Ky yéu Hgi nghi Khoa hoc cong nghé Qudc gia lan thir XVI vé Nghién ciu co ban va iing dung Cong nghé thdng tin (FAIR); Pd Néing, ngay 28-29/9/2023
DOI: 10.15625/vap.2023.0076

KET HQP K-MEANS VO!I RS-TREE CHO BAI TOAN TIM KIEM ANH
THEO NGU’ NGHIA

Lé Thi Vinh Thanh?, L& Manh Thanh?, Vin Thé Thanh?, Nguyén Thi Uyén Nhi*

Truong Dai hoc Ba Ria - Viing Tau
2Trudng Pai hoc Khoa hoc, Pai hoc Hué
3Khoa Cong nghé Thong tin, Truong PH Su pham TP. HCM
*Truong Pai hoc Kinh té, Dai hoc Pa Ning

thanhltv@bvu.edu.vn, Imthanh@hueuni.edu.vn, thanhvt@hcmue.edu.vn, nhintu@due.udn.vn

TOM TAT: Trong bai b4o nay, kj thudt k-Means két hop vdi cdu triic RS-Tree duwge dé xudt dé nding cao hiéu qua tim kiém
anh. Phuong phdp nay duoc thuc hién qua hai giai doan: (1) giai doan tao cdu triic RS Tree, k-Means dwoc sir dung dé tach it
thanh k-cum, (2) giai doan hodn thanh cau tric RS-Tree, k-Means duoc sir dung tai tang nit la dé phdn cum lai cac phan tr. Bén
canh ds, khung Ontology duwoc xdy dung dya vao tii tir thi gidc nham biéu dién ngir nghia cua cac déi twong va moi quan hé giita
ching trong anh. Véi mot anh dau vao, viéc tim kiém anh tuwong ty dwoc thuc hién trén cau truc da xdy dung. Sau do, anh dau vdo
dugce thuc hién phan 16p bang phuong phdp k-NN dua vdo tdp tdp cac hinh danh tuwong tw va tao ra tdp Cac ir thi gide. Cudi cung,
cdu truy van SPARQL dirgre hinh thanh ik tdp Cac tir thi gIaC va thyee hién tim kiém dnh va trich xudt ngit nghia tir vung trén cau trac
Ontology. Trén co s& y thuyét da xdy dung, mé hinh tim kiém anh theo tiép cdn ngit nghia dya trén cdu triic phdn cum phdn cdp va
Ontology dirge dé xudt. Thure nghiém duwoc xdy dung trén cdc tdp dir liéu anh bao gom: COREL, OxfordFlowers-17 va MS-COCO,
két qua thue nghiém trong bai béo dioc danh gid va thue hién so sanh véi cdc cong trinh gan ddy cho thdy phwong phdp dé xudt la
kha thi.

Tir khéa: SBIR, Image retrieval, RS-Tree, k-Means, Ontology.

I. GIOI THIEU

Viéc ap dung céc ki thuat hoc may nhu k-Means, k-NN, SVM, ANN va cac phuong phép khac vao cac cau trdc
phan cum phan cip dé mo rong kha nang luu trir va ting toc do truy xuat 1a rat quan trong khi xir Iy co so dit lidu 16n
[9, 10, 16]. Hién nay nhiéu hé thong tim kiém anh twong tu theo ndi dung (CBIR) ap dung cac ky thuat két hop nay dé
cai thién hiéu suét vé do chinh xac tim kiém [9, 11]. Bén canh do, cac hé thdng tim kiém hinh anh twong ty theo tlep
can ngir nghia dwoc phat trién dé de giai quyét vin dé thu hep khoang cach ngit nghia gilta cdc ddc trung thi giac cap
thip cua hinh anh va ngir nghia cip cao theo suy nghi ciia ngudi ding. Dé thyc hién diéu nay, nhiéu phuong phap bao
dugc ap dung gom céc ky thuat hoc may, mau ngir nghia, Ontology va cac phuong phap khac [19].

Tim kiém anh 1a mot trong nhirng thach thirc trong linh vuc thi giac may tinh. Dé cai thién hiéu qua truy xuat va
d6 chinh xac cua qua trinh tim kiém hinh anh tuong ty, chung toi dé xuat cau tric méi bang viéc su két hop ky thuat k-
Means véi cu trac luu trit va phan cum RS-Tree [12]. Qué trinh xay dung cu tric KMRST (k-Means RS-Tree) bao
gom hai giai doan chinh. Giai doan dau tién 12 tao cau tric RS-Tree, trong dé thuat toan k-Means duoc &p dung dé téch
nat thanh k-cum, gitp ti wu hoa viée luu trir dir liéu khong gian da chidu. Giai doan thir hai 1a hoan thanh cau tric RS-
Tree, thuat toan k-Means tiép tuc dwoc Sir dung tai tang niit 14 dé phan cum lai cac phan tir. Su két hop nay cho phép
tan dung vu diém cua ca hai phuong phap, gitp ting ccuong hiéu qua vé do chinh xac tim kiém cua hé thong truy xuat
hinh anh. Bén canh d6, dé md ta ngit nghia cua cac dbi tugng trong dnh, khung Ontology duoc xay dung dya vao tui t
thi giac. Qua trinh tim kiém tap cac hinh anh tuong ty cua anh dau vao duoc thyc hién dya trén cau tric luu trir va phan
cum dit liéu KMRST da xdy dung. Sau d6, anh dau vao duoc phan l6p bang phuong phap k-NN dua vao tap cac hinh
anh tuong ty, tao ra tap cac phan 16p ngir nghia. Cuébi cuing, cau truy van SPARQL duoc tao ra tir tap cac phan 16p nay
va tim kiém anh tuong tu theo tlep can ngir nghia trén Ontology. Dya trén cac Iy thuyét da nghién ciu, md hinh tim
kiém anh theo ngir nghia dugc dé xuat dé cai thién hiéu qua vé do chinh xac tim kiém.

Déng gop chinh cua bai bdo bao gom: (1) Két hop ky thut k-Means voi cdu tric RS-Tree dé nang cao hiéu qua
ctia qué trinh tim kiém vé do chinh xac; (2) Xay dyung Ontology dya vao tui tu thi giac dé mo ta ngu nghia cho cac doi
tuong trong anh; (3) Xay dung hé tim kiém anh theo tiép can ngir nghia dya trén ciu tric KMRST va Ontology.

