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TIM KIEM ANH THEO NGU NGHIiA DUA TREN CAU TRUC
iRS-TREE VA ONTOLOGY
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Tém tit. Truy xuét hinh anh theo noi dung duoc thyc hién dya trén cac dic trung cap thap
va tng dung trong nhiéu linh vic. Tuy nhién, thach thitc 16n ctia phuong phap nay 1a khoang
cach ngit nghia gitta cac ddc trung cdp thap va cac khdi niém cip cao. Vi vay, bai toan truy
xuat hinh anh theo tiép can ngit nghia dugc quan tim nghién ctru nham nang cao do chinh
xac truy vén. Trong bai bdo nay, ching t6i dé xudt mét mo hinh tim kiém anh va tra cttu ngi
nghia dya trén ciu tric RS-Tree cai tién (iR5-Tree) va ontology. Cac cai tién trén iRS-Tree bao
gom: (1) phép toan thém phan tir nham giam thoi gian tao cay; (2) phép toan tach nit nham
nang cao d¢ chinh xac ctia viéc gom cum di liéu. Két qua cta viéc truy van anh trén iRS-Tree
la mot tap anh twong tie va tap tit vung thi giac. Sau d6, cau lénh SPAQRL dwoc tie dong tao
ra tit tap tit veng thi gidc nay va thuc hién truy van trén mot ontology ban tw dong nh3m trich
xudt ngtt nghia cho hinh anh. Thuc nghiém dwoc thuwe hién trén cac tap di liéu anh: COREL,
Oxford Flower-102 va CUB-200-2011. Két qua thwe nghiém duoc ddnh gid va so sanh voi cac
cong trinh khac trén cing mot tap dit liéu nham chiing minh tinh hiéu qua va dtng dan ctia
phuong phap dé xuét.
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Content-based image retrieval based on iR5-Tree and ontology
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Abstract. Content-based image retrieval is implemented based on low-level features and
applied to numerous fields. However, the major challenge of this approach is the semantic
gap between low-level features and high-level concepts. Therefore, the problem of semantic-
based image retrieval is attractive to improve query accuracy. In this paper, a semantic-based
image retrieval model using the improved RS-Tree structure (iR5-Tree) and ontology was
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proposed. The improvements on iRS-Tree include: (1) improving the operation of adding
elements to reduce tree building time; (2) improving the operation of splitting nodes to
enhance clustering accuracy. The result of querying images on iRS-Tree is a set of similar
images and a set of visual vocabulary. Then, a SPARQL command is automatically generated
from this visual vocabulary and queries a semi-automatic ontology to extract semantics for
the image. Experiments were performed on three image data sets: COREL, Oxford Flower-
102, and CUB-200-2011. Experimental results were evaluated and compared with recent
works on the same data set to demonstrate the effectiveness and correctness of the proposed
method.

Keywords: iRS-Tree, SBIR, clustering, image retrieval, ontology
1 Giéi thiéu

Ngay nay, véi su phat trién vugt bac ctia cac cong nghé Internet va cac thiét bi dién thoai
thong minh, sd lwong hinh anh ky thuat sd da tang 1én nhanh chéng. Do d6, d€ luu trit va tim
kiém cac hinh anh htu ich trong tap dit liéu anh 16n, can ¢6 mot cau trac dix liéu d€ danh chi muc
hinh anh va moét hé théng truy van hiéu qua. Hién nay, nhiéu linh vic khac nhau tng dung hé
thong tim kiém anh trong thiee t& nhw hé théng truy xudt khuén mat [1] gitp canh sat va cacnhan
vién an ninh tim ra d6i twong pham t6i nhanh chong hon; hé thong truy xuat hinh anh hang hoa
[2] gitp khach hang tim thdy hang hda ma ho yéu thich va hé thong truy xudt hinh anh y t€ [3]
gitp bac si chan doan y t€ hiéu qua hon. Trong nhitng nam gan day, nhiéu hé thdng tim kiém
anh theo noi dung (Content-based Image Retrieval — CBIR) da dwoc phat trién va dp dung cho
cac tng dung thuee t€. Tuy nhién, hé thong CBIR tim ki€ém cdc tap anh tuwong tu nhau vé ndi dung
dua trén cac dic trung cdp thap nhu mau sac, hinh dang, két cdu va vi tri, nhung chung c6 thé
khac nhau hoan toan vé nglt nghia [4]. Pay chinh 1a khoang cach nglt nghia gitta nglt nghia cap
cao va cac ddc trung thi giac cdp thap cua hinh anh, mét trong nhitng thach thirc 16n trong cac hé
truy xudt hinh anh dua trén noi dung [5]. Do d6, viéc phan tich va tim kiém ngtt nghia hinh anh

la mot trong bai toan dwoc quan tam trong linh viec thi gidc may tinh [6-8].

Trong bai bao nay, ching to6i dé xuat mot phuwong phap truy van anh theo ndi dung két
hop véi ngit nghia st dung cdu tric luu trie chi muc khong gian iRS-Tree (Improved-Region
Sphere Tree) va ontology. Cac dong gdp chinh cua bai bao bao gom: (1) xay dung ciu trac di
liéu khong gian iRS-Tree d€ luu trit cac ddc trung cap thdp ctia hinh anh va thyc hién tim kiém
anh tuong tir theo ndi dung dua trén cay iRS-Tree; (2) lam giau khung ontology da xay dung trén
cac tap dit liéu anh maéi bao gom Oxford Flowers 102 va CUB-200-2011; (3) truy van tap anh twong
tw trén ontology da duoc xay dung bang cau truy van SPAQRL tw dong, dong thoi ngi nghia

cap cao hinh anh dugc trich xudt tir bd tir dién.
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2 Cdc cong trinh lién quan

Trong nhiing thap nién gan day, nhiéu cong trinh da st dung cac ky thuat hoc may va
cong nghé ontology cho bai toan truy van anh theo noi dung va theo ti€p can ngt nghia dé€ cai

thién hiéu suat hé thong cu thé nhuw sau:

