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Advanced shader effects are easy to program with Leadwerks Engine. 

 

Introduction 

Leadwerks Engine uses a deferred renderer for lighting.  Although this yields many benefits, it does 

require that we treat alpha blending a little differently than we would with a forward renderer.  This 

lesson will show how to render alpha blending in a second pass, and how this approach can be easily 

extended to render refraction effects. 

Without lighting, transparency in Leadwerks Engine works the same as in a forward renderer.  This 

program will display a transparent object: 

http://www.leadwerks.com/files/Tutorials/Rendering_Lights_BMX.pdf
http://www.leadwerks.com/files/Tutorials/CPP/Materials_And_Shaders.pdf
http://www.leadwerks.com/files/Tutorials/CPP/Transparency_And_Refraction.wmv
http://developer.leadwerks.com/Tutorials/CPP/Transparency_And_Refraction_Files.zip


 

#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 TWorld  world= CreateWorld ();  

 if  (!world) {  

  MessageBoxA(0, "Error" , "Failed to create world." ,0);  

  goto  exitapp;  

 }  

  

 //Create a camera  

 TEntity  campiv= CreatePivot ();  

 PositionEntity (campiv, Vec3(0,2,0));  

 TCamera cam=CreateCamera (campiv);  

 PositionEntity (cam, Vec3(0,0, - 1.5));  

 

 //Load the scene  

 LoadMesh( "scene.gmf" );  

  

 //Create the transparent object  

 TMesh mesh=CreateSphere ();  

 PositionEntity (mesh, Vec3(0,2,0));  

 

 //Load the transparent material  

 TMaterial  material= LoadMaterial ( "glass.mat" );  

 PaintEntity (mesh,material);  

 

 float  mx=0.0,my=0.0;  

 TVec3 camrotation;  

 

 HideMouse ();  

 MoveMouse( GraphicsWidth ()/2, GraphicsHeight ()/2);  

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,3);  

  my=Curve ( MouseY() - GraphicsHeight ()/2,my,3);  

  MoveMouse( GraphicsWidth ()/2, GraphicsHeight ()/2);  

  camrotation= EntityRotation (campiv);  

  camrotation. X+=my;  

  camrotation. Y- =mx;  

  RotateEntity (campiv,camrotation);  

 

  UpdateWorld ();  

  RenderWorld ();  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 



Here is the result when the program is run: 

 

Simple transparency without lighting. 

 

Transparency and Lighting 

When we introduce lighting into the program, a visual error occurs: 

 

#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 TWorld  world= CreateWorld ();  

 if  (!world) {  

  MessageBoxA(0, "Error" , "Failed to create world." ,0);  

  goto  exitapp;  

 }  

  

 //Create a render buffer  

 TBuffer  gbuffer= CreateBuffer (800,600, BUFFER_COLOR| BUFFER_DEPTH| BUFFER_NORMAL);  

  

 //Create a camera  

 TEntity  campiv= CreatePivot ();  

 PositionEntity (campiv, Vec3(0,2,0));  

 TCamera cam=CreateCamera (campiv);  

 PositionEntity (cam, Vec3(0,0, - 1.5));  



 

 //Load the scene  

 LoadMesh( "scene.gmf" );  

  

 //Create a light  

 TLight  light= CreatePointLight ();  

 PositionEntity (light, Vec3(0,1,0));  

  

 //Create the transparent object  

 TMesh mesh=CreateSphere ();  

 PositionEntity (mesh, Vec3(0,2,0));  

 

 //Load the transparent material  

 TMaterial  material= LoadMaterial ( "glass.mat" );  

 PaintEntity (mesh,material);  

 

 float  mx=0.0,my=0.0;  

 TVec3 camrotation;  

 

 HideMouse ();  

 MoveMouse( GraphicsWidth ()/2, GraphicsHeight ()/2);  

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,3);  

  my=Curve ( MouseY() - GraphicsHeight ()/2,my,3);  

  MoveMouse( GraphicsWidth ()/2, GraphicsHeight ()/2);  

  camrotation= EntityRotation (campiv);  

  camrotation. X+=my;  

  camrotation. Y- =mx;  

  RotateEntity (campiv,camrotation);  

 

  UpdateWorld ();  

   

  //Render the world  

  SetBuffer (gbuffer);  

  RenderWorld ();   

   

  //Render lighting  

  SetBuffer ( BackBuffer ());  

  RenderLights (gbuffer);  

   

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

 

 

 

 



Here is the result when the program is run.  The lighting behind the sphere is clearly incorrect: 

 

A visual error occurs if transparency is drawn prior to lighting. 

