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TOM TAT

Trich xudt ngit nghia cho hinh dnh la mét bai todn mang tinh thoi sy va duwoc tng dung trong
nhiéu hé thong tra ciru ngit nghia khdc nhau. Trong bai bdo nay, mét tiép cdn tra ciru ngir nghia
hinh anh dwoc dé xudt dwa trén tdp anh twong tw véi dnh dau vao; tir do, ngit nghia cia hinh danh
duoc tra ciu trén ontology qua tdp tir vieng thi gidc. Cdc doi tuwong trén méi hinh dnh duoc trich
xudt va phan I6p dwa trén mang no-ron tich chdp nham trich xudt ngit nghia cho hinh anh. Sau do,
cau lénh SPARQL duwoc tw dong tao ra tie CAC phan lop dnh va thuc hién truy van trén ontology da
dwoe xdy dung nham truy xudt tdp anh tiong tw va ngit nghia twong irmg. Trén co sé phuwong phdp
da dé xudat, mot thue nghiém duwoc xdy dung va danh gia trén cac bo anh Caltech-256. Két qua thuc
nghiém duwroC S0 Sanh Véi cdc cong trinh cong bo gan day trén cing mét b dit liéu nham minh chimg
tinh hiéu qua ciia phirong phdp d@é xudt. Theo két qua thue nghiém, phwong phdp tra civu ngit nghia
hinh dnh trong bai bdo ndy da ndng dg chinh xdc 1én 88,7% doi véi bé diF liéu anh Caltech-256.

Tir khéa: phan 16p anh; mang no-ron tich chap; truy van anh duya trén ngit nghia;
ontology

1.  Giéi thiéu

Ngay nay, vdi su phat trién vuot bac trong vi¢c su dung Internet va cac thiét bj mobile,
s6 lwong hinh anh ki thuat sb da ting 1én rat nhiéu. Do d6, dé quan i va tim kiém chinh xéac
hinh anh trong b dir li¢u anh khéng 16 nay, can c¢6 mot hé théng truy vAn manh mé. Hién
nay, nhiéu linh vuc khac nhau tmg dung hé thng tim kiém anh trong thuc té nhu chin doan
bénh lam san trong linh vuc y hoc, truy vét toi pham trong linh vuc an ninh, hay hé théng
thu vién sb... Trong hé théng truy van anh theo ndi dung CBIR (Content-Based Image
Retrival), trich xuét dic trung 1a mdt tdc vu vO cung quan trong. Vi cac hinh anh dugc so
sanh voi nhau theo cac dic trung cap thip cta ching, chiang han nhu mau sic, két cau, hinh
dang... dé tim tap anh tuong tu, nén do chinh xac cua hé théng CBIR chu yéu phu thudc vao

Cite this article as: Nguyen Minh Hai, Tran Van Lang, & Van The Thanh (2022). An approach of semantic-
based image retrieval using deep neural network and ontology. Ho Chi Minh City University of Education
Journal of Science, 19(3), 411-422.
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cac vecto dac trung dugce trich Xuét tir tap co s¢ dir li¢u hinh anh. Nhiéu ki thuét hién dai
dugc phat trién dé nang cao hiéu suat ciia CBIR, trong d6 mang no-ron tich chap
(Convolution neural network — CNN) da chiing to tinh uu viét cia né trong cac linh vyc nhu
rat trich dac trung anh, phan loai va nhan dang hinh anh (Hiary, Saadeh, Saadeh, & Yaqub,
2018; Mete & Ensari, 2019; Mohamed, Mohammed, & Brahim, 2017).

Tuy nhién, hé théng CBIR chi tim kiém dugc cac tap anh tuong ty nhau vé noi dung
cap thap, nhung c6 thé c6 ngit nghia hoan toan khac nhau. Vi vay, ludn ton tai “khoang cach
ngit nghia” (Sezavar, Farsi, & Mohamadzadeh, 2019) giira dic trung cap thap va ngit nghia
cép cao ctia nguoi ding. Viée phan tich va tim kiém ngir nghia hinh anh 1a mot trong nhiing
thach thirc duoc quan tAm va nghién ciru trong linh vyc thi gidc may tinh. Tim kiém anh dya
trén ontology 1a phuong phap hiéu qua nham truy xuat ngir nghia cip cao cta hinh anh thong
qua cac phan cap mién, méi quan hé giira cic mién, cac khai niém... Cac ngit nghia trén
ontology gan gili voi ngit nghia cip cao cua nguoi ding ma may tinh c6 thé hiéu va truy
xuét dugc.

