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SUMMARY

I. Title

Development of Rendering System.
II. Objectives and Significance of the Research

Advances in Computer Graphics technologies have greatly affected a
variety of fields, such as entertainment, commercials, arts and
education, as well as computer-related areas. As the results of
active efforts for research and development, high technologies in
computer graphics have been accumulated in the leading countries.
Based on such technologies, they have produced commercial products
such as animation software and CAD/CAM software, and have recently
developed high value-added products for virtual reality, 3D games,
etc. On the other hand, while the technologies are being developed
rapidly worldwide, it is true that they, in Korea, rely on foreign
technologies at high costs. This research, in its second stage
('96.12 to '98.9), is the first part of the three sub-projects of
the six-year long project “The Development of Technologies for
CG/VR” of STEP 2000, In particular, this research focuses on
rendering toolkits techniques, one of the most important
fundamentals in computer graphics, that include such techniques as
photo-realistic rendering and user-friendly interfaces. In this
research, we aim at two parallel objectives: development of a
prototype of advanced rendering system, and advanced research in
rendering technologies. During the period of one year and nine
months, we develop a general-purpose rendering system with
effectively designed user-interface. As well, we carry out advanced
research related to graphics rendering, These research efforts will

let us acquire high technologies in graphics software production

_11_



and rendering techniques, produce competent experis, and apply such
techniques to building graphics software, like advanced animation
and virtual reality software,

III. Scopes and Contents of the Research
The scopes and contents of this research are summarized in the
following table,

> Research on development of an advance rendering system
prototype
- Development of a rendering library based on Z-buffer and
micropolygons
-Requirement analysis and design of rendering module
-Implementation of fundamental functions and connection to
GUL
-Implementation of advanced functions
- Introduction of distributed and parallel rendering methods
~Literature search on distributed rendering
-Implenentation of distributed rendering using the network
taolkit PVM and image-space partition
- Improvement of GUI functions and development of data 1/0

interfaces
18t year

(*96)

-Performance test
~lmprovement and extension of GUI functions
-luplementation of an 1/0 module for the RIB file format
- Introduction of concepts of virtual environment into the
rendering system
~Analysis of previous virtual environment systems and 3D
scene sharing techniques
-Analysis of data structures for mutual interaction and
communication, and extension of the rendering system structure
-Design and implewentation of a network model on the
rendering system

[> Research on advance techniques for rendering

* Research on image-based rendering for real-time rendering
-Literature search on image-based rendering models

L\( -Research on image data compression

\,12~



> Research on development of an advarnce rendering system
prototype
+ Addition of advance functions to the Z-buffer rendering
module
-Implementation of advance rendering functions
-Research on user-friendly rendering parameter selection
techniques
-Performance improvement of the Z-buffer module
-Porting and parallelization of the rendering module onto
the parallel computer Cray T3E
» Implementation of CSCW through 3D scene sharing in virtual
environments
-Research on 3D scene sharing and collaboration techniques
{consistency, multi-server structure, etc)

-Building network toolkits for virtual environment sharing
2nd year

(*97)

-Extension of the rendering system using the network
toolkit
+ Building a rendering system protoiype and performance test
~Implementation of an 1/0 module for the VRML 2.0 file
format
-Extension of GUI functions
-Test and debugging through the use of system
-Production of an introductory tutorial
> Research on advance techniques for rendering
* Research on image-based rendering for real-time rendering
-Design of image data compression techniques
- Research on effective rendering of very large volume data
~Compression of very large volume data using 3D wavelets
-Development of volume rendering techniques using

compression schemes

-Research on applications of compression techniques

— 13_




IV. Research Results

1st year
(*96)

[> Research on development of an advance rendering system
prototype
- Development of a rendering module based on the Reyes
architecture
-Functions: geometric transformations, hidden-surface
elimination, lighting and shading, rasterization,
anti-aliasing based on stochastic sampling, texture
mapping
—Graphics>primitives: polygonal models, quadrics,
parametric patches
-Compatibility with the ray-tracing module
-Support of RenderMan Shading Language
-Connection to the rendering system GUI
* Development of distributed Z-buffer rendering on networked
workstations
+ Improvement and extension of GUI functions
-Functions: navigation, texture parameter selection, light
source selection, etc,
* Development of an 1/0 module for the RIB file format
* Development of new schemes for multi-user 3D scene sharing
and application to the rendering system
P> Research on advance techniques for rendering
* Development of an image-based rendering method based on
spheres
* Development of a compression technique for light fields
using 2D wavelets

_14_




2nd year
(°97)

> hesearch on development of an advance rendering system
prototype
- Addition of advanced functions to the Z-buffer module
-Shadow, radiosity
-Development of a reverse selection technique for rendering
parameters
-Optimization and performance enhancement of the Z-buffer
module
- Development of MIRAGE: a multi-server-based network toolkit
for multi-user collaboration
+ Building a multi-user rendering system using MIRAGE
* Implementation of parallel rendering on the parallel
computer Cray T3E
* Improvement and extension of GUI functions
~-Functions: multi-user interaction, etc
* Development of an 1/0 medule for the VRML 2,0 file format
» Production of an introductory tutorial for the rendering
system using examples
D> Research on advance techniques for rendering
* Development of a compression technique for light fields
using 3D wavelets
* Development of a compression technique for 3D medical data
using 3D wavelets supporting fast reconstruction
* Development of a fast rendering method for compressed data
* Application to development of a virtual human body
navigation system
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V. Future Plans

In this research, we have built a general-purpose rendering system
prototype. The know-how, acquired through the research, will be
very useful in building a rendering module for a variety of
software, such as virtual reality software, 3D CAD/CAM software,
animation software, and real-time 3D medical imaging systems. For
example, when they develop a VRML-based virtual environment system,
they can produce software at the less expense by using the related
codes, generated in the research. Also, the wavelet-based
compression technique supporting fast reconstruction for very large
medical data can be effectively used in building a 3D virtual human
body navigation system, When the third-stage project goes on, we
plan to select a specific application area and apply our research
results for effective software development., Rendering techniques,
one of the most important parts, haye been usually imported from
foreign countries, In this research, we have made a great deal of
efforts in implementing various rendering-related techniques
ourselves, and could accumulate a fair amount of know-how on
rendering and GUI technologies, In the future, we plan to continue
our research and development efforts, and it will let us contribute

to the growth of graphics-software production industry,
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57 WhRo] olF FES) WEY 4+ ALAZ BHA sjry =4 oy
2o 33 I4Ys 1EES AT FLINE WA ABF A 2
of ThFEO|HE o]e¥ &Y Ege WA dALRE ujP ojrh

mebd Aoy @ agYs AR B FH U ALFHQ BAE B
T 52 Jled Y 9 FEe dgFolat @ Ut ok vhgss
AFE gL F24E dA3te] AT|e R 1994918 53
AU 8] SFLEEA] STEP2000AIS E3le] FEE 2efgr 2ofy
Jlg ge] BARE stoigith. 59 A E dEQ FHEFoke] Azl
ol HEEHo JudAe AFE 2efYs Y A7t usiA s
Zlet o=t
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mE Ay
s 27 B4 90 A

e 78
Ada 79 =
Ay B AR 24
WM u] o:UJ-_:Ly},_,,g- Hc;-t?:-]oi 7]13 _%
7] ekl
TR AR GUT A% AR R el Al2EITe
& A
AAR A BT WL Y wluly
UL 7% B W
-RIB W 4&Y 2§ 79
cRvE Nagozel shyR i =
-71E8 4t 7 B3 AlAR 9 3D scene Ff-
A
T g AL AW AR T2
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_d [:—]E] /\]
> ey #d Wt
- AAZE B el S
_z}i z)\} 111 )8-711:1}
-3 AE 4H

| s
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2P =
(*97)

LAY A" AE BY 51

D> 2 Aoy Al EEEE}O‘ FEof I A
- Z-H3 Rgo] iyl 71@ 37}

~AREAt A W E AFshe AP ztepdlE MR 71y

-Z-HH BEe] e ¥

R T I SR

-3 ZAFE Cray TELRS] Ay BE porting U ¥
Y3}

ThgE7A ol 2] 3D scene FH-E B3 FH3Y VY &
3
-3D scene FH W FHRA sy A3 (dHAF HA, tl
= MY 2R F)
-7}’6’%7“ 9 ¥ ZTo UEY
-UE T S31& o] 83 My AR By

H AGdy ALy 28

EtYd &
VRML 2.0 TH &Y 2E 79
-GUL 75 K¢ ol =3}
-AAE AMES BRE Hot ol ne]d B
-Hely Al&E AJfE 913 tutorial A2}

> o B A 1 el BY AP
R E e R L R R

-3 AR S TN A7

- B delsd A ddY Y A+

-3D0 floj&3& o-&% gt % uolEle ¢4F 7d
A7
-UFIPYE o] &Y EF WUY Uy A
2E

T e e e B S B A
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> 3E Ay AJaE T RER] o] B
- Reyes WHoll 7|WtE ¥ ddy BE /My

A 247 £UT ALY Ao The Zol LoHy 4 Stk
d

.:?_

-7]%: geometric transformations, hidden-surface
elimination, lighting and shading, rasterization,
anti-aliasing based on stochastic samping, texture
mapping

-Graphics primitives: polygonal models, quadrics,
parametric patches (%)

-3 Y BEAY I8 R/

-RenderMan Shading Language 7]% X|{

-ioi ] Al2E GUIREY] 1A

- SRR HasgeldE T E4t Z-Hy gy )

o o

-GUL 7l 7R 3 =

-navigation 7]%, texture A& 7%, W AAA J%,
71 e}

*RIB i &9 7% Ay
- thE AMEA}ZEe] 3D scene FHE SITH 1Y At g A

Uy Aaeme 3§
slois e AT Y el e o
1

TR = S T

:II.
- T7E VIR R sk g ITE 1y s
- 2D HolE & o-&F light fieldse] & 7%
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2xpd =
("97)

>

AF woE] AR 2R EER] FFo] Bt o

- Z-9¥ BREo] it g Iy F71

-shadow, radiosity
-Agy A odE3u 1y g
-2-9¥ REol thgt HAE 3 s g4

- MIRAGE: T} AREA17re] ¥ APS 3l thEay

+& JEHA 3 A

MIRAGEE o83t |y A|&Ele the AMEAL Al&BlO

2 #74

-¥d FARE Cray TE oA o] HE Y™ 71y 78

$GUIL 7] 71 A %

-THFEAMEAE Al J1F, 71E

-VRML 2.0 3} d&Y 7% 71

c AR AAEE B3 #iosl AJARY 7hehgt tutorial |

;_q
Ao B H= 71y Jhde] B3 A7

- 3D SJolEBE o]-87 light fieldsd] k& 71 7Y
-WHE EYE AWt 3D HolE3l& o83 3D A8 o

olele] = 71 A

- UEH delgERE Y mE Agy sy sy
- Virtual human body navigation system 7JU o g2] 28
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A 1 A Reyes 7o 7PHE £ 7 ¥¥ dAdy B9

7H
1. Reyes3tZ d1|&E

Reyes: 1981'd Loren Carpenter”?} #|Z3t sl xlARIOZ A, wE &%
B 23 SEiAE oluAE vhEo]l W7 93 AAE STt AAE Reyes
Tz 7INkE £ Z Wy ddels B33 (Ray Tracing)oll vjs] &xrof

2 HojFm ¥ wgt B Pe) AE 7t sjr}. SRt 2
Hl akol  FIAE Q18] 2 A|A(hidden surface removal)®} A&IZ} &3}
(shadow effect), ZLe|il A9} 22 W ubabel o 23t &3 5& 3F
HAel womn  xAFlr] B3] wEo] HAX wW¥(texture
mapping)[1-15], #7 W% (environment mapping)[1-16] 52} ol@ 7}x] |y
71& ol-&sto] Algdeld ¥l

Reyes 7% de|& (29 1.1)2 Zzte] »ddy AAES AT Pel2 ¢
oA Fiufel F ol A= (bounding box) & ©]&3te] sig Rlo] i
izl Fhelete] Ajok ol #12]st7] wiEel Ao IpYolA HLAA A
AA] o] F-E AT I thE A cide] EH= Ao i3] tio]d] HAl
(dicing test)& #33Ich. o] AL s EAE /st vty Eol thold&
H8e ¢ A& vE FE3] FA271E Arste AFelnh AT ol Tl
219 tio]d HBoM W2 HReE YRR 317] uliel tio]y A d
F3o[t}. o] uf tielo] E7FsR AAo] tisjrM s AEERE sIETH &F
2l® (splitting)olqt stute] Ty & I Fefel FAdol Wk 4 HeA
olg] 7o tiAP o2 A HPolrtt &E&eY H THAYES ] Hked
B2 ZAL SAFE] A Rfste] AlGelA] oy chAdIR ] ZAatet tho]A) AL

flo
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on screen ? cull
N

Y

E split H diceable ?
N

Y

]

DICE

2_buffer

PICTURE

1% 1.1 Reyes X &nEl&e =AML
E +331A "ol & olE A 1Y ZRAAE el WHow HEH £

=

ot

aict,

Al gt g E BT AAE i tlold S 3shA Hrl
thold (dicing)ol gt t}2}8& nlA] thd¥ (micropolygon)oE UHpl 2H¢o]
th wAl ol o2 el F s mlAl cizg el Aagola Ao|yo] ¢
olubal MEREo] A gho]l AAE ] wiEo] tlo]4d-& ReyesFZ Aile|Fo|
A 78 Al apgolch. o] ol PR uA tizE el fof uhal o
ol Aojuzt ME o] el WL Atz HE olu|z|g o] W
g 5g et

olFA A thAPLR virold F oulA iy zh Az s Mo
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go| YAt o] (shading)olgt sl EAle] o] vzt 44 71& o
F ZedoltH1-17]. of wiol: #x Ay Al o] X3H BE
A2 54, HaH T& 2#sA A4 S Ak oA chdye) we
T5 Aold He Ao 71 wolx|yl wiFe] o 2 #uy AE Wes
1k 18] A& Fopich
< Zz2pol thgt Molg zlo] TubH Zb A tidyel chs) A=wl

F7H(screen space)oll N Q] HREW ARIE UET Y A (pixel )] 2} WE
B el oyt AEW Aol +3Ect. AUE3 (sampling)o]gt ojujx]e] 2} ¥
Aol $1A1g MEH HollA M4 & doles 2AYE witeh nA iy
o Z} AzpHol AAlZ 2zt wAe] MEy H UAFA| ¢f7] ujEe] 23} Ay
B2 (bilinear interpolation)[1-3]-& AH&-3lo] 2] AMZal Hojael A
S BE A tiA Y] Z Ak My fe2NE dojeA Hrl

BE stue] Aol tisiA 7t2 AR T AR 4]0 dEy dE dgsis
ol o] ufFol A XF AN 71& ¢V flsiME ey Y-S AHof §
th WE R (filtering)o] gt 17) o] 4e] M4 31& 543 Wy g (filtering
function)o] F2fA]H FlLle] MAb 1o g Hos 2oy RE /1At
Ue $(Gaussian filter function)& AHEFITh i} MEZUH AAF gho]
2 ey gl "Wadt AL ot dxt MEHH glolgt srizte o
o] T =Ael 23 7tA o] oA Holx] ¢t=rhd Hely I
AR dart gl oledt vl 2UE& s HAM(visibility test)z}
gk 7R Axbe siE MER AHY 3L & FleetR e "old AR 3
Z ¥ UolAe sl Hade] 73hg a2y o|FojArH1-4]. HEH
ol Z w¥o] Eoldls AR Jiel2FE o] We] Wolx glowy &
MEY e EE FEe dart g = "eld 233 AXA el
1870 siA HER 7R Aopdde WEY He Z3k2 Al Z WY 3l

J

o[i
—_

-

U = e
e Mz 4

o4
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o g zgo g PalEo} ol oy AAS Y AR @A Hrh

£Z 57 Thol4-& Reyes T2 HHlAA 7Y Fo¥ Riojch of F 33
SN2 dolel ¥ejujct A& whgo] tied thA¥ e 2 ug Z2IY
7\ olgch usta oz E dofele d3T FelE A e AEH
Aol e vd® WY RS ¢ 4§17 alEelth ofaigt thdgo
3t ABeE Y clolgd e AX TR Y whol mletd TP e R Y

2.
o
8t
=
iy

& vzt o) thojAldtziel WF AAL YAHE HH(epsilon plane)

of del Qe AFo) St AR HHZ olEHAE syt FitollM &

o} 73 wyow QENT 23 ool At Witk shiY tRE AFe
gsiy) gshal QT chisel g Petn of B4 4 He) FRE A2

gt} olEgt A& BA ulolsle] f|4(topology) & HESHF] I8 7
2p Fbell A FRcH Y 1.2).

thol e AZ Rt By A S zheth vl BAL Molde
By og a1l nola el Adddd, YntgA Fe Y oty )

o ARE oy A0 uid TP e R Uee Fgos "o} sixiw o
£ Mol Ajef sjg Moiw Aol riztHel THE=A4 AFE FUso}
sHe e AXE o BAz vk mhetd 2 F¥eME uhed ARt
ohdd Th® AAHE el g o] &sigch o W2 Ffol uletAM #9

.

o

J

i

A RTE ge Az ujES RSN o £2 A ouxE wtEd £ U
v 19l 1.3).

a3 1204 HEriAul mA cohdle] zZh e A BB(linear
interpolation)& o]&stol LHe ¥ Uizl 27 FR 4 oty AxYE
MY Hpges FAdE dnalES ofgstdch gloA Kol A AbZ

8 AAE 7 HE Ay Bbgos e RAES HoFa rh oy AL
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B AzHgrid) 2] & A 238 FeM EA7) 2he 278 338 2
BT o] A2 UFol Aoy H olmlx] Ag AL A I g4
&3t " Nyquist MEHE UFAFAA} G A A=Y 4=
o] vy BATE Zhe e o e A"k o3t Fxpe Av|E
AA &AL} oinjx| o] shdz} divjel AJzbe] 713 w)g-(trade off)S& 33}
ol AAstA "HrH1-1].

polygon 3

ce ntrBrd\
\.

polygon 2

In camera space In camera space B Interpolated point

ag 12 A2Z2lg 1y a8 1.3 cfold =

In camera space O shading point

O 14 ofM chzdel Mold
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2. Aeld, AEY W A

Aol ulA ThF e ZA=pHollA o] FolZc). RE njA] vhye] AP
o] thztP el agEle]l glonz Ao AHo|gd& £HslH FHr} o|EH
oA A3t utel o] viE® AAE o[ &1L rield Wel wls] Aleld A
Hold o v FeE WY 4 A Hrh. EE ciold L ik o
A2 AR Alo]g TAlel M= sl AAPEe] T4y AFof 91A]sH=T1Y o

& AL Hert giA Hch1-3].

I 1L.4E HAl ciAdEe] AeldE HoFa it agdlA ¢ Aoy

A& Urhdch O3 1 4ollA KAy oiZE o] 2F ¥ glof fIX|E Aol
S 7 TP AFOR ApHA v oL HA Mol Ald ¥F
a3 dxte] oF WA JhedE Eolll f¥elrh. AAlE Z W #1xgt
Aold & Iz Moo ol &std F5 443 dAite] £ FE

Adsh s 2l PAHEL J1E} AlojFol Hadt sleinlel &2 Ade)a oF
7b A" = glom Aol At ARH JHsidol Ach 2 AN E
Zt el 91AF Mold HE vhy Alold A 9ol 20 /=S A et
EF EA dlole{ 7t UR AU EXZ del "ol glo] Aadl FakelMd &
B9E& 2AsHA] Zyvhd ctioldl Azt EA} sty niA ciAgE Zix 2
A El= EA7F HAE 4 vk & F@AE shte] chARe] 4 2 X
28] Al tiAY & JIAAR st o] £AHE 2HF LR sjAsigict
Reyes72 oM AMEW HE wEZ S8l 2EAMAE MEY 7Y
AHERTh 2EFfAE AL AEYE 99& 4AE A= v v 7
o2} FalolM doE 2F Wold AAE HAEY HoF Hhe whyolth
Z wold XS AR JsiME A (jitter)E AMR3IITH1-5]. #Ej=
AR hEeld ghe 2 ou] glo] FARNE MgHrh vt MEY el =

o2 o

_./

o
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micropolygon

In screen space ® jittered sampling point

o 15 MEE

normal bilinea
interpolation

applied bilinear

. \ nearest
interpolation

T Oog A2 F9E 4y %lﬁﬂ*i 2 elel s Erh1-3]. a'” 1.5
oAl tizdo] 237 FtelA WEHEE AL vehdn)
AoldH A tizty &L W
2 uR2HEI o] v AR o] Eolo AMEW H(sampling point)So]
el A thEel W & ol&3te] A g2 B, el 7ghe diclh
AED AdolA 3] Agsts duz|Fole 231 Ay BIbHo] glxwt of
71z 714l FAlE ol Hed 4 ol uksh 2xf Ay By
< o8t HEY HY AT ALY YoM 2 HRg 77 dupgrs
o MR WolA SUeAE dolo} stz of A Sl 2 AT He Az



filter factor
.

In screen space gaussian filter

pixel ® sampling point

T8 1.7 JheAlet HE gE o|&F o|olX|

A1 ujATizig el Ay e Wefrt ohlr) wiEeltt. wetby
o] 23} My RHE &3t EAE sfAstgict. 17 1.60] F8H 2%
d BEE vehigloh
Ad 9% 28 dubHel 23 HAF BAHE vehdoh F
S8l WE BUHeEH Tt AR HEY V&R BFAE A
o1 Az o 7 Y & 7 vhy ml, m2, nl, n2 T2 ZE sl
oA Feowd A Aol thAR oA o= Bxe ¥E&R 7 HXA
of tha] oA UEAE o + vl 2EF IS oleld 23t Ay B2
o] &31A] i 71 Fiztelof AT KA dolelE AR AMgdtE

_,.,
e

=
s}

oL ¥ m¥

ok

o] =z uwtzld olujx]e] 3pA-& ol Wolmal g{¥o] gl Wijelrt,
olFA MEYH N Y2 HFHLoE Wy U+E AHEsie] PAHcoh H
Atz (triangle) ¥, AA=b(box) &<, ZAHE(Catmull-Rom) F
, 7F-A1¢H(Gaussian) ¥ o] gitil]. & FEHAANE 7H9-Aleh HE
ol &35te] AL FAFITE Y 1.7 MEY HEo| oW Hog A

A& HolErh

el
>
2,
fr o

(U S 14
il

S
0,
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a3 L7elAe 3 gAY AEY HY 5 2 X 2R ARY oAdE Kol
gith. & o] 4749 HEH A 1Xshe HAd Ay 3
&

= 7H-A e e @& o8t gstA "ol

-2%distance

N
e
o
o
=,
i

o3

M2 BF 16718 MEH
filter factor = e

glol A2 & FHojA AR 7Y BE ) Aejt}. 7he-AIet HE
Q4 (filter factor)= HH FAoTFE MEY A7 A7l ool

mtet Zlo] EolEx FElE H T

sampling pixel
point

Opacny {Or1,0g1,0b1) {(0r2,092,0b2) (0r3,093,0b3) (0r4,0g94,0b4)

(Cr1,Cg1,Cb1) (Cr2,Cg2,Cb2) (Cra,Cg3.Cb3) (Cr4,Cgd,Ch4)

O 18 9

H1

ru

|8 9I8t xtzT7E

=

Reyes % ile|&2 #uf¥h Ziehe dvjglnhg st Q7] wigol of#]
74R] F7HEQ A AYE fsiMe 2 2 HFe] Etdsith FRE
(opacity) & Helst7] ¢lslid= 2 W& HolM z3tzt 7 w2 sidyA
o] 7 Zk& wlaste] st F2olM s 24 doll tiE SA7t Sxic ¥
At F274 2 3& veMe "ok viE oY EAVE FEd EAY F
S HE A glole HEAY A e FzEolof 3t wiTolrh1-9].

gk figly o] Solet EAY oF e ddHclrE, FEEE A
5171 flei s A’ wize] ezt dasict
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E(linked list)E o] &3} 2l £HT Eolo
FEEE Ad HNEY JAES Yol AT MEY H st oy F

BEE A HelEs EA = I AETY ol iyt 44 e|2ET B
3

o
1o
N
ek

a0

(¢
offt
2
s
o,
_o‘ﬁ
N
e
£

a3 1,804 LEeRd vlel Zo] dF 2AEQ 7t ko FEES A
Zkol OPACITY, RED, GREEN, BLUE®| FEejE ] AE]o] olt}. o E Lol REDY tf
@ A% Ny ghe To] sldE chest e Axel Wasithi-,
1-10].

Last R= (A#Crl )+ (B*Cr2 )+ (C%Cr3 )+ (D=x%Cr4d)
(1.0)
(1.0-(A))
C=0r3%(1.0-(A+B))
D=0r4d * (1.0-(A+B+C))

weld shlel MEY Mol TR HF Mat gke P dsHE slot 2

& ARG R, G, B Aol thal uaof Hl.

A=0r] %
B =0r2 %

4. 22t el =AY

o

A FEHYAME delEe 5Eer sl 23 F9 dojgg f4A A
4 9lrh AT ReyesTZof 7|NkE £ 7 Wy AdoNEe Pl 33
e 'l 2z T AA HEE ¢ s WAUSF] AFHA =Tl Reyes
de]EL] HYil ool HiE Z A& uiA ciAYP L2 A BA= A

nt

!-N



z

f 0 =u* 0na
TF‘
\ x = rtadius * (1 - v) * cos @
\
\

height y = radius * (1 - v) * sin @

\ \z = v * height

— A\ .
——"’4//u o
S
O radius
ot
O% 1.9 ¥ 2% FHe 7A

olgt stglen, ool ¥iE I & et £Aeg AHFH 23 FWS
oAl thE o Y RAw YL v&z&Heolr] Hrh uhebd & A
A 2a FEHE vy sste] Ao U] 24y drt oy e e
FHoz Aestes FrH1-3,1-6].

& Bol, d¥& 3xY FE2= Uehiy] S8 S22 07y 0E2% 4
uiel Ztth o] uf ug} vE 004l 1rto] 2 H A olFAlF|HA

Adste] HAPoR thAPHAZICE 2]l 004 14}e] 8]
e duht 29t o] FAlI7IE Fholl whebA sl 24 S dnb FHs)
A G ZA7tE A3 4 ot 2y o] RUET $&TE WL
2] Tyl BEE 7] wie] HF oluA e AL Folx|ZA gt AYH &

EE =8 A "Hrh

y

5. I@x} Z e ¥

HF oluAE o Adxlel ZA stelw 232} Hab(shadow effect)?] X4

< "eAolnth, Bl FAYdNE AdAHA 28R BRE dojd ¢ AUX

+

_41__



2H1-13], Reyes7X U3 EFE 0] & B¢ IT¥A T FIHRA €ad
Z& o] gjof 77| JHeslth. ReyesTE ]| FEolME LA} F3te] A
HE 93l BE a3z} t}2t8 (shadow polygon) wH, 1=} A4 (shadow
volume) W, el5l A} Z W H(shadow Z buffer) Wy F 3IE o] L3t
cH1-51. & F8A= 232 Z Wy & o] &3t

JAZ A S WA 2 Fdde] ois] sy wwE ddsta 4 o)
2ty dolEe] vz FHRLeTRE ] AE ARY F, dUFE ¥ o A F
Hofl ozl 3ie z B E BRste A AYH Fd AEY Ho| 1A =
2P ERE Helsh= Wyolrth. o] W& o &3] fsiMs 2 Fdo i
shupale] ajlxt 72 W¥E Fgslior gttt aA ZH = By SR/l whel
A2 3 eyt delxich ol 5o, WE H(directional light
source)d Aol o] AFLeTRE F3s] Hel "WolA Qe Aoz H
517] wiEol 281z}t 7 W= shute] 2k wiwRte gy FEsict kARt U}
=z A P (point light source)o|L} At W (spot light source) = H
% F{d(area light source)?] ZH-§-& APYLT Hlo] UARER Fd FE
At - Fefe) 23R 2 MHE =9 PR st FdEoojopt ¥
th AA & FEAME olE ol sl ASHAE FH Fool =2l ¥
Bl 28x 2 W E FEsich

33 110004 H&ol, 7 oizy dolele JUHLR FAE =Y o] uf A
SaAe] ol ol o] A= AE HUZT F 23
YA 2 Mol o F AAEL olg3H s Axe] BHomy
o] Wolxl AZt At shte] thdo] ofg we I3} Z wnof FAp
HH WEe aEL 2 Ay RHE ol g3ty Tyt

a3t Z ¥ A FHAA thdt 271E M 5 ot diiHo R ¥
F olnjx|2] 712 M2 WA A4et B AV WNE YPLEY, ¥y

lo
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polygon data

Shadow Z bufter

O 140 2= X Z wim
APEE U4 23x2) pdo] FolAA Bl AWM wlRele] T L
A3t g Ak BAIR Qs tiEE HE olu[x]e] 2 MR YA A4
o] T ol A=y VT gy,

Z Zke A BUOoRRE Y 7k tiy dolelete] Are AalFEE
ol o] wi A st zzhe auiE Adshd Ax Ao 2ol 2zt
Z WHe] Zhe MESUE uf Moirsielo] A 4= ArH1-7]. MoirsiEiolet A
YA} B8R o Rl 27] 24ale] dlolelrt Ax2 ARAlelA 1ylzt
2 27 she b A7lE delopy BAke Wt

28 1L11olA B FolA 1 ke ohtd ®eel glell $lAsta 2
ol ¥ HAR 7i7ke thztgol &ttt Moir MWL Hds] welA A}
z WH e A= AR Aolgel dojite nlA tiR el sdrrc) ur) o
Bo dojute datolth. & Ozl Z wivold slLby MEY Fe ANE g
A olade] Hold Mg vmsti gl Zolth o] wiite] UM ovL Walo}
& ole] A Mold FellMel A7 At ZolAlA ®o] 2% Uiyt
28] Azt 2UAt 2 W ollAe] siw Z ghach W AEa
Eg$A HE Rolth olelgt A ] 9lF ol gt

I
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Light ((j)

Shadow Z buffer

Shadow Z buffer cell

Closest Surface
v\

Original z value

Should store this z val

Secorfd Closest Surface
2%l 1.11 Moire H{Eie| M4 o

avjE BE F, 2z AEY HolA IRt 2 s WfolAe] s Z 2kt
ZE T o A9Fe R N 2 5 Uy Fo vl E sk W] glrh
SHAIRE o] W2 A7 H]E2 AHxnt RE oA FHEE Aate] o] Foj3
T Bgo] gith wietd 2 FHolME ¢ 2eA Rodkel F HAR 7t
74& Tz e Aglet S ke ctAg 7R Al BdkE 18A
Z HFo] MAsH= WA o2 o] £AE siAsrh

rr

6. 29z MHY BEY W Wl

olgA wHEold Iyl z wml: HEHoT JYEY WAL Fol IH
2} Zhe] el o] &HTh 1R} Z WiFe] AV7 A-SFF delopdol &
o]E7l sh}, RE2 A auxte] delotd & BE + oE UFH X
ANz wEy ol¥ril-14]. AlZMLL tiHE 2]} Z Hue] A7 FH]
g AR A e 4AIN R a7 A goldth A Zde] B¢
2z} 7 vH e Z7|E 512 X 512F s} dhte] WA 4 ulo]lE I/ E
BE 253 doly RS AMEY A9 ¢ WY 1 Moyted] AAIFNE E
2 3l2g AA 6 Mbyted] ZzZlo] Wasitlh 2|3 Moir SiY EAE &

-

4 mo
:

rr

fo
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Aoz AT ejre opde) mre] Fto] WRIER st 3 Yol
ths] A 12 Mbyteo] wWime] F2to]l AQ¥cTh FxX|wt o AV[E 1024 X
10242 5 F$ £05E el g2 48 MoyteZ FoluAl Hrh ojst 2
o] ¥zt &) delold AAS sl 1A 2 vy AVE el WH
2 wixely vt Ao Qls) achx] AaFHo|R| Rsith AAR IYA} Z
WMol A7lEe FE olulx]| AL /E M i HEo A7L HF o
mAol mAE B WEele] A B& DAY ol 717 HHolrh
oz} &g Uebdel glold dejod s &ol7l ¢jsiME 5EY e
W& ARgSRofoR jiT) JEe] HWAX Ao AMEEe WEY WYPLR=
shube] WEZ A chelof ois] 2y 2l Al B ohdx|e] tfdt AR
o 4 9 Wolmrg YR} A= BAFEAME HFT dejopdo] dojd
Zeabe]l glth. whebal 23 & WeE 8 (percentage closer filtering) WHE
AbgEte] shte] AMEH whelof tis) ol AR FHEER AL AeAE
o dri{1-8].
Pl g $17) slsfrls BEo] A= olof stvh. Tela AL 7 wisle]
A AZYg 7] dElME WA EAl dolele nAl cizy oAl dF
& 22 2 W UE P9 #He]l "asich 13 1,129 Ax ©
& Adwsta ot agle] UehjalEe] Az Ae|de] dojits 2 njA
izt el AxpEEe] a2yl 2 Wi Y2 i Mol o] uf dejopde 43t
o8 ZFolgd dF AVl 94dE agA Z HHE PYPAAA Hop g2 A
E 2 foprt 3T} sIEH o Y AxEL Y F FHE shie] ul4
thzty A7RtEY odo] tiat RE MAE AL Holdleh & Z nlAl T}
215 e] ZAAEEL 2}7] FHe d9o] vidt BE Aolgz BEE, Zgla 2
22} Zo] wE He 5& Yo ghrt o] AR eA shte] =4 T}

24y AR ARG EUTE Tl doE A Z W PYHste] MET
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A. Transformation from micropolygon sample to shadow Z
buffer sample

]

INE

O Shadow Z
o shading point e buffer

micropolygons

B. Sampling method

(a) Bounding box sampled with  (b) Bounding box sampled witt
uniform distribution gaussian distribution

X | Z AT XN %

eI N

(c) Bounding box sampled with {d) Geometric boundary
jitter sampled with Jitter

% 112 3RA Z HHe MEa

BY& UEA Hch WHAAH ¥ F9H 49 AsE o AsE 4 ok
@2l shute] ulA] oy A7) wEd Afols IYal FHdA BEEe O
HAL EAE Y ¢ A "ok ulekA o BE JIE AR 2uja AR dYe
A Z W2 PfyagA "ol

3y 1.122] B S HE Uehdch $18 WHoE wnEolz HEY
doof tfs] MEEL ol® Aoz Pl ta Wil tAE 47}
7} glom vhg3t gk

) S NEY 99 weR Y] TSl QR l4e MEES Qew

O}
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(b) 3" W& dod2] vkEw Adxtel ofs) 7h¢Ada e 54 Eab

() ubew 4xE W A B9z A U The sl dodolA A
(jitter)&E o] &slo] MEES L2 uhy
(d) 98 G RO W Ao o AA U oo 8T oo
SN B (jitter) & ol 3le] WESE T2k
2 2HAAL () BUS ol &stel ABY UG FHT ()WHL (a),
ol Hlsl Bt ABE %E A 4 glom (d)YHol wsNE Hr} AL
AZEu8e AHESA ok WA uheT AXE THA malHow 9FT 4
o GHOT Ui the QoY AHES s MBI Bt of u] AE A
o AL tlAf 1004 164k]o]h.

