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7. SkinnedModel class
By using our own content pipeline, we can get a model that contains animation data. Since the Model class is sealed, we can not extend it. We need to define a new class SkinnedModel. This class should be associated with an animation controller. An animation controller uses and current elapsed time to calculate and generate corresponding bone (frame) transformations. These transformation matrices are passed to a vertex shader program and applied to each frame mesh. By this way we can animate our character.
Let’s suppose we already have SkinnedModel and AnimationController classes, we can instantiate them with the following two line of code:
        SkinnedModel model = new SkinnedModel.SkinnedModel();

        AnimationController player = new SkinnedModel.AnimationPlayer(model);

Then we associatete the animation player to the skinned model and specify an animation clip for playing:

            model.LoadContent(Content, "tiny");

//Load the model tiny.x

            model.AnimationController = player;

//associate the player to the model

            player.SelectAnimation(0);


//Specify the first animation clip to be played

            player.GetTrack(0).Loop = true; 

//cyclely playing the animation

            player.PLAY();



//Start to play the animation

We update animation by calling the Update method to update bone (frame) transformation matrices:

        protected override void Update(GameTime gameTime)

        {


    //…


            model.Update(gameTime); 


    //…

        }

Finnaly, we can draw the mode by invoking the Draw method:

        protected override void Draw(GameTime gameTime)

        {


   //…


            model.Draw(Matrix.Identity, v, p);

           //…

        }
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Figure 3.1 Class Diagram

Now we want to define SkinnedModel class. The class should basically have three members: Model, Skeleton, and Animation Controller. Model is the standard Model class provided by XNA. A Boolean attribute loaded indicates if model content has been loaded.
    public class SkinnedModel

    {

        protected Model model;

        protected Skeleton skeleton;

        protected AnimationContorller animationController;

        bool loaded;

    
//…

    }
SkinnedModel class should have a LoadContent method to load model content:
        public void LoadContent(ContentManager content, String assetName)

        {

            model = content.Load<Model>(assetName);

            if (model.Tag == null)

            {

                return;

            }

            skeleton = model.Tag as Skeleton;

            animationController = null;

            loaded = true;

        }
In order to associate an animation controller with the mode, we can add a property AnimationController to SkinnedModel class.
      public AnimationContorller AnimationController

        {

            set

            {

                if (value.SkinnedModel == this)

                {

                    animationController = value;

                }

            }

            get

            {

                return animationController;

            }

        }

The Update method simply updates the animation controller to refresh bone (frame) transformation matrices according to elapsed time.

        public void Update(GameTime time)

        {

            if (animationController != null && skeleton != null)

            {

                animationController.Update(time.ElapsedGameTime);  

            }

        }

When drawing the model, we need to check if the model has skeleton information. If it does not contain skeleton animation (model.tag == null), we render it as regular model. Otherwise, we retrive the skin transformation matrices and pass them to the shader program to render the model.

        protected void DrawSkinnedModel(Matrix trans, Matrix view, Matrix proj)

        {

            AnimationPlayer ap = animationController as AnimationPlayer;

            Matrix [] mat = ap.GetSkinTransformations(trans);

            foreach (ModelMesh mesh in model.Meshes)

            {

                foreach (Effect effect in mesh.Effects)

                {

                    effect.Parameters["Bones"].SetValue(mat);

                    effect.Parameters["View"].SetValue(view);

                    effect.Parameters["Projection"].SetValue(proj);

                }

                mesh.Draw();

            }   

        }

You may want to ask why we cast animation controller to be AnimationPlayer. This is because we make AnimationController to be a base class so that we can extend it and associate different animation controllers for particular purposes.
8. Track Class and AnimationController Class
An animation controller contains one or more than one animation track. An animation track takes care of playing an animation clip. It actually has an internal time that ranges from 0.0f second to the duration of the animation clip. 
   public class AnimationTrack

    {

        protected AnimationClip animationClip;

        protected float time;

        protected float duration;

        protected bool paused;

        protected bool enabled;

        protected float weight;

        protected float speed;

        protected bool loop;

        protected Matrix[] frameTransformations;

        protected Skeleton modelSkeleton;


//…

    }
When a track updates with an elapsed time, it first advance its internal time and uses it to find a key frame or two key frames that will be used to generate current bone transformation matrices:
· if the time is on a key frame point, that key frame’s transformation matrix is used.

