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Abstract :

Although shadlng, ray trac1ng and texturlng in 3-D modeled
animation produce images with 1mpre551ve reality. But the production
of 3-D computer-animated films using a graphical programming language
is = time-consuming. For example, it took 14 months to produce the 13-
minute £ilm Dream Flight. Therefore, developing a software tool in
animator-oriented system is important to increase production
efficiency and reduce the overall cost. :

The animator-oriented system may be implemented with 1-D string
language, but then, it is difficult and time-consuming for the user to
try to describe the information of 3-D image by 1-D string flow. In
general, it is necessary to prov1de a beyond 1-D describing. method for
the user to deplctlng the animation.

: Our goal is to build a completed and highly productlve 3-D

animation -system. However, to reach this goal at this time is still

too - early, because high dimensional visual °~ tools 1in this respect

.are still under-~developed or .incompleted. Hence, at the moment our

‘purpose is simply to device high dimensional visual tools - , Thoping

that an improved methodology can be reached . - .

.3-D modeled animation involves three main activites : (1) Object
modellng, {2) Motion specification and - synchronization, (3) Image
rendering. Above all, parameter Xeyframing is one of the most popular
techniques in motion specification and synchronization. Iin a
parametrized model, the animator creates keyframes by specifying the
appropriate set of parameter values, parameters are then interpolated
for the generation of each image corresponding to the interpolated
parameter. Parameters may control the position, corientation, size and
shap of modeled object.

The subject of this thesis is to design and implement wvisual
tools to depict parametric keyframe of 3-D modeled animation. It
consists of “wo subsystem :

1. Depict 3-D Parametric Path : Parameter includes trajectory
(traslation) , direction (rotation), size (scale), and moving
point (timing). Also, the sychronization of paths can be depicted.
These parametric paths can represent the transformation of object,
light, camera{eye-point, interesting-point).

2. Articulated Figure  Animation : In parameter keyframing,. the
input of rotation angle at each joint of the articulated figure
and the transformation parameter. of whole body can be obtained by
the 3-D skeleton technique. Kinetic control is adjusted by a
kinetic B-spline defined as the interpolant which assigns the
keyframe number as a function of time.

The animation generated by both subsystem can preview in wireframe

mode on a vector display. After adjusting to a satisfactory level, the

3-D model with respect to each set of parameters are then renderlng on

a raster dev1ce. .

’ our ‘systéem is based on VAX-750 and E&S PS300 graphic - work -
station, as well as vector processing and solid rendering installed in

PS300 firmware.
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2, - |
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VA At DL B (Shading) % 0 B 9 6R TR UK 2 (A0 i
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—EiE Sl HBM RSN TEEMR,
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—E WSS
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2.%{’?Hﬁﬁﬁ§ﬁlﬁlfﬂotion Specification and Synchroniza-
tion) EE—WRBIE—RBEMERERGAE. BHR, X4
 HMENEEE. EROUERA-BE, FES—RDHE
%ﬁ%ﬁﬁﬁg%ﬁ'ﬁﬁ#ﬁ%ﬂﬁ ﬁ%%ﬁﬂ%@ﬁﬁ*
== ?ﬁ?bﬁﬁﬂﬁ@lmuﬂﬁ%&(hemng Transfnrmatlan)ﬂf
BB BREHRGirtaDEER, |
§ 6B T (Inage Rendering) @ % REMERMAGY (
E. EYE. A8, RREREIWARUELRENER.
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1.2 I (Key-frame Animation): B HBESREN @ X
WRRO M EE MR, B EE AR SR
(1) BREGOENEHE (Inage- based Keyframe Anima-
tion) [3]2H LAk P2 & (Shape intepolation) (4], %
—HERT 5], R ERANEENRY A ST
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M, EHGEREEEE - BEEAMNEAENE, WUES
EB. ERSHENENNEEEELTHLOAR. 0B
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(2) ZH TR E (Parapeter Keyframe Animation)[10
11] B W EWHHE (Key-transforsation Animation)
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2 W E U E (Algorithuic Animation) [4]: Lﬂaﬁ’ﬁz‘ﬁ%’éﬁ%%
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EBFARTS AWM
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EEYWEEE. H. HNEZEE, 5SS FHE, HE
AWK HTEMNELEHBEMNMS Forvard Kinematic, K2
, %Sﬁ—ﬁﬁﬁiﬂjffﬂ%’ﬂ (Kinemat‘ic Constraints) & HiE,
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Kinematic,

(2) & FHEHE (Dynanic Algorithnic Animatdon):
ERCE R R GBI REN RN RS, B
BB R E MR, MR RS R
BEm AP REEMEEa, NETEEHEREDE
. BER(DMHS, LAUHEFANTAMS A

Forward DynamicEiInverse Dynamic,

L EHAENEOEBERE S S ERERY, ETEAZHE
WERIW 0 (2]
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1.8 &% (Anination Quality):JEAEMZUIFMEHE. NE
BAKEBRREM Koy Values) WREFE, REEHFLE
BEBHAEENT, EHREENKBEMNERTE, EF
DENRYBESENER K NEB)MEY, JEEFER
7 L RO K R A 9 £