Surface at z = 49.8

[ B
/50.2 50.0| 50.0 \
<498 [ 01010

X'\.;._—/
50.1| 1.2 1.1/\ Y > o[ 1] Y>> 0ss
compare 1 i 1
11‘3 141 1.2 \ [

I\J

Sample Transform step

]

gl 113 2

jidad
. o
)
i)
m
1]

T O e uiA
thgol dniut Ax =] FHldith o] uwf AMSEE HEHY Wyo] 23 ¥E
welyg whdeltii-8). 23 1,132 23 8& HEY PHE RoFEn.

Fele] HaA wi(texture map) HE|H oMo} Zo] MEY HE IR o
2 e Z gkt wlaste] ulAl vhzE el Hapgela b Z3kel 2w 13 x|
b Ala 38R okom agIAyL AA| ¢l Aog AHushd aglzpe] b=}
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glofl Al Hgh delopdol deold futell gl AW BE AET HolrM Z
2t WA A AR Ao T Z3he sl HE Holdg I
# 1 128F ol T v duptEe] HEER JHAL Ae

A agdape] spgatElo A dejotd e AAY 4+ A Hrh Izl AY &
Zof BAIH 0.55 g2 HFFH L2 ORI} A& FHES LERdTh

a7 115 Z e ’ld gt

Aak (ofH 1)

O 114 Z vim e B Ak (o F 2)

9 1L 140F T 1155 7 Wy dE g ke oE Holza glth
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53] e ZYdoR FHH d3E UEY] fAME
ssloiol 317] o] t]fEe A8 AZEol UES I AW tlfy
HIALEO|AE Fol ALY AaE & 4 A= %S AT H4E 5o,
@3} Toy Story?] Z-¢- 1526x9223) 4 =& 2t 119 ZH Y ALy 17
218to] Zh 3tAw Wt of 50yhH e FEA,E At $Ysiol P, AAR
294tfe] SUN SPARCstationC & FAIH “Sun-farm”ojet E3l jaAgold 18
of 2Jste] iy o] o]Fo] Fri[1-21].

£ Aadox Kot wihE gy ALRg ¢is] BAEAE Jise]l =T
[1-22]. @A shute] F4& ALY slr] $iste] Past Axkg 2k 37]2
BlAFR LHro] AME 7HeRt fasdoldola AstE sleg FHFo] glct,
AR EUste WHE IA B FddA 75 EAE st W
oju[Al& E¥ste= F 1A ol QtH1-24]. & AT oz By wt
W& Austgd =] 2 elA3E 32%X32, 64X64, 128X128, 256X256 £3} 2
< AEE A7 Ve £ RS Sidtl. B4 dgy 2% U 9l
o171%2 AFEES A4S WY T ONS MU 5 P BAL A2
S8 E3lQ PW 3.2 (Parallel Virtual Machine)[1-23]& Al&3lglom,
Yol ntael-geloll 228 ol &stalrh, ulAE ERA Mol A of
Al FYE of] Jo] elaa oo EUI T 7 HAa 4o YR B
At DG s AehE A THegt &elolB Z2 Ao BUal SeolH =g
Aol A B AAE §Hdste] olulAE A4ttt &elo]lB A A oA
+ HRAE] DA M UL Go]EE RAISIEA A A=z gYg g

ri rlr
O
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Hi

38 116 =& EZolA dOdED A= F
o
fen)

o,
2

K3
x
Y

A7HE BdTh O3 1168 BAEPeN A6Y Ha Qe dNe B

o=
drt.

b EabA Ele] Ag

e indigo? indy indy indigo? ULTRAL |
CPU R4000 R4400 R4400 R4400 |UltraSPARC
CPU clock | 100Mhz 150Mnhz 200Mhz 200Mhz 167Mhz
memory 64MB 32MB 96MB 128MB 128MB
SPECint92 59 91,7 119 119 250
SPECfp92 61 97.5 131 131 350

Bab Aojae 98] AMEH JAEY o] ¥ 1.10] £EFeirh wgial
AHEE ™ dolel = e (normal vector)®t HAX FEE JiA|=
14,084702) Arzbedz} 27)e) #dzh 4702 Moly mulg AlgEith o] Aol

e B4L shpel olnAE WER Aol HAo| ohlel ofumoldg 9l



AofA g A1y 1.17) ¢k wlastgich

AEUE2 5008 7)1AE stute) 1503 5198 wl 640X 4802} 1280 X 1024
o] s EolA Helsjol sl o|n|xE 32x32, 64X64, 128%X128, 256X2562]
¥ 7Z WHAFIEA Nyquist HEYE A2 o} 282 oS wfg
TEte] AR A& 2T

A AAE ARER 24 A g Tl 1o s ANA Krh of 3.3uf
WhE A LS FsHTh Nyquist MELS & 29 Ayor 499 ars
Zotd 8 NyquistE WHA] kS wfof njegt Az u[&-& Kelth ojRAL

A Aoy At F Nyquist MG ol o3 3Rt 9doj2] Ave] whE o

1 machine
]
60000 ~—— 1280X 1024(\y quist}
8~ 1280X 1024(Not Nyauist) | |
50000 1 640X 480{Ny quist)
S 0w # = 40X 480(Not Nyquist) ,
[ H
. ~ :
0000 Fee e v !
X 64 128 %6
subblock size

a® 117 Z1A 1thol Mol AE AT}

5 machine
14000 co GRS e e
12000 —— 1260X1024(Ny quisi)
~—#- 1260X 1024{Not Ny quist)
10000
640X 480(Ny quist)
G 8000 b % - 640X 480(Not Ny quist)
@a
g 6000
4000
PN I
2000 | el \\\h_vm
., [——
0 X . PR
32 64 128 256
subblock size

12 118 Z1AH StiolAMel Ay Ho)
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ol o Atk g oulsich e 277} o} we o] AHEW 5}
Ue] BAl7h ol ool AAA Hrh 28w shie Balo] taly 229
Asg sl Bk 23y 9o 278 YR 24 ok 2 Hg
o T3 ZAEA Hrh 2o £ A& A5y JA £ FFsL oln|
AE JIA UE wEE WHe A2 4 ) oldA s ALY Ak

Ry sjop gith Aol mE Byl Way Axe wgt 2
Fdg ALY £ Y& THS il THEE M P
271 DFUe] FIAL 49} oluxe] Asle] wpets AYHCH

kK 2!
BE e Ao Abgsigdet o] WE HoEe niAE &Holn

T2
of 7ZIt& Falrh niiels AAeoh FAe, deln SHlREY T3 Hs
ZAE @93t WEY AT} 23 AJel(deadlock)ol] iz =& siv, &
olH ntAB| 2HE] UoBE W Fof AAlHel iy sta A2 A
Aol Tl W3 (frame buffer)E& njAE{ofA] Rt} 8 &yojBl

Zpalol A ggd A9 dosle] BF B Foj ntAEA ofF o
WA S olnla] o dtol A& AT nfAE oA Wslex]=
AAZEA 49 ulolEle] a4, I dolele tizpysl, H3 Fe 2ol
BetolAim, F Ao Z GHlolHoA AME ZEd HHE sty =
g HHE §sto] md2 &3t dg stA "ok 2% 1,199 29 1.20
< nhAE Y} SEolBe] AAH dieEe] A 2ot

ek

N

7b. AR
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MAele iy ZRIOH0] gelo]H T2 IoA ALY tlo[HE Uy
olF7] #13t &) orh. Al dolB &g st RHE ¢lo] Eo EMst &
glo|H Z2IeX wolge]r] 42 FElE WLl F ofg s e
E Holgle diolE & ¢lol & e
FHo WHgrt, a2 4 v EdA AciH Ao Hedt 4 W 2
o)

el & AARSHA Hrh O28A FeBA &HolE Z2aeAe] Y

L dlolel 8] £4

2 AlAElo] A RIB(RenderMan Interface Bytestream)34]2] & ¢lo]
Edrt}. o] RIB ZEEZLS o} AF|(ASCIL) R} o)A (binary)BElE EF 2|43}

AL ofx7] Beld mie vhE > Fef 8] RIB binding¥ A& zheth
RIB BINDING
Request parameterl parameter? ... parameterN
= AJ&EZ o] 23t RIBEIAE ¢lo] SoldA =iviyo] dag ofg uizf W
4*(parameter)E A Z|gch ol &t uiZf W4 E e &Gloln TR A
Aq, Yoz oA EAE vhds AZ o o= A= AHYE 7t
AL ohg s Al A & AR
RIBE}oll= vh4g viofE] flolw 83 or oy uvole 7t ZiE ol g
& % rh olgEA s oz HoHo] dE EAe dudstsd ¥ A
& HAR s17] o] o] £ uolEl: ciAP o WA,
A2 glo] Fole vlolel= Eal vlol¥ #ylto] oplth wURFE siu
2he] 919} W, 2L s, BYEQ] A TR U A, g™ A



T

Setup

I

Get Geom Data

le
—

Get Global Data
N
v

Render
Subblock

Y

Get next Send
subblock |D Framebuffer

"

Get Command

Next Subblock {D New Frame

19 gallole =2 ML
= vpdofA el ¢fof ERlrt,

P2 o] Ao ouAE A&HH o |y st ofumo]dE A
25l7] 1Y BHo2 A= ofu o] dee dwe THUELS T
g o8& ZRxlaL gstAl "ol ol mhA o]k AT wiF oAl w2}
A71E st duHEQ Y3 FY i & 4 vl 2EER ojunjold
o] ATy H wi= U8 ZHUE] BF T2 dolHE A 3 Fhol
Bhd winich sheigkel 1A ule-7h Es dolE & WE YHE o] iy A
"ol 21YE2E 2 ZEIME d ZYUES M8 o] ofumolA
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Read Data

Spawn Slaves

Send
Global Data

No

Send
Geometric Data

Get Frame
buffer

Read New
Frame Data

gdol eyt FH HeoleEs whE thi] Huo] At ofm=[9 o



witol zbzbe] PEO| GElolE 23 ¢ A7 R volHE BF A
ST ¥ sHold ZEAMERYH A & AMH ZHd HHE YT

ch.

uh, B ¥ 23
£ oae B Yol 28 sl Qold SR R FA s
4 Aol B el Aol AT Zaql wmel gAl A AR

& upAEelA @R TR uiE ZEIWe oE gdelnst Aol T

4

ﬂl

WEAE &3 glon, Axte] o} Zupz] ¢f2 oz} ofF LeojHoA ¥
FEIR] 2 olulA] Gl tigh FR EI ¢ glv) mpAEH ZEIHLS 4
€ gdolBr} =S 57 #3d Aol Fd sdo|HoA thgo] Aty o]

w
ujx|e] ARE Az

nlag] Tl ghrkx] o Aesjol & Bxle & Taele] Axte] Tyt
& wolth. of wl upiE ZEIWE AR dolelE Zt ZefolHolA ThAl
Uiro] 231 gellolHollA Axke olulx] gele] AMe HuksiA k.

o, FA 2

ofAE] Z2I|E FAE] Ao geolH ZEIPo] ALkste] Hujo]
o =Y W 2ZHE shte] AA olujAlZ YAste Zle HdT
th ¥ Zeel iy FA I Ed Foll npAE T2 ohy T
AdE 9% M3 Log Eo{7HA Hrh

o]
old
=4

lo,

Gdlo]lH =2 AAloA YW Y vlo]B & Reyes WH Lz Y]
Wate] AxH Zed HEE vaB A RufFes d& B ggoll =8
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332 Apade] Hejslol & ofe] JpA] WE4ES 2I)FEHSIAL ofumlo]dell AHE
H RE tole & n2E|EFE Mg UA Hrh I e EFE dolHE

dele] oo FTugTh De|il UM npAv ZRIROREE dAuPY °é
9 UY oMM ReyesHOZ Ty drh Yol E F, npiE oA

AE Zd g HHE AFSIaL ThA] nfAEoA WYY G4 €7 Ue

oh. Mzt A3 &4

%8 2} PE(Processing Element)7} 128 Mbyte?] %} oz a|e} 900MFLOPS
2] A4t 59, 450 MHz2] Clock& & zt: ety T2 ME 7122 9o,
Zt ZRAA Tl 331 E#A(Torus) TRE FA45 o[ gl CRAY T3E MIMD
B AFEA AY Azich £ AlARE ZF PEZEY BAlE 98 PWM
(Parallel Virtual Machine) g}o]R.2 8| & AN&3T],

& AFolA BHE 7= AL st oln|AE a4t Aelste] wrEA
t & st Zlo] ohuel ofe] Ao ofulx|& Ay sle] shLte] ofvwo)] A g
=l oAl Arield] Lot 1eag shid FHE ddshe A
He} ofg &Y olu[AE AeYE uwf & TR KPS UL gho] s}
A "o, DEER & AFgME 918 delBlE 7R AL 1088 ouRAE 7HX]
£ ofiudo]dE #Y¥ st & AFolrE shute] ZRAA wHelE 71H]
I oofumo] S ARSI of Aol AT o s RN T9E A}
&3sto] ofuulo]dE AzsIE wl Aele A& WALty ol FETtA| ¢
FEZAE dold = AdeAE BRoEr}. EZE olunjz|e] Ao chyt onix]

=



LTI T T

sook~\ T O e e B e e

a0 ——X - — -4 A= - |-

[N ST
—8— 0y

M~

6 8 12 16
2 | 14 | 9% | 8 | 78

1003333382 |54660667] 41
PE 2%

% 121 PEO| whE A" A[ZE
FY B ZIE At SUH J9 A8 24 BAE RAE
c}.

£ AaglolA ARgEE ¥ dolel: = #HE(normal vector)E Z=
16, 739712 424 & 2t 208 H& A8t om 640X4808] on|x] AV E 2t
L=}

AR &2 2, 470, 871 ZRAY wE sty oFew g
640X 4802] B0l A 32X32, 64X64, 128X128, 256%X2562] ey AV|E
BAFIEA Yy A& ZASIETE BAF H2le) HeS wlasty] 9lsiA
stLte] PESA el Ao} vl E sttt AY HAAE Fdlo] thgat 42 A
= & F drh A AelE ote] sl ZRAY w9 E AMgste] gir

_58_



- 38 122 ojo|x| ¥elol A=Tjof wE U Azt
slele wl Rl 8702 ZEMA wHeE A}8e1ol& wf 6563 : 962 8712
SN TS AL-slaS wf oF 6.8ufe) whE Avale $ysigich den
shre]l TR ©91E ARgste] A we} o Ao =M w©s
AR uf el Avlo] whE o Alzre] W wlsiA o] fol A}
(2% 1.21). o]Z& ojuz] o] 47t LRAA sl ulsf o i
Be o' 7R e &= e B3 Hrh ofy e e wE A}
goto] Ay We wf Al Az st ZAA S ARgste] #n)
B o u Rrh AdEdd 45 YA @ Ho| ojgHoANt Az W ¥
g 2pgofAl 8] PETHE] B4l oulx] 8] Aib Alo] dolib= FEH AL uf
Bol A A8 &5 84S Ash)E oyl 23 1.22% sy =g
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700 F—T 7 e R R S -

600 f -t -

L e e e T T B e A I R S e o

400 f-—|-——o 4= —— |-— ——

2 FEYETEE
o —8— ol

300 b— A - b= N — | A=

200 [ -t = ‘»7 U SN R AU S

- N SN
\!L\’"‘-»... . d

~e_
—_
o
1 2 4 8 8 12 16
-o-eo U] 656 | 334 | 72 | 14 | 96 82 NG
—8-— 0344 656 328 164 110930333 s2  |saeeeser| a1
PE %

o3 123 ool Kzt Hels AlZE

A w8 ALRsle] Aoalg st wieh 270, 470, 8UKel ZRAY wIE
A&t} ofnlA] o9& 128X 128% uhrolM HATIH StlE wie] AjzkE wiw
gt oy,

& o =AY TWE ol &3t AUFE slglE W olnA] ¥YY A
Zlol whe BTl Az Xjoli= oulA] el Ar|I} oW Zfeges ZE
AR sHel7 A s YA He Aol EolEx tiidel shtel EATL o
olulz] Jedoll AXAM &2 & 4 A7 wfiel o2 7] ou|x] Gl #

B tigt AxE 53t ¥ sbsrdol wol wiid AAF Aol sold
4 Qlth, ool dEo] FEHH ANE ¥ 1A ouix] d9E& A

st o uwhelal B3 H3t -] BV AAM AL A ki thE Al
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2 1.25 house.ribE w3 2l

1

121
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&
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Mol w2 Ayt ojnjz] goo A& FFstojo} Arh

a7 1,232 it ofumoldE AT uf shte] AL = E A
& w2} 40 ZRAY ©9E A3t 10718 Zeue Ze HHE 7Y
w2 Ady AkE vehle ZZolch £ Aol P ZRIHL 3
Lhe] ojuj=]8] @S ¥ wf Brhe ofe A ofumoldE Ay u] R}

& &5 YARE Uehd 4 ok 2 2RI EX volEE &R =

ZaolA BF RUFLEA offno]dg AT uf o]H Ze el vl
HAH dolEnhg RuUFA Hch ofudo]d s A wlols AHE ZH %
2 Ag U wiict AL 4 Yol st ntaB 25 Sdo|RoA M| H

2 g okel =Yg Aoy o of Kot @S AP AE Y 5 9

=2

3 1,249 28] 1.25% house.rib ¥lef oyt HE AY 3
& HoErh

o
oZ,
O
Ao,
2

9. A 8 E Y HHHE Y VY

i
4
;o
fr
ok,

AfE 2Tgsos Ao 23H FoB AL AHES
A2 Zlo| opgl, 7pHsH: AR & AlLGsiA AT st o]
o] shite] Pyl WHEE Holth oyl ofE AT o|ES ASKIHA
452 Yag BHog wse] gl I o7A BIIR] FEHY UL A}
AL AFE agast ol H3E NYES FUSIA 97 wiEe] HF A

il

i
2
i
2.
Q
9
(R

£2}7} eololnt s o] 23l Kol YR grie Zojth A& & %
& WA drale AFsort REA ARAES HuE YR e &
AEE A Hoh B8 AEAES St HY SHAE ESAsAIR 2
A Bz SHdEo|vle sloH1-11,1-12].
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£ Aol of7lol HbdE Fol 4 $MFe] AR oWl Ao glo
W ooW Ao® shisl BYY 8% VEC W 4 Aol thsl A7
tf. & % AHEA7} Reyes T2 el ol ohe HEAA X No] gl v

& 5
of A Zrhet ®EEHE FA, F A E Eol ¥ oY &8 A& Aol A
Aol £ of 2 =FoM AAIT ARAE o] &3le] AT
& olBsle HF olux]Y AL I = it
£ dPoMs 4 AnAE AE" o ] Folot @ FAs FolA
AlZE g3t HF olulA9] Aol 7 wWe FFE WA 34 A&
do 2 ol LstgicH1-11,1-12].
2 FAEe A Ay xdEelrt. nlAl tiz¥e] W=t tARgE
chell wAl iAo g dupt A 2 ZUAE sk
AAE RE ol $ME B} 9oy Al vl & HF olu|xe] el 7
£t Sdolth EZ o] S ThE WS FAEI dAEE A

A Blaol cis] dupntEe] MERE FAY AAAE A=
Adojct. of F EFE oux|e] A W FUE v =
SHeRE sl Meoldol wtal I3z}t Z ¥y AEY HY HNeE E T
oith, AAZ 28x} Z HH(Shadow Z buffer) W o g 1
o= A eejolado]l AP pute)l il oy olEl¥ delopd & duivtd
o] MERE Sto] FHAIAA AAHe) cfdt Fdelr)

olZA folA AFE A AY FHEC] AARE 2t oY Ao HFoln|
Azt AR Al Az]go] A3g nAw JHFA HolES oW Y
4% Aol tisiAd WA ol W F HAR JHEH dolEd 743

fio

212l
o7 F

fd

o] €]

Ho
=
o 7 gaBo

o] RHEIUXE APY Zolrh el o] AY AE 0|83}
| o| AE dBde 23 YEAS gotit WNoT ATE

T
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N,

%
o
32
Ru)
2
rt
oL
i

& AEHeEN P2 A=Y ojnjx] HAE BASHA
A A HlEE olg3te Ay A £ Y& sty By 4,
__)F_

3lgict.

oA cizZye] zuw, shutel HAe iy HEY e A
4, 3z vs BB Fe A4S vz JHsd 1Y 4L
o, olE-2 ReyesF-Zoll 7itgt Adielold HF olux|o] A AviY Az
of We Adsrg nAch,

) nlA chzEe z2UE

thol g e & uw g F8% velnlels ¥ dupt @ nlA oz
2% &7 AUV st Zolth oM M uie} ol tholyd A £ =
daold 7bg Pl RRolth Nyquist HEYLS MEY Al slrte] ¥E
g o] Al 420 19] AVE A sliul, AR o] AL WEFA|F|H
W cloldl zHgelA s thzhge] HF ojulAleld Axste P4 52 4=
o)Al Th2he & AAsiol Ttk olwAl Fro=H, omx 2 Yo &Y F
Qe ol B¢l AL 2FAZ 4 Atk

stlgt Al Aol HEAARH A7 u§LS vho] Yo ZIAAL w4
thztae] ol uldlsi A Z71stA Hch tleldes =AM ulA cizye] 2
Aol A Aolwzt 23x} z wwe] WS U Wejo] Jojubn YT w3
oM Thge 2o sty wjielth, el Aoldol ula tizyel A=
Aol dojuhy] wjiel] w4} thy e 2UEs} HE oulx|e] 3pe] ulx]

_.«

ol L&
=

= 0.59} 2,040 2 AFAAT) ol st o}
7 238 FPolA HIERAAS W whew AR s, ME 378 o



oigkEe] W2 ulAl ch4e] & AZY st sHs Zojrh. & 1.00]%t
ul Al chg ] Azt vhzRg e A:yl FAAdolA e Ha Ariel AL £
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2855
2605
2355
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1855
1605
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355

- Time (Hormar)
Z |~#=~Time (Waighting]
—s— PSNR {Normal}
- -PSNR (Weighting)

Time

- 0 010203040506070809 v -
Input value
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£ 2540
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740
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Time
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- 0 01 0203040506070809 v -
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7 AUP AlaFol] glojM Wt ARgA}F AEHo]ae w
E

faojrt, & WY AMAF A AFstes AMEAE AdEso]a

Al Adsts A E Esiof st7] wielth ol2dt FAE wiwel I
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® Scene Manipulation

ALl WHERLA sHe oA & 913 WAL TAY S UEF =
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715 % AlE3ict

e Shader Database

7| o g B d]d A AELL RenderMan InterafaceolA] EUH 7iy
A Mol & NPTl AREAH: o] Mojtid o] sl Aale] Yt &
Ao 545 BEY 4 sl 2t o] Aojol= ufg tiekstal §%4
o] ¥7] wjEel ol& Helsla AAHOE AMEIlY] S E AHoluE
2%t tole] wolA7} "aFolrt, of7]A] A-Fsh=s yolE] wojA& A}
EAF 230 9l Aleltld] #elet g Molte] 5 AAEY 7
TES AL AL = Qs Aoy Yoz 6714, surface,
deformation, volumn, light, displacement imager shader”} 9T}

718 os & duy Al&RE delE 2 dasdeld 5% )
TS slsl Az A& o) Role AAL OpenGl ey 2jolB
delE ol &3t B B 24 F JeES AFB $lsiA MOTIF
gto]He gl & o] &3ttt

&AL A7 2ARE wEH 27 o] AMEL W 9l wywuls)
art. AR 23& A ASER AF AHEH AR oAEE JBES
A8l Alol= MR Fol viglth Eat W Woli AR ohy oo o
A o] 2] 715 EE ol &3 Tl FAE o 71x] K83 FRES
AlZsict, WA W 2]e] oy dlel= File, Item, Option, Environment,
EteE?] mlwse] Holed o] WiywES thegolM dwisis uiel go] o

2l M2 mwE FdEe] Qoh

7}, File W%
(1) New

A28 scene

i
g
et
N
do
o
2
f
rln

itemES Qlofa, YA =B

il
2,



gso]AE Z7]33icl
(2) Load

oju] HFH TIE scened ¢lol2rl oluf ¢lo]& = & Y-S SERT
2] If formatel # scn2} #* ascolt}. % scn& binary fileo]3l, % asc
+ ascii fileo|t}, load& 3t Fof= BI=A] close WEL &0} Load
ol €3},
(3) Save

B2 scened A ATITE, o] uff, AAY 4= ¢l file formatS * scn
2} %, asc?} Qlr},
(4) Save As

TS olF F2 v} Yo X35}y,
(5) Quit

BE 2E #£F35l3L SERT?] Scene Manipulationg& @t} ojuf, A

FE shA doiviete HoiE SR do] gloerng Foysioio} gir)

L} Item w4

A7 M= AL Y ste EFol g Eal B gt o %
A& TFsstAl slFE JleEol Eoldth. 2y o7l gl JsEL
A4 E& tliolo] i3t XzlolnR o] HRFoE EN BES A=
Ao thgt K22 Alo]= o] ¢l Item Manipulation BEE o] &
stojof it
(1) Insert

#af 2] scened] AJE-E itemS A}Qlgivt. 4M9lE itemE SERT 789
. itm fileoJojof BT * itm ¥ item WHE A AR fileolth, 44q)3t

itemZ TAY scene] e Ai¥ch



(2) Label

A AeEle] Q& item?] o] F(Label )& uiith 22 ol&¢ itemo]
A& 7§, SERTolA A F o8 upo]lFL systemo] §lojAl T2 ol &
o] itemo] oA A& F A2EE BT scenedfH LAY wjo=

ot

=5]7] 4ch ulelr] o] Label 7]%& o|&3lo] A nlFo] Fojof 3t
c}.
(3) Copy

2l Meix]o] gly itemE FHAPgITE BASE 2y x| ¢ X|of 4l

BT A HYLAE BelsteE MUl i itend §HoIA T
Q18kALE Item - Select by NameS MFA|AAM L2 o]F 8] itemo] o
70 QIZ7VE FHlstd Hrt
(4) Delete

Ha) dEfslo] gl itemE& APA|RITL.
(5) Focus

#Ha deEo] e itenl 2 focusE T, F, ALY B FJ3
el itemo] QA ¥l
(6) Area Light

Az MelH item® Area Light® WECT}, %l Area Light® w5
clA] iteml B EILE ¥ 4 ¢l Area LightE RHE Item - Select
by NameoA] sf@®= itemo] §lolA]al Light7} F71Ee] s A& &
olcl, ABAH Area Light: Environment - LightollA] £4& 3%
% ot

(7) Set Position

N

HAElE item?] $1X], rotate, scale & LS WATC)

(7}) New Position
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AelE jtenE MAY MEL YIXE H2Uch
(L }) Add Position

New Position®] ¢1x]ellA] AAH Zfkd ol FAlrh (offset )
(t}) Add Rotation

MElE item u, v, nd] WEoT AL (FFY A FPtF
HA)
(2}) Add Scale

AeH itemS HFH FHE scaling®lith,

(8) Select by Name : Z} item®] o]E2F Itemd A1EJ3iCl

c}. Option W+
(1) Camera

Camerao] ##H o2 7}A] optiong Ao{¥ich 7|4 wiFl= Flol wh
g} Camerad] %8]E scene?] A7), W&, $)x] So] v} o] RenderingX
+ imageo]| & Erh
(7}) Resoultion

Rendering® & Image?] %, 3 3jd=& AR}
(L}) Pixel Aspect Ratio

2} pixel?®] Aspect RatioE Z# 3lic}.
(T}) Frame Aspect Ratio

Image?] AA| frame?] Aspect RatioZ AA 3},
(2}) Crop Window

AAE Rendering® oS A3l HAA 49 F dFERE dd
B @4 rh

(m}) Screen Window
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a8d g9 237 ARAE AP
(¥}) Camera Projection

sEone] Roudg ARTh BA R34 Fool ok
(A}) Clipping Plane

AEA ] fNE ZAUTH o FhE& H AP =A FAY He
EASS nal dgdld ANy B84 UL T + 2

o]
pes

fr

c},
(o}) Depth of Field
23 Aol A2 5 T& ATk o] JeE H ol &3hd wA
e EARt B ofE SAES e vEhA dhe £ 5& o
a3 4 9o,
(2) Display
Fhdjetell ofs] el MAAL S vl FHolshs ol °
83 ofg] A&l drh
(7}) Filtering
e Pt T2 HE Hao 5 AR
(1}) Pixel Variance
AA staglollA o #88 Axtghs =18 Tct
(c}) Sampling Rates
44, 9ol mabel WY vge AU
(2}) Exposure
N (gain) 2t Zhuighs AR Rich
(u}) Color Quantizer

43t 2Rl GxE 24

i

(¥}) Depth Quantizer
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Zol BEe] YAE 24
(A) Display Type

£9L TR ¥ Ut e ¥ AdstE A%
(o}) Display Mode

GRB, GRBA, Z, RGBZ &4 ZolA| sh}E A3

2}. Light o+

o] 7]1%< Environment W¥-¢te]]l QlE Light 7|%& AYTPOLEA o] &
4 lth, HE olmR|e] AP HYY LA AT miF
Blo] gt} ol& Ho]l EAY Mz 1jiAE, FAURE FE

%

s
3
&

iy

of uj-¢ 2 o3 nx7] WEolrl. & Ay ALY o]H 87

E NEA717) 918 chrtt Fefo] FHI e ES AL/
(1) Default Light
(Zh) Create

T kA Hele] FAE Ak shie 2 HY, E e 39
Holtl & Holsle 543 Helel Fdolch ¥ 2,18 fUERoA
CreateE& Aeispd 18] 2.32} 22 Control Panelo] Er}, oA
B2 HHos 471x19] ¢l (ambientlight, distantlight, pointlight,
spotlight)o] 4 7Hesith HFUES Rfol 2% 2.2¢] veht gich
old HHg AAsheTtol el AHE JHeT FAF0] detdTh
1) Ambient Light

A7 AAo] AT %S WINE F= ¥

2) Point Light
gt ol ApYe R A= HY

3) Distant Light
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a8 22 HUS (AR
pointlight, spotlight,
distantlight) a2l 23 Light create control panel

Fdol AE JRA U LR WHOE FIYOR Wojo = WY
B4R Fdo] EANENE ofF Wil "olA Qe B9t olo siF3ich
4) Spot Light

Fof 2ol 5 ol 73t W
o Folz = W

33 2.39] Light create control panel?] T}etHE|Sof thet A2
olefofl 7]e3gtrt,

eBidirection On/0ff - distantlight®] 79 We] Wako] thulkgrelx

orgard=l At

o

vl 5L R UZdeE F23]
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o Turn On/0ff - AGH FH& AAU I}

oColor - #ele Ae AT

e Intensity - H2e] A7|& =A%),

o from, to - FH fixjet WS AR YL

e coneangle, conedeltaangle, beamdistribution - spotlightofjx] Wo]

Uotrles e, g3 E, HEZEE 2AsEch

(L}) Delete

Hal ARl Exfsts FUE Fol SPUE A3t A 7S
gkt

A ol EXiste FUE Foll shtE dusio] B Ao}

A1eE& 38 + AU 71%E AFUc
(2) Light Shader®] A, AtA], 3

a2 2.4 Shader creation window
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2ol A 4 3Y default lighto]2)o| % user”} shading language® 2}7d
&t light shader& o]-&% 4= 9Jt}.

