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Toém tit

Truy xuét hinh anh 1a mot nhiém vu quan trong trong thi giic may tinh lién quan dén
viéc truy xuét cac hinh anh c6 lién quan tur co s& dir li¢u hinh anh dya trén ndi dung truc
quan ctia ching. Phuong phap truyén thong co thé khong nim bét duoc y nghia ngit nghia
ctia hinh anh mot cach hiéu qua, dan dén két qua truy xuit dudi mic tdi wu. Trong bai
béo nay, chung t6i d& xuat phuong phap truy xuat hinh anh theo ndi dung (Content Based
Images Retrieval - CBIR) dua trén kién triic mang Vision Transformer két hgp phuong
phap VisualRank dé xép hang cac hinh anh dya trén sy tuong dong ctia ching vé6i hinh
anh truy van. Qua két qua dao tao cho thdy mé hinh dé xuit dat d6 chinh xac 1én dén 97%.

Tir khoa: 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 dnh
1.1. Giéi thidu bai toin duoc tao ra tir thiét bi mobile [3]. Theo bao
cao mai nhat cua Cisco vao nam 2021, du
kién dung luong dir lidu gia ting trong nim
2025 1a 180 zettabyte [11]....Tim kiém hinh
anh tuong tu tur cac tap dir li¢u anh 16n 1a

Dt liéu da phuong ti¢n, dac bi¢t 1a
anh s6 da trd nén than thudc véi cude séng
hang ngay va duoc st dung trén nhiéu
thiét bi khac nhau nhu camera, mobile,

smartphone, tablet,... Theo bdo cdo cua
IDC (International Data Corporation) ndm
2015, thé gidi da tao va chia sé hon 1,6

mot bai todn quan trong trong linh vuc thi
gidc may tinh [15], [2]. Viéc thiét ké chi
muc, xép hang hinh anh, xdy dung ciu
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tric dir lidu va dua ra thuat toan tim kiém
1a trong tAm cta bai toan tim kiém dit lidu
anh [16]. Van d¢ dit ra 1a xay dung phuong
phap tim kiém anh hiéu qua, nghia 13 tim
kiém nhanh céac hinh anh twong ty trong mot
tap dir liéu anh l6n voi do chinh xéac cao.
Céc kién trac mang hoc sau dya trén mang
no-ron tich chap (CNN - Convolutional
Nural Network) [17] da lién tuc duoc
nghién ciru cai tién mang dén két qua
thr 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 duogc so sanh danh gia dé
dé xuat mot kién trac mang hoc sau phu
hop c6 chit luong t6t nhat lam tién dé cho
viéc xdy dyng ung dung hd tro truy van
hinh anh theo ndi dung.

1.2. Nhirng nghién ciru lién quan

Rohit Raja va cdng su [14] da thuc hién
mot phuong phap tim kiém anh tuong tu
dua vao da dac trung cia hinh anh str dung
vung dac trung ROI (Region of Interest)
theo mau sic bang phép loc Sobel va
Canny. Két qua dau ra cua giai doan nay
duoc tiép tuc phan ving trong khong gian
mau HSV. Két qua thuc nghiém trén bd anh
COREL-1k, COREL- 5k da cho d¢ chinh
xac la 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 nhimng dé& xuat
cai tién cho thuat toan PageRank theo chii
dé. Phuong phép nay di dugc ap dung thi
nghiém cho may tim kiém Vietseek va budc
d4u da mang lai hiéu qua. M6t nghién ctru
khic ciing vé van dé xép hang 1a nghién
ctru vé hoc xép hang trong tinh hang ddi
tuong va tao nhin cum tai liéu cua Nguyén
Thu Trang [12]. Cac két qua thu duoc da
chtng minh vai trd va hiéu qua caa hoc xép
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hang 4p dung vao may tim kiém. Nguyén
Hoang Trung [10] d4 tién hanh xiy dung
thir nghiém mot thanh phan tim kiém MP3
cho tiéng Viét cho may tim kiém Socbay.
Phan mém tim kiém nay cho két qua twong
d6i chinh xac dbi véi ca nhitng tim kiém
tiéng Viét khong ddu va co ddu trong thoi
gian cho phép.

