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!  Modelling 
!  Kinematics 
!  Dynamics 

!  Control 
!  Joint space control vs. task space control 
!  Regulation 
!  Tracking 
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!  Kinematic model 
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           :               matrix 
  geometric Jacobian 
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!  Differential kinematics 

!  Kineto-static duality (principle of virtual work) 
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!  Task space 

!  Differential kinematics 
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:                 Euler angles  

extracted from  

:                 matrix  

    analitical Jacobian  

: kinematic redundacy               
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!  Closed Loop Inverse Kinematics (CLIK) 
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!  Lagrange formulation 

!  Dynamic model 
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!  Skew-symmetry of 

!  Hamilton principle 

!  Linearity in the dynamic parameters 
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!  Joint space control 
!  Task references transformed into joint references 
!  Redundancy resolution at kinematic level 
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!  Task space control 
!  Control directly in task (operational) space 
!  Redundancy resolution at dynamic level 

Motion Control > Control              10/19 
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!  Regulation 
!  Static model-based compensation 
!  Orientation errors 

!  Tracking 
!  Dynamic model-based compensation 
!  Redundancy resolution 
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!  PD control with gravity compensation 

!  Position control 

!  Orientation control    

     

        

     

     

   

     

Euler angles 
Angle/axis 
Quaternion 
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!  Euler angles 

!  Alternative Euler angles 

!  Angle/axis 

!  Quaternion 

!  For all … stability via Lyapunov arguments 
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!  Orientation error: 

     

Representation 

Classical angle/axis 

Quaternion 

Rodrigues parameters 

Simple rotation 
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angle   axis 
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!  Inverse dynamics 

!  Position control 

!  Orientation control 

   

Euler angles 
Angle/axis 
Quaternion 
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!  Inverse dynamics 

!  Position control 

!  Orientation control 

   

Euler angles 
Angle/axis 
Quaternion 
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!  Orientation error: 

!  Resolved angular acceleration 

!  Error dynamics 

     

representation singularities (!) 
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!  Orientation error: 

!  Resolved angular acceleration 

!  Error dynamics 

     

choose         so that           is nonsingular (!) 
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