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TOM TAT: Truy vin ngit nghia hinh dnh la mét bai todn c6 nhiéu vmg dung trong cdc linh viee khdc nhau nhie: y khoa, gido
duc, gidi tri,... Trong bai bdo nay, mgt mé hinh tim kiém va tra ciru ngi nghia hinh dnh dwa trén phwong phdp gom cum va ontology
dwoc dé xudt. Pé thuc hién van dé nay, chung 16i gom cum div liéu nham tim klém tap dnh twong ti, tir do trich xudt ngw nghia cia
cdc hinh anh dya trén cdu triic tir dién va Ontology da dirgc xdy dung. Voi méi anh truy van dau vao, ddc trung thi giac dwoc trich
xudt nham tim kiém cdc phan [6p ngit nghia trén cac cum bang phiong phap thong ké tan sudt. Tap dnh twong tw theo ngit nghia
dugce truy van trén Ontology dong thoi ngit nghia ciia phan 6p duoc truy xudt trén cau tricc tir dién. Trén co sé cdc phwong phdp di
dé xudt, mét mé hinh tim kiém dnh twong ti va trich xudt ngit nghia cho hinh dnh ddu vao duwge xdy dung. Két qud thuc nghi¢m
dugc ching t6i danh gid trén by anh COREL, ImageCLEF, dong thoi so sanh véi cdc cong trinh da dwoc cong bé gan ddy. Theo
nhue két qua 1 phurong phdp @é xudt, mé hinh truy van dnh ciia chiing t6i c6 tinh kha thi va dp dung hiéu qud trong cdc hé truy van anh
theo ngit nghia trén nhiéu linh viee khdc nhau.

Tir khéa: Truy van theo ngiv nghia, gom cum, tir dién, dnh tiwong tir, Ontology.

I. GIOI THIEU

Cung voi sy phat trién cua internet, dir liéu anh sb khéng 16 da duogc tao ra dan dén bai toan tim kiém anh tuong
tu dang duoc quan tdm. Cac phuong phap tim kiém anh thong dung hién nay bao gdm: tim theo tir khoa TBIR (Text-
based Image Retrieval), tim theo ndi dung CBIR (Content-based Image Retrieval) hay tim theo ngir nghia SBIR
(Semantlc -based Image Remeval) [1-12]. Tim klem hinh anh dya trén van ban (7BIR) 1a hé thong truy xuat hinh anh
bang cic cau truy van bang vin ban. Viéc trich xudt mot hinh anh tuong tu dya trén qua trinh 13p chi muc, cac mo ta,
chu thich hinh anh dugc cung cip tir nguoi dung [1, 2, 3]. Pé giai quyét nhimg han ché ctua phuong phap TBIR,
phuong phap tim kiém anh dua trén ndi dung dwoc phat trién. Phuong phép nay tap trung vao viée trich xuat va so sanh
cac didc trung cp thap tir hinh anh [4, 5, 6]. Cac nha nghién ctru trong thap ky qua d chimg minh tinh hiéu qua va
chinh xdc cua cac ky thuét dua trén CBIR. Tuy nhién, han ché cua phuong phap nay 1a phu thudc vao nhimg ky thuét
trich xuét dic trung hinh anh cép thap ddng thoi chua tao ra ngir nghia cap cao cho hinh anh [7, 8, 9]. Dé khic phuc cac
nhuoc diém nay, phuong phép tim kiém anh theo tiép can ngit nghia (SBIR) da dugc dé xuit. Phuong phap SBIR thyc
hién viéc tim kiém mot tap hinh anh twong tw v&i mot anh truy van dua trén ngir nghia thi gidc dong thoi tao ra mot anh
xa chuyén d6i tir ndi dung hinh anh thanh ngir nghia thi giac ciing nhu ngit nghia mé ta hinh anh [10, 11, 12].

Trong nhiing thap nién gan day, tim kiém anh theo tiép cin ngit nghia dugc cac nha khoa hoc dic biét quan tim
va da sir dung rat nhiéu phuong phap khac nhau nhu: dua vao ontology, dwa vao cac cong cu hoc may, dua vao phan
hoi lién quan (Relative Feedback), dwa vio tao mau ngit nghia (Semantic Template)... Trong d6, ontology 1a mot trong
nhiing cng cu biéu dién ngit nghia tri thirc tién tién nhét hién nay. H¢ truy van anh SBIR tép trung vao nghién clru cac
k¥ thuat dé giam “khoang cach ngir nghia” gilta cac ddc trung cap thap va ngir nghia cép cao ctia hinh anh [13, 14, 15].
Qua trinh anh xa ngr nghia dugc str dung dé tim khai niém phu hop cho dbi twong hinh anh thong qua cac cong cu hoc
may c6 giam sat hodc khong giam sat dé lién két cac dic trung cAp thap véi khai niém dbi tugng cp cao [16, 17]. Gan
day, cac nha nghién ctru da dé xuét nhidu phwong phap truy xuét hinh anh dat dwoc nhiéu két qua kha quan. Tuy nhién,
bai toan tim kiém anh theo ngir nghia van con 1a mot thach thirc 16n d6i voi cong dong truy vén anh.

Trong bai bao nay, chung t6i dé xuét mot mé hinh tim kiém va tra ctru ngir nghia hinh anh dwa trén phuong
phap gom cum va ontology. Pé thyc hién van dé nay, chang t6i gom cum dir liéu nhiam tim kiém tap anh twong tw. Véi
mdi anh truy van dau vao, dac trung thi giac dugc trich xuat nham tim kiém cac phan 16p ngir nghia trén cac cym bang
phuong phap thong ké tan suat Tap anh tuong ty theo nglr nghia duoc truy van trén Ontology dong thoi ngit nghia ciia
phan 16p dugc truy xuét trén ciu trac tir dién.

