PR & ST IR

HII\-II\HllI||||H\IIIHIIIIIHII!IIHHIIIHIIIIHIIIIIWIIWIHIIII a

0003




B LR —SEERENE SR ERY D 70

() mrmal 0 %m0 KRE($R) BRIB HEM
B2FFEMAREH D A FFEE S g FEBHRE
BEE B & W FEHSE B 5 ® o+
WXREAR

ERINAREN R - RO SRAGEANYEARER R
» WE A E B E ( solid texturing ) FEREYBREME
i?ﬁiﬁ’ﬂﬁ%ﬁ’ﬁ: : B {LE Y B ( general sweeping object .
EEFENERDRE B EERE—RLEEMBNHH -
| ERSNENERFET BRAEEERRAN-—E > —RILE
FEPETH -~ EREE_ETSHLOHAHSRR —EBER=2FEHAME
BRENRK - BRESBEHR —-K/DEH ( scale function) FHBEE
B LA LEEEARENAE « HRAE BB R EH M
B EREEARBRERNYEREEUEE SRR R c AN KRE
WEREAASECEAHAGR  AEOERDBEEFTOES
BEES BEHFEETEBLNDEBAE - o
—BNBFEARSECHNMESASRIZECUNLES
Hho BRMEEYBARAEE VEEESEERH AR - X8
G E S EENEACER S CEANENAER  AESEEE L
BUEER ARURAESATLNEE  AEERERR  ARTE
EgEARONE - EASETHUVB e EESAETRAREE
HESEYEHTRSYE  EREBRLAENT —K - A HH —
RILRBEYEBNEERHBROGE -




7itle of Thesis: An Object Modeling and Texturing Total Pages: 70
System for Modeled Animation

Name of Institute: Graduate Institute of Information Engineering,
Tamkang University

Graduate Date: 06/90 Degree Conferred: Master
name orf Student: Dai-Pie Tzing Advisor: K.Y. Cheng

B & M
Abstract:

An important issue in modeling computer animation is to
define the shape and the color of three-dimensional objects in
such a way that the defined objects can be easily subject to
changes. Since objects obtained from sweeping is an important
class ©f primitives in any object modeling system for modeled

animation, a general sweeping method is proposed in this thesis.

| The general sweeping method is based on moving a two-
: dimensional contour along a.‘three—dimensional trajectory path
and simultaneously scaling the size of each contour along the
path. This method 1is based on three-dimensional key-frame
technique. A surface can be generated at will by putting
several arbitrary coantours with different sizes. and shapes
along the’ path and perpendicular to the trajectory. These
contours are then used.as key frames and shapes of in-between
contours are obtained by interpolating between two key frames

according to user-defined animation law.

e

Compared with the conventional sweeping method, this

] technique can be much easier to use to obtain more complex
H"'objects such as fish, flower, fruit,...etc. In additions, solid
texturing, & mapping which is defined in three-dimensional

] S
i Space, can be easily applied to render sweeped objects so that

more colorful and realistic scene can be generated.
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9-1  B-spline Higmfr [ 2]

_mEAMBNAREARASAME 1 AEERSR (
{nterpolation curve), M HUMh & & MMDT 1 64N Kio
fl Lagrange interpolation, Hermite interpolation,
Spline interpolation %o 2.3 LId&k ( approxima-
tion curve) , EEMEEFEES —EMALK, TiRE
VM A Bio i Berstein approximation, B-spline app-

roximation o,

SR B EMWERE, NEET TASRHETLHE
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ELIH 4 R B-spline HI4, FBRMBHRTEH

0 A 20 R D ST 1) 501 T

EERHETERBR, ABEE O REHNE,
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%, EHASCHEAER B-spline FABBMBITA,
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 B-spline HPo,Pi,... Past BEIEHMIEER — MK
MR, KRR

P(£)= = Pk Nic.m(t)
k=0 ‘

H P B KEEHY, Nka(t)ZA n B8 B-spline
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2 Bk 8 (basic function), HekBEEBE T #H

1B n-1XkFHSHER, |

2.7 t WHENETS 0, Wik LHEMTEBER
B, AR B GG T EE R B O R 9 BER

3.0 tHB nemelEWE, TEME tHAGE (knot
point)o - | |
LEHE Nen(t) 28 EFBEARE, UERET iT
BEHEHE PG BHK.

5. Nic.m (£) B 7 45 10 BE L ¢

1 t Stst
N1 (t) = §
[ 0 H b
t - tx
Hk.m(t) = - Nk m-1(t) +

tk+m-1 ~ tk

tk+m - £

N+t m-1 ()
trem-1 - tk+1
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6., = HNr.m(t) =1
k=0 :

ok G OM A L T B B A T BT SS
M B, BB E B (torsion# 0) Ry B
RHRBBORER, RERMEA WS B-spline HH
M v WEMB 0StsS1 o MERHHEESBAT

; . . )
No.a(t)= —(1 - t) , Ni.a(t)= —t3 - t2 +

8 . 2 3
| -1 1 1 1

| Nz.,a(t)= —t3 + 2 + t + ,
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AT 8 — i — 5 50T X A = K Bosp | { et 8 Y b

REn+l MERNEAR (WEHY) 0, 01, -
, On, BIEEEPEHIBELRGE DS, THTRER

Pi (t)=XU'(t)Ql-1+X1 () Qr+X2(t)Qi+1+X3{t) Qi+2 (2.1)

