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Z-rotation 



angles for rotation specification 



Roll-pitch-yaw rotation matrix 



Rodrigues’ rotation formula 

In terms of matrices, for unit axis k and angle q: 







Denavit-

Hartenberg 

convention for 

robot joint 

parameters 
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DH for PUMA 





DH for 2-DoF planar arm 

 



Planar robot arm DH kinematics 



Inverse kinematics  

2D arm 



Differential kinematics of 2D arm: Jacobian 

Jacobian matrix J: 



Position of 2 DoF robot arm 

Position only, Jacobian: 

Singularity detection by determinant: 



  



Minimum-distance-metric by 

differential kinematics 

(previous path planning slide used non-DH coordinates  

q’1 = q1 and q’2 = q1 + q2 , therefore slightly different formula) 


