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Tém tit

Truy xuét hinh anh 1a mot nhiém vu quan trong trong thi gidc may tinh lién quan dén
viéc truy xuat cac hinh anh ¢ lién quan tir co s¢ dit liéu hinh anh dya trén ndi dung truc
quan ctia chiing. Phuong phap truyén théng c6 thé khong nim bét duoc ¥ nghia ngit nghia
ctia hinh anh mot cach hiéu qua, dan dén két qua truy xuat dudi mac toi vu. Trong bai
béo nay, chung t6i dé xuat phuong phap truy xuat hinh anh theo ndi dung (Content Based
Images Retrieval - CBIR) dua trén kién triic mang Vision Transformer két hop phuong
phap VisualRank dé xép hang cac hinh anh duya trén su twong dong cua chung véi hinh
anh truy van. Qua két qua dao tao cho thdy mé hinh dé xut dat do chinh x4c 1én dén 97%.

Tir khéa: Truy van anh theo ndi dung, xép hang truy van anh, hoc chuyén tién vision.
Abstract

Image retrieval is an important task in computer vision that involves retrieving
relevant images from image databases based on their visual content. Traditional methods
may not capture the semantic meaning of images effectively, leading to suboptimal
retrieval results. In this paper, we propose a Content-Based Images Retrieval (CBIR)
method based on Vision Transformer network architecture combined with the VisualRank
method to rank images based on their similarity of images with query images. Through
the training results, the proposed model has an accuracy of up to 97%.

Keywords: Content-Based Images Retrieval, VisualRank, Vision Transformer..

1. MO PAU nghin ty hinh anh, trong d6 70% hinh anh
1.1. Giéi thiéu bai toan duoc tao ra tir thiét bi mobile [3]. Theo bao
c4ao moi nhat cua Cisco vao nam 2021, du
kién dung luong dir lidu gia ting trong ndm
hang ngay va duoc st dung trén nhidu 2025 1a 180 zettabyte [11]....Tim kiém hinh
thiét bi khac nhau nhu camera, mobile, anh tuong tu tur cac tap dir ligu anh Ion la
smartphone, tablet,... Theo bdo cdo ciia MmOt bai toan quan trong trong linh vyc thi
IDC (International Data Corporation) nim  gidc mdy tinh [15], [2]. Viéc thiét ké chi
2015, thé gi6i da tao va chia sé hon 1,6 muc, xép hang hinh anh, xdy dung ciu

D@t liéu da phuong tién, dac biét la
anh so da tré nén than thudc vdi cudc song
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tric dit liéu va dua ra thut toan tim kiém
1a trong tdm cua bai toan tim kiém dir liéu
anh [16]. Van dé dit ra 1a xay dung phuong
phap tim kiém anh hiéu qua, nghia I3 tim
kiém nhanh c4c hinh anh twong tu trong mot
tap dir liéu anh 16n vai do chinh xac cao.
Céc kién trac mang hoc sau dya trén mang
no-ron tich chap (CNN - Convolutional
Nural Network) [17] da lién tuc duogc
nghién ciru cai tién mang dén két qua
thtr nghiém ngay cang cao nhu Long
Short-Term Memory [ 7], Vision Transformer
[1], cac k¥ thuat xép hang VisualRank [5],
Multiclass VisualRank [9] gop phan khong
nho trong céc két qua thir nghiém. Cac két
qua thir nghiém dugc so sanh danh gia dé
dé xuat mot kién triic mang hoc sdu phu
hop c6 chat luong t6t nhat lam tién dé cho
viéc xay dung ung dung hd tro truy van
hinh anh theo ndi dung.