Xo(t),X1(t),X2(£),X3(t) B L tABHM=2%k2HERA,

R R MR N AO RS EAES RS R, K

CHBMEREEREBIRIER., BAERHE2.1 XF
T S5 7 BB R TR R B R R . 2.1 o
E—BeWERERATHRENT :

P(t) = [Xo(t) X1(t) Xz2(t) Xa(t)I[Qo Q1 Q2 Qs]T

THEBHBNEMREEEEDT,
15298 : B RE3IXIMEWER, 0FEQ SR By ZEME




0%9=QoR, Q*1=Q1R, 0%2=02R, Q¥a=0sR
SR GO HMAPT (DT TRER
P*(t)=[Xo(t) X1(t) Xz(t) Xa(t)][Q%o Q%1 Q%2 Q%a]T
HPF(H)=P(t)R, AMIRFP)WBAPT()BRIRAE
P*(t)=[Xo(t) X1(t) X2(t) Xs(t)]1[Q%g Q%1 Q% Q%aIT
=[Xo(t) X1(t) Xz2(t) Xa(t)]1[QoR Q:R Q2R Q3R]T
=[%o(t) X1(t) X2(£) Xa(t)][Go Q1 02 QalT R
=P (t)R .
b S R % TR A L T AR Bt S R R
BR—EERERE, o
298 B =l ny ] BTHEE
ﬂﬁ%%ﬂﬂ%#ﬁ%%ﬁ%XQ,wwuthm
PE(t)=[Xo (£) X1(t) X2(t) Xa(t)][0% Q%1 Q%2 Q%a)T
=[Xo(t) X1(t) %2(t) ¥a(t)][Qo*H Q1+H Qz+H Qo+H]T
=[Xo(t) X1(t) ¥2(t) Xs(t)][Qo Q1 Q2 Qa]T +
(Ro(t) + Xi(t) * X2(t) + Xo(t))H
=P () +(Xo(t) + X1(t) + Xa2(t) + Xa(t))M

MR Xo(t) + X1(t) + X2(t) + Xa(t) = 1HIEBHE
MHMSBRAEETS, |
S 1o -




B BATE AR BB (8), Puer (£)HIE
BOMATLE, #% (—XMS) . #E (ZRMH)

PR, M EEATARET

Pr()=Pis1(0) => |

Pe'(1)=P i+t (0) = -

Xo(t) +X1 (£) +X2 (t) +Xa3 (£) =1

 Xo (1)

X3 (0)
X1 (1)

- X2(1)

Xa (1)

[ Xo ' (1)

Xz ' (0)
X1 (1)
X2 ' (1)

L X3 (1)
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X0 (0)
Xz(O)'
X2 (0)

Xo ' (0)
X1 (0)
X2"(0)




[ Xo" (1) =0
X3 (0) = 0

Pi"(1)=P1+1"(0) => { X1"(1) = Xa"(0)
| X2" (1) = X1"(0)

L X3" (1) = X=2"(0)
HEICEEGRNTEHXo(t),X1(8),X2(t),X3(t) &8=
REHXBAMERE, B2E

1 ] 2

Xol{t)= —(1 - t). , Xi1(t)= —t3 - £2 +
6 2 -3
~1 1 1 1
X2{t)= —<3 + t2 + t + ,
2 2 2 6
1
Xa(t)= —3
3 .

. XO(t)=NUt4(t) ’ Xl(t)=Nl-4(t)v
X2(t)=N2.4(t) , Xa(t)=Na.a(t)
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WERE R S S ERIE A SR B-spline
w . BRI HIE = K B-sp ] inet A A F I K ¢
L EEERRBEBBERRRETE, |
. 48 b AE P A THD O L WA, o e G A
1 3. B o, Ur, - Qe H M PTG R 0 W 5 870
. v A U P AR PR D 9 T R
| MMTER, EREME S H R
R RRD RN T R, &
20 S 0 B — BT AR T, R B B Y
R 0 e R B R O B e = 0 T R 0

B s, HligREErRg., UEQ.1)
77N




M EEAY, SR —EEHE RS S RN
R, MERMESARSOREEN, TERSHENER
EMAESHEHLY, CRRE RO MEEASBES
B, 301 45 I — fE ) o B T R I o 8
MG, (SRR, PN Y R

EH UK. Bohm R 1080 M —mEE [ 3] , |

BAER % B-spline B TKHR Y BB I N5 £ 2 K
#— MFE B-spline B9 knot sequence & ... ti

e, REHEHEHES . G, Qe
P(£) = = Noun(t)0s |

J

WMREE t: B tiet A t° (1< £ < ti+1) BN

—FAEREE Q , WRE B-spline EHEBR, AEH

BAERFHEDT ¢

Q' = (1-uy) ' Qu-1 + ug-Qu
Hr F 1 - (5 € i-M+1)
£ -t

ug = | e (i-M+2 ¢ § ¢ 1)
ta+n-1 ~ £

L 0 (J 2 i+1)
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L HEATH, WRANENG TR NS L
15 , W E (2.2), |

— {8 Uniforn bicubic B-spline Hif K EF (patch) 2
HIGEEMB RO Y EER S 2% ¢

.Mw

: 3
Pu,v) = = Q1,9 Ni.alu) Na.a(y)
1=0

I

J=0

Q1% B0 100 2 09 = [ 25 ) B 4R
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AU (2.3), B 8 3 R E BT M ko 0 2
HE AT RKREHE (C2 continuity) , RRHEZHLE
B, CUTESR A /b B I R S AR R AR T TR S

