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TOM TAT

Trong bai bdo ndy, mot mé hinh tim kiém anh diwa trén mang noron tich chdp két hop cdu tric
do thi cum duwoc thuc hién nham ndng cao hiéu sudt va giam thoi gian truy véan danh. Dé thuc hién
bai todn ndy: (1) mang Noron tich chdp dwoc sir dung dé xdc dinh va phan loai cdc doi twong trén
danh; (2) cdu triic do thi cum dwoc xdy dung dé thic hién xdy dung ontology; (3) tdp anh tuwong tir
dwoe trich xudt diwa trén ontology sau thiee hién khi tim kiém bang cau truy van SPARQL. V&i méi
danh dau vao, sau khi phan loai timg doi tiwong bang mang Noron tich chdp; trich xudt vector ddc
trung; phdn 16p anh va thue hién truy van ontology d@é trich xudt tdp anh twong tir. Trén co s6 i
thuyét deé xudt, mét mé hinh truy van anh dwoc dé xudt va thuc nghiém trén by anh COCO, Flickr
V6i dé chinh xdc twong g lan lwot la 0.7950, 0.8116. Theo két qud thwc nghiém, phirong phdp dé
xudt ciia chiing t6i dwoc danh gid la ding ddn va so sanh voi cdc cong trinh khdc trén cing b dnh
nham danh gia tinh hiéu qud ciia mé hinh dé xudt; dong thoi dp dung dwoc cho cdc bé dir liéu
khac nhau.

Tir khéa: mang noron tich chap; tim kiém anh; anh twong ty; SPARQL

1.  Gidi thi¢u

Tim kiém anh tuong tu 1a bai toan dugc ung dung trong nhiéu linh vuc nhu nhan dang
mau, nhan dang Ki tu, phan loai bénh nhan va chan doan y khoa qua hinh anh... nham tan
dung ngudn dir liéu da phuong tién dang phat trién nhanh chong trong bbi canh hién nay
(Kumar, 2016; Ptucha, 2019) . Dit liéu anh s tang 1én theo cp s6 nhan trong mdi gidy thong
qua cac thiét bi da phuong tién; diéu nay cho thiy sy can thiét phai co mot phuong phép tra
ctru anh dé nang cao hiéu suat tim kiém anh trong khoang thoi gian cho phép dé dap ung
nhu ciu nguoi ding. Bai toan tim kiém anh tuong tu 1 mot trong nhimg bai toan quan trong

Cite this article as: Pham Hoang Phuong, Do Xuan Hiep, Nguyen Thi Dinh, & Van The Thanh (2023). Image
retrieval using convolutional neural networks and cluster graph. Ho Chi Minh City University of Education
Journal of Science, 20(7), 1141-1154.
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ctia nhiéu hé tra ciru dir lidu da phuong tién duge nhidu nhém nghién ciru quan tam (Ptucha,
2019). D¢ thyc hién bai toan tim kiém anh tuong tu can x4y dung mot mé hinh va danh gia
tinh ding din cia mod hinh dé xuat. Hién nay, c6 nhiéu phuong phap dé nang cao hiéu qua
tim kiém anh bang cach str dung nhiéu ki thuat khac nhau hodc két hop nhiéu ki thuat cho
mdi bai toan. Vi vdy, trong bai bao nay, mot phuong phéap két hgp mang noron tich chap két
hop voi cAu trac do thi cum dé thuc hién bai toan truy vén anh da mang lai Kkét qua kha quan.

Pong gop cua bai bao gom: (1) Trich xudt ddc trung thi gidc cua hinh anh dua trén
mang tich chap; (2) xay dung cAu trac d6 thi cum duya trén thuat toan K-Mean; (3) phan bd
cac hinh anh trén ontology va thuc hién truy van anh twong tu voi anh dau vao; (4) dé xuét
mo hinh tim kiém anh dya trén mang noron tich chap va ontology; xay dung thuc nghiém
va chimg minh tinh ding dan, hiéu qua ciia phuong phap dé xuat dya trén cac bo dir lidu anh
da d6i tugng MS-COCO (MS-COCO, 2017), Flickr (Flickr, 2017).

