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Chapter 5        Hardware Shading with Direct3D 
 
This white paper provides a short history and overview of the hardware accelerated 
shading models and the mechanisms for unifying them that are provided by the DirectX 
graphics library known as D3DX for use with the Direct3D low-level API. 

Goals 
Direct3D was developed to meet requirements for game programmers.  They have two 
primary needs: 
1) Deliver novel visual experiences based on the increasing features and performance 
available from graphics accelerator fabrication processes. 
2) Support enough total systems to enable a reasonable sales volume. 
 
This last requirement means the API needs to span hardware implementations along two 
axes.  It must not only support multiple manufacturers, but also the different generations 
of hardware from each manufacturer.  Due to the rapid rate of innovation used to deliver 
novel experiences, there are often multiple generations of a given brand of hardware in 
the consumer marketplace, and while the latest version of a given accelerator can be very 
important to a game developer to target, the publishers of each game title would like to 
take advantage of a larger installed base by including earlier hardware. 
 
While creating an API that can help applications span multiple brands of hardware is 
difficult, helping them span consecutive generations is actually the tougher problem. 
Direct3D has typically sorted the features differences into those that can be 
accommodated by relatively localized code branches (for which capabilit y bits are 
provided), and those that represent generational changes. 
 
Much of the recent work on DirectX Graphics has been dedicated to helping applications 
with this latter task.  A key result of this work is the D3DX Effect Framework, a 
mechanism for helping applications manage different rendering techniques enabled by 
the various generations of hardware. 
 

Effects 
With the change in hardware model for multi-texture, it became clear that a successful 
game would need to provide different code paths for each of the 2 or 3 generations of 
hardware it targeted.  This is because each new generation of hardware has not only more 
advanced features, but also improved performance.  This makes it very difficult to 
emulate the newer generation’s features on older hardware.   The performance of 
emulating a technique is usually worse than the true technique, yet that older hardware 
already has less performance. 
 
For example, many multi-texture blending operations can be emulated by multi-pass 
frame-buffer blending operations.  However, the older hardware that requires multi-pass 
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emulation is so much slower that to provide acceptable performance it really should be 
used for fewer passes, not more. 
 
As a result, separate code paths and in some cases separate art content (texures and 
models) are often needed for each generation of hardware.  This level of impact on 
application architecture is non-trivial, however, many applications began to be 
implemented using this type of architecture 
 
Starting in DirectX7, support was provided for effects in the D3DX library of extensions 
to Direc3D.  Effects are a way of architecting rendering code that isolates and manages 
implementation-specific details from the application, allowing it to more easily span 
generations of hardware, or other variations in implementations.  An effect object is a 
software abstraction that gathers together a collection of different techniques which could 
be used to implement a common logical visual effect. 
 
There is very little policy associated with them.  The different techniques used to 
implement an effect can be selected based on any criterion, not just feature set.  Criteria 
such as performance, distance from the camera, user preferences etc. are also commonly 
used, and sometimes combined together. 
 
Effect objects can be loaded from and persisted in .fx files.  This enables them to serve as 
collections of binding code that map various rendering techniques into applications.   
 
Because of the efficiency of the effect loading process, they can be dynamically loaded 
while an application is running.  This is extremely useful for efficient application 
development.  When an effect is modified while the application is running, it not-only 
saves the time required to reload the app that would be required using a compile-based 
process, but more importantly, the time for the app to reload all the models and textures it 
is using. 
 
Like OpenGL, Direct3D does not have a concept of geometric objects to which shaders 
are assigned to directly.  The API is designed to be a flexible substrate for 
implementation of higher-level object models such as hierarchical scene graphs, cell-
portal graphs, BSPs, etc.  The data model is based on vertices, textures, and the state that 
controls the device, of which shaders are a part.   
 
This flexibil ity is preserved in the Effect binding mechanism.  Effects manage only the 
state information, so the application is free to render its content using any low-level 
rendering calls it considers appropriate. 
 
Effects provide a clean way to make an application scale from single-texture to multi-
texture to programmable shaders.  Or to manage hardware vs software vertex 
transformation pipelines. 
 
The following listings show the evolution of the hardware and API generations using 
multi-texture, assembly level shaders, and the C-level language. 
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DirectX  6 Mult i-Texture 
The following listing shows the code required to implement a specular per-pixel bump 
map using the dependent read mechanism introduced in late 1998 in DirectX 6.0, and 
supported in hardware on the Matrox G400 in 1999, the ATI Radeon in 2000, and the 
nVidia GeForce 3 in 2001, among others. 
 

/*  Render() 
Implements the following specular bump mapping rendering using multitexture syntax 
 
0   MODULATE( EarthTexture, Diffuse ); // light the base texture 
1   BUMPENVMAP( BumpMap, _ );  // sample bump map (other arg ignored) 
2   ADD( EnvMapTexture, Current );  // sample envt map using bumped texcoords 
            // and add to result 
*/ 
HRESULT CMyD3DApplication::Render() 
{ 
    m_pd3dDevice->Clear( 0L, NULL, D3DCLEAR_TARGET|D3DCLEAR_ZBUFFER, 
                         0x00000000, 1.0f, 0L ); 
 
    m_pd3dDevice->BeginScene(); 
     
    m_pd3dDevice->SetRenderState( D3DRS_WRAP0, D3DWRAP_U | D3DWRAP_V ); 
 
    m_pd3dDevice->SetTexture( 0, m_pEarthTexture ); 
    m_pd3dDevice->SetTextureStageState( 0, D3DTSS_TEXCOORDINDEX, 1 ); 
    m_pd3dDevice->SetTextureStageState( 0, D3DTSS_COLOROP,   D3DTOP_MODULATE ); 
    m_pd3dDevice->SetTextureStageState( 0, D3DTSS_COLORARG1, D3DTA_TEXTURE ); 
    m_pd3dDevice->SetTextureStageState( 0, D3DTSS_COLORARG2, D3DTA_DIFFUSE ); 
 
    m_pd3dDevice->SetTexture( 1, m_psBumpMap ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_TEXCOORDINDEX, 1 ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_COLOROP,   D3DTOP_BUMPENVMAP ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_COLORARG1, D3DTA_TEXTURE ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_COLORARG2, D3DTA_CURRENT ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_BUMPENVMAT00,   F2DW(0.5f) ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_BUMPENVMAT01,   F2DW(0.0f) ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_BUMPENVMAT10,   F2DW(0.0f) ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_BUMPENVMAT11,   F2DW(0.5f) ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_BUMPENVLSCALE,  F2DW(4.0f) ); 
    m_pd3dDevice->SetTextureStageState( 1, D3DTSS_BUMPENVLOFFSET, F2DW(0.0f) ); 
 
    m_pd3dDevice->SetTexture( 2, m_pEnvMapTexture ); 
    m_pd3dDevice->SetTextureStageState( 2, D3DTSS_TEXCOORDINDEX, 0 ); 
    m_pd3dDevice->SetTextureStageState( 2, D3DTSS_COLOROP,   D3DTOP_ADD ); 
    m_pd3dDevice->SetTextureStageState( 2, D3DTSS_COLORARG1, D3DTA_TEXTURE ); 
    m_pd3dDevice->SetTextureStageState( 2, D3DTSS_COLORARG2, D3DTA_CURRENT ); 
 
 
    m_pd3dDevice->SetStreamSource( 0, m_pEarthVB, 0, sizeof(BUMPVERTEX) ); 
    m_pd3dDevice->SetFVF( BUMPVERTEX::FVF ); 
 
    if( FAILED( m_pd3dDevice->ValidateDevice( &dwNumPasses ) ) ) 
    { 
        // The right thing to do when device validation fails is to try 
        // a different rendering technique.  This sample just warns the user. 
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        m_bDeviceValidationFailed = TRUE; 
    } 
    else 
    { 
        m_bDeviceValidationFailed = FALSE; 
    } 
 
    // Finally, draw the Earth 
    m_pd3dDevice->DrawPrimitive( D3DPT_TRIANGLESTRIP, 0, m_dwNumSphereVertices ); 
 
    return; 
} 
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DirextX  8 Pixel Sh aders 
The following listing shows an effect file containing a single technique that implements 
the homomorphic factorization method of McCool, Ang, and Ahmad for rendering 
BRDFs.  It uses DirectX 8 pixel shader version 1.1 and vertex shader version 1.1. 
 

///////////////////////////////////////////////////////////////////////////// 
// BRDF Effect File 
// Copyright (c) 2000-2002 Microsoft Corporation. All rights reserved. 
// 
 
vector lhtR;            // Light Direction from app 
vector MaterialColor;   // Object Diffuse Material Color 
 
 
matrix mWld; // World 
matrix mTot; // Total 
 
 
texture BRDFTexture1; 
texture BRDFTexture2; 
texture BRDFTexture3; 
texture ObjectTexture; 
 
// These strings are for the app loading the fx file 
 
// Technique name for display in viewer window: 
string tec0 = "BRDF Shader"; 
 
// Background Color 
DWORD  BCLR = 0xff0000ff; 
 
// model to load 
string XFile = "sphere.x"; 
 
// BRDF technique 
technique tec0 
{  
    pass p0 
    { 
        //load matrices 
        VertexShaderConstant[0] = <mWld>;   // World Matrix 
        VertexShaderConstant[4] = <mTot>;  // World*View*Proj Matrix 
 
        //Material properties of object 
        VertexShaderConstant[9]  = <MaterialColor>;    
         
       // Light Properties. 