Pong gop cua bai bao gdbm: (1) Xay dung mot phuong phap gom cum cai t1en dua trén K-Means nham tao ra
mOt mo hinh phén loai dir liéu cling nhu giGp qua trinh tim kiém dugc hiéu qua vé toc do va do chinh xac; (2) Trich
xuét dic trung thi gidc nham tim kiém cac phén 16p ngilr nghia; (3) Xay dung mot ontology cho b dir liéu hinh anh dya
trén Protégé nhdm tao ra mot ontology mién; (4) Dé xuit mot cAu tric tir dién nhdm mo ta ngit nghia cho cac dbi tuong
hinh anh; (5) Xay dung mot h¢ truy van anh theo nglr nghia ma dir li¢u dau vao 1a mot anh truy van dua vao cdu tric
gom cum va ontology da xay dung.
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Phan con lai cua bai bao duoc td chtc nhu sau: Phan I1, gidi thi€u céac cong trinh lién quan, nhdm phan tich uu
khuyét diém nhiing cong trinh da c6 va dua ra cach khic phuc cling nhu phén tich tinh kha thi ciia hudng tiép can cua
bai bao. Phan III, x4y dung mo hinh cho bai toan truy van anh theo tiép can ngir nghia st dung ontology va ciu tric tir
dién. Phan IV, xay dung ing dung thyc nghiém va danh gia két qua dya trén co so Iy thuyét da dé nghi. Phan V, dua ra
két luan va hudng phat trién.

I1. CAC CONG TRINH LIEN QUAN

Céc hé thong truy van anh truc tuyén ngay cang phat trién. Nhiéu k¥ thuat khac nhau duoc ap dung cho bai toan
tim kiém anh theo noi dung va theo huéng tlep can ngir nghia. Trong do, ontology la cong ngh¢é biéu dién nglt nghia
dugc nhidu nha nghién ctru quan tam va dé xuét trong cac mo hinh tim kiém anh theo tlep cén ngit nghia nhim nang
cao hiéu suét truy van. T. Kanimozhi va cong sur (2013) da cung cép téng quan vé phat trién ontology va cach tao truy
van SPARQL [18], Kurtz va cong sy (2014) da dé xuat mot khung ngir nghia méi, cho phép so sanh sy giéng nhau giita
hinh anh dua trén ch thich tir mgt ontology [19], Juli Rejito va cong sy (2016) da gom cum cac vécto dac trung dua
trén histogram va danh chi muc anh dé thuc hién tim kiém nhanh tap anh tuong tu [20], Filali va cong su (2016) da dé
xuat mot hé truy van anh dua trén tir vung thi giac (Visual Vocabulary) va ontology [21], Mohamed Ouhda va cong su
(2018) da phan doan anh va trich xuat dic trung dua trén vung sir dung gia tri ky vong va do 1éch chuan cua khong
gian mau RGB nhdm phén cum va tra ctru hinh anh twong tu [22], M. N. Asim va cong sy (2019), dd xem xét cac
phuong phép truy xuét thong tin dua trén ontology ap dung cho truy van van ban, dir liéu da phwong tién (hinh anh,
video, audio) va dir lidu da ngdn ngir [23], M. H. Kaur va cong sy (2019) di sir dung thuét toan K-Means két hop phan
16p SVM (Support Vécto Machine) nham thyuc hién tim kiém anh dua trén cac dic trung cip thap [24].

T.Kanimozhi va cong su (2013) dd cung cdp tong quan vé phat trién ontology va cach tao truy vdn SPARQL.
Phuong phép nay, tich hgp ontology va SPARQL cho web ngit nghia gitip ci thién hiéu qua tim kiém hinh anh [18].
Trong cong trinh nay, nhém tac gia chi méi thir nghiém tao ontology bing phan mém Protégé. Két qua ctia nhom téc gia
chwa tao ra cdu triic dir liéu dé Iuu trir hinh anh va chua xay dung phan mém dé thuc hién truy van hinh anh tuong tu.

Kurtz va cong su (2014) da dé xuat mot khung ngir nghia méi, cho phep so sanh sy gidng nhau gitra hinh anh
dua trén chu thich tir mot ontology. Khung ontology nay bao gom dic trung ngir nghia cua hinh anh va c6 thé truy van
hinh anh tuong tu dva trén moi quan hé ngir nghia. Hé thdng st dung bo anh y khoa vé bénh gan dé thuc nghiém va
mang lai két qua kha quan [19]. Trong cong trinh nay, nhom tac gia chi thir nghiém trén mot tap cac hinh anh rat nho
(77 hinh anh), dong thoi chi méi xay dung ontology mién dua trén chu thich hinh anh.

Theo Juli Rejito va cong su (2016) da dé xuét mot hé truy véan anh duya trén thuét toan K-Means béng cach phan
cum cac dac trung histogram cua hinh anh; sau d6, nhom tac gia thyc hién tao dinh danh cho tap hinh anh nham tra ctru
nhanh tap anh két qua. Két qua thuc nghiém ciia bai bao cho thiy phuwong phap 4p dung cua nhom tac gia 1a hiéu qua
[20]. Tuy nhién, viéc phén cum trén cac dac trung dya vao K-Means sé& ton kém thoi gian xac dinh tdm cum, cling nhu
s6 cum ban dau. Pdng thoi, khi dit liéu ting truéng sé ton kém nhiéu chi phi dinh danh cac hinh anh theo timg cum.

