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Design and Implementation of the Semantic Image
Retrieval System using the Representation of the
Cognitive Spatial Relationship
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ABSTRACT

Design and Implementation of the semantic Image Retrieval
System using the Representation of the Cognitive Spatial
Relationship

Hwang, Myung-Gwon

Advisor : Prof. Kim, Pan-Koo, Ph.D
Department of Computer Science
Graduate School of Chosun University

In present day, there are a number of image data in the web because
of the development of the image acquisition devices. So, many
researchers have been studying about the image retrieval and
management. Keyword matching, contents-based and concept-based
methods are the basic studies for the image retrieval. In this paper, we
suggest the new image retrieval methodology using the cognitive spatial
relationships between the objects in the image. There were the similar
studies already using the spatial relationships. However, the studies have
the limitations and don’t give the good search results. We think to need
the new methodology for representing the spatial relationships. It is the
cognitive spatial relationships. In our study, we newly define the cognitive
spatial relationships and apply it to the image retrieval system. At the
result, we realized that our methodology make possible .the semantic

image retrieval,
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1. g2Ez|dr o]ulx]  AMZ]H(Text-based Image

Retrieval)

A olulx] HAZIME F /M tFr] 43 de AEHI e dZE
71k olulA] AAH7IM-E ojulA] wHojge] o]H A WEE AT FHE
F7tetal Aol F4 & wjAste F@ste Aol tiA] I, o] oln
A9 FAY EF FAHLL O A 2 FAZE T H2E HHE 7
ko] dolelwlolzo] olmx|gt FA AR Fol, A A A A o]n]
Ao i@ AJojs} A oA HRE HM3e Aotk [7.8]. oA
Wale] G2 dolE oA AAH Qe A} H2E FRE AL
mtotatz] E@tie AF "] d2E wi oz HMo) o]Fox]y] wie
d#Fe glE 48 ARES HAE & s Aolg [12] o)y A
7vg & olfre olmA HHIF U] FRFHAU AZe o3 FAFRTE
ojtt. 54 oln Ao Ui FAle Aol =7e £ #FA, Fol A,
WAAY 2 28e o] Fo mWet dE 5 U, =G olnAst xgEn
AE AMAL 23 FE FAHE AeldA ol o] ©f FA/TA GA] Al
et g2l = 7] wEolth ol oju|Ao] iF FHA HRE AHE-3
£ g92E 7|9 o)A HAVHL FFErt A8 HojA= W g R
AN AREo] AHEEI de BeE 2 Yt



2. W&7d - olmxl  AAZ]H(Contents-based Image
Retrieval)

WEIIE ofulA HAIEe olmAst TFsE el SHA 44,
Az, 2, A TR HA T BHAIL o) FHE FAHate]
golBol o] Mgt 2n selaas doolut FA(YLE)
Ao e Argstel AAT 5 Aok 17
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A ANEFEL AFEyd 5 F£H o8 FXE AT AFdGe WHE
o] &3] on7} EEWE ojv]x 9 HNE sHEdA sk AT AFEe
5A4& F&3te ¢ngF9 Mol ofn FAu¥E £F st [10]. 2
Y oA g AAsE AEAENA SAgE 5 Aoz AgsteE A
& AEAE F2 G2E A Ao &3Er] wiEe] F#Ho|A] R}
1, 49 AdolE AdsiviztE FwHEe Foolg Jzte] HdE
shsl@ 0z o) 3%o] o WrhSemantic Gap)e wio] ok,



3. 2EZA 7%k o|n| X HA7]¥(Ontology-based Image
Retrieval)

H2Z AW $)(Semantic Web)ell tig A77F &3] AYPHL Aot Al
Wy 9e Bed BaFr) 9@ 9o ohd AFEI BA E3¢d AdE
o] 9uE o 222 NZE AME FEIA Fo=M, AT AR
B9 ond Fuz4e 7MEdA e Aol ol#d AlYg oA HA
o] Bl 84Ut Hl2 A EA3e AYES A AL} AL Ao
o BAE FA}Ee EEA FHFolvh 2EEAT F4Ze] Add gid &
AFA 71&€87] 98] 2E AYE ALY AR 7113” Aog sta, &
29S¢ JeR = 789 (Concept), AL E0] Zte EAEL £A4(Property) 1
3 AYE Alo]g ABAHE FA(Relation)E o)Lt Aok A olt).
oz LEZAE AEToEN AYES AAHoZ WA AL F
gor, 53 o 714 & EXA gu QA FRF o] 7}5stH.

