Control systems – E35 ESE 541
Homework Assignment #6
Prof. : Christopher I. Byrnes
Student : Hyunjin Cho

[image: image7.png]d. (5 pts) Design a k such that with the feedback law
u = -Kx +kr
the closed-loop system has step response pi/2.

e. (10 pts) Design an observer and a state feedback/state
estimator controller stabilizes the closed-loop system and
has step response pi/2.

f. (6 pts) What are the eigenvalues of your closed-loop
system?




[image: image2.png]Problem 2. Consider the DC rotor controlled robot arm

Torque balance equation
Ji+Fd=T=Ki=u
Kirchhoff's voltage law:
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[image: image1.png]1a. (5 pts.) Using MatLab find the Bode plot of h(s) = 1/(s+1).
1b. (5 pts) Using MatLab find the Bode plot of

g(s) = 1/(s® + 1.001s2 + 1.001s + 1)
1c. (5 pts) What are the poles of g(s)?

1d. (10 pts) Explain the effects in the Bode plots
of the differences between the poles of g and h.



[image: image3.png]In class 13 we showed that a state-space model with states
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and parameter values

R=1,L=2J=1,F=2k=1,K=1

is controllable.

a. (5 pts) This model has theta as an output, so that c= (0 1 0).
Show that this system is observable.

b. (10 pts) Compute the transfer function from i to theta

c. (10 pts) Find a state feedback law u = -Kx + v that
asymptotically stabilizes the closed-loop system.




3. Problem 8.4, text p. 263

[image: image4.png]8.4 (Solutions corresponding to poles and zeros) Consider the differential equation
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(a) Let 4 be a root of the characteristic polynomial
St as" e ay =0,
Show that if (r) = 0, the differential equation has the solution y(r) = €.
(b) Let « be a zero of the polynomial
b(s) = bis" + bys" 244 by

Show that if the input is u(r) = ¢**, then there is a solution to the differential
equation that is identically zero.




[image: image5.png]4. In Class 20, we derived the following transfer function of
a lag circuit:

U,(s) = a(s + b)/b(s + a)di(s)
where a = 1/(Ry + R2)C and b = 1/R,C
SetR,=R,=1andC= 5

4(a). (5 pts.) Using the MATLAB command ss(g), find a one
dimensional state realization of g.

4(b). (5 pts.) Using the MATLAB command canon(g), find a one
dimensional state realization of g.




[image: image6.png]Extra Credit (10 pts.) Compute a 1-dimensional state space
realization (with d nonzero) of this transfer function g(s)
by modifying the realization algorithm derived in Class 20.










