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Vliegn) e A4t H3d=E 7IxIvtar g4 UdoH10]. 714 ve 4 &3
(vertical decomposition)?] %3 &Hx%olal, g AI2E9] Ao v 435}
= dFelH, A, (n) < (n,q) Davenport-Schinzel =2 o} Zeolelt}. s}
ARk vt oA e A A oy EA wEel AHAAHEE

3349l olatel mALl|A ATetn AASA Fah AL olyrin %A



15

2.2 39A BA

71824 kAt A WHLE Wooo] =l AAHSRE Adrgo]l Ho 9l
[19]. dwrdgo=m 9z A dag 2 onx ZIAd HH(image
precision method)¥} 2 HAE XAl A = (object presicion method) o &

it

2.2.1 o] A] ZAH B
A e Fde AReR ske] zlo] oJuA|(depth image)E ¥
35 Ay & o 4 A s s =4l

@ el gol @t gl oln

‘q
Aol AgE e mlasld YA oS ddeks Wgelvi[20]. A

g Pgel & ¢S a"A BAeA Aol (aliasing)o] A THE A
oty dejobd& 1HAY AAl(edge)oll A FA k=, AA AL Ao
(perspective aliasing)? 79 g o} (projective aliasing) &= & 4 3l

t}[23]. 9 AgolA e

ol

Atk AR o} ke AN wAsD T

G deobd 2 ARSI G Gl xd P 4wt g E u 2

o Aol TAE | Adsty] gk B2 Wyo] Aok Hh Reevest Ewt
Al IEH A dial HAE R 24 ZEH(percentage closer—filtering)

o a9A AA% 2ePsd delopd e ZT[24]. Brabeck 4l



16

B4 224 BEPe el Juel a9 9 AdPel AHgArk25). 2
goby BAL @A Wel YETH BRI 3ol TYHLR o]F neh

at7] A1 e r ayA Yo dEFAE 8t

a2
o
fitl
ilfg
AC)
rr
a2
oo
X
N
s

2} M(adaptive shadow map) 7|HE AFHAT[26]. 18} o] 7He 2 =

H2k ol ARE AAS] 2l & A= W] ¥ 1A W(perspective
shadow map)%= - rEth[23].
JHAE s fF oA ZoAd wRler FAd FHR(ray-

tracing)S AHE&SH71= vk whE FAH FHAMS 9fd] PCso 2B Y

of
Ho
=
[l
o
=)
o
[l
it
=,
>
>
[»
et}
o
o,

& 3to] A £ S = }H[28,29]. E
=R FA FAHS H83 J]Eo agx W A4 Wyl GPU9

g olAlold Vlee Agstel adA fie wWEA Aisks U

o

enaE TANA PHe ¥ AAET I ANFORA AA
delobd EAE AT Blinne 1A} =9 wWel AuEel

FEANAA 7= 2"A HZd(shadow  polygon)s o w 7



17

dugstel adAE FAPUG30]. 22y AT =R REo

E3e A9 oe] W FYslof st €A g Ve g s g
Hagol| EA)st7] witol] FAl dglopdo] A 4 St
oHAE ZEAlAe A yIHoer: a¥x EH(shadow volume)

JHAE A4S AR el 9Rd4 Bage] 2 g wel ygow
Fgstel YA AAFE ot TP BFS T@Y] 948 BSP
Edg AgSVIE @cH3233] o Jde Beel BAYA A5 Fol
5% © vhtk ¢ WAL ATA Holok s walel Utk Heidmanne
A sEdele] 2ud wnE Agslel UZdel aux BEH

w4l gAabetel agHow  adAsE A4

4
oz
g
o

2= o) -
T »)]\'C

Al FETH[34].



18

I A3 22 A< A% A9
ZkN 3 AY dagE

B A s GPU & olf3 gi&x nd do"s 993 497 7pA s
A9 dngfES AT £ oW ) 3o 5 A ubf o] o w
TAE CAD & oMt B2 wi= e Holx G A7tyge

A oA ok mrki ol Aekste] A9Y AN AY BAF Fol



19

| <)zt

=S

s

3
<

starzk goh ok

:rL

70

3} 7]

4 o7

= EEselr.

Al
=

cl, c2, c3, c4 ¢

—_
o

<
22

e

x
o]

Ao GAelaL, =

e

A}t

ol A

alg
H]

jp

T 79 A2 yekdd 2 SN = A



e olgstel Az ojdAAwEY #H 97 Auge Fach
3 WAClAE A AR FH 97 aagel EEe] A @t 474y
Ao 2g Feha, O PR BolX i 7Y AvA e A,

311 A9 & 24

&3

7]

Al

o 2

O

X

grol AZdtH 2y 3-2).

