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Animation brings games to life.  (Character by Hau Phan.) 

Introduction 

Animation is used to create living beings in the virtual world of a computer game.  Leadwerks Engine 

features a flexible skinning and animation system that supports animation transitions, blending, 

procedural interpolation, and allows use of ragdolls and other physics-based motion. 

 

http://www.leadwerks.com/files/Tutorials/CPP/Introduction_To_Meshes.pdf
http://www.leadwerks.com/files/Tutorials/CPP/Materials_And_Shaders.pdf
http://www.leadwerks.com/files/Tutorials/CPP/Introduction_To_Animation.wmv
http://developer.leadwerks.com/Tutorials/CPP/Introduction_To_Animation_Files.zip


Skinning and Animation 

Skinning and animation are usually used together, but are not the same thing.  It is important to 

understand this distinction. 

Skinning is a technique whereby vertices are attached to bones.  When a bone moves or rotates, 

attached vertices will maintain their position and normal relative to the bone.  A vertex may be attached 

to one or more bones with a percentage weight per attachment, and it will be influenced by both.  For 

ŜȄŀƳǇƭŜΣ ŀ ǾŜǊǘŜȄ ƻƴ ŀ ŎƘŀǊŀŎǘŜǊΩǎ Ŝƭōƻǿ ƳƛƎƘǘ ōŜ ƛƴŦƭǳŜƴŎŜŘ рл҈ ōȅ ǘƘŜ ŦƻǊŜŀǊƳ ōƻƴŜ ŀƴŘ рл҈ ōȅ ǘƘŜ 

upper arm bone.   Leadwerks Engine supports up to four bone attachments per vertex. 

Animation is a series of preset frames created by an artist in a modeling program.  Animation is used to 

make characters appear to walk, run, jump, or perform other motions.  A hierarchy of bones forms a 

skeleton, which acts in much the same way a human skeleton does.  When bones are animated, vertices 

attached to them will morph just as muscles and skin flexes when the underlying bones move.  

IƻǿŜǾŜǊΣ ƛǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ǿƘŜǊŜ ǘƘŜ Ƴƻtion comes from; when a bone moves or rotates, attached 

vertices follow.  Therefore, skinning will work whether the source of motion is animation, programmed 

movements, or physics motionΣ ŀǎ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ŀ άǊŀƎŘƻƭƭέ ŎƘŀǊŀŎǘŜǊΦ 

 

A hierarchy of bones forms a skeleton. 

 

 



Preparing the Mesh 

²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ǳǎŜ ǘƘŜ ά/ǊŀǿƭŜǊέ character, which consists of several files: 

File Description 

crawler.U3D Unwrap3D file 

crawler.gmf Mesh file 

crawler.dds Diffuse texture 

crawler_eyeball.dds Eye diffuse texture 

crawler_eyeballdot3.dds Eye normal map 

crawlerdot3.dds Normal map 

crawler.mat Material file 

crawler_eyeball.mat Eye material file 

 

Unwrap3D is an inexpensive UV mapping tool with import and export support for every popular 3D file 

format.  ²ŜΩǊŜ ƎƻƛƴƎ ǘƻ ǳǎŜ ǘƘƛǎ ŀǎ ŀƴ ƛƴǘŜǊƳŜŘƛŀǘŜ ǎǘŀƎŜ ōŜŦƻǊŜ ŀǎǎŜǘǎ ŀǊŜ ƭƻŀŘŜŘ ƛƴ ǘƘŜ ŜƴƎƛƴŜΦ  When 

ǿŜ ƭƻŀŘ ǘƘŜ ŦƛƭŜ άŎǊŀǿƭŜǊΦ¦о5έ ǿŜ Ŏŀƴ ǎŜŜ ǘƘŜ ŎƘŀǊŀŎǘŜǊΩǎ ǿƛǊŜŦǊŀƳŜ ƳŜǎƘ ŀƴŘ ǎƪŜƭŜǘƻƴΥ 

 

Unwrap3D interface. 

 

 

 

http://www.unwrap3d.com/


Materials 

Because we cannot expect all modeling programs to support Leadwerks Engine materials, we can just 

assign a diffuse texture for an ƻōƧŜŎǘΩǎ ƳŀǘŜǊƛŀƭΦ  ²ƘŜƴ ǘƘŜ ƳŜǎƘ ƛǎ ƭƻŀŘŜŘ ƛƴ ǘƘŜ ŜƴƎƛƴŜΣ ǘƘŜ ŜƴƎƛƴŜ ǿƛƭƭ 

ŘŜǘŜŎǘ ǘƘŜ ŘƛŦŦǳǎŜ ǘŜȄǘǳǊŜ άŎǊŀǿƭŜǊΦŘŘǎέ ƛƴ ǘƘŜ ƳŜǎƘ ŦƛƭŜΣ ŀƴŘ search for any material named 

άŎǊŀǿƭŜǊΦƳŀǘέΦ 

 

Assigning a texture in Unwrap3D. 

