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Communication Tool for Motion Design of Three-Dimensional Computer
Animation
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Abstract Designers, who develop moving images, ordinarily create three-dimensional computer animation (3-DCA) in
collaboration with operators, who work using computers. In this case, the operators need to be able to receive each image
motion from the designers accurately. In this paper, we propose a new work flow system for creating 3-DCA to communicate
the timing information of the image motions. We present a numerical definition of the timing information for 3-DCA and
propose a tool for extracting it from the designer’s hand motions. Operators can then receive the numerical timing infor-
mation from designers using the tool with the proposed work flow. The tool is simply composed of a personal computer
and a CCD-camera. Experimental results showed that the extracted numerical timing information was similar to that of the

image of the designers. The proposed work flow and the tool are useful for efficiently communicating timing information and

developing 3-DCA.
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Ordinary flow diagram for developing computer anima-
tion.
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Proposed flow diagram for developing computer anima-
tion.

BTAX—T L —bRty Lty +FIZHDHEE, F
BoZA I MEp():(E =1, -, F) 2.

(2) Tr.pl)=1Th5.

(3) 1BEVLDLEFZBETpH) #HELEL P
(P =S pi) &F5BE, =T L—AllK
WTRTA—ZE2(t) B ADD B~ELTHL
X, BUIOXF—T7 L—onbEHATE7V—AH
IR S5/ A —ZfEH (B— A) x Py + A
12725,

& 2(a) DEEARN R8T A — & WRIZET D4 A 2
v OB E R 2(b) IR, B 2(a) (1) ORI
DS T—Ta i, T A—FEB—EDOEIET
BT 2HMERT LI THY, K2b) F (G D
Y FRAOR—OF 4 I 7E (1/F) 28>, 4 —
A4 v (i) A4 —AT 7 b (i), ELTA—RAL> T
vk (v) A, FRERE 2b) ho (), (i), (iv)
DENENRTG A—=FEOERKENT L—AIIZBNT
AAIVTENRKREL RS, ARXTHR, Z0LHIc4
AIVTEBERE LR E Y A I T HR LS.

2.4 3-DCA #5132

— k872 3-DCA HlfED N (K1) B\ THEE
2o THBHON, BF (B) O M1 2 —TY DR I
BWTEREEINABEROLWVWEVWVMETHS., Z2C, H
SIRETIRMELIROMNERT. BETAHIELR
Wi, T4 TFEEN—HEELER L EEL LRI
FR—FIRET D, EWVIEENRH D, KRR THE
BLTWA ¥4 IV TOBERBEDOEE, UTIIRT L
IRFNEE /2B,

(1) FHAFBREAL I ITA A—ThELE— 3

VERETS. (K3 F0A)

(2) FH¥ASFRearFlicEt—Talriox—77

420 (140)

L= AIIBITBHONE, 7V —I U TORER
Hi<. (R3ddA)

(3) FHEAFRE—a DI IVITAA—Y
DHEHELL, FAI L THBEES. (X3
o B)

(4) FTHATRGA AV BT LEE, &
BYFRY 2RI TARL—FIRET B &3z
AT B R —FIZET. (K350
)

(5) ARL—4ifEar7oFERETILF—7 L—
DIBT BRI A—LEZREL, TI~FA 3
VMR EARLT, /T A—FHBREERT .

(B 3D D)
(6) ARV —EZRRT A—ZHBRORELITH. (H
341D D)

(7) AX—2 PR EHATS. (K3 H0 D)
(8) FVWATH, HAShi=mBLEELEY A3
VAL A—TEEE—Va L ERBEL (K3
FOE), EEERBRRLRDZET L) HLNT
BEEYIRT.
72121, 3DCA OFT_RTHOY—ZBNT, THFAF
NEAIVITERETDIZER, T TOHFEDH
MR B D|MEHTIT RV, THAFTREELE
EZTOERLL, ARV—FA~ADEAL I TA A=
DIRENREE 2 — I LT, ZZTRETIHI{EL
BEAWDZ LTS,
CORETHHEHELETIR, TGO IF¥A4)0
BAIVTAA—DEEENL, §4 I THhREED)
TEMF—RA L RERB. LnL, ZTRERLETD
FiEE, THETIRBEISRLTOARY., fHETEOZE
fvE2BRT L, ZOTE (3) % EEIIT I FEIZIEU
TOERBRHITENDETHAD.
CEBEETTH A U THBRAE LN I L.
CTHFEALTFTDEA I TAA—VICTEDLETIENS
A I THBPELNDZ L.
cFA I THMRERDFIEETVATREET ST
DOMESHTHHZ L.
FITEBIXTE, THYATDEAL IV ITA AT E
HEL, ¥4I THBRERDZDO—HE LT, L
EORMEEMHIZTHEY SEHICBOTRET 5.