“(distance field)> 3 oAl Azt

A2l Z(directed distance field)oll A 2]

]

= (35 O
\:JE(:EIZ'C ‘—E]f

Myl a7z o) HaAel o] 2z ghs 7l A

X oA

= A 7y 7}

KR
= 1

ek

g HeAE gs 7R ol

2~

=

N

2ol

=
=

Eefolaz i, o

oJEAIIM EAUR S

=
-

s

Zetol 2o &

CEPSES R

s

s

o)
A



21

Iy 3-2
F& A Fsr A ZE e E R} ojwx] o
Rl Eefolzel Do R AHaul FPEH Y
FEW o] MHAd = A A Fho] A FHrt.
B A ZvE B} Sefolzo] Hul FYEH B
Foltt.

FYAT. K A F AN A A6Y @ A el 9 Ao

3.1.2 Y AE u}3
Hoodte] Bxe qua e 4% Ag S AAEaL, olE o] &3]

Asz9) A 97 AEEL RE Aotk o ANM £F AP RE



22

ksl
pul

1}

3 oF

el

FoAE el

%

o
T

CER

18] 7]

pEg REJ

-lHli

’1|I

*

*

L o o

&

¢+ 4 o 0 0 00 00 08 g

S ¥ o |

A B A

AR RIJREIFREJFREFRHEF

anj=

by

Rupyn

+
* o4 ¢80

FoH( 1 3-3).

hud

ke

A3

Mg E

1

SNy .Hq-a

S EL—

I

=

4404000900460 90

*0-000 0989009

a3 3-3

5 Q‘

.

Ll

[e)

=

Nia

# E (front) 2}

propagation)

Ay

g urit B2 JERE o] EdT %7

=]
W

paien
j=ap=1

77}

CEENELE

ToJt}.

L

o ®BlI1e

]
“

77

st

)

E 3

W 22 el

°
=

b o

3|

3



23

L ZdES P48 A% 4 dueta 2 4 ZAEeA A7
H1g K2 A9t of 49 pha s,

2. P ol A& @ffaL ek QO Bk KelEtwl EelES &

5% AL A ghol G¥eld Uy Wt Ae 1 Az & e
Mol AL EARTE AL v ol Ael Wl A e
An(1Y 3-4), o A e AN AW ANz Pl HAFAow

Hol&= Ay 27t Fnh



24

ALY 9]
5
B | 1e=cgy

oy 3-4
AR Holl Aol My AA: HF THES A, C oA
Wizl Rt aste]l Mus AAE Zohlal 1

o] A gz e Ay gs etk

R ANGE FuFE AR AAEE 2AFOoRA A5

AAsE 2AHE 7HAE d"Hs FEE 59l 5 =2
oA ZHAIE ARE A A9, A Aol 9 FoE= il
7IN3E A" AnE 2F 3 ¢ Qla, W ol 3 4§



25

IV d&3 XY Zdof meE X 1

Hat § A dags

t
o

Fol = GPUS aab4Ql 7X st ALks 483 A9 a-x 44 &

AANHER AW g B2do)y] wite] Ao adxE AAstEd B
Algbe]l g dnt B =RdAE &% AF mde] adx fE wE Az
o] WA Yal GPU g 2EelolAold 75S A& ojmx ZglA
A 7o afkAE At gt

w2 2 gz W A duglge A F AR PR 1970 A
v 3 FEYS AL 98lA GPUZE A Yste 249 28-S ALgato]

FA AP FE AAE sta, A 29E EdE a9A 55 A4

]_

ol

o] xo] ol st 218A s AT 2= e 284 H

o
o
ofo
ol
s
m
ofN
X
o
fitl
[
o
)
N
)
i
o
1o
>
N
ofth
o
S
>
>
ax
o
fr
=
nj
o
ol
N,
i,

4179 21d9A 9 B

S9A P AAST] QelA Feld AQ dHolH, & kol Wel 7 Ax



26

Aol aARNA obdx] g F digHE= 1HA Wel YA ¥R f
E AAsloF . oAV Fde TR WFE F(directional light), 3%
F<(spot light), ¥ FY(point light) F oW H& ALEstE FHsh & =
ToAE H FY

