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TOM TAT: Trong bai b4o nay, chling t6i tiép can mét md hinh truy vén dnh theo ngi nghia dia trén thugt toan lang giéng
gan nhdt k-NN (k-Nearest Neighbor) va déic trung tlii tir BOW (Bag of Words). Cdc déc trung thi giéc cia hinh anh duoc trich xuat
va gom cum dé lam diF liéu dau vao cho qué trinh phan 16p ngit nghia hinh anh va &nh xg dén tui tir BoOW da xdy dung. Trén co so
a6, vécto tir dirpc trich xudt nham tgo cau truy van SPARQL dé lam co sé cho qué trinh truy vén anh theo NQit nghia dya trén
Ontology. Két qud tim kiém 1a mét tap cac hinh dnk twong ne va ngit nghia cia phan I6p hinh dnh dau vao. Bé minh ching cho co
s¢ 1y thuyét ndy, mét mé hinh tra citu dnh theo ngi nghia duwoc xay ding va thic nghiém trén bgé anh COREL, Wang, ImageCLEF;
Két qua thuc nghiém dwoc ddanh gic va so sanh véi céc cdng trinh khic di cong bé gan ddy. Theo két qud thuc nghiém, phuong
phdp dé xudt ciia ching tdi &p dung tét trong cac hé tim kiém diz liéu da phwrong tién.

Tir khéa: Tim kiém dnh theo ngit nghia (Semantic Based Image Retrieval), k lang giéng gdn nhdt (k-Nearest Neighbor), tdi
ter (Bag of Words), dnh tuwong tw (Similar Image), Ontology.

I. GIOI THIEU

Theo s6 liéu thong ké cua tap doan dir liéu québc té IDC (International Data Corporation), nim 2018 dit liéu toan
cau khoang 33 zettabyte (1 zettabyte = 1 nghin ty gigabyte), wéc tinh dén nam 2025 c6 khoang 175 zettabyte; trong do,
90 zettabyte dugc tao ra tir cac thiét bi [oT, 49 % dit liéu duoc luu trir trén moi treong ddm may, gén 30 % dir liéu s€
duogc st dung dé xu 1y theo thoi gian thuc [1, 2]. Théng ké dit liéu anh sb nam 2015, téng s6 hinh anh toan cau dat 3,2
nghin ty; nim 2016, ¢6 3,5 triéu hinh anh dugc chia sé trong mdi phut va c6 2,5 nghin ty hinh anh dugc chia sé va luu
trir truc tuyén; nam 2017, tong sd hinh anh toan cau 1én dén 4,7 nghin ty [3]. Anh s6 da tré nén than thude véi cude
sdng ciia con ngudi va duge mg dung trong nhiéu hé thdng tra ctru thong tin da phwong tién nhu hé théng thong tin
bénh vién (Hospital Information System), hé thong thong tin dia 1y (Geographic Information System), hé thong thu
vién sb (Digital Library System), tmg dung y sinh, img dung trong gido duc dao tao, giai tri,... [4, 5].

Dir liéu anh s6 ngay cang gia tang, diéu nay di mang lai nhiéu thach thirc va co hdi cho linh vuc nghién ctru vé
tra ctru anh. C4c bai toan vé tim kiém anh twong tu, phan 16p hinh anh,... dugc ung dung trong nhiéu hé thong tra ciru,
trong d6 phan loai ngit nghia hinh anh 1a mét trong nhiing bai toan quan trong ctia nhiéu hé thong da phwong tién [6].
Nhitng h¢ thong tra ctiru hinh anh dugc phat trién nhu: hé thong tra ctru anh dya trén vian ban TBIR (Text Based Image
Retrieval) [9], tra ctru anh dwa trén ndi dung (CBIR - Content Based Image Retrieval) [10, 11]. Cac hé théng tra ctru
anh nay da s dya trén tir khoa, van ban, ndi dung tryc quan va chua phan tich ngir nghia hinh anh, do d6 hiéu sut tim
kiém chua cao [7, 8]. Trong céach tiép can cua chung t6i, mot ki thuat phan 16p k-NN két hop véi dac trung tai tir duoc
ap dung cho bai toan tim kiém anh theo ngit nghia; danh sach phan 16p ngir nghia dugc trich Xudt tir tai tir nham tao
ciu truy van SPARQL va dugc thuc thi trén mot Ontology. Chiing t6i dé xuat mot cau tric tra ctru chi muc phan 16p va
Ontology mé ta ngit nghia hinh anh dé tra ciru ngir nghia ciia cac phan 16p cho mdi anh dau vao nhim ting do chinh
X4c, tang toc do tim kiém va giam chi phi tinh toan.

Dong gop clia bai bao gom: (1) Cai tién thuat toan k-NN nham tao ra cac phan 16p ngit nghia cho hinh anh; (2)
Xay dung ciu tric thi tir thi giac dé tim kiém hinh anh twong tu; (3) Thiét ké mé hinh tim kiém anh theo ngir nghia dwa
trén viéc két hop thuat toan k-NN, dic trung tai tir BoW va tra ctru phan 16p trén mot Ontology. (4) Xay dung thuc
nghiém va ching minh tinh dung dén cua dé xuét trén mot sb bo dir liéu.

Phén con lai ciia bai bdo gdbm: Phan I, chung t6i khao sat va phan tich vu nhugce diém cua mot s6 cdng trinh
lién quan dé chirng minh tinh kha thi ctia bai toan phan 16p va tim kiém anh twong tu; Phan 111, trinh bay thuat toan
phan 16p CKNN, thuat toan xay dung tui tir thi gisc CBW va phuong phép tim kiém anh tuong ty dya trén dic trung tdi
tir nhdm tao cau truy vin SPARQL va thyc hién trén mot Ontology; Mé hinh va thyc nghiém dwoc moé ta trong phan
IV, két qua dugc danh gia trén bo dir liéu anh COREL (1.000 anh), Wang (10.800 anh) ImageCLEF (c6 20.000 anh);
Phan V 1a két luan va hudng phit trién tiép theo.

