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Abstract Most of the content-based image retrieval systems focuses on similarity-based retrieval
of natural picture images by utilizing color, shape, and texture features. For the neuroscience image
databases, we found that retrieving similar images based on global average features is meaningless to
pathological researchers. To realize the practical content-based retrieval on images in neuroscience
databases, it is essential to represent internal contents or semantics of images in detail. In this paper,
we present how to represent image contents and their related concepts to support more useful retrieval
on such images. We also describe the operational semantics to support these advanced retrievals by
using object-oriented message path expressions. Our schemes are flexible and extensible, enabling
users to incrementally add more semantics on image contents for more enhanced content searching.
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Density("Dense”, "Sparse”), Distribution("Random”,

“Not Random”), Quantity("Many”, "LotsOf", "Little”,
"Few”), Relative Quantity{"Majority”, "Minority” )<}

2 AdE o8 £FE & Uk

olgld d A4 AFL oniA W& Ha(T 2
Az i3 g FHded FAT 4TS doh
Color®} Sizest 2 4R AHEL AT @9 HAE
ARE FEY 5 Yok EE AT AA & cutoff
value)& AR gsiMe =6 AENEFE ] F
o] "asith & NEEd 5 ojg
t}. o)HE Md BEFE TS A% F8 272 54
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5. ek olo|e] X XIEH EH

o] AelAle A7 oniA] dHoletd HE W& A
g 98 ANe FH3h= WS ATt o2F
Ak 1 2004 B AA/elwlR] BH77], A4/,
Qo7 R85 A Aoz 32" AAT W2
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g2 FoEL HYvHY X3 ANE Adse
ORM(Object Relationship Model) [20]% 24 71&&
e ZPE SHEAQY W dejY Object-IDL
(Object-Intermediate  Description Language)[21] &
T gesg WAE ARtk UM, T &
Ae BE 7AAE dusis] 8B 2520t A A4
H7 g ZRZdMe HEe EYPY FekagE 7Y
g 4 gtk Y EAe A FEAE sty <O
EAE G2 A4S vl Smalltalkd 22 &
& AAAG Heittdg ez 22 AF % OD
7ReA gEth 28BE, ODMG 718 AlZHeA
o Al Q.

FEACA oy
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h

WA AFREE REF AR ref(), deref()
ARt ereth 39 9lvi(behavioral semantics)E
E837) 98 94 vlA A(cascaded message)E ¥
3l= WA]A] AE2)(message path expression)& A&
gty adeEg, 424 ‘oabce’s 953 WAA A
= "(((0 a) b) c)'E vtk A7A, o Hel9 4
AZ ou3it

5.1 4o Chst Hat

22k~ Objectd] 729 PF9e o3 2tk

Class Object { // class for object features
attribute:
containedBy: Image // represents PART-OF
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relationship

objectNumber: Numeric // optional in object platform

type: Decimal(2,0) // HCN values. 1x =
2x = Tangle

color: [rMean: Float, gMean: Float, bMean: Float]

shape: [size: Integer, roundness: Float,
holeAreaRatio: Float, Eccentricity: Float)

textureVariance: Integer

location: [centerX: Float, centerY: Float]

fourierDescriptor: <Float>

method:

conceptType.meet(concept) returns Boolean //
conceptType = {type, color, size, ...}

isPlague( ) returns Boolean // same with type.
meet("Plaque”)

isTangle( ) returns Boolean // same with type.
meet("Tangle”)

}

Plaque,

FolZA shte] AA7E AA Z7Wsmall, very small,
large, very large)\} Zeldark brown, light brown)
F9 HAA MEE wEA = AE FHE e o
543 ZE v)iE(dotted method)$! conceptType.
meet(concept) B4t EEA3L EHIY oI 1
A AEE T g 7Y @A8e 2Ysr) 99
AHS-E) o]#HF f¥9 TE e 78 TYPEJ w
2} meet<conceptType>(concept)$} Z-& uj/)wi43ld
WA= (parameterized method)Yd  typeMeet(), color
Meet(), sizeMeet()3} Z& tF Hlhtaz FIY %
Ao}, o] AL Fo2 Objectell A= U= Thdsh
EAHRES &3A Aok o] Ay £5F Mol 1
RAQ e v 2o

+ o.type.meet("Neuritic”)2  FoJ3 A3 o7}

‘Neuritic’ E}lolvt 1 MEERIO £31H Fghe
g gt

* o.color.meet("Dark Brown”)2 Fo]A A 09
44 ‘color'e] Fkel ‘Dark Brown'o|gls 7|22
DENINE FE ¥

+ o.size.meet("Small”)& FojZ AH o9 £A
‘size’®] ol ‘Small’olghz 7|EE WEAIE F
e e

olfg Aibe] wWEHE FAHA NI FHA
wE F&Ech ool FHAY MR AP 54-A =
ol g}

5.2 0IOIXION CEH St
JulAE EES) A% sALs Tz Wl
thest 2o

fr

Class Set {

attribute:

elements: {Element}

method:

cardinaltiy() returns the number of elements
}

Class ObjectSet super: Set { // class for features of
set of objects

attribute:

objects: {Object} // represents the inverse of
PART-OF relationship

method:

objects() returns the set of stain objects

subset(subsetCriteria) returns the subset satisfying
given criteria

conceptType.meet(concept) returns Boolean //
conceptType = {density,distribution,quantity, ...}

averageSize() returns the average size of each
elements

majority () returns the object type of major elements

minority() returns the object type of minor elements

isMajority(targetObjectExpression) returns true if
the given object type is majority

isMinority(targetObjectExpression) returns true if
the given object type is minority

load() calculates and returns load values on current
elements

private method:

makeCluster() returns the number of clusters

}

Class Image super: ObjectSet { // class for image
features

attribute: .

