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3.2 UOO0Ubootuootubotuboobooobooobood
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(a) An example of (b) An example of
discontinuity edges elements

Figure 3.1: OO D0OO0OD0OO0ODOO0OO0ODOO0ODOOO
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simplified discontinuity edges of elements

Figure 3.2:. OODOO0ODOO0ODOO0OO0ODOOODOOO
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OO000ooOobO0b0oboboooboooobobo BSpPObOOobOOUOODOOODODOD

47



s2

sl s3
W s4
Shadow Polyhedron

ol 04

02] o3
gy,
7 N\
Umbra Penumbra

@) (b)

2NsNo Ns+2No

Figure 3.3: OO DOO0ODOO0ODOO0OOOOOODOOODOO

34()000000000000000000000000000000 3.4(b)00 29
00000000034 ()006000000000000034(d)(e)0000000
34 (b)(¢) 0000000000000000O0D00000000034(e)0000 34
(0000000000000 0000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000

gb 3.5 0gggbobobooooobbbugooboboogooobboooon
guogdogbobobbbobobbobobuoboobouoououooooooon
gbobogobbogobbouooobooobbuooobboooboobog bbogg
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(a) An example of
simplified discontinuity edges

3
S
(b) Division by

(c) Division by
BSP method loop operation

/D

/A?%&'gn
R
SO
vx».&xegv»xaﬁ‘af(
NZAVAVAAN

(d) An example of (e) An example of
elements elements

Figure 3.4: OODOO0ODOO0OO0ODOOOO
gobobooggbooood

3.3 Ub0Uboooboubooboouodboooobooboogn

gbobobboggbboooobbuoooobboooobbuooobbbooooon
guoodogooooobbobobbbobbobobbbbbiooooooooooooon
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void DiscontinuityMeshing() {
for( each polygon ) {
Divide into convex polygons;
¥

for( each light source ) {
for( each polygon ) {
Generate a shadow polyhedron;
for( each polygon ) {
Generate discontinuity edges;
Construct discontinuity loops;
Check the relationship between loops and the light source;

¥
}

for( each polygon ) {
Divide the polygon into faces
enclosed by discontinuity loops;
Specify the size of patches and thats of elements;
Genarete patches and elements in the faces;

Figure 3.5: OO DOO0ODOO0ODOO0OOOOOODOOOOO

gobobooggbooood

3.3.1 OO0O0ooon
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0 0,0,, 0,05, ..., 0,0, 0000000000000 00OD 100000000000
0000000000000 000000000000000000000000000
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Figure 3.6: DO OOODOO

0000 (0 3.600)0
0000000000000000000000000000000000 §, S,
., 5, 00001000000000 0,0,, 0505, ...,0,0, 0000100000000
0000000000000000 85, $5, ..,5,5 00001000000000
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00000000000000000000000 /O000000000000000
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000000000000 /0000000000000 /00000000000
3700000000 5 000000 0,0,00000 K O0000000000000
000000 S 000 0;0000000000F 0000000000000000
0000 S, 0 000000 0;00000000000000000000000
F,00000000000000000000000000000000000000
000 /0000000000000 Fy, 00O0O00000000000 F,0000
0000000000000000000000000 (convex hul )0 0000000
0000000000000000000000000

3.3.2 OOUOOOOOOn

O00000000000000 (Wireframe) 00 (Surface) 00000000000
DDDDDDDDDD[64]DDDDDDDDDDDDDDDDDDDDDDDDDDD
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Figure 3.7: DO ODOODOO
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. 1,0000 V, - V,00000)00000 {d,d,...} 00L000000 {F} DO
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00 3.9 000000000000000000ODODODO (Face) JODODODODO FOO
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An example of complex, consits of
9 vertices, 10 edges,
3 loops, and 2 faces

2

hole

vertex loop

Figure 3.8: 00O (complex) 000000000
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Figure 3.9: OO DO O0ODOOO0O0ODOOO
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3.3.5 UO0Ooooon

j20000og0oodoboobug 1obgbboobbooboobobon
gbggboogbuodgoobogobuoobbuooboooboobooobooban
gboggugboobbooboogboobbuooobboobouoobooboban
gbggbdgboogboobobbuooboboobbobbobooobooboban
goobooggoood

gobobboogbboogoobboogbbobboogobbbooobboooboon
gbobobooobbbibodd=30bbdg=200b000=10000=0040000
goobo 3.1gogbboboogg 1bbboogooboooooobobboooon
gbggbgbbooobobobboouooboobbobboooboooboban
gogoboggobboobuoobbuoobobooobodoobbooooboan
gboggbdgbboogobooobbobobobobuoobooobooobooboban
goobooood

3.3.6 UOUOOOOoooboooOn

goboboboggbboogooboogbbobboooobbboooboboooboon
gbougbobougoboboooubooboobboobbobooooobbooan

57



Light No. |1 2

\ AR
Light No. |1 2
Status /\ A
11 |y [ \
l

Status 31
Light No. |1 2
Status 13 Light No. |1 2
Status 33

Figure 3.10: OO OODOOODOODO
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Figure 3.11: DO 0ODO0ODOO0ODOOOOODOOODO
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Table 3.1: OO0 OOO0OODOO0ODODOOODOOOOOODODOOOOOOO
gool1|0bod 2