II. CAC CONG TRINH LIEN QUAN

Cung véi sy phat trién cua thiét bi cong nghé, su gia tang cua dir liéu anh s, da thiic dy nhu cau sir dung cac
ng dung thong minh trong nhan dién, phn 16p va tra ciru nguon gdc hinh anh. C6 nhiéu phuong phap khac nhau dé
phan 16p va tim kiém anh tuong tu, mot sd cong trinh sir dung phuong phép phan 16p anh dya trén thuft toan tim kiém
lang giéng k-NN két hop voi thuat toan gom cum K-Means va tai tir thi gidc nhdm phén 16p hinh anh [12-18]. Mot
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cach tiép can khac da tich hop phén tich ngir nghia va dédc trung thi giac hinh anh n}}ém xay dung hé th("')’ng tra ctru anh
duya trén tri thire, két hop xay dung Ontology d¢ tra ctru hinh anh theo ngit nghia nham néng cao hi¢u suat truy van anh
[19-23].

Theo Shen Xiaohui va cong su (2014), da xay dung d¢ do twong tu dua trén rang buc khong gian giira cic ddi
tuong dic trung dé tir d6 thuc hién bai toan tim kiém anh. Trong phuong phap nay, nhom tac gia thuc hién viée két hop
gita phuong phap k-NN va tai tir thi gidc dé truy van anh. Trong tdi tir thi giac, cac hinh anh dugc théng ké va gom
nhém theo k¥ thuét phan 16p k-NN dé tao ra nhém céc hinh anh twong ty [12]. Trong bai béo ndy, cac tai tir thi gic
chtra dung cac hinh anh dya trén viéc phan 16p k-NN trong dit liéu ban dau nhung chwa xay dung duoc trong sé cia
mdi tai tr theo phén 16p cac hinh anh. Hon nira, thuat todn k-NN dugc thuc hién trén do do cua ddi tuong dac trung va
chua giai quyét viéc phan 16p hinh anh trong trudng hop sb lugng phan tir trong cac phan 16p bang nhau.

Dawei Li va cong su (2015), xay dung tdi tir thi giac dwa trén lugc dd mau sic va chon nhitng hinh anh dua vao
tai tir dya trén mau sac cua so luong diém anh. Vi mdi hinh anh dau vao dugc phan loai dua trén tui tur thi giac va lay
cac hinh anh lan cén cua cac anh gan nhit trong tui tir dé truy xuét tap anh tuong ty trong dit liéu anh ban dau. Viéc
truy xudt tip anh tuong tu dugc thyuc hién bang phuong phap phan 16p véi thuat toan k-NN [13]. Trong phuong phap
nay, nhom téc gia thuc hién hai pha cia phuong phap k-NN két hop véi thi tir nhung van chua xdy dung dugc mbi
quan hé giita cac thi tir va chua cai tién thuat toan k-NN.

Yanchun Ma va cong su (2019), dua ra md hinh phéan 16p theo thudt toan k-NN ¢6 trong sé (weight k-NN) két
hop phuong phap phan biét tuyén tinh da nhin dé phan 16p d6i twong dua trén trong s6 nhdm cai thién do chinh xéac
trong viéc tim kiém anh theo ngir nghia [14]. Thyc nghi¢ém cho thiy hiéu qua trén cac tap dir liéu 16m; tuy nhién, trong
phuong phap nay ton kém nhiéu chi phi thoi gian cho pha huan luyén va gan nhan cho hinh anh, van chua xay dung
mot cdu tric tim kiém anh twong tu theo ndi dung dé tang tinh hiéu qua vé thoi gian.

Safia Jabeen va cong su (2018), xay dung md hinh tim kiém anh dya trén tai tir thi giac (Bag of Visual Words)
bang cach gom cum cac dic trung thi gidc két hop voi ngit nghia cua cac bd phan loai hinh anh [16]. Tuy nhién, viéc
gom cum cac dic trung thi gidc cap thap c6 thé tao ra cac cum gbm céc hinh anh co nhiéu  ngir nghia khac nhau dan dén
hiéu suit tim kiém anh theo ngit nghia chua cao. Do d6, cAn két hop giita ddc trung cdp thap va ngit nghia cip cao
trong phan 16p hinh anh. Cung thoi diém nay, Xiao Xie va cong sy di dé xuit phuong phap phan 16p cac dic trung thi
gi4c cta hinh anh dya trén mang CNN (convolutional neural network) va két xudt cac tir thi gidc (semantic keywords)
dé tim kiém anh twong tu. Tuy nhién, tic gia van chua xdy dung va thuc hién truy van trén Ontology nham xac dinh
ngt nghia cho hinh anh [17].

Theo Shuang Jia va cong sy (2020), két hop thuat toan gom cum K-Means va tai tir thi gidc dé tng dung cho bai
toan tim kiém tp anh tuong tyu, trong do thi tur thi gidc dugce xay dung dua trén viéc gom nhém cac dac trung theo thi
giac dé hinh thanh cac tai tir luu trir cac hinh anh. Ung véi mdi hinh anh dua vao duge trich xuét dic trung, tinh d6
tuong ty voi cac thi tir gan nhat dé trich xuat ra tp anh twong ty [18]. Tuy nhién, trong phuong phap nay cac tai tir 1a
ddc lap va chua phén 16p dugc ndi dung cia hinh anh.