2. CPURF I : R CPURIR LB FIOEEI . HIMNERNESS W
B, BHSHHMEBE. ERAZRERE, SRASRARK
25, BRAEAM. DHREEKEUNEETE, RN
PR R . 0GR R R B H R B R
REMHE.
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FRAGARDEE. PRASHKOEREEEHEEHEN
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RE R, KOS E AU R SR, A
ERRER. flin, EFNFNOFSERGHERNEERER.,
ST (Versatility) ALY BNA N FLETES
BHACYEEEGEEN. PRASEOUBRES, B
AyEEFARK. SEZEFEBFRE, NFAANY TS

EREMSH 0T, HE), |
CSEHEMRE: BRNEEERMALEE. SHAEENER

HEEBEESR T EGHEN S, D AN AOERE

ERME AR BN R TR RGN EE Oynan-

fes-based) MK BERE. '

SUEEY, BMERES %ﬁ%%%%%¢&ﬂﬁﬁﬁm
L#W%&i?@ﬁmi%@iﬂmoiﬁﬁm &&ﬁmgﬁ
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ﬁﬂﬁﬁ%%%ﬁ#%ﬁ%%%ﬂ%@ﬁ%&@ﬂm%;ﬁ%ﬁ
HRGHHESHEROFNSS, REASTRFAERSE
ERET %, WA .
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Agehraically-defined bodids {2.9., spheres)
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—— = rs H{—X
Y, vl
. 3 bOF : 6 00F
Farticles . Rigid bodies 2
a

Each deffning point has 3 0OF

& DOF to warld

Fig. 2—1 Degrees af freedom of motion: {a) particles
and rigid bodies, (b) flexible badies, (c} articulated
bodies, (d) miscellaneous bodies, (e} metamorphasing

" bodies.
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d. RBMEEREH TN ESHRER, DAE%E = E
BEHENEY. E-NOEHS B EETRAZERRZE
Mty oH MBI E B Reeves ot al.if fE it 0 ALK
R A AR B SE (10:14],
Bt (Rigid Bodies): — I HE 2 ol — BF 4 20— A2 E ) 36
T L ARE AT R L O I R B0 R, U T
WETRHAH, EEHTRES B AEER RO EE . B
m_ﬂflz}sﬂju.n{@ﬁiﬁﬁ BERM® x,y. V8 (UBAIRx,y.2 [k
WOBRD. LK E + A4 HRBABOTE, WA
4 ABUMBELSEARAEREORE,
ET T @hmﬂehhm)@%mmﬁﬁﬁﬂﬁjmﬁﬂﬁ '
”ﬂVEHM%L i&w?k 25— 0 W
B T ﬂ%%%ﬁ%@ﬁ%ﬁﬁ%%%@ﬁ%ﬁﬁa

%ﬁ;\

E

R ERNEY, T-S2R4, EEEREAPEHEMNEN S
MEREGNE B AINPEABENSL, ERBTARK
B EEHFEEME.

{TEA i 0% (Articulated Bodies): BYMIFMER M — % &
B B B L R B Y 6 ALK . AR EERS T —HZEA
EEEEW%EM&%%EWE@& Bl E ﬁﬁﬁ%ﬂﬁﬁ
~P*"mgm mMUXymmmnwuﬁummwmmm

it LA (15 15]& BIT it IR er, EHERT.,
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FEENE RN E S ETHEE CAMEENETRMES
%, F-EESEER N EG RN, TENENRSEE
WU, E B 6B 0 T 3 DL B K O R U D A B
b, EREUERBENIG AT RO RN SN ENEENAY
EH. k- %ﬁ%%%ﬁ@%%ﬁ%mamﬁﬁﬂ%ﬁﬁ—
ﬁ%MEEEML 8 B |
5-%%&%@&%‘%%&%%& (Hiscellaneous and Metamorphosing
Bodies) Bt AE LI R M A B . — B ABIE T By 3 D (
SEH) RHERRE. —ERONRUA K REREEDE
oE@#%Mﬁmgmiﬁﬁwﬁﬂwﬁﬁﬁﬁﬂﬁﬁﬁih
'W%EMﬁiﬁﬁmﬁﬁﬂﬁmﬁﬂﬁﬂ%ﬁﬁﬁﬁﬁﬁ
:%Toam%ﬁhﬂ?ﬁ@%mUH WE*WE%H&IN
CREE R 131, - B
: };lT%‘S‘EFJEﬁ*E_ﬁﬁHﬁ(A'rticlu-lated. Rigid Bodies)@fi ¥ — %
BEa. ABE®HE (Hunan body animation) EEHEHTRES M
R A B P BLIL S O K B AR 0 6 B 2L
AENEEREDER SRR ES — (20], B2~
FEEROTF. ABE-ERBHEOFRABR (1. K,
HMURHEEHFETEE, RAEEONOMAEEEE 200
(15], ABBETEAKME, B4, TEANENAES.,
ATHRMS LEFBEAD TS RONME, LY
RUFHEE, BEARBEOFREES,
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LRk (REDANBLUBERTHROBARESE, B4

EEFETEMOMEGANK SR, '