SHRER= E%F‘jéﬂﬂ%%o

Uniform bi-cubic B-spline surface patch and surface denniag vectors

B (2.3)
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2-2 RHEWA [ 4] { 5]

RIS E S B2 RS — P EH B % (Contour or
cross section) it — B BHS (trajectory or spine) H
BRSSO . R R R R S
TR, TUEESTT :

1.2 & {# 4% (translational sweeping) : HE—EEey |

B, mE(2.4)

e
>
N

viz=1)

xufz=0) . ;_ e y,v?z::OJ' o

B (2.4)
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2. EHE{EH (rotational 'sweeping) : @ﬁ?ﬁ—‘@ﬁgéﬁ
W, mE @5 |7

3. — g {L 18 15 (general sweeping) : B W —H=ZEZEH
FEihgky, 2HRBRHERRK, RDhAkE, @
B (2.6) |

= (2.6)
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ST — R E AR 61,

“EEM MBS CERR

O =(Cx(v),Co (V) vikv<ve,  Clvi)=Clve) -
EBW v iy BHE ve , DB Cx B Co 5 HEE
WL X YEEM, KR C() TER328E
WS ERR, S M,

SEEMMES ERBS

S ()= (Sx (u), Sy (u) 5= () wieSusus

S (u) 4T C (v) 7 B 28 B4 B 42

ETRCOAMS B RHBEAT . BERBRY,
Y PEEGRELENAN S EEHOMSL, HREY
C(v) £ 45— B M9 428 BB ST MR A0 BH 0 7 20 ) o 4 B B
S REC(v) 252 o S XV L M S ()
W E M BMEE% (local coordinate) b, M % i
ARB MR RTAEHS L5 BEE RS, — R
{6 Frenet frane fFBBIMEE% . Frenct franci
S(u) E4E—BH#unit tangent vector (t),unit princi-

pal vector (n)&unit binormal vector (B)RMMIER
AR, wHE(2.7)
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]
|| 3
|
¥
l‘
1
i
i 8
:
i

H (2.7)
e S, e D, DAFEE RN o W
R AR IEC (V)W (x,y,2) EEEHER (n,b, t) EEE T
ol u L I B T TR A ¢
T(u,v) =8 () #Cx (1) -n (W +Cy (M) b (@)
MR TFEEGME, EHS L~ BREORET
ﬁ&mwwmmq%T%ﬁﬁ&%%#ﬂﬁ&%ﬁm,i

S B () B Fy () BB RBEESS LB
, Fl#Scale factor, FILLEBIC(ITE xB yH 1 ER
gL . MAScale factorfli—RACHEHBEES
M T(u,v) =S (u) +F () -G (v) +Fy () -Co () +b (W)

s EiFrenct frameH EBEMNBE  S(WHFEREH

4 B o K % (inflection point), EMEMFH LR

0, Bl nk bﬂﬁ'ﬁﬁo A THEREREBEE, 2F HFrenet
frame T TFHIBELD 7] |
| - 22 -




ES (B —PHElL, FE—BEERS)FEREY
BB oMK bAE, t MEUSEE, noaxt , X
Bl ot,mn BAMSHEBEEL, IE-REEBER
WEEAESW LSBT EE. LABEROREE
B FEHNBRTHSBREMENEE, MARKFB
B9 Bl binormal M, MEME R, HEH
S (u) 2 B T 2 T A A S T AR B . TRE AR R A
@E%%$ﬁﬁpmﬁwﬁ).E@ﬁ%ﬂﬁ?ﬁﬁ&ﬁ
X

Bl (2.8)
S R M binorma B R nl B2 BIMAES
8 F AR 22 (B 8¢ b 45 — 26 05 1 M Frenet frane, {87
Frenet frameH'i) bR nflE BltA S 0 &, CHBHE
S(EEHST - BNROEEABEEE, 7SN
MR R T R R
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ERFHRBRTEHEE Q.0)BERE R LN
FRBEOYE, ERERENHRSEEF. Pl
FiiEw, MBEEESRSRONY, I—BEHY—HER
BIESE, Fx, PoRBSEHEBHEREE,

IQSGEN.Hagnenat—Thalmann and D.Thalmannig #f —
MG S BEN” BB SR (in-botweening) F— I
WENEE S, BA propagation Control graph
(PCG) [ 8], WBBEENHREEFTHEFx, Fy sc-
ale functioni®l, MEBFAEEGBEELERTABR. KX
BB 695 BT AR (in-betveen) MO BRI T FE
mEd, MEREHERBLOAY. THENEIES
%, Bal® PCGH. |

2-3 ' I I 48 % BLPCG [ 9]