M. N. Asim va cong su (2019), da thyc hién khao sat cac phuong phap truy xudt thong tin dua trén Ontology &p
dung cho truy vén van ban, dit liéu da phuong tién (hinh anh, video, audio) va dit liéu da ngon ngr. Nhom tac gia da so
sanh hiéu suit v6i cac phuong phap tiép can trude dé vé truy van vin ban, dir liéu da phuong tién va dir liéu da ngon
ngit. Trong cong trinh nay, tac gia st dung ngodn ngit bd ba RDF dé thyc hién luu trit va truy van trén Ontology [23].
Tuy nhién, nhém tic gia méi dé xudt mé hinh sir dung Ontology dé truy van da ddi twong, chwa d& cap dén két qua
thuc nghiém cu thé dé so sanh véi cac cong trinh trude.

Tir cac cong trinh nghién ciru cho thdy, phuong phap tim kiém anh twong ty dwa trén k¥ thuat phan 16p k-NN
két hop véi dic trung tui tir img dung cho bai toan tim kiém anh 1a hoan toan kha thi. Trong bai bao nay, ching toi dé
xudt mot tiép can méi dya trén k¥ thuat k-NN cai tién, ddc trung tai tir va Ontology dé phan 16p dong thoi tim kiém
mot tap anh tuong tu theo nglt nghia. Trong md hinh tai tir, cac dac trung hinh anh dugc luu trlt cing vdi phén 16p cia
hinh anh va lién két voi cac tui tir khac dya trén trong sd ti 1¢ giita cdc phéan 16p wu thé. Sau d6, v6i mdi hinh anh dau
vao duge phan 16p bang k¥ thuat k-NN dua trén k 1ang giéng gan nhat va ban kinh 6.

III. PHUONG PHAP TiM KIEM ANH TUONG TU THEO THUAT TOAN k-NN VA PAC TRUNG TUI TU
A. Thudt todn k-NN cdi tién

Thuét toan k-NN thuc hién phén 16p mot anh déu vao | dua trén tap hudn luyén bing cach so sanh khoang cach
euclide cua anh | voi tat ca cac anh trong tap huin luyén, sau do sap xép céc Kkhoang cach nay theo thir tu tang dan, lay
k lang giéng gin nhat va thuc hién ldy nhin ctia dnh c¢6 tan sd suit hién nhiéu nhét trong s6 k lang gleng dé gan nhin
cho anh I. Tuy nhién, viéc phan 1ép nay gip kho khin trong cic trudng hop nhiéu khi chon k ldng giéng nho va do
phirc tap ciia thuat toan ting 1én déng ké khi so sanh khoang cach euclide ctia anh can phan 16p véi tat ca cac anh trong
tap dit liéu huan luyén kha 1on. Dé giai quyét van dé nay, ching t6i thuc hién cai tién thuat toan k-NN thanh thuét todn
CkNN gom (1) thyc hién gom cum tap dit liéu ban diu bang thuat toan K-Means va tinh khoang cach euclide tir anh

| dén cac tam cum f,(i=1.m); (2) s dung ban kinh & dé b trg cho k lang giéng trong trudng hop tan suit cac
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phan l(’rp béng nhau. Goi m la $6 phan 16p cua tdp dit li€u anh, thuét toan CKNN thyc hién phan 16p cho mét anh dau
vao | bat ky nhu sau:

Thuit toan CKNN

Piu vao: Vécto dic trung f,, tap vécto F, k, ban kinh @

Dhu ra: Phin lp 1 cia nh |
Funtion ckaN (T F.K.0)
Begin

Foreach ( ' €€} do
f; = ExtractFeature(l);

Foreach ( 1 €F ) do
Foreach ( foi €{c}) do

{
d(f,, ;) =euclide(f,, f5).
dmin = min{d(fl, fc1),.._, d(f|, me)} ;
}
EndForeach
EndForeach
If (d,;, =d(f, fg)then C..=C;
KNN:

WordVector = get (T, Coin. 0, k);

FreWord = getFre (Wordvector, Gy k).
ClassMax = MaxClass (Wordvector, FreWord);
isTrue = check (FreWord),

If (isTrue = true) then
Return ClassMax;

Else
{
Goto KNN;
}

EndIf

End.

Ménh dé 1: D6 phtrc tap cua thuat toan CKNN 12 O(m*n) . Véi n 1a sé phan tir trong tip vécto dic trung F, m
1a s cym.

Chirng minh: Goi n 1a s vécto ddc trung trong bd dir li€u anh F . Vi moi vécto dac trung f; € F thudc b dir
ligu, thudt toan tién hanh do khoang cach Euclide giita f; dén m tim cum fg;,(i =1..m) dé tim ra phan 16p cho anh dau
vao. Vi vay d6 phuc tap la O(m*n).

Thuat toan xay dung tui tr Bow

Mo hinh xay dung tai tir BoW dugc minh hoa nhu hinh 1, véi mdi anh déau vao vécto dic trung duoc trich Xut
va tim tim cum gan nhat dé thyuc hién qua trinh phan 16p dya trén k lang giéng gan nhat. Sau khi tim dugc cum gan
nhit, k phﬁn tor lang giéng ctia anh du vao tai cum dé duogc trich xuit nhim lam dau vao cho thuét toan CKNN. Cac
phan tir ling giéng nay dugc lién két véi mot #ii tir va truy xudt ra mot danh sach cac 16p (goi 1a vécto tir) va tan suat
cac 1op (goi la vécto tan sudt), trén co sé d6 anh truy van dau vao duoc phan loai vé cac 16p co tan sudt nhidu nhit.
Viéc két hop #ii tir va phuong phéap phan cum, phan 16p CkNN nhidm 4nh xa mot anh dau vao tré thanh cac phan 16p dé
tir d6 tao cau SPARQL dé truy vén trén Ontology nhdm truy van ngi nghia va trich xudt tap anh tuong tu.
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Gom cum
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H ID Images/ N N
Descriptions/ Ph?;l réoa::h anhttheo
' Anotations/URLs 1 © dotrong W

Child-boy
2 (Y X
LI L]

Hinh 1. M6t minh hoa xay dung ti tir BoW
Thuét todn CBW
Piu vao: Tap dir lidu anh f, € F dugc gan nhan, s6 tim cym m

Piu ra: Tap tai tir Q.