· Else if the time is between two key frames’ times, lerp these two frames to get a in-between transformation matrix.

kf1 = channel.Keyframes[i];

kf2 = channel.Keyframes[i + 1];

frameTransformations[channel.BoneID] = 

Matrix.Lerp(kf1.Transformation, kf2.Transformation, 

  


    (keyframeTime2 - newTime) / (keyframeTime2 - keyframeTime1));

· If the duration is greater than the last key frame’s time, the internal time is greater than the last key frame’s time, and Loop is true, use the last frame and the first frame to generate in-between transformation matrix. 

    float tm = duration – 

AnimationTrack.GetTimeInSeconds(channel.Keyframes[channel.Keyframes.Count - 1].Time);

            keyframeTime1 = AnimationTrack.GetTimeInSeconds(channel.Keyframes[i].Time);

            kf1 = channel.Keyframes[i];

            kf2 = channel.Keyframes[0];

            frameTransformations[channel.BoneID] = 

Matrix.Lerp(kf1.Transformation, kf2.Transformation, (duration - newTime) / tm);
The member function AdjustNewTime ensures the internal time value is between 0.0f and the duration. Since the speed can be negative, this function should process both these two conditions.
The AnimationController class allows setting the number of tracks. 
        public bool SetTrackNumber(int trackNumber)

        {

            bool ret = false; 

            if (trackNumber >= 1)

            {

                tracks.Clear();

                for (int i = 0; i < trackNumber; ++i)

                {

                    AnimationTrack track = new AnimationTrack(model.Skeleton);

                    tracks.Add(track);

                }

                ret = true;

            }

            return ret;

        }
When animation controller is updated, it has two tasks:
a. Update all animation tracks;

b. Blend all enabled tracks according to the weights

Animation blending is useful for blending multiple animations or smooth animation transition. We will learn this issue in later parts.
        public void Update(TimeSpan elapsedTime)

        {

            //Generate frame transformation matrices for each track

            foreach (AnimationTrack track in tracks)

            {

                track.Update(elapsedTime); 

            }

            //Combine transformations when it has more than one track

            int boneID, j;

            if (tracks.Count > 1)

            {

                for (j = 0; j < tracks.Count; ++j)

                {

                    for (boneID = 0; boneID < boneCount; ++boneID)

                    {

                        if (j == 0)

                        {

                            Matrix.Multiply(ref tracks[j].FrameTransformations[boneID], 

    tracks[j].Weight, out combinedFrameTransformations[boneID]);

                        }

                        else

                        {

                            Matrix matrix = Matrix.Multiply(tracks[j].FrameTransformations[boneID], 








    tracks[j].Weight);

                            Matrix.Add(ref combinedFrameTransformations[boneID], 

       ref matrix, out combinedFrameTransformations[boneID]);

                        }

                    }

                }

            }

            else

            {

                tracks[0].FrameTransformations.CopyTo(combinedFrameTransformations, 0);

            }

        }
The result of Update is an array of combined transformation matrices. It is not the skin transformations we need for rendering the model. There are still two steps before rendering:
a. Apply world transformation to all the bones (frames).

This step multiplies the root bone transformation matrix with the world transformation matrix. Then it goes through the entire hierarchy to multiply each bone transformation matrix with its parent transformation.

            worldTrandformations[0] = combinedFrameTransformations[0] * rootTransformation;

            for (boneID = 1; boneID < boneCount; ++boneID)

            {

                worldTrandformations[boneID] = combinedFrameTransformations[boneID] * 






worldTrandformations[model.Skeleton.BoneList[boneID].ParentID];

    }
b. Multiply the bone (frame) world transformation matrices with corresponding inversed transformation matrices.

            for (boneID = 0; boneID < boneCount; ++boneID)

            {

                skinTransformations[boneID] = model.Skeleton.BoneList[boneID].InverseTransform * 






      worldTrandformations[boneID];

            }
Now the final skinTransformations array is what we need for rendering the model.
9. AnimationPlayer Class
AnimationPlayer class is a simple player that only plays a single animation at a certain time. It inherits from AnimationController and has only one track. The overloaded member function SetAnimation allows you to specify a particular animation clip to be played.

        public void SelectAnimation(String name);

        public void SelectAnimation(int index);

Like a simplest video player, it provides two functions that allow you to srat or stop playing animations.

        public void PLAY()

        {

            tracks[0].Paused = false;

            tracks[0].Enabled = true;

            tracks[0].Speed = 1.0f;

            isPlaying = true;

        }

        public void STOP()

        {

            tracks[0].Paused = true;

            isPlaying = false;

        }

10. SkinnedModel.fx Shader Program
Now we need the shader program to actually do transformations for meshes. The shader program SkinnedModel.fx I use for my tutorial is from Microsoft XNA Dude model sample. It is very simple and easy to understand it. I just added a little bit more comments to make it more readable.
//-----------------------------------------------------------------------------

// SkinnedModel.fx

//

// Microsoft Game Technology Group

// Copyright (C) Microsoft Corporation. All rights reserved.

