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INSTRUCTIONS: Answer Question ONE and any other TWO questions.

QUESTION ONE (30 MARKYS)

a) A system is defined a$:= [_f (3; ],B = [(1)]6 = [1 2]. Design a full state feedback

control that keeps the stable pole, while the unstpole is mirrored to the imaginary axis.
(8 Marks)

b) Explain the following terms as applied in contrgétems.
i. Eigen vector

ii. Linear time invariant systems
lii. State Variable
iv. Observability (8 Marks)

c) Consider the state equation
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The problem is to determine the state transitiotrisnég (t) and state transition equation x(t) for
t>0 when the input is u(t)=1 for®. The coefficient matrices are identified to be

A= [_02 _13] B = [(1)] (8 Marks)

d) Explain the main difference between lead and lagpensators in terms of their effect on
transient and steady-state responses? (6 Marks)

QUESTION TWO (15 MARKYS)

a) A linear time invariant system is characterizechbynogenous state equation.
] 1 0]. ™
[a’cz] - [1 1]*[x2]

Compute the solution of the state equation assuthimgnitial state vector.

!
Xo = [o]
(8 Marks)
b) Discuss how PID parameters affect system dynamics (3 Marks)
c) Discuss the importance of eigen values. (4 Bhark
QUESTION THREE (15 MARKYS)
a) When is a system state controllable?
i) Give the Kalman controllability criterion. (1avk)
i) Check the given system controllability and obseltitsitby using Kalman’s
method.
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X1
y=[1 0 0]*[x2]
X3

(7 Marks)

b) The parameter matrices of a continuous system are:

30 s=fle=un

The system is controlled with state feedback. Thtedeedback vector is = [1 2].

2=

Determine the transfer functions and the poledefadrigin and that of the feedback

system. (7 Marks)

QUESTION FOUR (15 MARKY)

a) Explain how dynamic compensation using operatiangplifiers is implemented in real-world
analog control systems (3 Marks)
b) Discuss and Provide real-world examples of theiegipbn of:
I. alead compensator
ii. acascade compensator (3 Marks)
c) Discuss Ziegler- Nicholas method of tuning PID coltérs. (6 Marks)
d) The following differential equation represent linéiane invariant systems. Write down the
dynamic equations (state equations and output mqsatin vector matrix form.
PO IO d’y(t)

qit +7 463 + ZSF + 8y(t) = 2r(t)

(3 Marks)
QUESTION FIVE (15 MARKYS)

a) The transfer function of an unstable continuousesyss:
-9
(s+6)(s—3)

P(s) =

I.  Give the state equation in controllable canonioatf.
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ii.  Determine the stabilizing state feedback vectaieg€ribing the poles of the
closed loop system, mirror the unstable pole tartreginary axis, and leave
the stable pole at its location.) (7 Marks)

b) Given the transfer function of an Observable Cacadrfrorm, resolve the signal flow
representation and derive the state and outputiegsa

Y(s) 4s°+5s*+9s+7
U(s) 8s3+6s2+7s+5

(6 Marks)

c) Explain how a lead-lag compensator improves bathrdmnsient and steady-state behavior
of a system (2 Marks)
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