Nhiéu phuong phap tim kiém anh theo ngir nghia da cho thiy d6 chinh xéac cao trong
truy van va trich xuat ngir nghia cap cao cua hinh anh. Trong dd, tap trung cha yéu vao hai
van dé chinh: trich xuit dic trung cap thap hinh anh, dong thoi lién két voi ngix nghia cap
cao duoc truy xuét tir ontology. Mang hoc sdu CNNs duoc sir dung dé trich xuét dic trung
va phan I6p anh duoc nhiéu nhém nghién ctiu quan tdm. Dingding Cai va cong sy (2017) dé
xuét mang No-ron tich chdp d¢ phan gidi nhan biét (RACNNs) (Cai, Chen, Qian, &
Ké&mardinen, 2019). Thuc nghiém trén cac bo anh Stanford Cars, Caltech-UCSD Birds-200-
2011, Oxford 102 Category Flower voi d6 chinh x4c ctia phuwong phap dé xuit 1a 63,8% trén
bd Stanford Cars, 58,1% trén bo Caltech-UCSD Birds-200-2011. Manjunath Jogin va nhém
cong su (2018) (Jogin, Madhulika, Divya, Meghana, & Apoorva, 2018), sir dung mang no-
ron tich chap va ki thuat hoc sau dé sinh ra céac dic trung mot cach ty dong va Kkét hop no
v6i bo phan 16p. Thuc nghiém dugce tién hanh trén bo CIFAR-10 v61 @6 chinh xac cua thuat
toan phan 16p dat 85,97%. Han ché ciia nghién ctru nay 1a khong ma héa dugce vi tri va dinh
huéng ciia ddi twong vao cac du doan cia hé thong. Busra Rumeysa Mete va cong su (2019)
biéu didn mot hé théng phan 16p cho dit liéu hinh anh véi ki thuat Deep CNN va ting cuong
dir liéu (Mete & Ensari, 2019); Nhoém nghién ctru di dénh gia hé théng phan 16p dé xut trén
hai bo dir liéu: Oxford-17 Flowers, and Oxford-102 Flowers v&i d6 chinh xac cao 99,8% va
98,5% bang MLP va SVM. Nhém nghién ctru cia Andres Mafla (2020) dé xuat két hop thi
gidc va cac dic trung chit liéu duoc tong hop cuc bo trong viée phan 16p va tra ctru anh chi
tiét (Mafla, Dey, Biten, Gomez, & Karatzas, 2020). Uu diém ctia giai phap nay 1a tan dung
thong tin dang van ban dé trich xuat thong tin tir hinh anh. Khai thac cac tin hiéu van ban co
thé mé dudng cho cac mo hinh thi gidc may tinh toan dién hon (hiéu duoc ngit canh). Mo
hinh da dugc thir nghi¢m trén 2 bo anh Con-Text Dataset; Drink Bottle Dataset vdi do chinh
x4c 1an lugt 1a 64,52% va 62,91%.
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Mot hudng tiép can khac 14 xay dung hé thong tim kiém anh dua trén ontology. Thong
qua tiép can nay d6i twong anh dwgc phan 16p bang cac phuong phap hoc may va cic quy
tac ngit nghia, sau d6 tap anh tuong ty va ngit nghia ciia nd s& dugc 1ay ra tir Ontology (Filali,
Zghal, & Martinet, 2020; Shati, khalid Ibrahim, & Hasan, 2020; Toro Icarte, Baier, Ruz, &
Soto, 2017; C. Wang et al., 2020; Xu Wang, Huang, & van Harmelen, 2020). Asim va cdng
su (2019), da thuc hién khao sat cac phuong phép truy xuat thong tin dua trén Ontology ap
dung cho truy van vin ban, dir liéu da phuong tién (hinh anh, video, audio) va dit liéu da
ngdn ngit. Nhom tac gia da so sanh hiéu suit véi cac phuong phap tiép can trude dé vé truy
van van ban, dit liéu da phuong tién va dit liéu da ngdn ngir (Asim et al., 2019). Tuy nhién,
nhom tac gia méi dé xuit mo hinh sir dung Ontology dé truy van da déi tuong, chua dé cap
dén két qua thyc nghiém cu thé dé so sanh vdi cac cong trinh trudc. Chao Wang va cong sur
(2020) dé xuat mot khung Ontology tich hop cho cac anh vién tham (Wang et al., 2020).
Ontology nay dugc mé rong dua trén Ontology mang cam bién ngit nghia (SSN) trén ngon
ngit OWL. Tuy nhién, trong cic ing dung ma dit liéu da ngudn s& gip phai nhiéu tro ngai
vé ngit nghia. Xu W. va cong sy (2020) di cung cdp mot hudng tiép can twong ty ngit nghia
dwa trén Ontology cho bai toan truy xuét tap dit liéu anh y sinh bioCADDIE 2016 (Xu Wang
et al., 2020). Vi nghién ctru ndy, nhom tac gia da sir dung phuong phap MeSH dé rat trich
cac khai niém tir tap anh bioCADDIE. Dé truy xuét tip anh tuong tu nay, nhom tac gia da
sir dung hai d6 do Wu-Palmer va Resnik dé do d6 tuong dong ngir nghia giira cac khai niém.