3. NYFE—2avhohi4 3 JhiEE A

3.1 NYFE—Yaveiq I /iR

FiL, FOPTERLEBMABOA A -V KBS
DENENRFREREM CTH B L FAREND. EE, ko
EHETRIZBWT D, B—avDiA I VT4 A=
X, N RE—VarBEANWTARV—FIIGEESND
TEMBN. A ITAA=Vk, FTHAFT DK
F—TarhbHTELREERSH L. Fiz, ~UF

BMSIETR A 7« 7SR5 Vol. 58, No. 3 (2004)



E—varThhd, FEIST A FRENTWE#
A IVTBRERCHEINE, TYA TITEEEME %
BELBWEWIFEALHD.

PERDOHIETRER TITbUCE AV FE—Y g itk

BEAITAA-TVDRETE, FOBETONY—
YaVBEETHEED, N RE—T g BT A
WTPFAFTOEAI LT A=TERLTNDDONEIE
ETHOEE LY. LarL, " FE—2 g ORMT
IEFE->THDES TIERL, BINWTWHWDIESRF 1 I
TAA—=TVEFELTWDOEMEV R,
FITHLE, N FRE—arPOFEENGIEEE
TOEREILBITORDELBDVTWAHOES &S
HWEOKE X) OFMER, LI T4 A—-TTh
LDERETSH. LT, EBREALBTZ AV RE—T 3
CORBEEDOREIN, FA I TEICHETS L
T5.

3.2 A4 IS hgRmEnmE
FHATDIA IV TA AT ERTHA I TR
Z, FHPALFON FE— a3 VERE LEBEE) D
EERALIRIZ X > THIH T 2 FIEIZ DWW TR~ 5,
HERA LY AT AMER L LBORNER 4 10RT. &
AT AL, CCD A AT, BEBERY ALEE &/ Y
T = THEREINTHND., AN FE—va v
MHEA I TR AT 5 RIEEZ L TICHRAT 5.

(1) F¥AFTHCCD AT DT RE— 3
VEEEOBKIT). N RE—Y 3 COBES
=Y Frara—2ZY T AFA L (30Hz)
TREFEINSD.

(2) H&ELIzA~v RE—va CBIEEES—V T
A2 —ETEAEL, THYATEERFAL I
TARA=DIZEINY RE— g VERIRT S,
b LiahokBail, 1) ~E5.

(3) BIRLIEANAY FE—Ya VEIEBESREIZLT,
&P OEES L RET 2B BEGROE (3.3 I
WD) LY, FEMLEEICIBIT IEEHE
DEFFZAL v(t) (pixels/frame) % FC#k T 5.

(4) FYALFH, " FE—T g UBEIELTNS
LEZDTL—LIBWTRHEENTW A BE
vo(pixels/frame) %4 7t v FEHE L LTREL,
LITOEEEITV V(t) (pixels/frame) % & H ¢
B.1EL, ADEEFEOVE) L0 LT 5.

V(t) = v(t) - v (1)

(5) FVALFHR, Ny RFE—Va L BEBTOF A
LTI T AT (BEV DT L—A
ts, bV DTL—At,) RIRTS.

(6) Vt)HFDt, i t, OBREHE 2 RIUTIE-TH

£ X T p(d) BT B
, V(ts +1)

pit) = —p———"", 2

O V@ @

B O XO3RTALEa—dT A= g VEETRICEITD 9 1 2 0V EROGERN

CCDAU AT

,
. .

’

.

N ,

. ’

LY ’

. .

D

ﬁ

FFAF

IRe= I a o

WhiE (€ /22,30Hz)
AR g TR
Lifnhe s

BEEERE S v

1 F7 ey NEERE

RFRIRIR
Xk

FAL T IR p(i)

B a4 vAF AL REBOWN

System configuration and flow of processing.

(=1t —1t)

(7) p(d) T VA T OBRCEDLETEET .

(8) p(i) 27 7 A NMBRIFETB.