Npi 8 721

N 20 2495
Ny 40 3116
N, 486 6030
Ny 3485 | 11230
Ney 6090 | 17150

Ta(sec.) 0.12 166.58
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Table 3.2:. OO0 O00O00ODOODOOODOODO

ooo1|oono 2
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S Sm Light
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Oi Oi (1) A1=0, A2>0
/ / (2) A1>0, A2=0
(a) A discontinuity edge (b) A discontinuity edge (3) A1>0, A2>0
by a parallel light by an arealight

Figure 3.12: DO 0ODOO0ODOO0ODOODOOOO
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(a) Before the discontinuity
edges generation
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(b) After the discontinuity
edges generation
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Figure 3.13: OO OO0ODOOOOOOOO

66




[\ ]

(1) A Polygon with

with discontinuity edges (2) Node location on vertices

(4) Node location inside faces
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Figure 3.15: 0000000000 (a)

Figure 3.16: 00000000 (a)
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Figure 3.17: OO OOOODOO
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Figure 3.18: 00000000 (b)

Figure 3.19: 00000000 (b)
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Figure 3.21: 00000000 (d)
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Figure 3.22: 0O OO0O0O0O0OO (c)

Figure 3.23: 00000000 (d)

72



4 0

Joooooboooboboboddd

73



4.1 0OO0OO

g20000bgggboggbbougboboboogboboobbobbooobon
goboboogbbboogobboboogoboogon

gobobboggbboooobbbooobboooobbbooobboooboon
00 [40000242000000000000000000000

e HUUOODOOOOLODLDDOOODLOUOOLDLOUOLDLDOOODLDbLDOOO
gbbogoobbogboboobobbboobbuoooobooooooog
gbooboogboobod

e |00 0ODODOOODLDODLDOUOODLObOUODLObOOO2000bLbOOODLOLOOOn
gobobouogbobooooobobbod

e 10000 DOUOOODLDDOOODLDODOUOUOLDOUOOODLOUOOOO
goboboogbbobboogooboboooboboooon

goobooogoo
gobobgbboboogbboogoboglobooobboobbbooobog
gboggboogbogbboobooobobbboooboobooobooboon
0000000000000 0000000000000O00000OOoDOD [28/000
goo
4200000000000000000000LD0O0OOLOOLDOOLDOOODLOODLOD
goougboblbobogobogobbooobooobbooooboooboan
gbgbogboogbboobbogbbouogbboobuooobooobooboban
gboggboogbuogobooboooobbuooboogbuoobooooboban
gboggbboobodogbobuoouooboobbobboooboooboban
gboggboogbuoguoboogboobbooboooboobooobooan
O0000000000000000000000000D0O0OODO B3JooOooooO
gbobobooooobooooobobboooon
4A300boogogboboboobbobbooboobobobogboobboogona
gboggbogobogbogoboobuoobbooobobobbuoobbooooban
gbobobooodgboboooobbobboooobbuooobobbbooooobobooon

74



4.2 JO0UOOOO0OOOO0OO0OOOOO0OO00OOOOO00
oo

24200000000000 Y0O0ODODODDODODOODOOODODOOOODODOO
gbggboogbuogobogugboobbuooboooboobobbooboban
gboggbbogboogbogbobboboboobbobbooobooboobobon
gboobooood

b 41 DO0000oooObOOooooobobobuoooboboooooobobboooon
gloodgoobogobodgoubboooboooblioobbooooboon
gboggbogobobobbuoobboobbobbooboooboobobonbo
gboboboooobboooobbobboogoobooooooon

0000023300000 000000000 (B3 0000000000000 OOO
gbob410000obboboogubbuooooboobooooobod

. 000000000000 /0000ooooooo

2. 1ggggoboboboooobbuogoobobobuooooboboboon

J. 0bbouooobougoobobooooobooooobobooa
4. 0000000bbbododobobbuooobouooobbbboooOon

5. bbb bobbodooobooobbuouooooobobbooobobobood
gooo

6. 200 00000000000 O0O0

gboggboboogbbobbogbbouogbboobooobooobooboboan
gboggbbogboogbogbobbuogbboobbooboboobooboan
goboggbboobbooboogboouoboobboobooobooboban
gobougbbouggoobogobooobogobooobooooobobogan
guobdbobodbbogbuoobboooboboobooobooobooboan
gbggodgboobobbobbooboooboobboobooobooboban

75



O0000000000000000000000000000 (Intensity-based bubble
mesh) 0000

goodoooooooooodobooobobdtoddoooooooooo oo
gobbobbotbdooouobboobtbdooooobbobobbbbbboouooon
gdd

00 41 0DO000O0O0O0OO0 NODOOOObOOobOoooboobooooo N, ObDbo
gob oogn

00 4.2 000000000 41 0000000000000 O000O000O0 DOOO
ooooooodotdr00O0O0oUooOOoO/000 000000000 ;000000
00000000ds;; O0O000O00O0:.0000000000000000

[l — 1
dist;
00 43 0000000000000 O0O0OO0OO0O0OODO0OOOOOODOOOO
ooooooooootoobo pobooouooooooooooobooooooboop oo
0 f(D)00000D0(0 4100)0

), (i =1,2,..n) (4.1)

D = max(

000000pPO000000000000000000100000000000000
0000000000000000000000200000000000000000
0000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 (0 4.2 (a)00)0

