
Post-Processing Effects 

 

Recommended Reading 

Rendering Sky 

Video 

http://www.leadwerks.com/files/Tutorials/CPP/Post-Processing_Effects.wmv 

Files 

http://developer.leadwerks.com/Tutorials/CPP/Post-Processing_Effects_Files.zip 

 

 

Post-processing effects can give a cinematic quality to computer graphics. 

(Image courtesy of Hau Nghiep Phan.) 

 

Introduction 

Advancements in graphics hardware now allow full-screen effects to be performed on a rendered image, 

to create a wide variety of special effects.  When used properly, post-processing effects can give a 

cinematic quality to computer graphics. 

http://www.leadwerks.com/files/Tutorials/CPP/Rendering_Sky.pdf
http://www.leadwerks.com/files/Tutorials/CPP/Post-Processing_Effects.wmv
http://developer.leadwerks.com/Tutorials/CPP/Post-Processing_Effects_Files.zip


Leadwerks Engine features a low-level buffer and shader system which allows rendering of any kind of 

post-processing effect.  Although this requires a deeper understanding oŦ ǎƘŀŘŜǊǎ ǘƘŀƴ ŀ ǎƛƳǇƭŜ άǘǳǊƴ 

ōƭƻƻƳ ƻƴέ ǎȅǎǘŜƳΣ ƛǘ ŀƭƭƻǿǎ ŦŀǊ ƎǊŜŀǘŜǊ ŦƭŜȄƛōƛƭƛǘȅΦ  New post-processing effects can be added without 

having to modify the engine source code. 

To render post-ǇǊƻŎŜǎǎƛƴƎ ŜŦŦŜŎǘǎΣ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ǳǎŜ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ōǳŦŦŜǊΦ  ²ŜΩƭƭ first render the scene 

ǘƻ ǘƘŜ ƎōǳŦŦŜǊΣ ǘƘŜƴ ǊŜƴŘŜǊ ƭƛƎƘǘƛƴƎ ƻƴǘƻ ǘƘŜ ǇƻǎǘōǳŦŦŜǊΦ  Lƴ ǘƘŜ ƭŀǎǘ ǎǘŜǇΣ ǿŜΩƭƭ ŘǊŀǿ ǘƘŜ ǇƻǎǘōǳŦŦŜǊ ŎƻƭƻǊ 

texture onto the back buffer, with post-processing effects applied, as shown in the diagram below.  The 

first two effects we discuss will only use draw settings, while more advanced effects will use a postfilter 

shader. 

 

²ŜΩƭƭ ǎǘŀǊǘ ǿƛǘƘ ǘƘƛǎ ǇǊƻƎǊŀƳ ǿƘƛŎƘ ƭƻŀŘǎ ŀ ǎŎŜƴŜΣ ŎǊŜŀǘŜǎ ŀ ŘƛǊŜŎǘƛƻƴŀƭ ƭƛƎƘǘΣ ŀnd renders the scene with 

a sky: 

 

#include  "engine.h"  

 

int  main( int  argc, ch ar ** 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  

 TCamera cam=Create Camera();  

 MoveEntity (cam, Vec3(0,5, - 20));  

 CameraClearMode (cam, BUFFER_DEPTH);  

  

 //Create a render buffer for lighting  

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

  

 //Create a render buffer for post - processing effects  

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

  

 //Create a directional light  

 TLight  light= CreateDirectionalLight ();  

 RotateEntity (light, Vec3(45,45,0));  



 

 LoadScene ( "Scenes/scene.sbx" );  

  

 //Create a skybox  

 TWorld  background= CreateWorld ();  

 TMesh skybox= CreateCube ();  

 TCamera skycam= CreateCamera ();  

 FlipMesh (skybox);  

 PaintEntity (skybox, LoadMaterial ( "abstract::skybox.mat" ));  

 SetWorld (world);  

  

 TVec3 camrotation= Vec3(0);  

 float  mx=0;  

 float  my=0;  

  

 HideMouse ();  

 MoveMouse( GraphicsWidth ()/2, Grap hicsHeight ()/2);  