Cac cong trinh nghién ciru lién quan

Phuong phap gom cum da dugc Gmg dung trong nhiéu hé théng tim kiém anh nhu ap
dung thuat toan K-means dé gom cuym dic trung mau sic hinh anh (Lin et al., 2014); tim
kiém anh dua trén thuét toan K-means va khoang cach Mahalanobis gitra cac véc-to mau sdc
cua cac hinh anh (Cevikalp et al., 2018); ap dung thuat toan K-means va dai mau MPEG7
cho viéc gom cum va tim kiém anh (Saboorian et al., 2010); thyuc hién gom cym Kkét hop dac
trung mau sic, hinh dang va cau trac hinh anh dé tim kiém anh tuong ty... Ngoai ra, nhiéu
cong trinh nghién ctru vé tim kiém anh twong tu dua trén ontology ciing da dugc gidi thidu
trong nhitng ndm gan day nhu: tim kiém anh duya trén ti tir thi giac (Jabeen et al., 2018), tra
ctru anh dya trén viéc phan tich ngdn ngit ty nhién dé tao ra cdu truy vin SPARQL
(Vijayarajan et al., 2016), xay dung cong cu I2T (Image to Text) nhim tao ra cic RDF md
ta ngit nghia hinh anh (Yao et al., 2010)... Theo két qua cac cong trinh di cong bd gan day
cho thay phuong phéap tim kiém anh bang ki thuat gom cum va ontology la kha thi va dat két
qua tot.

Vijayarajan va cong sy (2016) thuc hién tim kiém anh dya trén cau truy vin SPARQL
bang ngdn ngit RDF (Vijayarajan et al., 2016) bang cach dua trén mé ta ndi dung hinh anh.
Phuong phap nay chua thuc hién phan 16p hinh anh tir cac dic trung mau sac va dic trung
khong gian dé tao céc tir khoa trude khi thuc hién tra ctru. Trong khi d6, Yue Cao va cong
su (2016) da st dung mang CNN (Convolutional Neural Network) phan 16p hinh anh dé tao
ra cac vector dic trung nhi phan. Trén co s¢ ndy, nhom tic gia da dé xuit mo hinh DVSH
(Deep Visual-Semantic Hashing) nham xac dinh tap anh twong tw v6i anh déu vao (Cao et
al., 2016). Két qua thyc nghiém d& xuat d¢i minh chimg tinh hiéu qua ctia phuong phap dé
xudt trong cong trinh nay va c6 thé cai tién cho nhiing cong trinh tiép theo.

Sau d6, M. N. Asim va cong su (2019), di xem xét cac phuong phap truy xuat thong
tin dya trén ontology ap dung cho truy van vin ban va dit liéu da phuong tién. Nhom tac gia
d3 so sanh hiéu suit v6i cac phuong phap tiép can trude d6 vé truy van dir liéu da phuong
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tién cao hon mot sé cong trinh ciing linh vyc trude d6. Trong cong trinh nay, tac gia sir dung
ngdn ngit bo ba RDF dé thuc hién luu trit va truy vén trén ontology (Asim et al., 2019). Tuy
nhién, nhom tac gia chwa dé cap dén két qua thuc nghiém cu thé dé so sanh voi cac cong
trinh trude ddy nham minh chimg tinh kha thi va hiéu quéa cta phuong phap dé xuit, day
cling 1a mot thiéu sot can duoc néu rd tir nhitng cai tién sau nay.
2. Dbi twong va phwong phap nghién ciru
2.1. M@ hinh truy véin inh dé xudit

Pé danh gia tinh ding dan cia phuong phap dé xuat 4p dung cho bai toan tim kiém
anh, mot mé hinh truy van anh dugc dé xuét dya trén mang noron tich chap két hop véi do
thi cum va ontology da duoc xay dung, mé hinh nay dugc minh hoa nhu Hinh 1.
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Hlnh 1. Mo hinh truy van anh dwa trén mang noron tich chap va do thl cum

M6 hinh tim kiém anh dya trén mang noron tich chap va d thi cum duoc chia thanh
hai pha: pha tién xt Ii va pha truy vén, cu thé cac budc nhu sau:

Pha tién xir li

Buéc 1. Tao d6 thi cum tir tap vec-to dic trung thi gi4c caa tieng phan ving hinh anh;

Buéc 2. Banh gia do tuong tu gitra cac dinh cua do thi;

Buéc 3. Tao Ontology luu trix cho tirng nhém hinh anh trén d6 thi phan cum.