1.2. Nhirng nghién ctru lién quan

Rohit Raja va cong su [ 14] da thuc hién
mot phuong phéap tim kiém anh tuong tu
dua vao da dac trung ctua hinh anh st dung
vung dic trung ROI (Region of Interest)
theo mau sic bang phép loc Sobel va
Canny. Két qua dau ra cta giai doan nay
duoc tiép tuc phan ving trong khong gian
mau HSV. Két qua thuc nghiém trén bo anh
COREL-1k, COREL- 5k da cho do chinh
xac 1a 87,33%. Cong trinh nghién ctru cta
Nguyén Hoai Nam [6] dua trén co s& mot
s6 phuong phap tim kiém va xép hang
trang co ban, tir d6 dua ra nhitng dé xuat
cai tién cho thuat toan PageRank theo chii
dé. Phuong phap nay da duoc ap dung thir
nghiém cho may tim kiém Vietseek va budc
dau da mang lai hiéu qua. Mot nghién ctru
khac ciing vé van dé xép hang 1a nghién
ctru vé hoc xép hang trong tinh hang dbi
tuong va tao nhin cum tai liéu ciia Nguyén
Thu Trang [12]. Cac két qua thu duoc di
chtng minh vai trd va hiéu qua cua hoc xép
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hang ap dung vao may tim kiém. Nguyén
Hoang Trung [10] di tién hanh xay dung
thir nghiém mot thanh phén tim kiém MP3
cho tiéng Viét cho may tim kiém Socbay.
Phan mém tim kiém nay cho két qua tuong
d6i chinh xac d6i v6i ca nhitng tim kiém
tiéng Viét khong dau va cé diu trong thoi
gian cho phép.

1.3. Pic diém ciia mé hinh xép hang

Bo xép hang chiu trach nhi¢ém tim ra tai
liéu thich hop nhét tir truy van cua ngudi
dung va céc tai liéu dugce danh chi muc. Bac
diém cta mo hinh xép hang la tao ra mot
danh sach céc tai lidu duoc xép hang theo
mirc do lién quan giira tai liéu va truy van.
Sau d6 sip xép tat ca cac tai lidu theo thu tur
giam dan theo mirc d6 lién quan ciia chung.

1.4. Cac d¢ do danh gia mo hinh

Accuracy [11] dugc danh gia dya trén
cac gid tri nhu true positives (TP), false
positives (FP), true negatives (TN) va false
negatives (FN) dugc mo ta theo cong thirc
(1). Ham tinh toan do do Loss (L) dugc xac
dinh boi cong thire (2) voi i 1a nhan di lidu,
c la gié tri thuc té va p la gia tri dy doan.
Gia tri chinh xéc 1a ty I¢ trung binh giira
s6 lugng hinh anh c6 lién quan trong hinh
anh N duoc truy xuit boi sy giéng nhau
ctia tmg hinh anh q. Goi tap hop cac phan
tir c6 lién quan dén truy van g € Q 1a {dI,
d2, ..., dmj}, do chinh x4c cho tat ca céac
truy van dugc tinh boi cong thuc (3).

TP +TN

Accuracy= (1)
ITF+TN+FP+FN

L(C,P)=> C log(P) 2)
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2. KET QUA NGHIEN CUU

2.1. M6 hinh mang hgc sdu dung
trong huin luyén va xép hang

a) Mang Long Short-Term Memory
(LSTM): Long Short-Term Memory [7] la
mot dang dac biét cua RNN, n6 c6 kha nang
hoc duogc cac phu thudc xa. LSTM duoc
gidi thiéu bdi Hochreiter & Schmidhuber
(1997), va sau d6 da duoc cai tién. N6 duogc
su dung dé xu 1y, du dodn va phan loai trén
co so dir liéu chudi thdi gian. Chung hoat
dong cuc ki hiéu qua trén nhiéu bai toan
khac nhau nén dan da tré' nén phd bién nhu
hién nay.

b) Mang Vision Transformer (Vil):
M6 hinh Vision Transformer (ViT) [1] la
mot mang no-ron dugc sir dung dé xir Iy va
phan loai hinh anh dya trén co ché tu chu v;
cho phép xtr 1y hinh anh bang cach chia anh
thanh cac patch nhé va xu 1y chung duoi
dang chudi mi thong bao. Diéu nay giup
mo6 hinh nhan biét cac dic trung khong gian
trong anh va mbi quan hé giira cac patch;
qué trinh xu 1y thong tin dugc thuc hi¢n
dwa trén cac phép chuyén doi tuyén tinh
va co ché ty cha ¥ ma khong yéu cau céac
phép tich chdp nhu cac mang CNN. Ngoai
ra, Vision Transformer c6 thé mé rong dé
xir 1y anh ¢6 kich thude 16n hon bang cach
tang sb luong patch [5].