Filali va cs. [9] dé xuat xay dung tir vung va ontology dua trén cac chu thich hinh anh cua
bd anh ImageCLEF. Qua trinh truy xudt hinh anh dwgc thuc hién bz\?mg cach tich hop ca cac dic
trung cdp thap va do twong dong vé ngit nghia hinh anh. Cac ontology dwoc lam phong phu
bang cac khai niém va m&i quan hé dugc trich xudt tir tai nguyén tir vung BabelNet. Tuy nhién,
hé thong dé xudt chua két hop gitta tim ki€m hinh anh theo ddc trung cap thap voéi khéi niém
nglt nghia va truy van ngl nghia ctia hinh anh; do d¢, hé thdng chua dugc danh gid va so sanh
véi cac cong trinh nghién ctru khac. Ruan va cs. [10] gidi thiéu mot khung d€ truy xudt hinh anh
theo ngit nghia duya trén ontology phu thudc mién. Manzoor va cs. [11] sit dung ontology mién
d€ truy xuat hinh anh c6 lién quan dén truy van ctia nguoi dung. Nguoi dung co thé dwa ra khai
niém dudi dang nhap van ban hodc cé thé tu nhap hinh anh. Gowri va Nagara [12] trinh bay mét
hé thong truy xudt hinh anh dwoc lap chi muc ngit nghia sit dung cac ddc trung cap thdp caa
hinh anh va ngén ngit ontology web. Liu va cs. [13] gidi thiéu mot phwong phap hoc ngit nghia
dua trén ontology lién két cac phan loai hinh anh véi cac ddi twong trong anh. Sulaiman va cs.
[14] trinh bay mot khung ontology da phuong thitc &€ m6 ta nglt nghia hinh anh. Nhin chung,
cac phuong phép tiép can tap trung vao viéc cung cap co ché d€ lap ban do cac dic trung cap
thdp véi cac khdi niém ngit nghia cap cao dé€ giam khoang cach nglt nghia. Tuy nhién, van dé nay
moi chi dugc giai quyét mot phan vi cac phuong phap dé xudt phu thudc vao ontology mién hop
ly, cac dir liéu 16n va cac ngon ngit truy van. Cac cdng trinh nghién ctu lién quan cho thady mot
s6 hé th&ng truy xudt hinh anh dua trén chti thich bang cach st dung ontology; dong thoi, ngon
ngit truy van bd ba SPARQL duoc st dung dé thye hién truy van.

Bén canh d6, nhiéu cong trinh nghién ctu da ap dung cac ky thuét trich xudt ddc trung
truyén thong va cac ky thuat hoc sau ap dung cho cac hé truy van anh. Ahmed va cs. [15] da trich
xudt cac ddc trung mau tir anh RGB va stt dung hinh anh mttc xam cho cac ddc trung cuc bd. Tuy
nhién, trong nghién cttu nay, cac tac gia chi thuc hién 1ap chi muc trén co s¢ chu quan va chua dé
xuat ciu trtc lap chi muc dit liéu d€ cai thién hiéu sudt truy xudt. Nhom tac gia da thuc nghiém
truy van top 10 hinh anh véi d6 chinh xac ctia gia tri 87,1% (COREL) va 98,7% (Oxford Flowers
102). Tuy nhién, véi top 40 hinh anh, d¢ chinh xac la 72,1% (COREL) va 71,4% (Oxford Flowers
102). Zeng va cs. [16] da phat trién mdt phuwong phap bam dé€ khoanh vung cac d6i twong phan
biét chi tiét va tao ra cac ma nhi phan hiéu qua. Nhom téc gia da thiét k& mét kién tric mai, thuc
hién dong thoi viéc hudn luyén cac vung cuc bd va tao ma bang bam. Hai nhiém vu nay dwgc

hiéu chinh va c6 thé bé sung cho nhau. Bén canh d6, cac vung da ti 1é dwgc hoc bang cach sw
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dung kich hoat nhiéu dac trung. Két qua thuc nghiém truy van trén bd di liéu anh CUB-200-2011
voi d6 chinh xac 69,07% (anh 16 bits) va 70,1% (anh 64 bits). Cac danh gia thirc nghiém trén mot
s6 bo dit liéu anh chi tiét cho thdy rdng phuong phap dé xudt dat duoc hiéu suét tot. Tuy nhién,
phuwong phap nay ton nhiéu thoi gian d€ huan luyén. Dong thoi, cong trinh nay chwa dé xuat mot

cdu truc dix liéu d€ lvu trit hinh anh nham cai thién thoi gian tim kiém anh.

3  Heé tim kiém anh theo ti€p cin ngit nghia dwa trén iRS-Tree va ontology

3.1 Mo hinh kién triic hé thong

Trong phan nay, ching t6i dé xudt mot mo hinh hé tim kiém anh theo ti€p can ngtr nghia
(Hinh 1) va dét tén la SBIR_iRST. Trong hé SBIR_iRST, mdi hinh anh dwoc trich xuat véc-to déc
trung dwa trén cac ddc trung thi giac cdp thap nhuw mau sdc, vi tri, hinh dang va két cau. Mbi vée-
to ddc trung nay duoc lién két voi mot phan 16p khai niém hinh anh d€ mo ta nglt nghia tit vung
thi giac. Sau d6, cac véc-to ddc trung nay duoc chuyén doi thanh dang khoi cau va duoc luu trie
trén cAy phan cum can bing iRS-Tree. Bén canh d6, mot ontology duoc xay dung d& mo ta cac
khai niém ngir nghia ctia hinh anh. Mot tir dién dong nghia bao gom cac khai niém chung cho
cac tir vung 16p va thudc tinh d€ moé rong ngl nghia cho ontology duoc xdy dung dwa vao
WORDNET.
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Hinh 1. M6 hinh truy van anh theo ngit nghia SBIR_iRST
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Hé tim kiém bao gom hai pha: (1) xay dung cay phan cum phan cap dua trén cau truc R-
Tree, thuee hién trich xudt cac ddc trung ctia hinh anh trong tap dit liéu, phan doan hinh anh dé
tao cac phan 16p khai niém va thuc hién gom cum dit liéu dua trén d6 do twong dong Euclidean;
tao mot ontology cho hinh anh dya trén phan mém Protégé va tao mot cau truc tir dién nham md
ta ngl nghia cho cac déi twong hinh anh; (2) pha truy van anh thuc hién hai qua trinh truy van:
truy van trén cum di liéu da phan hoach dé€ tim tap anh twong tu, tir vung thi giac va chu thich
cua tirng hinh anh trong tap anh; truy van trén ontology dua vao ttr vung thi giac d€ tao ra tap
anh tuong tu theo nglt nghia; dong thoi, ngl nghia cap cao ctia hinh anh duoc truy xuat tir bo ti