Environment w32 LightollA] shaderE 4], lighte] A, A=A, <
AapAzt Todsith, 23 2.4% Shader A®] fE$o|rh.  ofy]ojA
Registered light shadersZoj|A] &} shader& Z2|3}H selected shader
of 7L shader7} UEPAE S T olefFoll= 2} parameterso] VERY fL
Z 3 ¥ 4 drh

o}, Etc o4

(1) background v}4-7|

Environment?] background® 79l A.& ZXAY £ & Y= 3ty
=t o7 A3k ReBFkol AZFZ2Fe] Mo] HTHIH 2.5).

(2) 2F&E 23




(3) Global scale3} &4
Etc?] Set Global Scale® 7pd 18 2,63 L2 AE$7t Erf. o7
A new scale ration®] x, y, z3k& XA Foll wel G Fo o

scalegto] AAHTH 18l 2,78 7Vest oA & HolZa Qlrh

12l 2.6 Global scale factor
MY

(4) scene mode change

A7 ZA o] gt Z4F modedE FATIT} Etc?] scene mode change®
Eoj7b 18 2.89] 927} 31, check boxE on/off A]|F|xL}o] u}
2} o8] modeE ZAJIC} item local rotate on/off?] A9 offr}

default® Fo]gl=t] o]A.& sceneREoA scenedAE rotater]Z 7

22 2.8 Scene = 29 ltem a2l 2.10 Texture
Mode change local rotate on off
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2 object® Al scene?} o] rotateE AWt onC ® u}E AL FAIE

object®t rotateHTl(objectRE=olA  &ut objectWt rotateAlyl= &

(27 2.9). 28 2,102 HAAT of fH AelE Bl Eu)

»

MAZAY 0BBo] MW 17 2117} e AF 2 RIES B
A3 ol o7l 72l 2&& gl
(1) Draw Mode
sceneS wireframeo|l} shaded® H 4= Q1A 3|F= radio buttonl &

ol 2l 2.12, 23 2.13).

Oy 242 1% 2.3 shaded
wireframe (2) View Mode

scened perspectivel} parallel® & 4=

oA 3]F+= radio button®F o] Qlr}.

(3) camera/eye

3% 211 AOIE o4

scened B 4 Qe =T camera}

eyer/l7F 9lon] Ztzte camera®orz}t A
2oFe] object® Ex)¥r}, camera/eye radio buttonZol] MEIE|: view

7t BB EA O UEUA R
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(4) front/top/side

scenes front/top/sided]r] & 5 gltl.
(5) Transformation

scene transformation / object transformation 2] 5 7}A|7} ¢lt},
(7F) scene transformation

sqene%iiﬂoﬂ ti3ll translation, scaling, rotation® 7}¥tt}. default
2 x,y,2%0] EF on¥eol QlEd offAlyle Fo disiMdE @
transformo] AdojLtA] ot=r}, (rotation®] A% x,y,27} ohd u,v,no]
LERLESL  onsoffel]  ©hdt Ae x,y,zol Wy ZAzpet Fdsith)
anchoreds=, rotation®] eyeZA 2% rotatedh= I} w@] select®
objectE &0 ¥ rotated ],

1}) object transformation

51 objecto]] T3l translation, scaling, rotationg& 7}3tci,
(6)
AARAZAE T olgfgle Rendring buttong
W Oad 2,148 2 =97 B AYY
I 0 & raytracing®} z-buffer method7} ©]-&
7Vt

(7}) Raytracing

Render

n’.

raytracing® % rendering3lth option 1 g 214 Render Ml
2] 2159} zr}.
(L}) Z-buffer method

<D
EF

o

Z-buffer 2 rendering?tt}. option 1% 2,162} Zir}.
Zelshd dgy Ayt 2¥ElE /15971 Erl Renderingo] R

5 LhE imageE RGBEAI O 2 saverlZ 4 Qlt}l. Quick Save: #HZz)
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filename( A7 8] o]&)0 & savellr},
(7) Item Manipulation

o] WEL dx shte Bl Ho| duy
AT §&s) Atk o] HEL E3) B
BE zabs dold Bal B oy
Z o] AEFQ zFo] sssitt. X B
z2pge] 7% Sl oy A AW Hof

Al st7lct.

2 ox
&,
2

|
J

c

=

(7}) Attribute
1) Opacity & Color

2 dHE XY M EFEYEE Ak
2) Surface Shader

x1 Mot g ARt of diele Aol
tolelwo]&E F3 FFH Aeojuwt Ahgo]
7bsste Alolelo] WAL oA 7R A3k
E& HAs A&7t dste vhadt w3
£ 3 + glrh
3) Volume Shader

Ael Exlo] AA Aeo|o& AFErh o
2 A FE5H Aeoltwt sestH AFihE

5) Approximation
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o] 715 vty melo] ohul 221 o] HAALL i Eof thsfAnt
Haslch 2 o A2HS oY el EANES tIHE BYUR 24
3pstel A o] BojFeu, A A9E AR o] #AVL &
+5 2R Bgo skl AR iztge] i wWolA A 2e) &
& 24 = gk

(1}) Object

-—

(g o

1) Label
Az AHE BEAo] ol§ Fo¥irh
2) Delete
2 A FAE olo|F o2 RE A A
3) Set Position
Hap deg EAY AAE S At 23 4 och
4) Select by Name
Haj B3 Qe A 530 XPH EAHES o5& Hi A9y
ict.
5) Attach Item
Hal A EAY ASTZ ol AEL EAE AbURUTL
(8) Scene Manipulation
3= 3PHE rendering ¥ 4 QA ¥Teh ¥} shyel, glolE &
&, BAd BE, 79 o] olFo] Ao},

(7}) RIB renderer

4

RIB (renderman-inferface-bytestream) fileg 3L} Z& o A& 3
Aol rendering® 4= AUA Fh),
1) single RIB rendering

RIB ¥}Y4& render & uf x}8. A AQl imageE rendering & wj] £2
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Ago] Hrt,
2) multiple RIB rendering
animationo]i} of 22| RIB fileE& FAlol Ae|sfolsts Z-$ol A}
|3t
(1}) Image Viewer
HAPA L2 AYH o8] FHY imged RoFE %

oAl Zoom inF}Zoom oute] FHsdlal Foln|x]E rhi] Ea& 4% 4t}

o
N
N
e
g
o

n

(9) Shader database : oj8] typel & R|AEFo}Q i shaderEL E&
(register)stALL AlAsto] A3l WAL Z shadingd ¥ 4 UA §
Tl AMEY 4 9l shader type2. 2= 67}%], surface, deformation,

volumn, light, displacement imager shaderZ} Qlt}.

2. EIN2RIZH QlEso] A

7}. RIB ziele] #ie]®

2 #oy A]ABIE RIB (renderman-inferface-bytestream) T}¢lo] tj
g AoyE APt F 7R BEoA AFsked single RIB
rendering®} multiple RIB renderingo|t}. single RIB renderingS &4
ol inageS AHAHY] 9% ShIe] RIB Thale] Ca AT Yol 2 A}
£o] |31, multiple RIB rendering2 animationo|l} oj@|#2] RIB file
5g duAsle] Aesjolsts F-¢ol AbgHTh

3% 2,173 27 2,188 RIB wU& oy 3 oS RojEr} RIB
T Y Zh WAYE Fote] omx] Y] sfatEt shHetY] YASS 3
@ 4 ok

L}, VRML 2.00jj4] SERTo.E2] mjol A3}

- 103 -



% 217 RIB =

0

2

e g

I

2.18 RIB

2|
=

a

Z]
o

(Material)

2o W AR, Ruzie] AS
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B, elolEg} sl o], W @ &4 AR, 7 VRML 2.09] A

F AM&AR}E] FE G- 91t Al olunlold B Ryt E?&‘S}& 5
T2E el 7 dde] Aaglea A&z} Qe wo) A9 gy
EFols AERES T AU AR F2E HAASE: 92 AJaw
o] AP &5 FHAA B uwf Wiyl ol yEE 2z Ak}
AR dlojEle] AT B A0 L Fojo} En zZb AJAERI
53 AEo] thyt AEFY SAS 243 2 o FHolde] Holk

$EHS JhAo Ak B Aavle ABALRALE S0l AFH BeA

e Alaglel AL Bl P27 37 2,199 Puh 2 2y
& A% elnst 28 slaw 1 B85S YAYoR wr)Uh 2tz b

75 (option) 7]& F-&
710 2} (camera) 7|

2lolE(light) 7l& &

0>
!
HE

= A/ (Object) 7|& F&

=2 B&(Iten) 7|& &

O% 219 & o AlAH oty
Witk ol & EolA AMAD) AlE $7e FAFoE wasiaxt dow

LHE &, SEH] 58 BE taEe] A2 A BSol ¥ 4 gliy),

- 106 -



E 21 o 7=2 Bjas

Al &b Ef £3 |l

s Jes 35 OptionBegin OptionEnd
et Vs FE CameraBegin CameraEnd
gl E Je B LightBegin LightEnd
B2 7l H& ObjectBegin ObjectEnd
24 B& J|le 2 ItemBegin ItemEnd

7 B4 BEEo] Uyt B 2o}, A3 wee) 44 53 B2 5AE
& ARY + Q= Al Fzolth 2 aua AAAAE s B
Bee By % A7 FRE e gk

struct Item {
GRString itemname;
GRGeonmEdit geomedit:
GRShort objnum:
GRBoolean selected:

GRObject *rootobj:
struct _Item %lnext:

struct _Item %rnext:

A 55 Q‘j}i}“ o] & AA3ly] % F itemnamez} EA|
B2 93t og 71x] JjsiEEd FRE S ¥ F
geomeditz} 9lrh. EZF st B EFL AFTRAHA EHE ALt
7] W&o ojg EAEY 22N FAHH 4 rh ol AFTEA

1 2Ye U3l gsjd AFERUL EAEY
objnunz}, Al widle] Exjo] HZsly] $3 EAEIZL rootobjzt Sl&
H, T&IQ EA 52 ¢ fAEE AN 91T EAEE lnext,

rnextBo] Qirh. R ulel Zol shle BA 5 wA 7 BAES
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Folq shid Ao Rojxs s JuNE sk A & 4 ok
olof tigt AAIT AYEL 23 2,203} Pk,
T3 2.2000 09} ol whet ola el BA BEo| ARl Eajzict

;2 AU E AJARE o5& Shte] A slAERA ik oA

O

™

< A oA o2ttt EA HEEC] A3 FrHEL AAEE 5L I}
271 wiZolch EF Yol @zt el HIo] WAy ssEe] glenw
ol 47 AER = A2 ul AEHoloh ek AL} AL
€2 dEiso]£2] Deleted B3l EA H5FES AAshE yi-3dog o
A4 2AE oA sgshs mErt AAEE Zojth Copy?] Z-%ol:
g2 =BT} s o BdEe] dF elaBe FUiEE o Ny H
t}.

E 3L S8t A shute] HR el BAl BESE AA ol Ay
E P flsiMe 2 EA] S ofg JstEEd 9x) FRE FE
5] AAstaL glojof Arhs Zlojrt. & Aoy AlAxlola sstatEel 9|
A BERE AP 9% Akw F2e oheIt ol Fxlo] Yrh

struct GeomEdit {
GRPoint3D origin:
GRVect3D n:
GRVect3D v
GRVect3D u:

tem | T——> ®®@®| ltem | —»

5

Item

L

a8 220 24 5852 ¢H BAE
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GRMatrix xform;

b

714 origin® EA EF Filo] x| W= o o= el $3
stex & vEldch & d= FoAe x, v, z & AHE ARSI 9
th 2l u, v, n2 R o] A F5F4 A9 AXHS UEhiL
A AEP A22A A 55 HA HF Ao LY BFROIT] o]
A FRES A2 BAl HFol &A1 715143l HHEe] 43
Hog oBA HEHJEAE Uehdrh el 4x4 PP AEFY
xformZ RUY FA fo EA H5F5E 4= A YR WBAA

&= W% PFgolth AZAA o] BA HFo] d¥E nAL A8 A
E& xforn®] UFo] FslolA A2 UL A28 FPE xformoll A%
o=

go2A HE2HA xforng A 2 AT}
(L) &2

siLte] BA BEE sk o]t BAIEZ P40 Qrkn gy ol
Aol Balehe Aol tish AHAls] AlmRATH BAL AR sletet 3
RE EPSIE /bE AL DA O oa Uvo A 4 gtk dE &
ol AEAet BA BE Ul slolol, B, §a% Sol shule] B
24 oA 4 glon o|E 7t HAT 2yl o8} st AFAZA
Bojx|a Aot 33 wuw Alxwley st ExE ®dss] ¢
s Aoy Alw p2E vhe Pl

struct Object A
GRString objname;
GRColor3D color, opacity:
unsigned long flags:
GRMap texture:
GRShadinglnterpolationType shadinginterpolationtype;
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GRFloat shadingrate:;
GRShader surface:
GRShader atmosphere:
GRShader interior:
GRShader exterior;
GRShader deformation:
GRShader displacement;
GRGeomEdit geomedit:
GRGeomDB *geodbptr:

GRInt childnum:

struct _Object #%parent:
struct Object *child:
struct _Object *lsibling:
struct _Object *rsibling:

st EAL o
#7817
Lte] S

22O

55& ol

SHarAQl ¢1x] FRE 9T

shie) B4 B5e

g 221 AA

g3t 4, 2
9% PRAF] 4
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TgEch metd 24 2AES EE %L o] EE A&
7] 918 olel ANES Wi glolopul BTk oirlN FAPE Ee
ere] A =& 7bd 4 97l wEel 11 2.213} 2ol shiel 2
3} YAl =g Jt2YE PYPoR BuE AAU F UFH AW
o Eele el Ad UEHoT 0EX e HAow M 9l
t}.

28] Ag TN oA & AL EAY el ht J)stetEed 3
R, & o] BAE ¥dste Ao, 24 o] A, sjA ol ol
3t AHEEo] glrks Zojth. oA ol 7|33 e FRE W
tlolEl woj A3} 3jA 1 el FRE 713 & 7lelI]l= geondbptro] g
T FZJEUE FA3H] wiEelth

(th) 71steb3Ql Bel FEE #1% vloleyol L

ol AFT upt Zol & AMFy A|ARL shute] EAvle] 73t
Al el AEAAA ddo] of AFsHs Zo] ohel 27 222004 R
aket o] 7isiatA el Fel FEE voly wlo|A3} &) Fal st B
BE 727l 2AER 7R geth o714 Fdste dolE wojA
t Uet A gl2ERA vhgdt g sty Hef FEE AF

3
e

rr s

Geometry 4 —> 000 —-+——»>

08 222 =X SE3 Jlstefael def HEe| A
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%

th. & A4 22E Y shty k=71 st sl el el BR
#EITE dlojE wolA U] kE I ALE2EY Q] =Fof zbF
Ve Gl AAEE 54E& VIRER old |4 ¥AE Yele H¥o] ¥
st
2 oy AlARlA 2lgt Jdl JIstetAl el FX uolE W
o|&F AMESIH FA| HolEl & Hejsheul oA MEaE niP BEF
ARE 4= T mheF ARER}ZL @A) AR o] Exfsle EAE o)
L ol BEASHAL Arhd AMgAbe Copy HWWwE B3 AR HAH AL
2 el #718= A& & 4 A& Aot 2oLt RFeg:s O &
A BEES Uehlz] 9% 2 o] viRent o ARSE I AuiF LR )
T W2 R E 243t sk AA el FRE ARSI 213 wR
2|7} o] a3 Yrh o]AL BAlEE= BA 552 7|31 e
ZAE dolE wojiof th¥t EAE W Halstd 7] wE-elct,
olE Fol & A Y tiHPE LR o]Fol3 HAFE e EATE ¢ A
Tl Sl A e st Aok AFEY 7|l e FERE
A stz 1% shute] AR 3t
& AT = A Ay =4
EX2] 71 golite Zof
gy A A=A E o}

1= A e I KA s R e A S R
Gl

—{N m[m

_.4

T3 A 2 4 e AFE
o RS DHEA HED Be
Bae ubxslA R,

&

B
tu
rlm i

£
3

rlo r“

o]

=)

A

o2
FO‘

id

71518t el Fef FRE A L3
B 23k @ A EBA), siAe]

_x.oﬁ.
dr &

ol27]7kA] ul-¢- vieFsich ol¥ iyt Fefe] FHE st o] A
Zst7] 218, dloly wolA U] ¥ k=g thedt ZE FEA HEE
Xt 715ty el FRE FAIUCL

struct _Geometry {
GRPrimitiveType tag:
GRInt listnum:
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union {
GRSphere sphere;
GRCone cone:
GRDisk disk:
GRCylinder cylinder:
GRHyperboloid hyperboloid:
GRParaboloid paraboloid:
GRTorus torus:
GRPolygons #*polygons:
GRPolyhedron polyhedron:
GRPatches patches:
GRPatchMesh patchmesh:
GRNuPatches *nupatches:

} geodata;
h
71 Z-gA U ZEHE J51EE P BRES AHERIA T
e d 4 §
1) sphere

M 83} A2, 9 ofelel Akt Lol ol sl F& T T
48 2 zEAY f3e] Hrh
2) cone

kA g3} F A, ol Bo8 H¥S wYrh dEe] uieke] FH)
rus] ztEAL] Yol Hrl
3) disk

AgE AFY F 2l
4) cylinder
x| E2} Az, ¢ oty &ol HFoE YUEE mIUITL &F EYUY

HEAY dHE V€L R Tk
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5) hyperboloid

A F} 9] otef Axt Zo] F& o|&3dle] EEAY HAANE EIT
T},
6) paraboloid

5 Ho| FolAW mWy EAL yFo tiE HOE hEolR = ¥
HEg ¥EHsic}
7) torus

IRER| S, ANAE, A2 5& ol&3dle] =Y R EANE ¥
gic},
8) polygdns

tiztgd 2] B|AER o|Folz Exlo] tizl TN olnle tFF L
o] ZAfol siwtd Zolth & iy e IAHEY g1k, WA ¥E,
A 2R 5& dF 22ERA A AR
9) polyhedron

T3 & o]FE Q4 E0] BAER Fo|x|& Zlo] ol gl siute] wid
22X EX3t o] iyt JAYAE HR3= Fejolth. o ¥ YElE
2W FRIS BAM Ul Y AU + Uk

Tfx] 2] fAER o] FolZl EAo] tigt EFolth. mixE= JFHEE F-

EHA 3¥Y 4 A Aol Aoy o wE FRO gx wWolAA

11) patchmesh

A E o] F& AojFHEe] T WHol wfdE2A Fojz]= EFojTh
12) nupatches

NURB FR1 2] 2|AER o]Fojxl Exo] tfgt X¥ojr},
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(2h) Feleret el

B Ay Aamel g AedolAl ¥ U] BA BE Bt of
Ush shietel Belol oiet 2T Assich, oSS A W moolA
Aeistel 47 22 4% AW suleht wo] AHo] Holx AR
WB mEoMY SAUS Bol 2ol shssich
(2) VRML 2.0

VRML[2-2]-& Virtual Reality Modeling Language?] ¢¥=}Z Internet’t
o) el 3344l BAE UAY wh AT A3YEo|ch Interneto]

b B0 Al W, AE, =4 AL FE AR BE 4 9

4>

om EZ JHEe] T, AREAL AR, 5 wlR 7Y E2ke A
T dRAAE ZEORE Bl O FTE oY 4 vt VRMLolRE
Y& FARAIE ol @FE WUEA I dofoltl. VRML 2,02
VRML 1,00 713l & 717 7go] H7HE o= 1.0 wHoaEs FA
H F0ehE TP WA 2.0 WHo = F3t Aolla] X oy
old& HEY 4 Qi npeay JEL Y HAE %SHH 7V F7kel

[}
AHE2] B YE|BFE 9o WEgEE WH S BREY 4
of EAL ABY AtolE I ¥ T ohu)El ARZEL BYNd BE
g 4 glon I Qolr J&Y Yy AFYUER Jer AEF Y
(7}) VRML 2.08] &
VRML:2- Open Inventor?} F-F Hilefl ® 7px] Adejulal AUH 3Eo
Re

ch E F7

Z7}15]o]A dolE Agt AOF VRML 2.0 1 2o olE|o¥E|xn HIE,
oftjuio]d o F7hd Zlolvh VRML ¥} VRML F2H& 7l&d 438
E yldoj AF M #HAVE A 4% Q3 VRILES AEFHoE A

Fdte HlFE E& AHEY + = Utk VRML Y o] & thgole Lwrlo]
ghal E7150A vt SRE WAALE RISt “dot world el W
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22T VRML THIE of Vo] VRMLE] UYL E
] 2 Thgoll Thad e YHES ol8stel RILY g REE P4

ot

slc}.
o 4
o T
yeo gy
BYHE k= oF
AEEE RE OlF

Eh

VRML2: =E2] A3 &F 722 o]Fo
upetA ZRIH I FT k= o] Fe We
=& AR stazt & of AghstA HeEA

olt}, zhehel VRMLE] XS Abw B2},

#VBML V2.0 utf8
# A brown hut
Group {

children [

# Draw the hut walls

Shape {
appearance DEF Brown Appearance {
material Material {

diffuseColor 0.6 0.4 0.0

}
geometry Cylinder {

height 2.0
radius 2.0
}
¥,
# Draw the hut roof

- 115 -

HAsh= ST 7}

E2pst



Transform {
translation 0.0 2.0 0.0
children Shape {
appearance USE Brown
geometry Cone {
height 2.0
bottomRadius 2.5

a8l 223 oMl hutwrlel Al 5o

oA AsolA] Fol “VRML V2,0 utf8”o]3L 1 9]&} A ‘4 )R A|FF

£ ERe BE 2Rt w5 oS A 2yl tiEaay
Group, Shape, Appearance, Material, Cylinder, Transform, Cone®] =
Eolrl, "WrEe k= Qe BEOFE  Transform =2 ZH¢
translation, children 52| MEES zZl=t}l, “DEF" gl J]9 =& AR
3te] Browne]|gt W47} A8 EFHBF}E Appearance =T E I EE
Adstalar o} 2 "USE"Ehs JIfi=o] sl T Mz A Aol A
£xo] ot ik & 4 glEel FoH B U E5S 2HsIA AR
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B Jlg ¥ opel Fhuel, ElolE T o9 YL EF TRE A
Zlgdcl =2 AF T2 uteld] FR eS| g A O Y
9 Looh= BYFOR &M uele S8 o = a
e AEgich. 4 =2 Ut BRE zhe 2, W% FJRE 2=
2, 28R 9% A 507 o] A $ Qi)
(L) VRML 2.02] = =
VRML 2.0 = 4] 712 ==& 7Ixa oot & dAuele 7|38 AN,
24 £4 AR, Hojdd R, golE, shete] BRE 7w & ¥d
3 Alawl w2 VRML 2.02] ofiujuold, lejeiElR, QIEYl &2 HE]
ujrje] Y3 Fol #H™ H A =EF AT YT FRE JMAe
Lenkg F4gh 2 AWEZE ARESHs VRML 2.0 =9 HEE ThE
2}zl

1) Appearance

i
rO’
e
iz
[
b

% material HXE - Material XE2] 3QlE]
2) Material
% diffuseColor HEXE
% emissiveColor HXZ=
% transparency X
% ambientlntensity WX
* specularColor WX
% shininess WX
3) Shape
% appearance X - Appearance =52 EQI¥]
% geometry HXE - Box, Cone, Cylinder, Sphere, IndexedFaceSet X

E9] 2lH
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4) Box
% size WE - x, y, z 4o

5) Cone

3%

bottomRadius HE - ] vjAz L] V1A
* height WE - H&e] &o
* side W= - 18] o He & &%
% bottom WE - Y& W Ao EX)
6) Cylinder
% radius WE - %9 v]AA 2] I
* height WE - 4%2] &o
% side WE - %2 W &) 4+
* top WE - LFY A &4 7
% bottom WE - $152 ol & /7
7) Sphere
% radius HE - Fo] v
8) Color
% color WE - R, G, B 2] o o](Array) 3EQlE]
9) Coordinate
% point WE - x, y, z % ojdol{Array) EQIE]
10) TextureCoordinate

% point WE - x, y Zk8] ol@ol(Array) EQIE
11) Normal

% normal ME - x, y, z Zkel ojdlel(Array) EQIE]
12) ImageTexture

*url WE - g2 oln|z| 9] w4 o] F2| £AI4Y(String)
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¥ repeatS W&

% repeatT HE
13) IndexedFaceSet

% coord HE - Coordinate :=22] 3Ql¥]

% coordlndex WE - Coordinate =E9] 344 2T Eo] tfylt QduA
ol o]

¥ texCoord M E - TextureCoordinate 52| FQlE]

% texCoordindex M= - TextureCoordinate =%2] 2x}% 2R S5of tf
gt QI A o] o]

% color UE - Color =E28] XlE
RGBZEEof thgt AL ofyo]
% normal U= - Normal XT&] 3LolE]

* normallndex WE - Normal =22] 3x} HE|Eo] cfst Qu]A ofe]

Sl
% colorindex = - Color 222
AL

rOl

o}

14) Transform
% rotation WE - ¢12]9] Sof vzt A
% translation WX - ¢lojo] wgko g 7t ol

% scale W= - ¥j, &4

% center W - W A A

% children BE - =% 3QlE] o]zjo]
15) Group

% children HE - =X X<l olgo]

16) Switch

* choice W& - & XOlE] ofgo]
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% whichChoice HE - A8 -t H3F -1& =&

)

fin
fr
[

17) Billboard
% children WE - == IQIE o]go]
18) Collision
% children WE - == FQIE o]go]
19) PointLight
*on - FH MY, 4o /F
% location FE - A 32 21X
* attenuation W= - 3 Fgog Helel ulrle Wil Aw
* color HE - 3 o] W] A4
% intensity HEZE - A 3¢le] W #x
* ambientIntensity MZ - Ambient F$ o T2 W e
20) Directionallight
% on - HHe] MW, Ao fF
% direction X - 2} gle] wiek
% attenuation BE -~ ZAl FY o g HEQ ulyje W3l AE
¥ color WE - 4a} Be] el A
% intensity HE - Al sdgle] Wle] e
% ambientIntensity WX - Ambient W% 07
21) SpotLight
% on - FYe M, 4do {F
* location YE - AN B0 9|x]
% direction WE - AU s3lo] wisk
% attenuation - ASF P o7 HElo] ulyje] Wil A
* color HE - A3t Fele] ulo] 4
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¥ intensity WE - A3F glo] W) kg
% radius W= - AT P2 RIA]E
% ambientIntensity HE - Ambient QO 2N Wle] g
* beamWidth HXZ=
¥ cutOffAngle HXE
(3) VRML 2.09) £ Wiy A AR o027 TR AW
VRML 2.0 3} & A8 Alalos AR uf YA 4= o= £
A3 B, 0ES AEHL DU ARl S A7 RA
(7}) A% e A
VRML 2.0 ZHd(“.wrl”)& & #o]s] Al2ge] oAy IYU(”. asc”) &
A3t Zlo] B A =2 88(“vrml2sert”) o] EHolt}, Zzte] B
4 EROR olsel WA 1o 182 AHE ErhssAm 2 Ay
) Al&®lo] 7lstetd Rulz} Aviy] A AR VRML 2,00 ulsfA] tl
uf&oll VRML 2.0% A3tH Rdo] A% F WY
=B}, ¢t & gy A A=A & PointSet}
AL Adognt I ZAE ®HA] B
B A% ol Aol Arh 2gla & ¥y
g AAFE B4 55 52 B =eEo| 7t e BAIE s
2.08 =58 AZ FRAAM= Group, Transformi}

e L EEL EAE Zte w2} ol BE E AJAEL Ea BEE9] A

oM

]

P 5 T 97
& Yok AP I

LineSet & A

2]
FE Lo A=y HlsiA] VRML 2,02 of# 7)o RE w2 & 713 4
X Lo

Sl FROIER old oA MY ==& FE 9



FHUYTL oS BolA gzl A$ T4 RES VEE Fito], o v}
o AAs] LReolA LR, UL,

-4
%
(o]

il

o

X

it

-

ox

a2

»

T olth, 1L} VRML 2.08] A= o]
TIZAR 7} 718 F kol il oftiztA| 7t &4 ol olt|7ix|7 24 &
Az 7} BE 17| wfjEe] 2 Al&glo ARsle HHoA oTi7AE =
A FEFo= AF3laL AuizAlE EAE AFster B 2 A4

th. AF AFFHLE Aste o] 270 wiEel M8 223
of F4& MYste] EA 553 49 MY =& AFY F+ YEF
A2

sloicl. VRML  2.02] Transformation®] ¢12]e] Fof cigh
Quaternion[2-3] @& o83t WHE AAtstict

2 Al&Ee] A9 dode] ARH 7] Z3E 7] el A
Boll #AH g 7% Aol dasirh, Fo] Aol A7t Iyt
o VRAL 2.02] ZSol Mold el Adol ¢ich wiEel AB Ao RE B
Aol Mot & TIZE Mol &efaE MoldE A3 siolrt,

a8l 2.242] H&EL SGI8] CosmoPlayer2 022 “scl.wrl”& Z#o]¥t
AZ 2ldeld A9 & 918to] OpenGL Z-buffer Y32 E&E AHERE A
oji BFL2 2 AT A 2RI Ray Tracingg AH&-3 AItelrh,

(L}) A% =2 7392] Al

=

i

-
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' 224 VRML 20124 = #ICE AlA" el 2ol o}

4 [grdegas/u/grmanet/home/cocoa/vrml > vrml2sert

Usage ' vrml2sert [-option] {filename>

Options ~~———=mm—mm
-clock : Generate Normal vector in clock-wise.
-countclock @ Generate Normal vector in count-clock-wise.
-detail<{number)> ' detail level(0-10)

-scene @ Output to Scene file(Default)

-item : Output to Item file

-level<{number)> : explosion level(1-N)

5 [grdegas/u/grmanet/home/cocoa/vrml >

2 2Ele] Qlxb(Argurent)& QY sH] orow Slep 2ol AME w3}
Fhsat 4ol iRt AWel EYHTh A OB UY A oER o

Yo ¥ 2= vt ol E2 vt olF Hell “lasc’gls 3kl

F7H o2 EA Hclh 4 348 A9 R clockd}t countclock?] A9
7181ty FHol Pl Y FRI ¢le B AEHog MM WEE

28785t S1% chAEel W Aol 712 dFES AA o),
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Virtual Root Virtual Root Virtual Root

a2 225 VRML 202 AZ TZE levell22 E2|AZ H?
detaild ¢, A, YUF, YBPo] JHOZ o]Fol3 EAME TH4H
o7 HHY wfo] HB FET I £ ESFE F d F=g o
S A& 4 9 JEZE bolrlh. &FYEE of&d] TS A

F 2771 ged 7122 A midoltt, level> BN &
A B2 i ALE AR TRACE BHE A AFH T2 EA
2ERE Y Zo7xE AAsIL L otefe] 3t} o] E2lE Z
Zt shue] BAl BEo® Qs 1 EE A7 2= kE(leaf
nodes)5& SAE A =& ZHojr},

8l 2,257} level?] 43 ARG HoFE Holr}, 7|E levelgh 02
2 o] A% A% TR £ Aol wASA o=th AstA A g
2 ZES VRML 2,08 7313 RYE EHsE= 2HF =SE(Box,
Sphere, Cylinder, Cone, IndexedFaceSet)o|t}. $|o] 7§ Zzte] 3},
° Eie B B2o| §1 7} B¢ o LEEL Y B2 B4
7F "t

918 o= B A% =2 &JslA “arch.wrl” TS levelld] &
HAog " asc” ¥Ye PR HFo] HFHo® YA P A
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9 [grdegas/u/grmanet/home/cocoa/vrml > vrmi2sert -levell arch, wrl
Explosion Level @ 1

Parsing is running now,

Parsing is over now,

Write ObjectDB,

Write LightDB,

out Point

Vrite [temDB,

Explosion is processed now, . ...