¢) Phwong phap VisualRank: Phuong
phap xép hang VisualRank 1 thuat toan
tinh hang anh dua vao viéc phan tich do
tuong dong vé ndi dung giita cac blic anh
do Yushi Jing va Shumeet Baluja [5][9] dé
xuat. Phuong phap ma Jing va Baluja dua
ra ldy tu tuong co ban tir thudt toan phan
tich lién két PageRank. Ciing giéng nhu
PageRank, thuat toan VisualRank str dung
ly thuyét d6 thi dé xay dung dd thi anh va
dung vector dic trung trung tdm dé tinh
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hang cho cac anh. Thuat toan da duogc cac
tac gia thir nghiém va cho két qua tot hon
két qua xép hang cta may tim kiém anh
Google trong phan 16n cac truy van trong
khi van duy tri dugc hidu qua tinh toan hgp
1y cho viéc trién khai quy mé 16n.

d)  Phwong  phdap  Multiclass
VisualRank: Phuong phap xép hang
Multiclass VisualRank 1a thudt toan xép
hang 4anh mo rong ¥ tudng tir phuwong phap
VisualRank cua Jing va Baluja [5][9] dé
xép hang anh cho nhiéu phén loai anh, do
Misur Ambai va Yuichi Yoshida [14] dé
xuat. Thuét toan Multiclass VisualRank
chia cac anh duoc tra vé tir may tim kiém
thanh nhitng phan loai khdc nhau dua
vao cac dac trung ndi dung cua anh va
tién hanh xép hang trong timg phan loai
d6. Multiclass VisualRank gdom ba buédc
sau: Tinh d¢ tuong dong vé ndi dung anh,
phan cum, tinh hang.

2.2. Phwong phap dé xuit

Hé théng tim kiém hinh anh dua vao
n6i dung ma chung t6i dé xuat c6 quy trinh
thuc hién nhu sau: TU file hinh anh dau
vao thuc hién cét ra thanh cac frame hinh,
tiép theo chiing t6i s& phat hién ddi tuong
(n6i dung) trén hinh anh d6. Két thic qua
trinh xur 1y dit liéu ngudn, két qua thu
duoc 1a cac dic trung twong ung dbi vai
ndi dung cua hinh anh da dugc trich XUAt.
Céc thong tin rut trich dugc s€ duogc lap
chi muyc va luu vao co s¢ dit liéu cua cong
cu tim kiém dé phuc vu cho qua trinh tiép
theo 1a truy van. BO xir 1y truy van nhan
cac truy van cta nguoi dung va bd xép
hang sé& tim ra dic trung thich hop nhat tir
truy van ctia nguoi dung va cac dic trung
duoc danh chi muc. Bo Xép hang co thé léy
truc tiép cac truy van va cac dic trung dé
tinh toan mot diém sé (score) hodc ciing
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c6 thé trich xut nhitng ddc diém gitta cac
cap dic trung va truy van dé tao ra diém
s6 duogc két hop tir nhitng didc diém do, va
két qua tra vé cho ngudi dung 1a nhiing
hinh anh lién quan dwugc xép hang dua
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theo thuat toan ma cong cu tim kiém sir
dung. Chi tiét cac giai doan thuc hién cta
hé théng tim kiém hinh anh dwa vao noi
dung ma chung t6i dé& xuit dugc miéu ta
nhu hinh 1.
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Hinh 1. Mé hinh téng qudt phuong phdp dé xudt

2.2.1. Pao tao m6 hinh

a) Tién xir Iy va chudn bi di liéu: Pau
vao ciia hé thdng 1a tap dit liéu hinh anh c6
san, chung t6i thuc hién chuan héa tat ca
hinh anh thanh kich thudc 224 x 224 pixel,
day la kich thudc phu hop cho qué trinh
trich xuit dic trung tiép theo. Chung toi
chia dir liéu thanh cac tép train/test va dua
vao mo hinh dé danh gia.

b) Trich chon ddc trung, hudn luyén:
Dé co thé phat hién va phan loai dugc ddi
tuong, chung t6i tién hanh rat trich dic
trung trén tap dir liéu da dugc tién xir 1y.

