
332: 416 — Project #4
Due Monday, April 26, 2004

Control of Nonlinear Systems with Application to a Robot Arm
and a Single-Link Robotic Manipulator with a Flexible Joint

Part I. Considerthe motor driven robot arm describedby
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with the numericaldata given by
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It is desiredto control the robot arm to hold any reference(nominal,operating,trim, set) angle
in the entire range / 02143�5 .

(a) Designa full-statefeedbackcontrol law for this control systemusing linearizationabout
a set point. As a controller use the linear-quadraticoptimal regulatorfrom the corresponding
SIMULINK library with unity penalty matrices. Seethe block diagram(a) of the handouton
reservereadingin SEC library.

Simulatetheperformanceof thesystemstartingin thestate
��� 0 % ��6� 0 for thedesiredstate�7� 3�8 -�%9�:� ��;� 0 . Draw the responsefor
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—the actualcontrol
signalappliedto the robot arm. Considerthe time interval of / 0 %C( 0D5 seconds.

(b) UsethePID controllerfrom thecorrespondingSIMULINK library for thesameproblem.
Note that the PID controller requiresonly one input, which is the actualsystemoutput, in this
casethe statevariable

���E<>�
.

Like in part (a) simulatethe performanceof the systemstartingin the state
��� 0 % ���� 0 for

the desiredstate
�F� 3�8 -G% �H� ��F� 0 for the following threechoicesof the PID controller

parameters IKJ �)(*% IKL �)(*% IKM �H(I J �)(*% I L �$#&% I M �H(IKJ ��(*% IKL �)( 0 % IKM �H(
Note that our goal is to improve the transientresponse.

For the abovethree casesdraw the responsefor
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—the actual
control signalappliedto the robot arm. Considerthe time interval of /O0 %.( 0P5 seconds.

Commenton the transientresponsesobtainedin parts(a) and (b).

Hint: Seethe handoutfor this projectandthe correspondingSIMULINK block diagrams.

Part II. Considera single-link robotic manipulatorwith a flexible joint whosenonlinear
model is defined in Example1.3 of the textbook. Use the techniquefrom Part Ia to design
a controller that keepsthe manipulator’slink at steadystateat

��QSRTR7� 3�8 , . Assumethat the
weighting matricesare U Q �WV�X

and U � �'(
. Simulatethe systemresponseusing SIMULINK

andplot
� Q �A<>�

as a function of time until it settlesdown to its steadystatevalue. Commenton
the result obtained.


