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Intersecting feature recognition based on 3D solid model of graph

LU Hai-shan, LU Tong, YANG Yu-bin
( Department of Computer Science and Technology, Nanjing University, Nanjing Jiangsu 210093, China)

Abstract: As it is hard to recognize intersecting features automatically, a new method to recognize such intersecting
features in 3D solid model was proposed. First, it used the Attributed Adjacent Graph ( AAG) to define the topological
structure among typical simple features and then used the Geometric Relation Restriction Graph ( GRRG) to describe the
geometric constraint relation among their faces. Second, guided by the predefined AAG and GRRG, it used subgraph matching
algorithm to recognize typical simple features with their AAG not varied from the given 3D model. The recognized features were
fixed and removed from the solid model for further recognition. Next, the proposed method progressively recognized those
simple features whose topology varied by adding mirror {ace operations. Finally, the intersecting features could be denoted as
a group of simpler feature entities joined together and be recognized effectively.

Key words: intersecting feature; feature recognition; 3D solid model; topology structure; geometric constraint

0 3%

SEARBER R AR E IR B R CAD S EARAZ —, ]
BT RRMARE], SEAKBLEL o KRR AR XA A] 232y 187 SR A
REEGFAEMZE, He, BRRER ) LR RS X EE , — 8
BT I e R, AR AR B e,
&R RAHERS M EA R, BTSRRI E T
KAGWEHE, B ESFHE UARTBEANRENE, L%
B L5k,

AHZTRHE SR B 2 M R AFIE T ST ie B AR iU — 2K
BRAE, MHACRRAETE =48 SRR h B R L, H B 3h1R 3
HEEEEAT 1) B TR ERREARERE TR S, 1K
UL (B S & D) B ES R AW, HFEE R AL
BRI = R BRARRAE A/ BT 181 S IR TR, Bl A i R A 2
FERA ZHAL AT E R R 2) M RHIE 2 AR R A
AR N T IR 2

AR R AR A R IR B ik, BB g
& ( Attributed Adjacent Graph, AAG) iR R AR IE 3R FM S
], LA 5% 2R 4 5 B ( Geometric Relation Restriction Graph,
GRRG) $3A R AL R T S5 1R 200 5 $R ) 7 - 1) UG T B
FIRBIRME AR I (R SRR AL , IR R IR T R AR —
R AR S R AR DA Y BT B AE . BRI — M FRAE
J& G AN (87 BUARRIE SR A W SRR, FEAT N —

Y5 B H7:2009 - 03 - 17 ;& B H#A:2009 -05 - 17,

HFIEZE s BUR TR R L) O B A A UL
1 = R B R E RN LT 45K

1.1 AR ERINE LA AR R T

SERRE RS ch ) LR ) fT AR AF D E AL TR A AT
ZRICLAIX = Fh {87 B R )4 28 A AT REAE AR B s, i L
A TR BT A R AR S AR AT T AR AL 7 B3R B

SRMAB RIS i AAGY HiiR . AAG gy
AR T , 3 A 22 () e R s B R TR PR AR AR5 5 1
A U P R PR T/ 520 B A A B T R R
VESRAEAE , T/ 00 B MR T A SR B A Rt i 1 e, T
2 T 6 S T B T, 20 SR B U 4% B R A B R 3.

T BELARRAIE P T B AT 4 5 BT 20 W 2 —— T G LA
ARAE ML XRAT,

1) T B JLAAT B 2 o, FU . 7R R YDA o £ 35 2k
E—4E V- TR RAL T , He P 280 1 T 2 v I A TR A AR T
B — T T 38R, T SR R T N T T X R
MR FREE R BT, 78 0, 2R 2R P TR
<t a

2) LRI R AR, HR T KB, T LA 6 R AR
AT 43 VT -5 - T B LA 56 2R 24 o IR A T 55 TR A T UL
MRARAEPER, FHESFHEIUTRRARIEQF=
A PAT R IR B T S R T A0 LA 2 R R gt