(1) Aie@M: BMEARERARERARSBF Labanota-
tion[20] % Eschkol-Wachmann notation,

(2) AB: AETLEEEAZEER: %% (Skeleton), JLE
REM. ABOMALKERY RS HRRIFEY, E&

B AR NS [ A REUR S EEE
(Sculptured Surface) % [22], HESWEWHE, &
5 R [29].
Hihm gL — ﬁﬁ%ﬁiaﬁié(hlmltlve Volumes) Hﬂﬁ\.
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| » nﬁfsﬁﬁ—-ﬁﬂﬁﬁ.ﬁ_ﬂﬁﬁlﬂgﬂ‘ﬂﬁo B4, 7R A R
EHHEEEREHME (Kinenatic Constraints) &
FBH R AT B MR B o B (245 25; 265 275 28 29],
LEAKTERBEREARLAER, HEBREHMKRZ
REERHWHRR, —CHBMEENNHELRERR.
—Z @B (Surface Hodels): BRT ABABONEREE
£ mjﬁimkﬁﬂmm&moL7m¥my&mm'
AU (Patches) ZRIEHE [22]. FA o i 40 W03 X {H 5t 5 th
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ik —MOMEERBELHE, HARMYEENE

, L\ FE B 4T DA 1S B E R AT (201000,
—i B8 (Volune Nodels):f — 25 3 6 13 5 g2 6 0
M. W, HESEEABOBRK. —TELKSERT
GRENONE, F-FEARERNEALE, TR
BB B (1 32, ERARWERT
ﬁgxﬁ; 7”
$—EEBEMMEMEE (Collision Detoctions)
(BRHE RS, KEUFRRFORLE, 00T~

B, BHSEGTAEERN S A N EA G,

Ry mﬁ&mﬁﬁa%ﬂﬁ@,;3%w4amo

2 ibf’F(Matlon) N _

s 7%%%&t%ﬁﬁ%ﬁﬁ¢hﬂﬁ&ﬁﬁﬁiﬁﬁﬂ“

ﬁiw :@@Hﬁﬁé(l{lnematlc Hodels) et i 8 , X R MEEE

EgfE, Hﬁﬁiwmwwnwﬂﬂﬁﬁﬁ HRWEHES

WE R . |

HEENH RN, AXETREATMAENEFE

RESH. HUEEZHSHFABROTRTE (4]

—-31 % (GUIDING): b 0 7 ¢ 60T A R 28 B0 25 A 40 o 00 2 4 1 U
[36:57:4;98542], RPEH B ERRME REHTH.
SR {Ek (Mption Recording) [39;40;41]{F A IE e EE i
ABREERBAEENASDF, THEE Gotation-based)
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SRR . I R A,
—B ARG (Program Level): WWHEHIAE (Animator-
level)o BRERARTRSABRITH. ERDHER
EEM R R A - RENES R AN NI ARG HEE W
T, BETAARHEHE [44:45], REMK L (44,461
AR [44; 45), MERF LR HEH (Loop), 6
KE-BEEE K. RFMRMEDE QAT (Tnstancia-
HomBREBECHGF. TAEANETHERS,

—EBME (Task Level): UBHRMARBSBBATS, 5l
%%@%ﬁ%ﬂﬁﬁ%ﬁ%ﬂﬂ%ﬁ%ﬂ#Hﬂmﬂhwg
0]  WEERER, DEETRKNBHES. RBER
ﬁ&;@ﬁé%m&gﬂgwﬁQWﬁﬁy%ﬂ;ﬁm%%;
'gﬁaﬁxéﬁmﬁﬁw{Eﬁaﬁﬁﬁgkﬂwkmﬁz'
R, A
AEBEBHEAZHEH,

—ABREERES.

—E G, F. Y

—IREEE (R, BE).

KBRS R 0@ B0 2 LA AE 35 P U A9 4 S5 26 ik (48], BR 25 )@
BRMF RS S, BEBES, JNALGABABAMBY
fe N F B e ). Culding MM AR HEBEEH S ARG
c BHHGNFABAEARL. B— S EFHMEETABE
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?’&?&”E“‘AB\&K'T

B %Jnﬁﬂﬁimimkﬂﬁﬁﬂ“&uldmg FHUFHEEDE,
%i‘a‘%,ﬁm@]% R BOEGBERF. SER-KHED
(s, LHEIMAIHEHEEETR.

O BB E R BT RH |
FOEHRMAAENTEDE A KRS
BB Y (Skeleton Techniques) |
FRBEGBUHEEE, #EE (In-betueening) EHERE
BORRGTABL I REE. ARAUBSHE (Stick

Rl B-EAHEORMANEREY, RERGENE

kﬁwmmﬁuuwoLgﬁﬁﬁajﬁzﬁgnaé%mm_
EHE. BEHE ﬁmmgTﬂﬁﬁjﬁé&rﬁm¢ﬁﬁ;f‘
%hjmﬁﬁ’mimr% SN M. WHIRNEE L
AT TM A G E S EANER TR A B AT A AT,
sEE22
FERRGBRFNSEE AN AR, AHS—HNE
B A R,
¥ Fy B B P-curves [1]
B RN TS EE TS, SRS RS N
MEATE. g, —HEBEHREITATESMP-curve
FET .
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Skeleton Technique Animation System by M. Wein and N, Burtnyk, National Research
Council of Canada




—fEP-curve B ESTHNUSLEN BBALE. &
hmmrU%wﬁ%%w¥ﬂ.—@A&—E%%%%—ﬁﬁ
 RAMGBEHHARMS —BEC.