Pha tim kiém anh twéng tw

Buéc 1. Trich xuét didc trung thi giac va phan Ip hinh anh;

Buéc 2.Tao cau truy van SPARQL dua trén cac phan 16p caa hinh anh dau vao va cac
nhom dbi twong lang giéng;

Bueéc 3. Két xuét cac hinh anh tuong tir va sap xép theo do do tuong tu véi anh truy van.
2.2. Xay dung ontology cho bai toan tim kiém anh

Dé xay dung ontology dap tmg yéu cau cho mé hinh truy van anh da dé xuit; mot sd
co so li thuyét dugc trinh bay gém: mang noron tich chap va dd thi cum cu thé nhu sau:
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2.2.1. Mang noron tich chdp

Trong bai b4o nay, i thuyét vé mang tich chap duoc tiép can dé ang dung phan lép
hinh anh va trich xuit cac ddc trung 1am dau vao cho qua trinh xay dung d thi cum. T do,
lam co s¢ dé xay dung ontology dap tmg md hinh tim kiém anh da dé xuat. CAu triic mang
no-ron tich chap dwoc tng dung dé kiém chang cho qué trinh nhan dién va phan 16p cac dbi
tuong trén anh bo anh MS-COCO va Flickr. Cau tric mang R-CNN dugc trinh bay vé Ii
thuyét va minh hoa @ng dung. C4u tric mang Faster R-CNN duoc minh hoa nhu Hinh 2,
gdm céc thanh phan: Region Proposal Network (RPN); Lop Rol pooling; Detection network
(Bharati & Pramanik, 2020).
2.2.2. Xay dung do thi cum

M3i hinh anh dugc trich xuit cac déi twong va tao ra c4c anh dbi twgng, mdi anh dbi
tugng duogc trich xuit cac dic trung dé 1am co s& gom nhém céc hinh anh trén ting cum
theo thuat toan K-means. Mdi dinh cua db thi lang giéng 1a mot cum gom céc hinh anh c6
thanh phan dic trung twong tu theo d6 do khoang cach Euclid. Sau khi phan cum, cac vector
dai dién cua cum dugc tinh bang céch Iy gié tri trung binh dé tir d6 danh gia khoang cach
giita cac dinh cum. Néu cac dinh cum nay nho hon mét ngudng 0 cho truge thi hai dinh d6
duoc goi 12 1ang giéng va co trong sé 1 khoang cach Euclid duoc chuan hoa trén doan [0,1].

Tap dit liéu anh duoc trich xuat cac hinh anh con va nhin twong @ng dua trén mang
no-ron tich chap, tap cac phan tir nay dwoc phan b dya trén thuat toan gom cum k-means
Vvé6i s6 cum duge ting truong dan theo dd do khoang cach Euclid va theo hai ngudng e, 6.
MJi phan tir luu trit dic trung cac hinh anh con va nhan 16p 1a mot Element gdm c6 cac
thanh phan: dinh danh anh gbc (ImagesID), dinh danh anh thanh phan (ObjectID), vec-to
dic trung f caa hinh anh, nhan 16p (ObjLabel). M&i thanh phan duoc ki hiéu Ia:

Element = < ImagesID, ObjectID, f,0ObjLabel > (1)

MJ3i mét dinh caa d6 thi 1a mot tap cac phan tir Element c6 d6 tuong tu dya trén do
do Euclid va giira cac phan tir nay ¢ khoang cach nhé hon ngudng € cho truge. Trong mai
dinh nay thuc hién qua trinh danh dau lang giéng theo mot ngudng trong mot cum. Tap cac
phan tir trong mot cum duoc ki hiéu la:

C= {Element;|i = 1..M|} (2)

Trong d6 M 1a s6 phan tir Element caa mot dinh cum. Céc phan ta trong mot dinh cum
c6 mot nhan 16p, nén nhan I6p dai dién cho dinh cum dé 1a nhan 16p xuat hién nhiéu nhat,
do d6 cac phan ta thuoc mot dinh cum, thoa diéu kién d6 do giira cac dic trung cua Cac
Element nho hon mot khoang céach € cho truéec.

