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The end-effector configuration M ∈ SE(3) for the UR5 robot is 
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a) 
The six screw axes expressed in the end-effector frame (Bi) are:
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b)
The six screw axes expressed in the fixed frame (Si) are:
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The end-effector configuration M ∈ SE(3) for the WAM robot is 
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a)
The six screw axes expressed in the end-effector frame (Bi) are:
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b)
The six screw axes expressed in the fixed frame (Si) are:
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The zero configuration for both the UR5 and WAM robots occured at a singularity.  To get over this so 
the inverse kinematics code would work, a slight disturbance was made to some of the joints so that the 
robot started slightly away from the singularity.  Since it was still close, however, there were rapid 
changes in the inverse kinematics code close to the singularities and led to very high angle measure-
ments for some of the joints in the process of converging to a solution, that did indeed get to the desired 
end-effector configuration.  These rapid angle changes can be seen in the answers to 4 and 5, as well 
as in the images of the robots in 6.  

Another solution to get over the singularity problem is to use the built in Mathematica pseudoinverse 
function, which uses SVD for the pseudoinverse and can therefore find a solution even for the zero 
configuration of these robots. 
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The joint angles θd that satisfy the inverse kinematics are {-0.469499, 55.7147, -117.985, 62.2707, 
-0.469368, -1.57159}.  The resultant configuration can be seen below and closely matches the desired.
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The joint angles θd that satisfy the inverse kinematics are {2.50022, -0.291184 ,-2.28969, 2.17087, 
2.83569, 2.342, 21.5854}.  The resultant configuration can be seen below and closely matches the 
desired.
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