B2.3 ERUE, H2.4 BEOUHV-f(x), BEHLRBFRAM
BT A B .

BT T 04T 50 X COR Y (ORET RS0 VS B 00 20
mD°5;fm- |

SMBEREL N, MEFAEB, BEE2 e
-&ﬁﬁpPCMNEJMEaum—HM%&uUZ4&U25
Fﬁéaaa-ﬁsas EBRME T E, PourveH BB, @

—ﬁﬁ%ﬁmmﬁmﬁmﬁmﬁ@ﬁ@;Egﬁﬁ%ﬁM%

_‘MWWULETE E&ﬁ%ﬁﬁ ERET WUZB%TO

.zeb.%&ﬁﬁjﬁ’g(ln-beweenma Using Moving Point Constralnts)
ERGENENTEEEEFAOER, DERFSE AN
RREHHmREM LS, ABENEEELTY, BA
th 7 S B M vk RS ME BE I . Reeves(1981) (8142t b B % 1 4
BRBEG T, HEXFBESENERERER. B X
BRYFGCEBY, |

L HEBRAENS S TS P E L - MR L
EHEMR ., B (Hoving Point), B P-curve
RIS EE 0B R R

| & 2.7 r{ﬂﬁ_?{fﬂﬂiﬂéfi%?':ﬁ(ﬂl,m&ﬁ?) ) = " E 22 (KL,
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K2R K3)., G EITE IR Mk PO SR R8s BUAm, AL 0F A B 251N
BEA2, BIF A M S 2B MBI B2k e B B3, 1A, Mg LR
CMETEN, B RREE RGN,
FRALERESTEHY, ERELOMSTEERERE
. | '
ﬁﬁgmmmwﬂﬁmﬁmﬂﬁﬁmmwumﬁﬁﬁmm
algorithim'itlﬁ.,1987]-.Coons algorithm[1974]} % cubic mAe.tric
space in-between algorithm[46,1980]o
E-HHHEEHTEMN MBS (Pateh networks)ﬂﬁo
E2.8 BRMEE2.9 WEEH. Reeves (13801 BK T HEME
ﬁmmﬁamﬁmﬁﬁm%{ﬁgﬁﬁgﬁaag@n1o"
-.IM&EHL& (Spllne Curves) | | _
r%lm¢ a@miﬁ—mwM%EEﬁﬁ@%mié-'
MERY, RRAEN R RENEE NS SR E R,
BHEARENEL, IS RSEXEBEREREL, B
SERAEE K. — K. RSHMEE. ATEHERTH
I A R R B
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Fig. 2—8 Patch network

S ————

Frama 1 *

e —

\

1=

Frme 9

. |
Frama 1

Fruse 9

Fig 2—9 Rblafing Arm using Cubic Metric Spuce Algorithim

_23_

Fig, 210 Turning Head using Coons Patch Algorithm




B B2 My 53 (B-Spline Currves)
B-P MM E —HEFTHAORBGSE ., SHH N —Hn+l
BRSSP , k0¥, BMESS-HBEME Y%A

- on
Py = D i Nl
=0

Ny =1 if ;<< tip
0 _ otherwise

(u=1) Nig—1(w) (ti k= 1) Nig g —1(1)
Niplu) = + — -
fiz k=1 — & livk — liv]

=0 LI < k
i~k+1  ifk<i<n
n—-k+27 |f‘:> ””'

A A B-Spline BERHDFEMA (Unifors
'MMNMMN)oﬁ%ﬁﬁzﬂﬁkMﬁ@ﬁ&ﬁﬁﬁﬁ%ﬂ
EEH G, EERERMBBH B0 EELH -t 2K G H

W EMBE, FEOIBSHESHS, BLEHLE S

B R B S, MAFEM (Mon-prediodic) WE AT &

M EEBBMEMmMEE EO RS &N (Blending Function)

EERe @B IEEM K, |

FEB-Splinefi RO EHIERAFTHE N, 3£ [52],
6.4 B- Spllnefﬁiiﬁr\]% FFﬁHB‘JFﬁ[SZI
EEME-FIMGEP P ... ., P L —B-Spline

. BT HEE = kdh& (MK, 4 Order),

t
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. 4
‘-T4= 13( = .fs=ﬂ.
t,-*=a0=0 (f=0' 11213) P

_: ‘l(=:lfl=aa)

E i+l

tha=a,=2.¢ (i=0,1,...,n=2

j=1

‘ . " f.—|(=f.§.z=ﬂ._.)