Trong bai bao nay, chiing t6i dé xuat mot phuong phap két hop giita mang no-ron tich
chap (CNN) va ontology cho bai toan tim kiém anh theo ngit nghia. Cac dong gop chinh ctia
bai bao bao gém: (1) sir dung mang CNN dé rut trich ddc trung va phan 16p cho co so dit
liéu hinh anh; (2) xay dung céu tric ontology; (3) tu dong tao cau 1énh SPARQL tir cac phan
16p anh va thyc hién truy van trén ontology da dugc xdy dung dé truy xuét tap anh tuong tu
va nglt nghia twong Ung.

Phan con lai ctia bai bio duoc t6 chire nhu sau: trong phan 2, phuong phép truy van
anh theo tiép can ngit nghia dugc trinh bay; thuc nghiém va danh gia két qua cta phuong
phap d& xuat duoc mo ta trong phan 3; Phan 4 1a két luan va huéng phat trién tiép theo.

2. Phuong phap truy vin anh theo tiép cin ngir nghia
2.1. Mang OverFeat

LeNet, AlexNet, GoogLeNet, VGGNet 1a cac kién tric CNN phé bién duoc st dung
trong nghién ciru hoc sau hién dai dé giai quyét cac van dé khac nhau cia thi giac may tinh
nhu phan loai hinh dnh, nhén dang ddi tuong, nhan dang giong ndi... Hoc sau dugc stir dung
trong viéc huén luyén moét lugng 16n dir 1i€u béng GPU. Dbiéu nay la do sb 1an 1ap lai 16n
trong qua trinh huin luyén dit liéu, ddc biét 1a d6i v6i dit 1iéu hinh anh. Vi vay, thay vi hudn
luyén CNN tir dau véi s6 luong 16n hinh anh cho mdi 16p, mot phuong phap duoc goi 1a
"Hoc chuyén giao" dugc sir dung ma trong d6 mang dwoc huin luyén trude trén mot tap div
lidu rat 1on (ImageNet challenge) nhu OverFeat, Inception-v3, Xception dugc coi nhu la
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cong cu trich xuét dic trung bang cach giit lai tit ca cac 16p dugc hudn luyén trude ngoai trir
16p két ndi ddy du cudi cung. Trong nghién ciru ndy, mo hinh dugc hudn luyén trudce
OverFeat dugc dé xuat cho viéc trich xuat va phan 16p cho anh dau vao nhim ting d6 chinh
xac cho viéc phan 16p anh dau vao.

Bing 1. Kién triic mang OverFeat
Filter ~ Conv. Pooling Pooling Spatial

Layer Stage Hilters size Stride size stride input size
1 Conv + max 96 11x11 4 2 2 231x231
2 Conv + max 256 5x5 1 2 2 24x24
3 Conv 512 3x3 1 - - 12x12
4 Conv 1024 3x3 1 - - 12x12
5 Conv + max 1024 3x3 1 2 2 12x12
6 Full 3072 - - - - 6X6
7 Full 4096 - - - - 1x1
8 Full 1000 - - - - 1x1

Mang OverFeat duoc gidi thiéu va huan luyén boi (Mathieu et al., 2013) trén tap di
liéu hudn luyén ImageNet 2012 chira 1,2 triéu hinh anh trén 1000 phan 16p. Kién triic mang
duoc biéu thi trong Bang 1 bao gom 8 16p véi kich hoat phi tuyén tinh ReLU duogc ap dung
sau mdi 10p tich chap va 16p két ndi day du twong tmg. Trong kién tric nay, kich thudc bd
loc giam giam dan va sé luong bd loc bat dau nho va sau d6 duoc ting 1én & cac 16p cip cao
hon ciia mang. Hinh 1 mé ta cac két qua nhan dang va phan 16p cac dbi tugng trén bo dir
lidu Caltech-256 bing OverFeat.

Hinh 1. Cdc két qua ciia OverFeat trén cdc anh trong bé dir liéu Caltech-256

Trong bai béo nay, mé hinh mang OverFeat duoc chung t6i sir dung nham phat hién

cac dbi tugng trong anh; tir d6, xac dinh tdp phan 16p cho tap dir li€u anh Caltech-256. Do

chinh xac cta viéc phan 16p cac tap dir liéu anh nay dugc so sdnh voi cac mé hinh CNN hi¢n
dai khéac duogc trinh bay trong Bang 2.
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Bing 2. Dé chinh xdc trich xudt va phén I6p cdc tdp div liéu dnh
sir dung cdu triic mang OverFeat

Tap dir liéu anh M6 hinh D¢ chinh xac
Inception-v3 89,68%
Caltech-256 Xception 87,58%
OverFeat 92,58%

Tur s6 liéu Bang 2 cho théy, viéc st dung céc kién trac CNN séu c6 thé tang dg chinh
xac nhan dang va phéan 16p ddi tuong anh ting 1én kha t6t. Piéu nay giup cho viéc truy van
anh tuong tuy anh dau vao dat hiéu suét cao hon.

