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A Flight Model for Butterflies
Taking into Account the Force Caused by Flapping the Wings

YUICHI ANZAI,t KAZUNOBU MURAOKA,tt NORISHIGE CHIBATt
and NOBUJI SAITOft

Recently, a study of animal computer graphics is made extensively for image representation
such. as virtual reality; however, a study of insects such as butterfly is less.  In this paper,
we propose a flight model and how to control it simply for real-time butterfly flight. This
technique makes butterflies fly with a flap of the wings. It can represent the typlcal flight of
real butterflies by controlling the model’s parameters.

Mar. 2000

1. A0 &

N—=Fx VYT T4 (VR) PRE IaL—¥ 3
YREDITIFAEEDRSD, av¥a-3TF
74y 2R (CQ) IZL2AKY - BED) 7T NEER
PHFEIN TS, BRDE L ToBoRIUCHL
Tht, INFTHRPHE, BELENEES O
ZERTWVBREIE),

ML TIHRROELIY 1Y, BoOREHD ) 7
YA LFEREFEMELR, EPaT7AY 2l -7
Y oWTHET 2. BT I RGER T HRAE
ERATHDAOBIZETVRT L, FHiZEL S
WHHEEGHEED 12THAE. ZDH, BHlYIa
L= aryR VRICBITABHBOER, V7741
F_ LD 70 “EE” & L TOREFHEFETES.

BED CGIZHT 52 T TOREIE, Dai 5312 &

T ETRERER TR
Graduate School of Engineering, Iwate University
1t BFAETERHRTER
Department of Computer Science, Faculty of Engineer-
ing, Iwate Univesity
T WACTHERE
Tohoku Institute of Technology

658

5777 ¥ VEBCIEOBOBRED ERFEICET S
LOL, NSO L 2EORIICET 2L DN H 5,
FIBIC X2 HEE, BHOBLHEINLEHO T,
EhsE DRE 2 BT, FOBHICEIED6RBZE
TREERDEDO LN B EVI LD TH B, HDIX
2L X B HTEESNTEL T, BORMOIEHY
THBEOL0H LAREFSERIN TR,

EROMETE, BOWRIE-EICI o TRETHHT
RERETEIL, 8512, #HEDNZBALD, 13Xk
EICERL TR RIBICES &S TEY, Thick
DO S UL LHMER ST ARMAE LT
Y-

K?&T@,;ﬂiéﬂmrmétb%$&%E%
FUZE NIZE7-ZDTEFEL, 2O L oTilE
ERMESED, 1B, AFEEHEFTEI 2T
F2l—=3ar0ibobNTHY, FEEIL S
HEBBIEN T 22000 0TRENIEEZH-T
B<.

REOCTI, Y, EROBORMIEIZOVTH
N, FNEERTALOORBETNVIZOWTRT.
RIZ, RMEFNMIZE > TRET 2 BOBKEED 2
ELZTEIREEERL, 861Ky Iab—va vl



Vol. 41 No. 3

ﬁﬁﬁvfwﬁFﬁwvhm ,,,,,, &

(a) B8R (741

Vi ol — 'v,f"_ "’h

(b) HHBEL (LU &7 8)

(c) FEgB (A FE>YLEY)

H1 RESEEof
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Fig.8 Movement velocity of the position p on a wing.
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Fig. 15  Simulation of behavior control.

WEET BN O BT RIS I S T At
HBHOT, HWHEETOERENNC, BhRoEt
EERL-HNHAOREE, S50, BREOQ-OOTE~
DEMPBEYOLEE, MEL ) LOBEERE DB
OHlH R OEBEORHVLETH 5.

BE BOICTHRLTWE L, BELRTERE
Wi EE LRI TERSEE T EARER T IE
FebmC BB 9

2 £ X #

1) Tu, X. and Terzpoulos, D.: Artificial Fishes:
Physics, Locomotion, Perception, Behabior,
SIGGRAPH 94, COMPUTER GRAPHICS
Proc. Annual Conferences Series, pp.43-50
(1994).

2) WATREA, TR & AE I NURBS, &
B, BARNERTET ML 5 BRBOBVWADE
R CG BIEILR, 71 ¥ Y a v 24adk, Vold),
No,10, pp.1296-1304 (1995).

3) EMAmIE, BERUE, Bt BERMEE, T
FERIR iIREVE BRI T (RESE D ER
Sab—ay, BUREHR AT 1 7 EKWILEE,
Vol.52, No.9, pp.1374-1378 (1998).

4) Grzeszezuk, R., Terzopoulos, D. and Hinton,
G.: NeuroAnimator: Fast Neural Network Em-
ulation and Control of Physics-Based Models,
SIGGRAPH 98, pp.9-20.(1998).

5) Dai, W.-K., Chang, R.-C. and Shih, Z.-C.:
Fracta pattern for a butterfly wing, The Visual
Computer, No.11, pp.177-187 (1995).

6) Mgz, RARS 2 o~y 7= A~V 3
BT ATEIRIM O —FE, % 4 B NICO-
GRAPH F#3C%, pp.98-103 (1988).

7) e L TREEZ YT CHET 2, B
CG, No.12 (1996). : .

8) BHRE  MPBORFIIOVT, BEEF,
Vol.12, No.127 (1908):

9) F-THE ORI TIEE (BHEHE
IR L TET Br), FRE, Voli10,No4,
AvkefE (1957)



Vol. 41 No. 3 BT Z 2L A EEL BOREET L 667

10) OEHE, B B BEENE, 452 74
VP& Fav, RiERZMRS (1984).
11) Tk & ERHY T RERARE 5%, #

Bt (1997).
12) 7FL A K 78F A BRRNEO A7
=X 5k iEfl, SHEE (1997). EFRT KPR TR EIE.
13) 3 BRI EY - FORELLVEIE, VMR : TR 1 EEFAFTERE#HE.
(1986). Y¥a— 8 ST T 4y 7 AT BRI
14) ® B IEERE METE (D—HER
%, EEE (1989). .
15) s W, &€HESZ, T B, ZWHEX: &
PHEMLLRITOR Y OB, $13EEAR
oy M FEPMHES, 5A2-4-3 (1995).

HE —fE (E&A)

BRI 51 R TRASET T4
HAR. MERASRRE, B4 52
EAAETEMFRES. TRTE

TE OAZE (E£R)

TBH0 59 SEFIL KFERZRE LR
BAET. F4EREASERITF. WHAI6LAE
BB S SEEFIER IR, B
62 EERFRPTETHEIE. T3
: FEEEE. T#EL THVT VXL,
IV 2—FTT7 49 7 ADRREICHERE,

(FH 114 9 A 13 BHEH)
(PR 1111 B 4 BERER)

RE th— (E&R)

R 7RI TERERSERETS
WHRAEEITFERXELRBET.
TR 11 EEFRERERTERN %
BfELE. avCa—9757 4y
7 ZZET ARIFRICHEE.

BE & (E&E)

ABAN 26 SERILRETHHERT
EREE, TEH 43 £RKELEE
Bi%. TR 4AFERILTERFREL
2RER. THEEYE FELTax
Ya—9757 4y 7 AETAEF

FEIZHEE,