12

Chung t6i dé xuat phuong phap rat trich
ddc trung v6i 2 mo hinh mang: Long Short-
Term Memory va Vision Transformer. Tap
dir 1i€u sau khi ruat trich dac trung s€ dugc
huén luyén trén hai mé hinh mang Long
Short-Term Memory(a) va Vision Trans-
former(b). Pac biét vdi mo hinh Vision
Transfomer [1] chung t6i thyc hién bang
cach sau khi hinh anh dau vao dugc tién xtt
Iy s& cat thanh céac patch dua qua cac tang
dé tién hanh ma hoa, rat trich dic trung,
phan loai va xép hang. Két qua cia qua
trinh nay s€ la anh dugc phan loai, luu triv
va xép hang.
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Vision Transformer (ViT)

L x
:lﬂ_]; o
ca
MLP
_I_

ISSN 261 5-9945

Transformer Encoder

Transformer Encoder

Norm

!
“g:,.:c:::::;"“* @6@5@5 @5@13] @5 @56 @15

Multi-Head
Altention

* Extra learnable
[class] embedding [

Lmear Prcjecuon of Flatlened Palches

VR !Elll-.-..

Embedded
Patches

Hinh 2. Mé hinh dé xudt Vision Tranformer

2.2.2. Kiém thir

O giai doan kiém thir chiing t6i ciing
tién hanh trich xuat dic trung voi 2 mo
hinh mang: Long Short-Term Memory va
Vision Transformer. Dua vao cac thuat
toan phén loai va xép hang nhur d trinh bay
& phan 1 va CSDL huan luyén, ta tién hanh
dua anh dau vao dé xac nhan ddi tugng va
dua ra két qua. Pat mot ngudng dé quy
dinh d¢ chinh xac khi nhan dang, néu 16n
hon ngudng nay tirc 1a d6i twong nay ton
tai trong CSDL huan luyén két qua tra vé
s& 1a mot id cua d6i tuong do.

2.3. Két qua thue nghiém
a) Méi trirong cai dat: Phuong phap dé

xuat dugc cai dat trén moéi truong Google
Colab, cau hinh RAM 12GB va ding GPU
Nvidia Geforce. Thu vién hd trg huin
luyén md6 hinh mang sur dung la Tensorflow,
Keras va OpenCV.

b) Tap dir liéu thuc nghiém: Dé danh
gia phuong phap dé xudt chung t6i sir dung
tap hinh anh 1ay tir bo dit liéu VGGFace2.
Tap dit lidu gom 1,539 anh vé6i 38 bo
phan 16p duoc chia theo ti 1€ 80% (1231
anh) cho tap Training va 20% (308 anh)
cho tap Test.

¢) Cac kich ban ap dung: Dé so sanh va
danh gia cac mo hinh, ching t6i thyc hién 4
kich ban véi cac tham sb trong Bang 1.

Bdng 1. Cac kich ban dwoc dé xudt va cdc tham s6 hudn luyén

. Kién trac , .
K{Ch mang rat trich va Phuﬂong phdp Epochs Learning Patch_size | Image size
ban P n xep hang rate -
huan luyén
1 | Vision Tranformer | VisualRank 200 le-3 10 224 x 224
2 | Vision Tranformer Multhlass 200 le-3 10 224 x 224
VisualRank
3 | LongShort-Term |y iRank | 200 | 1e-3 10 |224x224
Memory
Long Short-Term | MultiClass
4 Memory VisualRank 200 le-3 10 224 x 224
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2.4. Két qua huén luyén

a) Do do Loss cua cac kich ban

— Traking Lo e — Taining Loss
—— Vesiation Lose
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Kich ban 2
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Hinh 3 - Dé do Loss cta cdc kich ban trong giai doan
huédn luyén

