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Motion control of multi-joint robot manipulator based on model following
acceleration control
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In the motion control of multi joint robot manipulator, the difficulty of force and compliance
control of each joint is caused by its dynamical nonlinearity, such as the friction force, the
interactive force and the mechanical parameter variation. An unknown force disturbance is aiso
imposed on each joint. Since each joint of robot manipulator is always requested to have an
accurate position and force response, the state error caused by both its dynamical nonlinearity
and the force disturbance should be suppressed completely and rapidly.

For this purpose, I propose the robust control of force and compliance based on the new model
following acceleration control system without velocity sensor. Using the proposed, method each
joint of robot manipulator is regulated by the acceleration command &*™. The resultant system
controlled by this acceleration controller has only two integral elements and no mechanical
system parameter. This structure is very effective for both the fast motion control and the virtual
force & compliance control, because each joint drive system regulated by the proposed accelera-
tion controller has no state error to the position reference 8, the velocity reference ™ and the
acceleration reference @™, Besides, as the proposed acceleration conirol is realized by only
information from the rotary encoder, the proposed robust control system of force and compliance
is not influenced by the noise effect of velocity sensor,

In the proposed robust force control, the force to the target environment pushed by the robot
manipulator is controlled by the virtual inertia f,. Similariy, in the proposed robust compliance
control, the arm position @ of the robot manipulator is controlled by the virtual mechanical
impedance. Both the virtual force control and the virtual compliance control are constructed by
the software algorithm of DSP {digital signal processor) and microprocessor.

Moreover, the hybrid force and position control is also constructed. Using both 7(8) which is
the transformation matrix of the position of each Joint Axis Space and J~! which is the inverse
matrix of the Jacobian matrix J, position P, the velocity P, the acceleration P and the force F of
Cartesian Axis Space is defined respectively. Hence, the force & fast position control system of
Cartesian Axis Space for the multi-degrees-of-freedom robot manipulator is constructed. This
hybrid controller can be converted into the robust hybrid force and compliance controller.
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