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Objectives

● Leverage the computing power
of graphics cards for interactive,
but high-quality preview
and final movie rendering.

● Allow .fx materials to be used
in final renderings (large frame sizes,
movie files; shadows, antialiasing).

cf. Alias Maya: Hardware Renderer, Conv



.fx Files

Entire programming of a material 
contained in one text file:
● vertex and pixel shaders
● render settings (alpha etc.)
● a number of techniques
● a number of rendering passes
● specification of inputs (matrices etc.)
● parameters with GUI

Toolkits: Microsoft DirectX 9, Nvidia CgFX



.fx Files

Original purpose:
Let game designers
use complex shaders.

in 3D software (Maya, XSI, 3ds max):
● construct models
● assign .fx materials
● adjust with real-time preview

in game engine:
● load and display models



Implementation

● plug-in for Cinema 4D
● based on OpenGL and CgFX
● load, display, and edit .fx files
● GUI built via API of Cinema 4D



Implementation



Implementation

● Convert standard materials
to memory-based .fx text strings

float4x4 wvp;

float4x4 wit;

float4x4 w;

float4x4 vit;

float4 diffCol;

float4 lumiCol;

texture diffuseTexture;

float bumpHeight;

texture normalTexture;

float4 enviCol;

texture enviTexture;

texture specShapeTexture;

float4 specCol;

float4 lightPos0;

float4 lightCol0;

float4 lightParams0;
float4 lightUp0;

float4 lightDir0;

float4 lightSide0;

float4 lightPos1;

float4 lightCol1;

float4 lightParams1;
float4 lightUp1;

float4 lightDir1;

float4 lightSide1;

texture depthTexture0;

texture depthTexture1;

sampler2D diffuseSampler = sampler_state

{ Texture = <d iffuseTextur e>;

MinFilter = Linear;

MagFilter = Linear;

MipFilter = Linear;

};

sampler1D specShapeSampler = sampler_state

{ Texture = <s pecShapeText ure>;

AddressU = C lamp;

MinFilter = Linear;

MagFilter = Linear;

MipFilter = None;

};

sampler2D normalSampler = sampler_state
{ Texture = <n ormalTexture >;

MinFilter = Linear;

MagFilter = Linear;

MipFilter = Linear;

};

samplerCUBE envMapSampler = sampler_state
{ Texture = <e nviTexture>;

MinFilter = Linear;

MagFilter = Linear;

MipFilter = Linear;

};

sampler2D depthSampler0 = sampler_state

{ Texture = <d epthTexture0 >;

MinFilter = Linear;

MagFilter = Linear;

MipFilter = None;

AddressU = B order;

AddressV = B order;

BorderColor = {0.0f, 0.0 f, 0.0f, 1.0 f};

};

sampler2D depthSampler1 = sampler_state

{ Texture = <d epthTexture1 >;

MinFilter = Linear;

MagFilter = Linear;

MipFilter = None;

AddressU = B order;

AddressV = B order;

BorderColor = {0.0f, 0.0 f, 0.0f, 1.0 f};

};

struct appdata {

float4 posit ion : POSITION;

float4 norm : NORMAL;

float4 uv: T EXCOORD0;

float4 tang : TEXCOORD1;

float4 binor m : TEXCOORD 2;

};

struct vertexOutput {

float4 hPos : POSITION;
float4 uv : TEXCOORD0;

float3 norm : TEXCOORD1;

float3 tang : TEXCOORD2;

float3 binor m : TEXCOORD 3;

float3 view : TEXCOORD4;

float3 wPos : TEXCOORD5;
};

struct pixelOutput {

float3 col :  COLOR;

};

vertexOutput mainVS(appdata IN,

uniform floa t4x4 wvp,

uniform floa t4x4 wit,

uniform floa t4x4 w,

uniform floa t4x4 vit)

{

vertexOutput  OUT;

OUT.uv = IN. uv;

OUT.hPos = m ul(wvp, IN.p osition);

OUT.norm = m ul(wit, IN.n orm).xyz;

OUT.tang = m ul(w, IN.tan g).xyz;

OUT.binorm =  mul(w, IN.b inorm).xyz;

float3 pW = mul(w, IN.po sition).xyz;

OUT.wPos = p W;

OUT.view = n ormalize(pW - vit[3].xyz );

return OUT;
}

pixelOutput mainPS(vertexOutput IN,

uniform samp ler2D diffus eSampler,

uniform samp ler1D specSh apeSampler,

uniform samp ler2D normal Sampler,

uniform samp lerCUBE envi Sampler,
uniform samp ler2D depthS ampler0,

uniform samp ler2D depthS ampler1,

uniform floa t4 lumiCol,

uniform floa t4 diffCol,

uniform floa t bumpHeight ,

uniform floa t4 enviCol,

uniform floa t4 specCol,

uniform floa t4 lightPos0 ,

uniform floa t4 lightCol0 ,

uniform floa t4 lightPara ms0,

uniform floa t4 lightUp0,

uniform floa t4 lightDir0 ,

uniform floa t4 lightSide 0,

uniform floa t4 lightPos1 ,

uniform floa t4 lightCol1 ,

uniform floa t4 lightPara ms1,

uniform floa t4 lightUp1,

uniform floa t4 lightDir1 ,

uniform floa t4 lightSide 1)