I1. CONG TRINH LIEN QUAN

Ap dung cac k§ thuat hoc may vao cac mé hinh tim kiém anh dong gop vao viéc tang cuong do chinh xac trong
qua trinh tim kiém hinh anh. Cac cong trinh nghién cau trong cac thap nién gan day da thé hién didu nay thong qua
viéc két hop nhiéu phuong phap khac nhau cho bai toan tim kiém anh, nhu sau:

Trong cong trinh [24], Younus va cong su (2015) da trinh bay phuong phap két hgp mai cho viéc phan cum hinh
anh dua trén sy két hop giita thuat toan t6i uu hoa dan hoi (Particle Swarm Optimization - PSO) va thuat todn phan
cum k-means. Trén co sé do, phuorng phap méi cho bai toan tim kiém anh dua trén noi dung duoc dé xuat, phuong
phap nay str dung cac mau sic va két cau dé biéu dién cac hinh anh. Bén phuong phap trich xuét dic trung duoc sir
dung bao gom luge d6 mau, moments mau, ma tran dong xuat hién (co-occurrence matrices) va wavelet moment. Két
qua thir nghiém da chi ra réng hé théng dé XUAt 6 hiéu suit vuot troi so véi céc hé théng khac vé do chinh xéc.
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Juli Rejito va cong su (2017) [18] da gisi thiéu phuong phéap tim kiém anh dya trén thuat toan k-Means. Phuong
phép nay thuc hién han cum céac dic trung luge do histogram cua anh. Sau qué trinh phan cum, nhom téc gia xay dung
tap cac dinh danh cho bo dit liéu hinh anh nham cai thién téc d6 tim kiém tap céc hinh anh két qua [18]. Trong nghién
ctru ciia H.K. Maur va cong su (2019), céc téc gia da ap dung k¥ thuat k-Means dé phan cum hinh anh dua vao cac dic
trung thi gi4c cap thap. Cung véi diéu nay, ky thuat SVM duoc sir dung dé phan 16p hinh anh, tir d6 xay dung hé thong
tim kiém anh twong ty. Theo két qua thyc nghiém, mé hinh dé xuat da nang cao hiéu qua truy xuét hinh anh trén cac
tap di liéu anh thuc nghiém [15]. Tuy nhién, viéc thuc hién phan cum duya trén k-Means trén cac dic trung c6 thé doi
hoi thoi gian 16n dé xac dinh cac tam cum khoi tao ciing nhu sé lwong cac cum. Dong thoi, khi dir lidu anh gia ting
theo thoi gian, viéc phan cum va danh chi muc cho hinh anh c6 thé mat nhiéu chi phi vé thoi gian va nguén hyc.

Trong mot nghién cau gan day [10], Annrose Joseph va céc cong su (2021) da trinh phuong phap phan cum anh
St dung thuat toan téi uu héa da muyc tiéu k- Means moth flame optimization (KMFO). Phuong phap nay nang cao hi¢u
suit cua thuat toan K-means bang cach xac dinh sb luong cum t6i wu va céac tam cum bang cach sir dung cac gla tri da
muc tiéu thu duoc tir phwong phap MFO. Céc dic trung nhu khoanh khic mau sic (color moments), lugce ¢ mau HSV,
lien két mau (color correlogram), ma tran dong xuat hién mic xam Gray Level Co-occurrence Matrix (GLCM), phép
bién d6i wavelet, mau troi va cac mo ta dua trén ving da duoc sir dung nhu 1a vecto dic trung. Cac thir nghiém da
dugc thyc hién trén tap dir liéu Corel 1K va cho thay két qua hiéu qua so vai cac ki thuat truy van khac.

Thém vao d6, nhiéu nhém nghién ctru da ap dung cong nghé ngir nghia Ontology vao céc hé thong tim kiém
anh dé nang cao hiéu suat tim kiém. Vi du, trong nghién ciru cua Manzoor U. va cong su (2015) [14], ho da sir dung hé
thong Ontology mién dé truy xuat nhitng hinh anh lién quan dén truy van cua nguoi dung. Dé thuc hién tim kiém,
nguoi dung c6 thé nhap khai niém dudi dang van ban hoic nhap vao mét hinh anh. Liu va cong su (2017) [13] giéi
thiéu phuong phép hoc ngit nghia dva trén Ontology, két ndi cac phan loai hinh anh véi cac ddi twong trong anh. Trong
mot nghién ciu khéc [20], Sulaiman va cong su (2017) trinh bay khung Ontology da phwong thirc dé mé ta cac noi
dung ngit nghia cap cao cua hinh anh. M. N. Asim va cong su (2019) [4] da d& xuat phuong phap truy van thong tin
dua trén ngit nghia cho dit liéu vdn ban ciing nhu da phuong tién (hinh anh, video, &m thanh). Nhom tac gia da sir dung
ngdbn ngir RDF dé luu trit thong tin va truy van trén Ontology. Abeer Al-Mohamade va cong su (2020) [3] da dé xuét
nhimg phuong phap truy van mai, goi la weight-learner, dé giai quyét van dé khoang cach ngir nghia giita cac dac
trung thi giac cip thap caa hinh anh va ngir nghia cap cao theo suy nghi ctia ngudi dung.

Trén co so ké thira va khic phuc nhiing han ché cua céc cong trinh lién quan, md hinh tim kiém anh két hop k-
Means va cau tric RS:Tree duoc gigi thiéu dé géi thién hiéu qua tim kiém anh theo néi dung. Bong thoi khung
Ontology duoc phat trién dua trén tdi tir thi giac d¢é 4p dung tim kiém hinh anh theo ngir nghia.

I1l. KET HQP K-MEANS VOI CAU TRUC RS-TREE
A. Xay deng cdu trdc gom cum
1) Cdu tric R-Tree

Céu tric cua RS-Tree [12] bao gdm mét nit gdc, mot tap hop cac nit trong va mot tap hop cac nat 1a. Mai nat
trén cau tric RS-Tree l1a mot khi cau. Trong qué trinh xay dung cay, di liéu da chiéu duoc phan chia thanh cac nhom
khi cau dya trén cac dic trung cua chdng. Céac khdi cau nit trong chira cac thong tin lién két dén cac khéi cau nhom
con, trong khi cac khéi cau nit l4 chira cac nhém dir liéu vecto didc trung anh. Khi tim kiém anh twong tw, qué trinh
duyét cay bat dau tir khdi cau nat goc va tiép tuc xudng téi cac khdi cau nat con phi hop dua vao do do tuong tu, cho
dén khi dat dén nat 14 gan nhét véi anh can tim kiém. T chic cau trdc RS-Tree thanh cay phan cum dix liéu da chidu
gitp dat hiéu qua trong viéc tim kiém anh tuong tw, dong thoi dam bao tinh can bang cua cay dé t6i wu hoa qua trinh
tim kiém va truy xuét dir liéu.