Rl

o b

WA ol WS AW @ F, 22 A2 HolA FAAA FHL WA

e
[e}

rx
o
k3
oZ
>,
™
i
Y
L
flo
o
faic)
Y
N
N
st
i
do
X
rlr
-z
M
o,
i)
K
)
N
ot
2
o

s Aele Aeld ol i Aol wel o] HxEe] Edd e
Sgowg glow 7] Wi @Al swe] 1A= AA} o b 1
2 AAe el A gng ok & v wek zo] W kol
GL_LEQUALO] T 3] dej&e] wa zho] oolehd ol Ada | A7}
A3 % (occludend] ©la) $43] 711 AL =@ = A" @ A

ol gkol Zol Wsel Aol AW ghuch A7) wEo] vl Ae F}

N

s} Zstel WEE FAY F= 00 Ha, AN AA} wolx e A

B =fo|aE Zlo] vl AAS GL_GREATEREZE Aolsta A& e zlo]

oft



27

=

o gkol ¥ = o

7

ghnrh #Ael

A AelA FLAR HANZ Fae] 2w A&

1]

vgoz ada 478 43

=
=

Fa 1 R

5

of T= Aq%& AAl

—_
o

<
o

3E 4-1).

3
“

2YA B AR K

=

<o
°

o] el o

=
=

a9 4-1

15 WA A G o]

A
R

1 C=2 F

[e)
Ro3
Rl

A A AclA %

Ak

of A7 A Bel A%R AR ol

d& =

v gk,

i

CELE

KN
=

tol el o7k 1 &

H| &

=
=

o 2 owel o] gl h



28

glDepthMask(GL_FALSE);
glDepthFunc(GL_GREATER);
for (int X=0; X < MAP_SIZE; X +=STEP_SIZE)

for (int Y=0; Y < MAP_SIZE; Y +=STEP_SIZE)

{
intx,y, z;
X=X;
y=Y,;
z = Height(pHeightMap, X, Y );
glBeginOcclusionQueryNV(occlusionQueries[0]);
glBegin (GL_LINES);
glVertex3i(x, y, 2);
glVertex3f( lightPosition[0], lightPosition[1], lightPosition[2] );
glEnd();
glEndOcclusionQueryNV();
glGetOcclusionQueryuivNV(occlusionQueries[0],
GL_PIXEL_COUNT_NV, &pixelCount);
if(pixelCount >= 1) fprintf(opFile_shadow, "%d\n", 1);
else if (pixelCount == 0) fprintf(opFile_shadow, "%d\n", 0);
}

glDepthMask(GL_TRUE);

glDepthFunc(GL_LEQUAL);

FHE 4-1
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il

qumination(A) = Iambient + Idiffuse + Ispecular

= kaIa + kdIl(N . L) + ksIl(N . H)ns

k, ambient reflection coefficient I, ambient intensity

kg, dif fuse reflectivity I, light source intensity

N surface normal L light source direction

kg specular reflection coef ficient H= (L+V)/|L+V|

V view direction ng specular reflection exponent
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void VertexLight(float4 position : POSITION,
float3 normal : NORMAL,
out float4 oPosition : POSITION,
out float4 color : COLOR,
uniform float4x4 modelViewProj,
uniform float3 globalAmbient,
uniform float3 lightColor,
float3 lightPosition,
float3 eyePosition,
float3 Ka,
float3 Kd,
float 3 Ks,

float shininess )

oPosition = mul(modelViewProj, position);
float3 P = position.xyz;

float3 N = normal;

float3 ambient = Ka * globalAmbient;

float3 L = normalize(lightPosition - P);

float diffuseLight = max(dot(N, L), 0);

float3 diffuse = Kd * lightColor * diffuseLight;
float3 V = normalize(eyePosition - P);

float3 H = normalize(L + V);

float specularLight = pow(max(dot(N, H), 0), shininess);
if (diffuseLight <= 0) specularLight = 0;

float3 specular = Ks * lightColor * specularLight;
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color.xyz = ambient + diffuse + specular;
color.w = 1;

}

FE 4-2
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ABSTRACT

This dissertation addresses how one can exploit the fast rasterization
and visibility functions available in graphics hardware (GPU) for efficient
visibility culling for large CAD model and shadow generation for a large
terrain model.

The goal of our visibility culling is to remove the invisible triangles of a
CAD model, consisting of millions of triangles, when the camera is located
outside of the given model. We pose this problem as arrangement
computation, and the arrangement of the given model is approximated by
generating the directed distance field of the given model by using GPU
and finding the outer envelope by fast marching method. From our
experimentation, we could cull away more than 70% of hidden geometry
by using our algorithm, taking 6.3 seconds on nVIDIA GeForce 7900GX2
for a large CAD model consisting of three millions of triangles.

Furthermore, we also compute shadow map for a large terrain model by
combining ray tracing with GPU-supported occlusion query. The shadow
map generation took 7.31 seconds for 1024% height map on nVIDIA

GeForce 6800.
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