{

pixelOutput OUT;

float3 Vn = normalize(IN .view);

float3 Nn = normalize(IN .norm);

float3 tangn  = normalize (IN.tang);

float3 binor mn = normali ze(IN.binorm );

float2 bumps  = bumpHeigh t*(tex2D(nor malSampler, IN.uv.xy).xy  * 2.0 - flo at2(1.0, 1.0 ));

float3 Nb = normalize(bu mps.x*tangn + bumps.y*bi normn + Nn);

float3 env =  texCUBE(env iSampler, re flect(Vn, Nb )).rgb;

float3 color Sum = lumiCo l.rgb + env* enviCol.rgb;

float3 baseD iffCol = dif fCol.rgb + t ex2D(diffuse Sampler, IN. uv.xy).rgb;

{

floa t3 Ld = ligh tPos0.xyz - IN.wPos;
floa t3 Ln = norm alize(Ld);

floa t3 baseCol =  max(0.0, do t(Ln, Nb))*b aseDiffCol;

floa t spec = tex 1D(specShape Sampler, dot (Vn, reflect (Ln, Nb))).r ;

base Col += specC ol.rgb*spec;

floa t3 L1 = (Ln/ dot(Ln, ligh tDir0.xyz) -  lightDir0.x yz)*lightPar ams0.z;

floa t shadowFact or = max(lig htParams0.x,  smoothstep( 1.0, lightPa rams0.w, len gth(L1)));
floa t d = dot(Ld , lightDir0. xyz);

floa t z = 10.101 0101/d + 1.0 1010101;

floa t2 depthUV =  float2(0.5,  0.5) + 0.5* float2(dot(L 1, lightSide 0.xyz), dot( L1, lightUp0 .xyz));

shad owFactor *= max(lightPar ams0.y, tex2 Dproj(depthS ampler0, flo at4(depthUV. x, depthUV.y , z-0.0002, 1.0)).x);

colo rSum += shad owFactor*bas eCol*lightCo l0.rgb;

}

{

floa t3 Ld = ligh tPos1.xyz - IN.wPos;

floa t3 Ln = norm alize(Ld);

floa t3 baseCol =  max(0.0, do t(Ln, Nb))*b aseDiffCol;

floa t spec = tex 1D(specShape Sampler, dot (Vn, reflect (Ln, Nb))).r ;

base Col += specC ol.rgb*spec;

floa t3 L1 = (Ln/ dot(Ln, ligh tDir1.xyz) -  lightDir1.x yz)*lightPar ams1.z;

floa t shadowFact or = max(lig htParams1.x,  smoothstep( 1.0, lightPa rams1.w, len gth(L1)));

floa t d = dot(Ld , lightDir1. xyz);

floa t z = 10.101 0101/d + 1.0 1010101;

floa t2 depthUV =  float2(0.5,  0.5) + 0.5* float2(dot(L 1, lightSide 1.xyz), dot( L1, lightUp1 .xyz));

shad owFactor *= max(lightPar ams1.y, tex2 Dproj(depthS ampler1, flo at4(depthUV. x, depthUV.y , z-0.0002, 1.0)).x);

colo rSum += shad owFactor*bas eCol*lightCo l1.rgb;
}

OUT.col = co lorSum;

return OUT;

}

technique t0

{
pass p0

{

Vert exShader = c ompile vs_2_ x mainVS(wvp , wit, w, vi t);

ZEna ble = true;

ZWri teEnable = t rue;

Cull Mode = None;

Pixe lShader = co mpile ps_2_x  mainPS(diff useSampler, specShapeSam pler, normal Sampler, env MapSampler,

de pthSampler0,

de pthSampler1,

lu miCol, diffC ol, bumpHeig ht, enviCol,  specCol,

li ghtPos0, lig htCol0, ligh tParams0, li ghtUp0, ligh tDir0, light Side0,

li ghtPos1, lig htCol1, ligh tParams1, li ghtUp1, ligh tDir1, light Side1);

}

}



Implementation

● Convert color textures
● Convert environments to cube maps
● Convert bump maps to normal maps



Implementation



Implementation

● Render via invisible Win32 threads
working in offscreen buffers

● Compute shadow maps 
● Convert complex highlight shape
to 1D texture



Performance

Hardware

Software



Performance

.fx materials 
casting shadows

large format,
e.g., 2048 x 1536



Performance

Visual quality:

● lighting, specular highlighs,
lateral dropoff of cone light: ok 

● color textures: ok
● environment maps: ok
● bump maps: look different (exact 
computation scheme not available)

● shadows: hard and jagged
● reflection, refraction: none



Performance

Benchmark

Base line: 33.000 polygons, 10 frames, 640 x 480 pixels
System: Pentium-4 @ 2.5 GHz, Nvidia GeForce FX 5900 



Performance

● Dramatic speed-up concerning pixels/s
● But first pixel and first frame
are expensive.

● Optimization for larger scenes?
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Summary, Outlook

● Plug-in for Cinema 4D combining
.fx display and hardware rendering

● Impressive speed-up possible
for long films, large frame sizes,
not-too-complex scenes

● Optimization: Do not re-compute 
textures/objects more often
than necessary.

● Optimization: Occlusion culling etc.