Filali va cong su (2016) da d& xudt mot hé truy van anh dya trén tir vung thi giac va ontology. Vi mdi anh truy
vén, xdy dung mdt tir vyng thi giac va ontology dua trén chu thich cua hinh anh. Ontology dwoc lam phong phu bdi cac
khai niém va mdi quan h¢ duoc trich Xudt tir tai nguyén tir vung BabelNet. Thuc nghiém cua phuong phap dé xuat
minh chimg hiéu suat truy véan 13 kha thi [21]. Tuy nhién, phuong phap deé xuat thuc nghiém chua xay dung céu trac dé
lwu trir dit liéu hinh anh va chua két hop truy van anh theo ndi dung véi truy van theo ngir nghia.

Mohamed Ouhda va cong su (2018) sir dung ky thuat K-Means dé phan cum céc déc trung dya trén viing ctia hinh
anh. Pic trung nay dugc trich xuét trén timg ving ddi tugng theo vi tri va mau sic trong khong gian RGB dé tir do thyc
hién bai toan tra ctru anh theo ndi dung. Theo thue nghiém, phuong phap d& xuét hiéu qua trén nhiéu bd anh khac nhau va
¢6 d6 chinh xéc cao [22]. Tuy nhién phuwong phap nay tdn kém nhiéu chi phi thoi gian trong viéc phan cum.

M. N. Asim va cong sy (2019), d3 xem xét cac phuong phép truy xudt thong tin dwa trén ontology 4p dung cho
truy van van ban, di liéu da phuong tién (hinh anh, video, audio) va dir liéu da ngon ngir. Trong cong trinh nay, tac gia
sir dung ngon ngit b6 ba RDF dé thuc hién luu trix va truy van trén ontology [23]. Két qua thyc nghiém cho thdy, nhom
tac gia méi dé xuat mo hinh sir dung onotology dé truy van da doi tugng, chua dé cap dén két qua thuc nghiém cu thé
dé so sanh véi cac cong trinh trude day.

Theo H. K. Maur va cong sy (2019) da van dung thuat toan K-Means nham thuc hién phén cum céc hinh anh dua
vao dic trung cp thap gom: mau sic, hinh dang va c4u trac. Pong thoi, nhom tic gia 4p dung phuong phap phén 16p
SVM dé phan loai hinh anh, tir 6 thyc hién tra ctru anh. Theo thyc nghiém, phuong phap dé xuit cia tic gia da giai quyét
hi€u qua cho bai toan tra ctru anh trén nhiéu bd dir li¢u khéac nhau [24]. Tuy nhién, viéc phan cum cta nhom tac gia con
phu thudc vao sb tim cum ban dau va néu nhu dir liéu ting truong thi viéc phan cum mat nhiéu chi phi thoi gian.

Nhin chung, cac phgong phap tiép can tap trung vao viéc cung cip co ché dé 1ap ban dd cac dic trung cap thap voi
cac khai niém ngir nghia cap cao nham giam khoang cach ngir nghia cua hinh anh. Cac ky thuat da khao sat chi méi dugce
giai quyét mot phan vi cac phuong phap d& xuat phu thudc ontology mién hop 1y, cac dit liéu 16n va cc ngén ngit truy
van. Vi thé, van dé xay dung ontology cho b di liéu 16n 1a mot trong nhiing thach thiic cho cac nha nghién ciru. Trén co
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s& ké thura va khic phuc nhiing han ché cua cac cong trinh nghién ctru lién quan, ching toi d@é xuét cac phuong phap aé
xdy dung chu triic cAy phan cum dit liéu hinh anh. Bén canh dé, chung toi phat trién thuat toan K-Means va d6 do Euclide
dé phan cum cac vecto dic trung thi gidc ctia hinh anh; Déc trung thi gidc dugc trich xuit nham tim kiém cac phan 16p
ngit nghia trén cac cum bang phuong phap thong ké tan suat; Mot Ontology duoc xay dung dé trich xuét ngit nghia cho b
dir liéu hinh anh. Cau truy van SPARQL duoc tu dong tao dua trén cac vécto tur thi gidc va thuc hién truy vén hinh anh
ngit nghia trén Ontology, nham trich xuat ngir nghia ctia phan 16p dugc truy xuat trén cau tric tir dién.

111. MO HINH HE TRUY VAN ANH THEO TIEP CAN NGU NGHIA DUA TREN ONTOLOGY
A. Ky thudt gom cum
1) Mé ta ky thuit gom cum

Trong thuét toan K-means, ba tham s6 can duoc khoi tao ban ddu gdm: sé lugng cum k, tim cum va do do
tuong tu; Ngoai ra, neu b6 sung phan tr m6i vao cum thi phai xdc dinh lai tim cum m6i. Tuy nhién, v6i mét bo dir licu
bat ky cho trudc, s6 luong cac cym rat khé xdc dinh cling nhu viée tang truong dir liéu co thé lam gia tang s6 lugng
cum, diéu nay gay ra ton kém nhiéu chi phi vé thoi gian va qua trinh thyc thi khi téi tao lai s6 cum.

Trong bai bao nay, chung t6i dé xuat mot cai tién thuat toan K-Means nham phan cum dit lidu va ting truong sb
cum theo bo dir liéu. Dé thuc hién dwoc diéu nay, chung toi sir dung mot gia tri ngudng do do tuong tu gitra cac d6i
tugng dir liéu, ngudng ndy duoc ki hiéu la 6. Ngudng 6 la mét gia tri trong khoang [0, 1] dé danh gia 4o tuong tu cac
phan tr thugc mot cym. Néu ngudng 0 cang l6n thi cum s& chira nhiéu phan tu; Trong truong hop 6 =1 thi tat ca dir
ligu thudc vé mdt cum. Do do, gia tri ngudng 6 can phai dugc lya chon dé phéan cum bd dir liu ban dau, vi du néu 6 =
0,25 tuc la cac phﬁn tor c6 do tuong tu trong cung mot cum la 75 %. Gia tri 6 dugce chon tuy vao thuc nghiém va tuy
vao bo dir liéu dau vao. Trong thuc nghiém cua bai bao nay, ching t6i chon 8 = 0,03 dé thuc hién phén chia dir liéu va
dan nd gié tri O dén 0,06, néu gia tri 6 > 0,06 thi cum dugc tach 1am déi bang cach phan bd dit liéu cum hién tai thanh
hai cum khac nhau. Trén co s ngudng 6, thuat toan K-Means dugc cai tién béng cach khong xac dinh trudc b tam
cum, vi vay s6 cum dit liéu ting truong theo sy gia ting cuia s6 luong hinh anh.