 

¢ƘŜ άŎǊŀǿƭŜǊΦƳŀǘέ ŦƛƭŜ Ŏƻƴǘŀƛƴǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ text: 

 
texture0="abstract::crawler.dds" 
texture1="abstract::crawlerdot3.dds" 
shader="abstract::mesh_bumpmap_skin.vert","abstract::mesh_diffuse_bumpmap_specular.frag" 
shadowshader="abstract::mesh_shadow_skin.vert" 
 

 

Skinning in Leadwerks Engine is performed on the GPU for faster processing.  Therefore, any skinned 

mesh must use a material which specifies a vertex shader with the skinning option enabled.  Because we 

ǿŀƴǘ ǘƘŜ ƳŜǎƘΩǎ ǎƘŀŘƻǿ ǘƻ ƳŀǘŎƘ ǘƘŜ ǾƛǎƛōƭŜ ƳŜǎƘΣ ǘƘŜ ǎƘŀŘƻǿ ǎƘŀŘŜǊ ŀƭǎƻ ǳǎŜǎ ŀ ǾŜǊǘŜȄ ǎƘŀŘŜǊ ǿƛǘƘ 

the skinning option enabled. 



Bone Limits 

Because Leadwerks Engine performs vertex skinning on the graphics hardware, the limitations of the 

oldest supported hardware dictate the maximum number of bones.  It is important to use fewer than 

this maximum number, or an error will result.  Unwrap3D can remove redundant bones with the Prune 

function.  Right-click on the ά.ƻƴŜǎέ ǘǊŜŜ ƴƻŘŜ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ άtǊǳƴŜέ ƳŜƴǳ item to remove redundant 

bones: 

 

The Prune tool removes unused bones. 

 

Exporting 

Unwrap3D can export Leadwerks GMF files.  When exporting an animated mesh, the following options 

should be used: 

 

If a mesh is not animated, the bones and animation options should be unchecked. 

 

 



Skinning in Action 

The following program will load and display our character mesh: 

 

#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 if  (! CreateWorld ()) {  

  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(0,0.85, - 2));  

  

 //Create a render buffer for lighting  

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

  

 //Create a spot light  

 TLight  light= CreateSpotLight ();  

 RotateEntity (light, Vec3(20,45,0));  

 EntityColor (light, Vec4(2,2,2,1));  

 MoveEntity (light, Vec3(0,0, - 5));  

 SetShadowmapSize (light,1024);  

 AmbientLight ( Vec3(0.1));  

 

 //Load the animated mesh 

 TMesh mesh=Load Mesh( "crawler.gmf" );  

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

  UpdateWorld ();  

  SetBuffer (buffer);  

  RenderWorld ();  

  SetBuffer ( BackBuffer ());  

  RenderLights (buffer);  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

[ŜǘΩǎ ǊŜǘǊƛŜǾŜ ŀ ǎǇŜŎƛŦƛŎ ōƻƴŜ ŦǊƻƳ ǘƘŜ mesh hierarchy.  Add this code after the mesh is loaded, before 

the main loop: 

 
TEntity  head= FindChild ( mesh, "Bip01 Head" );  



bƻǿ ŀŘŘ ǘƘƛǎ ŎƻŘŜ ƛƴ ǘƘŜ Ƴŀƛƴ ƭƻƻǇΦ  ¢Ƙƛǎ ǿƛƭƭ ŀƭƭƻǿ ƪŜȅōƻŀǊŘ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ŎƘŀǊŀŎǘŜǊΩǎ ƘŜŀŘΥ 

 

if  ( KeyDown( KEY_LEFT)) { TurnEntity (head, Vec3(0,0.5,0));}  

if  ( KeyDown( KEY_RIGHT)) { TurnEntity (head, Vec3(0, - 0.5,0));}  

if  ( KeyDown( KEY_UP)) { TurnEntity (head, Vec3(0.5,0,0));}  

if  ( KeyDown( KEY_DOWN)) { TurnEntity (head, Vec3( - 0.5,0,0));}  

 

 

²ƘŜƴ ǿŜ Ǌǳƴ ǘƘŜ ǇǊƻƎǊŀƳΣ ǿŜ Ŏŀƴ ǘǳǊƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊΩǎ ƘŜŀŘ ǿƛǘƘ ǘƘŜ ŀǊǊƻǿ ƪŜȅǎΣ ŀƴŘ ƻōǎŜrve the 

effect of mesh skinning.  It does not matter whether the rotation of the bones comes from animation, 

programmed movement, or physics.  The skinned mesh will morph to accommodate the bones in any of 

these cases. 