imageNumber: Numeric // optional in object platform

AbLoad: Float

PHFLoad: Float

relationship:

relatedWith: Slide // represents HAS-A relationship
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method:

plaques() returns the subset of plaque objects // an
optional method for convenience

tangles() returns the subset of tangle objects // an

optional method for convenience

}

Bhute] FolF olulx] <tellA AAMEY HAE AH
g gart Aok thee] AZAELS ol HMAE AF
8171 93l AMS-"th A7)A, iE s o|nAE HE
st Wgrolth

- i.objectsi= 3 o]u|Ajo] &3 TE ANES 9

k3=

- i.objects.subset(o.type.meet(concept)) & Fo]

7 olm Aol &4 Elgle] &3 e AAES 9
g}, o & B9, iobjects.subset(o.type.meet(”Pl
aque”)) FolZ olu|z] W9 NE Eeta AAE
S 9§t

» i.plaques< i.objects.subset(o.type.meet("Plaque”))

o} F-dsich
» i.tangles< i.objects.subset(o.type.meet{" Tangle"))
o} FYsich

A3 do|ghue] 2o Ao Wzt X {3
& F4AE7] 4§ ke 5AF FA 9 viEol

FAojr}t, Fojx olmA|7} Quantity(many, lots of,
little, few), Relative Quantity(majority, minority) &
ol ¥z MdE BEAIIE AE AHslc Yol ¥as}t
t}. conceptType.meet(concept) QAL E&]Aae 2
ey oekst 94 Ade TS e 71k wj 3]
ARgE o] d4te] §xF Holy thikAed o ES
&3 2

« i.density.meet("Dense”) = Fo]H olu]|x] o

AN AAEY Wt o FAgks g

« i.plaques.density.meet("Dense”)= F0]%1 o]v]
A R Z8ta 4A5e Uxvt oW FHak
£ "3}, o]+ i.objects.subset(o.type.meet
("Plaque™)).density.meet("Dense”) 2} Fdslcl,
i.plaques.subset(o.size.meet(”"Small”)).quantit
y.meet("Many”)E Fo]3 o|u|A]| tofjA #e &
gage 41 Bow Fgs PGt ole
i.objects.subset(o.type.meet("Plaque”}).subset(0.si
ze.meet("Small”)).quantity.meet("Many”)9} T
stth, olo} BAUskAW Hoh EEHY xS
i.objects.subset(o.type.meet("Plaque”) and o.size.

EE ol olUd RES

meet("Small")).quantity.meet("Many”) ©]c}.

» i.objects.subset(o.type.meet("Diffuse”) and
o.size.meet("Small”)).quantity.meet("Many”)
€ Fo17 "R WelA Zr7h e F§ad Zet
Z9 $7 BE A9 Aws dhdct

» i.distribution.meet("Random”)& Fo]z o]u]x]
Well A A So] #5shA EFEH Y& FH-9d

234E g9
majority () G4+ Aoz 7 2L 248 7
38 minority() €4k Aoz 47t L g4
28} isMajorityO <} isMinority() €4k ujsls
2 FoR AAsL Foz ou|A URA op(EE
29)0XE B3] 98l AHgach AME o tEd
2},
- i.objects.subset(ol.type.meet("Plaque”)).isMa
jority (02.type.meet("Neuritic”))-& Foj3 o]n]
2 WRlA Zeae] ditkert 433 MBEERY
Aol FAgs @t
5.3 R st gat
Folz oA &3 RE AAES W HE
AbLoad, B3 PHFLoad, Zdl=9] &, #39 &, Z&
as e A7), B39 BF 27 58 8943 Yol
gesitt Zet2 ObjectSetd? Fet2 [mage?] WA=
3 o] 7 5 A
=3
+i.plaques.load ©|v]A|9} HiF AB loadfhe &
B}
- i.plaques.cardinality= o] o]u]x|e] &gtz
o] & g}

+ i.plaques.averageSize=
B A7)1E YEginh
B AbLoad, BT PHFLoad, Ed=9 H# 74
Eae Hy 27, BEe] P37 279 28 9% A
BE EA &Eol=d &3 BE o|9|ASd s T3t
A% #gslrh ol Fet- ImageSetd] AN dl
58 FUE foldA APT 4 Ut ol#d w4
2 B3 FAolxd A gzl 43 ZE &Efo|=o
o3t g9ks & 4 Aok i) JFPol digt o A
R w7k E 78§ itk <) F a9 FRE F
2 dlolelgre® AAE & o, 89 oluxE §4
3 Al ez RoFE Rl ¢ F& Aotk 1y
22, summary()$} visualSummary() 94+ g
PatientSet, Patient, Case, Slide, ImageSetd] F7}3}
olop ek o)A, FEA  Patient, Slidet

SEENEREE-DED

Case,
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ImageSet Fek=9 MBZE22 BIE & At 17
B3 Zd2 ImageSetS T3 2o} Feojduh

Class ImageSet super: Set {
attribute:
images: {Image}
. method:
summary( ) returns summary data over all images
visualSummary( ) returns visually synthesized
summary image
private method:
summarize( ) calculates summary over all images
}
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