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DIGITAL AND OPTIMAL CONTROL SYSTEMS

Instrumentation And Control Engineering

Time: 3 hours Max Marks: 80

1.

4.

Answer any FIVE Questions
All Questions carry equal marks

* Kk Kk
Consider the system defined by
0 1 0 0
Xk+1) = 1|0 0 1 X(k) + | 0| u(k)
—-0.5 —0.2 1.1 1

Determine the state feedback gain matrix K such that when th€ cong®l Signal is
given by u(k) = -KX(k), the closed loop system will exhibit,the, dga beat response
to any initial state x(0). Give the state variable model.of fhe clesedgdOop system.

[16]

Obtain the closed loop pulse transfer function of the%ellowitig system configuration
shown below Figure 5 [16]

Ris) + Eis) —s Zom T X ]__te

5+ a

T=1sec

Figure 5
Show thatsthe transfer function U(s) / E(s) of the PID controller shown below(figure 2).

U(S) Tl + T2 1 T1T2 - S
=K, .
E(S) T1 (Tl +T2) T1 + T2

Assume the gain k is very large compared with unity, or k >>1. [16]

10
EG) | + o k ) »
D S __Tis_ | 1
Fa 1+Ts 1+ T
Figure 2

Define controllability and observability of discrete time systems. For the following
system,

Y(z) 21408271

U(z) 1+1.3271 404272

Determine whether the system is observable and controllable.
[16]
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5. (a) Explain the input decoupling zeros and output decoupling zeros. 6]

(b) Obtain minimal differential operator realization of T(s) given below. Further,
convert the D.O. form to the state space form.

s+1 s+2

52 5241
T(s) =

2 25+3

s 5241

[10]

6. (a) With suitable diagrams illustrate the one point is fixed end, terminal time
t; free and x(t1) is specified problem and derive the necessary conditions of
variational calculus.

(b) For the system

Py _

az =

with |u| <1, find the control which drives the sys rom itrary initial
state to the origin in a condition satisfying |y . minimum time.

[8+8]

T (

k g
%[
Find the ou u@e u(k)=unit impulse and X(0)=0. [16]
8. (a) SQ in the minimum-energy problems. Describe its performance
indeg.
(b) S

how ‘that the extremal for the functional

TR
J(x) = [ (2® —a?)dt
0
which satisfies the boundary conditions x(0) =0; x(7/2)=1 , is x*(t) =sin t.

[8+8]

* Kk k kok
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Answer any FIVE Questions
All Questions carry equal marks
* K K K K

1. Define controllability and observability of discrete time systems. For the following
System,

Y(z) 2711 +0.8271)

U(z) T 141321404z
Determine whether the system is observable and controllaBle.
[16]

2. (a) With suitable diagrams illustrate the one(Peint ed end, terminal time
t; free and x(t1) is specified problem ive the necessary conditions of
variational calculus.

(b) For the system

d’y _
a2 u
with |u| <1, find t ntrah which drives the system from an arbitrary initial
state to the originlin ndifton satisfying |y| < 0.5 in the minimum time.
848
3. coupling zeros and output decoupling zeros. 6]

1 differential operator realization of T(s) given below. Further,

s+1 s+2
52 5241

25+3
5241

@ DN

[10]
4. Show that the transfer function U(s) / E(s) of the PID controller shown below.

U(S) . Tl -+ TQ 1+ 1 (T1T2 . S>:|
E(s)  ~° Ty (Ty + T) T + T;
Assume the gain k is very large compared with unity, or k >>1as shown in the
figure 2 [16]
Ez J ok 1) ,
S _Tis_ | 1
E. 1+Ts 1+Ts
Figure 2
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d.

7.

8.

Consider the system defined by

0 1 0 0
Xk+1) =0 0 1 | XKk + |0/ uk)
—05 =02 1.1 1

Determine the state feedback gain matrix K such that when the control signal is
given by u(k) = -KX(k), the closed loop system will exhibit the dead beat response
to any initial state x(0). Give the state variable model of the closed loop system.

