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QuestionQuestionQuestion

If the inverse dynamics problem can be solved If the inverse dynamics problem can be solved 
without ground reaction force and torque data, without ground reaction force and torque data, 
how can we make use of these additional (i.e., how can we make use of these additional (i.e., 
redundant) data to improve the accuracy of our redundant) data to improve the accuracy of our 
calculations AND have the correct residual calculations AND have the correct residual 
forces and torques at the ends of the chain?forces and torques at the ends of the chain?
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Combine the set of Combine the set of nn dynamics equations dynamics equations 
containing joint torques with the 3 (planar) or 6 containing joint torques with the 3 (planar) or 6 
(spatial) additional dynamics equations (spatial) additional dynamics equations 
containing ground reactions to produce a containing ground reactions to produce a 
redundant set of redundant set of nn+3 or +3 or nn+6 dynamics equations +6 dynamics equations 
that can be solved for the that can be solved for the nn joint torques.joint torques.

In this way, the additional 3 or 6 dynamics In this way, the additional 3 or 6 dynamics 
equations can compensate for errors in the equations can compensate for errors in the 
estimated accelerations.estimated accelerations.
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quantities does he solve after forming a redundant quantities does he solve after forming a redundant 
system of linear equations?system of linear equations?
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•• What is the goal of What is the goal of Kuo’sKuo’s method, and for which method, and for which 
quantities does he solve after forming a redundant quantities does he solve after forming a redundant 
system of linear equations?system of linear equations?

•• Using the two dynamics equations presented by Using the two dynamics equations presented by 
KuoKuo,,

rere--derive the redundant system of linear equations derive the redundant system of linear equations 
he uses to solve for the joint torques.he uses to solve for the joint torques.
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•• What is the goal of What is the goal of CahouetCahouet et al.’s method, and et al.’s method, and 
for which quantities do they solve after forming a for which quantities do they solve after forming a 
redundant system of linear equations?redundant system of linear equations?

•• Using the dynamics equations presented by Using the dynamics equations presented by 
CahouetCahouet et al.,et al.,

rere--derive the redundant system of linear equations derive the redundant system of linear equations 
they use to solve for joint accelerations.they use to solve for joint accelerations.
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•• Download and read the Gilchrist and Winter Download and read the Gilchrist and Winter 
(1997) and the (1997) and the PannePanne and and LamouretLamouret (2002) (2002) 
articles on forward dynamics simulation.articles on forward dynamics simulation.

•• Bring any questions you have thus far on Bring any questions you have thus far on 
inverse or forward dynamics concepts.inverse or forward dynamics concepts.
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