1.3. Piic diém ctia mé hinh xép hang

Bo xép hang chiu trach nhi¢m tim ra tai
liéu thich hop nhét tir truy van cta ngudi
dung va cac tai liéu dugc danh chi myc. Pac
diém ctia m6 hinh Xép hang 1a tao ra mot
danh sach céc tai liéu duoc xép hang theo
mirc d6 lién quan giira tai liéu va truy van.
Sau d6 sap xép it ca cac tai liéu theo thir tu
giam dan theo mirc d6 lién quan ctia chung.

1.4. Cac do do danh gia m6 hinh

Accuracy [11] dugc danh gid dya trén
cac gia tri nhu true positives (TP), false
positives (FP), true negatives (TN) va false
negatives (FN) dugc mo ta theo cong thuce
(1). Ham tinh toan d¢ do Loss (L) dugc xac
dinh bdi cong thire (2) véi i1 1a nhan dir 1iu,
¢ la gia tri thuc té va p la gid tri dy doan.
Gia tri chinh xdc 1a ty 1€ trung binh gitra
s6 lwong hinh anh ¢6 lién quan trong hinh
anh N duoc truy xuat boi sy gidng nhau
ctia ting hinh anh q. Goi tip hop cac phan
tir ¢6 lién quan dén truy van ¢ € Q 1a {d1,
d2, ..., dmj}, d6 chinh xac cho tAt ca cac
truy van duoc tinh boi cong thirc (3).

Accuracy= cistl ) (D
TP+TN+FP+FN
L(C,P)=> C log(P) 2)

AP " l«100 @)
x
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2. KET QUA NGHIEN CUU

2.1. Mo hinh mang hoc siu dung
trong huén luyén va xép hang

a) Mang Long Short-Term Memory
(LSTM): Long Short-Term Memory [7] la
mdt dang dac biét cia RNN, no6 cé kha nang
hoc dugc cac phu thuoc xa. LSTM duoc
gi6i thicu bdi Hochreiter & Schmidhuber
(1997), va sau d6 da duoc cai tién. N6 duge
st dung dé xtr 1y, du doan va phan loai trén
co s dit lidu chudi thoi gian. Ching hoat
dong cuc ki hi¢u qua trén nhiéu bai toan
khac nhau nén dan d3 tré nén phd bién nhu
hién nay.

b) Mang Vision Transformer (ViT):
Mo hinh Vision Transformer (ViT) [1] la
mdt mang no-ron dugc s dung dé xu Iy va
phan loai hinh anh dya trén co ché ty chu y;
cho phép xir 1y hinh anh bang cach chia anh
thanh céac patch nho va xur ly chung dudi
dang chudi mi thong bao. Dicu nay gitp
mo hinh nhén biét cac dic trung khong gian
trong anh va mdi quan hé gitra cc patch;
qua trinh xu ly thong tin dugc thuc hi¢n
dua trén cic phép chuyén doi tuyén tinh
va co ché tu cha ¥ ma khéng yéu cau cac
phép tich chap nhu cac mang CNN. Ngoai
ra, Vision Transformer c6 thé mé rong dé
xtr 1y anh c6 kich thude 16n hon bang cach
tang sd luong patch [5].