Program is over rightly,

10 [grdegas/u/grmanet/home/cocoa/vrml >
(ch A% 238 g 37

EH AH ZF WL 561 Eo]x]e] VRML 2.0 Parsing source(Lex,
Yacc code)E lex?} bisonCZ FmUsjr AANH JFEE £, HA)
A Zgstglct. FHE B|AHL SGI Indy, IRIX 5.3 o]dx Hmpdde:
gr+& AH&stch

2t VRML dllo|ele] Az} dciy Azt
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a2 228 Scenel722 tree_view2| VRML Ee2i¢
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3. SERTY] @izl A8 of (Tutorial)

Zh A
SERTE A 38517] ¢I3lo] &u]¥ olo]|ZojL} 23 Wao] F(ex. %sert)

(o]

Qegith. 2w 4714 HlrE HelA Bl oA 48 5 27

o

=]

tj&l5t7] 918l Scene Manipulatorgjil 23] ww& Alefgicl,

P

a7 229 Serte] x7|EH

a3 230 Scene manipulation Window.
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O™ Scene Manipulator Window7} dejn] fdte AR Qladuly)
L8 Zlojr}

il

Lzt o7

olA, MAol Jed UL E2rh AW Fileolzta 3l o
& At 4748 F wiwTt o, 7ol g wET H3 e
dolEl 7t Zlesodle wd& A= 918 LoadE Al=igicy..

LoadE d®Y3Pd File Load®3} ¥shs HAol Q= $)x|of gl Path
o Filter, File Nameg HoF& 2 FEH} Heg APAof A=

AL = & Accept HE, Close HE E&o] gt}

a2l 231 File Load &t
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D ¥, 0 c\%a}fﬂ
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st 52 -8 £ sertl.scn HE
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i
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o
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H AR AgY A
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o) it WA 23
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A A Ules dAH L Fireframe FENE ooty & 4 gt}
Bl ki eEHKo| oy il HESE ol 8% 4 glrh Draw Mode
o wireframeo]2lil Aol = A& shaded wpFPo] Adejshd 44
o] & Fef= HHo] uirich (7] Alte] & Hd + AT O
A Molg& 218 Alatgo] Wy wigelct.)

AMoyol LR We| WolA A Holx] ¢forng & Jiyto] shA e HEH,
Uehd 83& B £2 AJel2 ZA"ZaL Eal7] 93] ul 78 W Eo
Zu|slo] ¢lt}l. Panning®t Zoom, Rotationd W & AAE Jirto]
FARAL EHEAY AAE 29 & 5 UA 3F3L Anchored= ©f

L3 dol} BAE Ausiel 44€ A4 ALY 4 YT 2ot

a7l 233 stHel adf ol F, dHlHolM 2R HatE HE &
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Transformations®] scene?} object % objectE& HAAZIAIZ] AdefolA

o] vehbs EAESS Ay nhea® AL F2 Ad wol
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2 Auy 4 TS A Y59t =iy iten 0% MHSHA Th} 7
& agle] B Zolth.
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#Ha AP YAE shu AbdstEd,
chairl.itm& acceptd}il close W E& Me¥sic},

o] AR zAA el ATzt =izt Uehdch

a7 236 2[4 o Fd
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ate] EXEE AbQlelA, YA oxke= wel Al wls] 2 A7
UF Ach RS 2Fste] whe) Avjo] SEE zAstolop sith 9
QEZo] 9t AARZATITONA object BIL]L WEL REr) Iyw

object BIT|Q WEE EFHOET o4 EX THE RFo| shesitt
ZAOIA A AT A Ades] Eab oW oat F9ld
2| BAGAZE Uehd Zeltt, o] ZE Atrt MejE 1S vehdct

237 2|AE et =tH
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slxpe] AzlE #HA stejd, gate A% MEH geE Fa

A ZAES & Transformationso|A] scalingMe] &=

AEE el 2718 A siEc).
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npRju o 2 o]l%g st HAAXAET 2 Transformationsof A
translationg A &3t & yb& o]-83lo] 2]z}7} nlete]] @R F o]F A7
F- View Modeo] A eye® TIA| MEIgE ¥ translationo| AEYE Arefof
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Mo datal} vemldata ClEEE] Qo] 9li= BRE EAE
£ MBS ARz wix] & £ Qo sAIRE A2 oln]
Zx3he ofo|RlE shut o wiAIBtaL 4l& wio= otol¥l HURTE ¢ ¥
3t wfo] gtk 22 BAESo] ojgh Hapeld, 9 #F

TransformationsoA] objectE Aelst & Balslzizl st ololel.g
defgiet, 08 ohg wiwolA item -> copyE AERiTh st Atel= of
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Fha[ele]l 2EEE View

eyeoll A camera® HIZTE camera® BiFEO] Iwo] uppd o
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=

Mode
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o] HolA A
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% 243 View Mode
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dgjalal Fu|7F Bykom olA] Render W EE& HET} Render HES

8 244 #i2l ghge| ME
Rendering FoA< #irjale] whalg Raytracing®t Z-buffer Method
¥ 2 shtE 2E = drhk o7|HE Raytracing P& LEth
RaytracingS FLEW Raytracing Options o] BAHC].

agzlE A7|A & Ho|EFE Compute Shadows &L OneE 3}aL
Backface Culling® OnQo &3}o] dje £2 & w27 i),
Raytracing®] #{ 3& 4N71x] 31=F 8l 0KE FEW Rendering

SIREEES
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EAES ©HLR dshe Zo] oz}, FHE Y3l A
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2 thE, Object manipulation window WHEE E# Object

manipulation windowd <itl,

Alold = EA5S 97t ohel A Tl AR + o] de

=

o, BAl SRR ol Fold BAESole} sriety, BAE Hesio}

(2

gk oxE Thl Ak,

1% 248 Object Manipulation &

Z12l 249 Surface Aol

& (Shaders2t Options &
b

[en
Melg ¢ Act)
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ol A Attribute-dSurface ShaderZ ejgict ejw, O7 2503

AE Hol Erh

Qg @S FAISt:, HlE ShadersE w2t 23W, BFH Ao
T &Y BSo| ek, U T4 Aot ¢s]7] #18) 712 AoldF
2] il woodE A=j3tTh,

e T P R

o
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Accept ¥l =& FE2H, Aojti7} H Zlojt}.

#]&2] Scene Manipulation Window® Eo}e}, &lx}7} & KolA Fhug}
= A3s) FHlsfEAL V

E ZABIA, Render WlFE

=2 of

OE 251 oAl MolHE ¢
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b HAA Qls]7)
Exoll Moltl& Ul Zlo] 713 ApdLg=gh, ule] SHIH 239
A o] VetbA ke Ao FESIthE, "€AHE AR
Hol ®HlAXE F&sield, ¥HE& AMuslA], Object Manipulation
WindowE Eeld c}& T ¥E& AYste A7 AoldE Jsle ¥
Az}l 2 tho] Surface Shader wWRHE M= A,
Attribute->Textured A eigic}, 1, Texture Mapping Menur} L}-&

=2

O 252 Texture Mapping &
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Bl A A%

W 5ol A file -> save® 7t U} sert2 scnQ & A AF3tr},
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HEapa e (distributed virtual environment)o]gt Tlh=2] AlEXE
o] UESIA Aol w50l 7ide] Fe BoAM FEE FR8lE AR
HEAE £ UEF HFEe BES Urh oY BAL FHIA
2 A gy o WolA 9l AEAETS] T Y 2 (computer
supported cooperative work)o] ZWsdlAl Elw, EFH 7H #A(virtual
reality)? %2 §8& A£IZESOE A& R /Y w7 AA Hoh
olgl3t BAL FHsl=dl o F8% 28 AFY shis HE UE
939 A4 ol H2el £8 ARELES ur} § AU 7}
A EHvisualization)®} A43F Z&(interaction)S H3taL
Ao 9|8t o W ARgA7E A HAY 4 de BHE L%k
oith. wietd  UVEHI v UHdE EFsta 484
(consistency)?} A B3 (scalability) EA7MSEA wigt d-+
of 9lo] 71 83 EAER TFEIL QT

B dAoae wzsls B33 270 WA T ¥ AREARE AL
shel 712 AlARlola] ©uste] o P ARgAIEC] TAIYl dAH
AFEE B3 M P AU 4 Qe ALFSE WA T
o 7lel= VEHAS} 738 P Ee] Z¥E nhAl A B4 A
2p7b shube] FHabAQl Zzbell o] Eofof Adshe A H2 AIE F
A "ch 2z ARRAEL IEE I thE AR A A}
olF 5 AAZte® HA H Zojy o] A AA FHPE F¥E
x| 28 AbgAEo]l AL Wrold Hg&Ho® AP 4 QA Hrch
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B2 ddE agstgon, 3 ohF AREAF Ao
& xgsich
& Jutoeg 3l
AR Z stollAl T AR HH A (multi-user computer
supported cooperative work)g LWRE 3l= SRITZTIHW o] &I
Ho2 AMREoA 4 9t MIRAGEELZ FA T YEYA EFE AAsha
FEsigch o] MENA EAL thF AHEAET A5 A 2L WA
x] A4-& #Hede JNHES AFsy, A9Hog "ol g AMEA
9 4¥E3 PYAE ¢l8l thE ANE ol &Y + U=RF st 9l
o, ol ARgAMEo] Al 2 ¥ uwf A H 4 s dH
EAE Aelstr] 3t e §3 AdolA A4dstar giet. 919

m[rl
o

o,

o

FA
V&
2

& ol&ste] thF ARl PYYHAYS AMshks $8& ZEIUS AAY
F olen I o] vESA & T2 Aol o]8d <+ glth
MIRAGE &2 533 HE& UESNA EAS FEE 5h3 g9 s

vkl WY OoR JEA JeES AFSIAL o EF AR 7
SEEokel WA JeEl oY WAAE Bzt F
2% AP U §& Z2IYUE AHSHA "t

kJ
113
e
[o
ku
X
sy

2. 7188 &4t 7H B Al&Ro] et 4

o] /MU i B4t MR sy d EAES AwRd
k232t #Zth -f41 SIMNET[3-8]-2 DARPAO]A] 1 12

ZAHE AEgelde] gt EFolth ol AL E AUE e X7
g Al A2 nlRe® AMA AR s

[«
=
Aol o) Folxt 4B AVY 4 UEF = 2 BHOE B
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th SIMNETS Al Ed¥old RFQ Al SEEZY AUR o 9| &
2 EAof W23 PDUs(Protocol Data Units)E Aojsla glon VEY
3 YYF A EE Vst £o]7] 9% Y=-# 34 (dead-reckoning) &
aeEs b3 | PAK- ) oltt. DIS (Distributed Interaction
Simulation)[3-8]= SIMNETRT} ME-& A &Yool FFojn LI EZO]
th. DISY| HAL 7|EA o SIMET 2ot Algdolde] B4dat A
Aol xto]7t glt}, SIMNETo] B¥ gk A|¥rhg BAlshaL stezh *[&wt

7N Zlof wls) DisE AP FAE WAy Mo F3FS

\=)
=
Z & 9t et 4e AES JHEsle A& 5FeE AEEch

gt NPSNET[3-7]1-& NPS(Naval Postgraduate School)eolA]l 713 JE
A 7 T B3 AARSEA, SIMNET DISE A$sla o o
B 7137 (large-scale virtual environment)& F53l= A& HI &
2 3t3 olvh H5yFoz P AlEHolElE T ofFeFlold wA
2} BAlo] 7Hsst=S 317] ¢J3f DIs TREFS o &5h Ae{UE B

ZE R 2 JPSEA tiulolAE ARESte TP MY Az A
3288 ATy 98 ATEo] Y TFojtl. ATEYe]R] 2} 7|
SES YAl Bel2 AFsta ol AP E gl e Fo] 5o
tlh 2ol d AREAIE $E AMEAF MBS YT A]LFogle
L mjo] H7]X|(peer package)?t F71EHHEA VEHIE T ohF A&
Zte] Ealol 7tsdtAl ®Qrh  DIVE[3-5](Distributed Interaction
Virtual Environment):= peer-to-peer7-Z % I8 C}& a}&x} Fait

387 AArlolth. DIVE A& 1P HEIAAYE o] &3to] HAPE S

- 166 -



<

ol W AEANEY T FERY Y flsto] =90 HEFILY

£ZEJo]H o MY S BAthe & e A4 g HE)
28 XFE&(reliable multicast protocol)& o]&3t  Qlr}
BrickNet[3-3]2 Selo]UE-AHTZE FHH UEYA 7] 71 34
Az Ego] E3lorh. AA| ¥l st B/ FRE JHIL e A
2 o UEE 7R O FEelABE] MW At tE Zel
O|AEES] ARE T3l nr|Ue . Massive[3-6]2 Y 7} 3
Z(collaborative virtual environment) ¢13-8] Aoz 7udEl JAt
AA 94 3o AlA¥(virtual reality teleconferencing system)o]T}.
o] A|AELL r}E ALERIE0] Q] 9.9} TElul i ®lAEL ¢19)e] nj
r]ol 8] 23E& Bl §Aldls AL 7HediA ok 3 o] AJARNA =
2ol o3t AMgAE2] thE ARgAMEel vth¥t x| ZHperception)o] L
& 2] FuiAed fx Yol wret vl2A o] Fold £ EF s
' 2kgo] 27 Rul(spatial model of interaction)o] uwha} B4lo]
Ao,

o" HJI

_.-/

3. HIAE A

7t thE AR&R} AlARIY] P2

2 dAFoMe I8 3.1 Hole ZAFY vhE AMAL Y R
(multiuser supporting module)E 713102 A H3o] o]Fo]Zr}. t}
Z A8 A REL A 5 FESE U¥el At JEIAE B3
A FAlo] Hojsle= B4l He|RH(communication manager)} ARE-
A lEiwjo)2, AF uelEwo)A T N AFE T r}F AHEA

ANA¥e ARE GBYE AAANATI] 218 QB BelxH consistency

- 157 -
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} User Interface

RenderMan
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Ri—fungtion |\~~~ T
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Communlcation
fmanager -
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Channel

Multiuser Supporting Module

J8 31 CHESAEA AlA- o R EEHE Fx

manager )7} Zlo|t},

A A= Tl ot BE JFE Wit Fale "agt 7
F 2715 A, AL aAshes R wfF (packet)Bhet ML, QojE
o AL dng FeREY A" Fol FH slwol Hrt T4l A
© 2% 3.100x BEo] FAE& 8] 7 s Ad(channel )& AHE-3t=
o] 3hvie dojel sl A7 (datagram socket)[3-1]1& A}&3}= [P HE]
INAEL 9% A o], T She AER A7 (stream socket)E A&
ste AEE e HEFIAYS % xdelth. oA F A i
fAlsHe oot AgAo] s HlolA 23] dF™ Zlojtt ¥ A
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ol AdErh Al&ylo]l AlztshH wA] o] AlAElo] AlztshH WA o]
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FES vX= o] FE Lo FRIZ HEET é‘lﬁlﬂ%ﬁ} 2 A&
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<

o}
E{g

=2

$¢ ZEA2 UNZE ARt gleh o] TRALE Hobsle 2E
M&uith 242k R0 MBS Fojsledl, o MEs dfste sjlnic
E017HA "t 2 52 A4 Hay dole o] A= =Y o] voJHE
< dd e uigel oiet AHAHA 271E 7Ry chddt Heje FREo
g@A gt

A FIAIE AL Sl A A AR AEEisy, d7)A
£ ol Y siviel ZRAE HIE M ste] o] FRo) ulel vlolE &
dube o R AestA Ml ¥ sifY 82 2A uolEuo]
£2] A& 8vshs A 2F fxle HelE A JEE Adsie
SHRALE UrlofAet, Zze] HHAIES BAE o] WEY E
T-& el A ] Bl 723 W3 E AUPew A FHEEUL o=
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N
s}

A E5EolU FUsd UYH olFEol FHEHA EAsA] ¢do}
W) wiEol & HEAER ARY + gt olfolAelth
AolTivt BAx el o] FRFo] g HolHES oy A i3
Lol HujAl Heul el Z2AA YA e olgA FelH
ol ARES AFEs el FRE B4 4& $3Y
glojof sh=t) ole¥t 2l EEt dHAY welAolA sHA Hrh

2
i %ﬂi r,d ﬁ

b 2

4. THF ARERL Ao T2

7}, AEAEZEY] Ad A He] Y
TH3BARE AHste thE AHEA AlAF QlolA AgRIEO] MEZ
§ XY = e Y AL deFHolvh 2 AMERIEC] A
22 EgE dNE] flsiM = 24 AHEAEE el 4 Sl A2 4
A 7b EAsor st olR & omlEHavatar)el Tl tizfe] sHHA
AlLEloll A 2] ofulElE b3l HAHE ElE Flof EFolAR & AAR
ME AT Alxgle] B4 Algl 2] AAEol HIMStA Aelsjof
T dolBEA vEhd 4 QL7 wfZef ol& mstm bR RoFe oluletE
Eoistglct. o] opulels AMEAMmiTh Zk2ke] Ajo] TiERE MogM 3
o] 7heshy Z} otuletd] X YomA I AREAEY HH UL AAY
o Qlth EF 7 AR AR U AdE dRste 2% 4 glong
ol FHYUE EF HHULE AU 4+ 9rt
Tt oA FHIZANA ofzt ARgAITY BAle] A S A He
& oY 4 dUrth A& Eof of® ARgAIVE AER A
o} Sol Al =gk diolguo]2o] WP & 93 ThE AEER
o] MAE YolsolA HArh. R ofE HrAst ARt A= ANE
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THE 7127 BAlell ol & &A% 4 Qlvhd AR 7ol & Exbo] doly
4 vt 337] ol b AR Al &Ko E o] o}t M)
o] AHdEo iyt A2z} uf-¢ F43 EAlojw oA EAEE sfAs))
9% =& Bsiglct

= A&HoA = ude] it Hele ARSAmT AHEFY W
(priority)& Foio2M sAsirt. ZE Ao vzt ¥k ¥y
ZE2ALRE] 2] wfiFe] THE AREAES AAZE I ARY + 4
th ZeEu BA 55 A4S oW ZEAaets shestcl 2eln A
B2 xpdlofl thsiA= e (locking) 71 & AH&3to] & ARE2I} -
st} 2SI Yl Aol tiside e WriatEe] AT ¥+ 9=
stalth whef I ARdE ZFshal drid 2 Aptlof cfgt ol siAld
mfj7}x] Zltielof & Zlojrt. ol& AAE FHsl=d dojA vl A

W3t 2%kAl RbE(2-phase locking) 7]y & s1ek3lalict.

L 2 A R 1Y

2t ZEAASES ARE AT O riRbEe] #a] oW AdE A
g ARE 73 st o] AL HIkatEe] shite] A}

= ul °] BEE TIE ZRAAENA ALT2EA

FAEH e, o] ARES o-§st g o] o] FoFrt. & ALgAI
ke A& AYZLE of o] Aj4lo] A} ThE AH&AMEC] FR3hAL 9l
= ANED dxsh=AE AP Wb oln] WREHUL A AHEA
8] of zpsdo] iRt A2 AFAcCh FREA %S BF o AE 2
AHEAE FARE 4 UES SlAL o] ARE TE Z2AA
7] Zel 71E3d Hgeolrl.

Tyt nkef Falol F AREAME FREA o2 shibe] xp4lell iyt
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1!

+& A=, ok tiE FIAY AR AMde] AdWHY Holmg F
AREAIZE Aol M-S dE U o] U 4 itk old HH-E
Y7] s 2 AaHoAE A de HEIFAYE 2T AujoA
g 23S R g =S iyl F, MudMx 2zt Zrxinic
ol Ahdoll o FRE AW volElMo] Lo A AslaL QlelA],

Zid 2] ol tit F 4 87k o714 uielA Hoh Z2AA A
g ArHE FAstolok 2 Z2AAE A o AYE R

I EleAlE st Mule 2l AR A st AR
& shAl "rh 2t} st € Af My thE ZRAAEA AL
A S A3 Ha, 3718 43 =2 A O 2dd g
& ¥ 5 A Brh ol 2dA HFE AR =W Falol ALEAL

e Ho

ARE AT, AMI A AUstE 2 SHHO|BE FHo| Fole
A4 R7E AvEel Y BAS @ 4 oA Hrh od 2xiA B
zAo] The HR7t 23 3,50 2 UEht stk

resource selection

Is alread
occupied

No
4

Request occupation
to server

Yes—» Deny

No— Deny

Yes

Occupy
resource

7 35 2ctA EHE ¢ane|

o
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5. MIRAGE UIEQA EAN A

7t UEYA EAY Ix
MIRAGEE w4t 718832 75 9 b A2 gE3de xds)y)
5] A vEYNA EQog 1Y 363 ¢S FRE Zrp B

AL 471 QE{so]|A(Berkeley socket interface)[3-1]1& o253}

i

o, A AAE] F(system layer)?} 28 Z(application layer)o.
LRl AlA&RD Z2 718249 WENA VS ATsts S5-ES A
s 38 S ST WY SETEIWE ANY uf Tof gt
o Y4ES ATAUTh S8 29 YHES YRHos A &E F2] J]E
€ ZET A FAYE A Hulh AA¥ L oA yEYA 7]
EE(network base module)z} &AM 2] RE(cobject module)Z
Lhlch, U ELZ 7N RES JEYIAY 7123 NSES thiey,
A &3} MAE @steE Ad EE(connection module)} mA]x] &)
A5 Azl MEHE K2 #Heste

handling module)® F4HTl AW FA BRES ofg AR} T4l
thdos Ff AR &S WA ¥ we EXNES Ass
Ne& AFUTH TE §& JolME FeolQE- TR $& =7
O3S G uf st Zelo]dE RE(client module)d} An] =
(server module) 2|3l ol&F At tiE MW ZE(multi server
module)o] HFHTE §& TEIPL Y A|AH H& o]Rslo] A2t
T & 9len, FepodE- M FZE o83t Ao FelojdE &

=2 AMH BESE o83t A2E 4 gir)

okl ku;z

ok

&

0

=

HA]X] MEE RE(message

L HolE A% mnd
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o

Apptication >
Layer . MultiServer
Moduls -
ClientModule . || | Server Module™ |/
System . Goheurrent Object ;
Layer ) Maodule *‘

Network Base Module

Méssage .
- Handling E
Modute |

i

i

Connaction

a8 36 WES/zm €3 #+x

ths AREAE B4 BA A A = Qe dolH Mg WA Tz
Zol A 7 E s 7t AUTH3-4]. {UFAA

ZLEZ] Adrfde HEG BAE FAIsh ol T TAERE BA]A]
& B 4 glvh ARgARe] w7t SISk UEL S HE dAE wolA
M, ¥ WAAE oje] T2EA Mdste B o WY mAA] AF

o] "aste] @ IAETZL MY B2 HYPE Aste ado] Hrh

o™
o~
5
=
le]
o
4]
@
H.
joo]
.
flo
4

B 2 =] A8 (broadcasting) ] 7Z-F-olle ghH2] mA|x] ALo0g RE §
2Eo] WARE A431A Hel ol ghHo] 72 mAlA] A$S A
2)slEg We SAEES] gz Holsle A HAHE kol: o

&g slA "ol U, @€Y 2ol Helstal A ¢fL ZTAELA
= WAIR] 7t AEE|2E 0S(operating system) FG=TollA] WAIR|7} =%}
Mg uf o] HiARAI} B TAE AE Elof s mWAR]1A] ohlA]

HAtelop StEE A dEs WFE 8ol Hrh HEP|AH

il
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(multicasting)®] B-olE 22 2 Lof U7 Al Ao
agol HARE ddshs Aol 7Hesteh. e malA]
$O0% YOt TAEN MO R wAA] dgo] JHsBlRE, Hu
AR oA WAgshe, TLEL] 71 wold of wiAA| dEE ol
TA ot BEEs AR WSt P el HolsiA] e TLAEE
3 o] AdEE S A & 4 Qlrh
MIRAGE EZoA & A188& RAste TCP fusfa8 2} Algldo] BA
E]A] o= IP WEFIAY L] F sA] oy dg ZIREIZS PP oR
Qv & e gutEA dgEolAol sl FRE TCPE B3 A
AL 2gA] o2 AR IPE B Al =g dE S8 3
i3 whEAE 4 ARE Shal glen, 3 8 LRI Frkx] A

% AdS ©A AHEste] W ulel e HEsie] HolyE ASd
2 o)
2

e TAE

dz

)

T8 37 AR oz Fx

th l"l e 2 9 REY 2

& VEY TN Agst=E wiAA] wj2le] P2 29 373 Pk Z
7} 2dpol Bl wiAlx] A7|(Size)ot WIAIA] FF(Type)7t wAIA] &y
(Header)& g3t o]0 AA wAAE P43t dlo|El(Data) 7} &
th TCP FUANAEYE o]-&8l= 291t 1P HE|ZIAYE ol &3k ALt
AR 8] P2 W) Zon ojeigt wiZlE B8 &® 313 2 3R]
Fwe wAAE Al A" HAAle MEYZ ERY afe 3}
H& 3] ARSHTh & Bl F T2E e HLot A EF
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I 31 MR BF

HA|R] F-Fo] HAR] £S5/
MESG_SYS A2~ W AR
MESG_USYS S A|AE mA]R]
MESG_USER A WA

(CONNECTION REQUEST, CONNECTION DISCLOSE), ¥4 Hx|E 213t vjA]
2] (COBJECT ALLOC, COBJECT LOCK)S EZlo] 7|EHog ATsln QL
o] o] HAAE FARFoTN FHEIATE A A" wA|x|o] it
2 Aol AFEh At AMgRE QY 4 gloh E3
F& AQstales AHEAIZE A o] A& HIARE AHEdHE
o vEYA 2l 2zt vhAleA B T4E TE3H A
= A& HAA 7 A fA A2F HARE YEYZ
218 Zt ©HAl F FoH™ AldolA WP o] ALEAIA AHHCL dE
Eol VEYA F&ol 4438 Fol= AFTER CONNECTION ACCEPTEDZ}= w
AR 7} dAgshy A2 WAIAE AS v Foll= AFTER MESSAGE
RECEIVEDZF wIA|X]| 7t ATt ol&gt §=] AlAF mAx]E AAR
Eda Fo dd=EE wWAAlE ol JENI EAE o83t 4
2k AbgAEe] T2 A|LoA B E &2t WAE o] st ARg-xto At

% ._d
i
v 3
e
m{m

e

= wAAjolth, AR ATA WAA] 7 MEE e wWAlZ wA2] WE
& UL F AEAIE oy G A&E wAFAo] WA WEeE
SEAA wod fA AlAR] oAR| 7} YA of s WA= WE L

ZEHrh o2 JleE ol&shd timA R Foll i it Wy
L8 EJ0] AFshs %S BEUET 4 glon I ol Ags}rlef
wheba wig- fedsta Y T2 Jhsstth miAeR fA
HAIZ = AAE AME2}7Y 2Hdste UEHA 8§ T2 2¢E 9
3 AHgElE HAlAlolth EFolA 83k 2o Bojux] dxF &
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A 7b Bt o) st WA REHE 5F3E wAAE AS
RSkE uf To ey WEert TaFo| Hals AYS sysiA "l

= UESHA EAE o8 $& TEIWY A §A wrAE F
ostal Mo g vAlxlgol] tiE MEE Aztste] E3o] 5EAFE= 3
oz ol Folxrt wiAA WEH FRE vhdt o] wAAIA HAp
HolA & & &3y, w1 FF, Z7] 223 bolEE o]
ozt

void message_handler( int sd, int type, int size, char *buf ):

oA A3 HEE2 TP FUNAYE o83 -2t [P HE7lA
BE& ol FRol Aolrt glod, FAldl oz AY UESIA LS
o8 B wWAA WEE FFHHs WAl wietd 2 4slnjct o
A2 AEE oY = glom EF BF L2 AR HEHE o]
| 7= rh olEd Y ofH T ZR A7 AT HE FAlY
STOJAET} HeaL & Aol 4 WiAA] WELE wte Helste Br}
AAAQ 222y & 7hestA s, 6olA Ja¥d ofF A TZE
ol & ol MHERE AFH = WAIX Y Selo|ldERYE AfEHE
HIAXE LHeo] dejfegd duY e ZRINYS JHeIA el

Zr}

i3

6. T3 An Alaglome] Y

A= e L e

A2 Bab S B A AREC] 27k 9
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% 38 CHE MHE S5 22lojdE
x

Mol 7

AEE SAlol A4 & U BHolekx FYsa gk o] vFm
T AMEAL AlARE F&shs A BF Aol g3 oA
U oiets] 223 dojrh. Tt XY WEYIY Mo HAR o
g R 7 BAE FHS|E ol Aol weoan ulalA ol F
SE3517] 213 vhekrt Wy e g AFst AR Foltl
2 MIRAGE EZolX= 37 3.80 =AIH ule} o] 7]&9] FaloldE
-AH F2E HAE thF M E B FeloldE-MY 22 J15E A
BIEF A HAY + s AAY £E M WA e =
= stalch ©td Mue] Feole Setold B 7t ZIldEg 3t A
Hol Al Folx|= Fol F43%] F7I5tA Hrlh v thF AHE ol 8d
B4 2t Azt dgsior & SeloldEL] £7} FHoix|J] wlRo] §lof 3
ol ulste] AMmellAl Folzl= Fglo] ZtAsA Heh au) & Zelol
AEA A& wAx]7} ctE SeleldBo] 237|712 £ A2l A
& AUl 817 wigol WAA] Age] ZE7F sht o Fokste e
T o AW FRE AHY REhe Felthes A o= 1 3,99
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G MYl BE

