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Introduction 

In an outdoor scene, the sky takes up approximately 50% of the view, on average.  Fortunately 

believable real-time skies are easy to render.  Cloud effects help to create the illusion of an infinite 

atmosphere.  ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ǳǎŜ ǘǿƻ ǿƻǊƭŘǎ ǘƻ ǊŜƴŘŜǊ ǘƘŜ ǎƪȅ.  The sky will be created in a background 

world and rendered first.  The rest of the scene will be rendered on top of this in a second pass. 

 

Stages of sky rendering.  First the skybox is rendered (A), then the scene is  

drawn without clearing the color buffer (B).  The combined result is C. 

 

²ŜΩƭƭ ǎǘŀǊǘ ǿƛǘƘ ŀ ǎƛƳǇƭŜ ǇǊƻƎǊŀƳ ǘƘŀǘ ƭƻŀŘǎ ŀ ǎŎŜƴŜΥ 

 

#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 ();  

 CameraClearColor (cam, Vec4(0,0,1,1));  

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

  

 //Create a render buffer for lighting  

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

  

 //Create a spot light  

 TLight  light= CreateDirectionalLight ();  

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

 

 LoadScene ( "Scenes/scene.sbx" );  

 

 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);  

  RenderWorld ();  

  SetBuffer ( BackBuffer ());  

  RenderLights (buffer);  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

 

 

 

 

 

 



Here is the result when the program is run: 

 

 

Adding a Skybox 

Now we want to add a skybox.  First we need to create a background world for the skybox.  Add this 

code before the main loop: 

 

TWorld  background= CreateWorld ();  

 

 

To make the background world renderable, we need to have a camera created in the world.  When the 

background world is created, it is automatically made the current world, and all entities created 

thereafter will be an inhabitant of that world.  If we create a camera it will be an inhabitant of the 

background world, and can be used to render the background world.  Add this code after the previous 

line: 

 

TCamera skycam= CreateCamera ();  

 

 

The skybox mesh is an inverted cube painted with the skybox material.  Add this block of code next: 

 

TMesh skybox= CreateCube ();  

FlipMesh (skybox);  



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

 

 

To render the sky, we are going to first render the background world.  Then, without clearing the color 

buffer, we will render the main world.  This can be done by setting the camera clear mode of the main 

camera to clear only the depth buffer.  Add this code after the main camera is created: 

 

CameraClearColor (cam, BUFFER_DEPTH);  

 

 

Our render code is going to change a little as well.  Find this block of code in the main loop: 

  

SetBuffer (buffer);  

RenderWorld ();  

SetBuffer ( BackBuffer ());  

RenderLights (buffer);  

Flip ();  

 

 

Replace it with this: 

  

SetBuffer (buffer);  

 

SetWorld ( background );  

 

RotateEntity (skycam, EntityRotation (cam));  

SetWorld (background);  

RenderWorld ();  

   

SetWorld (world);  

RenderWorld ();  

 

SetBuffer ( BackBuffer ());  

RenderLights (buffer);  

 

Flip ();  

 

 

Here is the finished code: 

 

#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 ();  

 CameraClearColor (cam, Vec4(0,0,1,1));  

 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 spot 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" ));  

  

 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 ( BackBuffer ());  



  RenderLights (buffer);  

 

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

The result is shown below: 

 

 

Cloud Layers 

Leadwerks Engine can support any number of cloud layers with its flexible material and shader system.  