R, : ban kinh cum m
d=¢(Iy,11)— Ry
tn, ER

Hinh 1. M6 ta k¥ thuét phan cum

Trong Hinh 1, phuong phap phan cum dua trén K-Means dugc mé ta, véi C;, I;, R;, t; 1an luot 12 cum, tdm, ban
kinh va hé sé din nd ban kinh cua cum i, cum dau tién c6 ban kinh va tdm 1an luot 12 Ro=ty* 6, Iy, = v,y va d 1a khoang
cach tir tam cum moi dén duong bién cta cum gz‘?m nhét. Trén co s& gia tri d, qui téc phan cum dugc mo ta nhu sau:

Goi L = {vg, v, ..., Vp_1} 1a tap vécto anh ban dau

—  Buéc 1: Tao cum C, dau tién: Ry, = Ova I, = v,

— Buwéc2: Xétv; €Lvéii=1,..,.n—1

Tim cum C; théa ¢(v;,I,) — R, = min{g(v;, ;) — R;} v6ij = 0,..,m — 1
(trong d6 m la ) lurong cum da tao)
fi = ¢(v;, ) — R,
Néu (d < 6) thi
C; = C; U {v;}; //Thém v; vao cum C;
Néu ¢(v;, I,) > R, thi
R, = ¢(v;, I.); // Cap nhat ban kinh cym C,
Nguoc lai //Tao cum méi C,, c6 tam 1a v;
Ly = vy;
R, =0;
Q=QUCy;
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2) Thuét toan gom cum dir li¢u
Theo phuong phép dé xuit nhu trén, thuat toan gom cum 4anh duoc cai tién tr K-Means
duogc mo ta nhu sau:
Thuat toan CTIR
Piu vao: Ngudng twong ty 8 va L (tip vécto anh ban dau)
Piu ra: Tap cic cum Q
Function Clustering_theta(é, L)
Begin
Khéi tao Q = I;
Foreach (v;) € L do
If (Q = &) then //Tao cum déu tién C,

Iy = vy;
Ry=6
Q= {Co};
Else
Tim cum C; € Q thoa ¢(v;, I,) — R, = min{g(v;, ;) —R;} vé6ij=0,..,m—1

(trong d6 m 1a s6 lugng cum di duoc tao)
d=¢(;,l) - R,
If (d < 6) then
C, = C; U {v;}; /Thém v; vao cum C,
If ¢(v;, 1;) > R, then
R, = ¢(v;, I.); // Cap nhat ban kinh cum C,
EndlIf;
Else //Tao cum méi C,,, 6 tam 1a v;

Ly =v;;
m = 0;
Q=QUCy;
EndlIf;
EndlIf;
EndFor;
Return Q;

End.

M¢énh dé 1. Thuat toan CTIR ¢ d6 phic tap O(n * m), véi n, m lan luot 1a sé phan tir cia bo dit lidu va sb
cum tao ra.

Chitng mznh Gia st n phén tir trong bo dit lidu duoc phan thanh m cym. Thuét toan can phai duyet qua 1 phén
ta dir ligu, voi m01 phan tir can phai duyet qua m cum dé phan b vao cum géan nhat Trong trudng hop xau nhit, thuat
toan CTIR c6 s6 lan duyét 1a n * m dé phan b cac phan tir vao cac cum. Khi s phan tir dir lidu 16n, gid tri n va m rat
16n thi d¢ phurc tap cua thudt toan CTIR 1a O(n * m).

B. Xdy dung ontology

Dé tao ra mot tap anh twong ty va cac md ta ngir nghia cua cua hinh anh truy vén, chiing t6i xay dung ontology
mién cho bd dir liéu hinh anh thyc nghiém va thyc hién truy vén theo ngon ngit SPARQL. Qua trinh nay doi hoi nguon
nhan lyc va méat kha nhiéu thoi gian. Trong phan niy, mot ontology mién (domain ontology) cho hinh anh dugc xay
dung duya trén phan mém Protégé. Bo dit liéu anh COREL (10 phdn 16p), ImageCLEF (276 phdn I6p) duge st dung dé
xdy dung ontology mién.

Quy trinh xay dyung ontology dugc thyuc hién trén phan mém Protégé va két qua xay dung dugc minh hoa nhur
trong Hinh 2, Hinh 3.

Mot ontology cho hinh anh dugc tao trén Protégé c6 thé dugce luu trit dudi dang tép OWL. Céc hinh anh dugc
chu thich v6i cac mo ta ngir nghia luu trir cung voi tap dir liu. MOt ngdn ngir truy van SPARQL dugce st dung dé thue
hién truy van ngir nghia hinh anh trén ontology dugc tao.
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C. Xay dwng bj tir dién ngir nghia cho hinh dnh

Mot tir dién dong nghia bao gdm cac khai niém chung cho céc tir vung 16p va thude tinh dé mo rong ngir nghia
cho ontology. Quy trinh xay dyng bd tir dién ngir nghia cho hinh anh dugc moé ta nhu trong Hinh 4.

