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Envelope Generation for Freeform Objects

Song, S. C.* and Kim, J, J.¥*

ABSTRACT

Swept volume is the sweeping region of moving objects. It is used in various applications such as
interference detection in assembly design, visualization of manipulator motions in robotics, simulation
of the volume removal by a cutter in NC machining. The shape of swept volume is defined by the enve-
lope. which is determined by the boundary of moving objects and its direction of motion. In order to
implement the generation of swept volume, researchers have taken much effort to develop the techniques
how to generate the cnvelope. However, their results are confined to envelope generated only in simple
shape objects, such as polyhedra or quadric surfaces. This study provided the envelope generation algo-
rithm of NURBS objects. Characteristic points were obtained by applying the geometric conditions of
envelope to NURBS equations, and then characteristic curves were created by means of interpolating
those points. Silhouette edges were determined in the following procedures. First, two adjacent surfaces
which have the same edge were found from B-Rep data. Then, by taking the scalar product of velocity
vector of a point on that edge with each normal vector on two surfaces, sithouette edges were discrim-
inated. Finally, envelope was generated along moving direction in the form of ruled surfaces by using
both the partial information between initial and final position of objects affecting envelope along with
characteristic curves and silhouette edge. Since this developed algorithm can be applied not only to
NURBS ohjects but also 10 their Boolean objects, it can be used effectively in various applications.
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Fig. 2. Determination of silhouette edge.
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Fig. 12, Characteristic curves and silhouette edges in the case
of freeform objects.
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Fig. 14. Generation of ruled surface between initial and final
position,

Fig. 15. Envelope.
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Fig. 17. Example 2.
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Fip. 19. Self intersection of envelope.

)kt CATIA API SubroutineS-% ARSI,

F3 7502w % AR ANEs AEde 9]
o} yHake A= F e & BEE Heol B4
tagdo] B 2 & £o35H Kim!'e ges
23 F sel§ i) BHe] 3% £5-8
Z&o] gich AAE =g Mgspd Mgg &
o) SRAe P4 47 28 ngs
of clageo] 3t 27198 HFAR Abolg L4
# &% A28 ug)} W EL YHEt

B AFela] 7Rl Al 1353517] 95l NURBS
Tl s 4RUSe HEE BUTE x5}
NURBS #1&] 8)e] Fwios P98 #9e) 7l
232% 5% 3= o7} Fig 169 BA150} Tt
Fig. 168 (are $-F8le B39 27939 #Falel

I, (b BN 280 H #FHEE THE Ao
o} (o B8] 219K A o)) 2§ A= g
£33 A% 22E §A3 Fsfeln (s 4
el SSUGHOl sF sk @) 24q] Bge| ZiA%
SEV(G) ot g she ol &)t B9 ¥
o B E PEel Zimo| P4s]o] JRo] S
Aztoick. Fig. 178 2-& E3) oishy B8 &3
F %S &% dojr}. o] el ) Fio| B
2 3x37% NURBS %) o7lle] ¥HOF ol Foj
Qole) Aol sy YnelFE 48AH BIrhEig.
18). dlA|A B3 whe} o] BYFH Az 2%l
248 FYel HA|A) ojFx|n] o|§ o] & <Y
§ A4ols guziEel B 444 Ag B o Ut

6. G® 3 &% APUX

E ApofiMe dEg &5 HE4d F Ye
 NURBSEWA| AWE 44 22dE5E eksie] &2
B 2 HEAA B =3 A CAD Al&¥Y
CATIAY] A7} A9 710w Sopalgic. miaby 7
Bof chRAIS} 22 Aol ARHRY APEA 4
o] ¥} B3¢ MM E 7HesiHe, g B U4
2|32 NURBS TR E] Belgl 3oz o}

FZCAD,/CAMSE] =83 A6l A2& 2000d 6



100 7%, A3

7 BAlY M= H Lot 7HeslngE 1 ¢4 ¥e
7} g

£ =79 &F dF FAE Fig. 199014 A F g
F9 self intersection®] & A5 o1& AAFgog 7
Al A% 29 25 Ry 29ag AWEg 7
o2 A 3t ¢uYF S NEEe s 290 &
2 A8k Rold

B
Ho
e

—

AR, oAl FEEY 29 AR 2AE A%
237082 5§, ¢ CADICAMES] =57, A
24, A 1E, pp. 60-70, 1997.

2.Ling, Z. K. and Chase, T. R., “Generating the swept area
of a body undergoing plannar motion,” Adv. Design Auto-
mation ASME DE, Vol. 32, pp. 227-236, 1991.

3. Weld, J. D, and Leu, M. C., “Geometric representation
of swept volumes with application to potyhedral objects,”
Int. J. Robotics Res, Vol. 9, pp. 105-116, 1990.

4. Matin, R. R. and Stephenson, P. C., “Sweeping of three
dimensional objects,” Computer Aided Design, Vol. 22,
Pp. 223-234, 1990.

5.Hu, Z.J. and Ling, Z. K., “Swept volumes generated by
the natural quadric surfaces,” Compute & Graphics, Vol.
20, No. 2, pp. 263-274, 19%6.

6. Blackmore, D., Leu, M. C. and Jiang, H., “Swept vol-
ume: a retrospective and prospective view,” Newral Par-
allel and Scientific Computations, Vob. 5, pp. 81-102, 1997.

7. Sambandan, K. and Wang, K. K., “Five-axis swept vol-
umes for graphic NC simulation and verification,” ASME
Design Auwiomation Conference at Montreal Canada,
September 17-20, 1989,

8. Pegna, J., Variable sweep geometric modeling, Ph.D
thesis Stanford University, Stanford, CA, December, 1987.

9. Lasser, D. and Hoschek, J., Fundamentals of computer

HZCAD,/CAMYY =24 A6 A2% 20013 69

Aided Geometric Design, A.K. Peters, 1993,

10. Faux I. And Prait, M., Computational Geometry for Design
and Manufacture, Ellis Horwood, 1987.

11. CATIA Advanced Surface Design API Reference Man-
ual, Dassault Systemes, 1997,

12. 27078, CATIAZ W)9-= CAD/CAM, WHEZ WAL
1998.

13. CATIA 3D Wireframe API Reference Manual, Dassault
Systemes, (997,

14. CATIA API Reference Manual, Dassault Systemes, 1997.

& T ¥

1998\ gH3u) 7) A A 8 BpAL
20001 o) 21A A 3R )
2000A-8 2 CIMVI Tech.

A 2o} CADICAM, CIM System

4 M 3

19813 FFdistz A7) A A

198313 George Washington - 8H4] A}

19833~1984a ©lF national Food Pro-
cessors Association d -+

1989 9= MIT % 2hap<}

1989'd~19912 U5 BM TJ. Waston
Th ARy

19913~1993 = IBM LT EH o] ¢
T aA¢d

199337 sk A Fee Pas

4 &0} Geometric Modeling, CAD/CAM
8




