
Computer Animation
Lesson 11 - Forward and Inverse Dynamics

Remi Ronfard, Nov 2019



2

11 Squash & Stretch



11 Squash & stretch



1 Squash & stretch



Physical animation of the human body
Dynamics much more 
complex than 
kinematics 

320 pairs = 640 
"voluntary" skeletal 
muscles in the human 
body move the various 
parts of the body. 



Forward and inverse dynamics
Inverse dynamics (Newton-Euler)  

! from joint trajectories (positions, velocities, accelerations) to 
joint (muscle) forces 

! Useful for motion capture and control 

Forward dynamics (Featherstone) 
from joint (muscle) forces to joint trajectories (positions, 
velocities, accelerations) 

! Useful for animation and simulation
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Inverse dynamics : Newton-Euler
From accelerations to forces 
Combine Newton and Euler equations of motion 

! Linear acceleration 

! Angular acceleration 

As a result of direct forces on the joint  
External forces 

And inertia matrix 



Inverse dynamics : Newton-Euler

The inverse dynamics of a general kinematic tree can 
be calculated in three steps as follows: 

1. Calculate the velocity and acceleration of each 
body in the tree. 

2. Calculate the forces required to produce these 
accelerations. 

3. Calculate the forces transmitted across the joints 
from the forces acting on the bodies. 
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Recursive Newton Euler
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Composite rigid body



Forward dynamics: Featherstone

Roy Featherstone. Rigid Body Dynamics Algorithms. Spinger, 
2008.
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Forward dynamics: Featherstone
From the base to the tip
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Forward dynamics: Featherstone
From the base to the tip



Paper 11 - Space-time constraints