¢) Phuong phap VisualRank: Phuong
phap xép hang VisualRank 1a thuat toan
tinh hang anh dwa vao viéc phan tich do
tuong dong vé nodi dung gitra cac blrc anh
do Yushi Jing va Shumeet Baluja [5][9] d¢
xuit. Phuong phép ma Jing va Baluja dua
ra lay tu tuong co ban tir thudt toan phan
tich lién két PageRank. Ciing gidng nhu
PageRank, thuat toan VisualRank sur dung
Iy thuyét do thi dé xay dung do thi anh va
dung vector ddc trung trung tdm dé tinh
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hang cho céc anh. Thuat toan da dugc cac
tac gia thir nghiém va cho két qua tét hon
két qua xép hang ctia may tim kiém anh
Google trong phan 16n cac truy van trong
khi van duy tri duoc hiéu qua tinh toan hop
Iy cho viéc trién khai quy mo 16n.

d)  Phuwong  phap  Multiclass
VisualRank: Phuong phap xép hang
Multiclass VisualRank 1a thuét toan xép
hang anh moé rong y tudng tir phwong phép
VisualRank cua Jing va Baluja [5][9] dé
xép hang anh cho nhiéu phan loai anh, do
Misur Ambai va Yuichi Yoshida [14] dé
XuAt. Thuat toan Multiclass VisualRank
chia cac anh dugc tra vé tir may tim kiém
thanh nhiing phén loai khac nhau dua
vao cdac dac trung ndi dung cuia anh va
tién hanh xép hang trong ting phan loai
d6. Multiclass VisualRank gdm ba budc
sau: Tinh d¢ twong dong vé noi dung anh,
phan cum, tinh hang.

2.2. Phwong phap dé xuat

Hé thong tim kiém hinh anh dya vao
n6i dung ma chung t6i dé xuat c6 quy trinh
thuc hién nhu sau: Tt file hinh anh dau
véo thuc hién cit ra thanh cac frame hinh,
tiép theo chung t6i s& phat hién ddi tuong
(n6i dung) trén hinh anh d6. Két thuc qua
trinh xtr 1y dit liéu ngudn, két qua thu
duogc 1a cac dic trung tuong ung d6i véi
n6i dung ctia hinh anh di duoc trich xuat.
Céc thong tin rut trich dugc s& dugc lap
chi muc va luu vao co s¢ dit liéu ctua cong
cu tim kiém dé phuc vu cho qua trinh tiép
theo 1a truy van. Bo xir 1y truy van nhan
céc truy van cua ngudi dung va bo xép
hang s& tim ra dic trung thich hop nhét tir
truy van cua nguoi ding va céc dic trung
dugc danh chi muc. B xép hang c6 thé lay
truc tiép cac truy van va cic dic trung dé
tinh toan mot diém sb (score) hodc ciing
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c6 thé trich xuat nhiing dic diém giira cac
cip dic trung va truy van dé tao ra diém
s6 dugc két hop tir nhitng dic diém do, va
két qua tra vé cho nguoi ding 13 nhing
hinh dnh lién quan dugc xép hang dua
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theo thudt todn ma cong cy tim kiém st
dung. Chi tiét cac giai doan thyuc hién cua
hé théng tim kiém hinh anh dua vao noi
dung ma ching toi dé xuét dugc miéu ta
nhu hinh 1.
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TRAINING MODEL Training -\
Long Shor-Temn Memaory
[ Preprocessing H Features Extraction
Visson Transformer

("

TESTING

Classification

[ Preprocessing H Features Extraction

Content |
Content 2

X%

Content 3

Contentn

VisualRank

1 Caculate the
Sumilarity Matrix

Content Index

Caculate the
Shenblarity Marrix

Execute Query

Retum Result

ik aationk |
garneT2

Hinh 1. Mé hinh téng qudt phuong phdp dé xudt

2.2.1. Dao tao mo hinh

a) Tién xir ly va chuan bi dir liéu: Pau
vao ctia hé thong 1a tap dir liéu hinh anh co
san, chung toi thyc hién chuén hoa tat ca
hinh anh thanh kich thudc 224 x 224 pixel,
day la kich thuéc phu hop cho qua trinh
trich xuét dic trung tiép theo. Chung tbi
chia dir li¢u thanh céc tép train/test va dua
vao mo hinh dé danh gia.

b) Trich chon ddc trung, hudn luyén:
Pé c6 thé phat hién va phén loai dugc dbi
tugng, chung toi tién hanh rat trich dic
trung trén tap dir liéu da duoc tién xur 1y.