RS-Tree la cdu trac cay duoc phét trién dua trén cau tric SS-Tree [23]. Cac phuong phép tinh tim cho ca nit 14
va nut trong cua khdi cau trén RS-Tree twong tw v&i phuong phap cua SS-Tree. Tuy nhién, RS-Tree da dugc cai tién voi
mot s6 diém mai nhu sau: (1) Tao khdi cau khong gian dé luu triv cAC vecto dic trung cua hinh anh, gitp ting cudng
kha nang luu trir va quan ly dit liéu; (2) Cai tién thuat toan tach n(t dya trén do léch sai biét giira cac phan tu, gitp ting
cuong tinh chinh xé4c cua viéc qua trinh gom cum dir ligu; (3) Pua ra ngudng 6 dé 1am b loc va phan chia cac vecto
dach trung vao cac nhom dir ligu tuong tu; (4) Két hop ca tim kiém lang giéng gan nhat va tim kiém ving khong gian,
tan dung hai phuong phap nay dé thyc hién tim kiém anh tuong tw mot cach hiéu qua.

Nhirng cai tién nay gidp R®-Tree tr thanh phuong phép hi¢u qua trong bai toan tim kiém anh twong ty, gidp cai
thién do chinh xac tim kiém anh.
2) Pé xudt cau tric KMRST

Trong bai bao nay, Cau trdc KMRST duoc xay dung va phat trién dwa trén RS-Tree. CAu triic KMRST da dugc

cai tién nhiam giai quyet vén dé vé viéc tach nat xay ra thuong xuyén, didu nay anh hudng dén hiéu suat tim kiém chua
cao. C4c cai tién trong cu trac KMRST bao gom:
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Dau tién, khi mot nat 14 tran, c6 nghia nut 14 nay c6 sé phan tir tdi da cho phép, thuat toan tach nut dwoc thyuc
hién. Thay vi niit tran dwoc tach ¢b dinh thanh hai nat con, phuong phap k-Means dé thyc hién tach nat tran thanh k
cum (k = 2). Muc tiéu cua phuong phéap nay 1a t6i wu hoa do twong tu cua cac dbi twong khdng gian trong mot cum va
ddng thoi giam thiéu do twong tu va han ché chong lap khong gian giita cac cum khac nhau. Céc phan tir trong nat tran
s& dugc chia thanh k cum dua trén dé do twong dong.

Thr hai, sau khi xay dung ciu tric RS-Tree, thuat toan k-Means duoc sir dung tai tang ndt 14 cua cay. Mai khéi
cau cua ting nat 14 c6 mot phan tir tim dai dién cho nut 14 twong Gmg. Cac diém tAm nay dwoc st dung lam cac tam
khai tao ban dau cho thuat toan k-Means. S6 luong diém tdm ban dau bang véi sb luong nat 14 da duoc tao ra. Sau do,
céc diém dit ligu tai tang nit 14 dwoc phan bd lai theo thudt todn k-Means. Sau khi hoan tat qua trinh phan bo, cac nit 1a
méi dugc cap nhat lai vao cau trac cdy. Dbi véi nhitng nat 14 ¢ s6 lugng dlem dix liéu vuot qud ngudng cho phep,
thuét toan k-Means duoc thyc hién dé chia tach nit 14 d6 thanh d cum, véi d la s6 nguyén nho nhat I6n hon gia tri T. O
day, T 1a ty 1& sb phan tir dit liéu trong 14 so voi s phan tir dit liéu tdi da ma mot nat 14 c6 thé chira. Cau tric KMRST
duoc minh hoa nhu Hinh 1.
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Hinh 1. C4u tric KMRST két hop k-Means va RS-Tree

Viéc két hop phét trién cau tric luu trit dit lidu véi cac phuong phép hoc may trong linh vyc tim kiém anh c6 thé
cai thién hiéu suat tim kiém, trich xuét thong tin chinh xac hon va mo rong kha niang tim kiém dua trén ngir nghia.

B. Céc thudt toan xay deng cdu tric KMRST
1) Thugt ton tach nut si dung thugt todn k-Means

KMRST la cau trdc cay can bang dong phat trién theo chiéu tir 14 dudi 1én gbc. Viéc nat N; bi tran dwoc xu ly
bing cach phan chia M + 1 phan tir vao k nat (k > 2). Thuat toan k-Means dugc st dung dé thuc viéc phan hoach
M + 1 phan tir thanh k nhom. Sau d6 mdi nhém s& duoc gan vao mdi nat 14 trén cdy KMRST c6 cling cha véi ndt 14
dugc tach. Viéc lya chon thuat toan k-Means vi ba ly do sau: (1) Hiéu qua vé thoi gian thuc thi; (2) D6 chinh xac cao;
(3) Khéng phu thugc vao thir tu ciia cac ddi tugng. Thuat toan tach nut 1a dwoc trinh bay nhu sau:

Thuét toan 1. Tach ndt sir dung thuét todn k-Means

Input: NGt 14 can tach S,

Output: k ndt sau khi duoc tach (k = 2)

Function: SplitLeafKMRST(S;)

Begin

Phan chia tap M + 1 phan tir thanh k ndt st dung phuong phap K-Means;

Khai tao sb cum voi k = 2;

Ap dung k-Means trén tap M+1 phan tir & phan chia thanh k cum;
Tinh toan vuing dién tich chong lap giira k ving khang gian;
Max = OverlapAera(k);
kopt = k;

For k = 310 kppax

O NO O~ WN B
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9 Ap dung k-Means trén tap M+1 phan tir dé phan chia thanh k cum;
10 Tinh toan OverlapAera(k);

11 If OverlapAera(k) < Max then

12 Max = OverlapAera(k);

13 Kope = k;

14 Fork = 1tok,y,

14 Gén céc phan tir cua k cum vao k nit.

15 End

2) Thudt toan tgo cau tric Improved dira trén su két hop k-Means véi RS-Tree

. Dé nang cao kha nang luu trit va gom cum dix lidu dép (ing cho cac hé thong tim kiém anh. Thuat toan xay dung
cau tric KMRST duoc hinh thanh bai sy két hop thuat toan k-Means tai tang nat la cua cau tric RS-Tree gom céc budc
duoc MO ta nhu sau:

Budc 1. Lan luot dua cac vecto dic trung anh vao ciu tric RS-Tree theo céc nguyén tic tao ciu tric RS-Tree.
Budc 2. Ap dung phan cum k-Means cho tap hinh anh duoc thu dugc tir ting nat 14 cua cau tric RS-Tree.
Budc 3. S6 luong cum can tao bang chinh sb nat 14 dwoc tao ra trén ciu tric RS-Tree ¢ budc 1 (dat 1a K).
Budc 4. K tam cum khai tao chinh 1a K tdm cua K khéi cau nGt 14.

