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A Study of Design Environment for Behavioral Prototyping

Satoshi OZEKI

and Toshiharu TAURA

During the conceptual design stage (fhp early and creative stage of the dpqmn nrn(‘pqq\ computer aided support
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of de31gners trial and error is very important. In this paper, the authors deﬁne and mtroduce the concept of
behavioral prototyping, which is different from conventional dynamic simulation. The authors also discuss the
design environment for behavioral prototyping. First, the requirements for the behavioral-prototyping support
are presented. Next, a methodology of behavioral-prototyping support, to which the impulse-based simulation
technique is applied, is proposed. The authors use the system for realizing the behavioral prototyping of a product.
Finally, the authors evaluate this approach to behavioral-prototyping support by considering the data related to

the designer’s thinking process in the design.

Key words: trial and error, design environment, behavioral prototyping, impulse-based simulation

1.k L & (&

Fic b NTH 2 REHT 51, MAaRHoRBICBVT, KK

RERETEERIFTLTEBLILR, 20BOFF 7oA AL-X
WEITSED LT, LTRSS EDTELRVWEELEETHS.
COX)REEIIBWT, REBIRIEVE LAITHBEETILEY
BB, MR, RITHBOFELLT, FHERIERX7I-—NYF
Ry FREDHECHES £ I ANE L, RTHBEIF DT -
Fote®, BOFF T O LR T THRIAROERN L REHFFRINL
WG Hot, oL RERNIS, MERFHIBYAEEED
AATHEA ﬂﬁ%%ﬁwfi%Téptwifﬁﬁ%%éhfé
7z,

RERORITHBEZBT AT 7u—F LT, & VEEGES
WL, RATEORITHBICBHTESL CAD VA7 AT AHf
78 D2 R EFBEFOoRE, Thbid, FUBRCEBOTOSA
YU rZeHB\TaI LT, HEBORTHELIBTHLOTH-
TmEExA. FRIIHLTEESIT, REFRONFMEHIET S
FTHBOLBL VI VOIKEHLTE Y, AFXTIE, 350
TUO I A TEVIBEFERDITFH Y 2IL—Yarkn
IS REHLTERL, BATH.

AT, BEHo 7O by A 7w BEE, [HA%E
IHBWT, EZEFESRATHBIINENET L ER ETRIET S
k| EEHEL, HERODEMNIIZL—TarEVnIELS LR
LTHWTwA, bE25A, NENFEEGHEZHEMTL L VI ERT
u,m%u§<m# MAtwiii PEH, —RROIIFEHT I 2
L—3a vk, BEFEFBICIIZHRE L Tw 5 BRE, FICEKE
ﬁ-%Hﬁ%kbwfﬁ%%éﬁ%%%?éfbmﬁﬁt&616
NEDILNLT, BEHOTO 4 €073, BAHRICBVTH
MEEL BT L0 DN EM¥E L3 L, %f& T o )
TV DDEETHL L VI BRETREL WA TH

:@lﬁ&%ﬁ@T?,KM%T&BT@B@BEB%ELTv
5.

* ERSA ERI0E3H2TH
R4S R RRAYAYE 3 BABEEEGD ) FABTREEASF
By 1-5-1)
*EREOE £ B ERAFATHIZNE Y 2 — GEUEE BREES 4-6-1D

o EFO T NI AU S TR TAOOEREEHET LI L
o BE | -XREHTEHRHTHIBHO IO LN IA Y FOXEH
EERETLIL
o MM REENCE Y,

YER -RATLIE
LF, 28THRHOTO AV E2XBETL-00EH2E
L, 3BTEHOTO NI AL rORBHERYIRRTL, 45
fm,$W%Kﬁw1%@-%%Ltiﬁ%ﬁ&ﬁi%ﬁ&u%o
THIEL, ZATEOKEVATLE, FREAVTIT o 72488
B2 D WTIRR, ZOREPSARMFEOTRIEL F M4 5.
LT, 5ETIE, BHLSBOBZEX RS,

ChODXREMRUBRATEOZ LN

2. ¥BOTOPEAELTEXET31-00E M

EHOTO L IA A VT EEBTALOOENSE, 312l —
vaviT— 3 ORERUTHED 2 DO A L EHT S,

2.1 F—NEH BHTF-20RELXETILHOEH)
BESEFITIBWT, BRIFOBRFIFICEL - HBL, KL
AEFFEHBOEOFTHIN TN, BFo sty i sk
BT LD, TORFIEORELEBBICERISHIG L 24556,
RERONFHEHLMATL, HELTERTRERLR V. £
FTHIET, RIABL Lo THATMBLSTVERE BT EIL L
AMATHEHEZ TS, T, RIT#HEOBRICB W THEEIGHE
wmffmiﬁg&W%ﬁofw&mﬁ65# REBOBEDE
FIRADPOHREEBAEBT LN, RITERAOTIIHK - BE -
BEINRE SRA BB RICEL R ETREL R T L TRAIE
BilE->Twh, EAPFETIRESZTWS (M1) . T0XH %
BUHBRBROEEORT, FICBRENRELOZ, REFELPHBRT 2
B OEMIRKOEETH 5.

£IT, AR TR, S NFHEHOP TG, B S
REOBACZ ) BB EBOMRE LTV

Thbb, KBTI,
[BEAEICHTI2H2 L BERROTENBTE T, »OERLEM
WROBLICHE L TE¥BER R TEZZ L

EREBOTO I IAE U S ERBTEDOE—-DEFELTES
25,

BRI Vol 65, No. 1, 1999 67



RS - B | 2O TONI T ESIET SREIRS

Design idea A Design idea C
Shape Shape
Arrangement Arrangement
g | Behavior = Behavior
v O — e S —
= F| Restitution S '§1 Restitution
S - £ .
T E| coefficient T E| coefficient
< “:O; Friction < «"E Friction
T coefficient | coefficient
L d L -
\ Design idea B /
Shape
Arrangement
= | Behavior
&8 -
5 S i Restitution
2 -
= g coefficient
< ¢ | Friction
coefficient « Modification of some
’ > . altributes

Fig.1 Changing process of design idea
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Fig.2 Fundamental algorithm
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public class ObJj implements Cloneable{
final int BALLISTIC = 0; \\ballistic trajectories
final int FIXED = 1; \\fixed

i H \\uniform straight-line motion
\\uniform circular motion
\\the center of gravity fixed
\\convex polygon
\\concave polygon
\\number of vertices
\\array of vertex coordinates
\\coordinates of the center of gravlty
\\angle around the center of gravity
private double{] transVec; \\wector of translational velocity
private double transSp; \\translational velocity
private double rotSp; \\angular velocity
private double mass; \\nass
private double I; \\mogent of inertia
private int behaviorType; \\behavicral pattern
private int polylype; \\polygon type(convex or concave)
private Polyzon poly; \\dynamic array of vertex coordinates
private PropertyDl di; \\dialog box
private Nunlnt integrator; \\instance of NumInt class
private Vector Integrator; \\dynanic array of integrator

final int CONCAVE = 1
private int vnum;
pr:wat,e double[] I] coor;
private doublel] center;
prlvatz double angle;

Py S
public void evalBehavior{double Time) {

if (Behavior == BALLISTIC) {
((NumInt) (In’oezrator lastmemnt())) calcBallistic(Tine);

}
}\\a group of management of attribute information

Fig.3 Object class

Fig.4 Dialog box for editing attribute information
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Fig.5 Concept of REVERSE function
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Fig.6 Concept of KEEP & RESTORE function
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