' t;i‘+n+3=an= Z Gj (I-=O, l: 2: 3)

j' P.-n

tim(=t¥=0a;,)

%" to(=tf=a,) to, ty oty 4 Interior knots
*m ko g h
t¥=1¥=1%=q, tF 1%, - 1% 0 Extended knots
- " Fig 2—11 Interpolation of asequence of points with a B-spline curve (curve type (3)) (case of
| 2 )
r

» N, Neratt) Ny ()
E ~ PN Y)
] a
- L% .5 % §¥ (TR 5 SR -8 —
L ¢
! Fig. 2-12 Nonzero 5-spline functions at t=1
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Ty EAgEs Bl interior knots R extened knots(f *52 5%

BB 2. 11, H— MM B-Spline R, EH —knot

HZ@AELHB-Selinedf M. HIMEL " WS MWHRFEBA
Ni-3.4(t), Ni2a (1) BNN ) (BEE2.12), B,
Tﬁmﬁrnut~m%$m%p,rﬁmﬁ¥MEmz:

N;_ 34(“. 3)Oi- —2.4(ai—3)Qi—2+Ni-l.4(;l—-3)Qi—l=.‘PI-‘.’..":
(3§i§n-r3). '
] EEATFEFT lUEER. BE nm3@RBEEE G,
B B Qs B BD B Em@ﬁ#ﬂﬁ%i&ﬁ
| _'rT@ﬁ%m Kﬁﬁﬁm%ﬂﬁmﬁ{ |
w ) : at knot ra o L )

, 1 s ' . : '1\0.4(‘10) Q0+N1.4(ao) Oy +N,4{00)0,=0
~ at knot r,,.z.3 .

AH 4(00)0 +Nn+1 4(an) Qn+l+An+"4(an)Qn+"—O
LY extendect knots [y o R %5 2 Fd &9 5 & 50

tF =2, =0 (i=0,1,23)
i+1
=g, = 7 ¢; (i=0,1,...,n=2)

B, (2.2), (2.3) ZXAE QG , & ..., Oy o
FIH kMBS Po Py ,...., Py BIJEHTEIEE M

- B-Spline# . |

E 1z & 5 3% (3D Path Specification) Kin (5314 i — @7
| SHRERHUTR AR EN BN SR LR RN . BE
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The B-spline which represents
- spatial path is shown in three dimensions. .- -

the




T R T EENE ., B E B-Spline AEERRET

DEANESRaEnBY. tHNEBUNEEREH— & 8-

Splinefn, FilEEELELEE W,

(1)

ERBESABEL R:

S EBE: BAEEENTEELTRTNA inkingty 5

EEEEE. EVOBRERGBIE (bl L@EY, ¥
BTG M M. AR Bl — @ B 0 o A 5 B b A
@%%m&*%%&%%%w%eﬂwﬁwumo%Eﬁ
TR HEEURTZEAL N E®B- SPllneB’J;

_i’?—zﬁﬁTﬁ%’%%ﬂ%&ﬁ“ o 'Eﬂ“"%f"}fﬂj*"’ ” (Spatial Curve)

mvmeMﬂ%ELmuﬁﬂ TR, ﬁ&ﬁﬁd

&mﬂTﬂET&Mﬁi%@TEm—%Tﬂ&q;mI
‘M%&LmFmg,.meuzmﬁﬂiﬁ%ﬁ%,

W B4 % (Tining)
iR M4 " (timing curve) i — B 5 B B I 69 5
.l ply— GBS 9 B-SplinedE R o 25 1 B 48 B0 R 8% 1Y

EEUBERELE-HNEE. BHASODREAS

%, REBECLEEED. FHBEOSE EE)TH A
R ERGTANE, PR EMWES. HISHIFE

A A B REE, SEHEN S,

2 5 g 2= #5 (Double~Interpolant Method)

Stekette[3] ALzt SEE M GMEPT R - X EHMHE (u

_28_




B, ROES B, 5 OE 6 L9 HE B R A 0 4R 69 ML AE 5

phrasing, PR

kR EAREREHRES, %%Lé£ﬁ%?§%f
ZEEIEHSplineRIBANE, aﬂﬁﬂﬁ%ﬁmng“

A EELEEL T EES P Bﬁmﬁﬁ;g:

Mﬁ&&ﬂﬁmﬁﬁﬁﬂoEﬂﬁaﬁﬁﬁ%ﬁ%%ﬁﬁ
MERTHENEK.

4?&@@@%#%%%@@&@5?&&@%;

B- Spllnesj‘&W%?‘J‘& #a?ﬁ?éde&ﬂ;# ‘ﬁﬂ (Klnetlc Cuntrul).

. U:Fﬂ““.[lllé % ﬁJWEiJHé:ﬂJIEF* -' ﬁ*‘ﬂﬂﬁ{lﬁ-r &

“ﬁmﬁwmﬂmlmwﬂmﬂﬁTm% Mﬁﬁﬁﬁtﬁﬂéfx_
7ﬁmmﬁ narﬁmﬁmo@%&ﬁﬂmﬁna?"zﬁ“3 f%f
 %ﬁH»mﬁ#mE ERMEERERE. 2N mzﬁmﬁiﬁfﬁfﬁ
BURE B,

B, B (Position interpolant)ih B B R
¥ﬁ$%@ﬁgoEﬁ%ﬁﬁ@ﬂﬂ%%é?ﬁﬁﬂ&ﬁmﬁ
mE. B2.4ET—EHF.,

$ﬁ%ﬁﬁ@@%ﬁﬁ&ﬁmﬁoﬁ%@%%ﬂﬁﬁﬁﬁ
ERAA-—E. B2 SRR SR EEMEE, 82 16HT

B EENETEERE.