Budc 5. Tap dit liéu dwoc phdi phéi theo thuat toan k-Means dya vao K tam khai tao.

Budc 6. Mai phan tir dit liéu xac dinh diém tdm gan nhat cua né.

Budc 7. Sau mdi 1an hoan thanh phan phdi tim méi duoc cap nhat.

Budc 8. Lap lai tir Bude 5 dén Bude 7 cho dén khi thu dugc K-cum véi tdm cé dinh.

Budc 9. Duyét cac cum ¢6 s6 56 lugng phan tir I6n hon ngudng cho phép. Thuc hign k-Means mét Ian nixa cho céc
nat nay vai s6 cum bang d.

Thuét toan 2. Tao ciu tric KMRST

Input: Tap dit liéu anh
Output: ciu traic KMRST
Begin
Tao ciu tric RS-Tree theo nguyén tic tao cdy nhu trong [];
K = count(sé mit ld duwoc tqo ra tir cdu tric RS-Tree);
Ap dung k-Means trén tap dir liéu tai tang nit 14 & phan chia thanh K cum;
Fori= 1to K do
If(count(cum i) > M) then
Ap dung k-Means cho cum i véi k = d;
Endif
Endfor
Goi P 1a téng s6 cum duoc tao ra sau qué trinh k-Means
Fori=1toPdo
Gin P cum nay vao P nut cha twong ting
Endfor
Return KMRST;
End

IV. TIM KIEM ANH KET HQOP KMRST VA ONTOLOGY
A. Tao Ontology dua vao tai tir thi giac
1) M6 hinh tgo Ontology

D liéu hinh anh khong ngung gia tang, Vi vay viéc xay dung va phat trién Ontology cho tap dir lidu hlnh anh la
mot nhiém vu day thach thirc. Mién dir ligu thuong xuyén thay doi trong c4c bo dir liéu anh 16n ciing nhu cac mdi quan
hé phc tap giita cac d6i twong trong anh nén doi hoi thoi gian va nguon nhan luc 16n dé thuc hién. Dé lam da dang hoa
ngir nghia hinh anh, tién trinh xay dung khung Ontology phai thoa m&n yéu cau b sung dugc nguon dit liéu méi vao
trong cau tric Ontology.

Quy trinh phét trién Ontology cho céc b anh da ddi twong va don dbi twong duoc dé xuit nhu trong Hinh 2, sir
dung tap anh COREL, OxfordFlowers17 (OF-17), MS-COCO. Céc déi twong trong cac hinh anh duoc phan 16p va dua
VAo CAc tUi tir. Sau do, cac phan 16p, cac ca thé déi tuong trong hinh anh, céc c4 thé hinh anh va thugc tinh cua ching
duoc phan phéi vao ontotoly nhim muc dich néng cao hiéu qua tim kiém anh.
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Hinh 2. Tién trinh phat trién va lam giau Ontology

Tién trinh xay dung Ontology duoc thuc hién theo cac budc: Budc 1. Tap dir liéu anh tir cac bo anh COREL,
OxfordFlowers17 va MS-COCO lan luot duoc phat hién ddi tuong, trich xuat dic trung va thuc hién phan 16p biang
mang hoc sau Faster R-CNN (1, 2); Buéc 2. Céac d6i tuong duoc trich xuat tir hinh anh 1an luot phdi vao cac tdi tir thi
gidc 1am co s dé xay dung onytology (3, 4); Buéc 3. B6 sung cac khai niém ngir nghia cho cac phan Iép, cac thuoc
tinh ciia d6i twong anh, ID anh, va tap cac md ta URL; Budc 4. Lan luot phan phéi cac hinh anh va céc théng tin lién
quan tur tdi tir thi gidc vao Ontology (5) va cac théng tin ngir nghia dugc thém vao Ontology (6).

Hinh 3 m6 ta mét vi du vé Ontology ¢ dang OWLGraph dya trén phan mém Protégé, bao gdm cac Class (phan I6p
anh), cac ca thé (doi twgng trong anh va anh) va cac moi quan hé giira cac ca thé va trén Ontology.

EYBOARD
* & IvTRUCK

[*4 m.:mom:M

s oo ]
i

AT

Hinh 3. Minh hoa Ontology truc quan bai OntoGraf trén phan mém Protégé

2) Thugt toan tgo tai ter thy giac

Ung vaéi mdi hinh anh trong cac bo dir liéu hinh anh, hé théng nhan dién déi twong va phan I6p cac dbi tuong
trong hinh anh sir dung mang no-ron hoc sau Faster R-CNN dé tao ra cic anh ddi tugng va phan 16p cac ddi tugng
turong tung. Cac ddi tuong anh, cac ID anh, cac ID ddi tugng trong anh, céc thudc tinh mo ta cua ddi tuong dwoc dua
vao tli tir thi giac twong ung theo thuat toan nhu sau:

Thuét toan 3. Phan bd anh, dbi tugng anh vao céc tdi tir thi giac
Pau vao: Tap anh trong co so dit lidu I = {Img,, Img,, ...Img,}.
Piu ra: Tui tir thi giac B.
Begin
B=¢;
for (Duyét lan luot cac hinh anh trong tap I)
Thuc hién phan 16p anh bang mang Faster-RCNN;
Tra vé& nhan I6p anh twong ng;
label; = (ModelRCNN, Img;);
if (label; khong ton tai trong tap tdi tir thi giac B) then
Thém label; vao tli tir thi giac B;
Endif
Pua anh Img; vao tli tir thi giac twong tng;
Endfor
Return B;
End.
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3) Thudt todn phan phdi tui tir th; giac vao Ontology

Bang céch sir dung tdi tir thj gidc, ta ¢6 thé it trich va phan loai céc dbi twong hinh anh, sau d6 gan ching vao
Ontology theo cac nhom tuong ng. Cac anh goc di kem véi ID anh va thuge tinh cua chling, cac m6 ta anh duoc gan
cho tirng d6i tugng anh twong ung trong Ontology. Cach thirc dua cac d6i tugng va hinh anh vao Ontology dugc mo ta
nhu sau:

Thuét toan 4. Phan b hinh anh vao Ontology
Piu vao: Tui tir B, Ontology OB)
Dau ra: Ontology OB sau khi duoc phan b.
Begin
for (Duyét lan luot tirng tdi tir) do
for (duyét cac thanh phan trong tdi tir) do
Tao bo ba (Subject, Predicate, Object);
Dua b ba vao Ontology OB;
Endfor
Endfor
Return OB,
End.