dién dwgc xay dung.
Pha xdy dung cdu trtc phan cum va ontology géom nam budc nhu sau:
Budc 1. Trich xudt cac véc-to dac trung cdp thap va phan 16p cua hinh anh (1-2);
Budc 2. Chuyén d6i cac véc to ddc trung anh thanh dang khoi cau (3);

Buoc 3. Gom cum dit liéu theo phuong phép phan cum phéan cdp dya trén cdu truc iRS-
Tree (4);

Buoc 4. Chon b dit liéu anh ttvt WWW, rt trich URI va cac mo ta, chu thich; tao cac di
liéu mau cac 16p, thudc tinh, ca thé, mé ta ngit nghia cho hinh anh (5);

Budc 5. Lam giau ontology va tao cau truc tir dién ngtt nghia cac tap dit liéu anh (6);
Pha truy van anh: bao gom hai giai doan chinh.
Giai doan 1: Truy van hinh anh dua trén ciu tric phan cum di liéu iRs-Tree

Budc 1. Trich xuat cac vec-to ddc trung ctia anh truy van va chuyén doi thanh dang khai
cau (7-8);

Budc 2. Truy van tdp anh twong tw trén ciu tric iRS-Tree da xay dung (9-10-11).

Budc 3. Phan 16p anh truy vdn bang phuwong phap kNN (12-13)

Giai doan 2: Truy van nglt nghia dua vao ontology va ttr dién

Budc 1. Tao cau truy van SPARQL tir cac 16p ctia vec-to tir thi gidc cua anh truy véan (14);

Budc 2. Truy van anh tuong tu dua trén ontology va trich xudt ngi nghia dua trén tir dién
(15-16);

Buwdc 3. Tra vé tap cac hinh anh teong ty va cac mé ta ngit nghia ctia hinh anh (17).
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3.2 Cac thanh phan trong hé thong
Trich xuat dic trung hinh anh

Két qua trich xudt ddc trung ctia hinh anh ¢6 anh hudong 16n dén hiéu suét hé thong truy
véan anh boi vi cac ddc trung nay dugc st dung dé€ tinh toan dd do twong dong gitra cac hinh anh
trong tap co so dix liéu. Viéc st dung mot loai dac trung duy nhat d€ thuc hién truy van sé lam
giam hiéu suat cua hé thong. Do d6, nhiéu cong trinh da thuc hién két hop cac loai déc trung
khéac nhau nham nang cao d chinh xac ctia tp anh twong tu [17]. Cac déc trung cap thdp duoc
stt dung phd bién trong cac hé truy van anh theo noi dung bao gom: mau séc, két cau, vi tri va
hinh dang [18]. Trong bai bao nay, ching t6i sit dung két hop cac dic trung bao gom: déc trung
mau dura trén hé mau MPEG? (Hinh 2a); dac trung vi tri theo thuét toan ShiTomasi (Hinh 2b);
ddc trung hinh dang dwa trén phép toan Maxpooling va by do canh Sobel (Hinh 2c¢); déc trung
két cau dua trén HOG va phép loc Sobel (Hinh 2d). S6 ddc trung ctia hinh anh dwgc trich xuét la
242 chiéu.

Hinh 2. Minh hoa trich xuét déc trung hinh anh

Xay dung ontology

Trong phéan nay, mot ontology mién cho bd anh COREL, OxfordFlower-120 va CUB-200-
2011 dwoc xay dung ban tu dong dua trén ngdn nglt bo ba RDF d€ mo ta cha thich ngit nghia
ctia cac hinh anh. Trén co so d6, qua trinh truy van anh twong tu theo ngt nghia duoc thye hién
bang ngon ngit SPARQL trén ontology da xay dung. Ontology dugc ké thita tir mot khung
ontology nén tang ctia bd anh ImageCLEF [19] va dwoc thuec hién bd sung theo cac budc nhw sau:
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Budc 1. Chuan bi cdc mau dir liéu cho cac bd anh bao gom: cac phan 16p, thuc hién phan

cap cay phan 16p, cac thudc tinh ctia phéan 16p, cac thudc tinh ctia hinh anh, cac dinh nghia cta

cac phan 16p.

Budc 2. BO sung ty dong cac ca thé va cac md ta di liéu anh vao ontology nén tang da xay

dung:

e Xac dinh cac phéan 16p trong khung ontology [19] va d6i sanh véi cac phan 16p cta

tap anh mudn bo sung, néu trung thi khong can bé sung phan 16p; néu la phan 16p

méi thi xac dinh thit bac d€bo sung: néu la bac con thi thém vao phan 16p cha cé san,

hoac thém vao thanh mét 16p cha méi;

e B0 sung cac dinh nghia cho cac phan 16p méi;

e Cac ca thé khi duoc thém vao duoc phan 16p va tw ddng bo sung vao theo tirng phan

16p trén ontology;

e B0 sung cac thudc tinh ctia phan 16p méi va cac thudc tinh cho hinh anh.

Mot két qua b6 sung dir liéu cho ontology véi bd anh Oxford Flowers duoc thyc hién trén

phan mém protégé duoc minh hoa trén Hinh 3-5. Lac nay, cac phan 16p anh méi trong bd

OxfordFlower-102 la phan 16p con ctia phan 16p Flower c6 sdn trong khung ontology.