TU VUNG

MUyC TIEU BO TUNEN

. | People Teotirailn | | PEOPE
Léyphaniopanh| i pan | Db chiéu ngir nghia ot nghta | | Man
Animal | b jAmEl
(1)—> | H (2) > 1 . f
9 : Search H A '
Horse ! i Horse

Flower ; Flower
i Elephant | plEcEanty;

Hinh 4. Quy trinh xay dung tir dién ngit nghia cho hinh dnh
Quy trinh xay dung tir dién gdm ba budc:
Budc 1: V&i mdi anh ciia bo dit lidu anh, thuc hién léy phan 16p hinh anh dé tao tap tir vung muc tiéu.
Buwéc 2: Thyc hién két xuat cac khai niém la danh tir va dong nghia véi tir vung muc ti€u dya vao dya vao mang

tir (ontology tir vung) WORDNET theo cAu trac: danh tir, tir khéa, dinh nghia cho tir vung.
Bwére 3: Tao b dit liéu tir dién luu trir cac khai ni€ém ngilt nghia cap cao cia hinh anh.

Mbi khai niém duge luu béng tap tin chira tén cac 16p hay thudc tinh nhu mét vi du trong Hinh 5, vi du vé tur
vung “MAN” dugc dinh nghia.

JMAN - Notepad - o X
File Edit Format View Help
[(n) man, adult male {an adult person who is male (as opposed to a woman)) "there were two women
and six men on the bus"

(n) serviceman, military man, man, military personnel (somecne who serves in the armed forces; a
member of a military force) "two men stood sentry duty”

(n) man (the generic use of the word to refer to any human being) "it was every man for himself"
(n) homo, man, human being, human (any living or extinct member of the family Hominidae
characterized by superior intelligence, articulate speech, and erect carriage)

(n) man (a male subordinate) "the chief stationed two men outside the building”; "he awaited word
from his man in Havana"

(n) man (an adult male person who has a manly character (virile and courageous competent)) "the
army will make a man of you"
(n) valet, valet de chambre, gentleman, gentleman's gentleman, man (a manservant who acts as a
personal attendant to his employer) "Jeeves was Bertie Wooster's man”
(n) man (a male person who plays a significant role (husband or lover or boyfriend) in the life
of a particular woman) "she takes good care of her man"
(n) Man, Isle of Man (one of the British Isles in the Irish Sea)
(n) man, piece (game equipment consisting of an object used in playing certain board games) "he
taught me to set up the men on the chess board"; "he sacrificed a plece to get a strategic
advantage”
(n) world, human race, humanity, humankind, human beings, humans, mankind, man (all of the living
human inhabitants of the earth) "all the world loves a lover®; "she always used 'humankind’
because “mankind’ seemed to slight the women”

Ln1,Col 1 100%  Windows (CRLF) UTF-8

Hinh 5. Mot vi du vé khai niém t vung trong tu dién ontology
Theo Hinh 5, ¢6 thé thay, vai tir vung muc tiéu "MAN", dugc thuc hién ddi chiéu trén WORDNET dé lay cac
dinh nghia va c4c tir dong nghia: 1a cic danh tir (n); tir khoa: "man", "adult male" ...; khai niém; cac vi du dé 1am o ngit
nghia theo ngilt canh cua tr vung.

D. Mé hinh va thudt todn truy vin dnh
1) Mb hinh hé truy van anh

Duya trén ontology dugc xay dung va dit li¢éu dugc gom cum duya trén thuat toan CTIR, mé hinh hé truy van
theo tiép can ngir nghia dugc dé xuit va duge mé ta trong Hinh 6. Hé truy van bao gdm 2 pha: (1) pha tién xt Iy nhim
trich xuét dac trung cua hinh anh trong tap dit li€u, phan doan hinh anh dé tao cac phan 16p khai niém va thyc hi¢n gom
cum dir liéu dya trén d6 do tuong déng Euclide; tao mot ontology cho hinh anh dya trén ph?m mém Protégé; tao mot
céu tric tir dién nhim mo ta ngit nghia cho cac ddi tugng hinh anh; (2) pha truy van anh thyc hién hai qué trinh truy
vén: Truy vén trén cum dir liéu da phéan hoach dé tim tap anh tuong ty, vécto tir thi gidc va chu thich cia tirng hinh anh
trong tap anh va truy van trén ontology dua vao vécto tir thi gidc, ddng thoi ngit nghia hinh anh dugc truy xuét tir bo tir
dién duoc xay dung.
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Hinh 6. M6 hinh hé truy vin anh dya trén phuong phap gom cum va ontology

Pha tién xir ly: Két qua cua pha tién xir Iy 1 xay dung dugc md hinh gom cum dir liéu dya trén vécto dic trung
cua tap dir liéu anh, dong thoi xay dung duoc ontology mién gém céc bude nhu sau:

(1) Thuyc hién k¥ thuat phan doan hinh anh;

(2) Trich xuét cac vécto dic trung cap thip va phan 16p cua hinh anh;

(3) Thyc hién gom cum dit lidu theo phuong phap K-Means cai tién;

(4) Chon bd dir liéu anh tir WWW, rat trich URI va cac md ta, chu thich; tao cac dir liéu mau cac 16p,
thudc tinh, c4 thé, mo ta ngit nghia,... cho hinh anh;

(5) Tao va bd sung ontology hinh anh, ddng thoi tao cu triic tir dién ngit nghia cho hinh anh.

Pha truy vén anh: Pha  truy vén hinh anh bao gdm hai giai doan chinh (1) Truy vén hinh anh dya trén cum dir
liéu da phan hoach; (2) Truy van ngit nghia dwa vao ontology va cu truc tir dién.