BEHAEEARANABUTNRS, E-DEA
WB20EN LN RS, SRR MY ERRE LB
BTEMEEL, HAEEE” PEEESH” HEE,
S HARENDERE R TRULOBEEE,
AT MR, B 5 o % VU A )

o1 -




%ﬁigﬁﬁﬁ# MABZES, Riemys
aéﬁ&ﬁzﬁﬁﬁmﬁmmg@w %%wma

betweens),

fFA#E (interpolation) g (2.9),

’ line of
Mierpolated
_ line (key-drawmgz
line of
key-"W
l/%, d:
‘ - .-

—— e —y
- — —
———

ola
!
==

| B (2.9)
E%WEEQL%%ﬁEKHE,%ﬁﬁﬁ%%ﬁ%%m
'A%ﬁ&wwz@@m,&ﬁﬁﬁi@&@%ﬁﬁ—ﬁo
Burtnyk and WeinEQ1971fﬁi%tHﬁH-F25E§[ 9] :
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If both figﬁres.have the same number of segmeﬁts
do nothing else : (NS1=NS2)

if NSI>NS2(for NS2<NS1,algorithm is the

same with NS1,NS2 interchanged)
then RT=(NVW1-1)div(NS2-1) |
RS=(NS1-1)mod (NS2-1)
RT points are added to the first RS segments

~

‘RT-1 to the others

EREEEWETRE, FURRIEH, B BERYY
BOTEEGT R MY, THENERTNE R
SR, WE (2.10), BurtnykEI iR R 2 MY
IR, L A 09 Ut B

NP2 =5

Preprocessing of sirokes for in-betweening

B (2.10)
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 HEESNEE B2 E, EREAREER L
1 5 B A o P B 7 5% T v 2 4 9 P
CEE, BREROSATE, SHRSE. MR, B
MEE I, B RGBBHEEL (anination laws)
B (2.11), MRTHERYENERTREL

in-between=key-frame2-position®*{(l-fract) +

key-framel-position®fract

& (2.11)
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PCG =R A R MBezier, B-Splines #him by %5
. HR propagation control graph HYE A =M :
LM EMERE (CEH SR K

i R 2 81 2 BT (control polygon) s

- ESEEMES () . |

3. 2 S BT 45 H 0 56 B (evolution function) o
AR A AAN, FH (orientation) RIVRZME, K
e o o B2 ) 2 o 0 A7 e R 4
AN E G, B (2.11) 0 5 4G B 0 BT 7E 1 B 4200
OB H BN, T LR DS . TR
BRAFEREHABRANTEGHE, BAHBhmx
B4, FIR R E s, AR RRGEE SR —
b B P B 0 IR Uk B B L
AARRRENYEYRE., NE2.12) |

shape function W

(2.12)
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BEPGELAREWNT
HAEHRHHANEEREL , eS8 EROEHAL
new_L = 0

———>nev_L > L —>  END

L NO  YES
KU TEEE S Binev-LE S RPE R 28 1= 4
~L_t S (n,b,t)
BHELH R S BT M xy 2B R MR E bt I 4
7 98 K e 44 05 | |
3
4 ﬁﬁ&@%&i%m%MAﬁ%E@_
o -
8 T R GRS R T R B PR 2 o R
| d
| ERXNEBEETHREN KD,
i MR E LT R L R, B e
b 038 0 o 1R T 2 RS B
.

. oDt i e g Al

Il ~ new_L = new L+AL
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B R i e AT 3- 1 §

%#ﬁﬁﬁ*@ﬁ%%ﬂ%.ﬂ%ﬁEﬂﬁ@%,&

EEE%@E.ﬁ%ﬂ%&ﬁé&ﬂﬁﬁ%%ﬂ%&%&

_EERBEHEE L EEMNE,

hEPCe BELEABH—REERE, RARAME
Exﬁﬁﬁw,@%mamk7%%*ﬁ@@&éﬁﬁw
Ga, AE—MERAEHEFRPROBE, E-BEH
ke LR R E SRR SR EN, BEETAY

%W%%R%%?$@%%Wﬁﬁ,$&~&hﬁﬁ%%

St TR R BB FRAHScale function, B
R, BRWRAGEE - RERAESE, WEE
e EE NEEATE. AXHERA K ERRRIE
FPCe ¥ AL AT« |
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= E gEYRIER

AEROWBABERSS, THASHSE : LR
B BN R . 2. 98 FEE M EH (control me-
sh) M. 3. EEAENBHTHEMES, UTHIRYSES
 RHEERIIM |

31 WE. HEZBARBHR.

EIES RO AERLE B B E — B K (interact-
o) MM, BAREEARANTA, BAMNTE
MR, BEENELE, BREARESEHE
I | .

A 2 K B-sp ineli 87 07 M. RS,
WA T M SR, E R R KA = KBospline
A 9 P 2 2 9 BT R BB B W 28

— R 4G R A B PCO B M LBt o T 72 3% 35
BRI I, RS L E— Ml B U R — 3
i, REER MRS URRERRDEBRE R 2R

s -




Y. WEG.1)  ATHBRENA GRS, &
; AEERENESERAS S MM, BG.1) R
| HEFPHEHRER - CHEBESR, SETUEHBEIER
T T B9 P T T2 50 4 O S R 3 MR — = () T
Mo WS BT TR E S (self inter-
cection) IR EBATY, ME (3.2) , 4832 0 8 4 12
CEREHBLSEREERS LR AR EER,
RERZRBET LRBE, HERER AR N
DETES, BAKERARERET - BRBES . &
BENEGDRGC.ONYENAE, REASRLET
I BOBHARRRLTUESBHE (3.2) T8
I mmss, . S

B (3.1) | B (3.2)
- 32 -




BERMSWEENS =S

1LERBENEVES LEHEHE

O YFEE L — S B RN, I 0 B T R O
VrAHE, FRRREEE LEENRSIREEE
SR E. MERANESESEEMEBSN=
WEE G, HEPR GRS S TEEE LR
WA, WESR LS ET ST ERYIPE L
AH, LN TREBOER. mE (3.3)