   // lhtR, the light direction, is input from the shader app 
    // for BRDFs, these color constants are built into the texture maps   
        VertexShaderConstant[16] = <lhtR>;         // light direction 
 
        Texture[0] = <BRDFTexture1>; 
        Texture[1] = <BRDFTexture2>; 
        Texture[2] = <BRDFTexture3>; 
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        Texture[3] = <ObjectTexture>; 
         
        // Only one colour being used 
        ColorOp[1]   = Disable; 
        AlphaOp[1]   = Disable; 
 
        AddressU[0] = clamp;  // set up clamping for cube maps 
        AddressV[0] = clamp; 
        AddressW[0] = clamp; 
        
        AddressU[1] = clamp; 
        AddressV[1] = clamp; 
        AddressW[1] = clamp; 
 
        AddressU[2] = clamp; 
        AddressV[2] = clamp; 
        AddressW[2] = clamp; 
 
        // object’s detail texture 
        AddressU[3] = wrap; 
        AddressV[3] = wrap; 
  
 
        // Definition of the vertex shader, declarations then assembly. 
        VertexShader = 
        decl 
        { 
            stream 0; 
            float v0[3];        // Position 
            float v3[3];        // Normal 
            float v7[3];        // Texture Coord1 
            float v8[3];        // Tangent  
        }    
        asm 
        { 
            vs.1.1              // version number 
 
            m4x4 oPos, v0, c4   // transform point to projection space 
            m4x4 r4,v0,c0       // transform point to world space 
            m3x3 r0,v3,c0       // transform Normal to World Space, result in r0 
            m3x3 r1,v8,c0       // transform Tangent to World Space 
 
            mul r2,-r1.zxyw,r0.yzxw;   // comptue binorm with cross product 
            mad r2,-r1.yzxw,r0.zxyw,-r2; 
        
            // get negative view vector 
            add r4.xyz,-r4.xyz,c10  
            dp3 r5.x,r4.xyz,r4.xyz 
            rsq r5.x,r5.x 
            mul r4.xyz,r5.xxx,r4.xyz 
 
            //compute the half angle and normalize 
            add r5.xyz,r4.xyz,-c16 
            dp3 r6.x,r5.xyz,r5.xyz 
            rsq r6.x,r6.x 
            mul r5.xyz,r6.xxx,r5.xyz 
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        //now inverse transform everything  
        //r1 = tangent 
        //r2 = binormal 
        //r0 = normal 
   
            //t0 = view 
            dp3 oT0.x,r4,r1 
            dp3 oT0.y,r4,r2 
            dp3 oT0.z,r4,r0 
 
            //t1 = -light 
            dp3 oT1.x,-c16,r1 
            dp3 oT1.y,-c16,r2 
            dp3 oT2.z,-c16,r0 
 
            //t2 = half angle 
            dp3 oT2.x,r5,r1 
            dp3 oT2.y,r5,r2 
            dp3 oT2.z,r5,r0 
 
            //object might have its own texture 
            mov oT3.xy,v7.xy 
 
            //move diffuse color in  
            mov oD0,c9   
        };   
 
        pixelshader =  
        asm 
        { 
            ps.1.1 
            tex t0 
            tex t1 
            tex t2 
            tex t3 
  
            mul r0,t0,t1 // combine 1 st  2 brdf  factors 
            mul r0,r0,t2 // multiply in 3 rd  fa ctor 
            mul r0,r0,t3 // apply detail texture 
            mul r0,r0,v0 // light using diffuse primary color 
        }; 
    } 
} 
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DirectX 9 High Le vel  Shadi ng Language 
The following is a very simple wood shader from the Renderman Companion.  
Implemented as a DirectX 9.0 effect file, it demonstrates the integration of the “C”-like 
high-level shading language into the effect framework.   This should run in 1 pass of the 
pixel shader 2.0 model supported in DirectX 9.0. 
 
fx.2.0 
 
////////////////////////////////////////////////////////////////////////////// 
// Effect parameters ///////////////////////////////////////////////////////// 
////////////////////////////////////////////////////////////////////////////// 
 
float  ringscale = 10.0f; 
float  point_scale = 1.0f, turbulence = 1.0f; 
 
vec3 lightwood = vec3(0.3f, 0.12f, 0.03f); 
vec3 darkwood  = vec3(0.05f, 0.01f, 0.005f); 
 
float  Ka = 0.2; 
float  Kd = 0.4; 
float  Ks = 0.6; 
float  roughness = 0.1; 
 
vec3 ambient_color; 
vec3 diffuse_color; 
vec3 specular_color; 
 
volumetexture noise; 
 
vec3 L; 
vec3 I; 
 
 
////////////////////////////////////////////////////////////////////////////// 
// Renderman-like helper functions /////////////////////////////////////////// 
////////////////////////////////////////////////////////////////////////////// 
 
float  smoothstep( float  a, float  b, float  s) 
{ 
    float  s2 = s * s; 
    float  s3 = s * s2; 
 
    float  sV1 = 2.0f * s3 - 3.0f * s2 + 1.0f; 
    float  sT1 = s3 - 2.0f * s2 + s; 
    float  sV2 = -2.0f * s3 + 3.0f * s2; 
    float  sT2 = s3 - s2; 
 
    return  s < 0.0f ? a : s > 1.0f ? b : sV1 * a + sT1 + sV2 * b + sT2; 
} 
 
vec3 diffuse(vec3 N) 
{ 
    return  diffuse_color * dot(N, L) 
} 
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vec3 specular(vec3 N, vec3 eye, float  roughness) 
{ 
    vec3 H = (L + eye) / len(L + eye); 
    return  specular_color * pow(dot(H, N), 1 / roughness); 
} 
 
 
 
////////////////////////////////////////////////////////////////////////////// 
// Wood Shader /////////////////////////////////////////////////////////////// 
////////////////////////////////////////////////////////////////////////////// 
 
struct  PS_INPUT 
{ 
    vec3 Color    : COLOR0; 
    vec3 Position : TEXCOORD0; 
    vec3 Normal   : TEXCOORD1;  
}; 
 
struct  PS_OUTPUT 
{ 
    vec4 Color : COLOR0; 
}; 
 
 
 
PS_OUTPUT Wood(const  PS_INPUT v) 
{ 
    /* Perturb P to add irregularity */ 
    vec3 PP = v.Position * point_scale; 
    PP += sample3d(noise, PP) * turbulence; 
 
    /* Compute radial distance r from PP to axis of tree */ 
    float  r = sqrt(PP.y * PP.y + PP.z * PP.z); 
 
    /* Map radial distance r into ring position [0,1] */ 
    r *= ringscale; 
    r += abs(sample1d(noise, r) * turbulence); 
    r  = frc(r); 
 
    /* Use r to select wood color */ 
    r = smoothstep(0.0f, 0.8f, r) - smoothstep(0.83f, 1.0f , r); 
 
    /* Shade using r to vary brightness of wood grain */ 
    PS_OUTPUT o; 
 
    o.Color.rgb = (ambient_color * Ka + diffuse(v.Normal) * Kd) *  
        lerp(lightwood, darkwood, r) * v.Color.a + 
        specular(v.Normal, -I, roughness) * (Ks * (0.3f * r + 0.7f)); 
         
    o.Color.a = v.Color.a; 
 
    return  o; 
}; 
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Additional Resources 

 
Chas. Boyd 
chasb@microsoft.com 
 
DirectX email contact for applications to beta program: 
directx@microsoft.com 
 
Developer web site with links, whitepapers, and SDK downloads: 
http://msdn.microsoft.com/DirectX 
 
Presentations on techniques at previous conferences: 
http://www.microsoft.com/mscorp/corpevents/meltdown2001/presentations.asp 
 
http://www.microsoft.com/mscorp/corpevents/gdc2001/developer_day.asp 
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Per-Pixel Lig h t in g  

Philip  Tay lor 

Micros oft  Corp orat ion 

November 1 3, 20 01 

Download the  sour ce code f or this  ar tic le. 

Note    This down load requ ires Di rectX 8. 1.  

This  column is  b ased on mate r ial c ontaine d in the  " Per-Pix el Lig hting "  talk , develop ed and  d elive red by 

Dan  Baker an d Chas Boyd at  GDC 20 01.   I n t he i nterests of  spa ce,  I am n ot  going t o cover sev eral  

advanced t opics covered in th e slid e mate r ial (a vailab le at 

ht tp: / / www. mi cros oft .com/ ms cor p/ corpeven ts/ mel tdown 20 01/ presentat ions.asp an d 

ht tp: / / www. mi cros oft .com/ corpe vents/ gdc2 001/ developer_day. asp) lik e anis ot ro pic lig hting , and  per-pixel 

envi ron ment  map ping.   

I nstead, this  column w ill fo cus on the  f und amentals  of p ixe l lig hting , the  stand ard m odels, the  p rocess of 

defi ning n ew model s, and p rovide an example o f defining and i mplem ent ing a  n ew l ight ing m odel  u sing 

pixel shaders. I t 's in the  area of custom or " do- it-y ourself"  li ghting  mod els that pixel shaders r eally 

shine —but le ts  not g et ahe ad of ourselves. 

Fund ame n ta ls  of  Pe r- Pix el  Lig h ti ng 

First, I as sume  everyo ne is  familiar  w ith b asic d iffuse and  specular lig hting . This  assume s a physical 

mo del, like  that s hown in  Figure 1. Let' s examine  the  stand ard lig hting  mod el, and  d efine the  system and  

the  te rm ino logy.  

Figu re  1 bel ow i s a  diagram showi ng t he st andard l ight ing setup u sed t o desc ri be Direct 3D's fi xed- fu nct ion 

light ing.  There i s a  vert ex,  defined b y t he posit ion  P, a Ligh t , de fined by  t he L v ector, t he View posit ion  

defi ned by  t he V vect or, and t he Norm al defined by  t he N vector.  I n addi t ion , t he di agram sh ows t he "h alf-

vect or" H, part  of  t he Blinn si mpl if icat ion t o Phong sh adi ng.  These el emen ts ar e su fficient t o descri be bot h 

the  d iff use and  specular  reflectanc e lig hting  system. 
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Fig u r e 1.  St an dar d  li gh tin g  dia g r am  

P =  Vertex positio n  
N =  unit no rmal v ector of Vertex P 
L =  unit vector fr om Lig ht to t he Vertex positio n 
V =  unit v ector from Vertex P to  the  View positio n V 
R =  unit ve ctor  representing  lig ht r eflectio n R  
H =  unit vector half way H, between L and  V, us ed fo r B linn s imp lif icatio n 

Diffuse lig hting  us es the  re latio nship  N dot L, where dot is  t he dot p roduct, to d ete rm ine  the  d iff use 

contr ibutio n to c olor . The  dot product represents  the  cosine of the  ang le betw een the  tw o vector s, so 

wh en:   

�x The an gle i s acu te,  or  smal l, t he co sine val ue i s large,  an d so t his component  con tri bu t ion t o t he 

final c olor  is  larg er.  