SEZX 7Y onA] HAZYPL PO g Aloldl EAdte onY RE A
& AT 7 A, g d2ERY 249 AP FUF A o]

25 ATYT F A+ ojFo) Atk 71E 2EZAIE oujx] FY WY E
2 oHAEY FFHY EFRE Bk B FAEE A9 2E2AZ 74

T2 8%, S0 A4 onAE FAHA £FE A% (29 2% 2

o) Waw LEZAE FHUY. 2T oFAE BRH(E}F BE FA)A o
2 a9 gAY 54 2ude] d2B2Z AYa3 olnA WY AAS
T ne) BFe 5 2B2Ad J2UA2 s olnA A4 g
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Digital Art Image

Type & Style Semantic
oit Traditional Computer At
Paintin Chinese Generated Photo Concrete Nonobjectionable
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HN|2& Spatial Description Logic

Spatial Description LogicZ & @79 7]4ke] H& Aoz o2 7} X
gete AAE Aloldl FXHAE AYstrl H¥ J]xelth. Spatial
Description Logic Acc(Attribute Language with Complement) Description
Logicg 7]|¥te. 2 ®ec-8(Region Connection Calculus) ©lgh& &4 37 &4
o o]3] Spatial Reasoningg& %% F4& H &3 o|FAHY k-8 F
 #A BEE8F AF FPANA L GutH FEFEQ FATFY FES 9
& Adojelt} [14,15,16].

ADrec8S ALCDrecs)) 43 EATYE =S (concrete domain)o] 7] wjEof,
TS 3 8sA et Oons & FHYE Aol FA 849 7|5 TA
& Ee 2d, nA, FAED), 98)AEE sy, 9 479 84
£S5 A3 PO(Proper Overlap), NTPP(Non Tangential Proper Part),
TPP(Tangential Proper Part), EQ(EQual), TPP(Converse Tangential
Proper Part), NTPP }(Converse Non Tangential Proper Part), EC(External
Connection) 1812 DC(DisConnected) @ Yebd 4= gler, [2d 312 ol &
E43hg Aoln.

OO E)

DC(X, Y) EC(X, Y) TPP(X, Y) TPP(X.Y)
PO(X, Y) EQ(X, Y) NTPP(X, Y) NTPP-'(X, Y)

[O& 3] RCC-89 J12x Z2a



Rece A9 F7 58I FEL 9935H9 Randell, Cui, 223 Cohnell ¢}
3] AA® First-Order o] &o|t}. ®eceE 23 dhve] 718 £4<Q CX.E
74AA 3 glow, ol ‘Bt Xt B Yo dddo IR dAdn. o7
7lukate] F3F Atole] g #AEY FFHE AU 712A B R 1]
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[E 1] RCC-82 Relations2t Definition

‘Relations

Definition

'X and Y are disconnected'

DC(X,Y)

EC(X. V) 'X is externally connected to Y'

PO(X, V) 'X partially overlaps Y'

EQ(X.Y) 'X is identical with Y'

TPP(X, V) 'X is a tangential proper part of Y'
~TF’P"(X,)’) 'Y is a tangential proper part of X'

NTPP(X, V) 'X is a nontangential proper part of Y'

NTPP (X, V) 'Y is a nontangential proper part of X'

9]¢l Aol First-Order 401 & At#3td] Logice & HH3SIH [F 219 2

o] ¥ ¥}
[E 2] RCC-82 Relations2 Definition
C(X,X2) Jx xEXNX-
DC(X7, X2) -Ix XEXNXz
EC(X;. X2) ClXLXIA-Tx x€ L XN Xz
PO(X,,Xz) Jx x€ XN XA T x xE L XN-XA T x xe-XNI X2
EQ(X;, X2) VxXxEX, & xEXo)
TPP(X;, X2) YV x X€E-XUXeAIx xETNXNC-XoA I Xx XE-XNXz
NTPP( X7, X>) Vx x€-X,U Il X>A I x x€-XNX>




HN3& /=4l (WordNet)

B dFoA ouHA olnjx] AME strI¢E) ojv|A] W] £¥E AAE
o] =H¢l LEZAE THoF @ on A HAgA AHEE = 2E
2AE MEE Atol9 Brt wyflo] Z Holok sk, o2 EofellA FTF
Hoz AL £ JEE =ddY AEVEES T FEHHAY, J1&d &
AE oFAE o) &l shed, & ATodMe A=UE oldsAT