FRAME 4

B==== 3D FRAHE ====

B (3.3) |
LMBEBLHELRERHEOBB A LA, THE
BiRMEEE O, MUBE, NSRRI

Ay $2 1 2 o
- 33 -




BB EEE RS, FSS N —

TR, 7 BN R B A — AR E 6 Bertnyk 3% B8 T
A by 2 B BB B B0 — B, 00 A4 B A

MRBEN B-spline WA RBHBWRFY, RIVED
CESRAEE Bohn MEBKER. EESBNBMES
 BERHMSEHYSOS MR, NETESREA
C HEBR. |

3-0 A B

ﬁ@%%%ﬁﬁ%ﬁﬁﬁﬁﬁEEM@ﬁﬁﬁﬁﬁﬂ

BB EEHE, mﬁﬁﬁﬁﬁgﬁﬁfﬁﬁbMﬁﬁﬁﬁﬁ
ﬁﬁﬁﬁﬁ&ﬁ%*ﬁﬁ@%k&ﬁt(M%%ﬁﬂwm

EHL MR B NEEHEET) o EERE R
WOBR, BAHSENERGE, REKEEES T
R M EE MRS AN, BT
% B TR 85 = S A 8B Mbicubic B-splines® AR
BHMBRETEENE. ST 0B ER 2
R

...34_




1 BESXENEHEERS LOKE, #AEpos[i]d,
T = 32 B T o TS R e K O 9 B R s
B, FAEF lavlild, WHE (3.3)

ERYMIBENEEDSOEE, e WA ENE
 REBEEHRSEES SHAUEEAL , 0E
SR 0-12 B B B R
2R EMEEMS EWIEBE (] pos[i+1]- pos[il |
REMSER) , HHTIBOTERER, BRAHEE
BB R, EEETE I BEN R,

110 evolution function

shape function W -]
: , |

(3.3)
= 35 -




FOR I=first-contour TO last-contour
calculate number of inbetweens needed between | |
any two contours. ‘
.inbetween-amount[l]=l pos[I+1]-pos[I] | X

| spine-leng£h/STEP
EFOR J=0 TO inbetween*amouﬁt[l]_

" FOR K=1 TO number—of-control-point-dn-a—contour
}i‘ | fract=3/inbet§een~amount[I]
| CASE law(I] .
§ LINNAR:
| fract=fract
ACCELERATION:
fract=1-cos(PIX fract/2)
DECELERATiUH= |
fract=sin(PI>%%réct/2)
ACCELERATION-THEN-DECELERATION:
fract=[1-cos (PIX fract)]/2

inbetween-control-point-position[I]

3 = contril-piont-position[I]X fract +

control-piont-position[I+1]><(1-fract)

1 - 36 -




3HME - BEERS LOTE, NRSNEENERE
Frenet frame/#EEIA (n,b,t).

B4 — HE i (x,v,2) B4 WL E] (n, b, t) B4 56 Y
10 B HIE |

R TEE A, 8 RO I\ B R
W R L O R L e WE L, TR W :
#E, o |

4 B KR B pos [1+1) <pos (110G, & T
MEHEETREMET, WEMIDEEERERE

BRMEOES, NEG.5) , EEDEEEERAKN
HEBATMRA, |

D
e = A Y

b A LT
R

"’ \
g
Sl

E (3.5)
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R T L L LT o anpp—
, HT SRR B, TR R I B A0 4R 4
A 16E R B X Abicubic B-splinefiE A LI & Hi ih
i T 3R o

3-3 EANBBFEMLSE

mtﬁﬁﬁﬂﬁXﬁE%%%%Em bicubic B-

splineli, HEMRUHFEANETRECRBAKE

SEBWIEMANRERS, TUREDBaESEE
MEEPEMCNYEET, NAYRLHEREOEN

_ﬁﬁaiﬂ,ﬁﬁﬂ%ﬂ%ﬁ%%ﬂﬁﬁ&%&ﬁﬁ%ﬁ

MIB-splineMifh. 7EHNM S MRS, BEAMEE L
GEASES R L e R T R

MAREB-splinei B LM BB I HE, MPYBREE
ERBEH (TEBIMEELXKR) , GHNTFTEEES

UREBEALENRBRYERBONAE., Rt BEHE L)

HBLABARTHENZY, HEASKBYREEES
MEERREZSEILHACHEIHAZH, WHE (3.7)
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"jg! . .‘I
L T
gt/ kA
oAl

B (3.7)

A YT 1 B B B R T 0 T T 09 0 6 A
MR ES IR AR (R, W (3.8)

r
H

POINT
POINT
POINT
POINT
POLYGON
POLYGON
POLYGON
POLYGON

—— B =
[N BLNSIAVE I o

«3,0,13)

«5,0,1%
«6,0,5»
«4,3,6%

)
T

(WU - N

| B §

B (3.8)

-

’ (4,3.6)

A» (6.0,5)
(3.0.1) (5.0.1)

- 39 -




3-4  EABY |

A 1 45 1R 3R A8 08 4 SR P 51 L 4 B 0 R RS B i
M -
(1) EBEE

s

i
B
=

B AR
N ; -




(2) &HE

)]




R e e I — i T

(3

1

2L iESS Ny
7 i

to-‘f%’;’e‘fﬁ Y
BTty

\ ¥ I

N,
HRTINY
TR

\

RN
wlid
h
(R

....42..