�x The ang le is  ob tus e, or larg e, the  cosine v alue  is  small, and  so this  components  contr ibutio n to 

the  f inal c olor is  smalle r.  

The  Pho ng fo rmulatio n for specular  lig hting  us es a reflecte d vector  R, representing  the  d irect ion the  lig ht 

is r eflecte d, w ith the  Lig ht ve ctor L,  R d ot V , r aised to  a power n.  The  power v alue  n allo ws simulatio n of  a 

vari et y o f su rfaces,  so wh en:   

�x The power value  n  is  larg e, th e re sulting  hig hlig ht is  tig ht a nd shiny , simulating  a g lossy surface.  

�x The power value  n  is  small, the  re sulting  hig hlig ht is  larg e and  d ull, s imulating  a le ss glossy 

surf ace.   

The Blinn s imp lif icatio n replaces the  R ve ctor  with the  ve ctor  H half way betw een V  and  L, and  mod ifies the  

power v alue  n to p roduce a result s ufficiently s imilar  to the  mo re  comp lex c alculatio n fo r good imag e 
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quality  p urp oses—but at a  signif icantly  lo wer computatio nal c ost , s ince H is  muc h cheaper to c alculate  

than R . 

Direct 3D l ight ing,  wh et her i n hardwa re  or softwar e, u ses t hese equ at ions at  t he vert ex  level . 

Unfortunate ly , v ertex lig hting  can hav e tw o und esir ed propertie s:  

1.  Vertex lig hting  requir es extr a te ssellatio n to  look  good;  o therwise the  coars eness of the  
und erly ing  g eometry w ill b e visible.  

2.  Vertex lig hting  causes all ap plicatio ns that us e it to have  a similar  lo ok .  

Tessellatio n b ecomes cr itic al fo r v ertex lig hting  to loo k good, s ince the  tr iang le raster izer line ar ly 

inte rpolate s the  ve rt ices witho ut a d eep und erstand ing  of loc al g eometry . If  the  geometry is  too  coarse, or  

the  g eometry  contains  a lo t of v ar iatio n in a s hort  d istanc e, the n the  har dware  can hav e a p rob lem 

producing  v alue s that r esult in g ood imag e q uality . I ncreasing  te ssellatio n, ho wever, re duces 

perf or manc e. Coup le that w ith the  fact  that ve rtex lig hting  always ha s a te lltale  v isual s ignatur e, and  it' s 

rarely compelling . Except ions ar e when vertex lig hting  is  us ed for g lobal amb ient, or in ad ditio n to  per-

pixel lig hting . 

Now, with that und erstand ing  of lig hting , it is  easier t o see what all the  f uss is  ab out w ith  r espect to p er-

pixel lig hting . Of course everyo ne wants  per-pixel lig hting , as it re ally  is  that muc h bette r. 

There a re t wo appr oaches for per- pixel  l ight ing:   

1.  Pixel lig hting  in w orld space.  

2.  Pixel lig hting  in tang ent s pace.  

Now, in l ook ing  at  ap proach t wo, you may s ay, " Wait a  min ute  the re, Phil, w hat is  this  ' tangent s pace,' 

and w here d id t hat  come from?"  

Per-pixel lig hting  us es te xture  map ping  to c alculate  lig hting . That' s no t ne w, as lig ht ma pping  us ing  

te xtur es has  been utilize d in g ame s for years to  generate  lig hting  e ffects. What is  ne w, how ever, is  that in 

pixel shaders, the  v alue s in the  te xture  ma p can be us ed to perf or m a lig hting  calculatio n, as  opposed to a 

text ure- blend operat ion.  

Now that a lig hting  calculatio n is  invo lv ed, g reat care  mus t be ta ken to e nsure that the  lig hting  

compu tat ion is done in t he corre ct  3d  basi s ( also cal led a  coordinate spa ce,  or  "s pace " for short ) . Al l 

light ing m ath m ust  be  calculated in t he same coordinate space. I f a  norm al i s in a di ffe rent  space t han t he 

lig ht d irect ion, an y math betw een the m is  bogus. I t  would  be lik e multip ly ing  feet  by me ters; it jus t 

doesn' t make  sense.  
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With this  r equire ment in mind , any  lig hting  approach ne eds to  manip ulate  the  sourc e v alues to ma ke sure 

all c omp onents  of the  calculati ons are in the  same space. I n our case he re , the re  are tw o sets  of  inp uts :   

1.  Norm al and bump m aps, stored in t ext ure or "t angent" space.  

2.  Ligh t  di rect ions and en vi ron ment  m aps,  st ored in obje ct  or wo rl d space.   

For normal map s, the  te xels in a te xture map  d on' t  re present c olor s, but ve ctor s. Figure  2 below  shows 

the  coordinate  space the  normals  ar e in. The  stand ard  u a nd v d irect ions alo ng the  te xtur es width and  

he ight ar e jo ine d with a " w" d irect ion that is  nor mal to the  surface of the  te xtur e, t o finis h the  b asis 

(u,v ,w ). That is , a te xe l of 1 ,0,0  ac tually  tr ans late s to 1 c omponent of the  u  v ector, 0 of the  v ve ctor , and  

0 of the  w vector. If  u,  v , an d w are perpendicular  to e ach othe r, this  is  calle d an  or tho normal b asis. This  

gen erat es a  t ext ure space ba sis,  wh ich by convent ion  is cal led t he "t angen t  space basi s."  

One t hing you  may  h ave won dered ab out  u , v,  an d w,  i s w here i n t he w orld a re t hese vectors ? At  first , i t  

looks lik e the y are  part  of  the  te xtur e. I n r eality , the se vectors get p asted onto the  real wor ld ob je ct that 

is be ing t ext ured. At  each ve rtex, u , v,  and w  m igh t  point  in an ent ire ly di ffe rent  di rect ion!  So,  t wo pl aces 

on a me sh that ha ve the  same p iece of te xtur e mig ht have  comp lete ly diff erent ve ctor s, since u, v , and  w 

ar e diff erent. R emem ber , an x, y , z v ecto r in the  no rmal ma p really  m eans x* u +  y * v +  z* w. If  u,  v , w 

are di fferent , t hen t he vect ors  are  di fferen t  even i f x,  y  an d z are  t he same.  The h ard part  i s f inding u , v,  

and  w ;  af te r that, e verything  else is  p retty  str aightfo rward. 

Figure 3 shows the  relativ e coordinate  spaces fo r b oth ob je cts and  te xtur e map s. I n eithe r ap proach to 

pixel lig hting , all s our ce data needs to  be mov ed into o ne space or  the  o ther, e ithe r fr om tang ent s pace 

into  w orld space, or fr om world space into  tang ent space. 
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Figu r e 2 . Text u r e c oo r di na te  s y st em  

 

Fig u r e 3. B asis c omp ut at io n di agr am  

Now that a tang ent space (u,v,w ) has  been defined (mor e on ho w to f ind  the se v ectors lat er) , it' s time  to  

look at wor ld-space pixel lig hting . I n w orld-space p ixe l lig hting , it' s ne cessary to tr ans form the  te xtur e 

data— for example, the  te xture  map  te xels into w orld space. He re the  lig ht vectors are  not tr ans formed in 

the  v ertex shader; the y are le ft  in w or ld space, as  it' s the  te xtur e data that ne eds tr ans formatio n. S imp ly 

pass the  tang ent basis t rans for m into the  p ixel s hader as  thr ee te xture  coord inate s. No te  that it' s p ossib le 

to  generate  the  bino rmal by a cross p roduct t o save b andwidth. The  ite rator s w ill inte rpolate  this  matr ix to 

each pi xel . Then u se t he pi xel-shader  and t he t angent  space ba sis t o perform pe r- pixel l ight ing.  

Tang ent s pace pixel lig hting  is  the  re ve rse. Here it' s ne cessary to  t rans form the  lig ht and  environme nt 

map  data into  tang ent space. The lig ht v ectors are tr ans forme d in  the  ve rtex shader, and  the n p assed 

down to the  p ixel shader. The  enviro nme nt ma p data is  tr ansfor me d in the  p ixe l s hader, and  the n the  

pixel  sh ader per form s per- pixel light ing.  

Let  m e discuss one ot her t erm inology  convent ion . The n ormal, t he w,  and t he z axis vec tors  are a ll 

defined to b e the  same  ve ctor; the  tang ent is  the  u-ax is vector, and  the  bino rmal is  the  v -ax is vector . I t 's 

possib le, and  ne cessary , t o pre-comp ute  the  tang ent v ector u as  the  vector that p oints  al ong the  u-ax is of 

the t exture a t  ev ery po int . 

Now  i t 's t ime t o exami ne t he t angent  spa ce t ransformat ion  pr ocess. 

First, recognize this  is  an  inv erse tr ans for matio n. Fro m line ar alg ebra,  if o ne has  an  or tho normal b asis, the  

inv erse matr ix is  the  tr anspose. So, g iven (u,v ,w ) ar e the  basis ve ctor s of  the  surf ace, and  L is  the  lig ht, 

the  tr ans form is : 

   [U.x U.y U.z] * [-L.x] 
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   [V.x V.y V.z] * [-L.y] 

   [w.x W.y W.z] * [-L.z] 

Expand ing  out, this  become s 

   L.x' = DOT3(U,-L) 

   L.y' = DOT3(V,-L) 

   L.z' = DOT3(W,-L) 

wh ere   

U =  the  tang ent al ong the  x -axis of the  te xtur e;  
V =  t he n orm al;  
W =  t he bi norm al U x V ( cross p roduct ) . 

Note  that one perfo rms the  dot p roduct w ith the  ne gativ e of  the  Lig ht d irect ion.  