EE&WHE: BF 8RR H A% BN H (60603086 ;60875011 ;60723003 )

EEE A Fi 0 (1986 - ) 38 LR G IE A BB, EERT R SRR R (.CAD;  BRIE (1976 - ) 3B TRl A B8R, 19

&, EEBR I EIERG] .CAD;

HEW (1977 - ) 3B ICPHT A, BIZER, A, RO 7 M B R RS AL B,



2376

it FAL R

529 %

Bho BEOM, A —FIFRBRAY T -5 Z ) B LIS , B B 45
PR E  H PP AN TR S A 98 P T 5 S B P A [
S S e e R R e 2 E S

AR — PP B EUR GA—— T A LR R R R B ok
TR R AR AL I T LAY R R AR, AP A Rn |, A
IR B4 2 R T 2 18] B LRI 56 AR T 2 B ) L AT 26 AR 46 T T
REINPAT EE JLE I F

PATFREAFAE 0 6], B 1 45 X B2 ) AAGGRRG R,
HAE 1(a) HEUR BT REFHE i R T £, FBAST £, f; A
BHRA 546 BOAMAEE, B 1(b) ((c) aH% B T
FERFHE AT AGG 1 GRRG 7.

A
AT )
AKX @ ® O—@
A N ﬁEE
2 e
(a) (b) (©)

B 1 FFHEEER) AAG B GRRG R4

1.2 1RZZHFAE A 8 BRFAE R H S R L 2SR T

e B A A SR A AR ST AP AR B, AT AR B AR F 155
MRETRERN, 73 NS A NS U PR 1S
Olo FaSMEMRARI , AR e JEL A TED R0 6 2 T P LA R 4
LW, LA iR

D) FEAME AR T LA R A RIS . SR 2
HFLITAE TR AE RO L, AL AR B F A5 1 TR JLART
JRHEIIR R AATFTEAE

ﬂ[

2 FLARAE I AE T RS AR AE B NI

2) WM TR LR B2y kAR, BRE 2 A
B, FILE , R E S FLAREAEAE M MIE 2 T W3, HE W
JUMASRBUE (BRI RHE RIS R R A,

AEATHRME IR N & AL AR e, H LT A SRt b gk &
AL, XM E RS, B BA G — R EL0 , 4
DIER R . ASCHIZEH =R B TR 4%
EEAH EEDERYRFFEEER, B3 HHX =80
ARG, Forp B 3 (a) Ho WIS A9 R T 4K PR 4 2R 1
FHE; B 3(h) FEENKE S - MIEZ ENEERER;
B 3(c) U5 A REHE, MR —MUTHE R

T Mg Jree bl

@IEEAE 0 EEEE OIMEEEE
B3 AHACHRE PPN R A BB R B

2 ETwIMeIUE 4 R AR R A B %

2.1 FEHEHIEX

PN, A0SR R A A TR T R A ] L T A 1 A
PRI — X i , Ge i s P IO SRR AN 4 TR Y
LA ARG e R BB RS R A
GHRTE o SEABEAL AP BT T A A IR R JBOxd BRIy, PR — %o B2 T

BOAT AR AR, S SE RV T — X T X S P T =
TR SR AAT AT

B4 —xbgms el
2.2 THZEHERIIRS

TE_BR AT R B AR SO AR AT AR TR A B

TEHE T FECEREA -, 0 F AAG 1 GRRG B ER 5]
A AR ASRRAE o A H AT D o 2 A A Ab B 157 SRR, FR
A BB A FRAE A B3 B P 40 P 5 & A A8 A B 1 B4
RPN — AR B4R ST , 5 B HD SO R 1 87 SRR AIF S 44
FMNLEBER PR, BT N — MR ERIRE, EERE
TCH I BT BRARAE AT I
2.2.1 364b4 KA K A TE 8 R AR