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  //Camera look  

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,6);  

  my=Curve ( MouseY() - GraphicsHeight ()/2,my,6);  

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

   

  camrotation. X=camrotation. X+my/10.0;  

  camrotation. Y=camrotation. Y- mx/10.0;  

  RotateEntity (cam,camrotation);  

 

  UpdateAppTime ();  

  UpdateWorld ();  

   

  SetBuffer (gbuffer);  

   

  //Render the background  

  RotateEntity (skycam, EntityRotation (cam));  

  SetWorld (background);  

  RenderWorld ();  

   

  //Render the world  

  SetWorld (world);  

  RenderWorld ();  

   

  SetBuffer (postbuffer);  

  RenderLights (gbuffer);  

   

  SetBuffer ( BackBuffer ());  

  DrawImage(GetColorBuffer(postbuffer),0,GraphicsHeight(),GraphicsWidth(),-GraphicsHeight()); 
 

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

 



Here is the result when the program is run: 

 

 

Colorization 

 

We can colorize the screen by setting the drawing color and drawing the postbuffer color texture onto 

the back buffer. 



 

#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  

 TCamera cam=Cre ateCamera ();  

 MoveEntity (cam, Vec3(0,5, - 20));  

 CameraClearMode (cam, BUFFER_DEPTH);  

  

 //Create a render buffer for lighting  

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

  

 //Create a render buffer for post - processing effect s 

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

  

 //Create a directional light  

 TLight  light= CreateDirectionalLight ();  

 RotateEntity (light, Vec3(45,45,0));  

 

 LoadScene ( "Scenes/scene.sbx" );  

  

 //Create a skybox  

 TWorld  background= CreateWorld ();  

 TMesh skybox= CreateCube ();  

 TCamera skycam= CreateCamera ();  

 FlipMesh (skybox);  

 PaintEntity (skybox, LoadMaterial ( "abstract::skybox.mat" ));  

 SetWorld (world);  

  

 TVec3 camrotation= Vec3(0);  

 float  mx=0;  

 float  my=0;  

  

 HideMouse ();  

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

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  //Camera look  

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,6);  

  my=Curve ( MouseY() - GraphicsHeight ()/2,my,6);  

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

   

  camrotation. X=camrotation . X+my/10.0;  

  camrotation. Y=camrotation. Y- mx/10.0;  

  RotateEntity (cam,camrotation);  

 

  UpdateAppTime ();  

  UpdateWorld ();  



   

  SetBuffer ( gbuffer);  

   

  //Render the background  

  RotateEntity (skycam, EntityRotation (cam));  

  SetWorld (background);  

  RenderWorld ();  

   

  //Render the world  

  SetWorld (world);  

  RenderWorld ();  

   

  SetBuffer (postbuffer);  

  RenderLights ( gbuffer);  

   

  SetBuffer ( BackBuffer ());  

   

  SetColor ( Vec4(1,0,0,1));   

  DrawImage(GetColorBuffer(postbuffer),0,GraphicsHeight(),GraphicsWidth(),-GraphicsHeight()); 
  SetColor ( Vec4(1));  

 

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Motion Blur 

 

A simple motion blur effect can be rendered by drawing the postbuffer color texture onscreen with an 

alpha blend.  Each frame is blended on top of what was drawn in the previous frame, creating a 

cascading blur 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 camera  

 TCamera cam=CreateCamera ();  

 MoveEntity (cam, Vec3(0,5, - 20));  

 CameraClearMode (cam, BUFFER_DEPTH);  

  

 //Create a render buffer for lighting  

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

  

 //Create a render buffer for post - processing effects  

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

  

 //Create a directional light  



 TLight  light= CreateDirectionalLight ();  

 Rotate Entity (light, Vec3(45,45,0));  

 

 LoadScene ( "Scenes/scene.sbx" );  

  

 //Create a skybox  

 TWorld  background= CreateWorld ();  

 TMesh skybox= CreateCube ();  

 TCamera skycam= CreateCamera ();  