Begin
Int numbag = k;
For i =1 to numbag do
-Qi: ?;
EndFor
Foreach ( f; € Cluster, .., ) do
Qi.center = 1:i ;
Foreach ( f; e F)do
D; = Euclide(f;, < oer)
EndForeach
Dyyin = Min{D;;};
If (D, = D;) then
Qi = Qi U{fj},
Qi.center = update(Qi.center) ;
EndForeach
Foreach ( f, € Q) do
f,.Lable = getLable(f,) ;
Qi VisualWord = { fK : Lable} ;
EndForeach;
Return Q ;
End.

Ménh dé 2: Do phtc tap cia thuat toan CBW 1a O(n). Vi n 13 1a sb vécto dic trung bo dit liéu anh.
Chitng minh:
Goi m 1a sb thi tir can xay dung, tién hanh khoi tao tim cho timg tai nén do phuc tap 1a O(m) . Goi n 1a s6
vécto dic trung trong bo dir liéu anh, véi mdi vécto anh thuat toan tién hanh do khoang cach Euclide giita n6 voi vécto
tdm cua tung tGi dé tim ra tGi tir chira anh dau vao nén do phuc tap 1a O(N). VAy do phuc tap cua thuit toan 1a

O(m™*n) véi m 1a hang sé, do d6 do phirc tap can tim 1a O(n)

B. Thudt todn trich xudt vécto tiv

Tir tap tai tir Q da xdy dung, chung t6i dé xuat thuat toan trich xuat vécto tir va tap anh twong ty ctia anh truy
van dé lam co so cho truy van anh theo nglt nghia. V6i moi énh truy van I, thuat toan tim kiém tap anh tuong tu dua
vao tap thi tir Q va phan 16p C, cua anh truy van. Sau d6 trich xuit vécto tir W cua anh truy van la Label ctia anh c6
tan suét xuét hién nhiéu nhat trong tap anh tuong tu.
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Thuat toan CWV
Piu vao: Vécto anh truy van f,, tap tai tir Q
Piu ra: Tap anh tuong tu T' Va vécto tir thi gidc W,
Begin
r=o;
W, =9;
C, =Classification(f,) ;
Foreach (€2; € Q) do
If (€ VisualWord =C, ) then
r=ruQ;;
EndIf
EndForeach
Foreach (J er) do
Begin
L, =getLabel(J);
freq(L,) = count( L, );
W, =W, u max(freq(L,));
End
Return (I;W,) ;
End.

C. Tao ciu truy vin SPARQL

Dua trén vécto tir da duge trich ‘xuét bﬁng Thuat toan CWV, cau truy van SPARQL duoc tao ra dé 1am co s&
truy van trén Ontology da xay dung nham tim ra tap dnh tuong tw va ngit nghia hinh anh. Hinh 2 m6 ta cach thyuc hién
truy van bang SPARQL duogc sinh ra tur vécto tir thi gidc cua anh 31592.JPG.

PREFIX rdf: <http://www.w3.0rg/1999/02/22+df-syntax-ns#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX owl: <http://www.w3.0rg/2002/07/owli>

PREFIX xml: <http://www.w3.0rg/XML/1998/namespace>

PREFIX sbir: <http://sbirhcm.vn/>

SELECT DISTINCT ?Subject

WHERE{{?Subject sbir:opFLOWERBED sbirinFLOWERBED .{?Subject sbiropGRASS sbirinGRASS .}

PREFIX rdf: <http://www.w3.0rg/1599/02/22+df -syntaxns#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX owl: <http://www.w3.0rg/2002/07/owl&#>

PREFIX xml: <http://www .w3.0org/XML/1998/namespace>

PREFIX sbir: <http://sbirhcm.vn/>

SELECT DISTINCT ?ImgName

WHERE{ {?IMG sbirimgName ?imgName. ?IMG sbir.opFLOWERBED sbirinFLOWERBED . sbirinFLOWERBED rdf type owl:NamedIndividual .
sbirinFLOWERBED rdf type sbir:FLOWERBED . } {?IMG sbirimgName ?imgName. ?2IMG sbir:opGRASS sbirinGRASS . sbirinGRASS rdf type
owl:Named ndividual . sbirinGRASS rdf type sbir:GRASS . }}

Hinh 2. M6t vi dy thuce hién truy vin bing SPARQL
D. Xdy dwng Ontology cho tdp di liéu dnh

Chung t6i tao mot Ontology mién mé ta ngit nghia cho bo anh COREL gom 10 phan 16p. Ontology xay dung st
dung ngdn ngit bd ba RDF dang Turtle dwa trén ngit nghia bo 4anh COREL. Mdi anh dugc thiét ké 12 mot ca thé thudc
vé mot 16p ddi twong va dugce lién két dén ngit nghia mo ta twong tmg. Hinh 3 mé ta mé hinh Ontology tryc quan dugc
xay dung trong Protege cho b anh COREL. Hinh 4 minh hoa Ontology duoc thuc hién cho bd anh COREL dang
Turtle.
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prp— @prefix : <http://sbir-hcm.vn/> .
QmELEPHANT @prefix owl: <http://www.w3.org/2002/07/owlf> .
/ 4 CORS505jpg \ @prefixz rdf: <http://www.w3.org/1995/02/22-rdf-syntax-nsi> .

@prefixz xml: <http://www.w3.org/XMT./1998/namespace> .
@prefix xsd: <http://www.w3.org/2001/XML3chema$>
. - @prefix rdfs: <http://www.w3.org/2000/01/rdf-schemaf> .
@prefix sbir: <http://sbir-hem.vn/> .

