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ṇ

Â Q. ṇ לּךּ ︡ ךּ פּ︣

ï LV. 1 ּך כֿ טּ

ï LV. 2  ṇ ṇ ḱ כֿ טּצּ

ï LV. 3  ︡ לּ ︡ ךּ or GDC/Siggraph ︡ כֿ טּצּ

ï LV. 4  ︡ or ּך

Â LV.2~LV.3ּט

ï ךּ בֿ ךּ

טּצּ כֿ ︡ ךּ ︣

ï פֿ ṕךּאל ṇ Ṗ



￼ פֿ שּ ךּאל

www.youtube.com/watch?v=sYX9I3ONHc4

https://www.youtube.com/watch?v=sYX9I3ONHc4


ṇ

Â PC: 60fps

ïGPU: NVIDIA GeForce GTX 780 Ti

Â PC: 20fps

ïGPU: NVIDIA GeForce GTX 860M

Â : HD



Â : Museum

Â GDC ︡

Â

ï שּקּ

ï ṇ

GDC

CEDEC



Â : 

Â :

Â : 



Â : 

Â :

Â : 



ḱ ṇ

קּ ︢

︡



Â ò ó & ּל

òThe Third & The Seventhófrom Alex Roman http://vimeo.com/7809605

http://vimeo.com/7809605


ṇ

) GDC2014 צּ שּקּ ︣



Â לּךּלּ צּ ?פּ

ï שּ ṇ︣ טּצּ

ï ṇ ךּ צּ

ï ךּ ︣ טּצּ

Ҝ טּ

Ҝ ḭֿכ ︡ ךּ ךּ ︣



Â : 

Â :

ïLighting/Shading

ï

Â : 



Lighting, Shading



￼ כֿ צּ קּ



LightMapLightMaps



LightMapLightMap+AlbedoMaps (+Directional Light)



LightMapLightMapLightMap+Image-Based Lighting



LightMapLightMapLightMap+ /



LightMapLightMapLightMap+Local Reflection



LightMapLightMapLightMap+Fog



ṡ Ṣ

Â נּ צּךּ

Â ︡

ï

ï

ï



ṡ Ṣ

Â

ï ︡ ḱ

ïGlobal Illumination



ṡ Ṣ

Â

ï ḱ︠ ︠

ï

ï

︡ ךּ

ï לּנּ



ṡ Ṣ

Â

ï

ïò ṇ ó ṇ

︡

ïAnti-Aliasingּקּצ

Åֿכ קּ ךּ פּ

Å ︣

AA ︡ AAּט



Â צּ צּ

ï

ïGI

ï

ï Image-Based Lighting

ï Local Reflection

ïAnti-Aliasing

ï

ẑ Post Processing אל



PBR, Shading Model, G-Buffer, SSAO, Fog etc.



ò ṇ ó

Â ó óשּ︡ לּ

ïShading

ï ṇ

ï

Â ︣

ï Image-Based Lighting

פּ R&D



Â Image-Based Lighting 

ï ךּףּ

Â Light Map

ï IBL Cubemap

ï Diffuse

Â Local Reflection 

ï a.k.a. Screen-Space Reflection

ï IBL נּ ךּ ךּפּ לּ

IBL

IBL+ 
Local Reflection



Shading Model

Â BRDF

ïCook-Torrance (NDF ðGGX, G Term ðSmith, Fresnel ðShlick)

ï Lambertian

Â ṇ

ïUnreal Engine 4 ṇ [Karis13]

Å ︡Roughness Shininess (=1-Roughness)

Å BaseColor/ Normal / Shininess / Metallic / Cavity



פּ כֿ 1

Â Deferred Renderer

ï 40 Render Target

Â ךּ כֿ

ï ︡

ï

Å Spot Light, Point Light



פּ כֿ 2

Â Fog

ïShadow map ray-marching

ïCubemap ể וֹ

Â SSAO

ïAlchemy AO

ï ︡ GIוֹ

Åὅέὰέὶᶻ ὰὩὶὴὄὥίὩὅέὰέὶȟρȟὃὕὝὩὶάȠ



G-Buffer

Â ṇ Octahedron normal vector encoding [Meyer10]

Â LightMapColor Emissive ︣ טּ

Â Local Reflection VertexNormal ︡ ךּ טּ צּ ךּ

Â Clothness ṇ צּ

RGBA16

RGBA8

RGBA8

RG16

R11G11B10

PackedNormal.x PackedNormal.y Depth Shininess

BaseColor.x BaseColor.y BaseColor.y Metallic

BaseColor.a Clothness VertexAO Cavity

Velocity.x Velocity.y

LightMap.r LightMap.g LightMap.b



GI
Light Maps, Sun/Sky



Light Map Baking

Â 3ds Max + V-ray

Â

ï Albedo וֹ

Â

ïHL2 basis ךּ

Â ~50MB (BC6H)



