ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY
CBM365-ROBOITICS IN MEDICINE

DIFFERENTIAL RELATIONSHIPS:

First, let’s see what the differential relationships are. To do this, we will consider a simple 2-
DOF mechanism, as shown in Figure, where each link can rotate independently. The rotation
of the first link (A1) is measured relative to the reference frame, whereas the rotation of the
second link (82) is measured relative to the first link, as we might see in a D-H representation
where the movements of each link of a robot are measured relative to a current frame attached
to the previous link.

The velocity of point B can be calculated as follows:
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Writing Eq. (5.1) in matrix form yields the following:
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The left-hand side represents the x and y components of the velocity of point B. If the elements
of the right-hand side of the equation are multiplied by the corresponding angular velocities of
the two links, the velocity of point B can be found. Next, instead of deriving the components
ofthe velocity directly from the velocity relationship, we try to find the same by differentiating
the equations that describe the position of point B, as follows:
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Differentiating Eq. (5.3) with respect to the two variables 8, and #, yields:
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and in matrix form:
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Differential Jacobian Differential
motion of B motion of joints

Similarly, in a robot with many degrees of freedom, the joint differential motions, or velocities,
can be related to the differential motion, or velocity, of the hand using the same technique.