//-----------------------------------------------------------------------------

// Maximum number of bone matrices we can render using shader 2.0 in a single pass.

// If you change this, update SkinnedModelProcessor.cs to match.

#define MaxBones 59

// Input parameters.

float4x4 View;






//View matrix
float4x4 Projection;





//Projection matrix
float4x4 Bones[MaxBones];




//The skin tranformation matrices
float3 Light1Direction = normalize(float3(1, 1, -2));

//Light1 direction vector
float3 Light1Color = float3(0.9, 0.8, 0.7);


//light1 color
float3 Light2Direction = normalize(float3(-1, -1, 1));

//Light2 direction vector
float3 Light2Color = float3(0.1, 0.3, 0.8);


//light2 color
float3 AmbientColor = 0.2;




//Ambient light intensity
texture Texture;





//Texture

sampler Sampler = sampler_state




//Tetxure sampling method
{

    Texture = (Texture);

    MinFilter = Linear;

    MagFilter = Linear;

    MipFilter = Linear;

};

// Vertex shader input structure.

struct VS_INPUT

{

    float4 Position : POSITION0;

    float3 Normal : NORMAL0;

    float2 TexCoord : TEXCOORD0;

    float4 BoneIndices : BLENDINDICES0;

    float4 BoneWeights : BLENDWEIGHT0;

};

// Vertex shader output structure.

struct VS_OUTPUT

{

    float4 Position : POSITION0;

    float3 Lighting : COLOR0;

    float2 TexCoord : TEXCOORD0;

};

// Vertex shader program.

VS_OUTPUT VertexShader(VS_INPUT input)

{

    VS_OUTPUT output;

    // Blend between the weighted bone matrices.

    float4x4 skinTransform = 0;

    skinTransform += Bones[input.BoneIndices.x] * input.BoneWeights.x;

    skinTransform += Bones[input.BoneIndices.y] * input.BoneWeights.y;

    skinTransform += Bones[input.BoneIndices.z] * input.BoneWeights.z;

    skinTransform += Bones[input.BoneIndices.w] * input.BoneWeights.w;

    // Skin the vertex position.

    float4 position = mul(input.Position, skinTransform);

    output.Position = mul(mul(position, View), Projection);

    // Skin the vertex normal, then compute lighting.

    float3 normal = normalize(mul(input.Normal, skinTransform));

    float3 light1 = max(dot(normal, Light1Direction), 0) * Light1Color;

    float3 light2 = max(dot(normal, Light2Direction), 0) * Light2Color;

    output.Lighting = light1 + light2 + AmbientColor;

//Combined light color
    output.TexCoord = input.TexCoord;

    return output;

}

// Pixel shader input structure.

struct PS_INPUT

{

    float3 Lighting : COLOR0;

    float2 TexCoord : TEXCOORD0;

};

// Pixel shader program.

float4 PixelShader(PS_INPUT input) : COLOR0

{

    float4 color = tex2D(Sampler, input.TexCoord);

//Get the pixel color on the texture map
    color.rgb *= input.Lighting;



//Add lighting effect

    return color;





//Return the pixel color
}

technique SkinnedModelTechnique

{

    pass SkinnedModelPass

    {

        VertexShader = compile vs_2_0 VertexShader();

        PixelShader = compile ps_2_0 PixelShader();

    }

}

If we want to use the new shader to substitute the standard basic effect shader, we must change the material of our model. We just add a new converting function ConvertMaterial to SkinnedModelProcessor class. Using Effect separately is more flexible and does not need this convertor. 
        protected override MaterialContent ConvertMaterial(MaterialContent material, 

   ContentProcessorContext context)

        {

            BasicMaterialContent basicMaterial = material as BasicMaterialContent;

            if (basicMaterial == null)

            {

                throw new InvalidContentException("material is not basicMaterialContent");

            }

            EffectMaterialContent effectMaterial = new EffectMaterialContent();

            string effectPath = Path.GetFullPath("SkinnedModel.fx");

            effectMaterial.Effect = new ExternalReference<EffectContent>(effectPath);

            if (basicMaterial.Texture != null)

            {

                effectMaterial.Textures.Add("Texture", basicMaterial.Texture);

            }

            return base.ConvertMaterial(effectMaterial, context);

        }
At this time, Your solution explorer should be the same as figure 3.2  shows:
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Figure 3.2 Content of Solution Explorer 
Compile and run you application you should have a walking character (Tiny) on the screen.
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Figure 3.3 Three Screen Captures