OHE MM 2%

ol A WEZ Tl 4& 9 + e %”fiol ek & Ay
Hog dolx & IETY Yol Wa T 2 Adupet 2
A NHE F3 3 ML sig X o2 ZeloldBEES HalsiA go
2 A VEHas MNE 29 Aot "estA ok gz
ol AqHoz el Wold AgAEL 2glo] FgEo] A7t HEL
&= ol A Efo] ¥ 40 9long o3t thE M Tzl o]&F
= 2] uighAsict,

T A 2ol Ay § B

ThE AW TZE BPY A9 awd 52 o) tely oha) aefs
oF Rtk MMzl wels F03 JUEY shist AV §49 NS
dEste] ThE AHEAIEOl B4 ARE SAFOR o8y u] UASE
23 BEAE 25 & olth 9 Aol Aulzt shigs o

of SRHLE APY fAQ HAL A= Zo] ssHTh Tl Ay

—/
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7t S7tste] thE MW FRE o|FA EHE MWIt FUstA] 7] diE
of Z]&2] ¥y A YHE A 5 YA el thF AW F2
AU A 7A BERA thed 22 WHES 44T 71 drh
R Wdle obF AHE 4 T AT dBY /X9 T SEYLeR
gehe Zlolth o] W2 ZIEe WS IR HAT Ao Add
o Zeteta FHESE7] i el glvh 2 o ¥y dud
FAE fls] A" Ao RS FT7RAIFIE Hol glen dig /X
E 2R AW A9 OFo §3lx] e SldESS A9 g
&% ZeoldEFRT B M5 23 SHE Hed SRR Ho

th dBY {2 M7 Hefste 2Fl §3 Eelol
230 g AAE o = dou, a2y X E
8] 2 AWM E Falof st7] ulEol Mx}e] ARt WAz Ao H
271 2002 FUsHA "rh ol2¥ ERTS AMwel Azt fAe] U
EqA Azt doid4F oS 2A vehAl € Zojt}

7o 2 2% 3,103 Zol ¥ MWt SR dad w9
GE WRshs Zlol ofal BE A7 d#Y fxlol HAY 4 s
ajolch, o] FRolM e Zh MWL d#|E Al MUAS Lppo] ot
A7t 5RAHLE A RS @R o] B vea 2 Eet
olAEI} WY FHEI HF aXo] i S A dE sl g 4 gUrh
o] FxE tiA A} /X2 ol He FH AAE ofwl AMuoA
el A7t AREE 2 3/ AATE Alekd wizkA] AG 3 At o
FY AE "Hthe 3L WA Y AY % Fol oE FF 4
Ao cigt dad /A wel dEste A7t ASGsiA AR E 53U
Wl ol& 4 gtk A=l WA FH FAAE delstke At 2y

o) glom= Azl 7129l AwY X7 WeskA eyt 4ol
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2% 310 CHE Mu{zh Y |A/of
aofste Al

whetd F Aol iRt d#d wA7F 2l Muo] wEH

4 olrie
whol gtk Fale] WL of® AW} ofW H Aol titt U4
RAE WAL QLA YA AT ojof 5] miel F7hHel Auz
o QWY KA Wasth Fael e EY WY PO T
Aol tIRt AT F7) BelE Amzrol FF(floating)StA & 2
o wet Thrgt Wjol EAY 4 Atk AE ol BH Aol vt &

Fhet MHIZL Aol A9 Aol BsHe B8 A 47 FHE o]
FES Ff AA] Ul QWY 4 WelE FAVE Y= AAY 4
om, 4 Hol Fe)AEZNE FH A T B
e AuZt 3 g Aol UE Qny fx WA 2ES s =
Az 4 9rh,

B UEYD BN AASE TE AW 9B §A 2D 4
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T Qlol B 4w fAlo] Arbste & vNke g st spa M
of & ZAe] et Fg £¥E& W ANI 2 F§ Aol vk A
3 A Helg RS ste B3 Wielth AAZ AAYHME A
A7t o AdE ¢ F Tof it wtgol EEoteriAR ] SpAzte)
o et o] FHALC] ey Wetel the RE FL3R|E o
g AEAlE el FYIA FolAlE A=
BE A7 dBF HAo] Fojst] BF &
& WEA =R st Ao] wighdsirin & 7t ok, A H2d F
7 AA] o3t HF RS U2 AW 3 FR o) o dd &
A HAE ZAEF ste W2 vy 4A 78 5 e 7Yy o

2
22} ASTzoA o8l A AYAE 4t ol Ak ¥ o
1

Zosit). meby slEHos

Zo|AESA Relgt 4%

0

T3 7Y HYgE& $Ashe Folean ¥ wf & 2Fol F

3R AAle] zelrt g& 4 vt wetd olad e B3 3

th ohE Ao B8] i AlEYelAd

¢ HoflA dustedRol chd AH] FZRE o]&3tA =W sy ¥
o] ZtA3tal A WEYIL 48 &Y 4 o= AAo] 9o ¥
FefoldBst wWHg wAA| 7} e SetoldBA Eesty] g8l 2
= UESA 227} shit o Fu1ste dAE EA%cl weld, obE A
HE o] &Y AF AAE AES BY = U&= Ao fsid duE B
7t gtk & dAFoME olejdt A& 3esle thE: MW I F%

b ad
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(==

32 A3

EH
ot
rkt

s0 sl b0 bl b2 b3 | p0 pl p2
CPU |R4400| R4400 |UltraSparc|UltraSparc|R5000{ R4400

0S | Irix Irix Solaris Solaris | Irix Irix
SE|AH [ZeldE| A [FEolAE| A |FeloldE
WENZ E3& Aoy A2kle] &3y do vhd Mw] Fxe #E
goll tha Algelolde sEgkch AlEdoldE MNg 49 2 A7
8] SGI HAzelold 2v) s0 s1& shute] Ao 2Fow HAAsta n=
] Z2](Berkeley)t]3}2] SUN $JaLAE o] 4th b0, bl, b2, b3, La|sl
Zgrhe] s61 fazeeld 3ul po, pl, p2& 22 A aFow A4
stef, & 3 A IFol UENIAR AAT FHA thE Aw FxolN
HAAE Favs o dele A 9 M TR wAAE F2
e dels AIZbE wiastgdoh, pAlel Ald #BA4e ¥ 329 7
=2
AEE thet ol 3A 3 712 A2 virol sigie, Zzte
B T thE AHE AMEsHe B9 Tl MM E AgslE Aes
o] AZES wlanstylct
A 1
1) t}= AW s0, b0
A s00l] sl A Felo]ldE 278 |2
A b0oll bl, b2l 2tz Zelo]dE 1744 14
(2) & AW s
A s00l sioflal FafoldE 271, bl, b2ollA 2tz Zejo|AdE
1% 14
(3) & Au: b0
Bl boo]l slolA FeloldE 270, bl, b2ejr] 2z ZaloldE
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Ay 2
(1)

Ay 3
(1)

1% a2

tlE AH: s0, b0

AH s00] sloflA SefoldE 37) A2

AW booll bl, b2, b3ellA Ztzt Felo|dE 1714 A4

gl AW s0

AW s00] slofA] Zajo]dlE 371, bl, b2, b3ojA 2zt Fejo)
AE 1Y dF

thad Au]: bo

A bool slofA Zeto]dE 370, bl, b2, b3ellM 2tzt Fefo]
AE 170%] A4

t}E A H: s0, p0, b0

AW s00]] slofA] FeleldE 27) 9F

M pooll pl, p2oilA Ztzt Felo]dE 1744
AW bool| bl, b2ollA Ztzt Zelo|dE 1744
T AEl: s0

M s0o sloflA ZeloldE 271, pl, p2, bl, b2olA Zz Z
Zto]AE 171%] o4

2 2
e

(3) Thd AW po

M booll slollX Zelo]dE 270, pl, p2, bl, b2l zt4 &
ZlolAE 171% 14

(4) el AH: b0

A boo]l slofA] Salo]dE 27, pl, p2, bl, b2olA Zzt &
ZholIE 1703 A3
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33 ofH[AH

sl pl bl
s0 79824 118796 849107
p0 120283 29875 872675
b0 643891 872675 853 B

9t 22 xR ddo] ¥4EE ¢ RE Zlo|RIEES 104128
Hio|E oo Ql2]e] 27|19 HIAXE AMHA HF3tL MHE ol&
12 ZaloldEEA dE3ich wAAE $e Falo|dEES HAA

F Uit AKHAAE MwolA ALsta Awrt B
ERE AKHAAE Hod o]&E rir] el HAXE A3 Felold
oAl delth o MIAXE W Falo|AEE thr] ¢1¢] 2o utEst
o] & 20709 WARZ ASEH Y-S Tk 9l AP BE F
glo| A EEo] TAIF 2R st Adolt). 219 2 FolAl ele|dET
siLbe} MR E Mgt BF 3 wgivhs wiAAE 27719 A2t
FFe U URe s Agton RE AYLS T oy Assiict ® 3.3
e J2H UEND A4 28 ¢ S5 8L ou] AR Aol
th A%te] s1, pl, bl Felo|dEo|n 252 50, p0, b0o] AH e[t}
3 WH2 oM g Zap gout Mug} Felo|dET} 1t
Ajict, Ay A & npolaE & wrglojch A
| UESA Ago] Aol Afnct o o) AUcks A
o 2t 2 YIF YolME ME A7t S-S HAY

1

TV S

fl

>,
)

e
rJ
X
o [
t %
g :10

4 et
£ f
e
N
2
]o

¥
o
S

3712 2ol uhyt Zhzhe] Ay Aot a9 311, 2% 312 W 0§
3.130) Ul =, ke AWE o] &% B9t 38| o2 AfEr)
dHEA o whE w2 A =& & 5 oth TF A

o
b
ki
i
WY



3500000
3000000
2500000
2000000 |
1500000
1000000
500000

6000000
5000000
4000000
3000000
2000000
1000000

0

5000000
4500000
4000000

3500000 [

3000000
2500000
2000000
1500000
1000000
500000
0

B 2 severs s0, b0
01 server sO
£ 1 server b0

l

0

client 1 on s1 client 2 on s1 client on b1 clisnt on b2

O™ 311 AE Ao

B 2 servers s0, b0
11 server s0O
1 server b0

r
m

;
;
}
't
|

client 1 on client 2 on client 3on client on  client on  cleint on
si s si b1 b2 b3

ok

a7 312 49 A 2

B3 sarvers s0, p0, bo
O1 server s0

- [ server po

El1 server b0

client 1 on s1 client2 on st client on p1 client on p2 client on bt client on b2



B tAH LR BE ZeloldEBEEe] Hixy dE £E& ) o] 2
FE AAIS] AR 12 ¥} 2x) Ay Azte] Aoyt Aridew
Az ks A& & 4 e, wEe Fo NAaFe 4§ Zaold
El AF SR 47 wiEA vehta Qe olis ou] A Al
A Box|o] Ao oAl vES A Lo Holetil AdztE|o]zc),
Tl AHE o]8F HRolle 12k AR 24 AR Azt x|zt aA

LS glom MW7t ol Fofla Ayt ZeloldEEe] 9A: UE
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Al 4 A Rendering of Spherical Light Fields for
Real Time Rendering (AIA]Z} ®lUjal& €3t AHA}l7]

W e 7Y A7)

1. Introduction

One of the most important goals of computer graphics is to
generate realistic images from complex scenes. Several approaches
to image synthesis have been developed including polygonal
rendering, ray tracjng, and radiosity, Application of these
traditional methods involves two complicated tasks: geometric
representation of three dimensional (3D) scenes and the physical
description of lighting attributes of the scenes.. Considerable
work has been undertaken to enhance the realism of generated
pictures and to reduce the computational complexities of
algorithms. Despite rapid advances in modeling and rendering,
creating realistic pictures of virtual environments requires great
computational expense and the results are still far from real-time
computation,

A different approach, called image-based rendering, has been
developed recently, Unlike traditional geometry-based rendering,
image-based rendering techniques generate realistic pictures from a
set of pre-acquired images. Usually, the source of the pre-computed

images is built from digitized photographs or from synthesized
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images. Using photographs from the real world makes it possible to
skip most of the traditionally laborious modeling and rendering
processes, The pre-processed imagery allows the implementation of
rendering complex scenes with a constant amount of computation per
frame, most likely at real time or interactive rates. This is so
even when the source images are synthesized from the virtual world,
in which case they may still go through the modeling and rendering
processes,

The idea of image-based rendering has long been applied in texture
mapping and environment mapping [4-5, 4-4, 4-13]. In Chen [4-6],
multiple environment maps are created from cylindrical panoramic
images at discrete points, and they are used to compose images seen
from locations with continuously changing viewing directions, Image
morphing has also been a popular technique for image-based
rendering [4-2, 4-20]. In Chen et al. [4-7], the authors made use
of the view interpolation approach to synthesize 3D scenes where
regularly spaced synthetic images with their computed depth maps
are smoothly interpolated as a camera moves., In Debevec et al.
[4-9], a hybrid approach combining both geometry-based and
image-based methods was presented for modeling and rendering
architectural scenes from a set of still éhotographs,

McMillan et al. [4-17] presented an image-based rendering system,
based on sampling, reconstructing, and resampling the flow of
light., This, they called a plenoptic function, where a cylindrical

projection was used as the plenoptic sample representation. The

- 190 -



plenoptic function was defined as the pencil of rays visible from
any point in space, at any time, over any range of wavelengths
[4-1]. VWhen time is fixed, the relationship is a function of five
variables that describe the flow of light at a point (%, y, z) in a
given direction { g, ¢ ). The 5D plenoptic function can be simplified
to 4D when views of an object need to be generated from outside its
convex hull, This 4D space may be considered a function of the
space of oriented lines,

Two similar parameterizations of this 4D function have been
presented recently., Levoy and Hanrahan [4-15] parameterized rays
by their intersection with two parallel planes, Two pairs (s, t)
and (u, v) of parameters on the planes defined an oriented ray, and
they restricted the ranges of the parameters so that points on each
plane lay within convex quadrilaterals. This parallelepiped of the
pencils of rays was called a light slab, The 4D function, called a
light field, was created using an appropriate number of such light
slabs. In [4-12], Gortler et al. chose a cube to bound an object,
and for each face, parameterized the rays in a similar way to
create the 4D function, Lumigraph. |

Our work extends previous research based on the concept of the
plenoptic function, We present a new parameterization and
representation of light flow based on spheres, called spherical
light field., While methods using spherical coordinates are thought
to require substantially more computation than those using planar

or cylindrical coordinates, we show that spheres can also be used
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efficiently in representing and resampling the flow of light. The
rendering algorithms used in previous studies [4-5, 4-12] are
“image-space” algorithms in that they have the same basic structure
as ray casting. Our rendering algorithm is different in that it is

z

an object-space”’ algorithm that can be embedded easily into the
traditional polygonél rendering system, It is accelerated easily by
3D graphics boards that support the primitive functionality such as
viewing and smooth shading, and allows a simple-to-implement hybrid
rendering in which complex regions are rendered from sampled
spherical light fields, while less complex regions are rendered
from simple polygonal models.

Like the other approaches quoted, our image-based rendering system
must handle a huge amount of data. While the successful encoding
techniques of previous approaches can be incorporated into our
rendering system for compression, we also introduce another
possible compression scheme based on wavelets. As well as the
proposed technique, that can be easily adapted to compressed the
light field and lumigraph data, offers as high compression ratios
as the previous methods, it naturally creates a multi-resolutional
representation of the light flow, that can be exploited effectively
in the future applications, We show how to access the compressed
data efficiently using a modified significance map and an
incremental decoding technique, and report experimental results on

several test data sets,
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2. Spherical Light Field Rendering

2.1. Representation of Spherical Light Fields

In this section, we propose a new parametrization of the oriented
rays in 3D space. Our approach differs from previous works in that
a sphere is used as the convex hull of a bounded object (See Figure
1). Each point on the surface of the sphere is parameterized by two
variables (4, ¢,). Then, an oriented ray in the space is
determined by associating a direction ( ¢, ¢,) with each point on
the sphere. This results in a different 4D parametrization of the
plenoptic function C = (R, G, B) = Ray( 6, ¢, 6, ¢,), which we

call a spherical light field.

Image Plane

Spherical Light Fiesld

Figure 1. The Representation of a 4D Spherical Light Field
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The parametrization can be viewed as a collection of small
directional spheres clinging to a large positional sphere (Figure
2). Consider the positional sphere that is a unit sphere, centered
at the origin, bounding objects in the scene. Points p = (x, y, 2)

on the sphere can be parameterized by two variables ¢, and ¢,

(0 < 0<2r and —% < ¢ < %) that represent the longitude and
2

latitude, respectively. The direction at $p$ is also parameterized

by two variables (4, ¢,). A natural choice of the coordinate
system for directions ( 4, ¢,) is the spherical frame field where

the z axis is normal to the surface at p, and the x and y axes are
in the directions to the parallel and meridian passing through p,
respectively (Figure 2(a)) [4-18]. The coordinate system is natural
in the sense that it is appropriate for representing the upper
hemisphere that is usually enough to describe the flow of light. In
our framework, however, we choose a different frame, whose origin
is at p, and the three axes are parallel to those for the
positional sphere. This coordinate system has the advantage that a
given direction is described by the same parameter values for all
the directional spheres. This coordinate system results in
efficient computation, especially when a parallel projection is
used,

The use of spheres provides a symmetric representation of the
complete flow of light, which makes it easy to handle arbitrary
viewpoints and directions without exceptions, While spheres are

generally less efficient than planes or boxes from a computational
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viewpoint, our rendering method is designed to access information

stored in a sphere, as efficiently as possible,

Directional
Sphere Z

Positional Sphere
Directional
Spherea

-1

Pesitional Sphere

(a) (b)

Figure 2. Two Coordinate Systems for 4D Parameterization
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The use of spheres provides a symmetric representation of the
complete flow of light, which makes it easy to handle arbitrary
viewpoints and directions without exceptions. While spheres are
generally less efficient than planes or boxes from a computational
viewpoint, our rendering method is designed to access information,

stored in a sphere, as efficiently as possible,

2.2 Discretization of Spherical Light Fields

The spherical light field has been defined as a function in a
continuous, four dimensional space. In practice, to be used in a
computational framework, the functional space must be discretized

or be sampled, Mathematically speaking, the function Ray can be

expressed as a combination of two functions f, and f, : Ray
(8, ¢, B4 ba) = fal8a, da) = (£, (0, ,))(04 da), where
£t V> (V- C), fir Vo C, and

V= {(5, )10 < 8 < 2n, —-{% < ¢ < —g}. That is, f, is a function

defined on a sphere whose value is a function _ﬂ, in turn defined
on another sphere, Hence, the task of sampling the 4D spherical
light fields may be reduced to the problem of the finite
approximations of two spheres.

Functions on a sphere have been frequently used in computational
sciences., For example, large collections of data sets in the earth

and space sciences and in astrophysics are sampled on the sphere,
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Although the sphere 1is a relatively simple manifold, many
techniques that work for the plane do not easily extend to the
sphere, When we approximate the sphere by a polyhedron, it is
desirable that the vertices are evenly distributed on the sphere,
and that the faces have the same shape. In the strictest sense,
however, only the five Platonic solids, whose sides are congruent
simple equilateral polygons, have their vertices evenly
distributed. Hence, when we arbitrarily control the number of
vertices and faces that represent the levels of detail of the
approximations, in most cases we would get faces of different
shapes.

As pointed out in [4-11]}, the best we can do is a reasonable
compromise between simplicity, regularity, and multiple symmetry.
The geodesic tessellation of the icosahedron was used in [4-11]1 for
rendering and managing spherical geographic data. This
approximation produces a polyhedron with a good deal of regularity.
In our framework, however, we start from the octahedron, where each
triangular face corresponds to the eight regular patches on the
sphere, each corresponding to the octants of the xyz-axes. Figure 3
illustrates how each triangular face is subdivided recursively into
four finer triangles, Three new vertices are selected in the
centers of the circular arcs that connect the vertices of the
triangles. In contrast to geodesic construction, in which the great
circles of the sphere are used, we use the circles that are

orthogonal to the axes of the coordinate system, This choice
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produces a triangular approximation which is rather irregular in
the sense that differently shaped triangles are generated, Although
uneven distribution of the vertices may seem to cause problems, we
find that, against our expectations, the irregularity produces
better rendering results with fewer aliases. With our tessellation
scheme, it is also cheaper than the geodesic tessellaton to locate
a triangle that contains a given direction because only simple
comparisons with x, y, and z coordinates are necessary.

As mentioned previously, we need to tessellate two different
spheres, the positional sphere and the directional sphere. For the
positional sphere, we assume that the function f, is discretized so
that it is defined at the vertices of the approximating polyhedron,
and the polygonized sphere is stored in a conventional triangular
mesh form. The approximating polyhedron for the positional sphere
can be any polyhedron made of an arbitrary number of vertices, One
the other hand, the function f, on the directional sphere is
assumed to have values at the barycentric centers of the triangular
faces, generated from recursive subdivision of the base triangles
of an octahedron, Since the value of f, is an RGB (or RGBA) color,
we can imagine a flat-shaded polyhedron where the color of each
triangle is the value assigned to the center of the triangle,
Figure 5(a) displays an example of flat-shaded directional sphere

with level-5 discretization,
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Figure 3. Recursive Subdivision of Base Triangles

The discretized spherical data for the directional spheres are
linearized for effective storage and manipulation as illustrated in
Figure 4. The process is in fact a reordering of the sampled
spherical data into a two dimensional array. When a triangular
patch is subdivided into four sub-patches, they are labeled, and
are reordered into an array as in Figure 4(a). This labeling
continues as the triangular paths are recursively subdivided, and
each triangle of the final polyhedron is named by concatenating the
labels corresponding to the region., Figure 4(b) shows an example of
the level 2 subdivision and its array representation, Notice that a
quadtree is implicitly constructed for each base triangle of the
octahedron corresponding to one-eighth of the directional sphere.
In this representation, we view the sphere as a tree that is

described as follows:
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o The root has two children corresponding to the upper and lower

hemispheres,

e The two children have four children corresponding to the four

base triangles,

o The children are the roots of the quadtrees that represent the

base triangles,
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(b} Level two subdivision

Figure 4. Linearization of Spherical Data
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(a) A Flat-Shaded Directional Sphere (b) Two Linearized Spheres
Figure 5, The Directional Spheres and its Linearization

When the base triangle is subdivided up to level 5, 4° = 1024
triangles are generated, and the data associated with the centers
are stored in a 2° x 2° array. Each hemisphere is then put into a
25 x 2%rray, and a whole discretized directional sphere is
represented by a 2" x 25 = 198 x 64 array. Figure 5(b) shows a
128 x 128 image that has been reordered from two spheres, where the
left half is from the sphere in Figure 5(a). When the base triangle
is discretized up to level 4, a directional sphere is represented

by a 64 x 32 array.
2.3. Polygonal Rendering of Spherical Light Fields

So far, we have discussed the representation of discretized
spherical light fields that are serialized into two composite
spheres. We now describe how an image is displayed from a given

spherical light field., Levoy et al. [4-15] and Gortler et al,
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[4-12] produced an image using algorithms that have the same main
for-loops as a ray tracer, For each ray generated pixel-by-pixel,
the corresponding (s, t, u, v) coordinates are computed, then, a
resampling process is carried out to compute the color along the
ray. These methods may be classified as image-space algorithms, On
the other hand, our approach is an “object-space” algorithm that is
easily embedded into a polygonal rendering system.

Our viewer generates an image by rendering the triangles of the
polyhedron that discretize the positional sphere. The rendering
process is a smooth-shading of a polyhedron, Given a camera
position and a projection type, the back-faced triangles of the
sphere are culled first, For every front-faced triangle, color is
associated to each of its vertices. To do this, the projection
direction for the vertex, parameterized by (6, ¢,), is decided,

and it becomes a point (4, é,) on the directional sphere

corresponding to the vertex, The color that is assigned to the
vertex is the functional value Ray( 4,, ¢, 0, ¢,) of the spherical
light field. Then the triangle is projected onto an image plane,
and the colors at the vertices are bilinearly interpolated at the
pixels it covers,

Most of the simple rendering process can be implemented easily in
a conventional polygonal rendering system such as OpenGL., The
shading part is programmed in just a few OpenGlL commands, First,
the smooth shading model is selected by the glShadeModel() function

with the mode parameter GL_SMOOTH, Then the triangles are drawn by
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the glVertex() functions with the colors assigned to their vertices
by the glColor() functions. Back-face culling and viewing are
routine in polygon-based rendering, Graphics boards that offers
primitive functionality such as viewing, culling, and smooth
shading, are available today at moderate prices, Hardware
acceleration of spherical 1light field rendering is hence quite
affordable even on low-end workstations or PCs,

The only major part that must be computed in software is that of
extracting the color of a vertex (4, ¢,) from the directional
sphere 7, = £,(6, ¢,). When the projection direction is ( 4, ¢.),
the color becomes f,(8,, ¢,). Since the directional sphere is now
defined on the discretized space, accessing the function involves a
resampling process, We find a simple nearest-neighbor filtering
technique adequate, Filtering based on linear interpolation from
the nearest samples on the directional sphere would result in few
aliasing artifacts, However, interpolatién—based filtering is
expensive, especially when real-time rendering is desirable, As
stated above, the directional sphere is subdivided into eight
patches, each corresponding to an octant of the xyz-axes. Then each
patch is recursively refined into four subpatches., When recursion
is repeated up to level 5, we obtain 8 x 4° = 8192 directions on
the discrete sphere which are enough for nearest-neighbor
resampling in most cases, When the maximum level is 4, there are
8 x 4" = 2048 directions. In the case of this fewer number of

directions, using nearest-neighbor filtering may cause some local
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distortion in a displayed image with perspective projections,
because each projector is modified to its nearest one among the
2048 directions,

Such a problem does not occur, however, in parallel projections,
We chose the coordinate systems for the directional spheres in such
a way that the axes have the same orientation. Once the direction
of projection is determined, all the points on the positional
sphere take on the same (nearest) direction for the directional
sphere, Hence there is no local distortion, though the filtering
may produce a little jerky movement as a sequence of images is
displayed,

It has often been stated that techniques using spherical
coordinates require substantially more computation than those using
planar coordinates, We have designed our image-based rendering
system so as to minimize the computation necessary for extracting
data from spherical light fields. As noted above, two spheres must
be accessed, Since the front-faced triangles on the positional
sphere are simply projected and shaded, access of the sphere is
Jjust trivial. On the other hand, the color data corresponding to
the nearest direction must be extracted from the directional
sphere, given a projection direction. As the spherical data is
created by recursive subdivision, we traverse the quadtree down to
the leaf., Figure 3 illustrates how the triangular patches are
subdivided. Instead of geodesic circles, we use circles that are

orthogonal to the principal axes. This choice makes it cheap to
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query which child to take in traversal because only simple
comparisons with the x, y, and 2z coordinates are necessary. As
described below, we also attempted to minimize the computation

necessary for accessing the compressed data.

3. Wavelet-Based Compression

Like the light field and lumigraph, a huge amount of storage is
necessary to represent a nontrivial spherical 1light field, For
example, we used approximately 64K points for the positional sphere
when an octahedron is used as a base polyhedron. When each of the
eight quadtrees have level 5 for the directional sphere and 24 bits
are used for a color, 64 x 2 x 8 x 4° x 3=1,5GB of storage is
required. If we use quadtrees with a maximum level of 4, the
storage required is 384MB,

To make implementation of spherical light fields practical, the
data must be compressed, In [4-15], the authors describe a
compression system consisting of fixed-rate vector quantization
followed by entropy coding. To quantize a light field, they first
partition the source data into a set of sample vectors, and
construct a codebook of reproduction vectors called codewords that
best approximate the samples, Then the sample vectors in the source
are replaced by indices of the closest approximating codewords from
the codebook. The codebook and indices are further compressed by

gzip which is an implementation of Lempel-Ziv coding. They report
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an overall compression ratio of a factor of more than 100 : 1,
while up to 24 @ 1 compression is possible using the vector
compression that decides the actual amount of run time memory, In
[4-12], the authors guess that a 200 : 1 compression ratio could be
achievable with almost no degradation.

In this section, we propose another compression technique,
designed for the spherical light field, which can be easily adapted
to the light field and lumigraph. Notice that these data contain
substantial coherence, hence a good compression technique must
remove redundancy well, Furthermore, the compression technique must
provide a low-cost random access to compressed data. Recall how the
rendering process tries ta access the pixels of linearized
directional épheres. For each directional sphere image, only one
(or a few when interpolation is done) sample is extracted, and the
access pattern is rather random. Most.compression techniques, which
place some constraints on random access, are not appropriate for
displaying the spherical light field because they often fail to
decode an individual sample quickly.