Giai doan 1: Truy van hinh anh dva trén cum dit liéu da phén hoach
(6) V61 moét hinh anh truy van dau vao, hé théng thuc hién trich xut cac vécto dic trung;
(7) (8) Thuyc hién thuat toan truy van trén cum dit liéu da phén hoach;
(9) Két qua ctia qua trinh truy van 1a tap cac hinh anh tuong tu va phan 16p ctia cac hinh anh;
(10) Thuc hién phan 16p tap anh tuong tu theo tan suét xuét hién;
(11) Két qua phén 16p 1a tap vécto tir thi gidc cua anh truy van.

Giai dogn 2: Truy van ngir nghia dua vao ontology va tir dién

(12) Tao cau truy vin SPARQL tir cac 16p clia vécto tir thi gic cua anh truy vén;

Hoac

(12°) Tir mot van ban Text dau vao trich xuit cac WORDS tap cac 16p Classes cua ontology =(127) tao
cdu truy van SPARQL tir cac WORDS;

(13) (14) Thyc hién truy vén anh tuong tyu theo tiép can ngir nghia dua trén ontology di xy dung; Trich
Xuét ngir nghia dya trén tir dlen

(15) Két qua truy van tao ra tap cac hinh anh twong ty va cdc mo ta ngit nghia ctia hinh anh.

2) Thuat toan truy van anh
a) Truy véan anh theo noi dung dya trén cum dir liéu

Trén co so tip cac cum Q da dugce phan hoach theo thuét toan CTIR, qua trinh tim kiém anh duoc thuc hién
bang cach chon ra cum C,, ¢6 tim gan nhét véi anh tra ctru. Tuy nhién, ching t6i chon thém cac cum lang giéng ciia
C,, dua trén d6 do gitra cac tim cum dé ting sb lugng két qua anh tra ctru. Khi d6 cac budc thuat toan tim kiém anh
nhu sau:

Budc 1: Tim cum C,,, c6 tm gin v6i vécto anh tra ctru nhat.
Budc 2: Tim h cum lang giéng véi cum C,,. Tap ¥ chira h cum lang giéng va cum C,,.
Budc 3: Tim tap £ chira tit ca cac vécto trong ¥.
Budéc 4: Sap xép £ tang dan theo d6 do.
Thuat toan SEIR:
Piu viao: vécto dic trung p (anh tim kiém), tap cum Q va ngudng tim kiém o.
DPAu ra: tip ¥chira cac id (dinh danh) cta cac anh tuong tu véi danh tim kiém.
Function ClusterRetrieval(p, £2,0)
Begin
Khéitao =&
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Tim cum C,eQ: ¢(p, ;) = min{d(p,[;),i = 1..m};
//Tim h cum lang giéng véi Cy
Sap xép Q tang dan theo ¢p(v;, vy) — (Ry + Ry)
Khéi tao £ = @;
If (0(p, I,) — (R; + Ry) < o) then
£E=£UCvéii=0..m—1;
EndIf
Sép xép tap £ theo ¢(I, p) véi VI € £
Tao tap dinh danh hinh dnh ¥theo thu tu sép xép cua tap £.
Return ¥;
End.
M¢énh dé 2. Thuét toan SEIR ¢6 do phtrc tap O(m”"2), véim la s6 cum tao ra.

Chirng minh: Gia su tdp cum d4u vao cho thuat toan SEIR ¢6 m cum, khi d6 thuat toan thyuc hién viéc tim cum
gan nhit ddi voi anh dau vao. Qua trinh tim kiém nay can duyét qua timg cum, nghia 1a sb 1an so sanh 1a m twong (mg
v6i m cum. Sau khi thyc hién tim cym gan nhét v6i anh lang giéng, thuat toan SEIR tim cac cum lan can bang cach sip
xép lai tap cum theo d6 twong tu cua cum da tim dugc, s6 phep toan t01 da trong viéc sip xép nay 1a 0(m*2). Sau khi
thuc hién tim kiém cac cum lang gleng, thuat toan thyc hién viéc sap xép cac hinh anh theo do do tuwong ty v6i anh dau
vao (tuy nhién viéc sdp xép ndy cé thé xir Iy bén ngoadi thudt todn nén dg phirc tap thudt todn SEIR c6 thé khéng bao
gom viéc sdp xép cdc hinh anh theo dg do tuwong tw). Vi vay, do phirc tap cua thuat toan SEIR 1a 0(m”2).

b) Thuét toan phan 16p anh truy van tir tip anh twong tu

Qua trinh truy véan hinh anh trén cac cum dit lidu da phén hoach tao ra tap anh tuong tu va tép céc tur thi giac dai
dién cho tép anh nay. Viéc phan 16p anh truy vén s& duoc thue hién dua vao tap anh tuong tu. Vécto tir thi gidc cia anh
truy van dugc xdy dung dua trén tip cac tir thi gidc bang cach ldy cac tir co tan sudt xuat hién nhiéu nhat trong tap tir
thi giac. S lugng tir ctia vécto tir thi gidc bang véi sb tir thi gidc ciia hinh anh truy van (topK). Hinh 7 1a mét vi du
vécto tr thi giac cua bd anh tuong ty dugc tao ra tir qua trinh truy van hinh anh 25118.jpg cua bd anh ImageCLEF.
Vécto tir thi gidc ciia anh 25118.jpg 1a 3 tir ¢6 tan suat xuat hién nhiéu nhat trong tp anh tuong tu: sky-blue (210),
ground (162), man (130).

Segmented image Objects detected Retrieved label Occurrences

Label Occurrences Name Label Occurrences Name

224 1 sky-blue Intersected ratio 100%
160 1 man
ng 1 ground 224 210

ns 162
160 130

Hinh 7. Vi du vécto tir thi gidc cho anh truy vin 25118.jpg

Thuit toan CIMG:
Input: Tép anh tuong tu IMG.
Output: Vécto tir thi giac W
Function getVisualWord(IMG)
Begin
L= W=0,C =0,
For (I € IMG) do
L =LU{l.label}
End For
For (L; € L) do
W = topK (freq(L; L));
End For
Return W;
End.