12

Chung t6i dé xuat phuong phap rat trich
ddc trung vé1 2 mo6 hinh mang: Long Short-
Term Memory va Vision Transformer. Tap
dwr liéu sau khi rat trich dac trung s€ dugc
huan luyén trén hai mé hinh mang Long
Short-Term Memory(a) va Vision Trans-
former(b). Dac biét véi mo hinh Vision
Transfomer [1] chung t6i thuc hién bang
cach sau khi hinh anh dau vao dugc tién xir
Iy s& cat thanh céac patch dua qua cic tang
dé tién hanh ma hoa, rat trich dic trung,
phan loai va xép hang. Két qua cua qua
trinh nay s€ la anh dugc phan loai, luu trix
va xép hang.

TAP CHi KHOA HOG | +1ing:5202:



Joupnal ol( Science - V L U T E

Vision Transformer (ViT)
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Hinh 2. Mé hinh dé xudt Vision Tranformer

2.2.2. Kiém thir

O giai doan kiém thir chung t6i ciing
tién hanh trich xuat ddc trung véi 2 mo
hinh mang: Long Short-Term Memory va
Vision Transformer. Duya vao cac thuat
toan phan loai va xép hang nhu d trinh bay
6 phﬁn 1 va CSDL huén luyén, ta tién hanh
dua anh dau vao dé xac nhan ddi tuong va
dua ra két qua. Pat mot ngudng dé quy
dinh d§ chinh xdc khi nhan dang, néu 16n
hon ngudng nay tirc 1a di twong nay ton
tai trong CSDL huan luyén két qua tra vé
s& 1a mot id cua dbi tuong do.

2.3. Két qua thwe nghiém

a) Méi truong cai dat: Phuong phap dé

xuat duoc cai dat trén méi truong Google
Colab, cdu hinh RAM 12GB va dung GPU
Nvidia Geforce. Thu vién hd trg huén
luyén mo hinh mang str dung la Tensorflow,
Keras va OpenCV.

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

¢) Cdc kich ban dp dung: Dé so sanh va
danh gid cadc md hinh, chung t61 thuc hién 4
kich ban véi cac tham s trong Bang 1.

Bdng 1. Cac kich ban dwoc dé xuat va cac tham so huan luyén

. Kién trac , .
K{Ch mang rat trich va PhuAO’ng phdp Epochs Learning Patch_size | Image size
ban P . x€p hang rate
huan luyén
1 | Vision Tranformer | VisualRank 200 le-3 10 224 x 224
.. MultiClass
2 Vision Tranformer VisualRank 200 le-3 10 224 x 224
3 | LongShort-Term |0 Rank | 200 le-3 10 204 x 224
Memory
Long Short-Term | MultiClass
4 Memory VisualRank 200 le-3 10 224 x 224
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2.4. Két qua huin luyén

a) Do do Loss cua cac kich ban

"
—— Training Loss ¢ — Taining Loss.
—— validation Loss

Al
e m"Ll'\A,"‘w" W ‘v‘"f“" '

0 25 S0 75 100 125 150 175 200 03 W W™ 00 w10 Wm0

Kich ban 1

—— Training Loss
Validation Loss

Kich ban 2

14 — Training Loss
—— Validation Loss

75 100 125 150 175 200

6 25 50 74 100 125 150 175 200 T % 5

Kich ban 3 Kich ban 4
Hinh 3 - Dé do Loss ctia cdc kich ban trong giai doan
huédn luyén