 

Skinning stretches polygons between bones.  Here, the neck polygons ŀǊŜ ǎǘǊŜǘŎƘŜŘ ŀǎ ǘƘŜ ŎƘŀǊŀŎǘŜǊΩǎ ƘŜŀŘ ƛǎ ǘǳǊƴŜŘΦ 

 

Animation in Action 

Although the process of creating animated meshes is fairly complex, animating them once they are in 

the engine is very simple.  All animation is performed with the Animate command, which is declared as 

follows: 

 

void  Animate ( TEntity  entity, flt  frame, flt  blend= 1.0, int  sequence =0, int  recursive= true  )  

 

 

[ŜǘΩǎ ŘƛǎŎǳǎǎ ŜŀŎƘ ǇŀǊŀƳŜǘŜǊ ƛƴ ŘŜǘŀƛƭΦ 

 



Entity 

This is the entity to animate.  We can animate any entity in the hierarchy.  For example, if we wanted to 

Ǉƭŀȅ ŀƴ ŀƴƛƳŀǘƛƻƴ ǘƘŀǘ ƻƴƭȅ ŀŦŦŜŎǘŜŘ ǘƘŜ ǳǇǇŜǊ ōƻŘȅΣ ǿŜ ŎƻǳƭŘ ŦƛƴŘ ǘƘŜ ōƻƴŜ ƴŀƳŜŘ άBip01 Spine1έ ŀƴŘ 

animate that entity. 

Frame 

This is the frame or time we wish to display.  All animation data is stored in a linear sequence.  We can 

specify any value along that sequence, and the animation will be interpolated from the closest two 

frames.  Consider an entity with ten frames of animation data.  If we specify an animation frame of 2.75 

the pose will be interpolated between the nearest two frames.  The result will be a pose that is 75% like 

the pose at frame 3 and 25% like the pose at frame 2: 

 

Frame values are automatically wrapped, so in the above case if we specify a frame of 14, it is the same 

as specifying frame 4. 

Blend 

The blend value can be used to transition smoothly between two frames.  The default blend value of 1.0 

will affect the mesh with a strength of 100%, while a blend value of 0.0 will have no effect at all.  We will 

discuss blending animations in more detail later in this lesson. 

Sequence 

When a mesh is loaded, any animation data contained in it makes up the first sequence.  Additional 

animation sequences can be loaded from mesh files with the LoadAnimation() command.  The file the 

animation is loaded from must use the exact same hierarchy structure as the original mesh, although it 

does not need to contain any mesh surface data.  This is a convenient way for artists to store different 

animations across multiple files. 

Recursive 

When the recursive parameter is set to true all children in the hierarchy of the specified entity will be 

animated using the same values.  An entity does not have to contain animation data to use the Animate 

command on it.  If and entity with no animation data is animated, it will skip that entity and continue 

animating its children, as long as the recursive flag is set.  This is important because when we load the 

animated character as a model with multiple LOD meshes, animation commands can be used on the 

model itself to control its children. 

The following program will display the mesh with animation.  ²ŜΩƭƭ ǳǎŜ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǘƛƳŜ ŘƛǾƛŘŜŘ by 

one hundred for the frame.  This will just cycle through all contained animation sequences in order: 



 

#include  "engine.h"  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 if  (! CreateWorld ()) {  

  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(0,0.85, - 2));  

  

 //Create a render buffer for lighting  

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

  

 //Create a spot light  

 TLight  light= CreateSpotLight ();  

 RotateEntity (light, Vec3(20,45,0));  

 EntityColor (light, Vec4(2,2,2,1));  

 MoveEntity (light, Vec3(0,0, - 5));  

 SetShadowmapSize (light,1024);  

 AmbientLight ( Vec3(0.1));  

 

 //Load the animated mesh  

 TMesh mesh=LoadMesh( "crawler.gmf" );  

  

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  //Animate the mesh  

  Animate (mesh, AppTime ()/100.0,1.0, 0, true );  

   

  UpdateAppTime ();  