3.3 EEREHHEOEIR

ATEIC RV TR Lz, # 4 2 v 7 ihimbasmo F

B (3) IZ W TEEMA IR A~D. Z 2T, N~ RE— g
VEIEEG, BEEOFENOELEE COBBICE W
TEGTOEEERELMET 5. T, ReEEOR
ML v(t) DEHFIEEZ =Y.

(1) CCOHBATER=YFLara—FDHEHE
BVIALIEBIZL T, 30Hz, £/ 7 1 256
T FE—Ya VBB f(r,y,t) 2T 7 L—
LYY TS BEBY A X3 160 x 120
(pixels) &9 3.

(2) BEHO3I7L—LE (t=23) WKEAL, =
D7 L—LIIBITDFOEEDONE (He, Hy) %
w—H & LTHRETS.

(3) ~—HiEED Wz x Wy (pixels) D FF CH
HgE NI 7T5 2L, BELTWAY
L— L DR 2 (frames) 3707 5(frames) D F =
TOBERIZRNT, w—hiEfFx Y I 7T
5. We, Wyid, MU I 7 UL7ES (frames) iZd
7o T, TORGFEHLFENLIRENEZVE
EOEEDOREIL L THOLHILDERELTHL.

(4) MY 7L SRICEERHELZITD.
(EEHHEEIC OV TIERIR)

(5) HEBLTWA ¢t (frames) \ZB1T B & EEE (1)
ZHHT 5. 2L, HEREROREEL B
D7, EEEEILHEER SO L9 EOPHE
L5,

(6) {I#& (Hz,Hy) \ZBJ5EE HV,, HV, &HH
T 5.

(7) BVEBODt+ 1 (frames) IKHER 7 V— L% B8
s¥5. ¥, i He+ HV,,Hy+ HV, %Ik

(141) 421



WZBITH—IDAEETS.
WIRBHET, (3)

DEET L—A
(8) BTEERZ7LV—ALHT -2 (frames)
DWBEFIE~FE Y 80 E+
EEBHEICE, BRAORY 4622 L Ak
EO—FE Y * MR REIE VTRV 9. B
B f OZR - BHEMSETNEN fo, f, f T B L
x, HES (u,v) FROFMBIRE AV TR 2 FIET
kB,

L-1M-1N-1

E = E:()mez+ly+mt+n)+

=0 m=0 n=0
e +Ly+mt+n)v+fi— (3)
T

flz+1Ly+m,t+n)w?

fuy

iEL, ZZTwid, RE—RAZERST NTFTA—FT
b, ERBUEL LT, HEREROEREEELA
WEEREBETEE A TWS 0, QEEE, —RiK
1(pixel/frame) AT DHEICB W THEREERE VL &
NTW5R, ERBEEORBLIEEZEDLETHNT,
4 (pixels/frame) RE F CHEB L HETREL LTV 5.
FERXDOERTIE, TXTL, MIZ5 (pixels) # N IZ5
(frames) Z AVVTW 5, LEOEEEERHFIEICR
T, BE7V—L% 3 7 L—ALEBNLBEHEDE, 20
NZS5ICRETDHDTHD.

3.4 A ZUUHBDIAT A -SRI~ DOEHBOE

ANRV—FL, FTHALTFThb A I THREZT
Boiztziz, BATOWMNIHE > T/ A — & i ~DZE
WEE—2a Vv OBEETS.

(1) ¥—7V—LMD&A I 7 #i#pli); (@ =

1,---,F) %35,

(2) F—TVL—AIZBITANNTA—FEI)T bV
TEERBLTRETD. &IOF—T7 L—A4
t=t, KBTI ARTA—FEz, ROF—T L —
Lt=t,+ FIZBIT D7 A—F1E z,)

(3) &R THF—T L—A[ (¢t = t,+1,- -, ts+
th)wﬂixm¢%ﬁmw%ﬁ%¢6

olts + k) = -xs§:p +z,, (4)
k=1, F—D
(4) z(t) %, ﬁ%¢5/7&7;7 Hh¥i
TrANVBRTRET S, (Fl X, AVID #

? SoftImage|3D <° SoftImage|XSI Tit Raw F-
curve 7 7 A /V) . NewTek #t® Light Wave3D T
i% Tmotion 7 7 A /] X lenvelope 7 7 A /V])
(5) z(t) 2R L7 7ANVEY 7 Py TIHA
B, BETHX—T L—ARICEATS.
(6) () &Y 7 hy=TICBWTHRETS.