A=vie HE9 Uy Ao oo did LEEZAZA ATY o HAY
o didt AEddelst AT AHIAE EdE, 198%53%-H vlxe ZIxH 4
8} Qlx}2}8ted 14 (Princeton University Cognitive Science Laboratory)ol 41
Mg AFERRR, A= 21937A Aol HYh =Y 213 H4A}
117,09770, A 11,4887H, &b 2214170, ¥-AF 4601708 Fojstxn glod,
A AFAHE HUFE 2yt 4 o3 ES felof, wee], AF/39l0]
of &l Z4Als] 7lsstn gk [18]. J=udlE o]&3 ATels Ad A,
2EZA AFAY B¢, 2EZA B, AdTY fA=E 34, FY AA
T B FokdA 28 2 HLAUE sz Aok [2¥ 4] A=dy 4
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¢ WordNet 2.1 Browser
File History Options Help
Search Word: [car

Searches for car: Noml Senses: l

Redisplay Uvefviewl

5 senses of car

Sense |
car, auto, automobile, machine, motorcar -- (a motar vehicle with four wheels, usually propelled by an
internal combustion engine, "he needs a car to get to work")
=> motor vehicle, automotive vehicle -- (a self-propelled wheeled vehicle that does not run on rails)
=> self-propelled vehicle -- (a wheeled vehicle that carries in itself a means of propulsion)
=> wheeled vehicle -- (a vehicle that moves on wheels and usually has a container for transporting
things or people, "the oldest known wheeled vehicles were found in Sumer and Syria and date
from around 3500 BC")
=> vehicle -- (a conveyance that transports people or objects)
=> conveyance, transport -- (something that serves as a means of transportation)
=> instrumentality, instrumentation -- (an artifact (or system of artifacts) that is
instrumental in accomplishing some end)
=> artifact, artefact -- (a man-made object taken as a whole)
=> whole, unit -- (an assemblage of parts that is regarded as a single entity, "how big
1s that part compared to the whale?", "the team is a unt")
=> object, physical object -- (a tangible and visible entity, an entity that can cast a
shadow, "it was full of rackets, balls and other objects")
=> physical entity -- (an entity that has physical existence)
=> entity -- (that which i1s perceived or known or inferred to have its own
distinct existence (living or nonliving))
=> container -- (any object that can be used to hold things (especially a large metal boxlike
object of standardized dimensions that can be loaded from one form of transport to another))
=> instrumentality, instrumentation -- (an artifact (or system of artifacts) that is instrumental
in accomplishing some end)
=> artifact, artefact -- (a man-made object taken as a whole)
=> whole, unit -- (an assemblage of parts that is regarded as a single entity; "how big is
that part compared to the whole?", "the team is a unit")
=> object, physical object -- (a tangible and visible entity, an entity that can cast a
shadow, "it was full of rackets, balls and other objects")
=> physical entity -- (an entity that has physical existence)
=> entity -- (that which is perceived or known or inferred to have its own
distinct existence (living or nonliving)) =

"Hypemyms [this is a kind of ..]" seatch fot noun "'car”
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A3 AAAH FHAA 28 S AT A
ML XN SzhA S| e

olu| )7} Edste AAE Alole] FUAAE AR 7IEY oA A

A A2 2A AAE Ao FFAE FEFAAT 1Y A=

M S0 9S50 7]vH(Region-based)dte] FHHAE A&t ol
Ao 71 2 TARe Axde] o Ese AA FZo] A8aA wm, 7

AE Apole] FRBA BAo]l omHelx YA} AR FHETE At

LN

(2% 5l avrxQ IRBAE HEE 71E9 ovjA HA A2dS 47

(c)1 (c)2 (c)-3
(08 5] I8 Z2t2 OI0IXI A4 AIAE

(@)@ O0I0IX, (b)AHMS2 gads F&8 0/0[X,

(C)MMSO 2AANE E&E 0/0/X



[2] 519 o|uAEE o] &3t 7|E o]v|A] HA AAHA FRHAAE
S RO, [& 3]3 Zo] drh
[E 3] JIZ OIDIXI Z4 AIAEOA

J2&H ES

P— r————

H B (a)-1, (b)-1, (c)-1 flog—connected-tree
S Bm : (a)-2, (b)-2, (c)-2 car-partof-road
H B : (a)-3, (b)-3, (c)-3 mountain-connected-cloud

2eg AAR ASAES J1E A2W) FHEA B8 b2 A4
Ak AgAEe] Q4G oA Tt AME Abole] AAH FHEA

e [E 419 23teh
[E 4] ABRSO0l QAIE AXH BRI

mage ‘Representatior

H BW - (a)-1, (b)-1, (c)-1 flog-connected-tree
S BHm : (a)-2, (b)-2, (c)-2 car—connected-road
A B : (a)-3, (b)-3, (c)-3 mountain—disconnected-cloud

A AHEAEL 71AZE AHER F2o] AZEa A 5 UVE ¥
ojZo] AldE 9 7]Ee] HE AZojtt AHAY ] AN ojuAE F
71 918 ARERES A9 AMEC A AA I QA S Jvter Aeojg
dFPech ghef Alxglo] ggr|wtoz AXES] FUBAE FEH oln|
A vedolgE AR AT, A2 AHERAES] Aoje] HlyItn
guigle AAES ATHA 9 2dGA & =FdMe AFA A T
ABAE A8, AAH XA VN LE2AE 75 % AL
oju]z HA A2HE AAFHA.



