Skeletal Animation

Instruction



Model Loading

* Collada file format (.dae)

* Mesh
* Vertices
* Position
* Normal
* Texture coordinate

* Indices
e Skeleton
* Bone names
* Hierarchy
e Transformation matrix
* The number of bones that influences the vertex

* Weights

https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation
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Model Loading

* Collada file format (.dae)

* Animation
e keyframes

https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation
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I Model Loading

* Assimp 5.0.1 (3D model importer)

* https://github.com/assimp/assimp

https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation
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https://github.com/assimp/assimp

Mesh Data

mRootNode
mMeshes[]

mMaterials[]

GetTexture(type)

Contains index to a material
in Scene.mMaterials[]

Contains index
to a mesh in mVertices[]

Scene.mMeshes[] mNormals[]
mTextureCoords[]

mFaces([]

mindicesf]

mMaterialindex

mcChildren(]
mMeshes([]

https://learnopengl.com/Model-Loading/Assimp



https://learnopengl.com/Model-Loading/Assimp

Bone Data

aiScene

aiMesh[]

\

aiMesh
aiBone[] ——
aiVector3D vertices[] |
aiBone
string name

aiVertexWeight

/ offsetMatrix w

aiVertexWeight

— uint VertexID
float Weight

https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation
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Bone Data

* Vertex Structure

https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation

Position

Texture Coordinates

Normal

Bone IDO | Weight O

Bone ID1 | Weight 1

Bone ID2 | Weight 2

Bone ID3 | Weight 3
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Animation Data

https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation

aiScene

RootNode -

Animations[] ,

aiAnimation

double Duration
double TicksPerSecond

hierarchy info.

aiNode

string Name
mat4x4 Transformation
aiNode* Parent
aiNode* Children]]

Channels[]

bones

\

aiNodeAnim

string Name
vector3D Positions[]
quaternion Rotations[]
vector3D Scalings[]

keyframes info.


https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation

Animation Data

Node hierarchy:

e Scene
*  Armature
* bone_root

* bone_body

e Camera

* Light

https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation
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Bone Transformation Calculation

Current time Output: Final Bone transformations
Y al

id boneTransform(double secs, vector<glm::mat4x4>& transforms)

* Calculate the bone
transformations that go
into the shader every frame

glm::mat4 identity matrix(1.ef);

o ticks = secs * ticks per_ second;
t animation time = 0;
if (scene->HasAnimations()) {
animation_time = fmod(ticks, scene->mAnimations[@]->mDuration);
¥

if (run_animation) {

readNodeHierarchy(animation_time, scene->mRootNode, identity matrix);-s====—slgoYel-YY JV=-Welols s hierarchy
1 else {
g S1oC Yy
readNodeHierarchy(©, scene->mRootNode, identity matrix);

A
J

transforms.resize(num _bones);

for (int 1 = @; 1 < num_bones; i++) {
transforms[i] = bone matrices[i].final transform;

}

https://ogldev.org/www/tutorial38/tutorial38.html
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Bone Transformation Calculation

* Process the node hierarchy and get the final transformation for each bone.
1. Search for the node name in the channels of the animation.
2. Interpolate the scaling vector, rotation quaternion, and translation vector

3. globalTransformation = parentMatrix * interpolatedTransformation

4. finalTransformation = globalTransformation * bonelnfo[nodeName].offset

https://ogldev.org/www/tutorial38/tutorial38.html
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Bone Transformation Calculation

https://ogldev.org/www/tutorial38/tutorial38.html

Upper L Leg

Lower L Leg

L Foot

Upper R Leg

LowerR Leg

R Foot

Hip Joint
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Skinning

* Linear blending skinning (in vertex shader)

mat4 bone_transform - bones[bone_ids[?]] weights[0];
bone_transform bones[bone_ids[1]] weights[1];

bone_transform bones[bone_ids[2]] * weights[2];
bone_transform bones[bone_ids[3]] weights[3];

https://ogldev.org/www/tutorial38/tutorial38.html
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References



I References

* 3D models
* https://www.cgtrader.com/free-3d-models?file_types7%5B%5D=25

» Skeletal Animation
* https://learnopengl.com/Guest-Articles/2020/Skeletal-Animation

* https://ogldev.org/www/tutorial38/tutorial38.html
* https://www.youtube.com/watch?v=f3Cr8Yx3GGA&list=PLRIWtICgwaX2tKWCxdeB7Wv_rTET9JtWW

Assimp (3D model importer)
e https://assimp.org/index.php

Blender
* https://www.blender.org/
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