WINDFLOWER pacimage 1213
URL: i IMGimage
URI: htp:/sbir-hem.vi/WINDFLOWER S e 1218
Superclasses: IMGimage_1218 opWINDFLOWER inWINDFLOWER
WINDFLOWER SubClassOf FLOWER Annotations:
5 imgName “image_1218.jpg"
Annotations: imgListclass "Windflower"
anoFiename "../. /Dictionary/WINDFLOWER txt" imgFilename
anoURI "http//sbir-hcm.vivWINDFLOWER" *..1.J..AmageDBs/OxfordFlowers17/Annotations/Windflower/image_1218.xml"
anoDescription "any woodland plant of the genus Anemone grown for its '-m,gjpa,,",'mgeugs,c 17/imag _1218.jpg"
beautiful flowers and whorls of dissecled leaves" imgURI "http://sbir-h 1218"

Hinh 3. Ch thich anh dugc thé hién trén phan mém Protégé

Rprefix rdf: <htftp:/

@prefix rdfs: <htip:
t

eprefix xsd:

org /2001 /AMLSchemat> .

eprefix owl: <

eprefix xml: <

éprefix sbir:

sbir:BLUEBELL

sbir:BUTTERCUP =i

sbir:anoURI "
a owl:Class;

org/¥ML/1998/namespace>.

ption "perennial herb with

large rounded leaves resembling

sbir:COWSLIP sbir:anobescription "
sbir:anoFilename "

n in British isles having fragrant yellow or s

Hinh 4. M6t vi du ontology dwéi dang ngén ngt RDF
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Mot ontology cho hinh anh duoc tao thanh cong trén Protégé cd thé duoc luu trir dwdi
dang tép RDF. Céc hinh anh duoc ch thich véi cdc md ta nglt nghia luvu trit cung voi tap dit liéu.
Dé thuc hién truy van ngit nghia hinh anh trén ontology duoc tao va cau 1énh SPARQL duoc st
dung.

Tir virng thi gise IBunercup Dandelion |

PREFIX rdf: <hitp.//www w3.0rg/1999/02/22+df -syntax-nsH>

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

PREFIX xad: <http://www w3.0rq/2001/XMLSchema#:

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

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

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

SELECT DISTINCT ZimgMame

WHERE{ {?IMG sbirimgName ?ImgName. ?IMG sbiropBUTTERCUP sbirinBUTTERCUP . sbirinBUTTERCUP rdf type
owl:NamedIndividual . sbirinBUTTERCUP rdf type sbirBUTTERCUP . } UNION {?IMG sbirimgName ?ImgName. 2IMG
sbir-opDANDELION sbirinDANDELION . sbirinDANDELION rdf type owl:Namedindividual . sbirinDANDELION rdf type
sbir DANDELION . }}

Hinh 5. Minh hoa cau lénh SPAQRL duoc tao ty dong

Xay dung b tir dién ngir nghia cho hinh dnh

Mot tir dién dong nghia bao gom cac khai niém chung cho cac tir vung 16p va thudc tinh
d€ mo rong ngir nghia cho ontology. Quy trinh xay dung bd tir dién ngir nghia cho hinh anh duoc
ké thira tit cong trinh [20]. Quy trinh xay dung tit dién gom ba budc: (1) v6i mdi anh ctia bo dir
liéu anh, thuc hién 18y phéan 16p hinh anh dé€ tao tap tir vung muc tiéu; (2) thuc hién két xuét tw
dong cac khai niém la danh tir va dong nghia voi tir veng muc tiéu dira vao WORDNET theo cau
tric: danh tt, tir khéa, dinh nghia cho tir vung; (3) tao bo dit liéu tir dién luu trix cac khai niém

ngi nghia cdp cao cta hinh anh.

Mbi khai niém duwoc luu béng tap tin chira tén cac 16p hay thudc tinh (Hinh 6), vi du vé ti
vung “COWSLIP” duoc dinh nghia.

| COWSLIP - Notepad - O X

File Edit Format View Help

(n) cowslip, paigle, Primula veris (early spring flower common in British isles having
fragrant yellow or sometimes purple flowers)

(n) marsh marigold, kingcup, meadow bright, May blob, cowslip, water dragon,
Caltha palustris (swamp plant of Europe and North America having bright yellow
flowers resembling buttercups)|

< >

Ln 5, Col 32 100%  Windows (CRLF) UTF-8

Hinh 6. M6t vi du vé khai niém tir veng trong tir dién ontology

Trén Hinh 6, tir vung muc tiéu "COWSLIP" dugc trich xudt tw dong trén WORDNET dé

1dy cac dinh nghia va cac tir dong nghia: 1a cac danh tir (n); tie khda: "cowslip”, "paigle" ...; khai

niém; cac vi du dé€'lam rd ngl nghia theo ngl canh cua tir veng.
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M6 ta ciu tric cAy phan cum iRS-Tree

RS-Tree [21] duwgc xdy dung dua trén cdu tric SS-Tree [22]. Cach tinh véc-to tam ctia khoi
cau nut 14 va nat trong trén RS-Tree twong tu voi SS-Tree. Cac cai tién trén RS-Tree bao gom: (1)
tao mot khdi cau khong gian dé€ luu trix véc-to ddc trung cta hinh anh; (2) cai tién thuéat toan tach
nut dua trén mot do do sai biét gitta cac phan ti; (3) dé xuat mot ngudng eodé€ gom cum cac div

liéu tuong tu; (4) két hop truy van lang giéng gan nhat va truy van vung khong gian.

Rs-Tree la cdy da nhanh can bang g dung cho bai toan tim kiém anh tuong tu. Viéc gom
nhom dit liéu dwoc thiec hién trén tieng nit ctia cay R5-Tree dwa vao d¢ do tweong tw gitra cac véc-
to ddc trung anh ngudng O cho triede nham tao ra mot cay da nhanh can bang dé giam thoi gian
tim kiém. Cay RS-Tree la cay phan hoach dir liéu khéng gian bao gom: mét nut goc, mot tdp nut
trong va mot tap nut Id. Mdi nut trong Spoqe trén cdy 1a mot khéi cau MBS (Minimun Bounding
Sphere) bao phu tit ca khéi cau cac ntit thudc nhanh cay con. Mdi ntt 14 Sje,¢ trén cay gom mot
tap cac thuc thé; mdi thuc thé spED 1a mot khdi cau chia khong gian d6i tuwong dir liéu va dinh
danh d6i tuong.