@base <http://sbir-hem.vn/> .
<http://sbir-hem.vn/> rdf:type owl:Ontology .
http://sbir-hem.vn/opANIMAL

_
- :0pANIMAL rdf:type owl:CbjectProperty .
’ EE=T hotp://sbirhomen/onmEach
MAN-MADE p://shir-hem.vn/opBEACH

\A .
# inMAN-MADE LANDSGAPE-NATUR :opBEACH rdf:type owl:CbhbjectProperty .
-_ lﬁ_,—l __HAMM& http://sbir-hem.vn/opBUS
- — - : :0pBUS rdf:type owl:CbjectProperty
-BEACH FLOWER - : . -
http://sbir-hcm.vn/opCASTLE

:0pCASTLE rdf:type owl:0bjectProperty .

COR.101.
& INBEACH 3 i
\ ¢ COR303jpg
# nPERSON A e
~

PEOPLES | /=

Hinh 3. M4t Ontology cho by anh COREL trén Protege Hinh 4. M6t vi du tao Ontology dang Turtle
E. Thugt todn tim kiém va trich xudt ngiv nghia hinh anh dwa trén vécto tir va Ontology

Véi mdi anh truy van | thuc hién trich xudt vécto tir W, dé tao cau truy van SPARQL. Viéc tao cau truy van
SPARQL lam co s& cho truy van anh theo ngit nghia dé tim ra tp anh twong tw va ngit nghia cua hinh anh tir Ontology
da xay dung.

Thuat toan KBIR
Piu vao: Vécto tir W, ctia anh |
Piu ra: Tap anh tuong ty S, va phan 16p ngit nghia CS,
Begin
S, =9;
CS, =d;
SP(I) = CreateSPARQL(W,) ;
(S,.CS,) = Query(SP(l), Ontology) ;
Return (S,,CS,);
End.

IV. MO HiNH TiM KIEM ANH TUONG TU THEO NGU NGHIA

i Pha 1: Tidn xie iy

ote .
H ( | .
: e :
H dic trng l—J v, *

1D Im=ages/Descriptions/
AnotationsURLs

trich xust Weo-tor tir

dictreng J

Truy win

H vée-tor tin cudt
Tao anh wrong F va t Cau truy win H
t | phan iép npil nghia - - H
hinh anh SPAROL

Vot tir :

Trich =uat | o Phan k3 hinh Snh v
................................................................................................................... 4

Hinh 5. M5 hinh tim kiém anh theo ngit nghia dua trén thudt toan k-NN va tdi tir Bow

Mo hinh thyc nghiém cta hé théng tim kiém anh theo nghtr nghia dya trén thuét toan tim_ kiém lang giéng k-NN
va tii tir duge mo ta tai Hinh 5. M6 hinh tim kiém anh gém hai pha: pha tién xtr 1y va pha truy vén.

Pha tién xir ly: Thuce hién phén I6p tip div ligu dnh, xdy dung tii tie va Ontology gém cdc bwéc nhw sau:

(1): Trich xuat vécto dic trung ctia tap dir lidu anh.
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(2): Gom cum tap dir liéu anh thanh cac cum.

(3): Xay dung thi tir thi giac cho tap dir liéu anh.

(4): Xay dung Ontology trén protege.
Pha truy vin: Thue hign tim kiém tgp anh twong tw dwa trén tii tiv di xdy dwng, trich xud'{ vécto tir thi gidc ciia dnh
truy vdn va thuwe hié¢n truy van theo ngir nghia hinh dnh dwa trén Ontology da xdy dung biang SPARQL, gom:

(5): Trich xuét vécto dic trung anh can truy van va thuc hién phan 16p hinh anh dau vao ddng thoi trich xuét
vécto tir dua trén thi tir thi gidc da xay dung.

(6): Tir vécto tir, tao cau truy vin SPARQL.

(7): Thyc hién truy van trén Ontology tim kiém tap anh twong tu theo ngir nghia dya vao cau SPARQL di tao.

V. THU'C NGHIEM
A. Moi trwong xdy dung thwc nghiém

Thuc nghiém trich xuit dic trung va tim kiém anh tuong tw SBIR-KBVW dugc xdy dyung trén nén tang dotNET
Framework 4.5, ngdn ngit l4p trinh C#. Cac dd thi dugc xay dung trén Mathlab 2015. C4u hinh may tinh thuc nghiém:
Intel(R) Core™ i5-5200U, CPU 2.2GHz, RAM 8GB va hé diéu hanh Windows 10 Professional. Trong bai bao nay,
chung t6i tién hanh thyc nghiém trén 3 bo dit liéu. B anh COREL c¢6 1000 anh dugc chia thanh 10 chu dé: beach, bus,
castle, dinosaur, elephant, flower, horse, meal, mountain, peoples. Bo anh Wang gdm 10.800 anh dugc chia thanh 80
chii d& va duoc chia thanh 4 nhom thyc nghiém: Nhém 1 gdm cac bo anh tir 1 - 20 (art_1 .. obj_cards); nhom 2 gdm
céc bo tir 21 - 40 (obj_decoys .. sc_autumn); nhom 3 gdm céc bd anh 41 - 60 (sc_cloud .. wl_buttrfly) va nhém 4 gdbm
cac bo anh 61 - 80 (wl_cat .. woman). Bo anh ImageCLEF gdm 20.000 anh dugc chia thanh 41 chi d& khac nhau
(00 - 40).

£ SER KBV

- o X £ Image Retrieval Experimental Results - o X

oo X El 2|0|= | 5 | Renderer: DefaultRenderer  ~ | Thumbnail Size + (3
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45images

Hinh 6. Hé truy van anh SBIR-kBVW Hinh 7. Mot két qua truy vén trén SBIR-kBVW
Két qua thue nghiém ctia phwong phap dé xuit duoc trinh bay trong Bang 1, 2, 3.