Qur compression method, based upon wavelets, produces as high
compression ratios as the previous one used for the light field
[4-15]. Our method is designed to be able to extract colors of
individual samples, accessed in an arbitrary order, from the
compressed data efficiently, using a modified significance map and
an incremental decoding technique, It also provides a

multi-resolution representation of the spherical light field that
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can be utilized in the future applications,

Wavelets are a mathematical tool for representing functions
hierarchically, and they have had a great impact in several areas
of computer graphics [4-8, 4-22]. They also provide powerful tools
for multi-resolution representation of data and can be used for
data reduction, Wavelets have been applied successfully to image
compression, say [4-10, 4-21, 4-23] An image is compressed by
applying a two dimensional wavelet transform to compute
coefficients representing the image, and then disregarding the
coefficients smaller in magnitude than a specified criterion,

Schroder et al, discussed how to construct wavelets for functions
defined on the sphere. Since the colors on the directional spheres
are functions defined on the sphere too, their work is highly
appropriate in this case, However, we choose to work on the
linearized image of the directional spheres, We aim at building a
wavelet-based compression scheme which is appropriate not only for
the spherical light lfield but also for the light field and
lumigraph, based on the cubical representation, Furthermore, notice
that each directional sphere is rather coarsely sampled, for
example, 32 x 64 and 64 x 128 points when the discretization levels
are 4 and 5, respectively. It would not be a good idea to compress
data on each sphere handling them separately. Since the directional
spheres corresponding to the neighboring points on the positional
sphere contain much coherence, it would produce a better result to

put several spherical data in one unit, and process them together,
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in which case, linearization gives a simple computational scheme,

In our implementation, we use the nonstandard Haar wavelet
decomposition as in [4-3]. The Haar wavelet transformation is not
one of the best wavelet filters, but it is computationally
efficient, which is one of the most important factors in this
application, Our experience tells that the Haar wavelets are good
enough for compressing the spherical light field. Suppose an image
is represented conceptually by a quadtree whose root corresponds to
the whole image and whose descendants represent recursively
subdivided regions. Decomposition is carried out by applying the
Haar transform from the leaves all the way up to the root. The
color values of the leaves can be thought to be the average colors
of the corresponding regions represented by pixels, Then four
average colors ¢, ¢, c¢3, and ¢, in four children are recursively
decomposed as one average color ¢;; and three details ¢y, ¢;p, and

cpp Using the wavelet transform:

)\t eyt gt ey c— eyt e3¢y
CLL = 4 » CHL = 4 s

CI+CQ"‘63_C4 C1~62—63+C4
Ly = 4 » CHH = 4

The four values arise from separable application of vertical and

horizontal filters, here ¢;;, represents the average of pixel colors
in the subregions, and ¢y, c¢py, and cpyy contain detail information

on how the color varies in the four subregions, During
decomposition, the four colors are replaced by the average color

and three details (See Figure 6(a).), and then the average colors
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are repeatedly decomposed. The decomposition process converts the
image into a wavelet image that can be stored in an array of the
same size using a proper ordering of the coefficients,

As noted above, level 4 and level 5 discretization of directional
spheres generates 64 x 32 and 128 x 64 images, respectively, In our
compression scheme, we use as a unit image the image of size
2" % 2T = 198 % 128 that amounts to 8 or 2 linearized directional
spheres, discretized up to level 4 or 5, respectively. While the
decomposition process produces a new wavelet image that has a
reduced number of non-zero coefficients, it does not necessarily
imply that the new image takes up less storage space. Consider an
RGB image whose pixels are represented in three bytes. Each channel
in the unsigned character type has a value ranging from 0 to 255.
Since the repeated divisions during decomposition generate
fractional numbers in each channél, the average colors and details
cannot usually be stored in three bytes. Using floats (4 bytes),
however, requires 12 bytes for color that may lead to an
inefficient compression scheme. In fact, it is possible to exactly
encode an image in integer arithmetic using slightly more bits
per channel. For example, it is not hard to see.that only 10 bits
for each channel is sufficient when the so-called reversible

S-transformation is employed to a 2D image [4-16].
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In our method, we start from a128 x 128 RGB image, in which three
bytes are used for each pixel, and apply the wavelet transform
three times to the image. Figure 6(b) shows a diagram of the
resulting wavelet decomposed image in which the subscripts
represent the levels of decomposition. The details in the blocks

LH,, HL,, and HH, represent the finest scale wavelet coefficients
and the first-level averages in LL, are again decomposed, and so
on. Notice that the 16 x 16 block LI, contains the average colors,

each corresponding to an 8 x 8§ subregion of an image. During
decomposition, we use enough precision, say four bytes per channel,
to calculate the average and detail coefficients without round-off
errors, Once the decomposition process is done, the coefficients
are stored using one byte per channel, that is, three bytes per
pixel. Particularly, the 16 x 16 averages are stored as unsigned
integer, and the remaining details are stored in signed integer,
Although the mimimum precision required is 10 bits per channel when
the S-transformation is employed, in which the floor operations
must be carried out repeatedly, we choose the simpler Haar
transformation for its computational simplicity. The information
loss occurs when the coefficients are rounded off into three bytes.
However, we find that the round-off errors in this stage do not
cause much trouble in compressing the spherical light field. Now we
have a 128 x 128 (partially) wavelet decomposed image whose
coefficients are represented in three bytes, In the next stage, we

delete (replace by =zero) the vector-valued coefficients whose

- 211 -



magnitude, measured in the [? norm, is smaller than a given
threshold :, Then only the non-zero coefficients are enumerated in
a three-byte stream in the order described below,

As emphasized before, it 1is critical to be able to quickly
reconstruct a color of an arbitrary pixel from a compressed image.
Hence, there must be some mechanism that supports a quick random
access, In our compression technique, the 128 x 128 image is
partitioned into 16 x 16 subblocks, where each subblock represents
8 x 8 subimages (Figure 7). We first scan the subblocks in the
left-to-right, up-to-down fashion, tagging with zero the subblocks
whose coefficients are all zero, and with positive integers in the
increasing order the subblocks that contains at least one non-zero
coefficient, Since each tag can be represented using one byte, 256
bytes of storage is enough (Note that even when all the subblocks
contains non-zero coefficients, 256 bytes are sufficient using some
trick. ). Each subblock with a non-zero tag is then scanned in the
left-to-right, up-to-down fashion again, enumerating the non-zero
coefficients in the three-byte stream. In addition, an auxiliary
chunk of memory is allocated for this subblock that contains an
8 x 8 1-bit flag block and offset information, The one-bit flag
block, requiring 8 bytes, contain the significance map, or the
binary information as to whether the coefficients in the subblock
are zero or not, The offset information off, represented in two
bytes, contains the positions, in the three-byte stream, of the

first non-zero coefficients in the ordering. A problem here is how
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to retrieve, efficiently, the value of a coefficient with index (i,
j) in a decomposed 128 x 128 image whose non-zero coefficients are
listed in the three-byte stream. To do this, we first check the tag
of the subblock that contains the (i, j) element, 1f it is zero the
coefficient is simply null, Otherwise we look ét the auxiliary
memory corresponding to the subblock that contains the 1-bit flags
of the coefficients. Let (i’, j’) be the index of the coefficient
(i, j) in the subblock, If the flag for the index (i’, j’) is 0,
then the coefficient is zero. If not, we must carry out some
computation to get the correct position or address of the (i, J)
coefficient in the three-byte stream,

The position of the coefficient having the index (i’, j’) in the
proper stream can be computed by adding its displacement value to
off, When the flag is 1, the displacement is the number of
coefficients that precede it in the enumeration whose flags are 1,
To count the number efficiently, we use a precomputed indexing
table T(#) with 2 = 65536 entries. Given a word made of two bytes,
the table returns the number of bit 1 in the word., Hence, the
correct number can be counted by accessing the table only a few
times (Note that a proper number of zeros must be padded, in the

7

word, from the position (i’, j') position in the last access.).

We shall now analyze briefly, the costs that must be paid to
access a coefficient in the compressed image. When the tag for the
subblock that contains the coefficient is zero or its 1-bit flag is

0, that is, when the coefficient is zero, the cost is trivial. When
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its flag is 1, that is, when the coefficient is non-zero, a few
table accesses, 2.5 on the average, and a few additions are
necessary, The typical ratio of non-zero coefficients after wavelet
compression we use in our implementation is less than 10 percent.
This implies that accessing a coefficient in the compressed image
involves little cost.

Once the non-zero coefficients have been enumerated in the
three-byte stream, the coefficients are quantized. Ve view the
data in the stream as a 24-bit true color image, and simply apply
the vector quantizer that converts a 24-bit image into a 8-bit
indices and a color table whose entries are three bytes long. In
order to minimize the overheads caused by the color table, we build
a color table for several, say four or eight, 128 x 128 images,
Since the images corresponding to the neighboring vertices on the
positional sphere are very similar to each other, sharing one table
does not harm the quality of vector quantization,

Extracting a color for a projection direction from the directional
sphere is equivalent to reconstructing a «c¢olor from a
wavelet-encoded compressed image., The reconstruction process is the
reverse of decomposition in which four average colors ¢, ¢, o,

and ¢, are computed from one average color ¢;; and three details

cur, cim and ¢y, using the formulae :

¢ = ¢ vt eyt cigt Cmm o,
¢ = ¢ — e+ cry— Cun o,
Cy = CLL+ Cpr, — Crg — Crp and
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¢4 = ¢~ Cu = Cimt Cun

To extract the color of a specific pixel, that is, a specific
direction, from the wavelet-encoded image, it is necessary to
traverse the (conceptual) quadtree from the root down to the
corresponding leaf, applying the above formula repeatedly, Since we
have applied the wavelet transform three times, the reconstruction
formulae are applied three times. To make the reconstruction
computation as . efficient as possible, it is carried out
incrementally, Notice that as a mouse is moved to rotate objects in
a scene, the projection directions of a peoint in the positional
sphere change gradually. Hence, when we access a pixel in the image
for the directional sphere, the chances are that it is near the
pixel that has Jjust been accessed, This implies that two adjacent
reconstruction processes usually share a large portion of the paths
from the root to the leaves in the quadtree. This observation
suggests that the previous computation results may be reused and
so, rather than discard the sets of four average colors for nodes
in the path, we store them in a stack, When the next pixel is
reconstructed, we compare the previous with the current paths to
find the common path. Then the average colors of the common
ancestors are reused without computing them again, This incremental
computation enhances the performance of the reconstruction process.

Before turning to the next  section, we report a quantitative
analysis on the compression ratios, Firstly, a given 128 x 128 image

takes up 27-27.3 bytes. To store the tags for a compressed image,
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256 bytes of memory is necessary (See Figure 7 again.). For a
subblock that contains at least one non-zero coefficient, an
auxiliary memory is allocated where 8 bytes (8 x 8§ bits) are used
for the 1-bit flags, and 2 bytes are used for the offset
information, Let o be the ratio of the non-zero coefficients used

after wavelet compression, that is,

_#_of coejficients_in_the_three— byte_stream.
# of the whole coejficienis used , and 5 be the rate of the

subblocks with non-zero tags that contain at least one non-zero

_# _of non—null subblocks

coefficient, that is, # of the whole subblocks *

Then, the compressed image consumes 27-27-4 + 10-256-8 + 256,
bytes and dividing it by 27.27.3 bytes gives the compression rate

o = 4 4+ iﬁ -+ —1—, This figure does not include the overheads

3 96 192

for the color table: When the color table is shared by four and

26-3  _ _1 1
5r.97-3 — e 2d g

eight images, the additional cost are

respectively.
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(a) a=10% (b) a = 7% (¢) a = b%

a 5 compr. ratio p

0.10 %_og —%01—1502— (6.1%)

0.07 %%g— —4%5—13522— (5.1%)

0.05 g% 729%65% (4.2%)
R

Figure 8. Examples of Wavelet Compression

Notice that the second and the third terms in p are the costs
that must be paid to store the necessary significance maps of
wavelet coefficients. In our scheme, this information allows a
low-cost random access, It could be further compressed using the
Zerotree or Horizon embedded coding techniques, but that only

placed constraints on random access to the compressed data. Figure
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8 illustrates three examples of compression from the directional
sphere image shown in Figure 3.

The compression ratios we expect to achieve with this encoding
scheme for the directional sphere data range from 10:1 to 30:1,
depending on the coherence in data. To design a compression
technique using wavelets, we have compromised between good
compression ratio and fast random access ability, Our compression
technique could be useful for other applications that can benefit

from the multi-resolution representations,
4, Experimental Results

The complete image-based rendering system has been implemented on
an SGI Indigo 2 workstation with a 200MHz R4400 CPU, 256 Mbytes of
main memory and a High IMPACT graphics board, The performance
results for three spherical light fields with the different
parameters are summarized in Table 1. The test spherical light
fields were created using our volume ray casting software from the
“UNC head"’ data set which is a 256 x 256 x 225 CT scan of a human
head. We created four spherical light fields for two
classifications and two discretization levels of the directional
spheres, The raw spherical light fields we have generated take
about 384 Mbytes to 1.5 Gbytes of storage. The data size is
proportional to the number of vertices in the positional sphere,

and to the number of triangles in the directional spheres.
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Positional Sphere Dis. Ratio of i
) Size of
level | Size of | Non-zero .
compressed | Compression
# of # of for {raw data| wavclet ]
base . . ] . data Ratio
vertices | triangles| dir. {(MBytes)| coefficients
(MBytes)
Sphere used

15% 352 109 : 1

5,538 (131,072 4 384.0
816 10% 286 | 135 ;1
15% 22,0 10.6 : 1

0,962 | 81,920 4 233.5
20 | 40, 10% 17.8 13.1 : 1
10% 49.9 154 : 1

2,770 | 65,536 5 768.1
163 5% 54.3 224 ¢ 1

Table 1. Result of Data Compression
Figure 9,

(a) 15%, 3bMbytes

(b)

Figure 10, Level 4 Renderings (an
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(a) 15%, 22Mbytes (b) 10%, 18Mbytes

Figure 11. Level 4 Renderings {an Icosahedral Base)

Figure 9 shows a 256 x 256 image generated with a parallel
projection of the CT data classified with an opaque skull and
semitransparent skin, It was rendered directly from the CT data by
our volume rendering software for comparison purposes, We used a
ray casting algorithm which is optimized using octrees and early
ray termination [4-14]. In the implementation, four bytes (one for
density, two for normal directions, and one for normal’s magnhitude)
were allocated per voxel for fast classification and lighting
computation, hence it takes about 57 Mbytes of wmemory for the
resolution 256 x 256 x 225, Each rendering usually tock longer than
a minute,

The four images in the following two figures were extracted from
two spherical light fields with the level 4 resolution for the

directional sphere, Two spherical light fields of level 4
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discretization were constructed, For the first one, the positional
sphere was created by recursively subdividing an octahedral base
up to level 7 where the total size of the data amounts to 384.0
Mbytes. For Figure 10(a) and (b), the spherical light fields were
compressed by deleting 85 and 90 percents of wavelet-encoded
coefficients in the decomposed wavelet images, where the resulting
compressed data take 35 and 29 Mbytes of storage, respectively.
These data could be further compressed using the entropy coder such
as gzip, in which case the data sizes become 27‘and 21 Mbytes.
(These figures are not important when we are interested in the
run-time memory requirement,) The positional sphere of the second
level 4 data was generated by level 6 subdivision of an icosahedral
base, where the total size amounts to 233.5 Mbytes, The images in
Figure 10(a) and (b) were generated from the spherical light fields
that were compressed by deleting 85 and 90 percents of
wavelet-encoded coefficients in the decomposed wavelet images,
where the resulting compressed data take 22 and 18 Mbytes of
storage, respectively,

When 15% of coefficients are used, the rendering produced images
whose quality is competitive with that of ray casting. We observe
that the rendered images still maintain a good quality when 10% of
the coefficients are used.

To measure the running time for the level 4 spherical light
fields, the head was rotated 360 times at one degree angle

increments, For the first data, it took about 0.44 second per frame
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on the average, To render the second data which has fewer vertices
on the positional sphere, it took about 0.29 second per frame on
the average. Notice that the rendering time is proportional to the
number of vertices on the positional spheres,

The image-based rendering task is broken down into two major
computations: 0.07 to 0.11 second is consumed per frame for
polygonal rendering (viewing and shading) of the tessellated
positional sphere. This part is accelerated by the graphics
hardware, and the running time is almost independent of output
image size. The remaining portion of rendering time is spent mostly
in accessing 65538 and 40962 (for each data, respectively)
compressed directional spheres to associate colors with the
vertices of the positional sphere, It is run in software, and hence
relies on the speed of CPU. Our preliminary implementation on a PC
with a 200MHz Pentium Pro CPU, 128 Mbytes of main memory and an
Intergraph Intense 3D graphics board (without texture memory),
produces a little faster timing performance, The timings per frame
are found somewhat irregular, which is due to the way the
wavelet-compressed linearized directional spheres are accessed, To
get a color from a directional sphere, its conceptual quadtree is
traversed downward corresponding to a given projection direction,
applying the reconstruction formulae to each node on the path. The
effect of the incremental computation stands out when a large
portion of the paths are shared by two adjacent accesses. When the

object is rotated gradually, the pixels corresponding to two
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adjacent accesses are very close to each other in the linearized
images. In probability, two close pixels have most ancestors in
common, but that is rather irregular depending on their locations,
(Two adjacent pixels can share only the root in quadtrees.) Notice
that the first rendering takes more computations because the whole
stacks of the directional spheres must be constructed. Then, the
decreased timings for the following renderings show how the

incremental traversal technique works,

(a) 10% of Coeff (b) 5% of Coeff (c) Perspective

Figure 12, Level 5 Renderings - a Base that has 16 polygons

In Figure 12, three images from the spherical light field with
the level 5 discretization for the directional sphere, are shown.
Two data sets for (a) and (b) were compressed so that 10 and 5
percent, respectively, of coefficients in the wavelet encodings
were used, The resulting compressed spherical light fields took 50
Mbytes and 34 Mbytes, respectively, The image in (c) was produced
with a perspective projection. For the level 5 data, the object was
also rotated 360 times by one degree, and it took about 0,26 second

per frame on the average. It took roughly twice as long for
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perspective because the projection directions had to be computed
for each vertex. As mentioned earlier, when a parallel projection
is used, the level b does not necessarily produce output images of
higher quality. The image quality is more affected by how many
coefficients are deleted in compression, The higher compression
ratios are required for the level 5 data due to their huge size,
and they degrade image quality more as a result, The projection
directions on the directional spheres are more densely sampled when
the level is 5. This results in a smoother transition in an
animation movie, however, we observe that the level 4 is good

enough in most cases,

(a) 256256 (b) 384x384 {(c) 512x512

Figure 13. The Human Head with Skin at Three Resolutions

Figure 13 shows images rendered from the same level 4 spherical

light field at three different image resolutions, The running time
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is nearly independent of the image resolutions, The computational
bottleneck is accessing the compressed directional spheres, which
is dependent only on the size of spherical light fields. The other
viewing and shading computations are affected by output image size,
but remains almost unchanged as accelerated by hardware. As the
resolutions get larger, the number of pixels a projected triangle
covers in the 1image plane, Iincreases, Hence the bilinear
interpolation between the vertex colors in the final stage of

polygonal rendering makes images somewhat smooth,

Figure 14, Image-Based Rendering Intermingled with Polygonal

Rendering
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The last figure (Figure 14) shows how naturally our object-space
image-based rendering algorithm intermingles with traditional
polygonal rendering. (The jagged stuff behind the head is a
material in the CT data, classified with bone and skin,) The head
was rendered from a spherical 1light field, and the rest was
rendered from polygonal models. In the context of polygonal
rendering, the tessellated positional sphere can be regarded as a
special graphics primitive that is made up of triangles and color
information at the vertices., Adding this new graphics primitive
will extend the conventional polygonal rendering into a
simple-to-implement hybrid rendering in which complex regions are
rendered from spherical light fields, while less complex regions

are rendered from simple polygonal models,

5. Conclusions

In this paper, we have described an image-based rendering
framework, based on a new parameterization of the flow of light in
space, We showed that the spherical 1light field is an effective
representation that allows efficient computations, and is easily
added in the graphics pipeline based on polygonal rendering. In
addition, we introduced an encoding scheme based on wavelets for
compression of the huge data resulting from sampling of the
spherical light field.

The rendering computation is split into two stages: the compressed
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directional spheres are accessed to get the colors for the vertices
of the tessellated positional sphere, then the triangles on the
positional sphere are projected and smoothly shaded in the image
plane. The second part is easily accelerated hy the graphics
hardwares, used in a conventional polygonal rendering system., This
object-space approach implies a feasible direction on how the
traditional polygonal rendering pipeline can be extended to include
the image—based.rendering technique,

As shown in the examples, the time and space complexities of our
method depend largely on the performance of the first part, which
is in close connection with the compression scheme, We have
presented an encoding technique based on wavelets. As well as it
producing as good a compression ratio as the relavent methods, the
wavelets offer a systematic encoding of the flow of light in
multi-resolution form, It was shown that the incremental decoding
makes it efficient to reconstruct colors from the
wavelet-compressed image,

We are currently investigating the relationships between the
number of triangles and vertices in the tessellated positional
spheres, and the image quality. The data size is proportional to
the number of vertices, hence reducing the number without degrading
image quality will enhance the timing and space performances,
Since, in our implementation of wavelet-compression, one unit

contains two or eight directional spheres with the same (0, ¢,)

coordinates, we could say our encoding is (2+ ¢)-dimensional., We are
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now compressing the 4D spherical 1light fields using 3D and 4D
wavelets hoping to get higher compression ratios without harming

decoding speeds.
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7YY BEdE nsts F2% 7IE 5 stUst 38 Ajels) wiE
of HEHol AH|EE AZHE JHedhH 243 Folof v AAE BE
tole| & %Al navigation)shs AlARIS] -9, HAgko] chgt qaA w)
H(pattern)Z ul-@ H3stal AA dole]FolA AF-2] dolggto] 714
3lo) o]-&Fr} 1g]il Qe HE| 23 interactive) P& %]6}]#«]{—7 Z}A]

3} 71 X8 AAIZF 428 (real time processing)¥RE olulzl, uo]¥]

¥
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of tht AAZE AMAE JHsslof gt
SHy gRRe R 4F ARES Y Adxe s ¥ T
3w &% Hrps ‘Q%é—(compresﬁon ratio)® ¥  #3A(image
quality)el] 2 Z3Fo| gfolx] Qlr} oEge], 3=
o, JPEG, H-"A QAW (run-length encoding)S3 ZH2 UubzEel ¢
% JINES 499 oA (4, J)ol thyt HAZkpixel value)E& E71 9
3l AA ulolelE Husiopyt 3ty wiEe] WE AN EIMssit
[5-5,5-20]. 223 tf5-2 1,231 HlolBl & Y& tides 3] uf
Fof] B4 93 LusEE Aol it 1y 18 FR3 EA4
x| okgirh. BE olgdt Z[&e WHES] wi¢ 2 ¢&F5EY
4 3AL Zherhs AMAE ojn A glou}, WY gAML B
27 8% 24U} He & Aot 3 $EANE A 42 7

=°|rt

oH(Huffman) 3L

it Hu
" e

o

r_{\z
i P fL 2

Ning[5-14]2 WE] okx}¥}(vector quantization)e] Z|¥t& & E§ o
olgl2] & W& Adsigrh. o] wWhgelx WEE RFE 29
(subblock)oll tigdt W=t} nla] AXE b WE|(normal vector)E
JFAEEC), o]REL IAFE o] FEE(codebook)o] A AE L, ZF FE

Y ot 2Rt AWAR oA Hrl. o|PA 4RIFH =}
2 By AdAE o &3] Ju2R WEE o]&s] AGH
(rendering)S 4838l ol ¢ Ao WA YA (composition)T 2 EH
#E olu[A]E A3t o Wyl HAL rjnYS I=&He The
3t ANAR FHesty] ol whE Y AqMAE Aot el 128
x128x1282] 25 ulolBl& 93t AR Azl std ¢FEL 5 1=
olal, EH olnzjo = B3} Hd(blocky effect)s} HFo|7] AN

o}

2

il
flo

ol
-4
BN

o]
(contouring effect)o] UlEl= FAES UVIEWT) Ghavamnia[b-4]& 2
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¢l olmjx]of cfgt elEetrlt ¥ eln|=(Laplacian pyramid) 7[H& &
F dlelEl® gAsle] A&t I A EF-3A e (Gaussian

low-pass filter)E o]&-5lo] eE-eglA| ¢t ¥etnj=etn Bl 24ekdt 7
O

] st
33 AR F2E eI, o2& FATE B JdIZG U FAGS
o] & FZE WolN Y2 WESIHA BEr T3 HE& 98
N4l (cache)?] o]-&-& ATt i} o] WHARE P olnjAls 2
7 22 B4 3AE RoFx| Eska glrh. Thomas[5-24]& Visible
Human ©lo]¥{e] 2x}%d olmlx]o] cfs] of27kx] & USH(lossy
compression) 7 && ©]&3lo] g5 3T AY ZAAE HoFa 3
Lo, o] Azto 2shd 3oL (vavelets)E o]-&3 ALT A F
AE it o] A¥dAME HFFHA dE AR dolEsl W3
(transform), ®E| o¥z}z}, F&Al = (lossless compression)?] 3%tA
A E uel 4SS FAAUCE AEHA AT FZo] AU dolE
=3 M (transmission)ol] Q51, 23 olm|x|E AloloA Ex)3}=
F 5 (redundancy)& L SHA] ¢4 241 ¢hSojeh= HolA &F dolE
9] &= Azt dout o1&l 4F MW 2AY 44 o A
& 23] ZAd 4 o} Muraki[5-11,5-12]% EF dolelo] tis] 3z
A dolES AHES AZLE FHEsidch el o] A A
£ 45" dolH & BT uf AMEEE AA Y delg e A7l of
g Aol ¢, WY QAU B &xof ot 2= ¢k EF B

HE dolEo] 3] ZpAIEH olnA| 2] AE T2 FA| USHE HolE

1

fllo

X o oo ¥

2 Ao A uf- Wizt 3718 85 deleE THoR A Y
&= = = A7) (compression scheme )& ] eratc}
[6-8,5-9,5-17,5-26,5-27]. o] ¥ ATH nied wReE Ze Uik
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el 82 axgolddolu PCE o83t nie iRt 2712 aF
HelH & 7MY 4 =S whEe] FEul, ol AH&Ae HA viojE
7b Wil wRee] BEH A LA "ol ]fEe] 7€ odF W
HAE VR il wE dE Al
Z

NS ol Fr] B4 AL RASHHAM 52 45E wE WY o

A&7t 7Hssicie 58 & Zieth &, folEslE o] &% X o %

Mg MeR s2R, go[&Esle] Al F2 HHA chid:
Al

(multi-resolution) ¥#o| 7pssicts AHS 7
2. flol &3 2} vlolE =

Aol &3 olgt r(function)& AlS3 2 E (hierarchically) F¥dl=
TR EFoltt oA TUE rhlHE FelE wF3steul, o]t
AL AFE gl Ao 7|5t B (geometric modeling), A %
W Red(global illumination model), ofLjwjo]A (animation), L]
olul ALt E& vloleld s T L2 LofollA thastA &= gl
th5-1,5-2,5-3, 5-6, 5-21, 5-23].

ol &8l Mol o2 7t%] 7IA(basis)7} AHEH 4 =], 71 3
©het Zo]  Haar Z]A]olt). o] A2 T}E J[AFol Hl3| gtsta Atk
o] Hrh= #AH& 23 vk F, HE E 2pgo] WA, w4 s

#]ZE A4k(shift operation)Wr e % TheslA] =8 4 9l7] uio) <
Z7F whEch uwhebd & Arel o] wiE Wy ANAE e R 3= §
Bolu} B HlolElE MAIZO R Bsfof sh= S-EollA s )
J1xalsl & 4= glv}. 2y}, Daubechies$} Zo] QuizE o wulo] Al&
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M 1A S visiM 5 o] HriAor 4] o :

dol&3 WS F3l Folx dolelE £3f(decomposition)dtil HF
e Ze 2ol ofs] A AL RZ(recursively) MBS AU TH
Al dolBlE sld Z1Ael Ap(coefficient)5] ¥ A(linear
combination) &2 HFE < olc, el WH Ao AHH AA A
TE % AvFe 27 (magnitude) 7} o™ 3tA|Zk(threshold) Bt} &
A+ES Hebdo2H (00 AP 2HN), HolHE 43 4 o}
[5-23].

o
PN

=T

—_

3. & 27

7} 3D sfoj&3 HH

G-l AT Qo] ERE o] & AF JYE AU E FAslo
=5 doleld] ol AH&3t= Aol Murakio] s FEIT)
[5-11,5-12]. T3& 1ol HH 7[A 45 BE 75T giM =
EYE(tensor product)& ©]-&3to] 3N FsEE AFsL 7)
A& Agsta, MBS Bl EF dolelo izt doj88 A4+E Aitst
grh. 2 ofF AL APHA odF WHE 2ol FHEstdEeu, AA

E dFHe AFES o9 J2PUA, IS5 volHE o] g3 7t
A FRSHe &bl duhu e A w7 etk ot o

o] ik EF, EHd vlole & ol&sf JAHE 3T A} o)z
£ 22 $2 AL KRz il £E013, ¢4F volHE FEe
W AaL 5Y &5 52 A8 29 ool ohvglirh

£ AFoA s A EE UolEE 16x16x162] A7 E 2= the|EY
(unit block)olgl Eal= & Bog Basta, zt thejBH o] t]3) 3
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16 LHH1 LHL ,

tHH 5 /LHL,

LiH, | WLy T
LH

HLL
Wity | ML, HHL,

HLH HLL1

a unit block a decomposed unit block

27 5.1 3% fJolgE Fl

A4 ol &8 HEE 23] HEHow £yt WY
7IAE AHEste 72 W3 =2

3)1‘:-0] 1:-)/91 LS ) "73]“[ *]EE odtug

2y fI o

2ict.
CriL — (C1+6’2+C3+C4+C5‘+C6+C7+Cg)/8
cun = (eytepteste—ecs—cs—cr—cg 8

e = (ate—cg—ceytegtee—cr—cy ;8

CruH — (CI+CZMC3_C4"‘CS_CG+C7+C8)/8
cur, = (cp—categ—cytes—cetcr—cg ;8
cun = (= ctey—cy—csteg—crteg, 8
CyHL = (CI_C2‘-C3+C4+C5_CG"“C7‘|‘C8)/8
capn = (cp—cy—cytey—cstegter—cyy 8

o71A, Zt A2 W] e ¢ 1<i<8 52 BHEY U2l 2x2x2
HF-2 Ao sigsts 8718 Aggelal, 2HY 2 2 FE 999
BEHE Yulistz, Uz] 78 AeES WEY A|HL(filtering
sequence)o] BI%sH= T]EIA (detail) gk VEMICHABES], o,
x, y, 283 zFo| cfs)] E--ulA HE{(low-pass filter), 3}o]-
(high-pass filter), 1|3 253 LES ¥hE 283 AL ojn3)
th EZ 3708 & RFo] ths] Ze-sia HEelE A& A7t B3k
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crr®l "Th ). B3 wolAH HHS 8] AulEE AE XA
HEE, BY 55 34 292l tisf 5o 239 Eil&
F3siolct. ol EIE AL Foll AEH AT AFE UHE 9
8 A A FAT A4E ZA "o} (919 AoA & 5

A ¢; B FE 8708 Azt WA ). webd 29 513 Zo] Fof
ol sl 37t +8H AxEs H9EHY 5dY V=2

|

< o|YA HIFHoE 21%“11-_} AAAle] ths] dEzivt, 2 dFoMe
< A& wE WY dHAE Frlof] BEAFE dIY AL A
Azteh AR A SolE3 4F hHE W A, oxis A, 28
F&A 4&5E FUss 2T 4B AR HAR o] RojAr), AW
A, HF AEL A dolElE dlolas LEE o831 iyt Fu)
a4 WME(frequency band) 2 F3st= A, ol & T3] doj&Esl WH
ATES AA Hrh FHAZ, HF AR E AY AFES 4x3 43
& AXA "Hrl o] A& clardt & A ALES AW 3" AP
B ARHe 2E o8 i) &4 gh&o] UM wAsiAl "l o=t
ZI(quantizer)oll= 9B oFz}719t AZtel(scalar) P27 e, ¥
Bl g2p7)7) o] 0wt S UehlE e oA gk upxet
29 HEE FAVIEREH UL A EE(synbols)& WE AE(bit

stream) 22 & glo]l thXste Zlolth orN= IR @Yoy A&

U

I Y (arithmetic coding)z} Zr& 7pH Zo] ©](variable length
coder) 50| F2 AMEHEY, o[z diY UHES & dHES
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@71 $13l dolBlE u[E(bit) w2 A FITH5-5,5-20]. et o]y
g A% el tlad Az A # En oplel WY JHAE o]
YA st delo] Hrl.