2.2. Ontology

Nhim giam khoang cach ngir nghia giita cic dic trung thi gidc cip thap va ngir nghia
cap cao cua hinh anh, chung t6i xdy dung mét ontology cho cac bo dit liéu anh dya trén ngon
ngir b ba RDF/XML va OWL. Két qua cua truy van hinh anh dya vao cum dir liéu 1a tap
cac anh tuong tu dugc sip xép theo do chinh xac. Tir tap hinh anh nay, thudt toan phan 16p
k-NN dugc thuc hién dé 1dy cac phan 16p lang giéng gan nhat va luu thanh cac tir vung 1a
cac phan 16p dai dién cho hinh anh truy van. Cac phan 16p nay duoc truy van dya trén
ontology dé xac dinh khai niém, ngir nghia cp cao cua hinh anh. Qua trinh 4nh xa ngit nghia
duoc sir dung dé phan tich va tim khai niém tSt nhat cho cac dbi twong trong hinh anh.

Céc phan 16p cua cac bo dit liéu anh duoc xay dung theo dang phan cap. Mot tir dién
ngir nghia nham dinh nghia cho cac phan 16p cta hinh anh duoc trich xuét tir WordNet. Mbi
hinh anh 13 mot ca thé/thé hién (individual/ instance) ctia mot hay nhiéu phan 16p trong
ontology. Hinh 2 1a mét vi du vé ontology dugc xay dung trén Protégé cho cac bo dit liéu
anh Caltech-256.

=ralivy==
[ @ momass | e
& mGioiez | # IORANGE & wazzs |
[ ¢ mowis J ORANGE * @ STRAWBERRY @
[ mczaes | @ l _— | W] |
[ * § IMG22s8
¢
MGBIS — l . . ! .
Loveer | ) A
(bem Eenom )
# INGI132 # IMG3830

Hinh 2. M6t vi du vé ontology ép dung trén bé dir liéu anh Caltech-256
SPARQL la ngdén ngir truy vén trén cac nguén di li¢u dugc mo ta dudi dang bd ba
RDF hodac OWL. Vi anh truy van dau vao co thé chira mot dbi tuong hodc nhiéu déi tuong,
dua vao mang OverFeat dé tim céc phan 16p ctua anh dau vao; tr do, tao vecto tir vung thi
giac; vec-to nay chira mot hay nhiéu 16p ngir nghia cua anh truy van, va ty dong tao ciu 1énh

415



Tap chi Khoa hoc Trwong DPHSP TPHCM Tap 19, S6 3 (2022): 411-422

SPARQL (AND hoic OR), sau d6 truy van trén ontology dé tim tap cac anh twong ti va ngit
nghia ctia anh. Thuat toan ty dong tao cau truy van SPRQL duoc thuc hién nhu sau:

Thuat toan tw dong tao cau truy van SPARQL
Péu vao: Vec-to tir thi giac W
PAu ra: ciu lénh SPARQL
Begin
SPARQL=0;
n=W.count;
SELECT DISTINCT ?Img
WHERE{";
For (i=0..n) do
SPARQL+="<subject>: W(i)+ "rdf:type" +
<object>: + ?2Img" +"UNION/AND";

End

SPARQL+=}7;

Return SPARQL,;
End.

Két qua truy van trén ontology 1a mot tap cac URISs va cac metadata cta tap dit liéu

anh twong ty va ngit nghia ctia né. Hinh 3 minh hoa cho cau truy van SPARQL duoc tao ra
tir vec-to tur thi gidc theo hai cach: “UNION Query” hodc “AND Query”

Visual Word Vector  |ocean, cloud Visual Word Vector  |ocean, cloud
SPARQL Query SPARQL Query
| PREFIX rdf: <http://www w3.0rg/1999/02/22rdf -syntax-ns#> PREFIX rdf: <hitp://www w3 .0rg/1999/02/22 rdf syntax-nsit>
| PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf schema#> PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema&>
%PREF\X xsd: <http.//www .w3.0rg/2001/XMLSchema#> PREFIX xsd: <http://www w3.0rg/2001/XMLSchema#>
| PREFIX owl: <http://www.w3.0rg/2002/07/owl#> PREFIX owl: <http://www.w3.0rg/2002/07/owi&>
| PREFIX xml: <hitp://www w3.0rg/XML/1998/namespace> PREFIX xml: <hitp://www .w3.org/XML/1398/namespace>
| PREFIX sbir: <http://sbirhem.vn/> PREFIX sbir: <http://sbir-hem.vn/>
| SELECT DISTINCT ?imgName SELECT DISTINCT ?imgName
WHERE{ {?IMG sbirimgName ?imgName. ?IMG sbir-opOCEAN sbirinOCEAN WHERE{ {?IMG sbirimgName ?imgName. 7IMG sbiropOCEAN sbirinOCEAN
sbirinOCEAN rdf type owl:Namedindividual . sbirinOCEAN rdf type sbirOCEAN s?-r inOCEAN rdf type owl:Namedindividual . sbirinOCEAN rdf type sbirOCEAN
JUNION {?IMG sbirimgName ?imgName. ?IMG sbir:opCLOUD sbirinCLOUD {?IMG sbirimgName ?imgName. 7IMG sbir-opCLOUD sbirinCLOUD
sbirinCLOUD rdf type owl:Namedindividual . sbirinCLOUD rdf type sbirCLOUD 5?;" inCLOUD rdf type owl:Namedindividual . sbirinCLOUD rdf type sbirCLOUD
n