  UpdateWorld ();  

  SetBuffer (buffer);  

  RenderWorld ();  

  SetBuffer ( BackBuffer ());  

  RenderLights (buffer);  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

 

 

 



Here is the result: 

 

 

Animation Sequences 

If we know the range of animation a specific sequence covers, we can play a single action.  Our example 

mesh contains three animation sequences.  The frames ranges for each sequence are shown in the table 

below: 

Sequence Frames 

Idle 0-69 

Walk 70-130 

Run 131-171 

 

If we play only frames 0-69 in a ƭƻƻǇΣ ǘƘŜ ŎƘŀǊŀŎǘŜǊ ǿƛƭƭ ŀǇǇŜŀǊ ǘƻ άƛŘƭŜέ ƻǊ ǎǘŀƴŘ ƴŜŀǊƭȅ ǎǘƛƭƭΦ  LŦ ǿŜ Ǉƭŀȅ 

frames 70 to 130 in a loop, the character will walk.  If we play frames 131 to 171 in a loop, the character 

will run. 

For smooth animation cycling, the first and last frames of a sequence must be identical.  Consider a 

sequence of ten frames numbered 0 through 9.  When the frame time is 0.89, the pose is 10% like frame 

8 and 90% like frame 9.  When the frame time reaches the value of 9.0, it is instantly set back to 0.0.  

When the frame time is 0.1, the pose is 90% like frame 0 and 10% like frame 1.  If frame 0 and 9 are 

identical, the transition from 8.9 to 0.1 will be smooth.  If frame 0 and frame 9 are not identical, a 

άǎǘǳǘǘŜǊƛƴƎέ ŀǇǇŜŀǊŀƴŎŜ ǿƛƭƭ ǊŜǎǳƭǘΦ 



The formula for playing a sequence in a loop is as follows: 

frame = mod( time, frameend - framebegin) + framebegin 

¢ƘŜ ǾŀǊƛŀōƭŜ άŦǊŀƳŜōŜƎƛƴέ ƛǎ ǘƘŜ ŦƛǊǎǘ ŦǊŀƳŜ ƛƴ ǘƘŜ ǎŜǉǳŜƴŎŜΦ  ¢ƘŜ ǾŀǊƛŀōƭŜ άŦǊŀƳŜŜƴŘέ ƛǎ ǘƘŜ ƭŀǎǘ ŦǊŀƳŜ 

in the sequence.  The sequence length is given by frameend minus framebegin.  The mod() function 

divides the time by the sequence length until it is a number between 0 and the sequence length. 

The following program will play the above sequences.  Press the 1 key to play the idle sequence.  Press 

the 2 key to play the walk sequence.  Press the 3 key to play the run sequence. 

 

#include  "engine.h"  

#include  <math.h>  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 if  (! CreateWorld ()) {  

  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(0,0.85, - 2));  

  

 //Create a render buffer for lighting  

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

  

 //Create a spot light  

 TLight  light= CreateSpotLight ();  

 RotateEntity (light, Vec3(20,45,0));  

 EntityColor (light, Vec4(2,2,2,1));  

 MoveEntity (light, Vec3(0,0, - 5));  

 SetShadowmapSize (light,1024);  

 AmbientLight ( Vec3(0.1));  

 

 //Load the animated mesh  

 TMesh mesh=LoadMesh( "crawler.gmf" );  

  

 int  sequence=1;  

 float  framebegin;  

 float  frameend;  

 float  frame;  

 

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  if  ( KeyHit ( KEY_1)) { sequence=1; }  

  if  ( KeyHit ( KEY_2)) { sequence=2; }  

  if  ( KeyHit ( KEY_3)) { sequence=3; }  

 



  switch  ( sequence ) {  

   case  1:  

    framebegin=0.0;  

    frameend=69.0;  

    break ;      

   case  2:  

    framebegin=70.0;  

    frameend=130.0;  

    break ;  

   case  3:  

    framebegin=131.0;  

    frame end=171.0;  

    break ;  

  }  

 

  //Animate the mesh  

  frame= AppTime ()/100.0;  

  frame=fmodf(frame,frameend - framebegin)+framebegin;  

  Animate (mesh,frame,1.0, 0, true );  

   

  UpdateAppTime ();  

  UpdateWorld ();  

  SetBuffer (buffer);  

  RenderWorld ();  

  SetBuffer ( BackBuffer ());  

  RenderLights (buffer);  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

Animation Blending 

We can transition between two sequences with the blend parameter of the Animate function.  The 

following program will play either the walk or run sequence, and will smoothly transition between them 

when the 1 and 2 keys are hit: 