Trong Thuat toan 4, Ontology dugc lam phong pht thém trén hai khia canh bao gdm ca cac ddi twong trong anh
va cac anh ban dau. P6i voi mdi tiii hinh anh la mot tap hop céc hinh anh d6i tugng, méi hinh dnh c6 mot 1D ddi twong
va két néi dén mot hinh anh géc. Vi vay, khi lam phong pha Ontology, cac anh dic trung dugc thém vao theo 16p biéu
dién va cac anh goc tuong g Véi cac ddi tuong anh nay cling dugc thém vao Ontology. Nhu vy, Ontology s& luu trit
cum tdi tir bao gom céc anh dic trung duoc lién két vai anh goc dé cd thé 1y ra mot tap anh tuong tu tir anh tim kiém
dau vao.

B. Kién trac quy trinh tim kiém dnh

Trong phan nay, kién triic h¢ thong tim kiém anh theo tiép can ngix nghia dugc gidi thigu dya trén sy két hop ky
thuat k-Means véi cau trac RS-Tree va Ontology dugc mo td nhu trong Hinh 4. Trong md hinh nay, gém 2 pha: pha tao
cau trac luu trlr d@t liéu va pha tim kiém anh.

(7y—> Trich xuét diic trung ——(8)—> Chuyén déi thanh khéi ciu (99— Ciiu triic phin cum phin cip KMRST

Tiii tir thi gidc
- ™

R-CNN

Dlnh inh danh hinh ‘
—(*) anh (6)—>5
Mo ta URL

(12)

Pha tim kiém dnh

(18]

[Ap anh twong tir va - i . o
ngir nghia hinh anh Phiin l6p k-NN (14 Ap anh twong tu 13 Tim kiém inh
A

(15)

(17)

Tao ciiu tru) vin
SPARQL

uo;——b{ Véc-to diic trung va chuyén déi thanh khi ciu *—(n)—

(16)—— Tir vung thi gidc

Hinh 4. M6 hinh tim kiém anh theo ngit nghia KMRSTonIR
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Céc budc thuc hién mé hinh dugc trinh bay chi tiét nhu sau:
Pha tién tao céu tric lwu triv dir liéu gom 2 giai doan:
Giai doan 1: tgo Ontology

Bud6c 1. CAc hinh anh trong co s¢ dir liéu dugc phét hién d6i tugng, thuc hién trich xuat dic trung va phan 16p
dbi twgng bang mang no-ron hoc sau (1, 2).

Buwéc 2. Tao tii tir thi gidc cua ting ving ddi twong caa mdi hinh anh, mdi tdi tir thi gidc md ta mot cum céc
hinh anh twong tu va phan bd tirng nhém hinh anh nay vao trong mét déi tuong dai dién ciia Ontology (3).

Budc 3. Tir c4c tdi tir thi giac, Ontology xay dung dé luu trit cho ting cum hinh anh trén ting tai tir; dong thoi
céc md ta ngir nghia, thudc tinh cua cac dbi tugng va hinh anh duge dua vao trong Ontology (4, 5, 6).

Giai doan 2: Tao Céu triic lvu trie div ligu KMRST

Buwdc 1. Trich WXUEA’lth;iC trung cap thap cua cac anh trong co s¢ dir ligu anh.
Buéc 2. Chuyén doi cac ddc trung dnh ve dang khoi cau. ) o
Buéc 3. Lan lugt dua cac khoi cau dir liéu vao trong cau tric KMRST theo cac quy tac da dé xuat.

Pha tim kiém anh twong tw: gom hai giai doan
Giai dogn 1: Tim kiém dnh theo ngi dung

Buéc 1. Tr anh dau vao, h¢ thong thuc hién trich xuat va chuyén doi vé dang khéi cau (10).
Budéc 2. Thyc hién tim kiém trén cau trdc KMRST (11, 12).
Bworc 3. Tra vé tap anh tuong tu theo ndi dung vai anh tim kiém (13).

Giai dogn 2: Tim kiém dnh theo ngi nghia

Budc 1. Tur két qua tap anh tuong tu duoc tao ra & giai doan 1, phuong phap k-NN dwoc st dung dé phan 16p
anh dau vao tao ra tap tir vung thi giac (14, 15).

Budc 2. Cau lénh SPARQL dugc tao ra dua trén tap cac phan 16p cua anh diu vao va duoc thuc thi trén
Ontology da xay dung (16, 17, 18).

Budc 3. Két qua tra vé topk hinh anh twong tu nhat véi anh tim kiém, dong thoi cac khai niém ngir nghia duoc
md ta (19).

M® hinh tim kiém anh tuong tw KMRSTonIR két hop tim kiém theo noi dung va theo ngir nghia dya trén sy két
hop cau tric gom cum KMRST va Ontology nham nang cao d6 chinh xac tim kiém. Viéc sir dung Ontology dé luu trit
va md ta ngit nghia dit liéu hinh anh trong bai todn tim kiém anh twong tu mang lai nhiéu y nghia quan trong: (1)
Ontology gitp xdc dinh va dinh nghia cac khai niém trong mién dit liéu hinh anh cu thé; (2) Ontology gilp tang hiéu
nang cua cac hé thong tim kiém anh tuong tu theo tlep can ngir nghia; (3) Ontology cho phép mo6 ta cac mébi quan hé
phtec tap giita cac ddi tuong trong di liéu hinh anh, diéu nay gip hd tro truy van phic tap va chi tiét hon tir phia nguoi
dung; (4) Ontology gidp téi wu hoa quy trinh tim kiém anh tuong ty bang cach cung cap mot khung c6 cau trdc va to
chire vé dit liéu hinh anh; (5) Ontology cung cip co ché chung dé tich hop dit liéu tir nhiéu ngudn khac nhau, bao gdm
co s6 dir liéu hinh anh, hé théng thong tin va tri thiee chuyén mon.

Phuong phép sir dung Ontology dé luu trit va md ta ngir nghia dit liéu hinh anh trong bai toan tim kiém anh
tuong tu gidp cai thien tinh chinh xac, hiéu suat va linh hoat cua hé thong truy van anh. Thuc nghiém mé hinh nay
duoc trinh bay chi tiét trong Muc V.

C. Céc thugt toan tim kiém anh
1) Thudt toan tim kiém anh theo ngi dung

Qué trinh tim kiém anh theo mé hinh dé xuat 1a su két hop tir noi dung dén ngir nghia. Qua trinh tim kiém anh
theo noi dung dugc thyc hién trén ciu tric phan cum dir lieu KMRST d3 xay dung. Khi tim kiém, hé théng duyét tir
nat géc, va tiép tuc di theo hudéng co6 do do twrong ddng nhét vé khoang cach Euclid va viing giao nhau nhidu nhét véi
anh tim kiém cho dén khi tim thay nat l4 chira céc anh tuong tu. Thuat toan tim kiém anh duya trén cac noi dung dic
trung cAp thap dwoc mo ta nhu sau:

Thuat toan 5. Tim kiém anh theo ngi dung trén cau tric KMRST
Input: Anh truy van I, ciu tric KMRST.