Shapiro[5-22]& SIolER AlFEel Zte HHT H4E & o] &3t ¥
3] £ AMA5E Z2t= AZRER QIAW(zerotree encoding)o]z} EHE=
71ME& FEstach o] A2 AR thE Jol&d MEE Ale]d] 2] RAL
d(self similarity)& ol-&%t Zolrh F, o #rdelMe] sjo]&asl
A7t oollehs, o AR A (finer level)ollA Bt $1xof sjF

Shs AL 00] € HEo| grhe 54& |83 ot oA Hol&
AP }

o

A1

T.

l>
mg
o
!
o

Z
2} Zrol miE =iyl i
® ZIolrh.
AdRY 27& FH] 2si= 4EFE, 5
2] 43 HA(tradeoff)E sljstoiof gt & AolA ¥
212 w2 G4SN wE WY dMxets F

Axglcth o] e, 4S5 AA dioleE dubHl 2718 wiel W
Z2E 7 AFEE BEsta, SR R Abgglo]l Wite oY

2 (i, J, k)] BAZNE wEA Fste] 1 FFo] thEt JAIFE &
HAog 23 5 e JAF 2US FHsAL Sl ol BRE
U&= 4 23S FEI] i dolEsl \F Fo Aol
223 A4S (significant coefficients)?] Zb X} 2wt olje} 2 3k

Bol SN WA AR sfopt ek
% 5.2 Alobge dlolgsl ASER 91X FRE| of%
&) 2

H o =AE HAETH). folEsle® F3)

IJ

1. o]F2] M2 Visible Human dlo|Bl& 7] HHdR dAsha glch 18y o =g e

EF dlolEel tsidE AgE AN 2 3%l A8 5 vt
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. 0 70 70 70
16 07770707
0776 B - o
Pt D Dt W B
! T L~ 12? Ve
| Lo A%
; ] o !
0 0|9y 81 7 L
| S LTo o
61 |- SNl ¥ o
ol o} o013 L
! el ] -
. |
ool oioi
i

a decomposed unit block

cell information
8 9
1 signgficance map significance map significance map

cell tag table

16 [10000111
171000010609
18 {QC000CGa0
19 T O3 ud8C0y
20 {1upQidgl

see

62
63

one—byte stream LT 1T I T I T 1T 1T T T 1T 17

two—byte stream I I T I [ [ [ I j

a8 52 3xkd floj2al elag A

16xX16x16 59| 8YE AR oju] 002 XY TAZL o3l A
5o AAolA W HE(UHOR, 90% o|A)E& ARX|staL, ET U
o]E]2] 2184 (coherence) & & Q18] 0¢l AFESo] 2oL 7HsAdo]

The AMLE UAY 7 stk ole gt e A, 16X16X16 T3l
EYE 9ol &3l o &3t Fafzt F, ThA 4x4x4 7)o A(cell)o]
g} B2l el & E¥(subblock) o2 Fatgict shite] whe]EF o]
el 4%(=64)70] AEo] WUEA =Y, olgel thsf A HFEY ASE
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o] BF 01A] ol A E st 2F & Aot vt Ao 2HH 9]
3 A7t 2R 0 Beebd i Mo el (tag)E 028 TEL, 0
o] ohd o] &8l A LTt shutels Exfshe B-9-ehd 158 AlFsjA 3}
v FUH elE Zb el #ich o] el A el wlolE(cell
tag table)ol] A A=, 64712] dojl ozt 2} el 1 lbyte® EHE
AT A el o] &S FAE 913 64bytesVt WREA Hrl,

2ol A o] &3 E3f APl 22Hround-off error)E £0]7]
25) 54 dbytesE A-sto] B tleld(detail) A4E ALHgct.
%Eﬂ Fojzxl  Visible Human CT dlo|e]7t 2z} B9 12bits
(0~2%—1=4095 Atol2] ZHE AH&817] wfEel fol&3 HHo] 4+

Hi Z9 Bdol APEE AFES [0,2%-11 ¥l & A H

2%—1 2%-—1 5
2 U Ars [-55—,5 18 HeE 3Tk wetd B

€ del&E3 Al 2bytesoll AAE 4 rh. 2 U GIAA WRe
AHE-E 918, EFsha Qe BE dlolE3 A5t 00] obd A (ef 7t
0o] obd A&) F 7HA] ElQ)(type) o2 FEUOEHN UYHES &Y +
ook A Elde A WY RE ASA [~(r+128), -1 EE
[z, c+12718] Helol = Bpola, Tl eled2 919 Hjo] &3
= ALE st ol st Zfolth. A el A9, A Uy
E ol&Esl AFES &7 & &Y PoRH 1byte(signed
char) 2 AAE ¢ Ql5L, oluf WAstE ) Qab= 0.57F Hrh Fiis
Elgle]l A& 2bytes(signed short)oll AT &Y, RE 2bytesd)
AeES 12bitsE AR = 97| wfeo] A9l 4dbitse= AMEEHA Qe

th wepd, ol 4bitsol 4 F-Fel slFste HEE AXFeTH FH

3

ot

H
ghia

r oY

2 AT St 93, o] u Ay oxp= #i Zo]ET}, o] e}zto]
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TR A Elgel vy BRE g AAshe A el wo)
suel d3Y "ot F, ezt 71 4 e Huigle] 640|122 249
H]E(most significant bit)7} AMR¥ %] ot} o]}z-& F 7}x] E}Q
o Ao =¥H A4EL 1-byte 2ER(stream)3} 2-byte L2EHolg}
el 7 71 13 ufdo] A AgHe) ofuf, 00] opd wlIE 2= A
o= 0 AleEol EAg 4 Al wetd, A i A7t 0914 of
U= & #lgh Fofl 00] opd AleurE 3l 2EQ 08 Ash= 2430
3 Eolop Firl, EH A WY ANAE A5 s E 91
of Uy AR= A JdxzWsol st=dl, olEF ¢l A FE(cell
information)o]a} Ealx F712Q AR §x|7} Wasich o7)os= A
Ul 7t A4gtol 021K ohdAE st olulx| E(significance map)
gl Eels 4xX4Xx49] H[E-Fef2(bit-flag)et 2 A2 FHME 09]
obl Aol tfet e 2ER oo FAE ZHSH= SAl(offset)H
R7b 23t 2z AR duiz|xe] AL 9T 8bytesot ML 213
2bytes7} U Q.35}c}.

oAE Eol, 2% 52004 9 HAE 23Rl o] A SAMREE 1TH
# Aol RIICHOFE A7t ARSIER). M, A el HolEE
¥ 00010008k= o] Ao uigt ej1E d& 4 e, o|Z2 o] Ao
that AR 8Hx] A AR EY(cell information block)el =] #HE] o]
AeE SEAUTh &y ALY BIET 0 A A e RE ASE]
2-byte 2ERjlo] AAHTH: A& u]gcHAA] FTHAAM 02 2-byte &
EHE 12 l-byte 2AEHS 2njgrl ). 2d ux= o] (5,5)9]X]
of Sl A& vlagsiol stthd, o] $1x] kol Vet 18] R4E A
Absfoprt gttt o] H-9- qloll A= 18] AT} 107405 o] AL Tl =

A7 A ol 118 00] obd Alfehs AE ujgich, ulapA,
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2-byte 2EF UolA 2 Fas A6 10& vliozy Axgchio +
14 = 24).

o tlay
Haar7| 4§ AHgstol Bl 4 3349 BE ololHE Has]
9% FAL Tha 2ok

o = et et ormt Conpt Cat € it € nurt Capn
G, = Crint Crurt ¢ omt € Lu— € ni— € nia— € pni— € nn
ey = Crint ¢ ¢ o € Lt € po € i ¢ an— € gan
Cs = Crin v CLm— Crar— € L € ari— € at € naLt € uan
s = Crra—Crrt Con € ot € L= € pLi € anr— € nnn
Co = Crin~ Crurt € o= €t € mLrt € np— € ait € on
C = ¢ Crra—C et € agt € wir— € pra— ¢ gt € mon
/0\8 = Crn~ Criy~ Crurt ¢ thy— € art € prot € gL C npn

ol L w3l P Qo 4yt chrws], TR LSo A
AR B e gt e BAY k20 AFEA e 7 Fubge
822 AL crum i, ¢, € nis € i € aney © par & 183 @
A =E7F AR Y 912 B4l BHFIS A 7 gic) o
o, sl @de] m=rkA] ueea] ¢da Fxte] oA Anzle

AHE-SIE F7F SRS olnjxE A& S gl oHA F AER
grigo] 73t 22 golE8l WHo] thsiA s B (multi-resolution
analysis)& A|3}7] ujEo|t},

a7l 5.32] ¢daelE(algorithm)2 E=E =T 3Lty 16X16X
162] wrelEdom K AW (i, j, ko X3t A7l ojwA vz
B EHeAE dEeith, 94 (4, J k7 o= Ao ZHEERE Aalst
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Input ta 16 X16X16 encoded decomposed unit block and
an index (i j k)

Output : the decoded value of the coefficient with
index (i j k)

Find the cell C that contains the index (i j 4).

If the tag for C is O, return 0. [case 1]

Compute the relative index (. /. k') in C.

If the bit-flag for (/ /, k) is O, return 0. [case 2]

Count the number of preceding non-zero coefficients by table
access.

Add the displacement to the offset to compute the correct
address.

Access the appropriate data stream, and return the value. [case 3]

o2 53 Hlolg8 ojzE ¢n

o

o

ol Z22la A efT eolEE FE I Ao el2E Hsted, wd 2
frol oolzhd A AAZF 0l AgolmR ALY g2 0o Hri([case
17). 28A 9 ZAsetd, A voxy sigd A (i, j, kS Al
AL MR =E ZARRITL olwf, uR=e (i, j' k')of tigh u]
E-Fd7t ooletd, o] A2l 3t 0olth([case 2]1). WY H|E-&e|
2zt 1elebd Ad¥A (4, J, k)& AlgE 00] ofd FolnR A ej1e]
234l vE o) A= A4 EldE BASIAL, 1-byte AERY E=
2-byte AEY o] A A ATE ML ste FIHE QA Aato] 3
Eojo} &}, &, YulAE ufolX (i, j', k') ool el 19] A4
AR, 2 ZE A BR el AgE oAz gl Y 227 )

mlm
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oMol HAZt FALE AMY 4 oth oA AAH 2EF oA
AAE o] &3t AL (i, j, K& ALE BHIA AL stA )
([case 3]).

(1, g7 k') o]™el] Ueld 18] A4E He ALE EHHoE 3
3171 918lA 16bitsE HtEolA 4 gl RE  £d(permutation)
2 9(=65536)7tx] ol tigt lo]B-& n]a] gHEo] AMgslad=n], o] HeolE
16bits 4ol thgt 18] ZA4-& FAslaL otk uwhebr 18] AeE Al
Arkg w2 H He] glolg YHARISE J53les UoTH &%
FHAE 4 Qe AAR 00] ol st A& riidy o, 19

3 Ft 2.5W 0] golg dqHante g JHsdic.

>~

flo

M r
o

>

& A

4. AY A3t 4 24

2 AP 2188 HAE dolel= Visible Man CT dlo]e]e] Ab¢]
512708] &etol&(slice) olm|Al& FAdFTt dhte] CT &efol ofunlx]
o] s e 512X512015L, AA] HAZLL- 12bits2 X ZHTL whebr] A
4Y9 Hl2E EF dolH sidELE 512X512X512015L zZF HA
2bytes® BH3PA ANZ O T 256MByte?] AV|E =t} EE o]y’
AR dlolel 7t ul-g- Wt 2718 Ztn vt AZER xR, 2
Aol THY & 2ol UF WE 16X16X162] T EH S
71€0.2 shal Q7] ufdoll, oS Wreldt Z7[8] EF delE o] gt A
# AAE A 5 4 S ol

A¥ Az} 4-x]%& 175Uz, R10000 CPUE 23 9l SGI Octane 9T
Blo] & o]-&sto] 12 ot}

i
flo

rol
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level 0

level 1

64 voxel values

:E;:l 54 4X4X4 —?——E— %9_:"0“ EH?—!. J—épﬂéal Egl_-',

7h B4 AT Axt ug

S st wielEeR HE ke BAZge Edsls AeE A
2pstA}, Slol &3 W oA 2o WS fysiglorng, EHe It
BE 28] AM 3ol Wasith oA 2719 HEE = wAEe
(octree) & Ww-(traverse)dl= Z13} T3t Aot} 5.4+ ©He)

B39 4X4x4 FF 4 (subregion) S U EE] Hejg T3 AL K
o Tl FE X:E(root node)olA, B AF L= 8 9 Yo gl
t EE B9 #HaEges za gden, 7Y uUnx] ALE
d’; (i=1,2,,7)& @4 1ol & 8748 A} wE(child node)E2)
Bakgh(o] e 8709 2x2%28] K-8 ddo] izt BFko] Hch)S
A%tz f1siA B vl d(detail) FEEoITE A, @ 1o Y&
Z x2of ofgt BF AT o, (=1,2,,8)0] FE =Sof o5 Aats
"o g Ay A ==d g dHd A%
d'; (=128, i=1,2,D& o83t z x=e sy oo
gk 8719 HAZS HdsiA H)

Haar 7148 AM8T 29, 8709 B 34 2zbe PHel Gl un
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L2 oFolA glvh webA, stute] S Bshy] gAML 249 |
HE AAol stEg 1419 Gyl o] Wasicl Ei HAS 934,
d 0ollA 87 el &l 1o0A 77, YA 15712 HolEsl A4E
o] rlagF ojoprt gtrh. oln| okEe vjRY ¢uaES T APt vl
of o], sty SlolE A4E vaYste AP A Few PR
"HeH g 5.3). &, =FH A 2AA7 d(null)d B$([case 1]), A
= dol ofUint A4 AA7E 00]7] wiFel] vE Zart 09 H$
([case 2]), 22|l 0] ol Al¢utr s AER] I gho] A|3tE o]
Z%([case 3])&2 b Act [case 1]3} [case 2]Q1 #$-2] At
Hlgo] AR dti= 2& HA olsi¥ 4= ik el [case 3]¢ 7
BEH O 2.5 HolE qMA9 Y 2ERL F4E AA s}
7] 2% QA9 F3olete 71 Axke 23sct, 2y gojra
S oA 00] ol Af2] ulgo| 3xola 1054 E o] 2R (ZF, 97%0]
A 90%2] A7t 00]BR) thF-22] ZH 97t [case 110U} [case 2]o] 3]
FHTE whebd, shbe] whelEf e KB shle] BaAzls Bdsily
2HE s HAHQ A vg2 As] Yk g 5= Qi)

EE 7MEE ¢s s tRFoR AIREHE Jyos Py
(ray-casting)2} 2Zef¥(splatting)& B4& 4= ot} o] Frlx| 7]
HE HAZE dMLste sieloa 493 & K94 (locality)&
Ehdich whetd, 45 g 93] w@elEY U] 4xdxd4 RE gog
AZE EY TR 448 4= ok ok e ofodo] BAMTE A4
£ SiaLRb & uf, 16X16X16 Z7]9] w83 HUstE 2 R 4X
4X4 A718] FE & Bdste Zo] o aayd Ao}, olRL
64 (=4-4-H7NY EAZlol izt URNERE WEI= Ao s}

i, 8 5 FA AAE 98 L e duinich 8 HY @

-~

¥
fr

o
fr
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AL AL 56 (=788 BA/MMAES WeE SR, FEY AME
&0 st 562 S/ MAS 24 Al /Mo R 2

7b Qleh metA], 64748 A BEAEL] BYE fsiMe 9.2
R

Al Alo) S8E]olof gith o]Ae ¥ Bag I 24 _q

3

8
/A Aatel WS nlYTh Axaxd Asle $E B AAE B
st7] flsiM Wat UlmT Holok & slol¥ A4t s47olrh. ule}
A, #2889 U 6471 AA A4V A%t U2 Brkn U oW, 74 %
¥ B U=Y $4E el Utk A%, shiel BAzke B

i

sl 1Mol Tl 32 we) QA UA 4t ujgel Wasithe AE

= @A Hr} EE HE ditolu a4 AN

.

2 213 F7HHA v gl &
FH7IE sHARL, oy 458 A& s ¥ uf oA 4%
3 & wl-gol2fal WY 4 grt

L dEE 59 3

o] oM UFES AR FAMstax} vt T EYLE U4F
of] 16X16X16X2 bytesZ Zts glth, & 5,29 QAW AL R,
921 gHAZE(threshold) 2} el elo]8-& A As}7] i8] z+z 2bytess}
64bytes7t 4nlHct Hol= s} 00] obd AFE Est= Aol Z¢
= /A FRe Aol Wy, uixxe AL ¢
8bytes (=4 - 4 - 4bits)F SHE 913 2bytesy} W3l A Ao 4
(4-4-4=64)F0lA Hol= 3t 00] oid AFE EF3I 00] ofd

ri

B8 2 Aol 4ol ulgs anii shal olzie JEOlTEASAT

o ol EIHZ, ojFE M HHRE A sl (8+2) -64-a
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bytes7} HRJE on|jict, fJo]E3 ¢} 430 Fo 00] ofd AF
1-byte £2E7 EE= 2-pyte 2ER 0 F Uiy|o] A AFCT) 00] o}y

A=-3
L= SN W
A

A% FolA 1-byte 2E30] AYHE A5 vl&e pekn sial, ol

P 4

o Ao byleBRANIACATANE o ey et ool AL

= AR REQJ I A S AS
0o] obdl foj=3l A &g yEtal shab IYH AEFE o= TR

3} o] HelW 4 k. -

1 _ 2464+ (8+2) 64 at16-16-16- 7~ (B2 (1—2))
. 16-16-16-2

_ 3 o (1B

= 09 e T (-7

0.008057 +0.078125 - a7+ (1—0.5 - &)

s

&

9] 4 —})— o] MM} Fa e A el go)

BRE A7) 23] ARSEE HES dugch 9l g&Fee ARE

#](zerotree) 7|W& AMEsls Z9 o Fobd £ ARAY, wiE Ay

i

AZL, 2ela A

WA LE A3 Rdhe AE =t sd= 512X512X5128 2l
B4 2bytes® AMAH 256MBytes HlAE BF ool s ¢&E 4
q A3te E 513 Zo] FHch slolE3 AH2 TAZ 7} Fo
Ao, Hth 2 Auts e ArES FehdoRN(0eR A8y
LEN) e3HTE F, AT AL & A Zo] dHelM F2
ME AHgstaLa) st Al W& y7t A%
HAE wl, olol el e AT ALY £ ASE dAsI
th 7P ol ABfe, oF uiel HE dA BF dolgol iyt

RE  golBsl  ASEBel ol FY(sorting)s  hx

%
S
2
N
N
i
[uf
g
ro
N
T
=2,

(7. AAAolBRAFAASF )R 2 AN 2= ASLE B3, o)A



= BARL 2 dAste Zelth Y ojT WS EF dolEy
A717F Wt Bole AL A" EbsT ol

oln] dFFEo], B A7 ¢+& WPHL 16X16X162] TEHE v
207 &S £3YAULh AT 512X512X5128] HIAE EF uolEe]
A%, 32,768 (=297 welgYg et 24 welEd o el 9
ol&3 WL £ F, AA AlEI AT 4,096 (=167 FolA 0
o] obd Ao Hl&E rEka AL o] W& wEY Y HAzgte
=7t duh 201E w3 e® RoFE H S (measure)E  TAME)
(approximation)® 4= git}, B2, F2 dHEI} 54 AL {1
st71 #18l, . 3koll wlelste] 2} h9lE9 o Uit Ay d A4 U
s, AAHOT AEHE A ¥lgol 7t HEE k=
Fesl gelded e Zelth HAE EF dolEd sy
512° - 770¢] 00] ohd AgEeo] 32,768702] wiel B ol ¥t F,

mlo

PO
Mo min

2z} kel EY ol ths u,= 277 5128 . Ty ASLE stz of

At A Bse) AesE uss Uk nelm, 7w

89 = 2 89 UolA aAME 2 o83 A+E WA o2
sfo} 7 M} Ze AUighe e ASES 00 Aste HYS 49
gok AAR oldR wdHA A% BY PES AgToA, BA B
A9 A+Eol tisl shute WAL A8t YFL 49N o
LAY 4 ol B3 WA (blocky effect) & &Y 4 9gith

¥ 5.19] 238 WH, AA AEH A% W& p7t s A%

Al 8 BT e A 4 A& B 4 rh oA welEy
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E 51 f=En =4 stEof oist 8 Ho

"y : Desired Ratio of the Wavelet
Coef ‘s Used

I | 5% | 7% | 10 | 15%
Compressed Size
9.56 |14.23118.26] 23.78 | 32.11
C . (MB)
ompressio
0 0 26.8:1(18.0:1({14.0:1]10.8:1 | 8.0:1
Performanc o 0.1303(0.2172|0,2789| 0. 3527 (0. 4461
e B 0.7984(0.8352|0.8570| 0. 8788 (0. 9032
y 0.0295(0.0490|0.0681| 0. 0965 {0.1434
Errors in | o\p (4B) 23.7 | 26,7 | 29.3 | 32.3 | 36.3
Voxel
Values - PSNR (dB) 41.8 | 44.8 | 47.4 | 50.4 | 54.4
Errors in Skin (deg) 21,8 1 16.7 | 13.2 9.6 6.6
Normals Bone (deg) 27.3 | 21.4 | 17.2 | 12.9 8.6

8 ol A+E F VAU oo T AuizkE ZE= ALV 8
ol &gt Bt A7l wigel WARct Tela E 51004, o9}
B 32,768702] M| chelEYEol t¥t H xloltt. AyolME v

= 0.03, 0.05 0.07, 0.10, 22|53l 0.150] t3t U¢HES A=y,
8.0: 10014 26.8:171%]8] X LS AL =7} Q).

a#l 55 2% 5.6, 1% 657, 2gil ¥ 582 ¢EsiA] ¢S YE
Visible Man t]o]El2] 7}&5-5 (T &efolA olujA]e} 5 = 0.03, 0.05,
0.078] 3& AMRSte] 3xUA O R F&53laL HU% 3709 oju]A]E nla
sty RolF3 gt olE Bol AEEl £2 dsEd B HAE &
& F USS HJA¥ 4 ok 23 5.9, 2% 510, ¥ 5,11, 2Ea
A

3 5.12& wi(bone)o] &Fst= EA(material )& BF FHd F3Y
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(volumeray-casting)& o]-&3te] o|nm=|& RolFm, 8 513, 1
5.14, 2% 515, el 2% 5162 ¥Y¥(skin)E 7}A 313t Azjolr},
A gells AR, 7 = 0,10, 0.152 ¢4HH dolHE o &l
ZEA B ou] A= AE dolBE FE & olu|z|gt AL THEE 4 ¢l
y = 0.03Q1 B2 ojujAE & yeo

B2 FE A2 onx|ete] Ao]E A TEI £ glxnt, MAF<




oX,
tlo
=2
iz
2
[
=
K
o
Y
o
k4
32
o
o
il
+
©
a

512 y

U2 EF dolE s d5o2re B4d dvolse] 543k Atele] ol

(difference)l} &< (distortion)& FTAHCFE &A357] <8, F 712

2. 7tag wio) ojujxlell A & b H-Hof Lehd elojA(aliasing):} ¥R olujx|e] F &)
%

URER 3 B2 T E AR EAR QlE) UAE Ze) ok, mie}l M ¥ sgdle WEIHH
A3 FA RS Zhe Bdo] o] Mg Vel Zelth ol HAe 2pgolut

B B

Hz
Q

lassification or segmentation) A& B AAH ¢ = o)},
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2211 ojulA]l  Apole]  xolE  Uehle HAREA FT ol&¥E
SNR(mean-square ~ Signal-to-Noise  Ratio)Z}  PSNR(mean-square
Peak-Signal-to-Noise Ratio)& 32t EF tdolele] iyt Z 92 &HX
sto] F L3I CH A 5.1).

a2 515 5 = 005 a% 514 y = 007

de)a HE EF dole ) B3 utolee] HAdg MEH 9o t)
g Zhzbe] e (normal vector)7} o] F= @x} Ztw2] AVE

ot
A
o
ol

GCHE 5.1). =wdes 8§ 7ol ALY o« 3Hdg 2
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Fste 7MY 38 247 ALY B opyel, &F dloly udl &)
SHe 7 71A ol EAE Ef(classification)dhs HBME F8&
3 YL 3irl, YuIF T o]RL EX}(central difference)?] FAIE
ol &sle] ANEHER ELH HAL8 exrt & Ak F =
Atold) A= AAA Hrh AA Aol wet 315 ol el
EA3Zke f1Ao) chsj Rt FXFAE o] &3t LUHEE ALtsich
Ning[5-141% 5:18] &4&&E& 23 45H F 1A dlolEle] ths] SNz}
LabdE] Atold] Rakg HHF A AAE EMFch o Aol s}
A, Zt dolele] tigh SNRS] B A= 17.6dB3} 17, 7dBo] L b e
Apol 8] @xte] BF-S 20.0deg}l 22.6degolr}. ol@ ¥t 43|t B 71w
AR A3E vl & o, AgH &S 7P dseo]l duht 943t

=1
=
& ¥ 4 ol

Tl FA L HE

2 HoMEe 48 AdAW A7 FE dupt} wE Ay Ja LTt
7bsdtztel]l sl 7 bR Aol s Zzte] Heg& &4 R
5.2). x| 28 v oot WY M A(pure random accsee)?]
Aot o]Z2 WA AR AL (4, 4, k) A FHNE 5
o AA gMA2Y uf AHEE ALE FHTLRA oyt EY&

9% 23S (overhead) & ZAE7) 918) &AWL 512X512X512

£ dlol8lE wld(array) 2 R WHEo] A Ay JH28tn E
e 4L 4&Y volsol cisl Hgstalrt ole “wagt A o
e oY dlolE2RE JMASHE AT} of ] HE A7
ol o 4M[HTH: AzE ATl FHA A4S BY U Hdg 4

Bste AFE sk Heolvh. A EF 73 JHES AR

- 253 -



A, ol" FHAHQ sfelo g BF dolBlE& HAHASHA = F9rt 3]
WAL}, EEY, 2&UHE 7H2 AA Y (view direction)& w
2} Qo)A 39 4 (front-to-back order)® &alo]A(slice) THIE
g WEshdA 7S £t} ojstdo] FE A dH A sfuS
Zt3 BRlo] #3EE A9, Ee ok 2OY B Y o Az
& RO R EYdlol stz APols 4X4x4 FE EYE St ©
18 3lo] BYUE #gsle Aol "de AAFY 4 Qrh o Hfe
64(=4%72] BAztol AL FAlo] BUS WRE st ALE Yulsle
o, oln] AT AAY FTHH AAY AL 4x4X42] wheof tisfA]
A Bdo] Bd uf of& &3y 45 WHY + k. 4, 512
x512%x5128] E& dlolg el ol BE Aol oA Ho AR B
gl 4njEE A2hE SFstgch 2ela, whv IR2 E5E 548
FHolx slL} oAt Tl s WHEY U AnkE Hsted F
AZHE FAslgt. ol gt MEiel BHE #3451 7] sjA] 16X16X16
ol zb wiglEeo] i) Bl Huj-HA3Le SASHE AR TRE olf
st thawsl], RE WUEYHES oA ¥ AR WEEL, F
- A A7 EX( Es P2 27 B4R Hel Atolol &
ZHintersection) ¥ F-Bo] Q=28 Zi}sle] o] WEste iy
o] Avkg Bdstolch mF-o] Ao MAZR 11,00071 &Y
(16°-11,000708] HAl)o] EH= gt Azt &3 ZAzto] ot RE ©b
AEY L BYsts Zf, dEH dolHE FE Y B Azte] dE o
B8] duA A)zhe] oF 1.68) F=rt BE =Hel¥ 4 ot el ¥
Roll ths) £ B Az A, dEsA ke B dlolEe A%
ot & dlolBlE FE|] H Aol of 24X oA 6.4& Yol Alo]rt
3

L] oSS #dd (At oA & oy ol CPUY AXt

N

A
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"y ¢ Desired Ratio of the Wavelet Coef’;_
Used

Uncompr
3% 5% 7% 10% 15%
essed

Pure Random | 2.18 | 7.75 | 8.20 | 8.62 | 9.15 | 9.84
Cell- | All 19.95 {30.31]31.58(32.521{33.62(35.05
Wise | Skin| 6.70 }10.13110.75111.32112.1013.02

T 52 S§ Aol ek Y A

Aol ¥ Al tfFES ARSI PHE oS WRE sl &

2]
oINE AY FAY 4 Qi Aol
5. b /el S8

7t EF vblAeld AlAH]

BEF dole|& o]&3] ©AE $33l= @itx] Al&7E] Aus At
[5-710 A= Visible Human ©o]¥}l®] tjAH(colon)& MR o ElA}S}
A ElAl A[AEI(virtual colonoscopy system)-& 73t 25L&
HelE T LS $E31 o1& thAY dlolB(polygon data)2
BAA AlAFloA ARgRIT) wreba, e stEolE o &-sto]
& 4xE ¥l ZbsskAwt A 88 Wol¥(direct  volume
rendering)oll &Js] Q¥ olnjA7t ohjele TAE zZiu lrh
Visible Human tfolB|& wi¢ AASIA JHXE3te AlAR2R Voxel
Mano] QITHS5-25]. o] A|ARIE CT, MRL Hlo|E}2} RGB uvlo|H& o]§3}
of ufP- cheyshil £& 3HYel ojnjA] sy, 2n] VEA A|A 7
Wt 2 A8 (semantic network knowledge base system)S F7}olo 2S-%

o8 f&3tA o] &H £ JxF JUErt. 2L}, Visible Human U

| I
-
%l-

£
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g 517 58 UH|AOlM AlAH SGVYN

ole]] ma| BERLS JIX 8517 $lslA 96MBytes o] Ake] wiQl mme S
Lo 817] wiel, HA vlolel] YAS s E 4l GByted] MR

g7t a-dcke 2A3E st gt

(e

.SGVN(SoGang Volume Navigation) A|AEl-S & =2
& A5 Tl A & o83 &% Visible Human Hojel& 2
=t B3y Ee 25H0Y Y T2 A EF ddsle
A R dstE $oE YARIES THEUCHIY 5.17). o] Alxw
< flel &3l thsl e - S o]&ste] LOD(Level Of Details)E -
o 2N JRAE SEE YAz I o] &= FAE 9% At
A ZaEl M ES Eysta gloh stuete] Aolet 7iAlE} mietE
o] W7 S 2 7IeES 2y AR} QE[Ho]A(GUD)E B3l A

Sk

FEA olHABR vt ARgAtE HA JIAEE ¥ 4 glch A g

E
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OF 518 YWE o s
o|o| x|

BE o]&sl7] wFol 7IAEE Wste

ey
bt
o
n%

e WMSE st o

gt B (material )& 7FAIEE 4= ola, UEH UolEE ALY u&
of WEegle FAHE AAAHA AH 4+ k. 2y & 4HE2

Zb= dolEE AMgshE A, W teHd ARI &A™ Aelolr] u]E
off AgstA] E& olnA|(blurred image)E AA3chE & vERdct
gLl o] AlARLE PCE o]-&3h= dubEQ HFolN ALSLOF nff

Wyl =2 8(parallel programming)?] Aol 714 £33 Q471 FH

i
>,
=
Q
O
=]
=]
o
=
e
(@)
o
8
<
@]
=)
-
e
=]
(0]

i
A
o
—
-
o]
o
O,
lon
Q
B
[ob]
=
[9}
=
=
o
o
M
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HE F2u7] fls et B4 DL 9 4+ doks ARE %A 9
o) webd, EIEL $et FHol ofA 4t YneFT Aus
Aol A¥Hel GEPaH(lincar spoed-up)& kY 4 91& Zlolth

B e ¢4 7He ol8% ¥ BE #Ay
T3E Al &4t 32 28ZFo|cH 2 5.18).

o%
=2
[w]
=
%
iy
N
N
[@p)
e}
N

&

6. A&

2 Ao E gol83E o|&3te nj¢ W 27)e] EF uolEE
xR o2 Q&3 A ¢ AZE LESIYCE, Visible Human
dlolelol thsh 3% A AAES Bal, £ sHol ¥ &S UG
& FASEA QoY xS BAZLG wEA VY AMA Y 5 U2E
2k ol ZHe wthg =7le EE dloly HNE W wWEel 2
=8l3, o] e HE|L(interactive)stAl FHA Bt SRl WS &
HHoz oY 4 Atk B3] o /YE AP HRYS B WL
JIALHo Mol PC Al E WY BF dolBE ayFow 7))
o 4 A gesH, o we AlgEel Wi dol iy 4 4 3l
L 8% ARNE A Y5 5 YRS WE F Aolth

E AFoME Haar 7|AE o] &3 glolB8l Wgz B o834
th o] JlAE Axddorl mje AspHolAnt olulx] qhHolA utH
22 AHEHE VG Hsl e & 45 Uehdoh uhebd, "3
AFA 5L Daubechies 7|4 & o] & AW 48 Fol vk o] 7|A
Haar 7]Ao] wl3] Ol AHE Qo] shssiaint Axtdozs o o
W4e "ew gl Jem, 2 9] thE WEHES o8 H9l

[>

o fr r
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M E 58] FHG2 AL vlE Aleld] A UAE AT AYo]
th 2 7IHE ol &St TiYY EF JMHE sYste AFol YT
21218 HAZS WEHoR Hdsjor sl HAto] UASHA Hrh uwiel
A olefgt B9, AXEE Eol7] 98 F4¥ FALE YAE R¥she
7N+l (cache) AT F2E 34 L7t gk HA gALe =y
(locality)2} €1 A (coherence)& Y uf, o] 3 A& FR& o]&
= "3 B F85 AME ol AHE P& LR o4Hr