X F A B AR TR A R o 4 PN PR o A A A R LA
1t HARBIA BT

1)i@3d AAG T ILHLE 2, 76 SRR R TR T R
B, FRAASFEAE RSP IR R AR
EEARHE 5

2) X R H B9 F BT 1 LA AR BAIE S B 4

3) iE I T BRAE M B AN S 3t B 1% 2 16 B4R 1
P SE R R AE S ;

4) I L PR SRR s B

T MIMEER,

HRAE BT = K Mo BRI BT XTI AAG, AR R 7 SE PR R R
AAG FERICEH) B, 308 G, TRILEB kA SED
FE TR A SR B, SR R UL, B SRR

FH2 THHUEAERRIES B4

MFRBWFE 6, T HHT LA B BARNEIES
150, B PRI T B S AR AY o 2 7 TR BRI .

O JUARRA RN HHSFT AR H LT R
AWMFE G,

a) ¥ T G Pixd i B9 GRRG T [ 5 48 1 A7 B4R 1L 1Y
GRRG & LI AT IE

b) % BRI #45ME GRRG W T B GHEAFT—HB1E, &1
EF A R BEARIE GRRG 1 G,

@ JUA B AR WL S B4 T8 6 #1710 A LA
BHARNIEIES B4 X C FHE—E S, AT FIHRE.

a) WA f, MZREL BIGs m0 1, B AL PR eI o, bk
VRS , AT RE R M G FIRINAER,

b) X} G BEATIHINA REE, B3 2 R B IE 3R b4
R G RN — M EE TR BUEFE G,

F®3 RN A .

SR FH R 4 TG 10 T 20 TR0 B T ) G TRT BRARRAE S R, FL
FRIE R RAE SEid oy — IR R 4, A -5 VTS A 4R AE SE R A K
i, =2 R B SR A T PR T o

O FLEHE 0B 5 s , AFLI I m . 54, 5
Al oHt T A A SEUREE R T — A g A, %R
o A o B T A BB AR N

@ FHEERAE A FRETR AN 3 SR, & 6 FHIRMA
Lo S CHERE AL SRR T — A
KR, %K R T R AR A



%98 B0 S AT B 6 = 4 SOUORE AL AR S AR R A

2377

@ MIFEEHE . AN E 7 BN, 0 AR I — ST 85T £,
ﬁoﬁ¢ﬁﬂ 5@@%&@&#AﬁW%kﬁ%
%5 FLASIE SR A B

il

V4
(@) (b)

B 6  FFHIRRAESCHR I A R

=W

(@)
B 7 SRR SR i A

T B SE AR B ¥ 3 RV 38 1 SR (R B AAG P )
WIS A& HER. BIFIM—XT R, Y T 7 IR R K
AAG TN S, XA N ARASBINER. EEZ
HEBRBRRBIBRETMA R EHEA AAG, BERR
SHASK I RE RS, BNUHITEHF, 4B S R
BEZENEGLERSRE.

FH4 FIRAHME LR

TESCIREARL AAG P RERR A B Y AT SRR SEf& AAG F
B AR T BRI FRE &, T AR R
i, B— IR MR L R R E & AL SR R B 28 R
2.2.2 6t R A AR T 6 R IER R A

DA R AR DR ) 1] SR AE A TR S, LR B R AR 4R 8]
BREEIRFMA TR A TR 2850, 3R F R ] B kA T IR0 I 18
B, T 4250 & A 20 1 24 R B AR A 87 SRR AR 9 IR B

1) FRAE TR 43 B4R o

1€ GRRG W $RILTA AT, 78 LRI AAG IR T
B EH ., NEFFHFH LK, BREERIAINAEAS
AR AT BELARAE , B8 W [ R A% ¥ A BN AR 1 BT SR AE 1 R
A5 5 M BUH X R IR TR AE o

2) BN E RIS,

FHEEED E R, H AAG A AF4kiM GRRG & A A
(% B (AT SR IR & A Bl 2 AR B, RS AE 1) B 3RO R
W) A ST R T GRRG T-EIZE 8, SRS 7E AAG
PEATXE R AR R BT, EASIT,