M2 XA

2eAE B3
olu] A& Wte
2 stetabm, AAH F

e By
(e Jy B

2H2A 2|

RCC-8914 #@E31 U+
s 3

ojm A e

A3k tha Ael7h gt

e

FARAL QA Azbe] ouA ] AAEY F
oo ¥ AFeIA AHgAEO
o AXsa 9
HuAE Bolar] s HERAE A4

A G| FAE

ZAtol ALRR oulAELE AHNES EFEH, AAE Alold FHBAE
Aste AEE 2009 9 oujAEE FHlEte XA A

oA AlgEo] A FXHAAE 71EHSE ‘connect’, 'disconnect’ 9}
‘part of'Q) Al 7] FH/HA RS & F AU o] RCC-8°] EAF = 87}

FTABAA EF EFEY, 77HA 2EE
o2 yeo. [2d 612 RCC-8% Hlud QAAF FaA 2dS

1.

oloL
PO(A,B) \

TPP-1(A,B)

NTPP-'(A,B)

EC(A.B) \\

@ TPP(AB) /]
NTPP(AB) ||

EQ(A.B)

RCC-8

"

-

N
A

\\

SO s
B -

N
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/ Cognitive Spatial

Relationships defined
in our study
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(2% 619 9AH F3PA 2dL b33 22 FAd o3 =&HAH

s(nx 8 ) ECAB)
/\ /\ Nl Nt
O O s+ (O und D) O mn]
N’ \
(8 ) POMAB) —@PO(A.B) w(( B PO(A,B)\ ‘*ﬂ ( )DC(AB)

X
@ TPP(A B)—_| o N—
B anacay ¥ { B ) POAB)
(2 }) TPPMAB N s

@ TPP-'(A.B)—]
Qe Cognitive Spatial
::~; \{ TPP(A'B)/ Relationships defined
@ NTPP(AB)~_| / in our study
NTPP(AB)” |
(@ NTPP-HA.BM

@ EQ(AB) @ EQ(A.B) whan e 2%

RCC-8 First Order Logic HHA RS

[O8 7] 24 M4 uH
RCC-89 A Aolxl 87} #2F# A= First Order Logicol A, TPP(A B)<}t
TPP'(A,B)7} TPP(AB)Z NTPP(AB)$t NTPP'(AB)”} NTPP(AB)Z
Eolol A 67142 FHagd. F4¥ First Order Logic®) 3 3t3#4
2dE ojnx HA HE3r] A3l oju| A7t EFE= AAMES FHEA
o} vi 3 A3t TPP(AB)SH NTPP(AB)S] #A &9 7]F0] BEs

[0& 8] TPP(A,B), NTPP(A,B) 0|0l X MZ

[2¥ 8]9] A1E 12 ‘TPP(dog, nest) ¥+ ‘NTPP(dog, nest) E%F 7]%

g 9, AF 2 9A ‘TPP(gull, sky) =& ‘NTPP(gull, sky)Z 7|&€& &
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(R)ME1 (R)MB2
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[ 9]9) A=1,29 o]u A= NTPP(mouse, cup), PO(rabbit, cup)@ A&

TF-Ro) HAw, HA| FAMAEC] 7]&EF AEoEL ‘contain’, ‘put in’,
'filled’, 'include’' 522 ZS<& H3td HFHA JAFH FUHAA 2de
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4. mornitor,
speaker

1. baby, blanket 2. swan, lake 3. cat, dog 5. subway, person 6. gull, sky

OIDIXISON LhS &2 T A2
(Z2VE 34 1. connect, 2. partof, 3. disconnect, C_SR:Cognitive Spatial Relationshiips, sp:spatial relationships)

number [C_SR |sp ABIISS &aPXAN 8L
1 1 2 lying lying lie lying lying lie sit
2 2 2 swim search swim swim cross look pretty swim
3 1 1 kiss kiss. kiss kiss kiss love play
4 3 3 | onthe left bigger beside behind left of beside beside
5 3 2 wait in front waiting stand in front look stand
6 2 2 fly soars fly fly fly fly fly
[O8 10] &2 A 209 220 A
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connect, link, tie, link up, fasten,
connect attach ‘o

touch, adjoin, meet, contact
connect kiss buss, osculate
" case after, trail, tag, give chase,
disconnect chase ’ ad: 8 B

god, go after, pursue, follow
disconnect jump leap, bound, spring
partof float drift, be adrift, blow, swim, transport
it hide conceal, shroud, enshroud, cover,
. obscure, blot out, obliterate, veil