‘}‘E' A% JJ,«‘GuﬁB Splines HEHEE Hfu?‘h? — E 32
WHEBHGER., AEFENRERENS S @2 R, I s-




e == B i o b e - i i e i e o
. . ) o Wk -,
' i

Splinels 25 4% b5 G35 S BF I B BMO W E . 2% B-Selinef
MENES T ESERONEEE., B2 VST REAEWER
S0 H 7. B— EMEMEEKnot Sets BIRE, HEH6-Spline
B3 WEZE 69 B B Knot Seds, SO (Rnot Value) EH
Mk, BizEB-Splinel MEMEERK (0, 1,2,..... n-1)%

HiE, At ERIX.

1 AT |10 N [ ol | /\) |
- | L ]
K | A J_‘f\
" . 1/ N o
T HEY: \ / | ,
; / x | \ X . L
a / ™S ! T
“1 A B \ AN
ul/ 0 Ao __..IT_-

T T Y] oy Lo -1 0 . Coname

@2.14
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Fig 2—-15

Fig 2—-16 Kiz‘mtic Control Leaves Path Unchanged.

The paths defined by the data from Fig2—15are shown
here, with x on the horizontal azxis and y on the vertical
azis. The top curve shows the path defined by the curves
marked 1 from Fig2 .15 the boftom curve shows the path
defined by the curves marked 2. The tick marks are

~ placed on each graph at equal time intervels, and show
" thot the two motfons differ in therr kinetica even though
the paths are identical.
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~ Details of Kinetic Adustment.

The kinetic adjustment used in Fig 2~15 shown here
in more detasl, The eriginal data points, determined by
the times of the keyfromes, are shown by circles. The
B-coefficients of both the original interpolating B-spline

- are ‘shown by aalerisks; the B-coefficienta of- the -
modified B-spline are shown by x's. The modified B-
spline waa’ conslructed by altering the. B-coefficients

directly.
Single-interpelant : . Double-interpolant
~methad o “method
Matian fFrame Motion
Time Yeriadle Time Humber Yariable
3.0 5.2 ' g.a 1] 5.2
0.5 5.7 0.5 1 5.7
1.2 1.2 1.2 2 7.2
2.0 8.0 2.0 3 8.0
3.0 8.5 3.0 4 8.5
3.5 8.9 3.5 5 8.9
single kinefic position
E B-3pline 8-apline B-spline

Figp 217 Single and Double Interpolants,

The data shown on the left can be used to construct g
single B-spline, or the keyframnes can be numbered and
the numbering used to consirugt two B-aplines. Since all
mdtion perameters in a given motion share the same
keyframes, they will share the same kinetic B-spline.
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a’%’:f@ PS300%g [B L 1 uk £ 7>

l

J.1 PS300% % {1k (PS 300 SYSTEM DVERVIEH)
PS 300@%%%%%&%1&E%%Ef%it%éf‘ﬁg-ﬁ%ﬁﬂﬁtﬂi%g,
EEMENLTEARTEN I, AT EMHEDT .

ﬁk

- MERE A5 Y B % (Hierarchically Structured Hodels)

PS 300%’*%11:@3%5%:,1%0311 ';‘ii{E;E(Line), % &

(pnlygﬂn)?‘ﬂElnu(snlld)ZT(c BEZE T P oRR . OE M E Lk
HRAXETHLIEED, BEMELY B RE RE XS

(& .

>=~

REMOKHN, ERERS EOBSEE, B

R MEENEE, 5%, .., - o

I:}’Et’ﬂ &5 m(hlerarchlwl structurlﬂg)ff HHEY
B REEUERGAR. B @b “U—ﬂﬁ&
ER . R E B R RENHABS YN, MBES
SRS,
- D BRIy FE Sl (Control of 3D Models)

EAETEE RSB AT R RO T, nP
B . BCK SR . K 7R A S [ 6 L

. .b‘""{J_PS 300.2 2 4t (Local Manipulation of Hodels)

B Ees 3004, BATBMELUTRT X BEWE. WE
o kg A (interactive device) MISF M & (dials) H3E A2 (key

board), fifel & (tablet) 5 ffi A B (7 J8 & 2 2H 09 I GE 40 55
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(function network) i 2 44 ftf 458 HY 53 ¢ 2%,
- M EE P X Th s (Real-tine interactive)
I (% (image) i I I BC I 08 78 ok 0 ML B A 09 3
. PS J00:% G AT F U] M o5 Hc 3D¥ 02 85 1% .
% W B (Perspective view)
AMASSWERERYR, NBTZHEERAHE,
LA RO T SR Li'ﬂf_ﬁ_’“ifﬁfﬁxﬁku EWRELAERERE,
AEAUZRABREGTRANNDEZBEUE .
PE S (Depth-Cueing)
BT "f3’f° i‘é{:”ﬂ j:?‘(iJUﬁiT‘ix 61‘.. B, M ESE
(‘,'iewer)ﬁﬁ%i':ﬁ§f§?;ﬁ§#@ﬂ??ﬁiﬁ?’"ﬁﬁ— "EF?H’J%E‘Z‘{:‘%U