U0 44 0D00000O0OOO0OOOO0OOOODOOOODOODO0O0OxyOOODOOOO0
goboodgbobogobogggbboobboobodxboddb mU00yboood n
00000 me 000000000000 0O000O0O0O0O0O (0 42(a)00)00000O
gobobboogobbbooooobobobooogbobouooooooon

00000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000 (0000000000
0000)0

76



Size,
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void RadiosityWithAdaptiveMeshing() {
Generate patches and elements by uniform meshing;
Radiosity calculation;
for( each node ) {
Calculate the difference of intensity;
1

for( each node ) {
Calculate the element size;
}

for( each polygon ) {
Define a rectangular grid;
Calculate element size at each grid-point by sheet-forming analysis;
Generate patches by bubble mesh method;
Generate elements by dividing patches;

}

Radiosity calculation;

Figure 4.3: OOD0O0ODOO0ODO0ODOODOOODOOODOO
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Figure 4.9: OODOO0ODOO0OO0ODOOOO
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Figure 4.11: 1000000000 OOODOOOOODOO
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Figure 4.13: DO 0ODOO0ODOO0OOODOOODOOO
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void main(){

/* Begin Pre-process */

Extract extremum points;
Generate an extrema graph;
Generate boundary element lists;
/* End Pre-process */

/* Begin Main-process */
while( 1 ){
Specify the scalar value (C';
Visit elements registered in the extrema graph;
if( intersected elements are found )
Propagate an isosurface;
Visit elements registered in boundary element lists;
if( intersected elements are found )
Propagate an isosurface;
if( no more isosurfaces are required ) break;

}
/* End Main-process */
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void ExtractExtremumPoints(){

for( each element ) {
Mark non-maximum nodes;
if( plural unmarked nodes )
Mark plural-maximums nodes;
Mark non-minimum nodes;
if( plural unmarked nodes )
Mark plural-minimums nodes;

}

for( each node ) {

if ( Unmarked as non-maximum )
Register the node;

if ( Unmarked as non-minimum )
Register the node;

if( Marked as plural-maximums or plural-minimums ) {
Register the node;
Unmark the adjacent plural-maximums or plura-minimums nodes;

Figure 6.5: OO0 OO0 O0OOO0OO0OO
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Figure 6.6: DO DO O0ODOOOO
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void GenerateExtremaGraph(){

for (each extremum point) {
status=FALSE;
sort other different-numbered extremum points;
for( each extremum point in the sorted extremum point list) {
if( succeed to connect two points by a straight arc ) {
status=TRUE; break;

¥
¥
if( status==FALSE ) {
for( each extremum point in the sorted extremum point list) {

if( succeed to connect two points by a polygonal arc ) {
status=TRUE; break;

}

Figure 6.10: DO ODO0ODOOOOODOOO
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A skeleton consists of elements

Marked element

¢

Through-hole @ b
liminate !!

Figure 7.3: OODOO0ODOODOOODO
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Node shared by
3 adjacent elements

Extremum point

Shared node
(on the boundary)

Accidentally generated loop

Figure 74: OODOO0ODOO0OO0ODOOOO
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goobooogbod

void VolumeThinning(){

Classify and enqueue elements;

Number boundary faces and nodes;

while (1){
if( ¢y FIFO is not empty ) Process a (' element;
else if( 'y FIFO is not empty ) Process a (5 element;
else if( ('35 FIFO is not empty ) Process a (3 element;
else if( There are layers around voids )

Prick one of the layer;

else break;

}

Extract non-C elements and marked elements;
Classify the extracted elements by scalar values of their nodes;

Figure 7.5: OO DOO0ODOO0ODOO0ODLOOO0O0ODOO0ODOO0ODOO0ODOO
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(b) A node shared by

(a) An edge shared by three adjacent elements

two adjacent elements

N

Ea Eb
E is not necessary E is not necessary
if the traverse arrives if the shared node
from Ea to Eb. is inside the skeleton.

(it maens that the shared
edge is inside the skeleton.)

Figure 7.6: OO DO O0ODOODOO0O
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Eliminate
by the thinning process
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Void Boundary is connected

Unconnected
boundary

Figure 7.7: O ODOO0ODOODOO0ODOO
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Table 7.3: 0O OOOOOOO

000 1 2 3 1 5
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(a) Ray Casting

(b) Splatting

(c) Equi—distant surface rendering
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(1) Viewing point is inside a volume

() : Extremum point

7 X\ : Spherical surface

— — —. : Skeleton

(2) Viewing point is outside a volume
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C1

C2

(a) Two regions of a volume
divided by an isosurface

Figure 7.10: 000000000000 O0O0OOOOOOO (1)
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(@) No through-hole: (b) Two through—holes:
All parts of an isosurface All parts od isosurface
intersect the extrema graph. do not always intersect.

Figure 7.11: 000000000000 O0O0OOOOOOO (2)
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(a) E is not necessary (b) E is not necessary
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boundary faces are kept.
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(a) C2 element

Ea E Eb

\a\m\m

E is not necessary If Ea and Eb do not
if the shared egde is have shared edges,
inside the skeleton. E2 may not be eliminated.

(b) C3 element

Eb
Ec Eb Ec
Ea @ Ea
E E
E is not necessary E is not necessary
if both the shared edges if the shared node
are inside the skeleton. is inside the skeleton.

(c) C4 element

Ec Ea
Eb Ed
E Ed
Ea
Ec

E is not necessary If there are not shared nodes,
if both the shared node E may not be eliminated.
are inside the skeleton.