Computing  a tang ent space vector is  ju st  lik e comp uting  a no rmal. Reme mb er that w is  defined as  the  

norm al, so we shou ld a lready have  t hat  pi ece of inform at ion. Now,  we  n eed t o genera te u  and v.  To 

generate  the  tang ent s pace basis ve ctor s (u  and  v) , us e the  fo llo wing  equatio n: 

   Vec1 = Vertex3 – Vertex2 

   Vec2 = Vertex1 – Vertex2 

   DeltaU1 = Vertex3.u - Vertex2.u 

   DeltaU2 = Vertex1.u - Vertex2.u 

   DirectionV = |DeltaU2*Vec1-DeltaU1*Vec2| 

   DirectionU = |DirectionV x Vertex.N| 

   DirectionW = |DirectionU x DirectionV| 

Wher e  

X ind icate s tak ing  a cross product; 
|| ind icate s tak ing  a unit v ector; 
Vertex1-3 ar e t he vert ices of t he curr ent  t r iangle. 

Usually , tang ents and  no rmals ar e calculated  d ur ing  the aut hor ing  process, an d the  b inormal is c omp ute d 

in t he shader ( as a  cross p roduct ) . So,  t he on ly fi eld w e are addi ng t o ou r vert ex f ormat  i s an ext ra u  

vector . Additio nally , if  we assume  the  basis is  or tho nor mal,  w e don' t ne ed t o store v eithe r, s ince it is  jus t  

u c ross w .  
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A coup le of  points  t o keep in mind : Tang ents  ne ed to  be ave raged—and be careful a bout te xtur e wrapping  

(s inc e it mod ifies u and  v value s). Loo k fo r D3D X in D irectX 8.1 to  inc lud e ne w me th ods to he lp  with 

tang ent s pace operatio ns; check the  docume ntatio n.  

For char acte r animatio n, as  lo ng  as  y ou s kin the n ormals an d the tang ents, this techniq ue w orks fine. 

Again, g enerate  the  b inor mal in the  shader afte r s kinning , s o you can s kin tw o vectors ins tead of thr ee. 

This  w ill w ork jus t  f ine  with ind exed p alette  skinning  and  2 / 4-matr ix s kinning , as  w ell a s with v ertex 

animatio n (mo rphing ) . I n te rms  of p erfor manc e, tang ent s pace lig hting  is  good, since th e tr ans for m can 

be done at a  p er-ve rtex le vel. I t 's le ss clocks than vertex lig hting , and  the  per-pixel dp3 dot p roduct is  as  

fast  as  an y pi xel ope rat ion, so t here  is no loss o f per forman ce t here either.  To perform di ffuse an d 

specu lar  in t he same  pass,  compu te t he l ight  vect or  an d t he h alf-angle vect or,  an d t ransform  both into 

tang ent s pace. The  pertur bati on and  dot p roduct a re the n done in the  p ixe l p ipeline , e ithe r in the  p ixe l 

shader or b y us ing  multi-te xtur e.  

Below is  a sect ion of a vertex shader that s how s ho w to g enerate  a tang ent s pace lig ht vector: 

// v3 is normal vector 

// v8 is tangent vector 

// c0-c3 is World Transform 

// c12 is light dir 

 

//tangent space basis generation 

m3x3 r3,v8,c0      // transform tan to world space 

m3x3 r5,v3,c0      // transform norm to world space 

 

mul r0,r3.zxyw,r5.yzxw   // cross prod to generate binormal 

mad r4,r3.yzxw,r5.zxyw,-r0 

             

dp3 r6.x,r3,-c12      // transform the light vector,  

dp3 r6.y,r4,-c12      // by resulting matrix 

dp3 r6.z,r5,-c12      // r6 is light dir in tan space 

This can  si mpl y be re peat ed for an y ve ctor  t hat  n eeds t o be t ransformed  t o t angent  space.  
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One ot her t hing t o be  aware o f i s t he range of va lues requ ired by  dot  pr odu ct l ight ing.  Do t  pr odu ct 

ope rat ions con tain da ta repr esented i n t he ra nge [ -1, 1]  t o per form l ight ing o pera t ions, or signed da ta. 

Stand ard te xture formats  cont ain d ata re presente d in the  r ang e [0 ,1] to map  color  value s, and  thus  

contain uns igned d ata. B oth p ixel s haders and  the  fixed- functio n p ipeline  d efine  m odifiers that r ema p 

te xtur e data to b r idge this  g ap so te xtur e d ata  can be us ed effect iv ely in d ot p roduct operatio ns. Pix el 

shader s def ine the _bx2  arg ume nt mod ifier , that r emap s inp ut d ata from uns igned to s igned. S o the  

inp ut ar gume nts  to  the  dot product operatio n u sually  hav e t his mo difier ap plie d t o the m. It' s als o us eful to  

clamp  the  results  of  the  dot p roduct t o black us ing  the  _sa t  ins t ruct ion m odifier . He re is  a typ ical d ot 

pr odu ct  pixel  sh ade r inst ru ct ion:  

dp3_sat r0, t0_bx2, v0_bx2    // t0 is normal map, v0 is light dir 

For the  f ixed-func tio n p ipeline , the  similar  process is  done w ith the  te xtur e arg ume nt m odifier f lag 

D3DTA_COMPLEMENT f or te xtur e inp uts , and  the  te xture  operator s D3DTOP_ADDSIGNED f or r esults i n 

the  r ang e [-0 .5 ,0.5 ], and D3DTOP_ADDSIGNED2X f or re sults i n t he ran ge [ -1.0,1.0]  r ange.  

With this  und erstand ing  of  the  b asics of p er-pixe l lig hting , it' s time  t o examine  the  stand ard  lig hting  

model s, and h ow di ffu se and specu lar l ight ing w ork in pixel  sh aders.  

St an dar d  Li gh t ing  M o d els  

The stand ard  lig hting  m odels includ e d iffuse and  specular lig hting . Each lig hting  mo del c an b e done w ith 

both pixel shaders an d fixed- func tio n multi-te xtur e f allb ack te chniq ues. U nderstand ing  the se te chniq ues 

and  the  fallb acks allo ws development of  a shader st rate gy that c an c ope w ith the  diff er ing generatio ns of 

graph ics card s. Di rect X 6. 0 generat ion  cards  ar e mu lt i- text ure capabl e—almost  al l can  do subt ract ive 

blending, and some can do dot  pr odu ct bl ending. Examples include TNT2, Rage1 28, Voodoo 5,  and G400.  

Direct X 7. 0 gen era t ion  card s are bot h h ard ware  t ransform and m ult i- text ure ca pable,  and a lmost  a ll can 

do both su bt ract ive and dot  p rodu ct  blending. Examples include geForce2 and Radeon. All Di rectX 8. 0 

cards  can  do vert ex  an d pixel  shader s i n h ardwa re.  Exampl es include geForce3 an d Radeon85 00.  

Per-pixel d iff use is  consiste nt with s tand ard lig hting  m odels with no  specular . I t 's nic e, b ecause the re is  no 

need t o m odulate  agains t anothe r lig hting  te rm; e ach p ixe l is correctly lit af te r the  per-pixel diffuse 

calculatio n. Not e t h at  f ilt er in g c an be  a m ajor  pr oble m , sinc e n o r m als c an n ot  be  f ilt er ed  f o r  a 

v ari et y  of rea son s. Below  is  a v ertex shader fr agme nt to p erform s etup  for per-pixe l d iffus e lig hting , 

inc lud ing  calculating  the  lig ht direct ion in tang ent s pace, b iasing  it fo r the  per-pixel dot p roduct, and  

setting  up  the  te xture  coordinate s fo r the  pixel shader. 

//v0 = position 

//v3 = normal (also the w vector) 
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//v7 = texture coordinate 

//v8 = tangent (u vector) 

 

vs.1.1 

//tranform position 

m4x4 oPos,v0,c4 

 

//tsb generation       

m3x3 r3,v8,c0         //gen normal 

m3x3 r5,v3,c0         //gen tangent 

 

//gen binormal via Cross product 

mul r0,-r3.zxyw,r5.yzxw; 

mad r4,-r3.yzxw,r5.zxyw,-r0; 

         

//diffuse, transform the light vector 

dp3 r6.x,r3,-c16 

dp3 r6.y,r4,-c16 

dp3 r6.z,r5,-c16 

 

//light in oD0  

mad oD0.xyz,r6.xyz,c20,c20   //multiply by a half then add half 

      

//tex coords      

mov oT0.xy, v7.xy 

mov oT1.xy, v7.xy 

Next , a t ypical di ffuse pi xel sh ader  i s shown  bel ow:  

ps.1.1 

5 - 19



tex t0                  //sample texture 

tex t1                  //sample normal 

 

//diffuse 

dp3_sat r1,t1_bx2,v0_bx2         //dot(normal,light)  

 

//assemble final color 

mul r0,t0,    r1            //modulate against base color 

This  is  p rototypical us age of d p3 to  calculate  N dot L. C onceptually , this  is  a good w ay t o lay out the  pixel 

shader. Figure 4 c ontains  a s creenshot  of  this  shader in a ctio n. No tic e the  separatio n of the  calculatio n 

and  f inal c olor  assembly . The  follo wing  rend erstate s are  us ed, s how n in effects f ile  fo rmat  syntax :   

VertexShaderConstant[0]  = World Matrix (transpose)       

VertexShaderConstant[8]  = Total Matrix (transpose) 

VertexShaderConstant[12] = Light Direction;     

VertexShaderConstant[20] = (.5f,.5f,.5f,.5f) 

 

Texture[0]         = normal map; 

Texture[1]         = color map; 

Note how si mple t he pixel  shader  i s. Figu re 4 shows an exa mple di ffu se per- pixel  l ight ing i mage.  The t ake-

aw ay  fr om this  is  that with p er-pixel d iff use lig hting , it is  easy t o get good-loo king  re sults . All p ixe l s hader 

cards  su pport  t he dp3  opera tor,  so t his t echnique is good t o go on  pi xel sh ader  h ard ware. 

