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Interactive Global Illumination : varying positions of

the light source

Student : Chun-Hao Lin Advisor : Prof. Chia-Hoang Lee

Department of Computer and Information Science
National Chiao Tung University

Abstract

Although global 1llumination can offer realistic effect for scene
rendering, most of the.techniques.require vast amount of computations as
well as tremendous amount of time-for rendering. Thus it is still not
applicable for interactive or real time applications.

In this thesis, we propose a method which can compute global
11lumination for complex scenes very efficiently even when the position
of light source is dynamically changing. The method uses a polynomial
11lumination map to approximate the shading of the scene for all possible
positions of light source. The construction of the polynomial illumination
map 1s based on the photon density map which is derived from traditional

photon map.

Keywords : Photon Mapping ~ Polynomial Texture Maps ~ Photon Density Map ~
Polynomial TlluminationMap ~ I1lumination Estimation ~ Global I1lumination
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T HERMNEFR AT GREF TS TE FaE L P2 - > FERFH
® (Scene)g Bl ehE F & > % R (Global lllumination) &3+ & i g1 L » chE & o
Rah F Behi e & X 9t h > ® PSR (Rendering) B Ap § B PF > Flt 0 &
IE kTN R TR A2 R TR -

DEBP Y GRS R Y T KR F SRR AT ER G > NAL T
FOVRST - ERMEE - ¥ Loty 2 E e 7 RIS Bi(Path Tracing) > 3¢
[JEN95] [LW93] [LW96] [VG94] ~ i £ *§ s+ (Raiosity) > 3% [HSA91] [DFD93]
[JMLD99] ~ 3£ # 3 (Photon) 33X [JENO6] [JEN97] [JENO1]% - H ¢ » k3 4 &
# sk 3 b it2 (Photon Mapping) JENO6] 5 = F »c e 2 2 v g 2L ¥ B F
B R R Tk o RA Rt AR TR RS E ek 3 X2 R - B kT R
FEFYEH - AL ety o AXE 5 F 42 %éﬂﬁfjfuﬁ LR a3
FRTEE 0 FP A A SR T RERE AT B3k (TR o A Image-based
rendering A4f 32 7 & S F LR RE 7 5 0 A B Ae[TSHIT]

[DHT 00] [EHY95] [MGWO1]% - # ¢ » 7 18 ;% pL ]2 (Polynomial Texture Maps)
[MGWOL]4 * * 23832 B en= 58 HpbBB ) thx - B g u- B = g5
kAT HLREE R EARAL > LF A LR T AL B RTRE R
SRERIR. oo ¥ PR e Bk T o
FTEN IO ERPE T EZRFTF ABS e [WBS03]L & &
FPRRBREFCAROE R BRI FARENERRAN Y AEL TR &
$5 TP AL 35 kR IR T BRI E o [WKB_02]R] 16 * T (7 A 40 id 22 5 5
RRBEPrF i £35 8 o ¥ ob o [PDC_03] [WS03]% £ fit * 4 WAL A8 2 45 4
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R Bl e

god bk ehgd et 5 B A 2 ez 5 Sk 3 ) (Photon Map) g = 0 B - a0 %
7 3% fR & Bl(Polynomial Illumination Map) = % /& * ** fi¢ * 4 3 & chffe (Tl LT >
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2.1 PLiE

BREVRFRLF RN E 0 RPEBS - FAAY €8 chijive 73 kP
P gy e 2 R 3D F R ¢ R 17 2D e S A B o ek PR T
BREITe o4 8 e U KPR R RE 2 RS e Y 0 T A N i

gk AP e o S o

2.2 Sk g B

ki B2 B % .4 Turner Whitted > 1980 # 4% 1\ [TURS0] > i&8_% — 1 ¥+
A2 Aeip P REFT R GRS S F o BRSPS P H T &g F ot
ORI A el s ke (e d 3SR E R T R 7 B ISR s en T
@2 dedl o 2 g o B RS AeH(Diffuse) L b 0 T - B A& R AR
ROEFEBE G5 o TR o2 153 H v ] iR en(TE T R de

[JOH84 ¥ 12 B2 e L ~ [GFREBIF >+ F s aF 244 Fead 3 1k ) e & o

kg Bigk * vhi 3N (Recursive) sriw & 72 5 [Wat00] -

ShootRay (ray structure)

intersection test

if ray intersects an object
get normal at intersection point
calculate local intensity (Ijocar)
decrement current depth of trace
if depth of trace > 0

calculate and shoot the reflected ray



calculate and shoot the refracted ray

Calculate and shoot reflected ray elaborates as
if object is a reflecting object
calculate reflection vector and include in the ray structure
Ray Origin := intersection point
Attenuate the ray (multiply the current k;, by its value at the previous
invocation)
ShootRay(reflected ray structure)
if reflected ray intersects an object

combine colours (kg I) with Liocal

Calculate and shoot refracted ray claborates as
if object is a refracting object
if ray is entering object
accumulate refractive index
increment number of-objeets that'the ray is currently inside
calculate refraction vector andinclude in refracted ray structure
else
de-accumulate refractive index
decrement number of objects that the ray is currently inside
calculate refraction vector and include in refracted ray structure
Ray Origin := intersection point
Attenuate ray (ki)
if refracted ray intersects an object

combine colours (ki I) with Ijocar

where
kg is the global reflection coefficient

ki 1s the global transmitted coefficient



2.2.1 &+ kg e (Forward Ray Tracing)
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223 B Sk B ig B (Bi-directional Ray Tracing)
o kP BG - 8 AT v Apkae kBB HieDS 2 o R TE 0 B R
HRT G AL 5 &R b R RER S P X B - B A BT D

Gt R aniER T R RFERER L 0T 7 4oB 3 Hror o

/é\

DR



2.3 & 3 pt &% (Photon Mapping)
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e FAKIEY o JIF BHROBEE R AZEXNRET I KT F P BT A1

d@(xT)d
dAdw (2)
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GBS KRR T SO EERR R O o SR BREE b
F - BTG kR - B IR F b 0 Bk R RAEAIE T - 2R

FACEF L o

3.2.2 AR+

FAOEF g Ak RENRE REA A e B F kT > FRFRIRED
EHEE Zodk e 50 YRR FATE S SR g A PR (TR R E BTG Sk Ran
=

K3 et B 2 N Ap etk 3 pbEE > F Bk 3 e EiR KR g A G
& #c(radiant distribution function)#7/4-2_> AN P ArplE g F ¢ - @ % 7 Bk RE

G kR R TR PR o kT TR LT

struct Photon

{
float power; // photon power
float pos[3]; // photon position
unsigned char theta, phi; // incoming direction
short plane; // splitting plane for kd-tree
53
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& - S PR BN R 0 H e & (% dkpower) ~ =¥ (¥ #pos[3]) % > w
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(% fictheta % phi)= B 8> £ F FF bt L 7 Sfiee FF 5~ > (T8> R TG
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I e ferizdoon o BT E A G RIS PRIL A T AT L

if (z<pq)

do reflect diffuse
else if ( z < pgtps)

do reflect specular

else
do absorb
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