(d) C5 element

Eb Ed E is not necessary
if all four shared nodes
E are inside the skeleton.
Ee

Figure 7.13: OO OODOOODOODO
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Figure 7.14: 0 0000000000000 (1)

Figure 7.15: 0 0000000000000 (2)
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Figure 7.16: 00 0000000000000 (1)

Figure 7.17: 00 0000000000000 (2)
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Figure 7.18: 00000000 (1)

Figure 7.19: 00000000 (2)
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Figure 7.20: 00000000 (3)

Figure 7.21: 00000000 (4)

173






8 [

L] [

175



gbobbboogooboogoobobbouoooobbooboooboboboog

glbobogdbobboooboboobbooogbbbooobboboooboboon
oboboobobooobooooboooooobobooboo sgo40benb 7
guogdboooooobobbobbbbbbbouotbdodoouooooooon
goo

g20000b00gbougbbouogbbboguooooooooobobooboon
gooboobooobboooood 20000ggobobbobbobogooooooon
gbodbdodgbbogbboobbobuoooooboboobbooboooboan
gouodbogbobbgbogbodgoogbuoboboboobbooboobooobag

g3bbogoogobobougbbuoobboobooobooobboooboon
gbggbbogbobooobobbuooboobooobooobooobooboan
gobobbooggobobooooobbbooooobobboooooboboboooan
OO0 BSPOOO0ODOODOODODOOODOODODODODOOOOUOOOOODODOD
gboggboogbogoboobouoboouoboboobooobooboban
gboggboggbogbobobbuogbbobbodbbobbuoobbooooban
gbobbbodoggboboogoobbbuoooobbouooobobobooooobooa

g400000000bobogoboboooooboooboogboboobn
gboouogboougooogbobbbolbooobogobobbooboobogan
gboggbboobooobobbobbuoobbooobobooboobbooban
golgbbobogobogobogobooobooobooobbooobboon
gbobouogbooagbooggbboogbobooobooobuoooboobobogan
gbggboogobobooboogbuoobbuoobooobooboooobobon
goboggboobbooboogbuoobbuooboooboobooobooan
gbggbdgboobbooboogbobobboooboooboobbooboon
gbogobbgdbogbboogbbobbuoobboodboobooobooboban
gobooo

gsbboggbogggooobougbooogbbooobbobbooobbon
gbbuoggbugbbogbboobobbbooobbooobobbooobboon
gboougbougbooogbobbobobbooobog3ggugboboobogan
gbobobooogbobooggbobbooooboboooobbbooooooboo

176



gebuuboogbbbooobooobbugbboobooobooooon
gbobouogboougboodgbbodbuoobosgbbogobobuoobooboan
gogd3bpboobobboboboobo3fgiodooooobooooonoon
0000000000000000000 On)D0000O0ODOOOOODOOOOODOO
guobdgbbuogbbobboooboooboooboooboboboobooobogn
gobobouogoobooogooo

O70b0obooooooobooooboboboobobobobooobobOobDOon
gbobouogbobougbogoogboogboogbo3sbbbobobooobboonon
gboggbobdgstobgbbuoobbuogoboobbobbooobooooboboon
gogdbogbobobbbobbobobobobbobobobooouooooooon
godgobooobodos3gubouoboooboooboooboboooboan
guogdbogbobobbbobbobbbbbobbbuotbdouoooooooooon
00000000 10000000000000000 On)DOOODDODOOOODOOO
gbobbbouogoobooooobobod

Ug3dguudgb 4bbboobbogbobbboobboobooobooon
gbggboggbogobboogboobbuooboboobooobooboban
gobouogboouogoouogbbodoboouobboboobbooobobboooon
gbobouogbbogbobuogbbogbbboobbooboboooboooboan
goobbodbbodogbbobuoobboobboobooobobboboan
gbgbogbboobboobooobuoobbuooboobobooobooboban
goo

Oe000000O70D00Db0OO0O0ODOOODLDO0OOOLOOObObDOobDODOO
gbouogboougboogbbobbooboboboooboooboobobboan
gboggboggbogbobobboobbobbodbbobbuoobbooooban
gboggboboobboobobooboooboobboobouoobooboban
goobbobodgbbobodgoboooobobuoooobouoooboobuooon
gboggboboobbooboogbuoobbuooboobobooobooboban
goo

gbobuooogbboooobbuoooobboooobbooooboboooboboon
gboogbogobogboooboobuoobbodbuooboobuoobbooooan

177



gobooood

g3bggoboogbbuooobboooooobobboobobobbboobn
gbggboogbuogoboobuobooboboobboobouoobooboban
gboggboogbobooboogboobbuoobboooboobooobooban
gbggboogbogobooboooobbuooboooboobooobooan
gobobbooggobobooooobbbooooobobboooooboboboooan
gbggboggbodgbogobooboobobboobobobbuoobbooooban
goboboogobobooogoooboo

g 30bbbobbbobubododguuuoub 4000b00b00b00b0o0od
gubodbudgboggbouogobuoobobboobogobobob2000b0000
gbobobboogobobodooooboboooobbooooobobobood

Oe000000OY0O00ObO0ObDOO0OO0OObObDOobDOODODbOOobDOobDODOO
gboggboogbuogobogboooboobbooboboobooobooban
gboboogbboboobbooobs3sbbogobbooobbooobboooboan
gboggbboboogbobobobobuoooboobbobooboooboobobon
gobobbooggbooood

