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ABSTRACT

In automated search of a design database to support mechanical design, it is necessary to recognize a shape
pattern which represents a design object. This paper introduces the concept of a surface relation graph (SRG) for
recognizing shape patterns from a 3D boundary representation schemeof a solid model (a B-rep model). In SRG,
the nodes and arcs correspond to the faces and edges shared by two adjacent faces, respectively. An attribute
assigned to an arc is given by an integer which discriminates the relationship between two adjacent faces. The +
sign of the integer represents the geometric convexity of the solid, and the - sign the concavity at the shared
edge. The input shape is recognized by comparison with the predefined features which are subgraphs of the
SRG. A hierarchy of the database for supporting the design is presented. A search for the desizn database is also
discussed. The usefulness of this method is illustrated by some application results.

1L.A 8

AR A 2T o] 7w o] uebEQ WHs) o], A
= Z1A1dA Fopoll delMT HFE ol§ 714 (Computer Aided
Technology)2] 280} ol 2lA] Lojutn gk 53] P4 ndly,
A 299, 4T FA 2 2g +=32 A EHejd
714 52 oln] 44 £ZEHo] W7 wujs 2 ok 28,
AF7hA 2@ Azbel AA AE AP Aol H AN Fote]
23 =o] & 7|A4A§ AEF CAD(Computer Aided Design) A&
o] 2] g5te] WL A ¢ 20 2o WA g vk

HT o= A9, R 7HA Peie) 2| ALA A A As)o] Poj
51 9ou’? Ao YAl g WY oz MAAA B
T Qlof, AjAglol ALg A AA L7} 1 )31t g adel] At 4
A& vje el P4 o dYo] AYs}A| gpow et ol
AAHES gL Ao HAE AYd 7] Bre G
HAARE At Aoz 234,

B =Foat #)4gete] AAdA e §4o2M, BHA 4
A9 ANAEs BE Y A B=E, 58] =24 Sl AA
Hol Q& T X2 elo] Y4lo} AAG AR vlo|E| wloja
35t 2, ol & 1A AN AFH T BEI= L ARt

F53% dlojE wlo]AE A9 CAD ALH ALE517] HalA
&, 8 So] Fshan)] ZEAANE Y AE K (notchy] QA
P $UAE AL S AFoT GH-AYA gowl ¢rd) ol
ole] Hlo]AZ Y] Wajt A tlolel & AFH o2 FHste] A
Ao o] -§317) gisA L, A3 P4 Ae-g AT Yast 9

-670-

o} ol#l g kel WE 14 32 P4 5 A (form features)ZHe] 7
) 3£ o] 3 (graph matching)oll 2] 3} o] Fo] 2}

webA, B = 2o M Brep £ = RHORRE P4 AW S
Q14)3}7) §]5ted “AAA Tz THG A2 o] AP} HEA
JHEE A FHY $£/HE BASHE A O 24 2
el BE 9 28 A S vell: £ 7|3 o8] dANAE 71
gich o] AMA T Eol oF M ¥ Pk WRe] A4, 7]
g Aol g 44X 7F A7 s]o] AAALR dlojE wjo]A9] &4
ol AAFH o7 Yt Bog WA Hg o F B3l B A
T F24E wlgt

2. AAAE tloje] wo] 2] 4

B =R E AAARY 2 M, JNARE Tl Z=dAd ol
R $YNF) VAT 2L @ T E Y o2 WR IS
T ol 8 R E thEoh oledt tiolEldl: oA =X FFE
7HR ggolu & BE o $HAFAT, Fuat 4o gloiMel #¥
ZHE® 33 gro] 2 g4l uhe} o thoftt F5-9] HolE &0l
3= o} Aot

2129 x Qe[ R Tt

]
N

ae=g FAsE F4 F 0 A FHTL Lelstal B2
ny Bel 24 B3 % A9 dolE OoE Who] AT ¥
287, de Y Mne THOR Aol welH, T A U



\\\
\
\
ALARAN
e
NN
A\
RN ,;s 115
> ~1.10 o
\ N >4 11105
5 N N e Ny s el g
' o7 ::\\
I s e e P
1 r/d

0 01 02 03

Fig.1 SCF graph of a stepped bar under tension
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Fig.2 An example of graph retrieved from Fig.1
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Fig.3 Hierarchy of design database
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Fig.4 A part of design database