For previous generatio n card s, tw o p r imar y fallb acks exist. The  f irs t f allb ack is  to us e the  

D3DTOP_DOTPRODUCT3 f ixed- func tio n operator , which s ome  of  the  b ette r previous generatio n cards 

support , si nce t his ope rat or was f irst  en abled in Di rect X 6. 0. Be sure  t o ch eck t he 

D3DTEXOPCAPS_DOTPRODUCT3 capability  b its  fo r s upport  of this  multi-te xtur e capability . Using  

ValidateDevice()  is  als o a good id ea. B elow is  the  m ulti- te xtur e setup  (us ing  the  effects fram ework 

syn tax)  f or a D3DTOP_DOTPRODUCT3 fi xed- fu nct ion operat ion 

ColorOp[0]   = DotProduct3; 

ColorArg1[0] = Texture; 
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ColorArg2[0] = Diffuse;  

       

ColorOp[1]   = Modulate; 

ColorArg1[1] = Texture; 

ColorArg2[1] = Current; 

 

VertexShaderConstant[0]  = World Matrix (transpose) 

VertexShaderConstant[8]  = Total Matrix (transpose) 

VertexShaderConstant[12] = Light Direction; 

 

Texture[0]   = normal map 

Texture[1]   = color map; 

Where  col orop indicat es t he t ext ure st age  ope rat ion, an d colorarg[ n]  indicat es t he t ext ure st age 

ar gume nts . MI P map ping  and  filte r ing  ne ed t o be set a s well, b ut I  igno re  the se setting s due to  space 

consideratio ns. Rememb er, th e D3DTOP_DOTPRODUCT3 ope rator in t he fi xed- fu nct ion pipeline 

auto matic ally  ap plie s the  _sa t  and  _bx2  op eratio ns automatic ally , w hich me ans :   

�x You mu st  u se biased  art  f or t he n ormal  ma ps f or _bx2  to g enerate  correct r esults .  

�x The auto matic  us e of _sat  ( clamping)  m eans n o signed result  can be  gen era ted.   
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Figu re 4 . D i ffu se p er-p ix el  l i g h t in g   

The sec ond fa llback i s t o u se em boss bu mp m appi ng. The only h ard ware requ irem ent  i s f or a  dual t ext ure 

unit w ith a s ubtract op eratio n, as  shown by the  p resence of  the  D3DTEXOPCAPS_SUBTRACT capability  

bit. A gain, w henever us ing  th e f ixed-func tio n multi-te xtur e pipeline , it' s a good id ea to us e 

ValidateDevice() . Emboss bump-mapping wo rk s by  sh ift ing a h eight  m ap i n t he d irect ion of  t he 

light  vect or, an d su bt ract ing t his f rom  t he base  map.  The results can  be very  convincing, bu t  can  t ake 

quite an ef fort  t o fine t une. A vertex  shader  fragment  for a  t ypical em boss op erat ion is shown below:  

//v0 = position 

//v3 = normal (also the w vector) 

//v7 = texture coordinate 

//v8 = tangent (u vector) 
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vs.1.1         // for emboss 

m4x4 oPos, v0,c08      // generate output position  

    

//diffuse 

m3x3 r3, v8, c0       // transform tan to world space 

m3x3 r5, v3, c0      // transform norm to world space 

 

mul r0,r3.zxyw,r5.yzxw  // cross prod to generate binormal 

mad r4,r3.yzxw,r5.zxyw,-r0 

 

dp3 r6.x,r3,c12      // tangent space light in r6 

dp3 r6.y,r4,c12 

//   dp3 r6.z,r5,c12  don't need this  

//                    -only x and y shifts matter 

 

// set up the texture, based on light direction: 

mul r1.xy,  r6.xy, -c24.xy 

mov oT0.xy, v7.xy         // copy the base height map  

add oT1.xy, v7.xy,  r1.xy    // offset the normal height map  

 

// simple dot product to get global darkening effects: 

dp3 oD0.xyz,v3.xyz,c12.xyz 

Next  is  the  multi-te xtur e state  setup  (ag ain us ing  the  effects fr ame wor k s ynta x) fo r a  

D3DTOP_ADDSIGNED fi xed- fu nct ion  operat ion, u sing t he complement  inpu t  argument  modi fier fl ag:  

ColorOp[0]   = SelectArg1; 

ColorArg1[0] = Texture; 

 

ColorOp[1]   = AddSigned; 
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ColorArg1[1] = Texture | Complement; 

ColorArg2[1] = Current; 

       

VertexShaderConstant[0]  = World Matrix (transpose)       

VertexShaderConstant[8]  = Total Matrix (transpose) 

VertexShaderConstant[12] = Light Direction;  

VertexShaderConstant[24] = Offset Constant 

 

Texture[0]   = base height map; 

Texture[1]   = normal height map; 

Again, MI P map ping  an d filte r ing  ne ed to be set as  w ell, b ut I  ignor e the se setting s due t o space 

con siderat ions. I n con clusion , embo ss- styl e bu mp ma ppi ng can  be  u sed for a  di ffuse fallback t echnique for 

har dware that d oes not s uppor t the  dot p roduct multi-te xtur e op erato r. This  inc lud es m ost D irectX 6 .x 

generatio n card s—a hug e percentag e of the  ins talle d b ase. For id eal results , this  te chniq ue re quir es 

modi fied artwork,  and t ext ures shou ld be bri ghtened on  load. An  a ltern at ive is t o u se a  

D3DTOP_MODULATE2X ope rat or  t o scal e t he resu lt  u p, w hich h as t he vi sual effect  o f b rightening.  Al so 

no te  that f ilte r ing  can be ap plie d t o this  te chniq ue m ore easily  than to  normal map s, s o thi s te chniq ue 

may  result in a  b ette r appearanc e than the  dot product multi-te xtur e te chniq ue, even on har dware that 

supports  dot p roduct operations . 

Per- pixel  sp ecu lar i s si m ilar t o di ffuse,  bu t  requ ires a  pixel  shader.  I nstead of  t he l ight  di rect ion, an 

inte rpolate d half -ang le vector H is  us ed; which is  compute d in the  v ertex shader. I n the  pixel s hader, the  

H is  dotte d w ith the  pixel normal, and  the n raised to a pre-dete rm ine d power. The  specular  result is  added 

to t he ot her pas ses.  Also,  r emembe r t hat  t here i s on ly on e output  val ue o f a pixel  shade r, in r0 , s o make  

sure t o add t he specu lar  resu lt  into r0 . 

One quest ion  you  m ay be asking a t  t his poi nt :  How i s ex pon ent iat ion  per formed? Two t echniques a re 

used, multip ly -b ased and  ta ble-based. One is  simp ler and  is  acceptab le fo r s mall e xponents, and  one is  

mo re  work, but loo ks nic er for hig her exponents . Both te chniques I c over he re us e the  following  

ren derstat es ( agai n u sing ef fects f rame work syntax) :  

VertexShaderConstant[0] = World Matrix 

VertexShaderConstant[8] = Total Matrix 
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VertexShaderConstant[12] = Light Direction 

VertexShaderConstant[14] = Camera Position (World) 

VertexShaderConstant[33] = (.5f,.5f,.5f,.5f) 

 

Texture[0]   = normal map 

Texture[1]   = color map 

Now, it' s time  to e xamine  the  tw o pixel shader specular  te chniq ues, s tar ting  with the  multip ly -b ased 

exponentiatio n te chniq ue. Below is  a v ertex shader fragme nt that s hows (in ad ditio n t o t he d iff use ac tio ns 

of calculating  the  lig ht d irect ion in tang ent s pace, biasing  it fo r the  per-pixel dot p roduct, a nd setting  up 

the  te xtur e coor dinate s fo r the  p ixel s hader)  the  ac tio ns of comp uting  the  half  vector, us ing  the  view 

direct ion and  the  lig ht d irect ion, and  scaling / biasing  it fo r the  dot product calculatio ns us ed by multip ly -

based ex ponent iat ion: 

vs.1.1 

//tranform position 

m4x4 oPos,v0,c4 

      

//tsb generation       

m3x3 r3,v8,c0            //gen normal 

m3x3 r5,v3,c0            //gen tangent 

 

//gen binormal via Cross product 

mul r0,-r3.zxyw,r5.yzxw; 

mad r4,-r3.yzxw,r5.zxyw,-r0; 

 

//specular 

m4x4 r2,v0,c0            //transform position 

//get a vector toward the camera 

add r2,-r2,c24 
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dp3 r11.x,  r2.xyz,r2.xyz   //load the square into r11 

rsq r11.xyz,r11.x         //get the inverse of the square 

mul r2.xyz, r2.xyz,r11.xyz   //multiply, r0 = -(camera vector) 

add r2.xyz,r2.xyz,-c16      //get half angle 

    

//normalize 

dp3 r11.x,r2.xyz,r2.xyz      //load the square into r1 

rsq r11.xyz,r11.x         //get the inverse of the square 

mul r2.xyz,r2.xyz,r11.xyz   //multiply, r2 = HalfAngle 

 

//transform the half angle vector 

dp3 r8.x,r3,r2 

dp3 r8.y,r4,r2 

dp3 r8.z,r5,r2 

      

//half-angle in oD1   

mad oD1.xyz,   r8.xyz,c20,c20   //mutiply by a half, add half    

       

//tex coords    

mov oT0.xy,   v7.xy 

mov oT1.xy,   v7.xy 

Below is  a p ixel s hader fragment that s hows per-pixel specular , us ing  the  multip ly -b ased exponentiatio n 

te chniq ue:  

ps.1.1            // pow2 by multiplies 

tex t0            // color map 

tex t1            // normal map 

 

//  specular lighting dotproduct 
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dp3_sat r0,t1_bx2,v1_bx2   // bias t0 and v1 (light color)  

 

mul r1,r0,r0            //  2nd power    

mul r0,r1,r1            //  4th power       

mul r1,r0,r0            //  8th power       

mul r0,r1,r1            // 16th power! 