178



L] [

gbobobbouogoobobbbbuoooobbooooobobobobbooooooboon
gobbbouggbobbougooboboooobobooooobobbooooooboo
gboboboggbbobbdoguoooobbooogbbbooobbboooboboo
gobbbouggobobooooobbbooooobobboooooboboboooan
gbobobooogobooogoboboboago
gboboboggbbobboogbbbodooboogbbbooobbobboooboboon
00000000 (0)00oooOoO0O ooo0o0ooUooooOooOooOoooboooo
goooogo
gbgdobodbooboobouogbuoobbobbuoobuoobbooboaon
gbgbobgbbuogbooboobuoobuobobboboobuooboobboobobga
00 (0)0000000000000000000oooooooooooooooOo
goooogo
gbbuooggbboooobbuoooobboooobbbooobbobooonooboon
goboboogooboooobboboooooon
gbobuooggbboooobbuoooobboooobbooobobboooooon
gbobobbooggbbooogbobobboooobobooooboboboagn
0000o0o0O0O000oOoOoO000UooooooooooooO()boooo
gboboboogoobooooobooon
gobobboggbboooobboooobbobooobbooobobooonboboon
goooogo

179






1]

HRERERE

Aho A. V., Hopcroft J. E., and Ullman J. D., Data Structure and Algorithms, Ad-
dison Wesley Publishing Company, 1983.

Arvo J., The Irradiance Jacobian for Partially Occluded Polyhedral Sources, Com-
puter Graphics, Vol. 28, No. 3, pp. 343-350, 1994.

Baum D. R., Improving Radiosity Solutions through the Use of Analytically Deter-
mined Form-factors, Computer Graphics, Vol. 23, No. 3, pp. 325-334, 1989.

Baum D. R., Mann S.; Kevin P. S., and Winget J. M., Making Radiosity Usable:
Automatic Preprocessing and Meshing Techniques for the Generation of Accurate

Radiosity Solutions, Computer Graphics, Vol. 25, No. 4, pp. 51-60, 1991.

Blinn J. F., Light Reflection Functions for Simulation for Clouds and Dusty Surfaces,
Computer Graphics, Vol. 16, No. 3, pp. 21-29, 1982.

Bloomenthal J., Polygonization of Implicit Surfaces, Computer Aided Geometric
Design, Vol. 5, No. 4, pp. 341-355, 1988.

Boissonnat J. D., Shaoe Reconstruction from Planar Cross Sections, Computer Vi-

sion, Graphics, and Image Processing, Vol. 41, No. 1, pp. 1-29. 1988.

Campbell A. T., and Fussell D., Adaptive Mesh Generation for Global Diffuse Illu-
mination, Computer Graphics, Vol. 24, No. 4, pp. 155-164, 1990.

Chin N., and Feiner S., Near Real-Time Shadow Generation Using BSP Trees, Com-
puter Graphics, Vol. 23, No. 3, pp. 99-106, 1989.

181



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Christiansen H. N.; and Sederberg T. W., Convension of Complex Contour Line
Definitions into Polygonal Element Meshes, Computer Graphics, Vol. 12, No. 3, pp.
187-192, 1978.

Cohen M. F., and Greenberg D. P., The Hemi-cube: A Radiosity Solution for Complex
Environments, Computer Graphics, Vol. 19, No. 3, pp. 31-41, 1985.

Cohen M. F., Greenberg D. P., Immel D. S., and Brock P. J., An Efficient Radiosity
Approach for Realistic Image Synthesis, IEEE Computer Graphics and Applications,
Vol. 6, No. 3, pp. 26-35, 1986.

Cohen M. F., Chen S. E., Wallace J. R., and Greenberg D. P., A Progressive Refine-
ment Approach for Realistic Image Synthesis, Computer Graphics, Vol. 22, No. 4,
pp. 75-84, 1988.

Doi A., and Koide A., An Efficient Method of Triangulating Fqui-valued Surfaces by
Using Tetrahedral Cells, TEICE Transactions, Vol. E74, No. 1, pp. 214-224, 1991.

Doi A., Buidirectional Radiosity Approach for Complex Environments, IEEE Tokyo
Section, Denshi Tokyo No. 32, pp. 93-99, 1993.

Gallagher R. S., and Nagtegaal J. C., An Efficient 3-D Visualizatin Technique for
Finite Element Models and Other Coarse Volumes, Computer Graphics, Vol. 23,
No. 3, pp. 185-194, 1989.

Gallagher R. S., Span Filtering: An Optimization Scheme for Volume Visualization
of Large Finite FElement Models, Proceedings of IEEE Visualization 91, pp. 68-74,
1991.

Garrity M. P., Raytracing Irreqular Volume Data, Computer Graphics, Vol. 24, No.
5, pp- 35-40, 1990.

Gelder A. V., and Wilhelms J., Topological Considerations in Isosurface Generation,
ACM Transactions on Graphics, Vol. 13, No. 4, pp. 337-375, 1994.

182



[20]

[21]

[22]

[25]

[29]

George P., Automatic Mesh Generation, Wiley, 1991.

Giles M., and Haimes R., Advanced Interactive Visualization for CFD, Computer
Systems in Engineering, Vol. 1, No. 1, pp. 51-62, 1990.