#include  "engine.h"  

#include  <math.h>  

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics (800,600);  

  

 //Create a world  

 if  (! CreateWorld ()) {  

  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(0,0.85, - 2));  

  

 //Create a render buffer for lighting  

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

  

 //Create a spot light  

 TLight  light= CreateSpotLight ();  

 RotateEntity (light, Vec3(20,45,0));  

 EntityColor (light, Vec4(2,2, 2,1));  

 MoveEntity (light, Vec3(0,0, - 5));  

 SetShadowmapSize (light,1024);  

 AmbientLight ( Vec3(0.1));  

 

 //Load the animated mesh  

 TMesh mesh=LoadMesh( "crawler.gmf" );  

  

 int  sequence=2;  

 float  framebegin;  

 float  frameend;  

 float  frame;  

 float  blend=0.0;  

 

 //Main  loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  if  ( KeyHit ( KEY_1)) { sequence=2; }  

  if  ( KeyHit ( KEY_2)) { sequence=3; }  

 

  if  (sequence==2) {  

   blend=blend - 0.01;  

  }  

  if  (sequence==3) {  

   blend=blend+0.01;  

  }  

  blend=max(blend,0.0);  

  blend=min(blend,1.0);  

 

  //Animate the mesh with the walk sequence  

  framebegin=70.0;  

  frameend=130.0;  

  frame= AppTime ()/100.0;  

  frame=fmodf(frame,frameend - framebegin)+framebegin;  

  Animate (mesh,frame,1.0, 0, true );  

 

  //Animate the mesh with the run sequence  

  framebegin=131.0;  

  frameend=171.0;  

  frame= AppTime ()/100.0;  

  frame=fmodf(frame,frameend - framebegin)+framebegin;  

  Animate (mesh,frame,blend, 0, true );  

 

  UpdateAppTime ();  

  UpdateWorld ();  

  SetBuffer (buffer);  

  RenderWorld ();  

  SetBuffer ( BackBuffer ());  

  RenderLights (buffer);  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  



Animation blending can be used for transitions, procedural animation between two poses, or combining 

animations. 

 

Split Animation 

Because we can animate any entity in the hierarchy recursively, it is possible to animate the upper and 

lower body differently.  This program will play the walk sequence for the lower body, and the run 

sequence for the upper body.  The run sequence will be played at a faster speed: 

 

#include  "engine.h"  

#include  <math.h > 

 

int  main( int  argc, char ** argv)  

{  

 Initialize ();  

  

 //Create a graphics context  

 Graphics ( 800 , 600);  

  

 //Create a world  

 if  (! CreateWorld ()) {  

  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(0,0.85, - 2));  

  

 //Create a render buffer for lighting  

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

  

 //Create a spot light  

 TLight  light= CreateSpotLight ();  

 RotateEntity (light, Vec3(20,45,0));  

 EntityColor (light, Vec4(2,2,2,1));  

 MoveEntity (light, Vec3(0,0, - 5));  

 SetShadowmapSize (light,1024);  

 AmbientLight ( Vec3(0.1));  

 

 //Load the animated mesh  

 TMesh mesh=LoadMesh( "crawler.gmf" );  

 TEntity  spine= FindChild (mesh, "Bip01 Spine1" );  

 

 int  sequence=2;  

 float  framebegin;  

 float  frameend;  

 float  frame;  

 

 //Main loop  

 while (! KeyHit ( KEY_ESCAPE)) {  

   

  //Animate the whole mesh with the walk sequence  

  framebegin=70.0;  

  frameend=130.0;  



  frame= AppTime ()/100.0;  

  frame=fmodf(frame,frameend - framebegin)+framebegin;  

  Animate (mesh,frame,1.0, 0, true );  

   

  //Animate the upper body faster with the run sequence  

  framebegin=131.0;  

  frameend=171.0;  

  frame= AppTime ()/50.0;  

  frame=fmodf(frame,frameend - framebegin)+framebegin;  

  Animate (spine,frame,1.0, 0, true );  

 

  UpdateAppTime ();  

  UpdateWorld ();  

  SetBuffer (buffer);  

  RenderWorld ();  

  SetBuffer ( BackBuffer ());  

  RenderLights (buffer);  

  Flip ();  

 }  

  

 exitapp:  

 return  Terminate ();  

}  

 

 

A more practical application would be to play a running sequence for the lower body and play a 

sequence for the upper body for shooting a gun or swinging a sword. 
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