Hinh 3 biéu dién gi4 tri mat mac (loss)
cia cac kich ban trong giai doan huin
luyén. Gia tri val loss ctia cac kich ban lan
lugt 1a kich ban 1 1a 0.0058, kich ban 2 1a
0.4836, kich ban 3 12 0.0062, kich ban 4 1a
0.3662. O kich ban 2 va 4, gia tri val_loss
cho két qua cao hon gia tri train loss va
khoéng 6n dinh, déu nay cho thiy mé hinh
huén luyén chua téi wu va co thé dan dén
sai l¢ch trong qua trinh du doan. Nguoc
lai, kich ban 1 va 3 lai cho két qua t6i uu
hon so v&i cac kich ban trén, khi gia tri
val loss gan bang voi gié tri train loss dbi
v6i kich ban 3, va gia tri val loss thap hon
so vd&i gia tri train loss ddi voi kich ban 1.
Tuy nhién, gia tri val loss trung véi train
loss ciing c6 thé 1a do van dé underfitting,
trong khi do6 kich ban 1 lai c6 gia tri val
loss thap hon so véi gia tri train loss. Diéu
nay cho thdy mé hinh trong kich ban 1 cho
két qua tot hon cdc mo hinh trong céc kich
béan con lai.

74

ISSN 2681 5-9945

b) B¢ do Accuacy cua cac kich ban

PRy '
/

—— Training Accurac ¥
—— validation Accuracy
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Kich ban 1
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T Vatamtion ace acy

Kich ban 3 Kich ban 4

Hinh 4 - D6 do Accuracy ctia cdc kich ban trong giai
doan hudn luyén.

Hinh 4 biéu dién do chinh xac
(accuracy) cua cac kich ban trong giai doan
huén luyén. Kich ban 1 dat d§ chinh xac
98.3%, kich ban 2 ¢6 d6 chinh xac 1a 88.5%.
Kich ban 3 ¢6 do chinh xac 1a 94.8%, kich
ban 4 ¢6 do chinh xac la 85.8%. Mit khac,
khi quan sat kich ban 2 va 4 ta théy rang,
gid tri val accuracy cho két qua thip hon
gia tri train accuracy va khong 6n dinh, déu
nay cho thdy mé hinh huén luyén chwa that
su hiéu qua va co thé dan dén sai léch trong
qua trinh dy doan. Nguoc lai, kich ban 1 va
3 lai cho két qua tdi wu hon so véi cac kich
ban trén khi gia tri val accuracy gan bang
vé6i gia tri train accuracy dbi véi kich ban 1
va gia tri val accuracy cao hon so véi gid tri
train accuracy di v6i kich ban 3. Piéu nay
cho thdy mo hinh trong kich ban 1 c¢6 kha
nang dy doan t6t hon cac mé hinh trong ba
kich ban con lai.

¢) Thoi gian hudn luyén

150 1078

£ 100 s24 P4 539
g% [ [
£ Kich Kich Kich Kich
= bian 1 ban 2 ban 3 ban 4

Hinh 5. Thai gian hudn luyén cta cdc kich ban
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Hinh 5 biéu dién thoi gian huan luyén
ctia cac kich ban dé xuat lan lugt véi kich
ban 1 1a 108.7 phit, kich ban 2 va 4 lan luot
14 52.4 phut va 53.7 phit, kich ban 3 1a 73.4
phit. Qua két qua trén, co thé thay kich ban
2 va 4 cho két qua huan luyén nhanh hon so
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vO1 hai mo hinh con lai, m6 hinh kich ban
I cho két qua huan luyén lau nhat, v6i thoi
glan gip gan 2 lan so véi kich ban 2 va 4,
gan 1.5 lan 50 voi kich ban 3.

d) Mot s6 hinh anh két qud phan loai

P~

nomm1mn 0108
——

miR1E8 00 ipg

d) Kich ban 4

Hinh 6 - Mét sé két qua thu'c nghiém cia cdc kich ban

Trong phan thuc nghiém nay, ching
t6i st dung md hinh ViT két hop Visual-
Rank (kich ban 1), mé hinh ViT két hop
MulticlassVisualRank (kich ban 2), mo
hinh LSTM két hop VisualRank (kich ban
3), md hinh LSTM két hop MulticlassVi-
sualRank (kich ban 4) dé xép hang tuong
{rmg va hinh 6 1a mot s6 hinh anh minh hoa.

Kich ban 1 va 3 cho két qua truy van véi
dd chinh x4c cao, cac kich ban con lai tuy
nhan dién duoc hinh anh truy vin nhung
v6i ti 18 twong ddi thap, cac hinh anh dugc
tra lai c6 ty 1€ 15i rat cao, tham chi 1én t&i
100% kich ban 2 va 4 1a mdt vi du.