Hinh 3. Mot két qua tao tir ddng cdu truy van SPARQL "UNION" va "AND"
3. Thuec nghiém va danh gia
3.1. Kién tritc hé thong CNN_SIR
Kién trac hé thong phén 16p va truy van tap anh twong tu cling nhu phén tich ngit nghia
hinh anh CNN_SIR dugc mo t4 tai Hinh 4. HE théng nay thyuc hi¢n tim kiém tap anh tuong
tu dya vao két qua phéan 16p anh cac phan cum hinh anh, tir 46 phan tich ngit nghia va truy
van hinh anh dia vao ontology.
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Hinh 4. Hé truy van CNN_SIR bao gom hai pha
e Phal. Tién xir i

Buorc 1. Tap dir liéu anh dugc huén luyén qua m6 hinh mang CNN da huén luyén, Kkét
qua thu dugc tap phan 16p cua anh dau vao;

Budc 2. Xay dung Ontology tur tap dir liéu anh (2) va Word Wide Web (3) dua vao
ngon nglr b ba RDF/XML.

e Pha2. Truy vén anh

Buwéc 1. Voi mdi anh truy van (4), hé thong thuc hién trich xuat dic trung va phan 16p
anh théng qua mang CNN d4 huan luyén ¢ pha tién xuli (5). Két qua thu duoc 1a tip phan
16p ctia anh dau vao (6). Mdi phan 16p anh nay s& tuong tng vi mot véc-to tir thi giac (7);

Buwdée 2. Tu dong tao cau truy vin SPARQL dua vao vec-to tir thi giac (8) dé truy van
ngir nghia cho hinh anh trén ontology (9). Két qua ctia qua trinh truy van trén ontology 1a
cac URIs, metadata cua hinh anh (10) va tap cac hinh anh tuong tuy cung ngir nghia cua né
(112).
3.2. MOi truong thir nghié¢m

Hé truy vin CNN_SIR duoc xay dung nham truy van hinh anh dya trén cay CNN va
ontology, dua trén nén tang dotNET Framework 4.8, ngdn ngit 14p trinh C#. Cac d6 thi duoc
xdy dyung trén Mathlab 2015. CAu hinh may tinh cua thuc nghiém: Intel(R) CoreTM i9-
9200H, CPU 4,20GHz, RAM 16GB va hé diéu hanh Windows 10 Professional. Tap dir licu
dugc str dung trong thuc nghi¢m 1a bd dir li¢u anh Caltech-256 véi 30,000 anh va 256
phan 16p.
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3.3. Ungdung

V&i mot anh dau vao, hé thdng CNN_SIR trich xuat dic trung va phan 16p anh bang
CNN. Hinh 5 mot két qua tim kiém hinh anh theo ngir nghia ctia hé CNN_SIR. Tir phan 16p
cua anh dau vao, cau truy van SPARQL (UNION hoic AND) ciling dugc tu dong tao ra dé
truy véan trén ontology. Hinh 6 12 mot két qua cta su phéan 16p va truy van theo SPARQL cua
hé truy van CNN_SIR. Vi mdi hinh anh trong tap anh tuong tu s& duoc mo ta ngit nghia
vO1 cac meta-data cho chu thich hinh anh, dinh danh URI cua hinh anh.