Output: tap anh tuong ty Va tap cac phan lop cia anh tim kiém.,
Function: ImprovedRSTIR(Root, )

1 begin

2 if (Root == null) then

3 tra vé gia tri null;

4 else

5 if (Root khac vai nut 18) then

6 Tinh toan d6 twong dong dua trén do do khoang cach Euclid va chon nhanh phu hop;
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Gia sir Sy 1a nhanh duoc chon;

7 ImprovedRSTIR (Sy, I);

8 else

9 Tra vé tap anh tuong tu ST cta anh Iy;

10 Phén 16p anh sir dung phuong phap k-NN cho tap anh tuong tu Sl;
C=kNNclassify(SI, k);

11 Return <SI, C>;

12 End

2) Thugt toan tim kiém anh theo ngi nghia

Qua trinh tim kiém anh trén Ontology duoc thuc hién theo cac budc sau:

Bwéc 1. Phan 16p anh dau vao

MJi anh dau vao trai qua qua trinh tim kiém trén céu trac KMRST, sau d6 tra lai tap hinh anh c6 noi dung tuong
tu. Tiép theo, k§ thuat phan 16p k-NN duoc &p dung dé phan loai anh dau vao dya trén tap hinh anh tuong ty da thu
thap. Két qua cua qua trinh phan loai nay tao ra b tir vung thi giac. Str dung bo tir vung thi gi4c nay, ching ta tao ra
céc cAu truy van SPARQL dé thyc hién truy vén trén Ontology va tim kiém cac hinh anh tuong tu.

Budc 2. Truy van anh twong tu trén Ontology

Vé6i mdi anh du vao, tap cac phan 16p duoc xac dinh dua trén nhan anh déi twong. Tir d6, cau lénh SPARQL
dugc khai tao & Budc 1 va sau do thuc thi cau lénh truy van trén Ontology da xdy dung, cudi cling tra vé tap két qua
anh tuong ty theo ngir nghia twong tng. Thuat toan tim kiém anh trén Ontology duoc mé ta nhu sau:

Thuat toan 6: Thuat toan tim kiém va trich xuat ngir nghia hinh anh trén Ontology.
PAau vao: Anh truy van I,
Piu ra: Tap anh tuong tu SSI;
Begin
Khai tao tap nhan l6p: Label = O;
Phan I6p anh tim kiém I, st dung k§ thuat phan 16p K-NN dé c6 tap nhan Label;
for (Duyét c&c nhén 16p thudc tap Label) do
Cau Iénh SPARQL duoc tao:
Endfor
Thuec thi cau truy vén trén Ontology OB tra vé tap anh tuong tu SSI;
Return SSI;
End.

Trén co s& cAc thudt toan da co, thudt toan truy van anh duoc thyc hién dya trén qué trinh truy xuét nhan lop va
tao cau truy van SPARQL. Véi dau vao la hinh anh tim kiém va Ontology, thuat toan truy van tra ve tap ket qua gom
cac hinh anh tuong tu véi anh dau vao.

Dau tién, anh dau vao duoc phan 16p bang phuong phap k-NN dwa vao tap anh tuong tu theo noi dung duoc truy
van trén ciu traic KMRST. Ttr tip nhan 16p ndy, cau truy vin SPARQL duoc tao ra duwa trén ngon ngit bo ba. Cau truy
van SPARQL nay thyc thi tim kiém trén Ontology theo ngdn ngir bo ba RDF dé tir d6 trich xuat cac hinh anh thoa diéu
kién cua bo ba nay. Vi vay tap cac dir liéu meta-data trén Ontology duoc truy van 1am co s& cho qué trinh tra ciru hinh
anh gdc ban dau twong tu voi anh dau vao.

V. THUC NGHIEM
A.  MGoi trwong va irng dung thuc nghiém

Hé truy van KMRSTONIR dugc xay duya trén nén tang dotNET Framework 4.8, ngdn ngir lap trinh C#. Qua
trinh tao cau trac dir liéu va xay dung Ontology duoc thy hién trén may PC CPU 2.3 GHz 8-core 9th-generation Intel
Core i9, 16 GB 2666 MHz memory, 1TB flash storage. Qua trinh tim kiém anh dugc thuc nghiém trén may PC CPU
Intel Core i7-6500U CPU @ 2.50 GHz, 8.0 GB RAM, hé diéu hanh Windows 10 Pro 64 bit. Tap dit liéu dugc st dung
trong thuc nghiém 1a bo di liéu anh COREL, OxfordFlowers17, MS-COCO vai 118.287. Théng tin chi tiét cua cac bo
dix lieu thuc nghiém dugc trinh bay nhu Bang 1.

Béng 1. C4c bd anh duoc sir dung dé thyc nghiém cho mé hinh d& xuét

STT Tén tip dnh S6 lwgng dnh S6 lwgng 16p dnh Kich thuéc
1 COREL 1.000 10 30,3 MB
2 Oxford-Flowers 17 1.360 17 60.5 MB
3 MS-COCO 118.287 80 17,9 GB

1. Ung dung trich xudt dic trung anh

Trong bai béo nay, mdi déi twong anh duoc trich xuét vecto dac trung t6 hop tir céc déc trung khac nhau gom:
DPac trung vi tri (location), ddc trung mau sac (color), dac trung bé mat, van anh (texture), dac trung hinh dang (shape).
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Céc phuong phap trich xuét déc trung cp thip duoc két hop gdm: dic trung mau sic MPEG7 (25 gia tri); dac trung vi
tri Shi-tomasi MPEG7 (25 gia tri); dac trung vi tri SIFT MPEG7 (25 gid tri); dac trung vi tri MSER MPEG?7 (25 gia tri);
dic trung vi tri va két cdu MaxPooling Sobel (48 gi4 tri); dic trung hinh dang va két cau Sobel (144 gia tri). S6 dic trung
cua hinh anh dugc trich xuat 1a 292 chiéu. Viéc két hop cac phuong phap trich xuét dic trung gdm Shi-tomashi, SIFT,
SURF (MSER) gitip ning cao do chinh xéc [5]. Ung dung trich xuét dac trung duoc thé hién trong Hinh 5.