Viéc tach nut thuong xuyén sé lam cham qua trinh tao cay. Do d6, d€ nang cao hiéu qua
gom cum va cai thién thoi gian tao cay, chung toi xay dung cdu trac iRS-Tree, duoc cai tién tir RS-

Tree. Cac cai tién trong cdu tric iRS-Tree bao gom:

Thtt nhat, viéc thém mot phéan t& spEDi vao iRS-Tree dwgc thuc hién theo cac nguyén tic
twong tw RS-Tree. Tuy nhién, khi gép mot nat 1a day, thay vi thwe hién tach nat, mot phan ti xa
tam nh4t ctia nut 1a hién hanh nhat, ky hiéu la spED,, duoc chon d€ thém vao mot nut la khac ¢6
cung cha. Nut 14 duoc chon dé€ thém vao thoa man hai tiéu chi sau: (1) nat la dwge chon c6 s6
phén tir nho hon M; (2) khoang cach Euclidean tir tam ctia phan t& spED;, dén tdm ctuia phan tw
ntt 14 dugc chon nho hon hodc béang © Triweong hop 6 nhigu nit 14 thda man hai tiéu chi trén nut
14 6 khoang cach Euclidean ngan nhat sé duoc chon. Nguoc lai, néu khong ton tai ntt 14 nao
thoa man hai tiéu chi nay thi thuc hién tdch nit. Qua trinh thém phan tt iRS-Tree vao dugc minh
hoa trén Hinh 7.

Hinh 7 m6 ta qua trinh thém phén t spED: vao cay iRS-Tree. Siass la nit 1a dwoc lya chon
dé thém phan tit spED:. Trong truong hgp nut 1 Sieass day, phan tie spEDk la phan tt xa nhat duoc
chon d€ thém vao nat 1a gan nhat Sieae.

Thtt hai, khi m¢t nat 14 bi tran, phwong phap k-Means dwgc st dung dé€ thuc hién tach nut
thanh k cum (k > 2). Viéc nay nham t5i wu héa do twong tuw cia cac d8i tuong khong gian trong
mot cum, dong thoi giam thiéu do tuong ty gitta cdc cum khac nhau. Céc phén ti trong nut tran

sé duoc phan hoach thanh k cum theo d¢ do twong déng (Hinh 8).
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Hinh 8. Phép tach nit trong iRS-Tree bing phuwong phép k-Means

Cai tién phép toan thém phan t& vao ciy iRS-Tree

Khi thém phan tit spED vao cay iRS-Tree, thuat toan chen phan tir vao cay duoc thuc hién
theo cac nguyén tic ctia RS-Tree. Tuy nhién, khi g&p mot nit tran thay vi tach nat thi phan ti xa
tam nhat cta nat tran dugc lya chon dé thuc hién thém vao mot nat phut hop c6 cung cha véi nut
1a hién hanh; trong truong hop khong chon duoc nut la thoa man tiéu chi d€ thém vao thi thuc

hién tach nat. Thuat toan thém phan ti vao cay iRs-Tree duoc trinh bay nhw sau:
Thudt toan 1. Thém phan ti vao cay
Input: Nt Sy, ngudng M, ngudng 6 va phan ti dit liéu spED
Output: Cay iRS-Tree sau khi thém phan tt

Function: INspEDiRST (Sy, spED)
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1 Begin
2 If Sy lanat 1a then

3 If s6 phan tir ctia Sy nho hon M then

4 Tinh khoang cach Euclidean d = Euclidean(spED.c,Sy.¢) + spED.r;
5 If d < 6 then
6 Thém phan tir spED vao Sy;
7 Else
8 Tao nut 1a moéi d€ luu spED;
9 Else
10 bat S = Sy U {spED};
11 Chon phan t&t spED;, thudc S thoa d = Maxy=1_count(s){dry (SPEDy. C, Sy. ©)};
12 Chon nut 14 S, cung cha v6i nat Sy thoa diéu kién;
13 Sj 6 sO phan tir nho hon M;
14 d = Mini_1_count(syparent)(dpu (SPED. €, 5¢. ©)};
15 d<06;
16 Thém phan t spED;, vao nat 14 S;
17 If khong ton tai nat 14 thoa diéu kién then
18 Thurc hién tach nut;
19 End

Goi n 1a s& phén tir cua tap dit liéu va M la s6 phan ti t6i da trong mot nit ctia iRS-Tree.
Thuat toan INspEDIRST Ian luot thuc hién duyét tir nat goc dén nat 14; moi lan duyét qua M
phan ti; trong madi [an duyét, Thuat toan INspEDiRST thurc hién phép cap nhat tam va tach nat
tlr ntit 14 dén ntt goc. M 1a hang s8. Do d6, Thuat toan INspEDiRST c6 dd phtic tap 1a 0((logn)?).
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Cai tién phép toan tach nit trén ciy iRS-Tree

Cay iRs-Tree la mot cdu tric cdy can bang dong phét trién theo chiéu tir 1a dwdi lén goc.
Viéc ntt N; bi tran duoc xtt ly bang cach phan chia M + 1 phan ti vao k ntt (k > 2). Thuat toan
k-Means dugc st dung d€ thuce viéc phan hoach M + 1 phan t&r thanh k nhém. Sau d6 mdi nhém
sé duoc gan vao mdi nut 14 trén cay iRS-Tree c6 cung cha véi ntt 14 duoc tach. Khi qua trinh phan
tach xay ra lan truyén dén nut trong thi thyc hién tach nut trong. Qud trinh nay ¢6 thé lan truyén
dén nut goc; khi nat géc day thi mét nat géc maoi sé duoc tao ra va cdy iRS-Tree phat trién thém
mot bac. Viéc lua chon thuét toan k-Means vi ba ly do sau: (1) hiéu qua vé thoi gian thuc thi; (2)
d6 chinh xac cao; (3) khong phu thudc vao thit tu cta cac d6i tuwong. Thudt toan tach nut 14 duoc

trinh bay nhw sau:
Thuadt toan 2. Tach nat trén ciy
Input: Nt 14 can tach S,
Output: k ntt sau khi dwoc tach (k = 2)
Function: KMSplitLeafiRST(S,)
1 Begin
2 Phan chia tap M + 1 phan tt thanh k nat st dung phuong phap K-Means;
3 Khoi tao s6 cum véi k = 2;

