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5.3.2 The Jacobian 

Works only when

dx is small

Solving a system by analysis 

is difficult

To use incremental method, we 

need to use Jacobian. Why?
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Why is  (*) true?
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Now

Consider:
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The Jacobian maps the velocities of X to the velocities of 

Y

So a Jacobian is a linear transformation (like a rotation)

In our case, xi are the joint angles and yi are position 

and orientation of the end effector:

with
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Rotational change:
- merely the velocity of the joint angle about the axis of

revolution at the joint under consideration

Linear change (in the end effector) :
- the cross product of the axis of revolution and the

vector from the joint to the end effector
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Objective: move the end effector E to the global

location G 

Orientation

of E is of

no concern

A Simple Example:



where  Z=(0, 0, 1)

Or, simply.
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Therefore, the corresponding equation is: 
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5.3.3 Numerical Solutions to IK

seldom to happen!!!
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So,
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In real-life implementation,      should be computed as 

follows:

Then we use Euler method to update the joint angles. 

The Jacobian has changed at the next time step, so the 

computation must be performed again and another step 

taken. This process repeats until the end effector 

reaches the goal configuration within some acceptable 

tolerance. 
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End of Kinematic II

CS Dept, UK19



CS Dept, UK20