Goral C. M., Torrance K. E., Greenberg D. P., and Battaile B., Modeling the Inter-
action of Light Between Diffuse Surfaces, Computer Graphics, Vol. 18, No. 3, pp.
213-222, 1984.

Gouraud H., Continuous Shading of Curved Surfaces, TEEF Transactions of Com-
puters, Vol. C-20, No. 6, pp. 623-629, 1971.

Heighway E. A., A Mesh Generator for Automatically Subdividing Irreqular Polygons
into Quadrilaterals, TEEE Transactions on Magnetics, Vol. MAG-19, pp. 2535-2538,
1983.

Howie C. T., and Blake E. H., The Mesh Propagation Algorithm for Isosurface Con-
struction, Computer Graphics Forum(Eurographics), Vol. 13, No. 3, pp. C-65-74,
1994.

0000000000000 00000000000000000000,0000
000000000 CADOODOO, Vol. 94-CG-71, pp. 13-18, 1994.

00,00,00,000000000000000000000000000000
00000O000,000000000, Vol. 36, No. 11, pp. 2632-2641, 1995.

00,00,00000000000000000000000000000000
000000000000000000000000 CADOOOO, 96-CG-81, pp.
73-78, 1996.

Itoh T., and Koyamada K., Automatic Isosurface Propagation by Using an Frtrema
Graph and Sorted Boundary Cell Lists, IEEE Transactions on Visualization and
Computer Graphics, Vol. 1, No. 4, pp. 319-327, 1995. Itoh T., Yamaguchi Y., and
Koyamada K.,

183



[30]

31]

32]

33]

[34]

[35]

[36]

37]

38]

39]

[40]

Itoh T., Yamaguchi Y., and Koyamada K., Volume Thinning for Automatic Isosur-
face Propagation, Proceedings of IEEE Visualization "96, pp. 303-310, 1996.

Joe B., and Simpson R. B., Triangular Meshes for Regions of Complicated Shape,
International Journal for Numerical Methods in Engineering, Vol. 23, pp. 751-778,
1986.

Johnston B. P., Sullivan J. M. Jr., and Kwasnik A., Automatic Conversion of Trian-
gular Finite Element Meshes to Quadrilateral Elements, International Journal for

Numerical Methods in Engineering, Vol. 31, pp. 67-84, 1991.

Kajiya J. T., and Herzen B. P., Ray Tracing Volume Densities, Computer Graphics,
Vol. 18, No. 3, pp. 165-174, 1984.

Koyamada K., Visualization of Simulated Airflow in a Clean Room, Proceedings of

IEEE Visualization 92, pp. 156-163.

Koyamada K., Uno S., Doi A., and Miyazawa T., Fast Volume Rendering by Polyg-
onal Approxzimation, Journal of Information Processing, Vol. 15, pp. 535-544, 1992.

gobo,d0d,3ggbbouogbobugobuoogboboboboboobobo,obod
OO000o0ooboooO0oob0oobbboooooogon, 93-HPC-48, pp.121-128, 1993.

Koyamada K., and Itoh T., Fast Generation of Spherical Slicing Surfaces for Irreqular
Volume Rendering, The Visual Computer, Vol. 11, No. 3, pp. 166-175, 1995.

Levoy M., Display of Surfaces from Volume Data, TIEEE Computer Graphics and
Applications, Vol. 8, No. 5, pp. 29-37, 1988.

Levoy M., Efficient Ray Tracing of Volume Data, ACM Transactions on Graphics,
Vol. 9, No. 3, pp. 245-261, 1990.

Lischinski D., Tampieri F., and Greenberg D. P., Combining Hierarchical Radiosity
and Discontinuity Meshing, Computer Graphics, Vol. 27, No. 3, pp. 199-208, 1993.

184



[41]

[42]

[43]

[44]

[45]

[48]

[49]

Livnat Y., Shen H., and Johnson C. R., A Near Optimal lsosurface Fxtraction Al-
gorithm Using the Span Space, IEEE Transactions on Visualization and Computer
Graphics, Vol. 2, No. 1, pp. 73-84, 1996.

Lo S. H., Delaunay Triangulation of Non-Convexr Planar Domains, International

Journal for Numerical Methods in Engineering, Vol. 28, pp. 2695-2707, 1989.

Lorensen, W. E., and Cline, H. E., Marching Cubes: A High Resolution 3D Surface
Construction Algorithm, Computer Graphics, Vol. 21, No. 4, pp. 163-169, 1987.

Melosh R. J., and Marcal P. V., An Energy Basis for Mesh Refinement of Structural
Continua, International Journal of Numerical Engineering, Vol. 11, No. 7, pp. 1083-
1092, 1977.

Miller K., Recent Results on Finite Element Methods with Moving Nodes, Accuracy
Estimates and Adaptive Refinements in Finite Element Computations, Chichester,

pp. 225-338, 1986.

Nishita T., and Nakamae E., Continuous Tone Representation of Three-dimentional
Objects Taking Account of Shadows and Interreflection, Computer Graphics, Vol.
19, No. 3, pp. 23-30, 1985.

gb,gd,bgdgdgoooooooboobbobobogog,bobobood
OO00000 CADDOODOODY-CG-45-4, 1990.

gobobbouooogbbboobouooobod1oge.

