
8.7.1 Experiment 1—The Inverted Pendulum
Part 1. The linearizedequationsof the invertedpendulum,obtainedby assuming

that the pendulummassis concentratedat its centerof gravity [15, 16] aregiven by���������
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where
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is theangleof thependulumfrom theverticalposition,
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is thepositionof
thecart,
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is the forceappliedto thecart,
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is themassof thecart,
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is the massof

the pendulum,
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is the gravitationalconstant,and
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is the momentof inertia aboutthe
centerof mass.Assumingthat normalizedvaluesaregiven by
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Part 2. Using MATLAB, determinethe following:

(a) The eigenvalues,eigenvectors,andcharacteristicpolynomialof matrix
<

.
(b) The statetransitionmatrix at the time instant
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.

(c) Theunit impulseresponse(take
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and
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asthe outputvariables)for
#)KL�MKN/

with O �I!P#E4-/
. Plot the systemoutput response.

(d) The unit step responsefor
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. Draw the systemoutput

response.
(e) The unit ramp responsefor
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. Draw the systemoutput
response.Comparethe responsediagramsobtainedin (c), (d), and (e).

(f) The system state response resulting from the initial condition: �&#X�
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(g) The inverseof the statetransitionmatrix
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(h) The state: �����
at time
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using the result from (g).

(i) Find the systemtransfer function.

Part 3. Discretizethe continuous-timesystemdefinedin (8.148) with n !3#�4Y#Xm
,

and find the discrete-timespacemodel: >Yo � /p@.!3<�q : > o�@ ��= qD*r>Yo�@



Assumingthat the output equationof the discretesystemis given bysutYv�w�xRy�z|{Z{Z{{Z{ z|{�}E~ tYv�w�x$��� ~ tYv�w
find the system output responsefor {�� v ���X{ due to initial conditions ~r� xtk� z�z � z z wk� andunit stepinput (note that � tYv�w shouldbe generatedasa column
vector of 51 elementsequal to 1).

Part 4. Considerthe continuous-timesystemgiven by���D���������� �|� {E�-z ����� ������ x � � ���
(8.149)

(a) Discretizethis systemwith � x z using the Euler approximation.
(b) Find the systemstate and output responsesof the obtaineddiscretesystemforv�x z����E�p�E�D�U�-�-�,��{E� when � �,��� x����-� � {E�-zf� ���

and
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(c) Find discretetransferfunction, characteristicequation,eigenvalues,and eigenvec-
tors.

Part 5. Discretizethestatespaceform of (8.149)obtainedusingMATLAB function
c2d with � x z . Find the discretesystemstateand output responsesfor the initial
condition and the input function definedin Part 4(b). Comparethe resultsobtainedin
Parts4 and 5. Commenton the resultsobtained.