Thuat toan phan b céc phan tir vao trong cac cum cua d6 thi duoc thuc hién bang céach
phan b tirng hinh anh vao trong cac cum di co & bude trudc véi dau vao 1a mot tap cac
Element, du ra la mot tap cac dinh cum va nhén tuong @ng.
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Thuét toan 1: Gom cum céc dinh cho dd thi
Dau vao: Tap J = {Element; |i = 1..N|} cta tap anh ban dau, ngudng &.
Pau ra: Tap cac cum C ={C; |i = 1..k|}
Begin
If C = then
C; = C, U{Element,};
C=Cu{C}k=1;
EndlIf
Foreach (Element; € J) do
m = argmin {Euclid(f;, C;)| j = 1..k};
If (Euclid(f;, C,p,) > €) then
k=k+1;
Cx = Cy U {Element;};
else
Cy = Cp U{Element;};
EndlIf;
EndForeach
return C;

End.
Sau khi thuc hién tao cac cum, cac nhin duoc gan cho mdi cum theo thuét toan 2.
Thuat toan 2: Gan nhan cho dinh cum
Pau vao: Tap cac cum C ={C; |i = 1..k|}, tAp cac nhan L ={label; |i = 1..1|}
Pau ra: Tap cac cum CL ={cl; |i = 1..k|}
Begin
Khéi tao cac nhan cum
Fori=1tokdo
cl; = null
Endfor
Gan nhan dinh cum
Fori=1tokdo
For j=1to|C;| do
Count[Element;. label] = Count[Element;. label] +1;
Endfor
m = argMax{Count[i] |I = 1..1]};
cl; = label,;
Endfor
Return CL;
End.
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Mbi dinh cua d6 thi dugc tinh trung binh va tao ra phan tir dai dién cho cum d6, tir d6
khoang cach hai cum duoc tinh bang d6 do Euclid va quy chuan trén doan [0,1]. Thudt toan
3 danh trong s cho do thi.

Thuat toan 3: Tao cung cho dd thi cum

Pau vao: Tap cac cum C ={C; |i = 1..k|}, ngudng 0

Dau ra: Ma tran trong sé M giita cac dinh cum.

Begin

Khi tao trong s6 dd thi.
Fori=1tokdo
M[s,t] = oo vdis,t=1 .. k; s# t
M[i,i] = 0;
EndFor
Tao trong s6 cho db thi.
Fori=1tok-1do
Forj=i+ltokdo
If (Euclid(C;, C;) < 0) then
MIi,j] = Euclid(C;, C;); M[j,i] = Euclid(C;, C));
EndIf
EndFor
EndFor
Return M;
End.
2.2.3. Xay dung ontology

Véi mdi dinh cum trén do thi, tap cac anh thanh phﬁn duoc trich xuit va dua vao ontology
theo phan 16p dai dién. Cac hinh anh gbc dugc dua vao twong tmg véi cac anh dbi twong thude
ontology. Thuit toan 4 tich hop hinh anh vao ontology dugc thyc hién nhu sau:

Thuat toan 4: Tich hop hinh dnh vao ontology

Pau vao: B6 thi cum G = (V, E), ontology O)

Dau ra: ontology O di dwoc lam giau.

Begin
Foreach (V; € G) do
Forj=1to |V;| do
Insert Element; into ontology O;
Insert Image into ontology O;
EndFor
EndForeach
Return ontology O;
End.
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3. Két qua va thao luan
3.1. Moi trwong va dir liéu thuc nghiém

He truy van anh dugc thuc nghiém trén co s¢ hai giai doan gdm tién xtr I anh va truy
vén anh; ddi véi giai doan tién xi If anh, hé théng duoc thuc thi trén hé théng may Server
v6i cau hinh CPU Xeon(R) Gold 6258R CPU 2.70Ghz, O cing SSD 1024GB, Ram 16GB,
hé diéu hanh Server Datacenter 2019. Xay dung dd thi phan cum va ontology duoc thuc hién
trén may Server nhu trén v6i hé thdng chuong trinh dugc thyc thi trén ngén ngir lap trinh
C#, Net Frameworks 4.8. Qu4 trinh tim kiém anh cta ngudi ding dugc véi cdu hinh may
tinh: Intel(R) Core(TM) i7-10510U CPU @ 1.80GHz 2.30 GHz Installed RAM 8.00 GB va
hé diéu hanh Windows 10 Professional.