4 Ap dung k-Means trén tap M+1 phan t&t d&€ phan chia thanh k cum;

5 Tinh todn ving dién tich chong lap gitta k viing khong gian;
6 Max = OverlapAera(k);
7 kom = k;

8 For k = 3 to kpax

9 Ap dung k-Means trén tap M+1 phan tit d€ phan chia thanh k cum;

10 Tinh toan OverlapAera(k);

11 If OverlapAera(k) < Max then
12 Max = OverlapAera(k);

13 kopt = k;
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14 Fork = 1tok,,
14 Gan cac phan tit cua k cum vao k nut.
15 End
Goi n 1a s6 phan ti cta tap dit liéu va M 1a s6 phan tk t6i da trong mot nut iRS-Tree. Khi
thuee hién tach nut, trong treong hop xau nhat, Thuat toan KMSplitLeafiRST phai tach tir nut 1a
dén nat g6c. Trong moi [an tach nt, Thuat todn KMSplitLeafiRST phai thuce hién M phép so sanh
dé phan bd vé k-cum. Mat khac, trong mdi Tan thuc hién tach ntt va trong treong hop xdu nhat,

Thuat todan KMSplitLeafiRST phai goi dé quy tir ntt 1 dén nit gdc. M 1a hang s6. Do d6, d6 phtic
tap ctia Thuat toan KMSplitLeafiRST 1a 0((logn)?).

3.3  Thuit toan tim kiém anh twong ty theo ti€p cin ngit nghia
Thuét toan tim ki€m anh theo ndi dung dwa trén ciu trac iRS-Tree

Tt cay phan cum dit liéu iRS-Tree da xay dung, mot thuat toan tra cttu anh twong tu theo
ndi dung dwa trén cay iRS-Tree dugc dé xuat. Quad trinh tim kiém anh twong tu duwoc thuc hién

trén cay iR5-Tree va duoc mo ta nhw sau:
Thuit toan 3. Truy van anh trén cay iRS-Tree
Input: vec-to ddc trung spED ctia anh truy van Iy, cay iRS-Tree.
Output: tap anh twong tw SI, tap ttt vung thi giac ctia hinh anh Y,,,,,,
Function: iRSTIR(Sy,, SpED)
1 Begin

2 if Sy, khong ton tai then

3 tra vé gia tri null;

4 else

5 if Sy, khong phai la nut 14 then

6 Chon nhénh Sy, ¢é d6 do twong tre Euclidean ngén nhat;
7 iRSTIR (Syk, Sspep);

8 else
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9 Tra vé tap anh twong tu SI ctia anh I;
10 Thuc hién phan 16p KNN dé tao tir veng thi giac Y,,,,, cho anh I;
11 Tra vé két qua {SI, Yy };
12 End

Goi n 1a s6 phan ti cia tap di liéu va M 1a s6 phan ti t6i da trong mot nit cta iRS-Tree.
Thuat toan iRSTIR Tan luot duyét qua cac nut tie goc dén 1a. Hon nita, vi cay iRS-Tree la cay can
bang nén thuat toan iRSTIR duyét qua chiéu cao 1 ctia cay. Mdi lan duyét, thuat toan iRSTIR phai
so sanh véi M phan tir ctia mdi ntt. M 1a hang s8. Do d6, dd phtic tap ctia thuat toan iRSTIR la
O(logn).

Thuit toan tra ctru anh theo ti€p cin ngit nghia dva trén ontology

Véi mdi anh dau vao, tap tr vung thi gidc duoc trich xuat bang phuong phap KNN dua
trén tap anh tuwong tu theo ndi dung. Dua vao tap tir vung thi gidc, hé thong tw dong tao ra cau
lénh SPARQL va thuye hién truy van trén ontology da xay dung. Két qua truy van la mot tap cac
URI cung ngtr nghia hinh anh va metadata ctia bd di liéu anh twong tw. Thuét toan trich xuét

ngtt nghia hinh anh dwoc trinh bay nhw sau:
Thuit toan. Trich xuat ngit nghia hinh anh
Input: Tap t&t veng thi giac Y,,,, ciia anh I
Output: Tap anh tuong tu Cs; va cdc mo ta nglt nghia M,
Function: OnSBIR(string [] Y,y )
1 Begin
2 Khoi tao tap anh teong te C5; = &;
3 Khoi tao tdp mo ta ngt nghia Mg, = &;
4 imgSPAQRL = CreateSPAQRL(Y;);
5 {Cg;, Mg} = ExecuteQuery(imgSPAQRL, Ontology);
6 Tra vé tap anh twong twe va cac md ta nglt nghia cua anh I {Cg;, Mg;};

7 End
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4  Két qua thyc nghiém

41  Moéi treong va ung dung thirc nghiém

Pha tién xtt ly dwgc thuee hién trén may PC CPU 2,3 GHz 8-core 9th-generation Intel Core
i9, 16 GB, 2666 MHz memory, 1 TB flash storage. Pha tim kiém duoc thuc nghiém trén may PC

CPU Intel Core i7-6500U CPU @ 2,50 GHz, 8 GB RAM, hé diéu hanh Windows 10 Pro 64 bit.