(4)

§

TN

. “‘ ‘.,a' \\ ‘.\

i NN
i
A
iy \ \
i \ \ !
i \ 1 i
H \ H !
i L, P i
; ! ! i
s } } 1
A i

{ i i

| ] ! ‘

i / }

\ ’

L / /
A



(5) WR&CIEHE




Fara gl

VOB A 0 R T

 pEmARSERTAY, BRSEOSL. TEY - |
AERYBREET EUREBEAHELER (pattern), # ﬁ
CWRBURE R R R, N T 60 T R
CBX, A ETMEHORE, KSLEREN, BE
KRR LR AR, SRAENE RS |
CMEMERAE RS RS, BEKKGREL W |
EATHOAN—RWME, RATHARRGNE, B
THBMANOYBEER, BTHREEEE, SER
iR |

f-1  EHEYESEAE
ERAEAGTNE I A ETARS A

1.Texture mapping [11]
19745 f Catmul IR MEHSE, RENERE
LTI T E Pt S DT TOEE -1 WETa Y
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P EMNEHIBNYRER L, SEEAEHBHREY

MMALERBEANER, REEHBBRBEERE,

REERAERE (1, v) “HERL, WHETRB—

o

t=T@ v) tERFHEERBEWES Shadingh B
MYEERR X ¥, DE#BEER. BEARE S
%ﬁ%%ﬁ%ﬂ,ﬁﬁ(mﬂ=ﬂ(&hm WE (4,1)

1

$=" (4,1) 'l
BRH Y LE—BA shadingf B,
t =T ( NHX,Y,2) )

_46...




2.Bump mapping, A normal perturbation [12]
ARBMEYEEE (shading), BASHEEESH

S, ArgcnBsEEelnAsAERAMES

 pEEEEAEYEEBRSLOEL. HEBOHE

B5 % ® (Lambert's law) i 19088 EE — B 00 BT 0 B

(deflection intensity) MBBEIMM G, BuEE,
KERERAHAEBEHN, N8 (4.2)

Ia = Kd°Ca'§ Ira-(K-Ly)
=

Lo : GEEEE M REEE
Ka @ BEEROHS 4 B
Ca : BBME B
N B B
ILst NS RE &
L+ NE AR E
Mo : ABEBE B (4.2)

WEANSSFHRERBERARDN, BRAREH, YETE
S ENBELEARL, ERRAR. RZ, RARKE
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2.Bunp napping, EUM normal perturbation [12]

AFEI S YEEE (shading), BA%ENERS
24 0, IR O g E 0 B R N 8 ORI T 4
 HEEEEEERYHEEXSLOEL. EXBERRME -
AR (Lanbert's law) (519 B8 £ IE — 26 00 M8 30 B
(deflection intensity) BB W MM BB, HMME,
AEEERAHAESEN, NE (4.2

Ia = Kd'Cs‘; ILs- (N-Ly)
J=1

Lo R B
Ka @ BB G H
Ca @ BBHEE
N B R
ILs: N4 EHEE
L+ NG A R
Mo ¢ ASDEBME B (4.2)

MBAHSTHREMBERARD, BTIARESY, WEE
SHLMBHEEARX, tREER. K2, RABKE
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TS, URESNKAE. URNYREES 5
i B KNR ST L EENEA (perturbation), Hl
CAZBAERNYRREATLONSNYEE, WY
EAMMREEAREYER,

19784 Blinn$ HiBERL 2 BUL R E D B LM B
HORMFE (130, Blinndt W2 BEHEE P = (X,1,2)
K, Ve (), 2= 2y, (B
Flu, )RFBrRHE (u,v) BibEmE N2 u, v FEALER
B, WE (4.3),

surface

- | N |
Q=P+ F— |
N I ‘ - textured surface

P REGYEEE

0: EEAGHERHYEEE & (4.3)
EERREE, TFABEEHBEABRNEETNEEMNLE
 AEEEALROFEEERA LS Lanbert's lav,
Mk SRR g,

texture function

.




'3.S0lid texturing [141 [15) [16] _
texture mapping M ALTEE BERE K EN,
olid texturing HEMEBEABEREIEEN,
| t = T{XLY,2) vevnvennnnnnnn solid texturing
(u;v) = N(X,Y,Z) ....... textrue mapping

t = T( N(X,Y,2) ) .

B U BT P MR R R, (R o —
g RE. K solid texturingH W, FHERMEK
EEAEYENERANHE, #H texture nappinel
%, SESXRUBRELAYHRMEBREGABE (
patch) 7 HEERERWEE. EVBRAB LI ERE, D
B % T U H O ARAS patch IR, AANFIEBHEEKX,
R M Eeatch HERBEREUBNBHNRS, EE
mEEEERRE R AR, ME 4,4), Solid texturing
FHRTERERNEE.,

Solid texturing 3l & MEMEA, KEHEH
W, RASGEGDE, BRNREEE. B,
A ERARELIEEMEEE, B texture napping
B o
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H (4,4)

4 - 2 Q%%%WE%QEE@

Solid texturing U FI7EE)E Ky M AE IS & B 4T 7Y N
M IRERESEA RN ERAEREEREES (O
scene corrdinate systen), % ETELMEA MBI N |
HEE, VESELERNEBELER NS, REHE
BROYBEFACELEERMOGE, N (4.5 |
REBENR—%., NEMERLELROERLZER m
MR N A, EYRER s
tEEYEAEEY, U RRE T Y EEN R