422 (142)

4. 3-DCA HlI1E=EER

4.1 K &

BETHHIETIRICH ST, EBIZ3-DCA HlIfEEIT-
To. BI5GB D 3-DCA #HER T WA T & 4
NRL—ZICR L., £TEM-T, EROHIETRERIZ
#-T3-DCA ZHIELZ. FZ THROCEMERET T
BRELEE—YarnnRTA—FliigE, TR A—
AR LHE LA I TR E, TYA TR A
IVTARA—TVDEE (ENEFNEME T A — 4 dhif
L, ERZA I THBRERES) L. oI, BE
THHHETIRICHE - T 3-DCA ZHIEL, FOBEDF 4
IUTHBRENT A—FHRE, ThENOEMRE R
EHBT BRI EIC LT, TEL, 3o TiTbh itk
DOHEETIRIZBWT, AL —Z ~FEICFEf 5 A —&
A GEEINTNDZ EEBE LT, AERTITRE
95 3-DCA ffETRRICEIT AU T OLBEITHRN T
oL, ) THAFcE B84 3 v TR~ ETER
(328, ¥4 I/ HMBRMELETIE (7)), 2) A2

—HWRDNT A - HROFEIEE B4, #A
LT HBRDRT A — 4 R~ OEHLETFIE (6)) .
bbb, FHAL TN RE—S g b L4
TR EY, TEA T L AR — FRRERIINTY
5Z&72<, 3-DCA #HIfETHZ iz L.

BUGERRRIE, = oWk (Bk, SHE, =A%) B0
AT ORIF~BET S 3-DCA & L. 3@k, #he
NHMEBEOBBREZITWEEIRE LR 22, 3BEIEFE—
DEAILTT 2 BFH (B AT OXEFHE) 120 (m)
NHET7(m) ETCBETAZLE L., AEBRTE, Zm2
BOMBNRT A—FIIBITDZA I TIZERB L.
BT YA BRI ED BBOBENRT A%, V7
by = TERAREK 2 FE0 24 BOBENR AR —F Y
Lz, #ERLZY 7 b =7, LightWave3D Ver.5.6
(NewTek #1) Th o7z,

WROEEIEA— AT ML, A—=X7 Y kT
BT BB L TR RA IOEEE2E L L,
BRIZITFR IR 22D, # A S 7 DOk 3 7
%%Eﬁkbt.E%&%iyﬁﬁﬁknyk%~ya
B E N Z A 2 v Z R ORGSR AN R D3
B, TFOREENRFECICRE LI, T—FORERE
WARRT D7 Vv—A BT 00T —4% (Thbbikik
WHE) 2B B &Lz, Zhid, #4307 di
DEBIZBNT, A IV THEOKEN, Thbbhe—
a vy OBEBRRKEN, A I THBROFEICBITS
HEAPAEBR THEERTLILOTHS.

4.2 # B

£, EMRYA IV THBRERET SO, THA
FTEANV—ZEFEkORELRER (K1) C#-T, &
ICIERZ 2T T 3 #0ME (90 frames) 12073 3 WA

RUSTEER A 7« 7355 Vol. 58, No. 3 (2004)



DzEHFEOE—Ta VREEXF—T L—AETIT- 2
CDRDNRTG A—FHBERBE L2 ¥ A I THBEE
fRe L.

WIZ, BETDTRICHSTHE UBERE S HI/E LT,
THAFE, H3ISMZ 10BNy KE—V g 21T
W, FORTZoONY FE— g5 (HM-1, HM-2)
FREODIA IV TAA—VITEVEHBTL, BRI,
B5iz, FHVATBJ|E LIz FE— 9 VEIEGED
#H (HM-2) 277, FYAFTIREZEY, ZLTHA
TONENIKT LT, BEIZFEFEZEL DI ~ESIT5
LI, N FE—VarEToE. B61i, HM-1 &
HM-2 D/ RE— g PO EEEDORRE(L R
T FHA T, ENERTL (frames) & 83 (frames) %
ZA IV THBRICERT AR E LTEBIR L. 2L T,
N RE—Va VOBIERETH AR T L— LB
TEEMBRHEENL T\, 328 TRREZ 4 I
7 i AR FIE (4) 1286, ATy NEE v, & L
TENEHN 0.32 (pixels/frame) & 0.41 (pixels/frame) %
RELT. N RE—Va Vv ORRERENOER LIS
AIVTHBRERTIORT. R0 LY, 3 (90
frames) 2BV 2WTF —ZIXFFILIRREL LT O &M5EL
To. ELIL, FAIVTHREX—T L—LTOMNER