Bdng 1. M6 ta phan chia bo anh MS-COCO va Flickr trong thuc nghiém

Tap anh S6 anh S6 anh tao do thi S6 anh Testing  S6 anh Validation
MS-COCO 163,957 118,287 40,670 5,000
Flickr 31,783 29,000 1,783 1,000

3.2. Két qud thwc nghiém va ddnh gid
bé thuc hién truy van tap anh tuong tu voi anh déau vao, thuat toan 5 thyuc hién truy
vén anh dya trén ontology nhu sau:
Thuit toan 5: Thuit toan truy van anh.
Dau vao: Anh truy van I
Dau ra: Tap anh tuong tu SI;
Begin
Khai tao tap nhan lop: L = J;
Phan 16p anh dau vao I dé co tap nhan Ly;
L=LU Lp;
Foreach (I; € L) do
L, ={l, € G|l lalang gitng cta l; }; L=L U Ly;
EndForeach
Tao cu truy vin SPARQL bang thuat toan 3.5.
SI = Query on ontology O;
Return SI,
End
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Hinh 5. Mot két qua truy van tdp anh twong ti trén bo anh MS-COCO

Sau khi truyén mdt anh dau vao, qua trinh truy van tap anh tuong ty dugc minh hoa
nhu Hinh 4 gém: (1) chon Ontology ciia bd anh MS-COCO dé truy van, voi anh déu vao
thudc bd MS-COCO c6 ma s6 000000000030.jpg, anh nay duoc phan thanh hai 16p gom
vase va potted-plant, hai nhin 16p nay dwoc 1am co sé dé xay dung ciu truy van SPARQL
nham truy van va truy hoi hinh anh két qua. Sau khi thyc hi€on truy Vén, tap anh tuong tu
v6i anh dau vao duge minh hoa nhu Hinh 5.

Bing 2. Hiéu sudt tim kiém dnh ciia phirong phdp dé xudt trén cac bg dir liéu

A 2 . Query Time
T h P Recall F-
ap an recision eca measure (MS-COCO)
MS-COCO 0.7950 0.6437 0.7114 78.77
Flickr 0.8116 0.6819 0.7411 68.83
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Céc dd thi Precision, Recall va duong cong ROC bao gém nhiéu duong cong, mdi
dudng cong md ta do chinh xac (precision) va do phu (recall) cia mot chu dé trong bo dit
lidu MS-COCO, Flickr. Puong cong trong d6 thi ROC cho biét ti 18 truy vin dung va sai.
Hinh 6 va 8 mo ta hiéu sudt va tinh dung din cua két qua truy van trén cac bd anh COCO,
Flickr. D4 thi cho thy tinh chinh x4c ctia hé truy vén tap anh COCO nam tip trung & ving
[0.52, 1.0]; d6 chinh x4c cua tap anh Flickr nam tip trung & ving [0.48, 1.0].

Precision-Recall on COCO Dataset ROC Curve
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Hinh 6. Precision-Recall va dwong cong ROC b anh MS-COCO
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Hinh 7. Cdc chii thich cho dé thi tai Hinh 6

1149




Tap chi Khoa hoc Trwong BPHSP TPHCM

Pham Hoang Phuong va tgk

Precision

02

o8

o
~

e
o

o

True positive rate
-

<o
w

—Baseline

04 06 1 02 04 06 08 1
Recall = False positive rate
Hinh 8. Precision-Recall va duwong cong ROC bé anh Flickr
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Hinh 9. Chii thich cho do thi tai Hinh 8
Biéu dd biéu dién thoi gian truy van trung binh trén cac bo anh MS-COCO, Flickr
duoc minh hoa trong Hinh 10 va 11. Trong d6 mdi thu muc anh duoc biéu dién bﬁng mot
duong trung binh cho thoi gian truy van.
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Hinh 10. Thoi gian truy vén trung binh theo chii dé ciia bo anh MS-COCO
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Hinh 11. Thoi gian truy vén trung binh theo chii @é ciia b anh Flickr
DPé minh chang tinh hiéu qua caa mé hinh truy van anh da dé xuat; cac két qua nay
dugc so sanh véi mot sd cong trinh cung linh vuc trong nhitn nim gan day duoc thé hién
trong Bang 3, 4. Diéu nay cho thay viéc két hop mang R-CNN véi d6 thi cum dé thuc hién
tim kiém anh trén ontology 1a kha thi va hiéu qua.
Bing 3. So sanh hiéu sudt truy vin gitta cdc phirong phdp trén bé dir liéu MS-COCO