2.5. So sanh, danh gia cac mé hinh

97.5
100 0.6 10
02 5 0.4836 = 795 8.15
= 95 0.5 2 8
S 0.3662 5
= 90 844 | |857 z 04 £ 6 415
= 85 5 03 E , 32 )
8 11 | ~
s 0.1 0.0058 00052 £ 2 I
Kich Kich Kich Kich 0 0
ban ban ban ban Kich Kich Kl_ch Kich Kich Kich Kich Kich
1 2 3 4 banl ban2 bin3 ban4 ban 1ban 2ban 3ban 4

Hinh 7. Bi€u dé mAP, Loss, thdi gian kiém thir cia cdc kich ban trén tap dir liéu thuc nghiém
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Két qua thuc nghiém duogc tong hop
qua biéu d6 hinh 7 cho thay gia tri loss cta
mo hinh kich ban 1 13 0.0058, thap nhat
trong bon kich ban. Thoi gian kiém thir
ngdn nhat véi 3.2 phat, nhanh hon gip 2
1an so véi kich ban 2 va gan 2,5 lan so voi
kich ban 4. Ngoai ra mAP cua 3 kich ban
cho thdy d6 chinh xéc trung binh tuong d6i

ISSN 2681 5-9945

cao, tuy nhién & kich ban 1 cho thay ti 1¢
d6 chinh xac trung binh 13 cao nhat, hon
97% so voi kich ban 2 1a 84.4%, kich ban
314 92.5% va kich ban 4 1a 85.7%. Tir két
qua trén c6 thé thiy mo hinh kich ban 1 st
dung VisualRankVision Transformer nhan
dién, phan loai va xép hang truy van hiéu
qua hon.

Bang 2. So sanh két qua ciia ViT va cdc phiong phdp khéc

) Kién triic mang Phuong phap
Kich ban , , D¢ chinh x4c
rut trich va huan luyén x€p hang
1 Vision Tranformer VisualRank 98.3%
2 Vision Tranformer MultiClass VisualRank 88.5%
3 Long Short-Term Memory VisualRank 94.8%
4 Long Short-Term Memory | MultiClass VisualRank 85.8%
3.KET LUAN cong cu tim kiém, ca vé do chinh xéc va thoi

Trong nghién clru nay, chung t6i da
trinh bay phuong phap st dung cic mo
hinh hoc sau két hop thuat todn tinh hang
dé biéu dién cac thudc tinh ndi dung co
trong hinh anh trén tip cac anh liy ngiu
nhién tir tap dit liéu co san. Khi thyc hién
va hudn luyén bang cic mod hinh hoc sau
cu thé 1a kién trac mang VissualRank ViT,
MulticlassVissualRank ViT, VissualRank
LSTM, MulticlassVissualRank LSTM ta
thdy duoc la phuong phap nay déu dat do
chinh x4c cao tir 87% dén 98% cho cac md
hinh kién trac. Pdng thoi phuong phap nay
ciing chimg minh duoc sy thay ddi cua do
chinh x4c tiy theo bo tham s6 str dung. Céc
két qua thuc nghiém ciing thé hién tinh kha
thi cua phuong phap khi ap dung trén céc

gian thyuc hién. Phuong phép c6 uu diém la
tan dung dugc kha nang x1r Iy ciia mang no
ron siu cho ca thao tac trich xuat ddc trung
va phan loai ddi tuong. Tuy nhién, nhuogc
diém cua phuong phap 1a can duoc thuc
hién t8i vu nham tim ra bd tham s tt nhit
do viéc hun luyén trén mang no ron sau la
mot hoat dong tiéu ton tai nguyén va thoi
gian, nghién ctru ndy chua thuc hién ti uu
mot cach triét dé cac tham sb cua thuat toan.
Hudng phat trién trong twong lai c6 thé tap
trung vao viéc giai quyét nhitng han ché nay
bang cach két hop céac tinh ning bo sung,
kham pha cac kién triic méi va két hop dir
liéu tir nhidu ngudn, chang han nhu két hop
truy van va xép hang cho video nham giam
viéc tiéu ton tai nguyén va thoi gian.
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