 FlipMesh (skybox);  

 PaintEntity (skybox, LoadMaterial ( "abstract::skybox.mat" ));  

 SetWorld (world);  

  

 TVec3 camrotation= Vec3(0);  

 float  mx=0;  

 float  my=0;  

  

 HideMouse ();  

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

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  //Camera look  

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,6);  

  my=Cur ve ( MouseY() - GraphicsHeight ()/2,my,6);  

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

   

  camrotation. X=camrotation. X+my/10.0;  

  camrotation. Y=camrotation. Y- mx/10.0;  

  RotateEntity (cam,camrotation);  

 

  UpdateAppTime ();  

  UpdateWorld ();  

   

  SetBuffer ( gbuffer);  

   

  //Render the background  

  RotateEntity (skycam, EntityRotation (cam));  

  SetWorld (background);  

  RenderWorld ();  

   

  //Render the world  

  SetWorld (world);  

  RenderWorld ();  

   

  SetBuffer (postbuffer);  

  RenderLights ( gbuffer);  

   

  SetBuffer ( BackBuffer ());  

   

  //Draw color buffer onscreen with alpha blending  

  SetColor ( Vec4(1,1,1,0.25));   

  SetBlend ( BLEND_ALPHA);  

  DrawImage(GetColorBuffer(postbuffer),0,GraphicsHeight(),GraphicsWidth(),-GraphicsHeight()); 
 

  Flip ();  

 }  

  

 exitapp:  

 return  Terminat e();  

}  

 



Desaturation 

 

A desaturation filter is a simple effect that will make an image black and white.  ²ŜΩƭƭ ƭƻŀŘ ǘƘŜ 

desaturation postfilter before the main loop, and then use the SetShader command to activate a shader 

when the postbuffer color texture is drawn onscreen. 

 

#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  

 TCamera cam=CreateCamera ();  

 MoveEntity (cam, Vec3(0,5, - 20));  

 CameraClearMode (cam, BUFFER_DEPTH);  

  

 //Create a render buffer for lighting  

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

  

 //Create a render buffer for post - processing effects  

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

  

 //Create a directional light  



 TLight  light= CreateDirectionalLight ();  

 RotateEntity (light, Vec3(45,45,0));  

 

 LoadScene ( "Scenes/scene.sbx " );  

  

 //Create a skybox  

 TWorld  background= CreateWorld ();  

 TMesh skybox= CreateCube ();  

 TCamera skycam= CreateCamera ();  

 FlipMesh (skybox);  

 PaintEntity (skybox, LoadMaterial ( "abstract::skybox.mat" ));  

 SetWorld (world);  

  

 TShader postfilter=LoadShader("abstract::postfilter.vert","abstract::postfilter_desaturate.frag"); 
 

 TVec3 camrotation= Vec3(0);  

 float  mx=0;  

 float  my=0;  

  

 HideMouse ();  

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

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  //Camera look  

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,6);  

  my=Curve ( MouseY() - GraphicsHeight ()/2,my,6);  

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

   

  camrotation. X=camrotation. X+my/10.0;  

  camrotation. Y=camrotation. Y- mx/10.0;  

  RotateEntity (cam,camrotation);  

 

  UpdateA ppTime ();  

  UpdateWorld ();  

   

  SetBuffer ( gbuffer);  

   

  //Render the background  

  RotateEntity (skycam, EntityRotation (cam));  

  SetWorld (background);  

  RenderWorld ();  

   

  //Render the world  

  SetWorld (world);  

  RenderWorld ();  

   

  SetBuffer (postbuffer);  

  RenderLights ( gbuffer);  

   

  SetBuffer ( BackBuffer ());  

   

  SetShader (postfilter);  

  DrawImage(GetColorBuffer(postbuffer),0,GraphicsHeight(),GraphicsWidth(),-GraphicsHeight()); 
  SetShader (0);  

 

  Flip ();  

 }  

 exitapp:  

 return  Terminate ();  

}  

 



Distance Fog 

 

In modern renderers, distance fog should be drawn as a post-processing effect.  The shader requires a 

depth texture to read from, so we bind the gbuffer depth texture to texture unit 1 before drawing the 

postbuffer color texture onscreen. 