Phwong phap B0 dir liéu D¢ chinh xic trung binh
CNN - RNN, 2016 (Song et al., 2018) COCO 0.6120
CAM, TopK =5, 2019 (Wang et al., 2019) COCO 0.6890
SBIR COCO 0.7950

Bing 4. So sanh hiéu sudt truy van giita cdc phirong phdp trén b dit liéu Flickr

Phwong phap B9 dir liéu Do chinh xac trung binh
BGAN - 48 bit, 2018 (Song et al., 2018) Flickr 0.7030
CAM, TopK =5, 2019 (Wang et al., 2019) Flickr 0.7710
SBIR Flickr 0.8116

Theo két qua thuc nghiém cho thay, hé truy van anh SBIR véi hiéu suat truy van cac
hon céac cong trinh cung bd dit liéu 1a boi cac li do sau:
1) Heé truy van anh SBIR két hop duoc cac ki thuat hoc may R-CNN, YOLO;
2) Hé truy van anh SBIR thyc hién phén 16p anh trudc khi tim kiém anh;
3) Két hop céu trac dir liéu dd thi cum va ontology d3 nang cao hiéu suét tim kiém anh.
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4.  Két luan va kién nghi

Trong bai bao mot md hinh tim kiém anh sir dung mang noron tich chap két hop cu
trac d6 thi cum nham nang cao hiéu suit truy van anh va giam thoi gian tim kiém trén cac
bo anh da dbi tuong MS-COCO, Flickr. Mot s6 thuat toan dé xuét bao g@)m: gom cum cac
dinh cho d6 thi cum; gan nhan cho dinh cum; tao cung dd thi cum; tich hop dit li¢u vao
ontology va thuat toan truy van anh trén ontology. Két qua thyc nghiém vé hiéu suét truy
van anh tuong Gmg trén bo anh MS-COCO, Flickr twong tmg 13 0.7950, 0.8116; ddng thoi so
sanh va phan tich If do tai sao két qua nay cao hon mét s cong trinh khac da cong bb trén
cung bd anh thuc nghiém.

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
% Lo6i cam on: Chung t6i xin tran trong cdm on Truong Pai hoc Sw pham Thanh phd
Hé Chi Minh, Khoa Céng nghé Théng tin — Truong Pai hoc Khoa hoc, Pai hoc Hué da gép
y chuyén mén cho nghién cttu; Trirong THCS Binh Tan — Lagi - Binh Thuan, Truong Bai
hoc Cong nghiép Thuc phdm Thanh phé HA Chi Minh, Bdo hiém x& héi Tinh Ba Rja —
Viing Tau da tao diéu kién vé co sé& vat chét gitp ching téi hoan thanh bai nghién ciu nay.
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ABSTRACT

In this paper, a model of image retrieval using a convolutional neural network combined with
a cluster graph is implemented to improve performance and reduce image query time. To implement
this problem: (1) a convolutional neural network was used to identify and classify objects on the
image; (2) a cluster graph structure was built to perform ontology construction; (3) similar image
sets were extracted based on the following ontology performed when searching by SPARQL query.
For each input image, after classifying each object using a convolutional neural network and feature
vector extraction, it was classified followed by being retrieved on ontology to extract a set of similar
images. Based on the proposed theory, a model of image retrieval is proposed and experimented on
COCO and Flickr images datasets with the corresponding accuracy of 0.7950 and 0.8116,
respectively. According to the results, the proposed method is evaluated as correct based on the
comparison with other works on the same set of images. The proposed model also worksto different
data sets.

Keywords: convolutional neural networks; image retrieval; similar images; SPARQL
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