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Digital Control Systems
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Name

}0.
z-Transform Theorems
Theorem
1. z{af(l)} = afF(z)
2, H{A) + f20}) = A(2) + A=)
3 Z{(_’-.mf(f)} — F(@“Tf)
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Linearity theorem
Linearity theorem
Complex differentiation

Real translation
Complex differentiation
[nitial value theorem

Final value 'theorem

Note: T may be substituted for f in the table. * W




Question 1

State the definitions and give one major difficulty of each of the following advanced control
methods :

Adaptive control,

Robust control,

Predictive control,

Optimal control, and

Fuzzy control
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Question 2

A) A system is described by the matrix equations

0 1 1
X+
-1 =2 -1

—
——

and y(t) =x,(t). Determine whether the system is controllable and observable.
[8 marks]
B) For a system described by the matrix equations

0 1 0
+ u

xX= X
-2 -3 1

u=—(kx +kyx,)

Determine the values of k1 and k2 so that a full-state variable feedback design is achieved to
meet a settling time requirement of 0.8 seconds with £ = 0.884.
[17 marks ]
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Question 3

Consider a system with

0 1 0

X= X+
0 0 1

u=—(x, +kx,)

0
T
and a performance index of J = J'x xdt .
0

T
A) Determine the optimum value of k; and the minimum value of J when X~ = [1 0]

[19 marks ]
B) Plot the performance index versus the gain &, [6 marks ]
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Question 4

A unity feedback control system has a loop transfer function

10*
G(s)=——75
(s+10%)
It is desired that the phase margin of this system be at least 40°. Design a lead compensator
using Bode diagrams to achieve this specification. [ 25 marks ]

Page 6 of 7



R(3S) +

Question 5

Figure 5 shows a satellite tracking system. It is desired to design the controller D(z), so that
this system is deadbeat and the steady state error to a step input R(z) is zero. The sampling
interval is T = 0.01.

[25 marks ]
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