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Equations of motion

Induced Acceleration Analysis

M: Mass matrix
Q: Generalized coordinates
G: Gravity
V: Coriolis and centrifugal effects
S: Generalized force due to contact elements
F: Generalized force (muscle force)
R: Force transformation matrix (moment arms)



Induced Acceleration Analysis
PERTURBATION INDUCED ACCELERATION

Perturb muscle force (1N) and study effect on COM acceleration

Forward integration over 0.03s
Computationally expensive (days)

Sensitive to contact stiffness
Sensitive to time interval

OpenSim 2.4 

Liu,  2006

• Stiff 3D linear and torsional springs approximate a weld constraint



Induced Acceleration Analysis
PERTURBATION INDUCED ACCELERATION

Perturb muscle force (1N) and study effect on COM acceleration

Forward integration over 0.03s Instantaneous effect 
Computationally expensive (days) Computationally efficient (minutes)

Sensitive to contact stiffness
Sensitive to time interval

OpenSim 2.4 OpenSim 3.0 onwards

Liu,  2006
• Replaces the contribution of contact 

with an appropriate kinematic constraint. 
• Kinematic constraint reaction forces are 

resolved simultaneously with the constrained 
equations of motion



Induced Acceleration Analysis
• Kinematic constraints

(Allows relative rotation)

constraint on a rolling body in contact 
with a plane defined on another body 
(Hamner et al., 2010)

Pure rolling



Induced Acceleration Analysis
• Muscle Potentials: accounts for a 

theoreticcal force increase (1N).
• Muscle IAA: accounts for the instantaneous 

muscle force(xN) 



Induced Acceleration Analysis
• Verify superposition
Contribution to com acceleration (Liu, 2006)

Kinematic
or 
Bodykinematic
Analysis



Induced Acceleration Analysis
• How to use IAA:

– Requires Muscle force distribution (e.g. SO)
– Does not work in case of missing contact forces 

(e.g. unilateral forces during double stance)
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