- 50_
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B (4.5) a) RA—YEREFHRELE
b) EVRDHNRELEEHEERE

-

c BEEREVBRASWEEY, MM, BWE, LRSHE

r

R HWESBAEEE, UTE—BEH0N : RIEFA
Bl solid texturingii— R AT ABGHEMNE, LEH

HELEAZSEREELIR, CHOEBTRANESRE
EERE, CHERARASBESY, EHARES N

YELEMEROTRS. MBS, HNEEAEDS
WREYWEREE. EREEUME, RUBE—EY

BN EEA, BEYBERHEE UREBBIKY
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M- B P, AEEARER PCORYEmEY
S W PEEEREERENVR, FHG0E
EFEHTHRE, BRIBRHES LS G RBE

4L, MEEET R HR SRS R NIRRT i
BEERR, TEREAD. PREAEHELUERERS

,SPEEEAEREHYE, BIATHsolid texturing
ABEBAIIR (nbL). A n, b ERBEERH
LB 4 09 U 40 1 B R RO PR R, L R B
BEANSEEEHLE, EREENRENEE, B3

PESTRARREHENER, FEEEHRN BR (
BEERMBHEER o, b WRBEE FY, EHR L

BB (LE) BFE, - EOEABEEE, FRm
Mg, M, EEEMH 00 UAPEEETERZ
e HEHSERREN NS BREE -,

4 -3 EBRIEEGY

Wi t@rEs, BMNE b LDAREEAARE
TEEMBYHABEREEREAKEENYRE, UT
2 Bl &g e




1.8 & vood(n,b)
*&ﬂﬁ%*ﬁ@ﬁk%~m@ﬁ@%ﬁ%¥‘ﬁ
AESEEELBES, SRBEONBHANEE.
~wood(n,b)

{ radius = {n%+pb
index = radius / ring_width
dark_areé = 0

while (index > dark)

dark_area = dark_area + increment
( increment =0,1,2,3,4,5,....0n.. )
1F indeg = dark_area
THEN return dark_brown
EISE return light_brown
3 -
2.JREEE  spot(n,b,L)
romEEERERR. AN, EESTHE0RE
(n-no)2+ (b-bo)2+ (L-Lo)2= r2 FHino,bo, Lo il M | il
Bk, EHEVBLLENERE, BRNORBERE
RAER  (n-no)2+ (b-bo)2+ (L-Lo)2- r2 ¥, P8 i
METREIRFERE. FRAGERBIA, BHEE
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AT R R B ., KRS B EART, R REE

BERES UEREESERI R EAS. s

T, WAL AR AR B R A o BN Y V
BERAANTREAELOBHEN, EEELENEY
B |

3 REL cross(L)

B SR S BRI, b E e
R EE e, BEEEZNEBORETEEE
v s R O O O R O R S T
o B R
LEEEE |
B ESEEREENEYSCMRGREE,
TEAEEGEMUER, FEVRRERYETANEY
1o

Iez T{n,b,L):P + S-(1-P)
T(n,b,l) : BAER, BEH 0-12HEOH
S pEE-HLHEE |
P RREEANEESNRE, BEE 1 EFBEAE
Bk, |
lo: SEAZHRBEE
s -




EREREN, RIEE Gardner 1084 &%k
[17]
T(XE,YB,ZE) =. = Cl{Siﬂ(wiXs‘*‘ PXI) + 1]/2 X

1=1 -

n

= Ci[Sin(¥iY¥a+ PY:) + 1172
1=
PX1=‘Sin(Yi), PYt = Sin(X1),
PX: BPY: %M AT EM (phase shift funtions),
REMGEHERB, UESERRNAETRFROE.

4 -4 BEEHHEEERR

RGBT RE NG R TN ERE
BB L ASBEBMN Aninator KB, IKBNHETE
& (surface shading) 32/ Gouraud shading, P
EMYEREEE AN ASNERTES BB MR
B TEEBETE_MOEEZHEEREYE Ger-
tex) WERMEHFAMRABERE, WTEH (4,0)FF :
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N1+N +N
Calculation of the vertex normal: N ¢ =-———§2—3— )

B (4,6a) B EGEEMAR
v Y |
L;i:

scan-line

- N
EWL%)%W@%%%%&%L%*%%%E

Intensity interpolation (Gouraud interpolation)

: =IT{YA‘YU)”IU(YT'YA) : :w(YB'Yv)*'Iv(“.’w'YB)
A VY, B Vo Ty

I (XX + I (XX )

1= -
P XX,

5 BTG BT 2 R R TR

$Eﬁﬁﬁ§%ﬁﬁ&ﬂmm%,®%$%

%Eﬂ%%lﬁﬁﬁz‘ﬁ&ﬁgﬁ%fﬁ% (HYHAKEE) 1

._56_.