 

//assemble final color  

mul r0,r0,t0         // modulate by color map  

Note  the  us e of  the  _bx2  m odifier . Again, this  is  to e nable the  inp ut d ata to b e processed as  a signed 

quant ity, wh ile re ser ving dynami c ran ge ( used by  t he specular cal culat ion)  before  ove rflow  cl ampi ng t hat  

can o ccur o n im plementatio ns limite d to the  rang e [-1 , 1] . Fig ure 5 s how s an  imag e generate d us ing  

multip ly -b ased specular  exponentiatio n. No tic e the  b anding  in the  hig hlig ht. This  is  due t o los s of  precision 

in the  calculatio ns, s ince each r esult c hanne l is  only  8-bits . Here is  where hig her precision te xtur e formats  

and  hig her p recision for inte rnal c alculatio ns w ill inc rease im age quality . I n conclus ion, mu ltip ly -b ased p er-

pixel specular  is  easy t o imp lement, b ut c an invo lve  precision p roblems , s o don' t  tr y to us e the  te chniq ue 

for powers  greate r than 16 . On g raphic s chips with hig her p recision, this  may no t be an is sue. 

The ne xt  t echniq ue is  tab le- loo kup  b ased specular e xponentiatio n. The  exam ple us ed he re  p erforms  this  

operatio n with a 3x2  tab le. The  te xture  is  us ed as  a tab le of exponents , stor ing  the  f unc tio n y =  pow (x ). 
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Fig u r e 5. M u lt ipl y -b ase d  sp ecular  e x po ne n t ia t ion  

This  te chniq ue als o us es the  dependent te xture  read capability  of  the  texm3x2tex ins t ruct ion. No te  

the 3 x2 mu lt iply i s al so 2  dot  pr odu cts, so t his t echnique can do  specu lar  an d di ffuse,  or t wo l ight  sou rces,  

simultane ously . B elow  is  the  ve rtex shader fo r this  te chniq ue:  

vs.1.1 

//tranform position 

m4x4 oPos,v0,c4 

      

//tsb generation      

m3x3 r3,v8,c0            //transform normal 

m3x3 r5,v3,c0            //and tangent 
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//Cross product 

mul r0,-r3.zxyw,r5.yzxw; 

mad r4,-r3.yzxw,r5.zxyw,-r0; 

       

//specular 

m4x4 r2,v0,c0            //transform position 

 

//get a vector toward the camera 

add r2,-r2,c24 

 

dp3 r11.x,r2.xyz,r2.xyz   //load the square into r11 

rsq r11.xyz,r11.x         //get the inverse of the square 

mul r2.xyz,r2.xyz,r11.xyz //multiply, r0 = -(camera vector) 

 

add r2.xyz,r2.xyz,-c16    //get half angle 

    

//normalize 

dp3 r11.x,r2.xyz,r2.xyz   //load the square into r1 

rsq r11.xyz,r11.x         //get the inverse of the square 

mul r2.xyz,r2.xyz,r11.xyz //multiply, r2 = HalfAngle 

 

//transform the half angle vector 

dp3 r8.x,r3,r2 

dp3 r8.y,r4,r2 

dp3 r8.z,r5,r2 

      

//tex coords              

mov oT0.xy, v7.xy         //coord to samp normal from 
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mov oT1.xyz,r8            //Not a tex coord, but half 

mov oT2.xyz,r8            //angle 

mov oT3.xy, v7.xy  

The tab le- look up  v ertex shader is  id entic al to the  multip ly -b ased v ertex shader thro ug h th e half -ang le 

no rmalizatio n c alculatio n. Fr om the re, this  te chniq ue uses te xtur e coor dinate s t o pass down ve ctor s, as 

well as  t rue te xtur e coor dinate s us ed t o ind ex the  color  and  no rmal map s. The  half -ang le is p assed down 

as te xture  coordinate s for  stage 2, the n te xtur e coor dinate s fo r s tage 1 are us ed to p ass down the  lig ht 

di rect ion, an d t ext ure coordinates f or st age 0 an d st age 3 are u sed f or t he n ormal  an d color maps  

respect ivel y. 

Next  is  show n the  3x 2 tab le- look up  specular  lig hting  pixel shader: 

ps.1.1         // exponentiation by table lookup 

 

//  texcoord t1      // the diffuse light direction 

//  texcoord t2      // half-angle vector 

//  texture at stage t2 is a table lookup function 

 

tex t0         // sample the normal map 

texm3x2pad t1, t0_bx2     // 1st row of mult, 1st dotproduct=u 

texm3x2tex t2, t0_bx2     // 2nd row of mult, 2nd dotproduct=v 

 

//asemble final color 

mov r0,t2         // use (u,v) above to get intensity 

mul r0,r0,t3            //blend terms 

The k ey d etail of this  shader is  the  us e of the  texm3x2te x  inst ru ct ion wi th t he texm3 x2pad  

inst ru ct ion t o perf orm  a dependent  rea d. The texm3x2pa d ins t ruct ion is  us ed in c onjunc t ion w ith o ther 

text ure address operat ors t o per form 3 x2 mat r ix mu lt iplies. I t  i s u sed t o repre sent  t he stage wh ere on ly 

the  te xtur e coor dinate  is  us ed, s o the re is  no te xtur e bound  at this  stage (in this  shader, that is , t1 ). The  

inpu t  argument , t0 , should st ill b e specified. 
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The texm3x2pad  ins t ruct ion tak es the  specified inp ut c olor ( t0  he re) and  multip lie s th at b y the  

subsequent s tages' ( t1 here) te xtur e coor dinate s (u, v, an d w ) to c alculate  the  1 st  row of  the  multip ly  (a 

dot product) t o generate  a u c oor dinate . The n the  texm3x 2tex  ins t ruct ion tak es the  specif ied inp ut 

color ( t0  again) and  the  te xtur e coordinate s of the  stage specif ied ( t2  he re) to c alculate  the  second row 

of the  multip ly  (a gain a dot product) to g enerate  the  v coordinate . Las t ly , this  stage's te xtur e ( t2  he re) 

can be  u sed t o sample t he t exture by a dependent  read at  ( u, v)  t o p roduce t he final color.   

That le av es the  q uestio n of how  to g enerate  the  loo kup-tab le te xture . Using  D3DX, one could  us e the  

follo wing  code fragme nt to g enerate  the  tab le- look up  te xture :  

void LightEval(D3DXVECTOR4 *col, D3DXVECTOR2 *input 

                         D3DXVECTOR2 *sampSize, void *pfPower) 

{ 

    float fPower = (float) pow(input->y,*((float*)pfPower)); 

    col->x = fPower; 

    col->y = fPower; 

    col->z = fPower; 

    col->w = input->x; 

} 

 

D3DXCreateTexture(m_pd3dDevice, 256,256, 0,0, 

   D3DFMT_A8R8G8B8, D3DPOOL_MANAGED, &pLightMap100); 

 

float fPower = 100; 

D3DXFillTexture(m_pLightMap100,LightEval,&fPower); 

Figure 6 below  shows the  results  o f tab le- loo kup  specular e xponentiatio n. A  careful e xami natio n d oes 

ind eed show  le ss band ing  effects and  a bette r- loo king  imag e. This  te chniq ue w ill s uppor t exponents  

greate r than 100, which is  im portant f or s ome visual e ffects. The re is  hig her p recision in the  te xtur e re ad 

unit , an d t he t able- lookup t exture en ds up n icely filtered,  so t hat  t he ban ding i s redu ced to a t olerable 

level. No te  that o ther func tio ns can be us ed besides exponents . 
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Figu re 6 . Tab le l ook up  sp ecu lar  exp on ent ia ti on  

The f allb ack us ing  the  fixed- functio n multi-te xtur e p ipeline  is  an analog  of emboss for the  specular  te rm , 

where the  lig ht ma p hig hlig ht is subt racted fr om the  he ight-f ield  normal map . Specular  hi ghlig hts  d o ne ed 

to  be manually  positio ned, but that' s no t hard  t o do in the  ve rtex shader. The n comp osite  the  v alue s in 

the pi xel  sh ader u sing su bt ract , and a dd t he re sult  as t he per- pixel specu lar t erm . Figu re  7 sh ows  a 

diagram  of t he t wo t ext ures and h ow t he su bt ract  r esult  gi ves t he desi red  effect . 
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Fig u r e 7.  Spe cul ar  e m bos s f a llb ac k di agr am  

I n the  inte rests of s pace, I am  skipping  the  imp lementatio n o f the  specular f allb ack;  you should  be getting  

the i dea.  That 's t he en d of t he co verage  of  t he st andard  di ffuse an d sp ecu lar  pe r- pixel l ight ing mod els, 

and  how  to realize  the m in  p ixe l s haders. Now  it' s on t o "do- it-y ourself"  lig hting  m odels, w here I s how 

how t o deve lop your own, c ustom lig hting  m odels and  imp lement the m. 

Custom  Pe r - Pi xe l  Li g h ti ng 

With this  summar y of te chniq ues for  the  le gacy—that is , with s tand ard lig hting  mod els behind  us —it' s now 

time  to  consider custom, " do- it -y ourself" lig hting  mod els, or DI Y lig hting . The  beauty  of p ixel s hader 

har dware is  that it fr ees the  develop er from b eing  stuck w ith the  le gacy lig hting  mod el, a nd op ens up  a 

brave ne w world of  custom lig hting . Reme mber, the  le gacy l ighting  mo dels are jus t  a set of equatio ns 

some one came  up  with at s ome  point in time  that did a re asonable job  of mod eling  the  physics of lig hting . 

There i s n o m agic t here.  So do n ot be  rest ri cted by  t he basic l ight ing m odel . While di ffuse and specular 

ar e easy  to  calculate, and  g enerally  produce ac cep table results, they  do ha ve the  d rawback of p roducing  a 

result that lo ok s ov er ly f amiliar . Whe n the  goal of ad vanced lig hting  is  to  stand  out, lo ok ing  the  same  is  a 

majo r d rawback.  