 

To render transparency and lighting together correctly, we are going to first render the background and 

perform lighting.  Then we will render the transparent object in a second pass: 

 

#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (640,480);  

  

 //Create a world  

 TWorld  world= CreateWorld ();  

 if  (!world) {  

  MessageBoxA(0, "Error" , "Failed to create world." ,0);  

  goto  exitapp;  

 }  

  

 //Create a render buffer  

 TBuffer  gbuffer= CreateBuffer (640,480, BUFFER_COLOR| BUFFER_DEPTH| BUFFER_NORMAL);  

  

 //Create a camera  

 TEntity  campiv= CreatePivot ();  

 PositionEntity (campiv, Vec3(0,2,0));  

 TCamera cam=CreateCamera (campiv);  

 PositionEntity (cam, Vec3 (0,0, - 1.5));  

 



 //Load the scene  

 LoadMesh( "scene.gmf" );  

  

 //Create a light  

 TLight  light= CreatePointLight ();  

 PositionEntity (light, Vec3(0,1,0));  

  

 //Create the transparency world  

 TWorld  foreground= CreateWorld ();  

  

 //Create a camera for the transparency world  

 TCamera fgcam= CreateCamera ();  

 CameraClearMode (fgcam,0);  

  

 //Create the transparent object  

 TMesh mesh=CreateSphere ();  

 PositionEntity (mesh, Vec3(0,2,0));  

 

 //Load the transparent material  

 TMaterial  material= LoadMaterial ( "glass.mat" );  

 PaintEntity (mesh,material);  

 

 SetWorld (world);  

  

 float  mx=0.0,my=0.0;  

 TVec3 camrotation;  

 HideMouse ();  

 MoveMouse( GraphicsWidth ()/2, GraphicsHeight ()/2);  

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,3);  

  my=Curve ( MouseY() - GraphicsHeight ()/2,my,3);  

  MoveMouse( GraphicsWidth ()/2, GraphicsHeight ()/2);  

  camrotation= EntityRotation (campiv);  

  camrotation. X+=my;  

  camrotation. Y- =mx;  

  RotateEntity (campiv,camrotation);  

 

  UpdateWorld ();  

   

  //Render the main world  

  SetBuffer (gbuffer);  

  SetWorld (world);  

  RenderWorld ();   

   

  //Render lighting  

  SetBuffer ( BackBuffer ());  

  RenderLights (gbuffer);  

   

  //Render transparency  

  SetWorld (foreground);  

  SetEntityMatrix (fgcam, GetEntityMatrix (ca m));  

  RenderWorld ();  

  SetWorld (world);  

 

  Flip ();  

 }  

 exitapp:  

 return  Terminate ();  

}  

 



Here is the result when the program is run: 

 

Simple transparency rendered in a second pass after lighting. 

 

LǘΩǎ ŀ ƎƻƻŘ ƛŘŜŀ ǘƻ ǳǎŜ ǘƘŜ ƳǳƭǘƛǇƭƛŎŀǘƛǾŜ όάǎƘŀŘŜέ) blend for simple transparency, because it blends into 

the background in any lighting conditions, as seen in the image below: 

 

 

Multiplicative blending is a better choice for simple transparency.  In dark environments, alpha blending (left) can look 

unnatural, whereas multiplicative (right) blending fits in better with the lighting environment. 

 

 



Refraction 

When light passes from one medium to another, the change in its speed can alter the direction of the 

wave.  This is an impressive visual effect that can be simulated fairly easily.  Instead of blending a 

transparent object with the background like we did before, we are going to pass the color buffer from 

the first render pass to the refraction material.  The refraction shader will do a texture lookup based on 

the surface normal, and display a slightly offset pixel from the background.  We will also pass the depth 

buffer to the refraction material so that the shader can tell which pixels are behind the transparent 

surface.  Because we cannot read from and write to the same texture at once, an extra light buffer will 

be used. 

 

Stages of rendering refraction: First, the background is drawn and lighting is rendered (1).  Second, the transparent object is 

drawn, using the results of the first pass to draw refraction (2).  The result is shown on the right (3). 