Trong bai bao nay, ching tdi tién hanh thuc nghiém trén ba bd anh COREL 1k, Oxford
Flowers 102 va CUB-200-2011 v6i cac chta dé khac nhau. B6 anh COREL 1k ¢6 1000 anh bao gom
10 phan 16p. B6 anh Oxford Flowers 102 c6 8189 anh duoc chia thanh 102 phan 16p. B6 anh CUB-
200-2011 gom 11788 anh dugc chia thanh 200 phan 16p. Ung dung thue nghiém dwoc minh hoa

trén Hinh 9-11.
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Hinh 9. Giao dién tao ontology va truy van SPAQRL
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Thisis the information of TIGERLILY class

Keywords: leopard lly, Lilum catesbaei, pine ly. tiger iy

{n)tiger My, dewi lly, kentan, Lifum lancfobum feast Asian i
having large redcish orange black spatted flowers ||

with reflexed petals)

{n)tiger My leopard lly, pine Iy, Lilum catesbael fiy of |

southeastem United States having cup-shaped flowers with

deep yelow to scarlet recurved petals)

meta-data

TIGERLILY which means that is lly of )
oo Ditled Sile s e URI: http://sbirhem.vn/ TIGERLILY
shaped flowers weh deep yellow to scarlet | Name: TIGERLILY

recurved petals Image File: image_0481jpg

Class Fie: TIGERLILY bt
Image Size: 608 x 500

Hinh 11. Trich xuat ch thich anh dwa trén tir dién

42 K&t qua thuc nghiém

Trong bai bao nay, cac tham s& M, m, N, 6 duoc tién hanh thuc nghiém dé€ lya chon gia tri
nham nang cao d6 chinh xac truy van. Goi nMax;ycass 12 56 phan ti t8i da trong mot phan 16p.
Chuing t6i thuc nghiém chon M € [nMaxXj,gass — & MMaxiass + @], ala héng s0; N € [2; M].
Ngudng 6 duoc sit dung dé danh gia d¢ tuwong tu cac phan tir thudc mét cum. SO phén tir caa
mdi phan 16p xap xi 10% caa bd dit liéu. Do d6, chiing tdi thuc nghiém gid tri 6 € [0.1 — 1, 0.1 +
1], p=0,005 la hé¢ s6 hoc. Thong qua qua trinh thuc nghiém, cac tham s t6i vu duoc lya chon sao
cho hé thdng dat duoc dd chinh x4c t6t nhat duoc trinh bay trong Bang 1.

Bang 1. M6 ta cac tham s6 thuc nghiém xay dung cdy iR5-Tree

Tham s6 COREL  Oxford Flowers 102  CUB-200-2011
M 120 80 70
m 1 1 1
N 20 25 30
0 0,074 0,098 0,085
Topk 90 50 45
Thoi gian xay dung iRS -Tree (gio) 0,39 2,55 3,15

Viéc lya chon tham s trong bai bao phu thudc vao tap di liéu bao gom: (1) s6 cac phan ti
dit liéu mau trong mot phan 16p; (2) s6 lwong phan tir trong tap dit liéu anh. SG phan tir trong
mot phan 16p cang 16n thi tham s M cang 16n. S6 lwong phan tie trong tap dit liéu 16n thi N cang

16n nham han ché chiéu cao cta cay gitp giam thoi gian tim kiém. Ngudng 0 phu thudc vao do
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twong tw ctia cac phan tie trong mot phan 16p, néu cac phan tit trong mdt phan 16p cang gan nhau
thi ngudng 6 cang bé. Topk cang 16n d6 chinh x4c cang thdp, d6 phu cang cao.

D€ danh gia hiéu qua cua phuong phap tim kiém anh, trong phan thuc nghiém chiang toi
danh gia cac gid tri gom: do chinh xdc (precision), d6 phu (recall) va d6 do dung hoa F-measure.

Ngoai ra, d€ danh gia d¢ chinh xac ctia phwong phép, chiing t6i st dung do chinh xac
trung binh MAP (Mean Average Precision). MAP duoc tinh theo cong thitc nhu sau:

n
i=1 Pi

MAP =

trong doi P; la d6 chinh xac ctia moi truy van va n 1a s6 luong truy van dugc thue hién.

Két qua thuc nghiém dwoc trinh bay trén Hinh 12-14. Mdi duong cong trén d6 thi mo ta
két qua truy véan tir mot cha dé anh trong bo di liéu COREL, OxfordFlower-102 va CUB-200-
2011; mdi diém trén duong cong 1a mot hinh anh theo ting chu dé. Dyra vao cac hinh anh c6 thé
thdy dién tich AUC dudi duong cong Precision-Recall ctia tap anh COREL la 16n nhét (Hinh 12),
c6 nghia la d6 chinh xac cao nhat. Trong khi d6, AUC cta bd anh CUB-200-2011 nhé hon; cac
duong cong gan duong baseline, nén do chinh xac cting thdp hon. Biéu nay cho thdy khi s6 luong
16p anh 16n, viéc tim kiém chinh x4c hinh anh cting khé khén hon.

Dbbng thoi, duong cong twong ting trong d6 thi ROC cho biét ty 1& két qua truy van dung
va sai, nghia la dién tich dwéi duong cong nay danh gia tinh dting dan ctia cac két qua truy van.
Dién tich AUC duéi duong cong ctia ¢6 thi ROC ctia cc tap anh déu ndm trén duong baseline,
cho thdy két qua phan loai trong bai béo cta ching t6i la dung. Trong dd, cac diém trén duong
cong ctia tap anh COREL nam gan diém gdc (0,1) bén trai ctia d6 thi hon cac d6 thi khéc, cho thay
két qua phan loai cia COREL la t6t nhat. Do d6, véi cac tdp anh ¢ s6 luong anh, sd luong 16p
anh it thi viéc tim kiém va phan loai sé dé dang va t&t hon cac tap anh khac.

Precision-Recall on COREL 1K dataset

1 e . . 1 v _ v v ET

04 5
recall false positive rate

Hinh 12. Precision-Recall va duwong cong ROC ctia bo dir liéu COREL
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Hinh 13. Precision-Recall va duong cong ROC ctia b dit liéu OxfordFlowers-102
a) Chu dé 1-51, (b) Chu dé 52-102

et e pon s ot et

(a) (b)
Hinh 14. Precision-Recall va dwong cong ROC ctia bo dit liéu CUB-200-2011
(a) Chu dé 1-100, (b) Cha dé 101-200

Hiéu suat truy van ctia thuat todn tim kiém anh tuong tw dua trén cdu tric iRs-Tree duoc
trinh bay trong Bang 2. D& danh gia hiéu sudt cia mo hinh dé xuat, ching toi so sanh véi két qua

cta cac cong trinh lién quan truedc d6 trén cung tap dit liéu (Bang 3).