So w hat d oes DI Y lig hting  m ean? I t  m eans  not b eing  bound  by the  b asic lig hting  mod el, a nd ins tead us ing  

creat ivi ty an d an  u nderstanding o f t he p r inciples o f t he basi c l ight ing t asks. Usi ng t he SI GGRAPH 

literat ure,  h ard war e ven dor  Web sites,  an d informat ion about  game  en gine ren deri ng ap proach es, t here 

ar e hug e am ounts of mater ial av ailab le as  a guide t o inter est ing  alter nativ e ap proaches to  the b asic 

diffuse and  specular lig hting  mo del. 
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The ke y is t o u nderstand t he pr ocess of  t he basic l ight ing model , and t o u se a  pr ocess in de vel oping a 

lig hting  mo del. This  allo ws a consiste nt b asis up on which to  evaluate  lig hting  id eas. This  d iscussion 

focuses on  local  l ight ing,  si nce t here  isn't  space t o cover at tenuat ion  ef fects,  at mospheri c ef fects,  or  

any thing  e lse. 

The p rocess o f t he ba sic l ight ing m odel  i s based on  t he physics of  l ight ing.  Figure 8 sh ows t he physi cal 

mo del the  calculatio ns are inte nd ed to re produce. The re is  a lig ht s ource g enerating  lig ht , a s urf ace 

geometry  up on which the  inc ident lig ht e nergy is  re ceive d, and  up on w hich r eflecte d lig ht  d eparts (c alle d 

the  inc ident and  reflectant g eometry ), and  a c amera to re cord  the  lig hting . 

 

Figu r e 8 . Ligh ti ng  Pr ocess 

I nciden t angle a nd re flect ion  angle pl ay a ke y part  in t he l igh t ing ca lculat ion. The g eom etri es' i nteract ion 

with lig ht is also  contr olled  by a su rface m odel that d efines  the p hysical  p roper ties  of the sur face that 

light ing i s inciden t  on  an d re flect ed f rom.  There a re man y differen t  el em ents t hat  can  be used i n surface 

models. T he mo st comm on mo del i s t he Lamb er t  mo del f or the d iffuse l ight  t erm . T he Lambert m odel 

defines m icrofacets across t he surf ace w here i ntensity de pends on input  energy a nd t he ar ea of t he 

mic rofacets perp endicular to  t he lig ht d irect ion. Lamb ert d iffus e is  easily  calculate d us ing  the  dot p roduct. 

Figure 9 illus t rate s the  Lamb ert m odel. The  ke y p oint is  that the re is  a p hysical basis for this  mo del, fr om 

which the  calculatio ns can be identif ied. 
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Fig u r e 9.  La mbe r t M ode l  

With an und erstand ing  of ho w this  w ork s in the  b asic lig hting  m odel, le ts  begin an  explor at ion o f 'DI Y" 

Ligh t ing. I n a simple " DI Y" evaluat ion  pro cess, fi rs t , t here is an ident ifi cat ion  stage. Here y ou analyze 

wh at  t he k ey effects you  wi sh t o gen erat e in each  scen e ar e. Then t hese are  p r iori t ized.  Once t his h as 

been accomp lished, that d ata can b e us ed t o characte r ize th e lig hting  environme nt fo r e ach scene and  

each  effect . 

How many  lig ht sources ar e n eed ed for these eff ects ? What shap e ar e the y? What shad ows, and  w hat 

reflectio ns result? Now  with the  ke y lig hting  effects id entif ied and  char acte r ized, alg or ithms  to imp lement 

the  e ffect ne ed to b e generate d. I n tho se alg or ithms , te rms that mak e im portant c ontr ibutio ns to the  final 

resu lt  are kept , and t erm s t hat  don 't  con t ribu te si gn ificant ly t o image qu ality a re dr opped.  

Exper ime ntatio n is  us ually ne ed t o dete rmine  this , b ut in some  cases, running  limit c alculatio ns can le ad 

to  an e xpectatio n that a te rms contr ibutio n is  meaning ful or m eaning less. Thes e pieces can o ften  be 

defined and  te sted ind ependently , b ut at s ome  point the  ind ividual p arts will ne ed to b e blended tog ethe r 

for a  " final" e valuat ion  o f t he model . Anot her part  of  t he pr ocess consists o f det erm ining wh et her a  pi ece 

of the  calculatio n is  ob je ct -b ased (autho r time  calculatio n), v ertex-b ased (v erte x s hader time  calculatio n), 

or p ixe l-b ased (p ixe l shader time  calculatio n).  

Finally , und erstand ing  the  range of value s that s erv e as inp ut to  a mod el, and  und erstand ing  the  expected 

rang e of  outp ut v alue s, can le ad to f ind ing  equiv alencies substitutio ns in mak ing  calculatio ns, w here the  

substitute  calculatio n is  simp ler conceptually , s imp ler in  cost , o r simp ly good enough. This  is  an  imp ortant 

point, to  not b e hid e-b ound  by conve ntio n, and  ins tead keep an open mathe matic al mind  to  ta ke 

advantag e of whatev er one can. 
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So, with that in mind , it' s tim e to w alk thr ough the  p rocess fo r a simp le yet e ffect ive  'DI Y" lig hting  m odel. 

Here,  local  l ight ing i s t he f ocus, at tenuat ion  ef fects,  at mospheri c e ffects,  an d ot hers ar e n ot  considered.  

The mod el shown is  a v ar iatio n o f an a rea or  dist r ibute d lig hting  e ffect . I t 's p r imar ily a diffuse effect , b ut 

with a mor e inte rest ing  amb ient te rm . I t  provides " shadow detail,"  and  shows that an object  is  ground ed 

in a r eal-w orld scene by providing  for an  inf luence factor  fr om the  world its elf. This  is  in e ssence an 

image- based l ight ing t echnique.  

Figure 10 is  a Lig htw ave  ima ge show ing  a targ et  scene fo r t his mo del, w here ho w close to the  targ et  the  

mo del come s p rov ides an evaluatio n o f the  m odel. Many  ray-tr ace too ls support a similar  mo del, where 

the ren derer  integrat es at  each poi nt , cast s rays  f rom t he m icro facet  pixel  t o al l poi nts of t he h emi sph ere,  

and  accumulate s color fr om ray inte rsectio ns fr om o the r parts  of  the  same  ob je ct and  the  environm ent 

map  imag e. This  can tak e ho urs. The  goal he re is  to g et a signif icant p ercent of  the  same  quality  in r eal-

time . 

 

Figu re 10 . T arg et i m ag e fo r ev a lu at in g  DI Y m od el  

The d ist r ibute d lig hting  m odel us ed he re, s hown in F igure 11 , w ork s on lar ge area lig ht s our ces;  the re is  

no si ngle di rect ion vect or.  Energy is bas ed on  a n umber o f direct ions, t he f ract ion  of  possible di rect ions 

that c an illuminate  the  mic rofac et . Whe n us ing  this  mod el fo r o utd oor scenes, the re are t wo lig ht s ources, 

the su n an d t he sky.  The su n is a di rect ional l ight  sou rce,  t hrowi ng sh arp sh adows.  The sky i s an  omni-

di rect ional l ight  source,  t hrowing soft  shadows.  I t 's u seful t o con sider  t he a rea l ight  sou rce as an  en closing 
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hemi sph ere, an d t hen t he l ight ing of  obje cts i nside t he scene r educes t o consider ing wh at  possible percent  

of  t he h emi sphere can  sh ine on t he o bject .  

 

Figu re 11 . D ist ri bu t ed  l ig h ti n g  m od el  

Figures 12 , 13 , an d 14 illus t rate  this  fo r a cube, a  he mis phere, and  a sphere. I t 's p retty e asy t o see ho w 

obje cts in s cenes that us e this  mod el a re lit. F igure  12 contains  a c ube, and  the  lig hting  in te nsity  is  

highest  on  t he t op face,  and gradually decreases down  t he side faces.  Figure  1 3 con tains a h em isph ere,  

and  the  lig hting  inte nsity  is  g reate st  at the  t op polar  region, d ecreasing  down to the  equato r. Figure 14  

contains  a s phere, and  lig hting  inte nsity  is  ag ain greate st  at  the  to p polar re gion, an d decreases t owards 

the bot tom pol ar r egion .  
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Fig u r e 1 2 . " Hem isph er e"  ligh t in g f o r  a  c u be  

 

Fig u r e 1 3 . " Hem isph er e"  ligh t in g f o r  a  he m isp he r e  
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Fig u r e 1 4 . " Hem isph er e"  ligh t in g f o r  a  sp he r e  

Effect ively,  t he l ight  n ear  t he plane o f t he mi crofacet  con t ribu tes l ess en ergy,  so we  can  use t he form  

factor cos(q)  t erm  t o sca le en erg y down . I ntegrat ing L  = 1/ p S  cos(q)  dd  for t his m odels' irra diance t erm , 

the  lig ht s ource is  the  f ar f ield. I nte grating  the  environme nt map  to g et that te rm is  the  us ual te chniq ue. 

This  w ill w ork even on DirectX 7 -class hard ware. 

A cu be map an d i ts co rr esponding i ntegral ar e sh own  in Figure 15.  Not ice t hat  t he en vi ronment  map 

inte gral is  m ost ly tw o color s, sky c olor and  g round  color . The exact inte gral c alculatio n is  tw o slow fo r 

inte ract iv e applicatio ns, ind icating  an autho r ing  time  p rocess w ould  be r equir ed, and  that the  inte gral 

could  not c hang e dur ing  the  game . That' s le ss than id eal, but c an any thing  be done ab out that?  

 

Fig u r e 1 5 . Cu be ma p a n d it s in te gr al  
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Let' s consider this  2-hemis phere mod el, where our curr ent und erstand ing  of  the  mod el is  as  a calculatio n 

with o nly  t wo imp ortant te rms —a sky te rm and  a ground  te rm. F igure 16  shows this  2-hemis phere  m odel,  

and Figu re  1 7 con tains a p rocess block diagram.  