Pavlidis T., Algorithms for Graphics and Image Processing, Computer Science Press,

1982.
Preparata F. P., and Shamos M. L., Computational Geometry, Springer-Verlag, 1985.

Shen H., Hansen C. D., Livnat Y., and Johnson C. R., Isosurfacing in Span Space
with Utmost Efficiency, Proceedings of IEEFE Visualization '96, pp. 287-294, 1996.

185



[52]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Shephard M. S., Approaches to the Automatic Generation and Control of Finite
Element Meshes, Applied Mechanical Reviews, Vol. 41, No. 4, pp. 169-185, 1988.

0000000000000 000000000000000, Vol. 12, No. 1, pp.
11-20, 1993.

00,00,00,000000000000000000000000000000
000,0 100 NICOGRAPHOOOOOOODOOO, pp. 44-55, 1994.

Shinagawa Y., and Kunii T. L., The Homotopy Model: A Generalized Model for
Smooth Surface Creation from Cross Sectional Data, The Visual Computer, Vol. 7,
No. 3, pp. 72-86, 1986.

Sillion F., and Puech C.; A General Two-Pass Method Integrating Specular and Dif-
fuse Reflection, Computer Graphics, Vol. 23, No.3, pp. 335-344, 1989.

Silver D.; and Zabusky N. J.. Quantifying Visualization for Reduced Modeling in
Nonlinear Science: Extracting Structures from Data Sets, Journal of Visual Com-

munication and Image Representation, Vol. 4, No. 1, pp. 46-61, 1993.

Sloan S. W., A Fast Algorithm for Constructing Delaunay Triangulations in the
Plane, Advanced Engineering Software, Vol. 9, No. 1, pp. 34-55, 1987.

Speray D., and Kennon S., Volume Probe: Interactive Data Exploration on Arbitrary
Grids, Computer Graphics, Vol. 24, No. 5, pp. 5-12, 1990.

Thibault W. C., Set Operations on Polyhedra Using Binary Space Partitioning Trees,
Computer Graphics, Vol. 21, No. 4, pp. 153-162, 1987.

Totsuka T., and Levoy M., Frequency Domain Volume Rendering, Computer Graph-
ics, Vol. 27. No. 3, pp. 271-278, 1993.

Troutman R., and Max N. L., Radiosity Algorithms Using Higher Order Finite Fle-
ment Methods, Computer Graphics, Vol. 27, No. 3, pp. 209-212, 1993.

186



[63]

[64]

[65]

[66]

[68]

[69]

[70]

[71]

Wallin A., Constructing Isosurfaces from C'T Data, IEEE Computer Graphics and
Applications, Vol. 11, No. 6, pp. 28-33, 1991.

Weiler K., The Radial FEdge Structure: A Topological Representation for Non-
Manifold Geometric Boundary Modeling, Geometric Modeling for CAD Applica-
tions, pp. 3-26, 1986.

Westover L., Footprint Fvaluation for Volume Rendering, Computer Graphics, Vol.
24, No. 4, pp. 64-75, 1990.

Whitted T., A Improved Illumination Model for Shaded Display, ACM Communi-
cation, Vol. 23, No. 6, pp. 343-349, 1980.

Welhelms J., and Gelder A. Van, Octrees for Fast Isosurface Generation, ACM
Transactions on Graphics, Vol. 11, No. 3, pp. 201-227, 1992.

Williams P. L., Visibility Ordering Meshed Polyhedra, ACM Transactions on Graph-
ics, Vol. 11, No. 2, pp. 103-126, 1992.

Williams P. L., Interactive Splatting of Nonrectilinear Volumes, Proceedings of IEEE
Visualization '92, pp. 37-44, 1992.

Wordenweber B., Finite Flement Mesh Generation, Computer Aided Design, Vol.
16, No. 5, pp. 285-291, 1984.

Wyvill G., McPheeters C., and Wyvill B., Data Structure for Soft Objects, The
Visual Computer, Vol. 2, No. 4, pp. 227-234, 1986.

Zatz H. R., Galerkin Radiosity: A Higher Order Solution Method for Global Illumsi-
nation, Computer Graphics, Vol. 27, No. 3, pp. 213-220, 1993.

Zienkiewicz O. C., The Finite Element Method Third Edition, McGraw-Hill, United
Kingdom, 1977.

Zienkiewicz O. C., and Craig A., Adaptive Refinement, Error Estimates, Multigrid
Solution, and Hierarchic Finite Flement Method Concepts, Accuracy Estimates and
Adaptive Refinements in Finite Element Computations, Chichester, pp. 25-59, 1986.

187






L] [

oo

1. Ttoh T., and Koyamada K., Automatic Isosurface Propagation by Using an Extrema
Graph and Sorted Boundary Cell Lists, IEEE Transactions on Visualization and
Computer Graphics, Vol. 1, No. 4, pp. 319-327, 1995.

2. Koyamada K., and Itoh T., Fast Generation of Spherical Slicing Surfaces for Ir-
reqular Volume Rendering, The Visual Computer, Vol. 11, No. 3, pp. 166-175,
1995.

3. Koyamada K. and Itoh T., Seed Specification for Displaying a streamline in an

Irreqgular Volume, Fngineering with Computer, accepted.

4. Doi A. and Itoh T., A Parallel Radiosity Approach for Complex FEnvironments,
Using Hemisphere-Base Formfactor Calculation, Journal of Computer Animation

and Visualization, in process.

oo

1.00,00,00,00000000000000000000000,00000
000000, Vol. J75-D-IL, No. 11, pp.1981-1985, 1992.