5 Semantic-based Image Retrieval (CNN_SIR)

AMND Query object:

UNION Guery objects

0.100506235337696, 0, 0, 0.0283985677244104, 0,0, 0,
0.0775108531917521. 0. 0.0608717125571058.
. 0, 0, 0.050:

) 0.000370416100753179, 0.0161748363995555,

4 (0.0214341333436344, 0, 0, 0.00743166440301272,
0.407058823529412, 0.459647058823529, 0.683882352341176,
0.479372543015608, 0.457254117647053, 0.711450580352157,
0.50678431372548,

‘horse

ntology Load Image Crtology Retrieval

AND Query images UMION Query images

PREFIX rdf: <http://Awewvw w3.org/1999/02/22+df-syntax-ns#s>
PREFIX rdfs: <http://www w3 0rg/2000/01/rdf-schema#f>
PREFIX xsd: <http:/Awww w3.org/ 2001/ XMLSchematt:
PREFIX owl: <hitp:/Awww w3.org/2002/07/owld:

PREFIX xml: <hitp://www w3.org/XML/1558/namespace >
PREFIX shir: <http://sbir-hcm.vn/>

SELECT DISTINCT ?imgMName

'WHERE{ {?IMG sbirimgMame ?mgName. ?IMG sbiropHORSE
sbirinHORSE . sbirinHORSE rdf type owl:Namedindividual .
shirinHORSE rdf type shirHORSE . }}

10016 jpg 10129 jpg 10232 jpg 10336 jpg 10535 pg 10594 jpg 10661jpg ~
10724 jpg 10834 jpg 11235 jpg 11604 jpg 11605 jpg 11624 jpg 11708 jpg
12279jpg 12715 jpg 13128 jpg 13413 jpg 14162 jpg 14157 jpg 15524 jpg
15586 jpg 15610 .jpg 15633 jpg 15674.jpg 15736.jpg 15765.jpg 16151 jpg
16408 jpg 16530 jpg 16665 jpg 16838 jpg 16885 jpg 16977 jpg 17146 jpg
17712jpg 17713 jpg 17714 jpg 17715jpg 17716 jpg 17718,jpg 17721 jpg
17723 jpg 17724 jpg 17732 jpg 18055 .jpg 18503 jpg 18519.jpg 18750 .jpg
18946 jpg 18558 jpg 13559 jpg 19558 jpg 13367 jpg 20013 jpg 20481 jpg
20483 jpg 20625 jpg 20702 jpg 21518 jpg 21573 jpg 21832 jpg 215918 jpg
22147 jpg 22172 jpg 22309 jpg 22452 jpg 22539 jpg 22540 jpg 22541 jpg
22628 jpg 22710 jpg 22778 jpg 22779 jpg 22781 jpg 22817 jpg 22822 jpg
22849 jpg 22556 jpg 23063 jpg 23097 jpg 23138 jpg 23139 jpg 2319jpg
25377 jpa 25483 jpg 25485 jpg 2601 jpg 2602 jpg 2603 jog 26046 jog

26521 jpg 27207 jpg 27465 jpg 27515 jpg 2832 jpg 3076 jpg 30515jpg
310%.pa 3111.oa 3125.i0a 3126.0a 3127ioa 3130ina 3132ipa 3133ipa ¥

£’ Image Retrieval Experimental Results

00X /¢ 92 EENEE

Renderer: DefaultRenderer

+ | Thumbnail Size = |%

COREL716jpg COREL718pg

COREL721jpg COREL723.jpg

CORELT264pg COREL727jpa COREL728,4pg

249 images (1 selected)

COREL724jpg

COREL720jpg

<Horizontal-Resolution > 72 dpi
< Horizontal-Resolution =
<Vertical-Resolution > 72 dpi
<Nertical-Resolution >
<Description This is an image in
COREL dataset, The image has a
category s HORSE. 1t had been
created at 7/7/2001 3:03:08 AM.
</Description>

<Modified-date> 7/7/2001 3:03:08 AM
< Modified-date >

< <Image-paﬂ’|>

COREL725.jpg

CORELT2%jpg

CORELT30.jpg

Hinh 5. Mot két qua tim kiém hinh dnh theo ngit nghia ciia hé truy vin CNN SIR
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7% Infomation of HORSE Class — *

This is the information of HORSE class

Keywords: Equus caballus, horse

Description:

HORSE which means that is solid-hocfed herbivorous quadruped
domesticated since prehistoric times

meta-data

URI: http://shir-hem vn/HORSE
Mame: HORSE

Image File: CORELTDS5 jpg
(Class File: HORSE tat

Image Size: 256 x 384

(n) harse, Equus caballus (solid-hoofed herbivorous quadruped domesticated since prehistoric timespn)
horse, gymnastic horse (a padded gymnastic apparatus on legs)in) cavaly, horse cavaly, horse froops
trained to fight on horseback) "500 horse led the attack™{n) sawhorse, horse, sawbuck, buck (a framework
for holding wood that is being sawed)in) knight, horse (a chessman shaped to resemble the head of a
horse; can move two squares horizontally and one vertically (or vice versa))

Hinh 6. Mot két qua tim kiém hinh dnh theo ngit nghia ciia hé truy van CNN_SIR
3.4. Ddnh gid thuc nghi¢m

Dé danh gia hiéu qua tim kiém hinh anh, bai viét str dung cac yéu t6 dé danh gia, bao
gdm: precision, recall va F-measure, thoi gian truy van (milli seconds).