OFE LR GRRG A 3R 2 RS ARE LM R R 4
KM GRRG FE, XHMFETRERZE, Bt e CE N ER
RAEWPLERNERE, BNEHEREFEEHRITEZ
BN B KE, AT S ZRIEERE R 1. BRI ER
] By SEAEEY AAG 1A, TT LA E B M B KR SOk gD 2
FRHL, i B m EECh 4,

@3] GRRG T B LM AAG Hxt i i 7 B, X R
B EAAFIE AAG B, ST N2 2R B B TR A0 B A e T e L
FEAAEEE , AT L 3% AL 4R 30 29 BROR AR B 18] SRR AE AR 31 o
R, A HTE A BB S SE VR B £ /7 FE I TRLAR RS , 5 X IR

T F) S AN AT B

3) FFHETE 2 R BIR A

AL A IR P 99, A i T 25 25 B BB AP A A
ME R, EHGE T B IT GOR IR 5 KT B v LB BB
SEPRRL A, 2 Sk WAL T B A _E AR AT s v e A Al e
AR AL B o SRS AE R B R M B R

3 ARBALW A K

KA IR ] BAARHIL SRR 2 B AR R R o LT WK
] BLRFAE S PR 2 (B B33 4 s —— T R R RS . T 24
AL SEARTRT AR 34 2 18 WA (R B AR SE AR RHIE R A SRR %
Fo B 8(a) PR K T ARB T L, B RS K
JTPRTRAHSE o 8 SRR S OR PR 3 238 A ] B IR S
AR ERR ERAEES, B 8(b) BIAWAKIT A4

Lo

@ ()
B8 A FARRE LA

HESCHRAE H fé] BLARAE SEAR 2 [B) Ay sUIR A B il 4R
T HIWT o WIARARFAE SRR A FRAFFE—NTH f, SHRHMESEA B i
—ANHf, BERBER  WFRLIR A 550 B 1A% ; anR4F
fiE SR A FHFAE LR B BT 3R 19 1 B AR SL AR AAG P50k
HAMERR, THAML AN E Z WA RARERER WK
R A 5K B ARAHSZ o XFFR A BT A A Y fa] SRR SEAR,
X SR SCAR A B RAE TR

4 B

AR BT IR DA RO L AT 24751 ) = 4 U RIAR 22
FHERBITT i, R OT R4 A AR LA AR EME R, Tl
RHAZFRAE B B SRR B AR AL 70 38, TR M AR 4 2 /Y
AT BELARR AL - F) R TRT BRI SE A, SR U5 DA R BRI SR 1A AR M Y
T RFRRFNIL . #E— 0 TARRSE b 3 2T
BRI B A2 B AR AE U, S At A 52 05 SRt — 28 o0
Hr 53
B E 3k

(1] =EES. A3 ERBIBAREHRIT] . SRR, 1998, 21(3):
281 -288.

[2] HAN J H. Survey of feature research, IRIS-96-346 [ R]. Los An-
geles: University of Southern California, 1996.

[3] BOJAN B, NENAD N, ZORAN M. A review of automated feature
recognition with rule-based pattern recognition [ J]. Computers in
Industry, 2008, 59 (4): 321 -337.

[4] JOSHI S, CHANG T C. Graph-based heuristics for recognition of
machined features from 3-D solid model [ J]. Computer-Aided De-
sign, 1988, 20(2): 58 —66.

[5] CHUANG S H. Feature recognition from solid models using concep-
tual shape graphs [ D]. Tempe, AZ, USA: Arizona State Universi-
ty, 1991.

[6] SASHIKUMAR V, MILIND S, VINAY K. A graph-based frame-
work for feature recognition [ C]// Proceedings of the 6th ACM sym-

posium on Solid Modeling and Applications. New York: ACM
Press, 2001: 194 -205.