BESR UL AT A—F HiEER 8 ITRT. §2 43I
TR, T A—FHBO ST I3, EEOMBEY &

BTRLTWVD,

—F, FHEAFTHRBE LAY FE—Ta Omhnh
THAFTRENFA I TA A=V LR LHWTL
TbDO—DRRIELIRIRL, #4 I/ ihifismE L
7o, ZTEHM-N EFER. 72720, &4 2 o7 HiBIcE
BT DEMERTVA RN BIR L, ZoiksR 84
(frames) Toh o7, ¥4 IV THIBRE RT A —Z i~
DEHE, N RE— 3 (HM-1, HM-2) L RED
MBICGESTz, HM-N OF A I 7 e, S5 A—%
HBRERY, 101%/7. £/, HM-1, HM-2 & HM-N
DINT A—H R, ¥4 27 iR 5 IEEihE
OFBEREER 1ICE L DB,

INBLEZDDNRT A—FHBEERNT, T—vark
RE L7 3-DCA 2BE LR, 794 7%, HM-1,
HM2 I L > THRESINEZE—Y g v, #4300 4
A=V, B2 HM-2 I X 2 b DFEEICFEN) &
WELE., £—FC, HM-NIZL-TRESN-T—
YaViEAIVTA A=V EERGRD L RE L.
HM-2 # AW THITE L 72 3-DCA %, ko0 TR THIE
L7 3-DCA Ll LR+ K 11 1R 7

4.3 & B

P, H6IRTAY RE—2 g VEIEEMGEGH

EREEEORBEICERT S, F¥4 L, #&ik-
LTWREZBXTWERR T L—AIZBW TS, 0.3~
0.4 (pixels/frame) BEDEEMNRE I LTV, Zh

# XO3XRTaArEa—97

ZA—Ta YEWETRICE T § 1 I VT HROEERE

30th frame 75th frame

B 5 Y FE—a CEEE) (HM-2)
Image sequence of hand motion (HM-2) performed by a
designer.

-

Max. velocity (pixel/frame)
[
ey
—

N
Yo o i —_— ]
0
0 20 40 60 80
Time (frame)
(a) HM-1
5 4
5
€3
5
R
=
> 2
3
21
~
g M. _ o= §
=9
0 20 40 60 80
Time (frame)
(b) HM-2

Be NyRFE—Ta rPOREHEOHMEL. v EATE Y
hEE
Time couses of maximum velocity during hand motions.
v, means an offset velocity for each time couse.

W, " RE—a UERRICTHIEIYD I EREET
HolmZ EERLTWD, £IT, 32HIBR_ = A
I A FIE (4) KRB\ T, TS TRER
FBIEL CWARIECRIBENEEY L 7y MNEE o,
LLTREL, Z0OLEDOEER 00T HLERFET
L. LinLedh, ZOZ LI EEEICBIT AV
RE—va VOREREREBBEMET LTS LTSN
5. Fl, AU RE—Ya L AREBEEOBBILR
oo TR, LAY ZAIBNWTTTA TRER
LTWRWEEZ BRAMMVEEOEE N Sh -,
A 7R ENE (7) IKBWT, TS0
(143) 423



0 20 40 60 80
Time (frame)
(a) HM-1
0.15
>0
2
-
1=
0 \\c‘\_ i -
0 20 40 60 80
Time (frame)
(o) HM~2

7T FHAFORR LAY FE—varhbBbhid A2
LU (ER). WENLERSY A 3 7l
Timing curves extracted from hand motions selected by
the designer (solid lines). Each broken line shows the cor-
rect curve.
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Parameter curves converted from hand motions selected

by the designer (solid lines). Each broken line shows the
correct curve.
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Timing curve extracted from a hand motion selected ar-
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Parameter curve extracted from a hand motion selected
arbitrary (solid line). Broken line shows the correct curve.
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Comparion of two 3-DCAs. Left 3-DCA (a) and right
one (b) were developed using an ordinary process and the
proposed process, respectively. Timing curve (HM-2) was
used in the right 3-DCA (b).
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Correlation coefficients for parameter curves and timing

curves made using the proposed process with the correct
parameter curve and the correct timing curve.
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Volunteers in accuracy verification test.
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Broken lines show the correct curves.
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