Trén co s gia tri hidu suat da co, cac gia tri hiéu suat va thoi gian tim kiém trung binh
cua tap dir li€u Caltech-256 ciia h¢ CNN_SIR v6i d§ chinh xac 88,7%, d6 phu 84,98% va thoi
gian truy van trung binh 1 966,884 ms.

Dua trén cac sb liéu thuc nghiém, Hinh 7 mo ta cac dd thi Precision-Recall curve va
ROC curve dugc thuc hién dé danh gia do chinh xac cua h¢ truy van anh CNN_SIR, mdi
duong cong mo6 ta mot bd dir liéu dugc truy van; dién tich dudi cac duong cong nay cho théy
dd chinh xéc cua viéc truy vAn anh. Hiéu suit truy vén hinh anh cua CNN_SIR trén tap anh
Caltech-256 cho thiy phuong phap cai tién duoc dé xuit trong bai bao 14 hiéu qua.

Precision-Recall ROC curve
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Hinh 7. Hiéu sudt truy véan anh trén tdp dir liéu anh Caltech-256 cua hé CNN_SIR
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Dé danh gia do chinh xac va hiu qua cua hé truy van anh CNN_SIR, két qua thuc
nghiém duoc so sanh vi cac cong trinh nghién ctru khac trén cung mét b dir 1i€u anh. Gia
tri trung binh d9 chinh xac cua h¢ CNN_SIR duoc so sanh vdi cac phuong phap khac trén
cing mdi b dit liéu dugc mo ta trong Bang 3 cho thay két qua truy van cta phuong phap dé
xuét tuong dbi chinh xac so vdi cac hé truy van anh theo ngi nghia.

Bdng 3. So sanh do chinh xdc giita cac phwong phap trén bo dir lieu Caltech-256
Phwong phap Mean Average Precision (MAP)
Feature fusion + BoW (Xinzhi Wang, Zou,

Bakker, & Wu, 2020) 74.22%
LDA_DCT with Scaling 32x32 DWT (0.5) 81 8%
(Sivakumar & Soundar, 2021) '
Deep Feature Selection Network (DFS-Net) with

83,91%

InceptionV3 (Kumar, Tripathi, & Pant, 2020)
CNN_SIR 88,7%

Qua sd liéu cia cac Bang 3 cho thdy, phuong phap dé xuat cua co do chinh xac cao

hon khi so sanh vé6i cac phuwong phap truy van khac trén cung tdp anh. Két qua nay chimg
minh rang, phuong phap dé xut cua ching toi 1a hiéu qua.
4. Kétluan

Trong bai bao nay, mot phuong phap tim kiém anh theo ngit nghia dugc dé xuat véi
su két hop ctia mang no-ron tich chap (CNN) va ontology. Vi mdi hinh anh dau vao, dic
trung duoc trich xudt va tim kiém, sau d6 phan 16p trén mang CNN dé tao thanh tap tir vung
thi giac. Tu do, cau 1énh SPARQL dugc tu dong tao ra tir cac tir vung thi giac va thuc hién
truy van trén ontology nham truy xuét tip anh twong tu va ngit nghia twong tng. Mot mo
hinh truy v4n anh dua trén mang CNN va ontology (CNN_SIR) duoc dé xuat va thuc nghiém
trén bo anh Caltech-256 v&i dd chinh xac 13 88,7%. Két qua thyc nghiém dugc so sanh véi
cac nghién ciru khac trén cuing mot tap anh, cho thiy, phuong phéap cua dé xuét cua ching
t61 c6 do chinh xéac cao hon. Trong dinh hudng nghién ctru trong lai, chiing t6i tiép tuc cai
tién cac phuong phap trich xuat dic trung, bd sung, lam giau cho ontology va xay dung mot
hé tim kiém anh dua trén ontology trén WWW.

< Tuyén bé vé quyén lgi: CAc tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cdm on: Nhém tac gid chan thanh cdm on Trwéng Pai hoc Sw pham Thanh phé
Hé Chi Minh d4 béo tror cho nghién cdu nay. Tran trong cdm on nhém nghién ciru SBIR-
HCM da hé tro vé chuyén mén dé nhém tac gid hoan thanh nghién ciu nay.

420



Tap chi Khoa hoc Truong BPHSP TPHCM Nguyén Minh Hii va tgk

TAI LIEU THAM KHAO

Asim, M. N., Wasim, M., Khan, M. U. G., Mahmood, N., & Mahmood, W. (2019). The use of
ontology in retrieval: a study on textual, multilingual, and multimedia retrieval. IEEE Access,
7,21662-21686.

Cai, D., Chen, K., Qian, Y., & Kamérdinen, J. K. (2019). Convolutional low-resolution fine-grained
classification. Pattern Recognition Letters, 119, 166-171.