¢) Truy van anh theo ngit nghia trén ontology
Qué trinh truy van anh theo tiép can ngit nghia dua trén ontology dugc thyc hién bang hai cach:

Cich I: Tir mot anh dau vao, dugce trich xudt tap vécto tir thi giac, dya vao tap vécto tir hé thdng s& tu dong tao
ra cau truy van SPARQL va thyuc hién truy van trén ontology da xay dung. Két qua truy van 1a mét tap cac URI cung
ngit nghia hinh anh va metadata ctia b dir liéu anh tuong tu.
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Cich 2: V&i mot van ban Text theo ngudi ding dugc dua ra, hé thdng s& phén tich va chon loc dé lay ra cac 16p
¢6 trong danh sach 16p cua ontology. Tir cac 16p dugc trich xuét, hé thdng s& ty dong tao ra ciu truy vin SPARQL va
thuc hién truy vén trén ontology di xdy dung. Két qua truy van 1a mot tap cac URI cung ngit nghia hinh anh va
metadata cua bd dir li€u anh tuong tu.

Thuat toan OSBIR:

Input: Tép vécto tir Y; cua anh I, hodc tap cac 16p Y ciia mot van ban Text
Output: Tap anh theo ngit nghia Cg; va tip cic mo ta ngit nghia anh truy van M,
Function getSBIR ontology(string [] Y;, Y7 )

Begin
Csy =D, My, = O,
(Cs;, M) = CreateSPAQRL(Y;, Yr);
Return ((Cg;, M,);

End.

d) Tra clru ngit nghia dua trén tir dién

M5 ta: Dya vao phan 16p anh dau vao, hé théng thyc hién truy vén SPAQRL trén ontology két qua tra vé tap
anh theo ngir nghia Cg; va tap cac mo ta ngir nghia anh truy van M, s Tu tap két qua mé ta ngit nghia cua anh truy van,
hé thdng truy cip vao tir dién ctia ontology dé truy xuét ngit nghia cap cao ctia 16p trong hinh anh truy van.

Thuat toan DSBIR:

Input: Tép vécto tir Y; cua anh [, hoac tap cac 16p Yy cua mot vin ban Text, file tir dién Y, [i]. txt
Output: Tap cic md ta ngit nghia cip cao H; ctia anh truy van I
Function getSBIR dictionnary(string []Y;, Y7)

Begin

Cs = D, Ms; = &,

(Cs;, M) = CreateSPAQRL(Y;, Yr);

H,; = extractSI (Mg, Y;[i]. txt);

Return Hy;

End.

IV. THUC NGHIEM
A. Moéi truong thuc nghié¢m
Pha tién xir Iy dwoc thy hién trén may PC CPU 2.3GHz 8-core 9th-generation Intel Core i9, 16GB 2666MHz

memory, 1TB flash storage. Pha tim kiém duogc thuc nghiém trén may PC CPU Intel Core i7-6500U CPU @ 2.50GHz,
8.0GB RAM, hé dieéu hanh Windows 10 Pro 64 bit.

B. Ung dung thuc nghi¢m

. Trong bai bao nay, chung t61 tién hanh thyc nghiém trén hai by anh COREL, ImageCLEF véi cic chii
dé khac nhau. B anh COREL c6 1000 anh dwoc chia thanh 10 phan 16p: beach, bus, castle, dinosaur,

elephant, flower, horse, meal, mountain, peoples. B anh ImageCLEF chira 20,000 anh, dugc chia thanh 276
phan 16p. Ung dung thuc nghiém dugc minh hoa trong Hinh 8-11.

e s TR =
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Time ground truth 8ms

Location lca, Peru Time retriev od  Aims
Dste  August2002

- At = 0 203309 Recall 000
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N3 S £~ Measure 0889
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Segmented image Objects detected Retrieved label Occurrences N 3 [
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Hinh 8. Giao dién truy vin va phan 16p hinh anh dya trén Hinh 9. M6t két qua truy ,vén dua trén phuong phap
phuong phap gom cum cai tién K-Means gom cum cai tién K-Means
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Hinh 10. Giao dién truy vin ngit nghia hinh anh dua trén Ontolog Hinh 11. Giao dién trich xuat ngit nghia dya vao tir dién
C. Két qua thuwc nghi¢m

Dé danh gia hiéu qua cia phuong phap tim kiém anh, phéq thyc nghiém duoc dénh gid cac gia tri gdm: do chinh
xdc (precision), 46 phu (recall) va d¢ do dung hoa F-measure. K&t qua thyc nghiém duoc thé hién nhu trong Hinh 12-
15. Moi duong cong trén do thi mo ta ket qua truy van tir mot chu d€ anh trong bd dir liéu ImageCLEF, COREL.
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: — basain o \ e
® 09 -—20
0ss A / o e ¢ 7 2
o ] vt 08 7 2
o A @ o .2
o 4 s g“[ /
g . e - L o :. d 4
4 g / ——10 |4
i3 A < ]
5 go4f / " o4
075 - A 14 2 / )
a3, / 5 a3 A <%
2 s W 2} / e
085 4| / Bod o < "
" = o 4 4w
a6 - 1 085 o a0
B6 dit liéu 01-19 Bo dit ligu 20-40

Hinh 12. Precision-Recall va duong cong ROC cua b dir li¢u 01-40 trén tdp anh ImageCLEF