Hinh 3 biéu dién gia tri mt mac (loss)
clia cac kich ban trong giai doan huin
luy¢n. Gia tri val loss cua céc kich ban lan
luot 1a kich ban 1 1a 0.0058, kich ban 2 1a
0.4836, kich ban 3 1a 0.0062, kich ban 4 1a
0.3662. O kich ban 2 va 4, gia tri val_loss
cho két qua cao hon gi4 tri train loss va
khong 6n dinh, déu nay cho thdy mé hinh
huén luyén chua toi wu va co6 thé dan dén
sai 1éch trong qué trinh du dodn. Nguoc
lai, kich ban 1 va 3 lai cho két qua téi uu
hon so véi cac kich ban trén, khi gia tri
val loss gan bang v&i gia tri train loss doi
v6i kich ban 3, va gia tri val loss thap hon
S0 vGi gid tri train loss ddi véi kich ban 1.
Tuy nhién, gia tri val loss trung véi train
loss ciing ¢o thé 1a do van dé underfitting,
trong khi do6 kich ban 1 lai c6 gia tri val
loss thdp hon so véi gié tri train loss. Diéu
nay cho thay mé hinh trong kich ban 1 cho
két qua tét hon cac moé hinh trong céc kich
ban con lai.
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b) B¢ do Accuacy cua cac kich ban

Aubtalhth 4

Kich ban 1

—— Training Accuracy
—— validation Accuracy

0 25 s0 75 100 125 150 175 200

Kich ban 3 Kich ban 4

Hinh 4 - Bé do Accuracy cta cdc kich ban trong giai
doan hudn luyén.

Hinh 4 biéu dién d0 chinh xéc
(accuracy) cua céc kich ban trong giai doan
huan luyén. Kich ban 1 dat do chinh xac
98.3%, kich ban 2 ¢6 @0 chinh xac 1a 88.5%.
Kich ban 3 ¢6 @ chinh xac 1a 94.8%, kich
ban 4 ¢6 do chinh xac la 85.8%. Mat khac,
khi quan sat kich ban 2 va 4 ta thay rang,
gia tri val accuracy cho két qua thdp hon
gi4 tri train accuracy va khong 6n dinh, déu
nay cho thiy mo hinh huén luyén chua that
su hiéu qué va c6 thé dan dén sai 1éch trong
qua trinh dy doan. Nguoc lai, kich ban 1 va
3 lai cho két qua t&i uu hon so véi céac kich
ban trén khi gia tri val accuracy gan bang
v6i gia tri train accuracy ddi véi kich ban 1
va gia tri val accuracy cao hon so voi gia tri
train accuracy d6i v6i kich ban 3. Didu nay
cho thdy mé hinh trong kich ban 1 ¢6 kha
nang dy doan t5t hon cac mé hinh trong ba
kich ban con lai.

¢) Thoi gian hudn luyén

150 1078

£ 100 . 524 4 537
£ 50

= 0 [ [
£ Kich Kich Kich Kich
= bian 1 ban 2 ban 3 ban 4

Hinh 5. Théi gian hudn luyén caa cdc kich ban
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Hinh 5 biéu dién thoi gian huan luyén
ctia cac kich ban dé xuét 1an luot véi kich
ban 1 12 108.7 phit, kich ban 2 va 4 1an luot
14 52.4 phut va 53.7 phut, kich ban 3 1a 73.4
phut. Qua két qua trén, c6 thé thiy kich ban
2 va 4 cho két qua huan luyén nhanh hon so
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vo1 hai mo hinh con lai, mé hinh kich ban
1 cho két qua hudn luyén lau nhat, v6i thoi
gian gip gan 2 lan so v&i kich ban 2 va 4,
gan 1.5 14n so voi kich ban 3.

d) Mét s6 hinh anh két qua phan loai

GLEE:
v- . o .
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d) Kich ban 4

Hinh 6 - Mét sé két qua thuc nghiém cta cdc kich bén

Trong phan thyc nghiém nay, ching
t6i str dung md hinh ViT két hop Visual-
Rank (kich ban 1), mé hinh ViT két hop
MulticlassVisualRank (kich ban 2), md
hinh LSTM két hop VisualRank (kich ban
3), mo hinh LSTM két hop MulticlassVi-
sualRank (kich ban 4) dé xép hang tuong
mg va hinh 6 13 m6t s6 hinh anh minh hoa.