& Animator




BEEH, Bl Aninator DLERME AR M 8% MY
BEEFATRY : EERAYEEENS ELE S b uE
FHGE, EENYESERENEARES, FEyE
BTN, BEEEY  ARABSEER AR
HEWMEES, ERHELHEEARED,

RHGHEABTROABEES (b, LEET 4K %
MITHE TS, LA GTEAGE 4%, BE2
T B B TR — 1 B O T K 8 6 G T 9 3 SR
D0 A — 9 B8 4, B D L F 55 6 R 40
&4 (composite texture). WM& IE & KT 3 5 R
 BAREERRAEAKHREEE (ost processor)
. AEEA KON RS HNTEE T -




R

| HMH4AGEE2SRES BT
MEAIE, REMBS EOE

— ERERANSESY
|
| |
o 5 5 B
o ' ?
EEBER | | |
| ERGEAS '
B | o
B 2 5 B
| R ZBUEENERS j
i fi
i
» |
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R A T T

-1 EEEH | .
15 28 0 B X Y R A 4 6 E R BT 3R A VAX

750RSUNAT Vet LRI, HA—SEMEARRERD

PC AT ETRE. MENBAREYR, BEUADYESSE

 BIEHAOURSEREEMNYEEEIN RS AT

PS3G0E T o

5-2  BRESZEIE
MENSEYIEEeNRERETRENREREE
ﬁ%ﬁﬂ—éﬁ@ﬁgﬁusumB‘gTHREEDﬁﬁ@Ezmssgoro
b e B EEER S M AR RN Aninator
4o, HEAERFIEA600X 51269 raster fileo Animator
B3RS ( intensity model) DAGouraud shading
EmEmbne, UREATSHEENTE, B
texture mapping HYZJHE, [HZ2FH ray tracing HYAE

Bo
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PS 300 SYSTEMS OVERVIEW - 7

PS 340 ‘ ;

|
The PS 340 is a single-user system with the full capability of the P3 330, and l
additional features [or three-dimensional displays of objects defined as
patygans. The monochrame and coler calligraphic displays can be used to show
hidden-line -removed and sectioned views of polygonal objects. An optional color i
raster display allows the system to display smooth-shaded static images of three
dimensional surfaces and solid objects camputed locally or generated by the host
compuler. ’ i

— . o
I - |

PS 340

HOST o . —_— |

IR ALV SRR SRR AN

| [ 1 | |
. RASTER
DISPLAY

| 1 l‘ |

I, Vs zo]) [jf '

—{

IAS0355
The PS 340

H (5.1) | i




5-3 AHRE

, > | BE. HEZBAREX
(BEHETR) -
\Fﬁﬁ&ﬂ%%ﬁ%) )
(PEEE) A
> | BEUEERAS —> | HREED | |
(BB bR R ;
SAE BEEUTE HEEHE MR L) | (BERSE
MEWSRE) l | | mast)
> | BEUBLEAR )
(BEENREBH) - . 2
, l(smsaé.ma@%) |
> Animator > ps390 |
(B EE.BE ' (raster file) ;
RELE, WEREE) ‘

il
B (5.2) %%ERE |
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MASIEREEHS LT ﬁ
H 0 91 58 £ B R 3 0 A ST |
MATHESWSRE REBH )
L | | J
o WA PR R ) o gsal
— | EEER
i) | B8
=R o]
HTABESHNS L
' --- l
; .
HRESEBR
T M % B
Wﬁ%ﬁ%$ﬁﬁ% '
Bl (5.3) & % ¥ i & - B (5.4) 05 4 5 B f




G

el T e g e yemsme £y i ecAmmmMr. it s e -

B (6.2) : H#E 180 EHEH
- 03 -




B (6.4) : é?’é&éﬁ%ﬁﬁl'?@ £ B i 2




- E(6.5) FE

B (6.6) ¢ KEEENR » A0 K IR B SO A & T AR
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B(6.7) : KHER

t

’%gjﬁﬁﬁ@%%ﬁ{%ﬁi

E(6.8) : Ki&E




B (6.10) : KLE A B
. = 67 -




g t B &

S

T PR e L P
B E, bl PCOM KM, TEEbicubic B-spline
WD, BRRIEN, SHESPAE, LARSRENE
L L LTI LEEFEL EL Lt
pEmEA. R BREMEMNEAL GRS
SESTE, EAEARESES URER—EHE, R
R EETEAGAEAY, BREHSESHERTE
ML EEN S, A, AR GE RN
smEEpENAY (GUHEHEN BNAES) , T
AT E S NSy, EUERES
B ARORE POOELRY RN, BE KT
NEEESL” WES, ERTERYEEACHEHNEY
by B TR R — B9 T

B0 47 6 4 4 v B 40T B T 75 T 51 £ 5k 2 BT 9 8K
i 45 19
R
| B %G M PR B-soline , HEXB-spline
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RN R EE NS, e R
B EEEEET. MA rational curve s
A R

ok RUET ERAEMER AR sy
miE (g , MEBRUEGESEE—E URA
FEGE BN ) | AIJH 26k B I U6 ) U R T 40 B A
. MABABNEER SRR TE,
ABWEEATE. |

3.1y HE e TR 2 B 6 3 2 O 0 RO 4
e RBERER. MARH-AEESUREERE
—EFEMEERENED - EERME,

WOH R | |

LR K Anisator & B IR AHEE K B KEM

ke, kA GUSEYES LA B (ertex

) BEXREREBSEOAR. EHRVBENS ALY
EXRMSE, EEANGETEREARNER. BRRE
EEENEAKNHREEERLEOHEMA Anin-
ator BEH W,

'zx%%m&ﬂ@ﬂﬁﬁt@,m%ﬁﬁﬁ%%ﬁ,@%
SEREATS BN, £HRZRD busp napping

- B8 -




LA E R, ATHASESHER, BMFHE
O BEBELEN.
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10.
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13.

14.
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