2.00,00,00,00,000000000000000000000000000C
0,00000000000, Vol. J75-D-IL, No. 11, pp.1986-1989, 1992.

3.00,00,00,00,00,00000000000000000000,000
00000000, Vol. J75-D-IL, No. 11, pp.1978-1980, 1992.

189



4, 00,00,00,00000000000000000000000000000
000000000,000000000, Vol. 36, No. 11, pp. 2632-2641, 1995,

oo

1. Ttoh T., and Koyamada K., Isosurface Generation by Using Frtrema Graphs, Pro-
ceedings of IEEE Visualization 94, pp.77-83, 1994.

2. Koyamada K., and Itoh T., Finding of Critical Points by Using Tetrahedral Cells,
Proceedings of WCCM 94, pp.535-544, 1994.

3. Shimada K., and Itoh T., Automated Conversion of 2D Triangular Mesh into Quadri-
lateral Mesh, Proceedings of the International Conference on Computational Engi-

neering Science '95, pp. 350-355, 1995.

4. Ttoh T., Yamaguchi Y., and Koyamada K., Volume Thinning for Automatic Isosur-
face Propagation, Proceedings of IEEFE Visualization "96, pp. 303-310, 1996.

5. Shimada K., Mori N., Kondo T., Itoh T., Kase K., and Makinouchi A., Automated
Mesh Generation for Sheet Metal Forming Simulation, Proceedings of Numisheet
96, pp. 300-307, 1996.

6. Yamada A., Shimada K., and Itoh T., Energy-minimizing Approach to Meshing
Curved Wire-frame Models, 5th International Meshing Roundtable, pp. 179-191,
1996.

oo

l.gg,ou,b0bo,g0,ggboggbboboooboooboboooboaa, o
60 NICOGRAPHOODOUODOODOODO, pp.45-51, 1990.

2.00,00,00,00,000000000000000000, 070 NICO-
GRAPHOOOOOOOOOO, pp.77-84, 1991.

190



3. 0ug,ud,3gbuobogogbobobougboouoboogob,oban
OO00000o00boboo0oooobooboobboogn, 93-HPC-48, pp.121-128, 1993.

4 00,000,00000000000000,070000000000000,
pp.689-692, 1993.

5.00,000,000,00,000000000000000000000000,
070000000000000, pp.705-708, 1993.

6. DU, 00,00, 0000b00buoboboboboobooooboboooba
OO0000O0D,000000000D00D0 cADODOOOOO, pp.61-68, 1994.

7.000,00,CAEC00OOOOOIVSO00000N,.00000000000
00 CADODOOO, 94-CG-71, pp.1-6, 1994.

8. 00,00.00,00000000000000000000000000C0000
000,0100 NICOGRAPHOOOOOOODOOO, pp.44-55, 1994.

9. 00,00,000,000000000000000000,0000000000
000 CADOOOOOO, pp. 41-49, 1995.

10. 00,00,00,00,0000000000000000000000O0,0110
NICOGRAPHOOOODOODOOOO, pp. 105-115, 1995.

1. 00,00000,0000000000000000000000000000,
0000000000000 CADODOO, 96-CG-80, pp.1-6, 1996.

12.00,00,00000000000000000000000000000000
000000000000000000000000 CADOOOO, 96-CG-81, pp.
73-78, 1996.

oo

l.gg,gb,bog,gggooboogoobooooboog,poougooooboo
oooood, b-607, 1990.

191



10.

11.

12.

13.

Loo,oo,gb, g0, 0boggbooobboobogobogbb,991uoaf

Oooobooogobg, D-275, 1991.

gbo,b0b,0d,gbbobooggobbobooogbbbboooag, 1991d
oboooboboooboobg, D-277, 1991.

go,db,gb,gb,gbbobbogbobodgbuooboboog,991o0d0od
Ooooooogoo, D-278, 1991.

00,00,00,0000000000000C00000000O00O00O0 (2), 1992
gbooboogbobooogn, 1992.

gbo,gd,bg,boo,0ob,ggbboooboogbbboooboonobod
g, 19920000000 b0bo00obon, 1992.

go,db,db,gb,gbboodboubboobuoobboobboodgn, 1992d
gboboooogobooboodd, 1992.

00,000,0000000000000000000,000000047000
00, 4R-8, 1993.

00,00,00000000000000000000000000000000
0,00000004700000, 2V-6, 1993.

gbo,dd,ug,oboogooooobogobooobooobobooooog,
OooobogoD4900000, 1R-9, 1994.

00, 00, RenderMan Interface 00 000000000 DOO0ODOOO0O,000
O0O005000000, 2C-8, 1995.

O0,00,00,00000000000 Delavnay3000000000O0O0O0OOO
ooOo,007bo0b0obooobooooooog, 1995.

go,db,ggbbodobobdbobboobobooobuooobbooobobobog
O,00000005100000,4S-3, 1995.

192



14.00,00,000000000000000000000000,0000000
5100000, 7Q-1, 1995.

5. 0bboggbobouogobuoggubobuooooboooooboooooboo
OO00005/30000005Q-4, 1996.

0O

1. 000000000000000000000000000000000000 Vol.
38, No. 3, 1997.

2. 00000000000000000000000000000000Vol. 38, No.
3, 1997.

3. 0000000000 DO000ooO0boDob0oboOooOooOoDOoDgVol. 38, No. 3,
1997.

193



