






Key framing is the approach used in
traditional 
cel (celluloid) animation.

The animator starts by specifying the
positions 
and orientations at various key points in time.

In-betweeners generate the images in-between 
the key
frames. This was once a job for 
apprentice animators. These days it is largely

done by computer.

The illustrations in this section are taken from a classical 
paper on
animation by John Lasseter from Pixar. 
"Principles of Traditional
Animation Applied to 3D 
Computer Graphics," SIGGRAPH '87, pp. 35-44.



Mean-value coordinates for closed triangular 
meshes,
Ju et. al. SIGGRAPH 2005

As-Rigid-As-Possible Shape
Manipulation, 
Igarashi et. al.,
SIGGRAPH 2005



Splines
are used to interpolate the positions of objects between key frames.



Splines are smooth curves defined by control
points.
Moving the control points changes the
curve.



https://www.youtube.com/watch?v=5TqPl3MSSow




https://www.youtube.com/watch?v=eU9JRYzUBBg&t=87s


Motion capture is a common
technique
for animating computer generated characters. These techniques rely 
on computer
vision and tracking technologies to acquire motion that is retargeted to the
animated character.





https://www.youtube.com/watch?v=w_Z7YUyCEGE


The previous examples worked well for videos that are pre-rendered, such as movies.

What if the animated character needs to move and respond realistically in real-time?

Video games use procedural animation is used to automatically generate movements 
"on the fly."

This allows for a more diverse series of actions than could otherwise be created using 
predefined animations.



https://youtu.be/TfZtIKMhULw?t=61


Forward kinematics (FK)

Calculating the locations of every bone based on the joint angles
This is what we implemented in the previous lecture

Inverse kinematics (IK)

Given locations of an end effector, we compute the joint angles required to reach it

Important in video games, robotics, and model design



Solving inverse kinematics requires finding correct angles (a,b) to 
reach the target.

This reduces to a configuration space problem.

Simple solution: starting
from current configuration, search for the 
minimum by following
the gradient (going downhill)

More complex algorithms include CCD (Cyclic Coordinate Descent) 
and FABRIK (Forward and Backward Reaching Inverse Kinematics)

To learn more, take CSCI 5611: Animation and Planning in Games!



IK solvers can produce poses that are implausible for character animation.

We can prevent this by imposing constraints when solving for joint angles.  This is very important in robotics!