For this tutorial, a new pixel shader has been created.  ¢Ƙƛǎ ƛǎ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ ŦƛƭŜ άcloudlayer.fragέ: 

 

#extension GL_ARB_draw_buffers : enable  

 

uniform sampler2D texture0;  

uniform float apptime;  

 

varying vec4 modelvertex;  

 

#define CLOUDLAYERS 4  

 

void main(void) {  

 

 vec4 color=vec4(0.0);  

 

 float p=0.5;  

 



 for  ( int i = 0; i < CLOUDLAYERS; i++ ) {  

  color+=texture2D(texture0,modelvertex.xz * p + vec2(0.0,apptime/ 20000.0));  

  p*=2.0;  

 }  

 color/=CLOUDLAYERS;  

 color*=gl_Color;  

  

 gl_FragData[0] = color;  

 gl_FragData[1] = vec4(1.0,1.0,1.0,0.0);  

 gl_FragData[2] = vec4(0.0);  

}  

 

 

¢ƘŜ άŎƭƻǳŘƭŀȅŜǊΦƳŀǘέ material file specifies the cloudlayer pixel shader should be used, together with 

the regular mesh vertex shader: 

 

texture0="abstract::cloudlayer.dds"  

shader="abstract::mesh.vert","abstract::cloudlayer.frag"  

blend=alpha  

color=1,1,1, 0. 75 

zsort=1  

 

 

¢ƻ ǊŜƴŘŜǊ ǘƘŜ ŎƭƻǳŘ ƭŀȅŜǊΣ ǿŜΩƭƭ Ƨǳǎǘ ŎǊŜŀǘŜ ŀƴ ƛƴǾŜǊǘŜŘ ǎǇƘŜǊŜ ƛƴ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ǿƻǊƭŘ ŀƴŘ ŀǇǇƭȅ ǘƘŜ 

cloud layer material to it.  Add this code after the skybox is created, before the call to SetWorld sets the 

current world back to the main world: 

 

TMesh clouds= CreateSphere ();  

PaintEntity (clouds, LoadMaterial ( "abstract::cloudlayer.mat" ));  

FlipMesh (clouds);  

ScaleEntity (clouds, Vec3(1,0.5,1));  

 

 

Here is the complete code: 

 

#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 ();  



 CameraClearColor (cam, Vec4(0,0,1,1));  

 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 spot 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" ));  

  

 //Create a cloud layer  

 TMesh clouds= CreateSphere ();  

 PaintEntity (clouds, LoadMaterial ( "abstract::cloudlayer.mat" ));  

 FlipMesh (clouds);  

 ScaleEntity (clouds, Vec3(1,0.5,1));  

 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 (buffer);  

   

  //Render the background  

  RotateEntity (skycam, EntityRotation (cam));  

  SetWorld (background);  

  RenderWorld ();  

   

  //Render the world  

  SetWorld (world);  

  RenderWorld ();  

 

  SetBuffer ( BackBuffer ());  

  RenderLights (buffer);  

 



  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

Here is the result when the program is run.  Layers of moving clouds scroll across the sky: 

 

 

Volumetric Clouds 

Volumetric clouds can be created with a particle emitter.  ²ŜΩƭƭ ŀŘŘ ŀ ŦǳƴŎǘƛƻƴ ŎŀƭƭŜŘ /ǊŜŀǘŜ/ƭƻǳŘ ǘƘŀǘ 

creates a volumetric cloud: 

 

TMaterial  cloudmat ;  

 

TEmitter  CreateCloud( TVec3 area ) {  

 TEmitter  cloud= CreateEmitter (100,30000);  

 if  (cloudmat==0) { cloudmat= LoadMaterial ( "abstract::cloud01.mat" ); }  

 PaintEntity (cloud,cloudmat);  

 SetEmitterArea (cloud,area);  

 SetEmitterRadius (cloud,20);  

 SetEmitterRotationSpeed (cloud,0.001);  

 EntityColor (cloud, Vec4(1,1,1,0.1));  

 return  cloud;  

}  

 



¢ƘŜƴ ǿŜΩƭƭ ǳǎŜ ǘƘƛǎ ŦǳƴŎǘƛƻƴ ǘƻ ŎǊŜŀǘŜ ŀnd randomly position ten clouds.  Add this code before the main 

loop: 

 

TWorld  foreground= CreateWorld ();  

TCamera fgcam= CreateCamera ();  

CameraClearMode (fgcam,0);   

 