Filali, J., Zghal, H. B., & Martinet, J. (2020). Ontology-based image classification and annotation.
International Journal of Pattern Recognition and Artificial Intelligence, 34(11), 2040002.

Hiary, H., Saadeh, H., Saadeh, M., & Yaqub, M. (2018). Flower classification using deep
convolutional neural networks. IET Computer Vision, 12(6), 855-862.

Jogin, M., Madhulika, M., Divya, G., Meghana, R., & Apoorva, S. (2018). Feature extraction using
convolution neural networks (CNN) and deep learning. Paper presented at the 2018 3rd IEEE
international conference on recent trends in electronics, information & communication
technology (RTEICT).

Kumar, V., Tripathi, V., & Pant, B. (2020). Content based fine-grained image retrieval using
convolutional neural network. Paper presented at the 2020 7th International Conference on
Signal Processing and Integrated Networks (SPIN).

Mafla, A., Dey, S., Biten, A. F., Gomez, L., & Karatzas, D. (2020). Fine-grained image classification
and retrieval by combining visual and locally pooled textual features. Paper presented at the
Proceedings of the IEEE/CVF Winter Conference on Applications of Computer Vision.

Mathieu, M., LeCun, Y., Fergus, R., Eigen, D., Sermanet, P., & Zhang, X. (2013). Overfeat:
Integrated recognition, localization and detection using convolutional networks.

Mete, B. R., & Ensari, T. (2019). Flower Classification with Deep CNN and Machine Learning
Algorithms. Paper presented at the 2019 3rd International Symposium on Multidisciplinary
Studies and Innovative Technologies (ISMSIT).

Mohamed, O., Mohammed, O., & Brahim, A. (2017). Content-based image retrieval using
convolutional neural networks. Paper presented at the First International Conference on Real
Time Intelligent Systems.

Sezavar, A., Farsi, H., & Mohamadzadeh, S. (2019). Content-based image retrieval by combining
convolutional neural networks and sparse representation. Multimedia Tools and Applications,
78(15), 20895-20912.

Shati, N. M., khalid lbrahim, N., & Hasan, T. M. (2020). A review of image retrieval based on
ontology model. Journal of Al-Qadisiyah for computer science and mathematics, 12(1),
10-14, 10-14.

Sivakumar, R., & Soundar, K. R. (2021). A novel generative adversarial block truncation coding
schemes for high rated image compression on E-learning resource environment. Materials
Today: Proceedings.

Toro Icarte, R., Baier, J. A., Ruz, C., & Soto, A. (2017). How a General-Purpose Commonsense
Ontology can Improve Performance of Learning-Based Image Retrieval. arXiv e-prints, arXiv:
1705.08844.

421



Tap chi Khoa hoc Trwong DPHSP TPHCM Tap 19, S6 3 (2022): 411-422

Wang, C., Zhuo, X., Li, P., Chen, N., Wang, W., & Chen, Z. (2020). An Ontology-Based Framework
for Integrating Remote Sensing Imagery, Image Products, and In Situ Observations. Journal
of Sensors, 2020.

Wang, X., Huang, Z., & van Harmelen, F. (2020). Ontology-Based Semantic Similarity Approach
for Biomedical Dataset Retrieval. Paper presented at the International Conference on Health
Information Science.

Wang, X., Zou, X., Bakker, E. M., & Wu, S. (2020). Self-constraining and attention-based hashing
network for bit-scalable cross-modal retrieval. Neurocomputing, 400, 255-271.

AN APPROACH OF SEMANTIC-BASED IMAGE RETRIEVAL
USING DEEP NEURAL NETWORK AND ONTOLOGY
Nguyen Minh Hai**, Tran Van Lang? Van The Thanh?

'Ho Chi Minh City University of Education, Vietnam
2Ho Chi Minh University of Food Industry, Vietnam
*Corresponding author: Nguyen Minh Hai — Email: hainm@hcmue.edu.vn
Received: September 13, 2021; Revised: January 14, 2022; Accepted: March 03, 2022

ABSTRACT

Semantic extraction for images is a computational problem and is applied in many different
semantic retrieval systems. In this paper, a semantic-based image retrieval approach is proposed
based on images similar to the input image; since then, the semantic of the image is retrieved on the
ontology through the set of visual words. The objects on each image are extracted and classified
based on the CNN network to extract semantics for the image. Then, the command of SPARQL is
automatically generated from the visual words of the image and executes the query on the built
ontology for extracting corresponding semantics. The proposed base method, an experiment was
built and evaluated on the Caltech-256 dataset. Experimental results are compared with recently
published work on the same dataset results to demonstrate the effectiveness of the proposed method.
According to the experimental results, the image semantic lookup method in this paper has increased
the accuracy to 0.88712 for the Caltech-256 dataset.

Keywords: classification; CNN; Semantic-based Image Retrieval; ontology
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