Bang 2. Hiéu sudt tim kiém ctia hé truy van SBIR-iRST trén cac bd dit liéu

B6 dir liéu thuc .. Avg. Avg.query
e Avg. precision  Avg. recall ]

nghiém F-measure time (ms)

COREL 79,45 70,19 74,53 15,23

OxfordFlowers-102 73,16 65,36 69,04 49,27

CUB-200-2011 68,17 61,55 64,69 74,16
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Bang 3. So sanh d6 chinh xac gitta cac phuwong phap trén cac bo dix liéu

) Bo dit liéu Mean Average Precision (MAP),
Phuwong phap
%
Ahmed 2019 [15] COREL 72,1
Thanh 2021[21] COREL 76,53
Phuong phap dé xudt (SBIR-iRST)  COREL 79,45
Ahmed 2019 [15] Oxford Flowers 102 71,4

Phuong phap dé xudt (SBIR-iRST)  Oxford Flowers 102 73,16

Zeng 2019 [16] CUB-200-2011 70,1

Phuong phép dé xudt (SBIR-IRST) ~ CUB-200-2011 68,17

Cac két qua thuc nghiém so sanh cho thdy phuong phap dé xuat SBIR-iRST cuia chiing t6i
la hiéu qua trong viéc giai quyét bai todn tim kiém anh theo theo ti€p cdn ngir nghia. Véi tap anh
COREL va OxfordFlower-102, phuong phap dé xudt cuia ching t6i ¢6 d6 chinh xac vuot trdi hon
cac phuong phap khac. Trong cong trinh [15], cac tac gia da trich xudt cac ddc trung mau tir anh
RGB va str dung hinh anh murc xam cho cac ddi twong cuc bd. Tuy nhién, trong nghién ctu nay,
nhom tac gia chi thuc hién viéc 1ap chi muc trén co so chu quan va chua dé xuat ciu trtc lap chi
muc dit liéu d€ cai thién hiéu sudt truy xuat. Trong cong trinh nay, cac tac gia da 14y top-10 hinh
anh v6i d6 chinh xac caa gia tri 87,1% (COREL) va 98,7% (Oxford Flowers 102), véi top-40 hinh
anh, do chinh xac la 72,1% (COREL) va 71,4% (Oxford Flowers 102). Véi tap anh CUB-200-2011,
dd chinh xac ctia hé théng dé xuat chua cao bang. Zeng va cs. [16] st dung phuong phap tim
kiém anh trén mang CNN. CUB-200-2011 la tap anh chi tiét, phu hop véi dédc trung trich xuat
trén mang CNN hon, do d6, do chinh xac ciing cao hon so v6i dé xudt cua ching toi. Pay cling
la dong luc cho cdc cai tién vé sau cho cac nghién cttu ctia ching t6i. Do d6, m6 hinh duoc dé

xuat cé thé duoc cai tién, phat trién d€ dwa vao cac tng dung tim kiém anh trong thuc tién.

5 Kétluan

Trong bai bdo nay, ching t6i da xay dung mot cdu trac iRS-Tree, mot cai tién cua ciu triac
Rs-Tree, ap dung cho bai toan tim kiém anh. Trong cdu trtic nay, thuat toan thém phan te duoc
cai tién dé cai thién thoi gian tao cay dong thoi gitip can bang dit liéu trong cay; thuat toan tach

nat duoc cai tién dua trén phueong phap phan cum k-Means nham nang cao dd chinh x4c va han
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ché& dugc chong lap khong gian dit liéu. Bén canh d6, viéc bd sung dit liéu cho khung ontology
duoc thuc hién cho truy van hinh anh theo ngir nghia. Trén co s¢ d6, mét md hinh tim kiém anh
dua trén cdu trac iRS-Tree va ontology dugc dé xudt dé thuc nghiém trén cac bd anh khac nhau.
Két qua thuc nghiém trén b anh COREL, Oxford Flowers-102 va CUB-200-2011 ¢6 d¢ chinh xac
lan lwot 1a 79,45, 73,16 va 68,17%. Két qua thuc nghiém cho thay tinh hiéu qua so véi cac cong
trinh khac trén cung moét tap di liéu anh. Diéu nay cho thdy phwong phép dé xuat ctia ching toi
da lam ting dang ké hiéu sudt truy van anh theo ngt nghia. Tuy nhién, ngt nghia dwoc trich
xuat chi dirng ¢ mtc khéi niém, dinh nghia va mo ta cho cac phan 16p ctia don d6i twong trén
anh. Chua trich xudt dwgc moi quan hé ngir nghia gitra cac doi tuwong trong cung mot anh. Bén
canh d6, khi so sanh véi cac ky thuat hoc sau, phwong phap dé xuat chuwa dat duoc két qua mong
mudn. D6 d6, trong dinh hudng phét trién tiép theo, chiing tdi tiép tuc cai tién bang mang R-
CNN d¢€ phan 16p cac d6i tuwong va trich xudt moi quan hé gitta cac ddi tuwong dé tao do6 thi ngt
canh cho hinh anh. Pong thoi, d6 thi tri thitc (Knowledge Graph) duoc xay dung dé luu trix cac

md ta nglt nghia cuia cac hinh anh va méi quan hé gitra cac d6i twgng trén anh.

Loi cam on

Chuing t6i xin tran trong cam on Khoa Céng nghé thong tin, Trueong Pai hoc Khoa hoc, Dai
hoc Hu€ va nhém nghién ctru SBIR-HCM da gdp y chuyén mon cho nghién ctru nay. Ching t6i
xin tran trong cam on Truong Pai hoc Ba Ria-Viing Tau va Truong Pai hoc Su pham Tp. HCM

da tao diéu kién vé co sd vat chat gitip ching t6i hoan thanh nghién ctu nay.
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