@FLﬁﬁdi ﬁ%ﬁﬁﬁﬁﬁﬁﬂd 2&%&%%%“

‘\
=6
o

KB BEE T — E (Text as a Graph-ical Iten)
HHBAX textDBBEEP—H, CHFLKRATEBERWY,

BeRdikad . & FF s (character) s 5 50 4 #7 4 AL 0PS300

EHCHER:, BRETUDUEBSEL. BUHERTMA(T

Wﬂ,‘,tji‘d\ujf-‘m (character font)

HEESSREEY 0% B4 R (optional advanced 3D vis-

ua_lizatiuﬁ of solid objects)

ES 590,1 S HMz—, PS 340, BEMEEGLUH S @& (

polygon) B [ i (solid) HKEAEWYE, oM UITRSEHER




(hidden-line-removed) fO4YEUIXI @IEMR ., B 7 0eS 340 &
fi k%% (clolr Raster Disphy) /MR FWEESTH

hi %2 {% (smooth-shaded raster image).

1.2 BB Y ER (Rendering) [54]
PS 380(340) EH -{FHE A KLU TR RO MIEAIMN=

EZMET. PRRMERTRES LK EAZFXMYEKE

Bk

mf}iﬂﬁ'—F HERER, SEEQEPS IEMELELEEE
& (has't c.o’mput.er)fi?i-!'—;o

P ISOE— U HETHEEEL &4, %Ei‘)ﬁﬂf{E‘&E%%ﬁﬁ%Eﬁ
MBlEEEN 4 n?ﬂEr‘.‘iEE’E*fl%»{ﬁ? e %i@‘ﬁllﬂ.ﬁ W, BB, MA
ESZE?/J\ rfﬁﬁ.%ll\l}ﬂli?}il'ﬁ |

.‘Jﬂ:ﬂ--. X i Eﬁi._ :L' ‘&Jeﬁ’f‘jwashlng ;hatilng,
Smaoth shading;'Flat.st'tading, 4 ﬁpolygun,mqiﬂfjmuﬂﬁ
GEER, FEYRIN-PeAMOESRGER, B4, X
BBl MIEE R E R R R e EA .

T EMAZEAPS390(PS340) M H % % 4 % B (Rendering) -

A ' ~

T E B A AL H EAPOLYGONG S A 1% (1Y 1 62 4Lk — ik (i % (%

;‘

EEE .

AHBNEGREREH
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1A s 3 (Calligraphie)

— & [k #t (Hidden-Line Remowl) !

— %F i {4 % (Backface Removal)

— B (Section)

— 7 K (Cross Sectian)

2.4 lif :0 (Rastier)

— B (Vash Shading): HYUBMESPUERRE, T
BEES (Normal), R, IEXEH ., EEESE (Depth
Cueing) Z ., ,

—Wﬁ%%@htﬁmmw:%ﬁ@ﬁa—ﬁﬁﬁﬁﬁgﬁﬁ

 EERHEMEROES

— 5 (Snooth Sh‘a-ding'): REMMNEN. 280600
B EEEL, BES mm%m&$\u@%ﬁmﬁﬁﬁ 

A, FEEMRY (Fﬁﬁ&?—'j% £ (highlights)). R&EE

—  LAPOLYGONH & SR E LU S (Soft Edge)AEME B H
FUEBB MG, EEEE L E R, AT
R BLUE A, I B A 6E S AT R A A48 AR 2k B JE
5.

— Renderingfy Bf KA LA R @i BW i, Solids [l {F 26 i iy —

bige B, Surfaces Mg,




CUTLINER $ A Z RS B EM BB RBWEN h{E, 1as
0. BEBERUTFAME hil. '

WITH ATIRIBUTERf AR EXWIBECHE K, B&HE

(B 8. WMERBE). M (Diffuse), K4 (Specular),

Rendering SEAL % ®] & {5 7€ H A Rendering MM YEEEY

& . TG B A0 AY Rendering BE KR -ER2H T,

Yy hs DB (Section)’ af % G877 M i — %5 (9 Surface-render-

B A B A R, LR, Hue B K ER MR
B, O0SEESE, 1204840, 2404084, Sa_turationEHOiEﬂlEEE‘.?U'
(Rﬂ‘*’)&ftlﬂli‘;iaﬁi‘ﬂg Inten51ty tﬁﬂﬁﬂlﬁﬁzﬁ (black)
&foUlﬁﬁﬁﬁ:lxo- | |

' L;EE,Q (Diffuse)ifh 3k i"‘fiﬁﬁﬁf(ﬂiffus_e Re'flectilun) ‘%Dﬁ‘:"'uﬂ‘
B 4 (Speé.u.lal; Réflectinn)%‘ﬁﬁéiﬁ[ﬁﬁ?Eb’ﬁﬂo fﬁ'bﬂd‘fé’
BORHERENEE, FROREXR; #g0d FEED
WHE, EEBINETHBRHSES. dWEA RIS
W, REFCETER M EB (Sucoth-Shaded Rendering),
b o B2 4f (Specular) MHERHEREGEFE, SEY
B EW ., SpecularBY MM E, FUE RSN ANS
% W i 5 LR . MBS R ﬁﬁéﬁﬁjﬁi%%&ﬁiv