Bang 1. Hiéu sudt tim kiém anh ctia phuong phap dé xuét trén bo dir liéu COREL

Tép anh D chinh xac trung binh P§ phii trung binh P§ dung hoa trung binh
01-10 0,756233 0,667691 0,703921
Bang 2. Hiéu sudt tim kiém anh ctia phuong phép dé xuét trén bo dir lisu Wang

Tép anh P§ chinh xac trung binh P§ phii trung binh P§ dung hoa trung binh
01-20 0,7382664 0,6624342 0,6976893
21-40 0,7712558 0,6925048 0,7292711
41-60 0,7331795 0,6588582 0,6938968
61-80 0,6920792 0,6211132 0,6541083
Trung binh 0,733695 0,658728 0,693741

Bang 3. Hiéu sut tim kiém anh cua phuwong phap dé xuét trén bo dit liéu ImageCLEF

Tép dnh Do chinh xéc trung binh Do phi trung binh Do dung hoa trung binh
01-20 0,656621 0,443969 0,514976
21-40 0,703109 0,473882 0,549430

Trung binh 0,678076 0,457775 0,530877
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B. Didnh gid két qud thwe nghiém

Mdi dudng cong trén do thi mo ta két qua truy van d chinh xac (precision) va do phi (recall) tir mot
chu dé anh trong bo dir lieu COREL, Wang, ImageCLEF. Dong thoi, duong cong twong ung trong dd thi
ROC cho biét ty 1& két qua truy van ding va sai, nghia la dién tich dudi dudng cong nay danh gia duoc tinh
dung dan cia cac két qua truy van. Hinh 8, 9, 10, 11, 12, 13 md ta hiéu suat va tinh ding dan cua két qua
truy van trén cac bo anh COREL, Wang va ImageCLEF.

Precision-Recall on COREL dataset roc curve

baseline
—&— beach

- bus

castle

— # — dinosaur
elephant
flower
—7 horse
— & —meal
—&— mountain
peoples.

precision
true positive rate
o
o

o
02 04 06 08 1 0 02 04 08 08 1
recall false positive rate

Hinh 8. Precision-Recall va dudng cong ROC cua b dit liéu anh COREL

Hinh 8 1a do thi cta gi tri Precision-Recall va duong cong ROC cho b dir liéu COREL. P9 thj cho thay tinh
chinh xac cua hé truy vin nam tap trung & ving [0,63; 1,0]. D6 thi duong cong ROC biéu dién cac gia tri true positive
va false positive theo d phii Recall, cac gia tri nam tap trung trén duong co s (baseline), nhidu gia tri nim trong viing
true positive.

Precision-Recall on Wang dataset

Procision-Recall on Wang datast
e T B

0 04 [ 08 1 0 02 0 06 08 .
recall false positive rate S gl

Hinh 9. Precision-Recall va dudng cong ROC ctia b Hinh 10. Precision-Recall va duong cong ROC cua bo dir

dir heu 1 20 (art 1.. obj_ Cards) tren tap anh Wang liéu 21-40 (obj_decoys .. sc autumn) tap anh Wang

Precision-Recall on Wang dataset

o
S S

o,

Hinh 11. Precision-Recall, dudong cong ROC b dit liéu  Hinh 12. Precision-Recall va duong cong ROC ctia b dir
41-60 (sc_clound..wl_buttrfly) trén bo anh Wang liéu 61-80 (wl_cat .. woman) trén tap anh Wang

Hinh 9-12 1a d6 thi ciia gia trj Precision-Recall va duong cong ROC cho bd dit ligu Wang. DS thi cho thiy
tinh chinh xac cuia hé truy vin nam tap trung 0 vung [0,5; 1,0], chi c6 vai bd dir liéu c6 do chinh xac trong vung [0,35;
0,8]. B4 thi duong cong ROC biéu dlen cac gia tri true positive va false positive theo d¢ phu Recall, cac gia tri nam tép
trung trén dudng co s&, nhidu gia tri nim trong ving true positive hon ving false positive.
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__ Precision-Recall on ImageCLEF dataset
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Hinh 13. Precision-Recall va dudong cong ROC cua bd dit liéu ImageCLEF

Hinh 13 1a db thi cua gi tri Precision-Recall va dudong cong ROC cho bd dir liéu ImageCLEF. Do
thi cho thiy tinh chinh x4c ctia hé truy vin nim tap trung & ving [0,56; 1 0] D) thi dudng cong ROC biéu
didn cac gia tri true positive va false positive theo do phui Recall, cac gid tri ndm tap trung trén dudng co so.

Biéu db biéu dién hiéu suat truy van trén b anh COREL
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Hinh 14. Hiéu suat truy vAn trung binh bo &nh COREL
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Hinh 15. Thoi gian truy vén trung binh bo anh COREL

Biéu do biéu dién dé chinh x4c trung binh

Biéu do biéu dién dd pht trung binh

1.2 1
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Hinh 16. Hiéu suét trung binh trén b anh Wang Hinh 17. BJ phu trung binh trén by anh Wang
Biéu dd biéu dién dd dung hoa trung binh Biéu dd biéu dién thoi gian truy van trung binh
1 4000
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0.5 2000
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Hinh 18. Hiéu suét trung binh trén bd anh Wang

Hinh 19. Thoi gian truy vAn trung binh trén b anh Wang
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Hiéu sudt truy vin trén bo ImageCLEF Biéu do thoi gian truy van trén bo anh

ImageCLEF
MA_LAA||

0 3 6 9 1215 18 21 24 27 32 35 38

=Precision e=—Recall F-measure 0246 8101214161820222426303234363840

Hinh 20. Hiéu suét truy van trén bo anh ImageCLEF Hinh 21. Thoi gian truy van trén b dit liéu ImageCLEF

bpé minh chimg cho m6 hinh truy van anh theo ngir nghia dé xuat 1a hiéu qua, chiing t6i so sanh két qua thuc
nghiém v6i mét so cong trinh gan day trén cung b dir li¢u trong Bang 4, 5, 6.