[H 6] SAHE MEI|EL B2AXA

connect on, along, across, through

over, under, above, below, by, beside, near,

disconnect before. behind

partof at, in, around, round
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& o]4dte] P TRWA LEZAZ TEHAch [E 71e OWL 23
A LEZ XS YRRl
[E 7] OWL 22t3 22X

..........

<owl:Class rdf:ID="CognitiveSpatialRelationship">
<rdfs:subClassOf rdf:resource="#SpatialRelationship” />
</owl:Class>
<owl:Class rdf:ID="connect">
<rdfs:subClassOf rdf:resource="#CognitiveSpatialRelationship” />
</owl:Class>
<owl:Class rdf:ID="verb">
<rdfs:subClassOf rdf:resource="#word" />
</owl:Class>
<owl:Class rdf:ID="verbConnect">
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#verb" />
<owl:Class rdf:about="#connect" />
</owl:intersectioinOf>
</owl:Class>
<owl:Class rdf:ID="Kiss">
<rdfs:subClassOf rdf:resource="#verbConnect" />
</owl:Class>
<Kiss rdf:(ID="buss" />
<Kiss rdf:|ID="osculate" />

<owl:Class rdf:{D="proposition">
<rdfs:subClassOf rdf:resource="#word" />
</owl:Class>
<owl:Class rdf:ID="propositionConnect">
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#proposition" />
<owl:Class rdf:about="#connect" />
</owl:intersectioinOf>
</owl:Class>
<propositionConnect rdf:iD="on" />
<propositionConnect rdf:[D="across" />

[ 713} Zo] J=vs} S22 ALAS FZ2&d 4zte] FAH9F FAMS S
LEZX 9 dr¥Ag Ao ZHN, ‘woman drive in the car' 59 #AHo]

A% Ag 7FsstA s,
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( Content Provider Interface )

1. System finds the images
automatically from the web

2. Content Provider analyzes the
objects and their spatial 1
refationships about the image

3. System accesses the domain
ontology and the upper level ek
of Lthe cognitive spatial ontology - -

4. System describes the image
using semantic triples
(e.g..subject -predicate-object)

—

Cognitive Spatial
5. System stores the final metadata Relationships ontology
~g 7 4
Metadata
store
about the image r
Ontology Repository

¥ \Jy/~ 3. System accesses the domain "\
{ ontology and the instance Jevel of )

1. End User uses the natural
language query

(ex) "car running on the road”

7 2. Query Analyzer creatas a triple N

that correspond to the query

(1. 8. <car> Con> Cromd>)

the cognitive spatial ontology

[/ 4. System inlerences the semanlics |
[\ of he auery based on the ontology

' 5. Systern accesses the metadata
I\ repository and finds the results |

<L

Parser/Inference
Engine

[O& 12] AIA® ®H X
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<?xml version="1.0"?>

<rdf:RDF
xmins:owl="http://www.w3.0rg/2002/07/owl3#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax—-ns#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:spr="http://vector.chosun.ac.kr/cognitive-spatial-relation#"
xmins:info="http://vector.chosun.ac.kr/imageinformation#">
xmins:objc="http://vector.chosun.ac.kr/object-concept#">

<owl:Ontology rdf:about="">
<owl:imports rdf:resource="http://vector.chosun.ac.kr/object-concept#"/>
<info:uri rdf:resource="http://vector.chosun.ac.kr/image/IMG_007.jpg"/>
</owl:Ontology>

<objc:Car rdf:ID="sebring"/>
<objc:Woman rdf:ID="mary">
<spr:partof rdf:resource="#sebring"/>

</objc:Woman>

</rdf>

B A2"dA #EAE A48 AdEHzE oWAES ESA oluA
o] AAET AAF FABAE ol &3t Zze ojulAe] dig 2EZA
2E22 A#2(Ontology Repository)el A7gtt. &)
Fo = g Haszpsr] 98 BEAE oA X
ate AAEY FULHATE AAHNHE A2 A ol utgos AFoR
LEZA FFo] 7M5eA SRk [ 1012 # N2god [29 1318 £

SEZAZ A4se AAS A §4 Bolxm St
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