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Learning Initial Structural Concept of Houses Based on
Similarity of Relations Weighted by Information

TOMOHIRO YAMAGUCHI,t KOICHI WAKITANIt
and MASAHIKO YACHIDAt

One of the ultimate goals for Al research was to make a learning andrecognition system
integrating Computer Vision and Machine Learning. However, they have been studied inde-
pendently in each field, and there are still large gaps between them. To integrate learning
and recognition system, it is necessary to solve the following problems: (1) What kind of
concepts to be obtained; (2) Description transformation between geometric and symbolic; 3)
Method for conceptual discrimination. This paper describes a method that learns structural
concept of an object from 3D geometric model. To the first problem, we first learn the partial
structures of an object as sub-concept and then learn the structural concept from relations
of these sub-concepts. To the second problem, we define Concept Description Language that
is based on the qualitative geometric relations. To the third problem, this paper proposes a
two clustering methods for analyzing partial structures. First we define a simple similarity of
relations and then we revise it to a information-based similarity clustering method that uses
the distribution of attribute values as rarity information to weight the similarity measure to
improve the clustering result. Experimental results are given using simple and complicated
house examples.
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Fig.2 The process of the image analysis.

8 EKDOANH 1 (housel)
Fig.3 An input example of house 1.
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Fig.4 Hierarchical information of the 3D model.
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Fig.5 The flow of the learning system.
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Fig.6 An initial description of the structural concept of house 1.
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Table 1 Concept description language CDL.
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Table 3 An entire relational product set of plane P3 with other planes.

No Angle Conncect | Up.Down | Congruent | Inclusion | Coplane
PO | Right_Angle True Above False Nil False
P1 Parallel False Equiv True Nil False
P2 | Right_Angle True Equiv False Nil False
P4 | Right_Angle True Equiv False Nil False
P5 | Right_Angle True Below False Nil False
P6 | Right_Angle True Below False Nil False
P7 Right_Angle False Equiv False Nil False
P8 Right_Angle False Equiv False Nil False
P9 Parallel True Equiv False Include True

(a) (b)

T  H2ifiotbili & OREROILEM
Fig. 7 Similar relations of a plane with other planes.
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(rp(p,p) B <)
erps(q) = {rp(q,1),7p(q,2),...,7p(g,n)}
(rp(g,q) %k <)
2 T o BILE Sp(p,q) :

n-1

Sp(p,q) = max y_ s(rp(p, u(k)), 7p(q, v(k)))
k=1
(3)
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u(k) € {1,2,...,n} (p &)

v(k) € {1,2,...,n} (q ZE&<)
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Similarity: 54
{Pair} Angle [Connact] Up_Down Pair] Angle | Connect| Up_Down | inclusion
PO _|Right_Ang | True | Above Nil PO_|Right_Ang| True |Above Nil

Pt |Paratlel False | Equiv Nit P1_|Kight_Ang] True | Equiv Nil
P2 | Parallel | Futse | Equiv Nil

P3_|Right_Anz| True | Equiv Nil

PS5 {Right_Ang | True | Below Nil ><P5 Slant False | Below Nil
P6_|Right_Ang | True | Below Nil Ps | Slant Below Nil

P2 _|Righti_Ang | True | Equiv Nil

P4_|Rig_Ang | True | Equiv | Nit

True

P7_|Right_Ang | False | Equiv Nil P7_|Parallel | False | Equiv_{Include

P8_|Right_Ang | False | Equiv Nil
Po_|Parallel | True | Equiv _ |Include

Pg_|Parallel | False | Equiv |Include
P9 | Right_Ang| False | Equiv Nit

(a) FEPINZMAMKS
(@) The Entire Relational Product Set of P3

(b) FEP4NLUAMKE
(b) The Entire Relational Product Set of P4

B8 2 ¥iii P3-P4 MOBEPEOH N
Fig.8 Calculating relational similarity for a plane pair,
P3 and P4.

%4 EFEHMOMBER (K1)
Table 4 Simple similarity measures of all plane pairs of
house 1.

PO
Pi[s3|p1
P2 50 [:59
P3| 50 |:66
Pa| a6 | 3350 l5e Pa
ps|a8|47|50 |44 46 pPs
P6| 48] 4750|4446 [63]{P6
P7| 44|51 53] 51|54 |46]46]|P7
Pg| 44 51£53 51|54 |46 | 46 :63{P8
Po| 49|53 ]s1 |55 s0[45]4s 5353
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Fig.9 A distribution of the simple similarity measure for
plane pairs of housel.
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Table 5 Weight of the similarity of relations by the distribution of
attribute values of housel.