o] Creating Image Features = m} X
Input Image FAST MPEG?7 (25 values) ~ |§ SIFT MPEG7 (25 values)
Leaves ORB MPEG7 (25 values) Shi MPEG7 (25 values)
Barbara Hams MPEG7 (25 values) Color MPEG7 (25 values)
Color Newton (6 values) MaxPooling Sobel (48 values)
Masha Gray Intensy (256 values) Sobel HOG (144 values)
Baboon Red Intensy (256 values) MSER MPEG?7 (25 values)
Pamots Green Intensy (256 values)
Bear Blue Intensy (256 values)
P Intensy MPEG7 (25 values)
°ppers Intensy Red MPEG7 (25 values)
Lena-soederberg Intensy Green MPEG7 (25 values)
Logo SBIR-HCM Intensy Blue MPEG7 (25 values)
Sobel HOG (36 values)
Sobel HOG (576 values)
High Pass HOG (36 values)
High Pass HOG (144 values)
High Pass HOG (576 values) Y,
Up Down > < Up Down

2. Ung dung tim kiém anh twong

0.0804639362087713 0 0 0.306270387821675 0 0 0 0.155491119971004 0 0.01776005795920261 0.0627038782167452 0 0
0.0761145342515404 0.104748097136644 0 0 0.0884378397970279 0.059441826748822 0 0.0318956143530265
0.00761145342515404 0 0 0.00906125407756433 0.0386658795749705 0 0 0.266971664698937 0 0 0 0.0894332939787485
0 0.0125442739079103 0.0554899645808737 0 0 0.0659681227863046 0.182556080283353 0 0 0.147136953955136
0.0562278630460449 0 0.0647874852420307 0.0057556080283353 0 0 0.0144628099173554 0.0508880615234375 0 0
0.357498168945313 0 0 0 0.161941528320313 0 0.03271484375 0.0260009765625 0 0 0.0261077880853375
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I Load img [] CLEF| i-DB Features | Segment

DONE!

Hinh 5. Trich xuét dic trung cip thip caa hinh anh

tw

Tir céc thanh phan caa md hinh tai Muc I, cac két qua ung dung thuc nghiém duoc xay dung trén ba b anh
COREL, Oxford Flower 102 va MS-COCO. Céac két qua thuc nghiém duoc trinh bay trong cac Hinh 7-8.

8 IR Using KMRST_Ontology

File  Creating Ontology Status: Ontology was loaded
§ @prefix f: <hitp://www.w3org/1999/02/ 2 syrtaxns>. |
Image Retrieval on KMRST Processing Ontology @prefix rfs: <hitp//www w3 .0rg/2000/01 /rclf-schema®>
@prefix xsd: <hitp://www w3 org/2001/XMLSchematt>
KMRS Retrieval @prefix owl: <hitp://www w3 org/2002/07/owiét>.
T Iage ! @prefocxni: <hitp://www w3 org/XML/1998/namespace>
@prefix sbir: <http-//sbirhcm vn/>
Classify by KNN-KMRST soir AIRPLANE a owi Class
sbirAPPLE a owl-Class
sbir BACKPACK a owl Class
sbir BANANA a owl Ch
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Image Databases  The generated image classes [grafte |
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SELECT DISTINCT Zimgid
Load file Ontology I WHERE{ e 0
Create SPARQL {206j sbiropOBJinv sbirinvGIRAFFE . ) 24
§7IMG sbir:opIMGobj 20bj )
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Retrieval The generated SPARQL query The set of image IDs queried in the Ontology

Hinh 6. Tim kiém anh trén hé RCNNONIR cua bo anh MS-COCO

% Image Retrieval Experimental Results ; - o x

EEMIE] ] senterer petautrentere

Jmmnlliﬂlﬂn%
e M VD S5 | 1R
W I ﬁﬁﬁ% A l H-‘!
s, PO Y T iy P
o N o ) P ¥ s
e 1 [ s m TN

Hinh 7. Két qua tim kiém caa anh “000000000025”.jpg ctia b anh MS-COCO

- | Thumbnail Size - [

0000000




508 KET HOP K-MEANS VOI RS-TREE CHO BAI TOAN TiM KIEM ANH THEO NGU NGHIA

B. Phén tich va danh gia thuc nghiém

Céc gia trj hiéu suat danh gia qué trinh tim kiém anh bao gém cac gia tri sau: Precision (d6 chinh xé4c), Recall
(d6 phu), F-Measure (d6 do dung hoa) va Query time (thoi gian tim kiém). Két qua tim kiém anh giira cac phuong phap
RST_CBIR (tim kiém anh theo noi dung trén céu tric RS- -Tree), KMRST_CBIR (tim kiém anh theo noi dung trén céu
tric két hop k-Means voi RS-Tree), KMRSTONIR (tim kiém anh theo ngir nghia theo mo hinh dé xut) dwoc mé ta
trong Bang 2. Bong thoi, biéu db so sanh hiéu suit cua qué trinh tim kiém anh trén cac mo hinh cua céc tap di liéu anh
COREL, OxfordFlowers-17 va MS-COCO duoc trinh bay trong Hinh 8.

Céc thuc nghiém dwoc mo ta theo Bang 2 da cho thay rang su két hop giira phuong phap k-Means va ciu tric
RS-Tree trong viéc tim kiém hinh anh da dem lai su cai thién vé d6 chinh xac. Cu thé, do chinh xéc trung binh cua qua
trinh tim kiém anh theo noi dung trén cau tric KMRST cua cac bo dir liéu anh COREL, OxfordFlowers-17 va MS-
COCO lan luot 13 79,54% (tang 4,26%), 82,38% (tang 4,69%) va 70,96% (ting 6,90%), da ting hi¢u Suit so V6i viéc
tim klem trén cau tric RS-Tree. Do chinh xac tang 1én 1a do cdu traic KMRST di 4p dung thuat toan k-Mean tai tang nat
14 cua cu tric RS-Tree dé thuc hién viéc phan cum lai cac nGt 1a. Qua trinh ndy gilp cho cac phan tir dwoc phan b mot
cach chinh x4c hon vao cac cum tuong (ng cua ching. Pdng thoi, viéc két hop ciu tric KMRST véi Ontology ciing da
dem lai két qua 4n twong trong viéc tim kiém hinh anh theo tiép can ngir nghia. Su két hop nay da giup ting d6 chinh
xac dang ké so véi viéc chi tim kiém theo noi dung. Cu thé, d6 chinh xac trung binh cua viéc tim kiém hinh anh theo
ngir nghia trén mo hinh d& xuat lan luot 12 95,71% (ting 20,33%), 94,63% (ting 14,87%) va 81,57% (ting 14,95%),
hiéu sut tang 1én so véi viéc tim kiém theo noi dung trén cu trdc KMRST. Tur nhirng két qua thuc nghiém nay, ching
ta c6 thé két luan rang viéc két hop cau tric KMRST va phwong phap tim kiém duya trén ngir nghia da mang lai hiéu
suét tét trong viéc tim kiém hinh anh tuong tu theo céch tiép can méi.

