
Lightmap Ȍ ː

Ntreev Soft



Agenda

ÅLightmap Ơ ː ¼
ïUnwrapping Ơ ː ¼
ïRadiosity Ơ ː ¼

Å Ĭ ¼



Lightmap ?

Å ᾀƀ ἒ

ÅIrradiance
ƀ ː
Irradiance map
ῥ .



Quake2



Mirror s Edge



Why?



(Patch)

ÅLighting Ť ὲ

Å¡¡ Patch ἒLightmap 1 ᾌ

Å   Ὦ ǰ Ť  ἧ
ïLightmap ₪ 
ïŤ ¤ ῥ Ę



(Patch)

http://graphics.stanford.edu/courses/cs348b -00/lectures/lecture17/walk006.html



ƕ

Unwrapping Baking



ƀ ¼

Unwrapping Baking



Unwrapping

ÅSegmentation
ÅMesh parameterization



Atlas, Chart

ÅAtlas Chart

Chart

Atlas



Unwrapping Ĕ

Åʀ Patch
Å Ɓ Ὦ.
ïצ¡ ː ˘ Unwrapping
╡ ₪ Ĭ ╥ Ɓ Ὦ ƀ

Ὦ.
Large Chart Low Distortion



ƀ

ÅIso-charts
ÅLSCM
ÅABF++
ÅD-charts
ÅMCGIM
Åː



Iso-charts

Å ƀ Chart 

ÅUVAtlas in DirectX9
ïD3DXUVAtlasCreate, 

D3DXUVAtlasPartition, D3DXUVAtlasPack
ïuvatlas.exe

ÅHalo3 ₪ ▀.



Iso-charts Ɯ

Å

Å

Å ƀ ἒὮ.
Å ŝŤ Ὦ.
Å ː ˬ ɠ

Ť ׂṽὮ.
Å Atlas Ὦ.



ƀ ¼

Unwrapping Baking



Baking

ÅRadiosity ƀ , Lightmap ¡
¡ Irradiance Ť ἒ
Ɯ .

Å

ïRadiosity ¼
ï

ïRadiosity ƀ ¼



Radiosity

ÅDiffuse   ἒ
Ʊ , ♄

Diffuse 
Ť ἒ .

ÅDiffuse Material Ὦ ː
₫ Ὦ.

ÅDirect Lighting Ɯ
Indirect Lighting Ť



Direct Lighting

Å ׂ Ȍ¹
צ ἒ

Ʊ ᾌ Ť
ἒģ

Å  
ƕ ƀʘ
Ὦ.



Indirect Lighting

ÅὮ ː
╝Đׂ

Ὦ
ׂ Ť Ὦ.

Å Ȍ Ȍ Đׂ
ƕ¤ ἒ ἒ

Ὦ.

ÅColor Bleeding Ɯ



ÅFlux
ÅSolid Angle
ÅRadiance
ÅIrradiance
ÅRadiosity
ÅForm Factor
ÅMonte Carlo Method
ÅRussian Roulette



Åὲ ¤⅍ Ɯ ἒ ᵊ
Åὲ : J/s, W(watt)
Å  
ÅὮ

Radiant Power

Flux



¡(Solid Angle)

Åὲ :steradian



Radiance

Åὲ , ὲ Solid Angle ᾌ Flux 
ÅL = d 2 /(dwdA )= d 2  /(dwdAcos)

dA

dAʪ



Irradiance

Å ὲ ἒFlux 
ἒ Radiance

Åὲ : W/m 2

ÅE = d / dA (A: ) 



Radiosity

Å ὲ ׂ ἒFlux 
Åὲ : W/m 2

ÅM = B = d / dA (A: )



Form Factor

Å ╡ ᵊ Ὦ ₪ὶ
ᵊ



Form Factor

Self-emitted

radiosity

reflectivity total 

radiosity

Form factor



Monte Carlo Method

Å Ť ː ♠¼ᶒ ׆
ἒ² ׂ Ȍ ἒ

Å 1)  Ȍ ː

N = 
Nc = ϥ
A = 1( ¡ )
Ac =  /4(ϥ )
Ac /A =  /4 =Nc /N

= 4Nc /N



Monte Carlo Method 2

ÅƱ ╝ἒRayׂ
Photon

ĬŐ ἒ 
Đׂ
  Ὦ.



Monte Carlo Estimator

ÅMonte Carlo ʜ
Ȍ Ὦ.

Å ¼ (N)   ˬ
Ὦ.

♠Ṫ
Estimator



Importance Sampling

ÅMonte Carlo Estimator Ȍ
 ˽Ĭ ῥ

 ˬ ² Ὦ.

Å 1) Ʊ Ť
Ʊ ῥ Ray Ὦ.

Å 2) ¤ Ʊ Ť ᶺ
Ɯ ˬ ῥ Ray Ὦ.



Russian Roulette

ÅIndirect Lighting Ť RayׂPhoton
ׂ Ὦ.

ï

ïPower  צ ¨ŝ
Å ♄  צ ᵊ

Ὦ.

ï ╥ ὮRussian Roulette 
Å ᵊ Ὦ.



Russian Roulette

Åq ך     ╝
ᵊ ἒŐƜ Ὦ.

Åq RayׂPhoton Bounce 
Ὦ.



Russian Roulette

// Possibly terminate every light path
if( nIntersections > 2 )
{

float q = 0.5f;
if( RandomFloat() > q )

break;
irradiance /= q;

}

♄ ἒ   Ĭ ₪╝ː
q Ĭ   Ĭ ₪ ƀ

ἒq Ĭ  
₪ Ὦ.