Bang 4. So sanh hiéu sut truy vén giita cac phuong phap trén bo dit lieu COREL

Phwong phap B0 dir liéu P9 chinh xac trung binh
Relevance Feedback, 2004 [24] COREL 68,0 %
B_SHIFT, 2016 [25] COREL 72,0 %
Phuong phép dé xuit COREL 75,6 %

Bang 5. So sanh hiéu suét truy vén giita cac phuong phép trén bo dit liéu Wang

Phuong phap B0 dir liéu Do chinh xdc trung binh
CBIR, 2013 [26] WANG 61,0 %

MLP, 2018 [27] WANG 51,0 %
Phuong phap dé xuit WANG 73,4 %
Bang 6. So sanh hiéu sut truy vén giita cic phuong phap trén bo dit liéu ImageCLEF

Phuong phap B9 dir liéu D§ chinh xac trung binh
CBIR, 2013 [28] ImageCLEF 46,78 %

MLP, 2018 [29] ImageCLEF 46,18 %
Phwong phap dé xuit ImageCLEF 67,8 %

VI. KET LUAN VA HUONG PHAT TRIEN

Trong bai béo ndy, chung t6i da xay dung mot mé hinh truy van anh twong tu va trich xuét ngir nghia theo ndi
dung cta hinh anh. Trong mé hinh nay, chung t6i da két hop phuong phap gom cum hinh anh theo déc trung thi giac dé
xdy dyng tui tir thi gidc nham lam co 86 cho viée tim kiém phén 16p ctia hinh anh theo néi dung. Ngit nghia hinh anh
dugc trich xuét dua trén cdu truy vin SPARQL trén Ontology da dwoc ching t6i xdy dyung tir tp anh doc 1ap. Thuc
nghiém dugc xay dung trén cac bo anh COREL, Wang, ImageCLEF dé minh chimg tinh kha thi cia mé hinh ma chung
t0i dé xudt. Két qua thyc nghiém dugc danh gia dya trén d6 chinh xac, d phu va d6 chinh xac dung hoa nhim so sanh
VGi cac cong trinh di cong bd gan day. Theo do, d chinh xac trung binh tuong tng timg b anh lan luogt 1a: 75,6 %,
73,4 %, 67,8 % cho thay mo hinh di dé xuat 14 hiu qua va c6 thé ap dung dugc cho cac hé thong tim kiém anh trén cac
linh vuc khac nhau. Huéng phat trién tiép theo, chung toi s& xay dung cdu truc tai tir thi giac tir dir liéu WWW dua trén
mdt cau tric dit liéu phan 16p dudi dang tiép can Kd-Tree.

VII. LOI CAM ON

Nhom tac gia chan thanh cam on Truong Pai hoc Cong nghiép thuc pham TP. HCM la noi bao tro cho nghién
cuu nay. Tran trong cam on nhom nghién ciu SBIR-HCM va Truong Pai hoc Su pham TP. HCM da ho tro vé chuyén
mon va co o vat chat dé nhom tac gia hoan thanh nghién cuu nay.

TAI LIEU THAM KHAO
[1] A Patrizio, “Data center explorer”, Network World, 03/12/2018.
https://www.networkworld.com/article/3325397/idc-expect-175-zettabytes-of-data-worldwide-by-2025.html.

[2] David Reinsel, John Gantz, John Rydning, “The Digitization of the World: From Edge to Core” sponsored by
Seagate, IDC Technical Report, 2018. https://www.seagate.com/as/en/our-story/data-age-2025/.

[3] Deloitte, “Photo sharing: trillions and rising”, Deloitte Touche Tohmatsu Limited, Deloitte Global, 2016.

[4] P. Muneesawang, N. Zhang, L. Guan, “Multimedia Database Retrieval: Technology and Applications”, Springer,
New York Dordrecht London, 2014.


https://www.seagate.com/as/en/our-story/data-age-2025/

286 MOT MO HINH TiM KIEM ANH THEO NGU NGHIA DUA TREN THUAT TOAN k-NN VA PAC TRUNG TUI TU

[5] X. Xie, X. Cai, J. Zhou, N. Cao, Y. Wu, “A Semantic-based Method for Visualizing Large Image Collections”,
IEEE Transactions on Visualization and Computer Graphics, IEEE Computer Society, Vol. 25, No. 7, pp. 2362-
2377, 2019.

[6] L. Deligiannidis, H. R. Arabnia, “Emerging Trends in Image Processing, Computer Vision, and Pattern
Recognition”, ed S. Elliot, Elsevier, USA: Morgan Kaufmann, Waltham, MA 02451, 2015.

[7] Ying Liu, Dengsheng Zhang, Guojun Lu, Wei-Ying Ma (2007), “A survey of content-based image retrieval with
high-level semantics”, Pattern Recognition Journal 40, pp. 262-283.

[8] Alzu’bi A, Amira A, Ramzan N, “Semantic content-based image retrieval: A comprehensive study”, J Vis
Commun Image Represent 32, pp. 20-54, 2015.

[9] I. K. Sethi, I. L. Coman, “Mining association rules between low-level image features and high-level concepts”,
Proceedings Volume 4384, Data Mining and Knowledge Discovery: Theory, Tools, and Technology Il1, 2001.
https://doi.org/10.1117/12.421083.

[10] J. Eakins, M. Graham, “Content-based image retrieval”, Technical Report, University of Northumbria at
Newcastle, 1999.

[11] T. Gevers, A. Smeulders, “Content-based image retrieval by viewpoint-invariant color indexing”, Image Vision
Computing, Vol. 17, No. 7, pp. 475-488, 1999.