 

Figu re 16 . 2 -Hem isp h ere m od el  

 

Figu re 17 . 2 -Hem isp h ere m od el  el em en ts  

The actual integ ral is: 
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color = a* Skyc olor+( 1- a)*Gr oundColor 

Where 

a =  1- 0. 5* sin(q)  f or q< 90 
a = 0 .5* sin(q)  for q > 90  

Or, i f ins tead of that, the  simp ler form  

a =  0. 5+ 0. 5* cos(q)   

is us ed. The  resulting  simplif ied inte gral ve rsus the  actual inte gral is  show n in Figure  18 . Notic e the  shape 

of  t he cu rve  is t he sa me, bu t  m irro red,  and si m ilar a mounts o f l ight  and da rk  regi ons appear bel ow bot h 

curves. The re is  a general e quivalency, even if  it' s no t exact.  

 

Fig u r e 1 8 . I n te gr al c omp ar ison  

Herein lie s one of  the  secrets of the  shader g ame: I t 's ok ay to  substitute  similar  calculatio ns if  the y are 

generally e quiv alent, b ecause at r eal-time  fr ame  r ate s the  small d elta in imag e q uality  is  usually  

unno tic eab le. I f this  simp lif icat ion p rovides enough of a perfo rmanc e gain, it c an b e preferred. I n this  

case,  t he simpl if icat ion t akes  2 cl ock s, si nce i t  u ses a dp3  and  mad. While  it' s no t v isually  id entic al (this  

solutio n p rov ides m ore  bump  detail alo ng the  equato r and  less bump  detail f acing  the  lig ht) it' s g ood 

enough  t o pr odu ce t he desi red e ffect  a t a  si gn ificant  ga in in pe rf ormance be cause,  in t his case,  t he actual 

calculat ion was t oo sl ow t o do in real - t ime versu s t his si mpl if icat ion  wi th i ts 2- clock cost . That 's a h uge 

win b oth in te rms of clocks an d in te rms of  grasping  the  essence and  beauty  of DI Y lig hting  and  the  

shader  cal culat ion gestalt . 
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The 2- term  calculat ion boi ls down  t o wh at  pe rcent o f incident  energy h as wh at  color.  The fa r field 

hemis phere  is  comp osed of 2 color s, s ky, and  g round , in a s imp le p ropor tio n. Eve n with the  environm ent 

simp lif ied to  t wo c olors lik e this , the  mod el st ill allo ws for dynamic  up date s, lik e w hen a car ente rs a 

cany on or  a tunne l, and  the n leav es it; s o the  paveme nt or ground  color  would  chang e, or the  sky or  ro of  

color wou ld ch ange.  The h em isph ere implem entat ion  can a lso be done either per- vert ex  or  pe r- pixel.  

The pe r- vert ex implementat ion  can pa ss t he h em isphere  axis in as a l ight  di rect ion and u se t he standard 

tang ent s pace basis vertex shader that tr ans for ms  the  he mi  ax is into  tang ent space. A ve rtex shader 

imp lementatio n w ould  loo k some thing  lik e:  

vs.1.1         // vertex hemisphere shader 

  

m4x4 oPos,v0,c8   // transform position 

m3x3 r0, v3,c0   // transform normal 

  

dp3 r0,r0,c40   // c40 is sky vector 

mov r1,c33      // c33 is .5f in all channels 

mad r0,r0,c33,r1   // bias operation 

 

mov r1,c42      // c42 is ground color 

sub r1,c41,r1      // c41 is sky color 

mad r0,r1,r0,c42   // lerp operation 

 

//c44 = (1,1,1,1) 

sub r1,c44,v7.zzz   // v7.zzz = occlusion term 

mul r0,r0,r1 

mul oD0,r0,c43 

A per-pixel fragme nt im plementatio n w ould  look  lik e:  

//   v0.rgb is hemi axis in tangent space 

// v0.a is occlusion ratio from vshader 
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tex t0         // normal map 

tex t1         // base texture 

 

dp3_d2_sat r0,v0_bx2,t0_bx2   // dot normal with hemi axis 

add r0,r0,c5      // map into range, not _sat 

lrp r0,r0,c1,c2 

mul r0,r0,t1      // modulate base texture 

With that in mind , ho w does this  lo ok ? Figure 19 show s the  2- te rm ap proach. While  this  is  inte rest ing , 

the re are is sues he re . The  comb inatio n of  tw o color s is  getting  the re, but the re is  ob viously too  muc h lig ht 

in cert ain ar eas,  l ike t he eye socket s,  t he n ost ri ls, an d behind t he t eet h. 

 

Figu re 19 . 2 - t erm  DI Y i m ag e  
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Time  to  refine  the  DI Y mod el. How is  the  m odel refined? With the  ad ditio n of  an othe r te rm, o f cour se. 

What te rm  would  that b e? We ll, the  f irst atte mpt did not take  ob ject self-s had owing  into a ccount, and  that 

is the  b asis of the  resulting  im age being  b r ighte r in are as where it shouldn' t be. So ad ding  an occlusion 

term i s n ecessar y.  

Figu re  20  sh ows a block diagram of t his upda ted DI Y l ight ing m odel . This ca lculat ion can be don e v ert ex-

to-vert ex by  fi ri ng a h em isphere of  rays f rom  each n orm al, stori ng t he r esult  as vert ex  colors;  or pixel - to-

pixel by f ir ing  rays in a  he ight f ield and  stor ing  the  r esult in the  alp ha channe l of a n ormal map ;  or both by 

fir ing  rays from v ert ices and  p ixels and  stor ing  the  re sult in a te xtur e ma p. 

 

Figu re 20 . Up dat ed  DI Y m od el  el em ent s 

The samp le shown he re us ed an o ffline  rend er ing  p rocess to  calculate  this  occlusion d ata . Consider ing  the  

vert ex- to- vert ex case,  t he cal culat ion an swer s t he qu est ion, "H ow mu ch do adjacen t  pol ygon s sh adow 

each  ot her?" T he r esult  can  be st ored in a v ert ex at t r ibute,  and sh ou ld h andle object  level  ef fects.  Not e 

that lo oking  only at ne ighbor  vert ices mig ht b e ok ay . 

Consideri ng t he pi xel - to-pixel case,  t he calculat ion si mi larl y answer s t he qu est ion , "How mu ch do adjacen t  

pixel s sh adow each  ot her?" An exam ple i s a bump- mappe d eart h, wh ere t he geomet ry p rovi des n o sel f-

occlusion, s ince a sphere is  everyw here  conve x. This  me ans  all o cclusion c an b e done in  a b ump  ma p. 

Figure 21 show s the  resulting  imag e with a 3 - te rm  DI Y lig hting  m odel. This  is  a b ig imp rove ment, w ith the  

pr obl em area s of  t he eye  socket s,  n ost ri ls, an d i nterior  o f t he m outh looking mu ch bet ter.   
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Fig u r e 2 1 . 3- t er m  DI Y lig h t ing mode l  im age  

Finally , c ombine  this  with a d irect ional lig ht, as  show n in Figure 22 , and  an amazing ly realis tic  imag e 

results  for such a r elativ ely simp le lig hting  m odel. 
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Fig u r e 2 2 . 3- t er m  DI Y lig h t ing mode l  im age  

Now clear ly, the  process of  defining , e valuating , and  refining  a DI Y lig hting  mod el is  ite rat iv e, b ut it is n' t 

all that d iff icult, as  this  artic le has  shown. I t 's jus t  a matte r of clear ly think ing  thro ug h the  p rocess of  what 

sort  of  illuminatio n is  ne cessary to  get the  desired effect , a nd w ork ing  th roug h the  ite rati ons until it lo ok s 

good en ough . 

There are tw o le ssons he re : First, und erstand ing  the  tang ent s pace basis, so you can correctly  perf or m 

DOT3 based di ffuse a nd s pecu lar l ight ing,  and secondly, u nderst anding h ow t o pe rform  "d o- it -yoursel f"  

lig hting . Each o f the se le ssons is  imp ortant, and  DI Y lig hting  b uild s on the  k nowledge of a nd corr ect us age 

of the  tang ent space basis, but the  re al k icker is  und erstand ing  the  " lig hting  black b ox"  an d func tio nal 

equiv alencies, so that yo u feel comfo rtab le us ing  yo ur  own approaches to lig hting  w hen you w ant 

some thing  that a ppears jus t  a little  d ifferent. 

La st  Wor d  
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I 'd lik e to ac knowledge the  he lp  of  Ch as Bo yd, Da n B ake r , Ton y  Cox, and  Mi k e B u rrow s (Mic rosoft ) in 

producing  this  column. Thanks  to Lig htw av e for the  Lig htw ave ima ges, and  Viewpoint Datalab s for  the  

mo dels. 

Your feedba ck is wel come.  Feel f ree t o d rop m e a l ine at  t he ad dr ess bel ow wi th y our commen ts,  

questio ns, top ic ideas, or link s to  your own v ar iatio ns on top ics the  column c ove rs. Please, tho ugh, d on' t 

exp ect  an indivi dual r eply or  send m e su pport  quest ions.  

Reme mb er, Mic rosoft  maintains  ac tiv e mailing  lis ts  as  fo rums  for lik e-mind ed d evelop ers to  shar e 

inf ormatio n:  

D i rect XAV for audio and vi deo i ssues a t  http ://DI SCUSS.MI CROSOFT.COM/ar chiv es/ DIRECTXAV.html . 

Dir ect XDev  fo r g raphic s, ne tw or king , an d inp ut at 

http ://D I SCUSS.MI CROSOFT.COM/ar chive s/DIR ECTXDEV.html . 

Phili p T ay lor  is t he PM for t he Di rect X SDK, Managed DirectX, t he W indows®  XP 3 D screensave rs,  an d a 

few  m ore  bi ts and bobs.  Previously a t Microsoft  h e wa s senior  en gineer in t he Di rect X evangel ism  g roup 

for DirectX 3. 0 t o Di rectX 8. 0,  and h elped m any ga me ISVs wi th Di rectX. He h as wo rk ed wi th Di rectX 

since the  first  p ublic  b eta  of  t he Game SDK (D ire ctX  1 .0) , and , once up on a time , ac tually s hipped D irectX 

2.0 g ame s. I n his  spare time , he can be fo und  lurk ing  on m any  3 -D graphic s programmin g mailing  lis ts  

and  Usenet  ne wsgroups. You can r each him at msd n@micr osoft .co m . 
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