[%2]
—=

e e, JJ- Ao T F ST S G, R

M ES AT S ETE A MR,




g
.
-

=B

SIT 7o B 059 1022 1, B0 dl) & 5035 0 IO % B 39 J
B RN T A BT BLAS AP Tl Ry I

WA kK H R (x,y,2), BE (h,s, i) RENE K (Aubient)
R, AEESMNAREER. BELE N BEHELE
HMELOER. SREX M - FALEOHBNUESE
S b fI BT A9 T RIAD, M BR BLAY (% PO MR B R B — B A
xxmmwm%@thVw;wmgﬁamzoﬁﬁ%@
BRI OE MM,

B0 L R M B B BB, WM

f %0 €& (Raster Viewport), Bk J¢ (Exposure), mM . B E

T

it o

oiF
o
g

WO (Exposure) A HE A 52 06 1 00 9 56 0% . 308 O AL 40 B
L@;M%@wwﬁ'%hﬁ—ﬁ**Mﬁm:x% g1

LR e X%;m%ﬁz@%ﬁﬁE.W%mﬁz

W3z, MEM Kz, Exposure I E s, HESN
Fo 0. 38 36y & ¥ .
2% (Quality Level)JE 8 A (filtering)y B 3 (Pixels)

BEH. Sl mPasarE, B yErya

BE A, THLIIRTMEE, ¥R —MEBELHEESM

,ﬂuﬁ@%ﬁéwﬁMEﬁgﬁogfﬁx *gﬁ@mﬁ

ig AE U MBI AL A9 M (Anti-aliasing),

hiE 52 BY CF BT 4E Bk BT el oY B O 1iy A Bk .
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FENE HEEmE

1 REBE

o=

RMRBHEHEAAHBULYE, DEEENES . B
GER=ESE. BRLBEYA, SESER—F,

T BB (COD/CROWTE B
5 S K B GR DT (Rendering) S S 6 i 6 DY
FAREEABEGEAN G SRR ED FOBERRS ., B,
A 501 L EL 5 01 90 L 20 0 1A

RN, ERNRE YR EE A
BEBEGA. Hit, EAKAMERNFETA S RA=Z @S
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sg
0 head 3 0.2
1 0.00.00.2

1 trunk 3 0.3
2 0.125 0.0 0.0
5 -0.125 0.0 0.0
8 0.0 0.0 0.3

2

2 rua 2 0,
30.00.00.2

3 xfa 2 0.135
4 0,0.0.0 0.15
4 rn 2 0.1

5 lua 2 0,2
6 0.0 0.0 0.2

6 1fa 2 0.15
7 0.0 0.0 0.15

7 ;h 2 0.1
-.8 pelv 3 0.1
9.0.05.0.0 0.1
12--0.05 0.0fO 1
9 rt 4 0.25

10 0.0 0.0 0.25

10 rc 2 0.25
11 0.0 0.0 0.25

11 £ 2 0.1

12 1t 4 Q.25
13 0.0 0.0 0.25

13 1c 2 0.25
14 0.0 0.0 0.25

14 Yf 2 0.1

bl 5.1 ar.str [FHIEES &S
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linel:= vector connected n—2 0 0 O O 0,0.1;

line:= set color 60,1 then linel:

trl:= vector connected n=4 -0.05,0,0 0.05;0,0 0,0,0.1 -0.05,0,0;
tr:= set color 90,1 then trl;

5.2 ar.pri B¢ (PS 3004 %3573

pfsphere -d 0.1 > sp.pf
pftranslate -z 0.05 < sp.pf > spt.pf
pf300 sp < spt.pf > sp.300

pfcylinder -d 0.1 -z 0.1 > cy.pf
" pftranslate -z 0.05 < ¢cy.pf > cyt.pf
pE300 sp < cyt.pf > cy.300

B 5.3 R G R LE 6E AT R A v

rxtri= rot x 180 then tx;
itr:=trans by 0,0,0.1 then rxtr;

. head := scale by 1,1,2 then tr;
¥ trunk:= scale by 2,1,3 then tr:
rua := scale by 2.0 then line:
rfa:= scale by 1.5 then line;
rh:= scale by 1.0 then line;
lua:= inst of rua:
1fa:= inst of rfa;
lh:= inst of rh:
pelv:= scale by 0.9,1,1 then itr:

< 1 e i A

rt := scale by 2.5 then line:

rc:= scale by 2.5 then line;
rf:= scale by 1.0 then line;
lt:= inst of rt;

lc:= inst of zrc:
DO N inst of rf;

It

5.4 ar.shp ui&h %2 1 (PS 300 S35 Y)
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N Elecirogoniometers attached to the knee joints,
providing direct kinematic input. :

This is the wire frame substructure of the Juggler model, which

was created from a digitizatien of a live modei: {Couriesy of information
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[11] herizontal correction {12] move a Key-position
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The BODY-MOVING commands in the main meny
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d 1
g;ssnpelg;l.e by the skeleton animatlon systam on a vecior o0T0  OHS oHS Q10"

(d)\M NOan®

: Finlte-slate dlagramé for walk coniroiler mator program and
i LMPs—motor program for ihe walk coatroller {a); swing LMP (b};
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