Precision-Recall on COREL dataset roc curve
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Hinh 13. Precision-Recall va duong cong ROC cua b dir liéu anh COREL

Higu suft thye thi ciia m hinh tim kiém anh trén b dir ligu ImageCLEF Hiéu sut thye thi cia md hinh tim kidm dnh tén b dit licu COREL
=‘; a7 Z a
2 2
T i chi df wong b anh Imagecier T
Hinh 14. Gi4 tri trung binh cta Precision, Recall, F- Hinh 15. Gié tri trung blnh cua Precision, Recall, F-
measure cua tap dir liéu ImageCLEF measure cua tap dit liéu COREL

Hiéu sudt truy vén ctia thuat toan gom cum cai tién K-Means dugc biéu dién trong Bang 1, Bang 2. Dé danh gia
hiéu suét cua hé tim kiém anh tuong tu dé xuét, chiing t6i so sanh vai Kkét qua ctia cac cong trinh lién quan trude do trén
cung tap dir liéu dugc mo ta trong Bang 3, Bang 4.

Béng 1. Hiéu sut truy vAn anh ciia phwong phap dé xuét trén tap dnh ImageCLEF

Tép dnh Precision Recall F-Measure
00-09 0.884605851 0.673427364 0.764717822
10-19 0.720307622 0.547789515 0.622307938
20-30 0.686428196 0.525406381 0.594894109
31-40 0.628040842 0.493009485 0.55133095

Két qua 0.729845628 0.559908186 0.633312705




Lé Thi Vinh Thanh, Phan Thi Ngoc Mai, Vin Thé Thanh, Lé Manh Thanh 621

Bang 2. Hiéu suit tim kiém anh ciia phuong phép dé xuét trén bo dit liéu COREL

Tép dnh Precision Recall F-Measure
01-10 0.786146243 0.736479184 0.753905261
Bang 3. So sanh d¢ chinh xac giita cac phuong phap trén bg dir liéu COREL
Phwong phap Mean Average Precision (MAP)
Douik, 2016 [8] 0.7200
Bella M. 1. T., 2019 [7] 0.6090
Abeer Al-Mohamade, 2020 [6] 0.7058
Phuwong phap ciia ching t6i 0.7861
Bang 4. So sanh d¢ chinh xac giira cac phuong phap trén bd dir liéu ImageCLEF
Phwong phap Mean Average Precision (MAP)
Y. Cao, 2016 [13] 0.7236
M. Jiu, 2017 [12] 0.5970
N.M.Hai, 2019 [14] 0.6753
Phuwong phap ciia chiing toi 0.7298

Theo nhu ké:t qua phuong phap dé xuét, mo hinh truy vén anh cta chung ti c¢6 tinh kha thi va ap dung hiéu qua
trong cac hé truy van anh theo ngit nghia trén nhicu linh vuc khac nhau.

V. KET LUAN VA HUONG PHAT TRIEN

Chung t6i d3 xay dung mot phuong phép truy van ngit nghia hinh anh dya trén mot cau trac tir dién dwoc xay
dung bang céu trac ontology va tra ctru theo chi muc. Dua trén phuwong phép nay, ching t6i da dé xuat mot mé hinh tra
ctru anh theo ngir nghia va cac thudt toan truy van ngit nghia hinh anh trén ontology va tir dién. Nhim minh chimg tinh
dung dén ciia md hinh da d& xuét, thyc nghiém dugc dénh gid trén cac bo anh COREL, ImageCLEF dua trén dé chinh
xé4c va do phi cua timg hinh anh dé tir d6 xay dung cac dudng cong precision - recall va dudng ROC; d6 chinh xéc trén
cac bo anh lan lugt 1a 78,61 %, 72,98 %. Két qua thuc nghiém dugc ching t6i so sanh véi cac két qua ciia cac cong
trinh da cong bd gan day, tir d6 minh chimg phwong phap cua chung t6i 1a hiéu qua. Hudng phat trién tiép theo cua bai
bao nay d6 1a chung t6i két hop cau triic tir dién va ontology, dong thoi phan cum hinh anh dau vao dwa trén céu trac R-
Tree dé cai tién toc d6 va dam bao duge do chinh xac cho bai toan tim kiém anh theo ngit nghia.

VI. LOI CAM ON

Nhém tac gid chan thanh cam on Truwong Pai hoc Sie pham TP. HCM, Truong Pai hoc Cong nghiép Thue pham
TP. HCM, Truong Dai hoc Ba Bia - Viing Tau la nhitng noi bao tro' cho nghién ciu nay. Ching t6i tran trong cam on
nhom nghién cuu SBIR-HCM da ho tro vé chuyén mon giup chung toi hoan thanh bai nghién curu nay.
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IMAGE RETRIEVAL BASE ON CLUSTERING METHOD AND ONTOLOGY
Le Thi Vinh Thanh, Phan Thi Ngoc Mai, Van The Thanh, Le Manh Thanh

ABSTRACT: Image semantic query is a problem that has many applications in different fields such as medicine, education,
entertainment... In this paper, a model of image semantic search and lookup is based on proposed clustering and ontology methods.
To do this, we gathered data clusters to search for similar sets of images, thereby extracting the semantics of these images on a
dictionary structure and an already built ontology. For each input query image, visual characteristics are extracted to search
semantic classes on clusters by frequency statistical method. The semantic similar image file is queried on Ontology and the
semantics of the classification are accessed on the dictionary structure. Based on the proposed methods, a similar image search
model and semantic extraction for the input image are built. The experimental results we evaluate on COREL, ImageCLEF series,
and compare with the recently published works. According to the results of the proposed method, our image query model is feasible
and effectively applied in semantic image query systems in many different fields.

Keywords: Semantics based image retrieval (SBIR), clustering, dictionary, similar image, ontology.



