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Adaptive-Growth-Type 3D Representation for Spatial Design
Ichiro NAGASAKA and Toshiharu TAURA

In this paper, the design of spatial shapes of function carriers and the spatial layout is called a spatial
design. In it such design processes as constraint satisfaction are considered. In general, since the constraint
satisfaction problem in spatial design can often be very difficult to solve becauce of a lack of constraints
and countless combinations of the layout, a variety of solutions which satisfy constraints should be allowed.
Therefore, in order to allow such variety, the notion of developmental processes in biology was applied and
adaptive-growth-type 3D geometric representation based on evolutionary algorithms was proposed. Here, the
adaptive-growth type means the shape expressed in the process, which develops through interaction with an
outside environment, like shape generation of a living organism in the natural world. Finally, the representation
was verified by applying it to the component layout problem in the early stage of satellite design.

Key words: geometric representation spatial design, genetic algorithm, classifier system
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Fig. 1 Shape generation in nature and CAD
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Cell

Fig. 2 Cell division model

d = density of cells near point A
Fig. 3 Correspondence between shape and distribution of

density in cell division model
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Fig. 4 Rules applying to cell division

H4iRT L8, BAZEEQORIIDET 4. KIZ, 20
SEISNAIKEOL OWSISHRSEET A 2L > TEAT
BV VBOEETRETS. 25610, FOMREOEIOM
BE%Z, CS D&EMUE - < condition > — L HEL, V-V E
P EBIILI DOV -V arlEET S, £L T, <action>D
HRELTOEL -MRBEOKRE LOBEOEN, ROoF.Lh
LEROFXBI TOEBIIBRESIN S Z L1258 - TR ERK
Ehit. oFh, ZOMBET VBT MBS RO ERN —
WD ERFII BT BB{EFE! (genotype) 12H72 Y, Zhay
BICSNFET SN BROMBFEEO S % IRICER L HED
2K E v ) K BEY (phenotype) 24K T 4. H5ICZ D

BIR - B8 | OB URBOEODBIRREEIREKR

Genotype Phenotype
rules of cell division Shape

Rule B-1
Rule B-2
Rule B-3
Rule B4

Fig. 5 Genotype and phenotype

parameters value
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crossover probability of GA 1.0
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Fig. 6 Shape adaptation
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Fig. 10 Flowchart of system
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Fig. 11 Flowchart of spatial design unit
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Fig. 13 Movement of function carriers shape
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Fig. 15 Externals of satellite
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Fig. 16 Example of output of spatial layout constraints
solver
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Fig. 17 Adjustment of shape and layout of components
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Fig. 18 Horizontal and vertical section (solution 0)

Fig. 19 Outlme shape of fuel tank (solutlon 0)
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Fig. 20 Variation of generated solutions (solution 1, 2, 3,
4)
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Table 2 Generated spatial design solution

solutions | R | AFMME X Y Z HeE
(No.) (BGE) | (BIK) | (cm) | (cm) | (cm) M
solution 0 2.310 1.786 39 51 5.5 9.882
solution 1 1.891 1.525 34 44 6.0 10.820
solution 2 1.824 1.623 34 42 3.7 8.876
solution 3 1.624 1.735 35 45 6.0 9.257
solution 4 2.016 1.488 37 47 5.6 10.660

6. ERCRE

KT, ZREFHFALD 2 DOHHETH 5, HiEES
D 3 RAFKRE, FOEEMEELY FCHEODTHRET S
Tedl, FRERICEHMZE-ALRERRRER FE
RREL. 2L T, KERERRZICHL 2287 ¥ 10X
B AT ARERL, ATHEHRFHCBI 22271 v 247
WV, BEEERD 3 RTRIKE, TOEHMRBEL R HHE0
¢T&%T%ﬁ%@%m%%%Lt.%@%%,3&%%&&
ZEENEREXF RO R TR YRk, $-282ERTY
VESEOND I L ERARRE L0, RS mﬁmﬁ#r
Y (AR

F 7z,

o ML B ED, &5 % ABICKERTKERD
W

o HENICEIRONELBESELILIZLS, 3 002
[l i GV AN S ¥4y

\d Kﬁ(i O)ﬂumaﬁ ‘liﬁﬁ‘gwﬁﬂ&*ﬁuf

LSBOEDREBL L TRUTOIENEZ LN

2EXH

1) R. Smith, S. Warrington and F. Mill: Shape Representation
for Optimization, Proc. 1st IEE/IEEE Int. Conf. Genetic
Algorithms in Engineering Systems: Innovations and Appli-
cations GALESIA 95, Sheffield, England,(1995)112.

2) S. Szykman and J. Cagan: Automated Generation of Op-
timally Directed Three Dimensional Component Layouts,
DE-Vol.65-1, In Advances in Design Automation - vol. 1,
ASME,(1993).

3) BRH—ER, i &, HfiesE  BEETY M > 07200 3D FIKT
TN (B2H) —AEV-VICER L - ERERORRE—, %
HILH455,63,2,(1997)193.

4) G. Pahl and W. Beitz: Engineering Design: A Systematic
Approach, Springer-Verlag, London,(1988).

5) A. C. Thornton and A. L. Johnson: CADET: A Software
Support Tool for Constraint Processes in Embodiment De-
sign, Res. Eng. Design,8,(1996)1.

6) D. E. Goldberg: Genetic Algorithms in Search, Op-
timization & Machine Learning, Addison-Wesley, Read-
ings,MA (1989).

7) C. Brown: Fast Display of Well-tessellated Surfaces, Com-
puter and Graphics,4,4,(1979)77.

8) S. F. Smith: A Learning System Based on Genetic Algo-
rithms, PhD Dissertation, University of Pittsburgh,(1980).

9) V. Schnecke and O. Vornberger: A Genetic Algorithm
for VLSI Physical Design Automation, Proc. 2nd Int.
Conf. Adaptive Computing in Engineering Design and Con-
trol, ACEDC ’96, University of Plymouth, I. C. Parmee
(ed.},(1996)53.

BEISRIE Vo/. 65 No. 4, 1999 531



