
APPENDIX 

Inverse dynamics computation 

Basically, equations of motion of the four linked segment model can be written as follows. 
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 is the vector of muscle (residual) torque terms, I is the inertia matrix, VEL is the vector of centripetal 

and Coriolis terms, GRA is the vector of gravitational terms, REA is the vector of key-reaction force terms, 

andφi is joint angle (i = 1: shoulder, 2: elbow, 3: wrist, 4: finger (MP joint)). Each of these terms are 

described as follows 
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SYMBOLS. Ii = moment of inertia about the center of gravity, ri = distance to center of gravity from proximal 

joint of the segment, li = length, mi = mass (i = 1: upper arm, 2: forearm, 3: hand, 4: finger). The hand was 

defined as a portion from the wrist joint center to MP joint center, while the finger was from the MP joint 

center to the fingertip. The tangential force was set to nil for simplicity of computation. 

 

We then computed the MUS that removed static component counteracting with gravitational torque (GRA) 



from the muscular torque (τ) in order to determine the dynamic component directly used for limb movement 

production (i.e. GRAMUS  ). 

Forward dynamics computation 

Using the value of computed muscular, velocity-dependent, and reaction-force-dependent torques, 

joint angular acceleration attributed to these torques can be computed as follows. 

 REAVELMUSIΘ  1  

where, Θ represents angular acceleration produced by individual torque at the shoulder, elbow, wrist, and 

finger joint.  

 