#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 ca mera  

 TCamera cam=CreateCamera ();  

 MoveEntity (cam, Vec3(0,5, - 20));  

 CameraClearMode (cam, BUFFER_DEPTH);  

  

 //Create a render buffer for lighting  

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

  

 //Create a render buffer for po st - processing effects  

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

  

 //Create a directional light  

 TLight  light= CreateDirectionalLight ();  



 RotateEntity (light, Vec3(45,45,0));  

 

 LoadScene ( "Scenes/scene.sbx" );  

  

 //Create a skybox  

 TWorld  backgrou nd=CreateWorld ();  

 TMesh skybox= CreateCube ();  

 TCamera skycam= CreateCamera ();  

 FlipMesh (skybox);  

 PaintEntity (skybox, LoadMaterial ( "abstract::skybox.mat" ));  

 SetWorld (world);  

  

 TShader postfilter=LoadShader("abstract::postfilter.vert","abstract::postfilter_distancefog.frag"); 
 SetShaderVec2 (postfilter, "fogrange" , Vec2(0,50));  

 SetShaderVec4 (postfilter, "fogcolor" , Vec4(1,1,1,0.5));  

 SetShaderVec2 (postfilter, "camerarange" , Vec2(0.1,1000));  

 

 TVec3 camrotation= Vec3(0);  

 float  mx=0;  

 float  my=0;  

  

 HideMouse ();  

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

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  //Camera look  

  mx=Curve ( MouseX() - GraphicsWidth ()/2,mx,6);  

  my=Curve ( MouseY() - GraphicsHeight ()/2,my,6);  

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

   

  camrotation. X=camrotation. X+my/10.0;  

  camrotation. Y=camrotation. Y- mx/10.0;  

  RotateEntity (cam,camrotation);  

 

  UpdateAppTime ();  

  UpdateWorld ();  

   

  SetBuffer (buffer);  

   

  //Render the background  

  RotateEntity (skycam, EntityRotation (cam));  

  SetWorld (background);  

  RenderWorld ();  

   

  //Render the world  

  SetWorld (world);  

  RenderWorld ();  

  SetBuffer (postbuffer);  

  RenderLights (buffer);  

  SetBuffer ( BackBuffer ());  

   

  SetShader (postfilter);  

  BindTexture ( GetDepthBuffer (buffer),1);  

  DrawImage(GetColorBuffer(postbuffer),0,GraphicsHeight(), GraphicsWidth(),- GraphicsHeight()); 
  SetShader (0);  

 

  Flip ();  

 }  

 exitapp:  

 return  Terminate ();  

}  



Gaussian Blur 

 

A Gaussian blur effect can be rendered by resizing the rendered image and applying a blur postfilter.  To 

resize an image, we create a set of buffers that are consecutively smaller.  The TEXFILTER_SMOOTH 

texture filter will enable linear filtering on textures.  Because the linear filter only considers a 2x2 grid of 

pixels, we must consecutively resize the image by half until we reach the desired dimensions.  The first 

buffer is half the size of our main render buffer, the second is one-fourth the size, and so on.  We can 

resize an image to any dimensions we want with this method, but in this example we will only resize it 

twice, to create an image that is one-fourth the original dimensions and 1/16th the original area.  The 

small resampled image is drawn onscreen with a blur postfilter applied. 

 

Comparison of nearest and linear filters.  The two images on the right have been resampled to one-fourth the dimensions of 

the original and then scaled up to show the difference.  When resizing an image the linear filter (TEXFILTER_SMOOTH) should 

be used. 



The blur postfilter will sample a cross of 9 pixels: 

 

Two methods of sampling.  The 5x5 grid requires 25 texture lookups.  The method on the right  

can create crosshatching artifacts, but requires only 9 texture lookups. 

 

 

 

Resampling an image.  Two half-size passes result in an  

image that is 1/16 the area of the original. 

 
 

#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  