MERM BREBEDORBE EE R
Angle (%) Right_Angle, Parallel, Slant
(%, 47, #o)

0.85 2.32 2.03 1.43

Connect (¥#r) True:¥#x, False: 2L
1.40 0.68 0.96

Up.-Down (LETF) Equiv:%#&, Below: Th
1.17 1.85 1.55

Congruent (&[F) True: &, False: &
3.49 0.13 0.43

Inclusion (%) Include:&tr, Nil:Zz L
4.90 0.10 0.42

Coplane ([6-—¥) True:[dl- -, False:%z L
3.49 0.13 0.43
FHEEREOM 5.22

5. (NEBOBARFIICLIMROBLUED
€

5.1 KERZAV-EUECEAMTG

4.5 HTORF? S, BBROBLUEICEAFITI L
BETHLI LT hol. FOEAMPITOERNLT
47743, BRICBIZBREEOTHICBNT [BL
WKL ER) TAHHTHE. ThErERTLHID
WEOERE LAV TEUEOEA ST 21T,

39, A5 HOMES I LT}, EOFHRELB
WT—H L REEOEUENEAHTE1TH. ko
T, HBSEE (p) DASWEDP—BHLAHBEIL, EA
(~klog(p)) MR E %A, RICHIMEA 2 I8 LT,
A—BOBEOEPELY —R0LTHOTIES, B
HEOERLEETZ L Vv, WEERFIIOVTI,
ZBRHET L ICEONEREMICET A a#kE 5 2 T EE
THaH, Lh—peHEL LT, HEBREROEY
DHDOLS LOX—FiZ, HEHEORVSODRE
L BONKEVEARL, KB 3 REMEOHER
BEOMIC -1 237 E2EUEL LTEETS. T
bbb, BLWEEL ) LOBREOMIIKE( 250
T, COFEHELT, BUENNSCREEIHIC
5.

LEDOHIcETE, 422HNI ODDEHNH B,
=¥ 1 ORERBEEMOBELEL, HHRELHVWE
#UIEET S,

X1 BRI & SBRREEROBACIE
WERE A IKBWT, Aip,u) 27"FH p,ulp # u)
D A; OREEREME, Pi(p,u) PRERERYE A BT
Ailp,u) DBLNARETHE. DL E, Ai(pu)
& Ai(g,v) MOBBBE s(Ai(p,u), Ai(g,v))
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Fig.10 A distribution of the improved similarity measure
for plane pairs of housel (weighted by informa-
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Table 6 The classification result of house 1 by the
similarity measure weighted by information.

B4 No. FHEE HHC B S
SCo PO B
SC1 P1, P2, P3, P4 B
SC2 P35, P6 B
SC3 P7, P8 ®
SC4 P9 F7

£, MROBEUENEA L FHWBRTHS. W
BPFKEVIIY, REMICBITA29H00MEL, BL
VRIBRTH DL EERT. L 2L, LAREOHRE,
BEALD 2 FERMTRESMRI R0, L&KW
ROBEFHREINTHEEVH I EHaL B, T,
EREDOFEHRBEIL, REMOBAOESLEKT.
ek ziE, K506 MOMFRREDNPTIX, LTHHE
A, BMOEANKELL 2oTVE, HBHITHRRL &
WED housel TOEERIZ, X5 DY HHREDOFH
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Fig.11 A more complicated example of house 2.
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Fig. 12 A distribution of the simple similarity measure
for plane pairs of house 2.
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Table 7 The classification result of house 2 by the
similarity measure weighted by information.
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Table 8 The 5 sub-concepts description of house 1.

e Angle Connect | Up_Down | Congruent | Inclusion | Coplane
SC1 (&) Right_Angle True Equiv False Nil False
Parallel False Equiv True Nil False
SC2 (J#h) Slant True Equiv False Nil False
SC3 (®&) Parallel False Equiv True Nil True
SC4 (F7) NIL
SCo (1k) NIL

29 housel ® SC1 LibOWIBE MDY

Table 9  The relational descriptions of house 1 between SC1 and other sub-concepts.

LT Angle Connect | Up_Down | Congruent | Inclusion | Coplane
SCO0-SC1 | Right Angle True Below False Nil False
Slant True Below False Nil False
SC1-SC2 Slant False Below False Nil False
Right_Angle True Equiv False Nil False
Parallel False Equiv False Include True
SC1-SC3 Parallel False Equiv False Nil False
Right_Angle True Equiv False Nil False
Parallel True Equiv False Include True
SC1-SC4 Parallel False Equiv False Nil False
Right_Angle True Equiv False Nil False
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