Radiosity ƀ - 1

Classic 
Radiosity

Monte Carlo Method
Ray-tracing 
Final Gathering
Path -tracing 
Stochastic Jacobi 
Radiosity
Irradiance Cache
Photon mapping
Instant Radiosity

Scene 
Rendering



Classic Radiosity

Å Form Factor Ȍ Ὦ.
Å ƕ¤ ƀ ¤ Ę ː
Å n¼   n2 * 0.5 Form Factor 

Ὦ.
ÅŤ ₪ ¤ŐƜ ː Ὦ.



Monte Carlo Method

ÅForm Factor Ȍ   Ὦ.

ÅClassic ῥ ƕ¤Ɯ
Ť ¤ Ƽ ŐƜ

Ὦ.

Å ¤ ŐƜ Ὦ.



Scene Rendering 

Å ᶺ ἒ ῥ Ὦ
ῥ ╡ ¡¡

ἒRadiance ¤ ƀIrradiance Ȍ
ἒ .

ÅRay-tracing ¹ ƀ  
ƀ ₪ Form Factor Ȍ ₪╡Ὦ.

Å Ʊ ¤ Ὦ.



Scene Rendering 

1

2
3

4 5 6



Scene Rendering 

7 8 9

10 11



ÅHemisphere map ᾌ
Hemicube map

Scene Rendering 

Distance Map Lambert's Cosine Map



Radiosity ƀ - 2

Gathering

Scene Rendering

Ray-tracing Ḣᾏ

Final Gathering

Path-tracing Ḣᾏ

Shooting

Stochastic Jacobi 

Radiosity

Photon Mapping

Instant Radiosity

ἶҵˌἐ

Irradiance 

Cache



Shooting

Å ╡ ᵊ ἒὮ
ᵊ   Ὦ.

ÅŤ ŐƜ ᾌ
ᶺ Ő Ὦ.



Gathering

Å ἒὮ ╝ἒ
ᵊ ᵊ  
Ὦ.

Åʌ Ő ῥ ἒ 
╥ Ὦ.



Ray-traced 

Gathering

Scene Rendering

Ray-tracing Ḣᾏ

Final Gathering

Path-tracing Ḣᾏ

Shooting

Stochastic Jacobi 

Radiosity

Photon Mapping

Instant Radiosity

ἶҵˌἐ

Irradiance 

Cache



Ray-tracing

ÅDirect Lighting
ï¡¡ Ʊ Ray , 1

Lighting Ὦ.
ïʘ

ÅIndirect Lighting
ïFinal Gathering ὲŤ, Ray

Radiance Ὦ.



directIllumination (x)
estimateRadiance = 0;
for all shadow rays
{

generate point y on light source
estimateRadiance += Le(y, yx) * 

Reflectance * G( x,y) * V( x,y) / pdf (y);
}
extimateRadiance = estimateRadiance / 
#shadowRays ;
return( estimateRadiance )

V(x,y) : x y  ἒ
G(x,y) =   

Direct Lighting 



Direct Lighting



Final Gathering

Gathering

Scene Rendering

Ray-traced Ḣᾏ

Final Gathering

Path-tracing Ḣᾏ

Shooting

Stochastic Jacobi 

Radiosity

Photon Mapping

Instant Radiosity

ἶҵˌἐ

Irradiance 

Cache



Final Gathering

Å Ť ╡Radiosity
Ray-tracing
ῥ ƀ ŐƜ

ᴆ.

Å Indirect Lighting Ť ː
╝Đׂ

Shooting, Photon mapping
Ť 2pass Rendering 

ḇ ː



ÅHemisphere Sampling
, Ȍ

Ray .

Å ₲╡   ˬ
Radiance   Ὦ.

ÅImportance Sampling
ᶺ  ˬ Ray ῥ
ῥ ⅍ ŐƜ

Ὦ.

Sampling



Final Gathering ŐƜ



Path -tracing

Gathering

Scene Rendering

Ray-tracing Ḣᾏ

Final Gathering

Path-tracing Ḣᾏ

Shooting

Stochastic Jacobi 

Radiosity

Photon Mapping

Instant Radiosity

ἶҵˌἐ

Irradiance 

Cache



Path -tracing

Å   ἒRayἒ
ׂ ƀׂ Rayἒ

Radiance ἒ Ὦ.

Å Ray-tracing bounce ╥ ₪
¼ Ray  ╡Ὦ.

Å Path -tracing Final Gathering
¤ Ʊ Ĭ ῥ

Ť ╡Ὦ.
╝ː

Ray-Tracing Ὦ ₪ἒ
ῥ ἒ Ὦ.



Stochastic Jacobi Radiosity

Gathering

Scene Rendering

Ray-traced Ḣᾏ

Final Gathering

Path-tracing Ḣᾏ

Shooting

Stochastic Jacobi 

Radiosity

Photon mapping

Instant Radiosity

ἶҵˌἐ

Irradiance 

Cache



Stochastic Jacobi Radiosity

Å pass ἒƱ Ray
ᵊ   ƀ pass

ἒ¡¡ ╝ἒ ƀ
ᵊ   Ὦ.

Å Ʊ Form Factor ἒƱ ╡
Ray   Ray ׂ .Ὦת

Fij = Nij/N i
Niἒ i ╡Ray , 

Nijἒ i ╡Ray j ₪ὶ Ray 



Ray 

Local line Ř1pass Global line Ř1+2+3Œo`rr