 

This program will display a transparent object with refraction.  Use the up and down arrow keys to 

adjust the strength of the refraction effect: 

 

#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 TWorld  world= CreateWorld ();  

 if  (!world) {  

  MessageBoxA(0, "Error" , "Failed to create world." ,0);  

  goto  exitapp;  



 }  

  

 //Create a render buffer  

 TBuffer  gbuffer= CreateBuffer (800,600, BUFFER_COLOR| BUFFER_DEPTH| BUFFER_NORMAL);  

  

 //Lighting buffer  

 TBuffer  lightbuffer= CreateBuffer (800,600, BUFFER_COLOR);  

  

 //Create a camera  

 TEntity  campiv= CreatePivot ();  

 PositionEntity (campiv, Vec3(0,2,0));  

 TCamera cam=CreateCamera (campiv);  

 PositionEntity (cam, Vec3(0,0, - 1.5));  

 

 //Load the scene  

 LoadMesh( "scene.gmf" );  

  

 //Create a light  

 TLight  light= CreatePointLight ();  

 PositionEntity (light, Vec3(0,1,0));  

  

 //Create the transparency world  

 TWorld  foreground= CreateWorld ();  

  

 //Create a camera for the transparency world  

 TCamera fgcam= CreateCamera ();  

 CameraClearMode (fgcam,0);  

  

 //Create the transparent object  

 TMesh mesh=CreateSphere ();  

 PositionEntity (mesh, Vec3(0,2,0));  

 

 //Load the transparent material  

 TMaterial  material= LoadMaterial ( " glass_refraction .mat" );  

 SetMaterialTexture (material, GetColorBuffer (lightbuffer),2);  

 SetMaterialTexture (material, GetDepthBuffer (gbuffer),3);  

 PaintEntity (mesh,material);  

 TShader  refractionshader= GetMaterialShader (material);  

 

 SetWorld (world);  

  

 TMesh cube= CreateCube ();  

 ScaleEntity (cube, Vec3(0.1));  

 PositionEntity (cube, Vec3(0,2,1));  

 TMaterial  cubematerial= CreateMaterial ();  

 SetMaterialColor (cubematerial, Vec4(1,0,0,1));  

 PaintEntity (cube,cubematerial);  

  

 float  refractionstrength=0.01;  

 

 float  mx=0.0 ,my =0.0 ;  

 TVec3 camrotation;  

 

 HideMouse ();  

 MoveMouse( GraphicsWidth ()/2, GraphicsHeight ()/2);  

  

 

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,3);  

  my=Curve ( MouseY() - GraphicsHeight ()/2,my,3);  

  MoveMouse( GraphicsWidth ()/2, GraphicsHeight ()/2);  



  camrotation= EntityRotation (campiv);  

  camrotation. X+=my;  

  camrotation. Y- =mx;  

  RotateEntity (campiv,camrotation);  

 

  UpdateWorld ();  

   

  //Render the main world  

  SetBuffer (gbuffer);  

  SetWorld (world);  

  RenderWorld ();   

   

  //Render lighting  

  SetBuffer (lightbuffer);  

  RenderLights (gbuffer);  

   

  CopyBuffer (lightbuffer, BackBuffer (), BUFFER_DEPTH| BUFFER_COLOR);  

  CopyBuffer (gbuffer, BackBuffer (), BUFFER_DEPTH);  

   

  //Set the refraction strength  

  if  ( KeyDown( KEY_UP)) { refractionstrength+=0.001 ; }  

  if  ( KeyDown( KEY_DOWN)) { refractionstrength - =0.001 ; }  

  refractionstrength=max(refractionstrength,0.0);  

  SetShaderFloat (refractionshader, "refractionstrength" ,refractionstrength);  

   

  //SetBuffer(gbuffer);  

  //ClearBuffer();  

 

  SetBuffer ( BackBuffer ());  

 

  //Render transparency  

  SetWorld (foreground);  

  SetEntityMatrix (fgcam, GetEntityMatrix (cam));  

  RenderWorld ();  

  SetWorld (world);  

 

  Flip ();  

 }  

 

 exitapp:  

 return  Terminate ();  

}  

 

 

 

 

 

 

 

 

 



Here is the result when the program is run: 

 

Transparency with refraction effect.  The light from the background bends as it passes through the transparent object. 

 

The importance of the depth buffer can be seen if the following two line of code are uncommented in 

the above program.  This will clear the depth information and the shader will refract pixels in front of 

the transparent sphere: 

 

SetBuffer (gbuffer);  

ClearBuffer ();  

 

 

 

Refraction without depth information causes graphical errors.  The image on the left refracts an object in the foreground.  The 

image on the right only refracts pixels that are behind the sphere. 