[12] Shen, Xiaohui, et al. “Spatially-constrained similarity measure for large-scale object retrieval”, IEEE transactions
on pattern analysis and machine intelligence 36.6 (2013): pp. 1229-1241.

[13]Li, Dawei, and Mooi Choo Chuah. “A Novel Unsupervised 2-Stage k-NN Re-Ranking Algorithm for Image
Retrieval”, 2015 IEEE International Symposium on Multimedia (ISM). IEEE, 2015.

[14]Ma, Yanchun, et al., “A weighted KNN-based automatic image annotation method”, Neural Computing and
Applications (2019): pp. 1-12.

[15] Kan, Shichao, et al. “A supervised learning to index model for approximate nearest neighbor image retrieval”,
Signal Processing: Image Communication 78 (2019): 494-502

[16]S. Jabeen, Z. Mehmood, T. Mahmood, T. Saba, A. Rehman, M. T. Mahmood, “An effective content-based image
retrieval technique for image visuals representation based on the bag-of-visual-wordsmodel”, PLoS ONE, Vol. 13,
No. 4, pp. 1-24, 2018.

[17] X. Xie, X. Cai, J. Zhou, N. Cao, Y. Wu, "A Semantic-based Method for Visualizing Large Image Collections"”,
IEEE Transactions on Visualization and computer graphics, IEEE Computer Society, Vol. xx, No. XX, pp.XX-XX,
2018.

[18]Jia, Shuang, et al., “Bag-of-Visual Words based Improved Image Retrieval Algorithm for Vision Indoor
Positioning”, 2020 IEEE 91st Vehicular Technology Conference (VTC2020-Spring). IEEE, 2020.

[191M.K., Y.I.LA. and Mohd Noah, S.A. (2017), "Semantic text-based image retrieval with multi-modality Ontology
and DBpedia”, The Electronic Library, Vol. 35, No. 6, pp. 1191-1214. https://doi.org/10.1108/EL-06-2016-0127.

[20] Manzoor, Umar, et al. "Semantic image retrieval: An Ontology based approach.” International Journal of
Advanced Research in Artificial Intelligence (IJARAI) 1.4 (2015): pp. 1-8.

[21]V. Vijayarajan, M. Dinakaran, P. Tejaswin, M. Lohani, "A generic framework for Ontology-based information
retrieval and image retrieval in web data”, Human-centric Computing and Information Sciences, Vol. 6, No. 18,
pp. 1-30, 2016.

[22] Spanier, Assaf B., D. Cohen, and Leo Joskowicz. "A new method for the automatic retrieval of medical cases
based on the RadLex Ontology" International journal of computer assisted radiology and surgery 12.3 (2017): pp.
471-484.

[23] Asim, Muhammad Nabeel, et al. "The Use of Ontology in Retrieval: A Study on Textual, Multilingual, and
Multimedia Retrieval" IEEE Access 7 (2019): 21662-21686.

[24] Gia, Giorgio, and Fabio Roli. "Instance-based relevance feedback for image retrieval." Advances in neural
information processing systems. 2005.

[25] Douik, Ali, Mehrez Abdellaoui, and Leila Kabbai. "Content based image retrieval using local and global features
descriptor”, 2016 2" International Conference on Advanced Technologies for Signal and Image Processing
(ATSIP). IEEE, 2016.

[26] Lande, Milind V., Praveen Bhanodiya, and Pritesh Jain. "An effective content-based image retrieval using color,
texture and shape feature". Intelligent Computing, Networking, and Informatics. Springer, New Delhi, 2014. pp.
1163-1170.

[27] Chhabra, Payal, Naresh Kumar Garg, and Munish Kumar. "Content-based image retrieval system using ORB and
SIFT features”. Neural Computing and Applications 32.7 (2020): pp. 2725-2733.


https://doi.org/10.1117/12.421083
https://www.emerald.com/insight/search?q=Yanti%20Idaya%20Aspura%20M.K.
https://www.emerald.com/insight/search?q=Shahrul%20Azman%20Mohd%20Noah
https://www.emerald.com/insight/publication/issn/0264-0473
https://doi.org/10.1108/EL-06-2016-0127

Nguyén Hai Yén, Nguyén Thi Dinh, Nguyén Vin Thinh, Vin Thé Thanh, Lé Manh Thanh 287

[28] M.E. Hakan Cevikalp, Savas Ozkan, "Large-scale image retrieval using transductive support vector machines",
Computer Vision and Image Understanding, Vol. 173, No., pp. 2-12, 2018.

[291M.D. V. Vijayarajan, P. Tejaswin, M. Lohani, "A generic framework for ontology-based information retrieval and
image retrieval in web data", Human-centric Computing and Information Sciences, Vol. 6, No. 18, pp. 1-30, 2016.

A SEMANTIC-BASED IMAGE RETRIEVAL MODEL
BASE ON k-NN ALGORITHM AND BAG OF WORD FEATURES
Nguyen Hai Yen, Nguyen Thi Dinh, Nguyen Van Thinh, Van The Thanh, Le Manh Thanh

ABSTRACT: In this paper, we approach a semantic-based image retrieval model base on k-Nearest Neighbor algorithm (k-
NN) and bag of visual word (BoVW). The visual features of image are extracted and clustered for input data of semantic
classification process and mapping to BoW built. On that basis, the word vectors are extracted for creating SPARQL query as the
basis for semantic image retrieval which based on the Ontology. The retrieval results are set of similar images and image
classification semantics performed. To verifing for this theoretical, a semantic image retrival model is built and experimented on
COREL, Wang, ImageCLEF dataset. Experimental results are evaluated compared to other recently published methods on the same
dataset. According to the experimental result show that our proposed method is effective and can be applied in many multimedia
data systems.

Keywords: SBIR, k-NN, Bag of Words, similar image, Ontology.



