i ddnh gia chi s6 mAP va thoi gian (tinh bang gidy) khi thuc
nghiém tra ctru voi 128 chiéu trén khong gian dic trung GCN (goi 1a IRLIR_GCN_128), trén khong gian Hamming
(goi 1a  IRLIR_HAMMING _128), trén khong gian két hop dic trung GCN va Hamming nhu Muc IIL.B.2 (goi 1a
IRLIR_COMBINATION). Két qua dugc thé hién ¢ Bang 2.

Bang 2. Két qua thuc nghiém trén cac khong gian 128 chiéu khac nhau

IRLIR_GCN_128 IRLIR_ HAMMING_128 IRLIR_COMBINATION
MAP(%) 99.9541 99.945 99.9470
Time(s) 0.4020 0.2050 0.2295

Bang 2, so sanh két qua tra ciru va danh gi4 thoi gian trong 3 trudng hop: Chi sir dung dic trung GCN; Chi sir
dung dic trung dwoc nhi phan hoa; Str dung két hop dic trung GCN va dic trung duoc nhi phan héa. Tir két qua trong
Bang 2, ching t6i dua ra cac két luan dé khing dinh tinh hiéu qua cta viéc st dung két hop dic trung GCN v6i ham
khoang cach Hamming nhu sau:

- Trén khong gian GCN 128 chiéu: D¢ chinh x4c tra ciru cao nhung thoi gian tra ctru 16n.
- Trén khong giam Hamming 128 chiéu: Thoi gian tra ciru nhanh nhung d6 chinh xéc tra ctru thap.

- Trén khong gian két hgp GCN va Hamming: Thoi gian tra ciru nhanh va d¢ chinh xéc tra ctru van duoc dam
bao.

V. KET LUAN

Trong bai bao nay, chiing t6i da trinh bay mot mé hinh dé xudt 1am viéc hiéu qua dé biéu dién lai dic trung cua
anh cho tra ctru anh va nhitng nhiém vu khac lién quan. M6 hinh nay tan dung duoc hai vAn d&: thir nhat, két hop dugc
déc trung cac anh trong cung mot 16p dé co biéu dién tét hon cac md hinh st dung CNN va thir hai sir dung hiéu ning
ctia GCN dé hoc céc biéu dién dic trung hiu qua cho tra ctru anh thong qua viéc sir dung nhiéu 16p tich chap. M6 hinh
hoc nay duoc sir dung vao viéc biéu dién lai cac dic trung cta cac anh co so dit liéu va anh truy van Trén co s& cac
biéu dién dic trung nay, c6 thé dua ra nhiéu huéng nghién ciru méi trong viéc cai tién mé hinh t6t hon, st dung mo
hinh biéu dién dic trung cua ching toi da thiét ké dé nghién ctru cic nhiém vu khéac trong thi giac may tinh. Két qua
cua md hinh nay da thu dugc cac danh sach phan hang co chét luong tdt, vira khic phuc dugc sy thiéu hut dac trung
lién quan ciia cic mau c6 cung nhin vira tin dung dugc uu diém cua céac mang noron tich chap dd thi. Cac két qua thuc
nghiém thyc hién trén tdp CIFAR-100 d3 minh chtng rang mé hinh dugce dé xudt cua ching toi sinh ra két qua c6 do
chinh xac cao.
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IMAGE REPRESENTATION LEARNING WITH GRAPH CONVOLUTIONAL
NETWORK FOR CONTENT-BASED IMAGE RETRIEVAL

Nguyen Van Thanh, Nguyen Huu Quynh, Pham Huy Hoang, Dao Thi Thuy Quynh, Cu Viet Dung

ABSTRACT: The performance of a content-based image retrieval system depends mainly on two stages: (1) learning the
effective image representation and (2) the appropriate distance function for the learned image representation. There have been
many content-based image retrieval methods that leverage deep learning to learn image representation effectively, but these
methods do not take advantage of relationships between images. Recently, Graph convolutional networks (GCNs) have emerged as
a powerful deep learning approach for data represented as graphs. In this paper, we present an image retrieval method called
IRLIR (Image Representation Learning for Image Retrieval). The proposed mothed uses a graph convolutional neural network to
learn effective image representations and a solution that uses feature representation as binary vectors in Hamming space to select
candidate set for reducing calculation time, making the retrieval process faster. We also provide experimental results on the
CIFAR100 image database to show the accuracy of the method.
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