100 0.6

Kich ban 1 va 3 cho két qua truy van véi
dd chinh xac cao, céac kich ban con lai tuy
nhan di¢n dugc hinh anh truy van nhung
Vv6i ti 1¢ tuong ddi thap, cac hinh anh duoc
tra lai co ty 16 13i rat cao, tham chi 1én t&i
100% kich ban 2 va 4 1a mot vi du.

2.5. So sanh, danh gia cac mo hinh

._.
S
o
-
n

0.4836 _
= 725

e 95 0.3 0.3662 g 8

=~ 90 84.4 85.7 = 0.4 E s 415

= 85 2 03 E 32 ’

= g0 0.2 s 4

75 0.1 00058 0.0062 E 2 I I
Kich chh Kich chh 0 e 0

ban ban ban ban
1 2 3 4

Kich Kich Kich Kich
binl ban2 ban3 ban4

Kich Kich Kich Kich
ban 1ban 2ban 3ban 4

Hinh 7. Bi€u d6 mAP, Loss, thai gian kiém thir ciia cdc kich ban trén tdp di liéu thuc nghiém
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Két qua thyc nghiém duoc tong hop
qua biéu d6 hinh 7 cho thiy gia tri loss cua
moé hinh kich ban 1 13 0.0058, thap nhét
trong bén kich ban. Thoi gian kiém thir
ngin nhat v&i 3.2 phat, nhanh hon gap 2
lan so v&i kich ban 2 va gan 2,5 lan so véi
kich ban 4. Ngoai ra mAP cua 3 kich ban
cho thay do chinh xéc trung binh twong ddi
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cao, tuy nhién & kich ban 1 cho thay ti 18
dd chinh xac trung binh la cao nhét, hon
97% so voi kich ban 2 1a 84.4%, kich ban
314 92.5% va kich ban 4 1a 85.7%. Tur két
qué trén co 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 phwong phdp khdc

) Kién triic mang Phuong phap
Kich ban , , D0 chinh xac
rut trich va huan luyén xcp 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

Trong nghién clru nay, chung to61 da
trinh bay phuong phép st dung cac mo
hinh hoc sau két hop thuat toan tinh hang
dé biéu dién cac thudc tinh noi dung co
trong hinh anh trén tip cic anh lay ngiu
nhién tir tip dit lidu c6 san. Khi thyuc hién
va hudn luyén bang cic md hinh hoc sau
cu thé 1a kién trac mang VissualRank ViT,
MulticlassVissualRank ViT, VissualRank
LSTM, MulticlassVissualRank LSTM ta
thdy duoc 1a phuong phap nay déu dat do
chinh xac cao tir 87% dén 98% cho cac md
hinh kién trac. Pong thoi phuong phap nay
ciing chimg minh duoc sy thay doi cua do
chinh x4c tiy theo bo tham sb sir dung. Céc
két qua thyuc nghiém ciing thé hién tinh kha
thi cta phuong phéap khi ap dung trén cac

cong cu tim kiém, ca vé do chinh x4c va thoi
gian thuc hién. Phuong phap c6 wu diém 1a
tan dung dugc kha nang xtr Iy cia mang no
ron su cho ca thao tac trich xuat dic trung
va phan loai ddi tuong. Tuy nhién, nhugc
diém cua phuong phap 13 can duoc thuc
hién tdi wu nham tim ra bo tham sd tdt nhat
do viéc huan luyén trén mang no ron sau la
mdt hoat dong ticu tén tai nguyén va thoi
gian, nghién ctru nay chua thuc hién téi uu
mot cach triét dé cac tham sb cua thudt toan.
Hudng phat trién trong twong lai co thé tap
trung vao viéc giai quyét nhitng han ché nay
bang cach két hop céc tinh ning bd sung,
kham phé céc kién trac méi va két hop dir
liéu tir nhiéu nguon, 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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