Sun/Sky

Â HDRI+ 

ï אל︣

Â פּ



Â Punctual Light

ï ɵצּ אל ךּ

ï ︡ ɵ ︡

ï Punctual Light

Â V-Ray ︣ V-Ray

ï שּ︡ קּ לּ נּ צּ

Å 2צּ ךּ ︣



, ṇ ṇ



Â

ï ךּ /

Â לּנּ



Material Layering

Â 5 ṇ (Ẁ ) ể ṇ ︣

ïAlbedo, Normal, Shininess, Metallic, Cavity

ï ṇ

ï ︡ UV צּ



Material Layering

Â

ïThe Order: 1886 לּ [Neubelt13]

Å ︡ ךּ︣

ïUnreal Engine 4 לּ [Karis13]

Å UV ṇ ︣ כֿ

Â וֹףּ

ï ṇ ṧ

Å



Material Layering

Â ṇ ṇ לּ

ï ︣ טּ ḭצּ צּ

Å ︡ ︡ צּ

Å ︣ ḭ4K צּ נּ ךּ

ï UV ṇ ︡ ︣ כֿ צּ

Â G-Buffer קּ ︡

ï ṇ ︡ ︡ḭG-Buffer



Â ṇ

ïMaterial layeringẀ ṇ

ï Cubemap נּ





ṇ ṇ

Â

Â Raw פּ ︣ [McAuley12]

ïּצḭ ךּ )ךּ וֹ )

ẑֿכ ︣



ṇ ṇ

Â ︡ צּ רּ︣

ï Ẁ אל ṇ צּ

ï rawּצ ḭךּ צּ ךּ

ï ṇ פּ ךּ︡

Å ︡ רּפּךּ צּ רּ︣

Â ︣ פּ

ï ṇ ṇẀPBR קּ צּ

ï ︡ לּ פּ ︡ ךּ



Image-Based Lighting

Image -Based Lighting
Localized cubemaps, cubemap blending, parallax correction



Image-Based Lighting

Â Cubemap ךּ [Karis13]

ï צּ

Â צּ

Cubemap Shininess Map



Image-Based Lighting

Â

ï êDiffuse Specular IBL

ï êDiffuse Light Map, Specular IBL

Â ךּפּ Local Reflection לּ

Â Parallax Correction ︡

ï ︡ צּ כֿ ṇּצ ￼קּ

ï טּ צּ ￼



Localized Cubemaps

Â ṇ Cubemap וֹ לּךּ וֹ פּךּ ךּ

ï לּ ṇ קּ לּ ︣

ï (Box (Sphere︡ךּ



וֹףּ Localized Cubemaps

Â 90

ï 256 ú256 pixels

ï~50MB (BC6H)



Localized Cubemap ךּ Shading

Â Cubemap( ) Ṅ

ï Shading לּ



Localized Cubemap ךּ Shading

Â Cubemap( ) Ṅ

ï Shading לּ



Localized Cubemap ךּ Shading

Â Cubemap( ) Ṅ

ï Shading לּ



Localized Cubemap ךּ Shading

Â Cubemap( ) Ṅ

ï Shading לּ



Localized Cubemap ךּ Shading

Â Cubemap( ) Ṅ

ï Shading לּ



Localized Cubemap ךּ Shading

Â Cubemap( ) Ṅ

ï Shading לּ



Cubemap

Â Cubemapּצ ︣ טּצּ

כֿ pixel Ḵ



Cubemap

ὍὶὶὥὨὭὥὲὧὩȟ

ὅόὦὩάὥὴρzύρ ὅόὦὩάὥὴςύzς

ύρ ύς

Cubemap1 Cubemap2

ὖ

ύρ

Weight

X
ύς

ύρ ύς



Cubemap

Â Deferred Shading ︡

ï ︡

Â Ẁ

ï צּ כֿ לּ קּ

ὅόὦὩάὥὴρzύρ ὅόὦὩάὥὴςzύς

ύρ ύς

ὙὋὄὧὬὥὲὲὩὰ

ὃὰὴὬὥὧὬὥὲὲὩὰ



Cubemap

Â 16bit float צּ ךּ ṇ טּצּ

ïCubemap צּ orךּאל ךּקּ

ï 16bit floatצּ נּ

ï ρὩצּ טּ

ὅέὰέὶ ύzρ

ύρ
ᵼ
ρὩ πzȢππρρφὦὭὸ

πȢππρρφὦὭὸ
ᵼυȢωφὩ ρφὦὭὸ



Cubemap

Â וֹ שּףּ

ïR16_UNORM

ï 2 alpha ￼ḭ ṇ ︡ rgb

ὅέὰέὶ ύzρ

ύρ
ᵼ
ρὩ πzȢππρσςὦὭὸ

πȢππρρφὦὭὸ
ωȢωυὩ ρφὦὭὸ



ṇ

Â Cubemapּצ Pixel Shaderּצ

1

2

3

4

Cubemap