-672-

pertly cylindrical
sutface

planar surface

N\ ¢
planar surface ’

partly eylindrical
surface

Fig.5 Convexity and concavity between two adjacent faces

YorBE B dFolA AR 25T ol #le|ArtFig3e) H
o8] Fx AN BT AT S &+ Ak

3. FAke] HE Q4o 23t tlojE wlo| A 4
AABE ZTHA Aol 72T dlol wlo] AR e BEF
Yol TUHE LA P4 32 g3 2EWEA

48 FobA GhoH QrET

Q]

pad

pil=4

3 FH EF W 25 BA Ve

B AR E A4S 4579 ¥, 5 8 (planar surface), ¥4 Y

% W(full cylindrical surface), %45 H (partly cylindrical surface), %]
W (rotational free surface) 2.2 7| €¢eh, o|2e 45 7o ¥
Bezier 38 parch®) 222 A¥siA mddck B
AH AT AL HFHA Gk

210714 A7 @Y 4+ et
() PP © SHAF A L EATH
L X R R N FHNPZHL FHAARTA
3)FEa Ridsd @ HEYNTHY R ELER
@F AT FAAFFH @) FEYFRY IHAFFE
6) SHLF AN SHLFE (10) AAAFFHY HAAHFHRA

7| B3 Y] £AF1~10& WAL & AP FHY FH7E 4
W] e G2 2 ALt

AH s T T ZolMe] B85 U 25 B4 SEL
Tt} go] o] o th AT HWH FUL BF W 25
A= vl AEE A, ol E o] FH RELFUUY EF Y
LBl w2 Fysts] o] feh olelvt A = Fig 59 Zol F7HA
92 4% + Ak Figs @) ol FEYFU] 2 5L 4
o= REAEE HAol Ak Bezier F49 244 cp7h 2 B
E3rete B3k Pol tste] GRSt obd 4o F2 A
o Ao 2 B(concave) 2 &, AFYAA Gl ded S
(convex) 2.2 7H93hoh Y Figs 0)2 2ol B5EA ZFll= 2
34 cprl B3 A SGgHd AYoH e Fo R W9 B2 4y
ol o BE o7 75

ol e BE W 0B gy Ry BZew . BEE o8

2 do o



Fl

F37

Fé

Fig.6 A cube with a blind hole and its SRG
oWl - BT EAEA o] RYoBH AN TR BIY 05
#AE 74t

32 WA JHz g Sels B4 V&

LS 3
x2=2

WA 2AE S o= YA} Wy wAUE A2 T 4
Hap @ol Bl A7, 2 el AYY T FHE BAFE 4
Wae} ot EAZlolAY B B5 L 0% WAF L +
E2 A $UE Y48 Stk AU THTs FAY 2
P42 Joshi 570] ASAA T, AL AT YA @) 1)
Foll il olslol s 2 83 + flt BHS AT Ak

Fig6e BERIE 3% 717 Aol i Baa) ool of
£ vpepa Rolth 2ol T W FIs} F1e) BAlE 4R &
HAFH 5 BAR DA 27} S, W) F3}Fee) 4
L BEn SUAS U 0% AT 22 RAEG 1 9] HE
I EEELEES T DEEILE S L

olg} grol WA 2o Xk cheA 544 Bk bzt Bz
ZRg 5 A0 X @els Y49 J1EE etk

33 &= Paol Ae A4

AT ool gol, et B4 $HAFE A4 94 7
oz a1 2o WY vfHo] o3 o]Foj it F, B AAHd
MenlE] 8 $YES R P4 5 THES Y YL 7
BA 2 ool iR vl F ol o3 9IF FAbo| A ALt

Fig7& & Alago Ao A EE F4ro] diE 14 &4
ehdich AAtatel A%k T dlole 7t AF el JHHT,
o] 58 HA| Brep TV |t Tgo] JHH 2
o, AAL AL R E WY FR7 S, AH P
WA =5t APk 8 QAR diolE wlo]Ad Sof I
L 2YNERo HA AL A A oM ujg 4 TR
of ol &}k o] Wl A3t 4 P AAA LT G vl
oz QY YAl FHAS R P4 EH o] 22 €T

et WA S0 Aee] $Ystel T AE WA §YATH
PFAL 2= AerE Atk AE BY, Figsol A9 To] AR ohE 3
Mol AL WS 40 599 34 54 A9 & /AT 8
o} olalgk AF, 2 4L HHshy] el Pl de 4AH

U
bl
xR
h=]

=
=2
=
ot

-673-

INPUT QF DESIGN OBJECT

SOLID

B-REP

DECISION OF FACE TYPE

GENERATION OF SURFACE
RELATION GRAPH

INTERPRETATION OF INPUT SHAPE
BY FEATURE MATCHING

A-GROU?

MODEL

3-GROU? C-GROU? SIMILAR FEATURES

Fig.7 Procedure for shape pattern recognition by SRG
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Fig.8 Similar patterns with a common form feature
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Fig.9 A shaft with five features under tension
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Fig.10 A result of database search for the shaft in Fig.9
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