Bang 2. Hiéu suit tim kiém ciia cac phuong phap trén cac tap di liéu anh

. Precision Recall F-measure Query time P
Phuong phip (MAP %) (MAP %) (MAP %) (milriygiéy) BY dnh
RST CBIR 76,29 68,75 72,32 14,39 COREL
KMRST CBIR 79,54 70,66 74,84 17,33 COREL
KMRSTONIR 95,71 89,75 92,63 26,28 COREL
RST_CBIR 78,69 71,69 75,03 11,45 OxfordFlowers-17
KMRST CBIR 82,38 73,06 77,44 15,64 OxfordFlowers-17
KMRSTONIR 94,63 88,76 91,60 24,95 OxfordFlowers-17
RST CBIR 66,38 58,75 62,33 69,47 MS-COCO
KMRST CBIR 70,96 62,33 66,37 70,97 MS-COCO
KMRSTONIR 81,57 76,54 78,97 80,55 MS-COCO
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M Precision ¥ Recall © F-measure

Hinh 8. Biéu d6 so sénh hiéu suét cac phusng phép tim kiém anh trén cac bo dit lieu
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Bang 3. So sanh d6 chinh xac tim kiém anh trén cac bo dit liéu anh

Phwong phap MAP(%) B9 dir ligu

Shape and Texture Features, 2019 [1] 72,86 COREL
Multi-feature and SVM, 2018 [7] 76,57 COREL
Multi-feature with neural network, 2020 [17] 79,41 COREL
KMRSTOnIR 95,71 COREL
CNN+SURF+BIC, 2019 [8] 85,39 OxfordFlowers17
Bag-of-Words, 2018 [2] 77,10 OxfordFlowers17
Dictionary Learning , 2013 [6] 73,43 OxfordFlowers17
KMRSTONIR 94,63 OxfordFlowers17
CAMP, 2019 [21] 68,90 MS-COCO
Hamming Ranking using AlexNet, 2021 [25] 76,40 MS-COCO
Resnet, 2020 [22] 81,10 MS-COCO
KMRSTONIR 81,57 MS-COCO

Bang 3 thé hién két qua so sanh giita mo hinh dé xuat véi cac nghién cau gan day trén cac bo dir lieu COREL,
OxfordFlowers-17 va MS-COCO. Déi vai tap anh COREL md hinh dé xuit c6 do chinh xac 1a 95,71%. Déi véi tap di
liéu OxfordFlowers-17, do chinh xac 1a 94,63%. Ddi véi tap anh MS-COCO, c6 do chinh xac 1 81,57%. Trén co s& 56
liéu ciia cac bang so sanh nay cho thiy phwong phap d& xuit cao hon cac cong trinh nghién ctru lién quan. Didu nay
cho thay riang phuong phap dé xuét 1a kha thi va hiéu qua dé 4p dung vao cac hé tim kiém anh.

VI. KET LUAN

Bai bao nay da tiép can sir dung md hinh tim kiém anh dya trén su két hop k¥ thuat k-Means va cau tric RS-
Tree; dong thoi sir dung mang no-ron tich chap két hop véi ciu tric tai tir thi giac dé phan bd hinh anh vao khung
Ontology. M6 hinh truy van anh duoc dé xuit 1a su két hop giita truy van theo noi dung va theo tiép can ngir nghia,
trong mo hinh nay duoc thiét ké gém 2 phan: (1) két hop ky thuat k-Means véi cau tric dit liéu RS-Tree, dong thoi hyc
hién huan luyén mang R-CNN va lam giau Ontology dya trén viéc phan b cac hinh anh trong tai tr thi glac (2) thuc
hién quéa trinh tim kiém anh dya trén dic trung cap thap sir dung cau tric KMRST va tim kiém anh theo tiép can ngir
nghia trén Ontology. Viéc két hop tim kiém theo noi dung két hop véi ngir nghia di nang cao hiéu qua cho bai toan tim
kiém anh, dong thoi dap tmg dwoc cho céc tap dir liéu ting truong. Mo hinh da duoc thir nghiém trén cac bo anh
COREL, OxfordFlowers17 va MS-COCO, dat duoc d6 chinh xac lan luot 12 95,71%, 94,63% va 81,57%. So sanh voi
cac nghién ctru khac, md hinh dé xuit da cho thay tinh hiéu qua trong viéc giai quyét bai toan tim kiém anh tuong ty.
M0 hinh tim kiém anh d& xuit dua trén noi dung va dong thoi tap trung vao viéc giam khoang céch ngir nghia thong
qua viéc két nbi va truy van trén Ontology. Tuy nhién, viéc trich xuit cac chd giai va ngit nghia ddi twong van chua
dugc thyc hién do yéu cau phai lam giau di liéu tir ngit cho Ontology. Do d6, huéng phét trién tiép theo s& xay dung
hé thng truy van anh dua trén ngit nghia, cho phép trich xuét tryc tiép cdc mé ta hinh anh thong qua dd thi tri thuc.
Muc tiéu ctia hudng phaét trién nay la lam giam khoang cach ngir nghia, dong thoi tién gan hon dén ngdn ngi tu nhién
ma con ngudi sir dung.
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COMBINING K-MEANS WITH RS-TREE FOR SEMANTIC-BASED IMAGE
RETRIEVAL

Le Thi Vinh Thanh, Le Manh Thanh, Van The Thanh, Nguyen Thi Uyen Nhi

ABSTRACT: In this paper, a structure combining k-Means with RS-Tree for image retrieval is proposed, named KMRST.
The construction process of this structure consists of two phases: (1) RS-Tree structure construction phase, where the k-Means
algorithm is utilized to split nodes into k-clusters; (2) RS-Tree structure completion phase, where the k-Means algorithm is employed
at leaf nodes to re-cluster the elements. Additionally, an Ontology is built based on visual bag-of-words to describe the semantics
and relationships among objects in the images. For a given input image, the retrieval process is conducted on the constructed
KMRST structure to find a set of similar images. Subsequently, the input image is classified using the k-NN method based on the set
of similar images, generating a visual vocabulary. Finally, a SPARQL query is generated from this vocabulary and performs
semantic-based image retrieval on the Ontology. Building on the established theory, a semantic image retrieval model is proposed.
Experiments are conducted on image datasets including COREL, OxfordFlowers17, and MS-COCO. The experimental results are
evaluated and compared with other works to demonstrate the effectiveness of the proposed method.

Keywords: SBIR, Image retrieval, RS-Tree, k-Means, Ontology.