Rt 2, FEE E JIHE AN A UF-E AR HE|REA 7t
A3 4 Q)= 7MY BEAl A]AEN(virtual navigation system) o #HA
o] ¥ Fol glem Cray TIEE ©]-&¢t HH Aol & o4& 71HE 3
&k AF7t +EL Q.
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A 6 d chEAMEALE A AW dolEHolA HA
Zlgol tigt a7

1 A&

7} A7 w7 % BE

WEZ B0l FWA RIUAA ol AT FAlo] WRY Hlo]
HE 2R3 ASY 5 Qb slo] 27D ok B3, 2YAE
o183l 7h3 H ARE AHgAl7l BT} 4le Yo HIshn ol
4 Q5% Tolath wehd, 33 HolEE P A, ol
2 VEYZ BRI BTHY - UEF e Jee BA AVHD Qx
MELZE 7NOT 3 38 2% Aol GolA 1 slue] W 4 A
ot}

2 ARBAME ThE AHgAIE BAlel A2 4 Qe AH volw
HolAE AABT] WAt 7 Jl& A7t Axd AN BEE o
T 9t old AFE WA We Bopold 1 FEHOE AT - 38T
QAT A Aol BolskA] W WEHZ BAL MO s

olgl Al ZWRI ZH A Fols HIVA] FE SYH AR
(stand-alone) TR A Y FAE FTHLE o]FolA] itt I AXE tf
e JeiuA AlARLE BAIY Y #E33 wE HE Sxodx B
Fota, st oY AMgRME] Ffdtrlel: AA ti:s EAE
AUs gt whatd 2 AR dFolME oln] Exfshs S Y e
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A A AHA AFsHe 3 AU E VESL A BAAA THAEAIZL
B - Aojzhs WS AASL 2 PHE NULE F§ A2RE AF

stol Ay 9 Bl S Bl AlARE BRAste A& SRR AETL

rlr m

BHog Wagt Ay voleuo]aete] e HolAE
2apdEo] B dRHolA g "AA 2|3} ATy AEHo]A
of that 2”8 ANE o] &3le] At AW delEuo]ie sh
2] AMERIE 217 FYR) V% FAl AAR JIstEEAd By O u)
E7d (property) 58 82& = HAEE A vojEHo]AE A9
stal gl wetM, thE ARERE BRI A dolEE Ffdte
& Y] A8 BAHA FHE TR ActivelbjectE F7hstalon,
WEA 715 Bt HestA AHE# 4 glE NetObject A E 7IHte
2 3lo] ZZhe] MEYA 7SS YHshe Server, Group, ClientZ =%
gttt o3l WENA AAlE &8 ALF JPURRE slojFd UES A of
AEZQ A2lglel Brl £43iA MEYA #BS 7F5Y + A=F
=

B Aol Uste etelBeEle A A Y& o &ITE AA

—

[r

rla

o

%

%

.

x| 8F 7]Ho] A= M Z A T VIR = 943} (encapsulation) £}
AsA (inheritance)olal & 4= ol=d], M&il= ZEIPY REIE
fE28 $ g3 A gy Eglo] Al&AloA AFste= A4

(flexibility)& sids] & 4 A& Zoltl.

the AHEALE 1R AlaRle] P4 UEI BAE VLR 3]

- 261 -



wjZell, olel AMEAZL Bt B&A e R Ff FE& XI5t siA F
S50} 9= diojeld] 4B (consistency) §A| 7t &3 ¥, VEYAES
ToA FRE dlolEld dFEE FASE TS
= MR Toolkit[6-1], SIMNET[6-2], NPSNET[6-3], DIVE[6-4], RING[6-5],
WAVES[6-6], BrickNet[6-7]%5°] glor, ol&S Ztzt A= tl2 uolH

A% WS AgstaL gk,

MR Toolkit2 7HE Aol WR o) JHA] f.40f 3t Ao 75ES
packageZ Lol A FHSEAE A28t JdAtelA Had ES AF
g, o]l of# JHX| packagegs ¥ VEHNI BEE I3t 93

AFste ALHER

o
peer package’7} ©WWFIC, MR Toolkit®] peer packageQl H$E= ZF &
Apolo] AAE o] Q& point-to-point message WA 0T ol dHA
& AT o] HfolE o] =7t ESAFUTHA, shute] =SofA
= dUEE #8728 n-1702] wWA|R] 7} AREE] o]0} jir),
oj# W2 Zt MY IR I el w7 wAnitt BE 227} n-
e HAAE  ALSIEE SIMNET, NPSNETojjAx= EEZE=ifjAE
(broadcasting) WHOE o] &gt WiAlx] AL - Ao Hubg &9
=

o

BE =27 HARXE A

2ok BEhE 7RA3 itk Ald NPSNETO|Ub SIMNETS] Al@AzE wo

wojgt R ABdold Bl o ATl nEBe fhiE A

e A% WAAE Hestou Bz gs Ao Uehyth whebA,
2.

neesjage Ayl AAE XL s W AAES Belsiyol
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HEEHYU FHE /A Qloi6-8]. EE, wAIR] AF - A2 FA
Yol= BRE k=7 22 dolelE 7HAlL Ja thE
it BEE A3 7] wiwoll, 7Hd 7] diolel 7t Wil X
o] o] ulety Hoirt AFEY, = £7} FIHFE AAF AE0|
yolz| = A7} et

DIVEE point-to-point WAl& A&3l= YEYA AR E AF3ict 2
AU 9ol A8 MR Toolkito]L} SIMNET, NPSNETZH= whe] ulolglE
D2EFUE Lol AEste] kEnjrt thE dolHE FHY o UA 8t
| fdste] 2t ZFUE kExte] Y
2] uhale MR Toolkito]i} SIMNET,

Lo

(2
'y
iyl

NPSNETOl| A Ueht E4 8 & 243G AIRE HE[FfAH & 7517 28l
stedolFel f4E HRE 3ti, HEFAE F4A7F A glof &
Agol w2 vHEE 7iA|AL gl 6-6].

Wavel} RINGS message managers Fo] DIVEO|A 2] HE|FNAE 2} v
3t 7]%& A|FgT}. Message managers == Alo]Q] FAlE FA|ste] H
2% =EoA Y HAAE AFse dES @Ik F 9
point-to-pointl} BRRE=IFARZL Zo] RE E7L FAlo] FAT wA]

& wobA A eldlx] 9L message managerol &siAl WA|=[7]} H.sirt
3 wdEE kEoA HAA 7 ALE L Y =25 HAXE A
=2

BrickNet® Wave?} RINGZ} n}x7}x] 2 message brokerE o]-&3}o] njA]

N

A A4-E H ottt o]E Wave, RING, BrickNet-2 Client/Server &
E A glom ol FXI} Zhe EAE e W fault toleranced 7
A7) lElA oAy AMe AWME T YAE AYsiaL Selo|dEA
tolE] Ak - ARFoEN MY FEE Foli HAHE wole= WT
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o FAFCh 2e} old YA vlolHE TR AL A
=B A4Fo] Qb Auete] d7o] LTHEE A Aole] ¥
WA x|do] WS Feg 7L glrh

2. A& AA Y 7Y

7h Ala" AL

TS AFRALE 913 A dole{wo] A AJARIL T3} Zo] dzjgA
Hel 71%ES 98] OpenGLt 2 el A AA®I tlAEHolE 4|3t
X-window®} Z& f1E9 AJAE @ YEAIF tfgt VAL ATt &

FAAE 7o sto] 27 6.1 FE FRE o]FolA gt}
ths AMEARE $18 AW dolEuo]A AARS I VAR FEH
o] git}. AAFQ AW AL Yubsl SceneData Managere} 17L& 3}

Holl ®Hsta Abg2te] ¥ & Wolgo] A 2|3t Display Manager “Lg]|

3, UEA 71%S YWshe Network ManagerZ} £ AJAEIS FAISh:
22 fiolth o] RAEES UEND BAY thF A18at 8 AU
FAsH= Reoh ®eldt YEH A QEHe]Let YW JdgL TS

A g-jtct,

Application

Graphics| | Window | |Operating
System System System

A - /

a7 6.1 WM AAR PxE
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Indy, SunSparc 2, SunSparc 10 (with Audio device)
(W) s/W 3

Graphics System : OpenGL
Window System . X-Window
Operating System : UNIX(Solaris 5.2.1), IRIX 5.3 o]&}

Programming Language : C++
L}. SceneDB Manager
SceneDB Manager= Bl A x|A¥lo] HTsl= 7EAHQ] /%S 7wt

°% 33 Enarel AME AZHoT masi, AN Ay - AbH -

H W mldolul YEHZ BHE T £2EHoRY ¢ - 59 Jed
AFRiet & Al&"olA AFshs A HolEHelas AU FR2
o] 6-9loll FAL A B8

FolA glom 7]&e] A dlolEwo]A]
9%} ActiveObject®} VB A BAH A2 dole] A4S 9lsia AEY
o222 ¢} - &Y Je& FUIste] FH3HAUCE
(1) 23 dolgwols 73

A delEdol A AWE oFE kot A 54& ¥
Property® o]Fojx] Qlul. AME o]Ff == I7 620042 Zo]
71818l HehE IR Geometry®} of@] A s}¢] =E=EE& 7HA+=
Container & o]Fo]#] Qlt}l. Geometry®} Container: ZA|7} zt= L.

b &dE b 4 e, olEldt AA] 5742 Propertyd o] &3t

1.

%4

ol

i

FFT}, Property:= A7} x| 3eE}(point, line, shade)l} U
of o3 MAS UEhE QA4S (ambient, diffuse, specular), HWe]

Edog v}El}= #elES(transparency, shininess, emission)o]i} &
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Node

T T

Container Geometry

ActiveObject Cube Cone Sphere Cylinder Torus
a8 6.2 THOOIE HolA ASE

7F F8¥ (texture) 02 FTAECTE
(2) ActiveObject
7129 AW vlolgwojAola FIIH FEQl ActiveObject FH<Ql

t =2 ARgRte] 27 ol Eloju{of] &3
gl3l Zkz](collision detection)®} 2 EAHI =%
o] 43 FHol AYHLL ol HF2 ActivelbjectL]
o HAAE o|-&3le] Y U+E T&sto] AJHCh

ActiveObject= Container class& Ar<utol I 6, 1oA 2} Zto] A A%

BES ANY AANEL] A AW P42 E71517] AT wHAx e} F

FAAHE ZFA] AL gl

-

!
g w9l

g
% o
T

i}

e

%

o] 7t

7

—

L .
, e

o

]

ActiveObject {
visible 1
name door
children {
Cube {
width 1
height 1.5
length 02} }
message MOVE
argument [ bell.au otherRoom 45 0.9 0 -0.5 |

¥ 6.1 ActiveObject
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(3) A dlolguo] 2] of
1ot 2 A doleMols FHALE

& st BEl O3 6.30]x9 Lo AHA| =z 7}%‘ B9 =xQl
livingroomz} A W& FA5= wall node, H5E& FA43M= lamp
node, YA}E T4} frame nodeSZ o] Folx] alrl. lamp?] shadel:=
actiong& HRE 3h= ActiveObjectoln], Zt :Zi= shle] g 14
517] 180 Cubel} Cylinder, Sphere, Cone?} Z+-& o 7j2] 7|3}3}a ¢l
AAER o] FolA lr}

fFlooﬁ [_\1'0" ] [mee )

color color } Liexfurei

\/ (‘shade 7 (_pole ) (_base )
emission ~_

3% 6.3 ZHd|ofefel of (H4)

T}. Display Manager

32 BHE FAET F 22E o RHshe A4S Uil
Display Managero]T}, Display Manager: H=95 A3 32 A
S X337 213t a4Ql Lightet Camerad AAshy, A}2=x1e] ¥
RropEo]= Event Handler®} M® ¥ (picking) Z4AJe] B2 (path)& 33
sl 71%E AlFETh ASAHI B dolEuolloAM FEE tIE A}
|2 BR Y VENZ oA 88 AA Y AEE §oI3tA 3, o
ole 9] & AT dEE vk F, 17 6.3004 AT e A
galde of @AXNE B2 0¥ 6.401]*19} Zol el ojR &
st [ 320 ] olth old ZE& Azl UESNZ Hold F-E831A4 A&

fr
>

—_—

o
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a3 64 A PickingZt d 2

H g olrh &, VEYZ ol HAA] FE& SolHA ALY +
A AAE A" s fliA BEe SR AR FRE
A ZZhe,

2}, Network Manager
) AN UEd2 72

2 AaReN Agste JEAD PRE THE 28 Fol WENZ

7153t deole#e] 7les o XLoR EAitste] MueA BE o
AEE e WSS WAtk 27 6,504 8 o] AA YESA 32
E IEFEY JEHA JeuE BeElste shte Awel o8 Jfe 2FE,
a5 AFE] AuAE AFUE o8 FeloldEEE o[ FolA glrh
Zt ZefoldEs ¥ IFolA THE IAFLE o|FHLeEN o 71A] T}
T MHlAEES ARUE 7 don ZF OF2 ARlelA dd™ Zelold
EqtE Helste] AEHe HAlRY &L e 4 glvh 2¥ 6.59

2E B UEYE F2E 2 o] WE JMEa e s o

g 2 UHro] BeldeEH Hrl ZEA H& 7 4 gl

HEYI BAS AR A20S AAS) HalA Lsjor & ARy
L2 Thes} 2L B Ank.
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O% 65 MA HESR= F=
> UESLZ =Y P VEY R BY/FAdEE VEYE BY
> AR AUy
point-to-point/broadcasting/mul ticasting/message broker
p oy 4

object

1—'

W pull replication/partial replication/shared

P UESQI =2EF : TCP/IP, UDP/IP

= VEHZ A&=olMs delH e d3y fAI7F 43 k=0 iy
UIEHNZ ZE A42)9 Fgo] A2 FYMEE vEYa EHdSE AH&d
th old UEHZ Rl BF-% MulA&E AFsts A Filo] 715F
= ©HE 7 A, ol whEE TFolebe HulA =EEE #Al

|

stod ASt=S slal glvh my, suirhe] WAlA] A TFIA

broker el FUEQOM, Holblt shte] wSo] Ruhg Bl ¥

& (partial replication)H o2 Felo]lEE AMulA wEQ I8
o] AlFsh= AW dlolelE HAlste] A&t FeloldE, 1F, MW
Aol 2] dlolE] &S UP XE2EZI socket UYE|HO|AF 7PNOE &
Snlth 4 WAAE A$oHe FUALD (unicasting) el 2HHY

Tl UDP ZR2EZLS HAlA Y] S| RE WA 4+ ¢JAIqt wE &

X

I-n_%ﬂ



HARE dEste, WEYA AAx six|7t 4 FRE 7R Tt
(3) MEHZ A

ot e MRS aEsle] Zt == Abo]f] JEAAE I WA
A A% 715E AEshe SWLAE NetObject7h T o] NetObejcts IF
6.20] M 2} o] UDP 22 EZE 0|83 socket AE|Wo]AR FLE Tl

NetObjectE o|-&3te] T3 6.20 M2} o] HA VES I A&R1E +
B3t 4 =EES MW U OF Bk SeloldEL YEHA AA F o)
ug gEch ol AAEe Ztzte] oo melA ot A2 JsE

class NetObject {
public :
NetObject();
~NetObject()
void Adjoin();
void ReadMessage(char« buff, int size);
void WriteMessage(char+ buff);

int socketfd ;

struct sockaddr_in receiveAddr:
struct sockaddr_in sendAddr;
int portNumber;

char hostAddr[20];

E 6.2 NetObject Class
A Zste] SEA AR AUAE StelF Bt HelstA UEYA BEE T
& gith, ohed 3§ 6.2004 AAEEL e WENZ ALY Al

A A2 s
F48 o|Bg Bl wEY oFo] WL UEAZ FHE AFY
E43 ARE AWoltt EAst] 24 AulA S

7} ZeloldEnltt BE wEof iy WEQD FNE VeI QYas
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vE

of

Group

Server SceneDB Manager
Network Manager | Network Manager
Group List Client List
Message Handler Message Handler
Client |
Network Manager

SceneDB Manager

Message Handler

% 66 WE/A A FHa

432 715e AFUL 4 Jomw YEga Fn delo Yy By
gt

+ Network Manager

NetObjectE ©]-&5lo] WELYIZKHE Clientl} Groupl2HE] Hoj
2w 28& AHesta 2o swsls= dolelE A4,

+ Grouplist

AAN Serveroll AAE o] 9l IF FRE At g olF,

& AAsoUctyl ey 2%o] Holon 3
FEEE AFUrh ol UEYA FRE Serveroj At BjstEw
THE EoM & oo tigt ARE A - Jejd Pagle] Bxslo
AHESHE Hot, whabd, JEYZ FR A - Bajo] Wast Aa

+ Message Handler

AREALZE B 2R WAl Ao Yt HelE wiitt. ZejoldE, A,
AF Ateloll= UIEHI A4E& I3 71244 mla=|nte] HFH),
2, &8 AlARS O FRe 546 wald == jojo] HEE
= Tt HAAE e 517 i JEPeR FolxL Az
ojefoll AME=}7F Folste] AMESH= WA 9} o thyt X e 4t
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W Q8ltl, Message Handler= A&} 822 WA= &} Lo g 3
S E 5F Yol st vESARTYH ALEHEe WAAE HA
3t 2 E7)(dispatch)3te 7%5& AIFTch

(L}) Group

I2FL ZeloldBoA AMul2E AF3te F= 7eS @@L 1F
& AujelA Aidel YAHE TESIO] o2 7iA FFY MulAE 4t
of AEHOZ AFY + = WHS AL && A&7 ks
Zpalo] s Al2R1e] BH S Helsty] W Fefuh AV|E EArste
Z} 2Fol WHT RN AARS Hrl 8o Aol 5 gloew W
thgk ore] dlojEl & HWRE st AlAHRl Zfor EAbsle 3EdE
At E3, 2FE ARoA AAH FeloldEdM A AAE 1§
e Selo|dEBAT ALIER wiA] ALY Feh& Fola eyt
LoofAnt a3 wAAE A45EE Bl B8FoE UEYAE A}
|3}

2 AFL ARdolA dAE o Mu|AE AFEE Selo|dEY] FLE
Apalo] A|gsle SceneDB, HIFZIHY HlAlA] AEE #1% listening
process, ApEx} Aol efo] AR H2]E 23 Message HandlerE T
2|3},

+ Network Manager

AL} FeloldEBER AdEs HARE oL o gt dolBlE A
B dUE gzttt 250dA AFEHE UEHAE T AR
%2 1 350 QZHE Zelo|dBAT At gl VEF o=

e 254 JEHAI #e Jle IFel FEE ul AHA
2E Hx EXE dels ‘Register” eI FEloldEL HS
€ Wi Aelshke ‘Adjoin’ 7)E, SElo]dENA AW dolHE A
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&8l 7%, AMwolA thE 2F SIAE 23 sh= JsEelrh
» Message Handler
AMui e} npAIIAlR JFAA HEEE AR B WAAE A3}
Y% wRUtL a8 v HAXE: 188 AN ¥
‘AddMessage’ TE o] &slo] WA} He] YFE FH3o} A}
€ 7hssith
+ ScenelB Manager
IEFE Aeke ti2A 2l A9 dolelg #egch o 4 v
olBl= Zto]AEA AFE Rojn Mus FHYow He - F
Agrh olfl AW ol 2 aFU Felo|dENAY {831
o, R dlolEl7t W7 - YA 2FUY BE ZeloldEgA HA

2 AAe FRE AFsts EUE ol Bl

- Client List
2FS WA Aol QAW FelolAEY HA—FAE Fa, EE
ME—& Aste] Loy wAAE A of A&t oy et
olAE AEE IF HuE T T FeloldEAT A

%3t7] sl oy AwFRojch

(ch) Client

ZojoldEE NHA L= AolE o]EstiA Wak MulAE AT
&+ 9t A5 ATV F, 4 FeplAEE Aol A$HE v
714 WA=l A el& 913 listening process, AME-A} A2 Hejo] o
AlZ] A g]& 918} Message Handler, AH]A LTS REE] AL e 2y
dolE| & #e|317] 1% SceneDBE o] Foi=] gt}

+ Network Manager

ML IF S 2R WARE Yol Aishs Ye& R
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oA BN 7RH LR AFHE UEHD 7152 SeloldE 4
A Mol Al SESIALL 2Fl Heste 'Adjoin’ e 2FE
&7 Move’ 7% Fol sth

+ Message Handler
aFOIU AMEFE ASHE g Y HAANE Adste %
& wggith 283 Avold AEHE A8 B WAxL Ze
oAE Y F FEste] ALY 4 Ytk

+ SceneDB Manager
Felo|dEE DI FLERE UEYRE T3l AW tolEE AF
Akggith, JEYAZE FI AEHE AW deolde Zebold
SceneDBE T3 w222 &¥es He| - BT Ffo|d B
3 3 AW doled U2 IFLE AgEe] I aF e o
£ Zelo]dEoA Mg

(gh) 71E3 MEHA 7%
- UEHNT AF

24 FRBPN Mul2E ABsEY] AT TFELS Aol FHS

gt Aeizt =W AR AHlAE RE 4 ol AEizl Euldch
P A7 TAES AL DF 0] MM FFo] HH Zejold
EE I¥ 6.73 22 AR UENIE At MulAE AZw
< % Srh

D Adjoin
ZejoldEs} Aol B&E 2T,

@ Ack

A FeloldEe] i3t IDE TPl A& IFo R HE

£33 %t

o
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o :\\:
3 N 5
o) $——"— uen)
a8 67 WEQ S AlZf
@ Adjoin
gelo]dExs MW7 A A1 2FoT &

3icl,

T

fijo

@ Insert Client to List

IES HE5S 83U SopoldEE elaBl Wi HE AR

® SendData

HELer IF AlE oY + At
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?
®

D Move
ool EE A ASE 3 2FoA of2 2FLRY olFE &
cAl=g

@ Move
252 thE 259 fAE AMueA 2y grh (Zelo|dEY ¢
ot A

@ FindGroup
AHE LY O35 EAE Fobd 1 Hx&E dErh

@ Goto
Ml TFOREE e JejoldEl AE o &3dle olFsin
2} she EetoldEdA MBEE 25 SAE F4rl

® Adjoin
geloldEE AW ERE AL A 25 AAE o] &3 A=

& 280 A4 23Uk

T

® Insert Client to List

MEE 5L AEHE %3 SFeo|dEE e|AEd Y3 #eE
A2k,
@ SendData
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237 SctoldEA 2l AW dlolel & A

fllo

age 44

flo

t}.
L 2guelel ooy A

B Wl "&H SetoldEolA A dolel & WA ALY 2l
REA7I 2 25U thE ZeloldEoA o] W3
% gt

[

o

o 2eje
el FRE A$sto] dvolEle] dBEL FR3lE

el

(D Update
FetoldEZE HAH 1412 A4 tlo]E & M43,

® UpdateSceneData
252 SOl ERRE ALH voleHE ol&3le] #j4le] Aw
ole| & WA ¥t

® Update

252 AEJe e &

ZloldEA WY A dole] & AL3t

(4) Message Handler
A FEH M, 2F, ZeloldEE ddz sz 9 delel A4
ot S8 AlAF Rz}

&
#AH 71 EAQ WA e HesEE e g
We] Wol AN wE Aol WAXE F7}- wHE

-1
ol L
AR

b A&
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WH O E “Message Handler” & AF¥Th o] wiA]x] MEHE YEYIE
oA % - S Hote HAIRE WAlA] ME et P 5F] AHE
AL ool wAlA] W WEHE AFsh= A HFHo= i)
(71) wiAA] MG 72

WA A HEYS o]F= Q4= R 6,37 Zo] UEYIAR Azt B
At Fefol wAlA 2} o sidshE R o FolA th

class MessageElement {
char Type{20];

void (#function) (void *);

N—

# 6.3 Message Handler Class
HAjR] SMER]E= o]# MessageElement5-& | AE e} #e|slo] A&
A7t B st WAl e} 1 q4E AR, siE WaAlRo vfgt HE
Este 7eE AHBRL

(Lh Al&HolA AFE= 7123 wAlA] s

- A
of| Al X olo|
Register SE(O8)
Adjoin HEH(E20[ME)
Move age fx 2E(OE, 220/ E)
|_eave Al X(TE, E=0IAE)
End HERZ Jls 58 F(AEX)D
d5
Fepold E
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o] Af X e[|

AAck THESIHAM Y )

iGoto uqe 29| olF R(Mu)
SUpdate SRR E 7HX1IH4 HOE)
(Data WA HHHolel(ag) 1E)
Leave A X|(ZElo|HE)

End HEXZ 7|15 88 QPSR

3. &8 Al&¥ Y

7} &
(1) & Al&9 g 53

R AIARE S ARMOE A §§ A&HE APUsts glolk
gle] FAoR AMESIAL FulAE dtolA B - AMSE £ Ar)

& A ARG o83 eyt Heje] A & AlAE U WA sy
B AARe d5d HAESL 2ZE HiYOR Rrl P4H Jed A
Foted 2 5ol glth, A 22 Zga] AR EHE o u|
Bl

A, 25 s WolAMe] HFEe AYPHoz AAgle] g Ry
o]

% gek

2 g8 AARE o ALEAL 2 AW uolHE TRl 1 AW
Hold & U¥E $ASAL WHE Y 4+ A A5 AFsEL, A
Mot 18, FeloldES 27 THste] B TAEL AR OE 3AE

Aolold UENLR Asto] A 4 Qrh EW, ofe x| gH b
SJJEIE AU 4 ot WAL ulsts] dlsld ofe 1HL Fol 7 2
Fulth A2 THE AW vl AT AUAY 4+ UESF FATY
tt.

AR tlolEHo]a F & Al&RloME Z1E Y yolEuo]A AlA
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B[6-9]olA EHA3E ActiveObjectE F7Isle] FAdslg ey o]
ActiveObjectts A}gA}R] nhe-A o) 2fs] Mejd A9 FAHL xp41Y
P 3tA Hcl & &4 &

b, Bg 9
Y4 A 487 Ve 84 58 8 4 Ao
Adlold AFHE AW AN, WA, %9 T2E A3 9

B®
R FRE BEY £ e AR A JEoA AREHE 2F1E2

(3) &8 N2 7
28 AAEE 123 6.100]42} Po] AR AZEgolel LeH s 4]
A% SUAAE sNog o3 gl A wolEu

Al 2Rlo] A Zste ABHo|AE o] &3t FA= KT

AHE e ZUMIOIEWOl S Al

Systes Softeare
{OpenGL, X/Motit . Operating Systea)

a7 610 88 AlAR =

. &8 Ala¥ 73
(1) 38 A2ad A4 FA=

& A2agle 33 6110048 o] 34 AFEFN 1AL H|ese
stuke] My, 2|3 $8 Aghelx] gL ZeloldER FAHC Yrt

FeloldEr Mol H&T F AF 25 "house”2 o]F¥t F A
dlo[E] 8] “door” ActiveObjectol] 2J8iA] T2 2FLE olFstd A o
olel & W - WFY + Utk

(2) &8& A&’ 34 a4
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Client
House

AN

1

LivingRoom BedRoom
(Group) (Group) v

a8 611 28 Al2H PAE
a3 6.118 TS FEasd My, 3F, FoldEE Network
Manager o]&jol= W wlo]B]E thE 4 = SceneDB Manager W AM&-

28] 9} - &¥& 913 Vindow Manager® AHg3tel TAFgich Thee 7t

A F- :r'**o [0 dgolct,
(7}) Server

M 2FS Beshe Bl2EY Feo|dEBEY DFL2E2FEY HAlX]
Z tf7)3lal Al NetObjectE 7HA|aL Qlth. A= o] NetObjectE
o]-&3lo] Apilo]l FAHE EER Foll= HAA|E “polling”ste] HAEH
H AR & 7|8 MEa]—Register, Adjoin, Move—l} A}E-=to) &3] &)
H iAlA] MgelE o]&dsted Azttt A= gL o] BaY

7] wiEo] Zeidt HAE Hejw #x) defrt &=y, wjeld SceneDB
Manageri} Window Manager&. o]-&3}%] ¢=r},

(v1) Group

I2EFE ML Selo|dERREY wAAE di7]srirt A e
Network Manager& 7}A|l Alw|e} up7iA| 2 2pilo] At XERHE
“polling” F HEH wAAE 7 WEel—Adjoin, Update—L} AHE=}
7t o3t wiAlA] MERE ol&ste] Aujdrh AF2 AuetE TiEH
21518 A dlolBlE MR Qlth © IFT AWt updviR 2 2hetdt



HAE PR A S Fde] &siy, ol IF Jsd MR
T3 AMEA Al &”lo] 538 4 A ¥k &, 2
52 =S 2y s B o] glole AHEo] Jhesith
(tl) Client
ZeloldBE My 2§ nfZAE WEIE B3 WA A
9]} Network ManagerZ J}x|iL gltl, o] Network Managers Z}o]
& Y] v Tl EetoldEx thread
E o] &3lo] o] "polling”& +3¥tl F Felo|dEE IAA A2
Q- 2Y RE(YESU npeA)S Eshe AL UE
HAAE w73l ZEMLE UHrolA gt EeteldEs 2
B AA A 71 8.4E o[FolA drh &, IFoTRH HUSH FW
dlolel g zfalel  mEoN  Heshr] wiFel aF3
SceneDatabase Manager®™ W QR T 33, UELIAE B3I wr|R] Al

=
=t
AE7 EAH3 LEF “polling”

ans

H
__r.

upIIR] 2

2]3} Network Manager -5, 18]3L AR2=}2] ¢ - & ¢ Display
Manager® o]Fol=# gltl. Zzlo|dEBEE MW 2F3s t2A d=F
B stollA ARACE F, AHEAY 4¥ &S Hot HEHA gols
o]l AFgA7E A HolelE HHUE E £ & /%S AT #sl
A OpenGLZ} X/Motif& o] &3t dejul A AARZ e A&E JNed
Zt& Display Manager7} 37 = Slch.
(3) &8& A" 7%
(7h) MEL 254 71

Hal & A A" AMEL A o€ E AHFdE IFS 713
otk ¥, F7k 2Fol AEshe AW dolel: ¥ HElE oln|
Eo] glojof gtth, MELE 2FE FUIsIR AL cheat ol ¥t aF
o] HEste A vlolEyt HlReE A3, VESIE T HAA
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Helg flsl Z2AMAE AMstA "ok ER, Al B5FE o Felol
E7t A F A= AEir "ot
group [group name] [scenedata_filename]
(L}) cheddr 5244 A4 deoly A3
£ &8 A2y A A dolel: Property® Texture,
Material, Color& A|Z3IRE r}lorst BEAS vehfs WS A 3He 4=

property {
Texture check.txt

}

property {
Color 0.2 0.1 0.0
}

property {
Material {
ambient 0.04 0.04 0.04
diffuse 0.1 01 O
specular 0.1 0.1 0
shininess 0.2
transparency 0.24

¥ 6.7 Property @7|
glrt, olgl EA4LS AW ulolgl Qo] R 6. 7o) YEoT M HIAE WE

AN
T et}
(T}) ActiveObjectd o] &3t Bl nx 9 o]%

A2 AFHE S8 ALFA = ActivelbjectE o] &oto] AH]A =
=& W3k 71sE& AFPrL &, offe 18 6.12004 2] £& vk

Mefstd 23] 6,132 o] thE IFLR ojFjirh ofuf ojFste
M2 25e] olFE AW ol mad ol FLF o gt
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O8 6.12 71’27&“._4

(2}) ActiveObject& o] 8%t A dole W7

$& AaglddE AREAIL nhgAE HAHEH A7} Activelbject?l
seste e E S&3to] A volEE MAY 4 AE VS A
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