TEmitter  cloud;  

int  x,y,z;  

float  angle;  

for  ( int  i = 0; i < 10; i++ ) {  

 cloud=CreateCloud( Vec3(40,4,40));  

 angle=(( float )rand()/RAND_MAX)*360;  

 x=cos(angle)*60.0;  

 z=sin(angle)*60.0;  

 y = 10+(( float )rand()/RAND_MAX)*50;  

 PositionEntity (cloud, Vec3(x,y,z));  

}  

 

SetWorld (world);  

 

 

¢ƻ ǊŜƴŘŜǊ ǘƘŜ ǘǊŀƴǎǇŀǊŜƴǘ ŎƭƻǳŘǎΣ ǿŜΩƭƭ ǳǎŜ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ǿƻǊƭŘ ǘƘŀǘ ƎŜǘǎ ǊŜƴŘŜǊŜŘ ŀŦǘŜǊ ƭƛƎƘǘƛƴƎ ƛǎ 

rendered.  Our rendering code should now look like this.  Note that UpdateWorld must be called after 

the SetWorld call using the foreground world, because particle emitters are updated during the call to 

UpdateWorld: 

 

SetBuffer (buffer);  

   

RotateEntity (skycam, EntityRotation (cam));  

SetWorld (background);  

RenderWorld ();  

 

SetWorld (world);  

RenderWorld ();  

SetBuffer ( BackBuffer ());  

RenderLights (buffer);  

 

SetWorld (foreground);  

UpdateWorld ();  

RotateEntity (fgcam, EntityRotation (cam));  

PositionEntity (fgcam, EntityPosition (ca m));  

RenderWorld ();  

 

SetWorld (world);  

 

Flip ();  

 

 

 

 

 



Here is the complete code: 

 

#include  "engine.h"  

#include  <math.h>  

 

TMaterial  cloudmat;  

 

//Create a volumetric cloud  

TEmitter  CreateCloud( TVec3 area ) {  

 TEmitter  cloud= CreateEmitter (100,30000);  

 if  (cloudmat==0) { cloudmat= LoadMaterial ( "abstract::cloud01.mat" ); }  

 PaintEntity (cloud,cloudmat);  

 SetEmitterArea (cloud,area);  

 SetEmitterRadius (cloud,20);  

 SetEmitterRotationSpeed (cloud,0.001);  

 EntityColor (cloud, Vec4(1,1,1,0.1));  

 return  cloud;  

}  

 

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

 

 //Create a spot 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" ));  

  

 //Create a cloud layer  

 TMesh cloudlayer= CreateSphere ();  

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

 FlipMesh (cloudlayer);  

 PositionEntity (cloudlayer, Vec3(0, - 0.25,0));  

 SetWorld (world);  

 



 //Create volumetric clouds  

 TWorld  foreground= CreateWorld ();  

 TCamera fgcam= CreateCamera ();  

 CameraClearMode (fgcam,0);   

  

 TEmitter  cloud;  

 int  x,y,z;  

 float  angle;  

 for  ( int  i = 0; i < 10; i++ ) {  

  cloud=CreateCloud( Vec3(40,4,40));  

  angle=(( float )rand()/RAND_MAX)*360;  

  x=cos(angle)*60.0;  

  z=sin(angle)*60.0;  

  y = 10+(( float )rand()/RAND_MAX)*50;  

  PositionEntity (cloud, Vec3(x,y,z));  

 }  

 

 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 (buffer);  

   

  //Render the background  

  RotateEntity (skycam, EntityRotation (cam));  

  SetWorld (background);  

  RenderWorld ();  

   

  //Render the world  

  SetWorld (world);  

  RenderWorld ();  

  SetBuffer ( BackBuffer ());  

  RenderLights (buffer);  

 

  //Render transparency  

  SetWorld (foreground);  

  UpdateWorld ();  

  RotateEntity (fgcam, EntityRotation (cam));  

  PositionEntity (fgcam, EntityPosition (cam));  

  RenderWorld ();  

 

  SetWorld (world);  

 



  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

Run the program and wait a few moments.  Volumetric clouds will form as the particle emitters update: 
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