[16]

A discrete time system has state and output equations given by

zy (k+1) =iz (k‘)—I—u
T (k;—|—2): (k;)—l— atg

w0 =11/2 0] @E
Find the output y(k) when u(k)=unit impulse and $
(a) State and explain the minimum-ener escribe its performance
index.
(b) Show that the extremal for t
J(x) =

which satlsﬁes th ry €onditions x(0) =0; x(7/2)=1 , is x*(t) =sin t.
[8+8]
Obtain op Ise transfer function of the following system configuration
shown elo r [16]
Ris) + Efs) __h — J R e
T=1sec e sl
Figure 5
* % Kk K *
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* K K K K

1. Show that the transfer function U(s) / E(s) of the PID controller shown below.

U(S) o Tl -+ TQ 1+ 1 (T1T2 . 8):|
E(s) % Ty (Ty +Ty) T+ Ty
Assume the gain k is very large compared with unity, or k?a in the
fi 2 1
gure P / [16]
»
) I us
A s _Tis_ |a 1
Ea 1+Ts 1+Ts
¥
2. Consider the system define
0
X(k+1) = X(k) + | 0] u(k)
1 1

Determine t ack gain matrix K such that when the control signal is
given bygf(k) (k), the closed loop system will exhibit the dead beat response
to any mitie stase x(0). Give the state variable model of the closed loop system.

[16]

3. (a) With suitable diagrams illustrate the one point is fixed end, terminal time
t; free and x(t1) is specified problem and derive the necessary conditions of
variational calculus.

(b) For the system
Py _
dt?
with |u| < 1, find the control which drives the system from an arbitrary initial

state to the origin in a condition satisfying |y| < 0.5 in the minimum time.
[8+8]

4. (a) Explain the input decoupling zeros and output decoupling zeros. 6]

(b) Obtain minimal differential operator realization of T(s) given below. Further,
convert the D.O. form to the state space form.

s+1 s+2

52 5241
T(s) =

2 25+3

s 5241
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5. A discrete time system has state and output equations given by

z1 (k+1) = a1 (k) + u (k)
zo (k+2) = gx1 (k) + 322 (k) + u(k)

W =172 01| 2 |

2 (k)
Find the output y(k) when u(k)=unit impulse and X(0)=0. [16]
6. (a) State and explain the minimum-energy problems. Describe its performance
index.
(b) Show that the extremal for the functional

Th .
J(x) = { (2 —x?)dt

which satisfies the boundary conditions x(0) =0; (t) =sin t.

[8+8]
ihg system configuration

7. Obtain the closed loop pulse transfer functign of the
shown below Figure 5 & [16]

N
Ris) + LU <D J [ X |_Cis
T=1see e e

7J Figure 5

8. Define ¢ rw y and observability of discrete time systems. For the following

System

Y(z) 2'(1+08z71)
U(z) 1+1.3271 404272

Determine whether the system is observable and controllable.
[16]

KKk kK
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Answer any FIVE Questions
All Questions carry equal marks
* K K K K

1. A discrete time system has state and output equations given by

z1 (k+1) = a1 (k) + u (k)
zo (k+2) = sx1 (k) + 322 (k) + u(k)

v =172 01| 2 |

Find the output y(k) when u(k)=unit impulse and X(0)=0. [16]

2. Show that the transfer function U(s) / E(s) of roller shown below.
1
( b

U(S) - K T1 -+ T2 T1T2 . 8>:|
E(s) % Ty T+ Ty
Assume the gain k is very largé c ith unity, or k >>1as shown in the
figure 2 [16]
4

E(s) h% J U

. : : :
\ 1 fe— Ts_ 1

o 1+Ts 1+Ts

Figure 2

3. (a) With suitable diagrams illustrate the one point is fixed end, terminal time
t; free and x(t1) is specified problem and derive the necessary conditions of
variational calculus.

(b) For the system
Py _
dt?
with |u| < 1, find the control which drives the system from an arbitrary initial
state to the origin in a condition satisfying |y| < 0.5 in the minimum time.

F

[8+8]
4. Consider the system defined by
0 1 0 0
X(k+1) = |0 0 1 X(k) + | 0| u(k)
—-0.5 =02 1.1 1

Determine the state feedback gain matrix K such that when the control signal is

given by u(k) = -KX(k), the closed loop system will exhibit the dead beat response

to any initial state x(0). Give the state variable model of the closed loop system.
[16]
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5. Obtain the closed loop pulse transfer function of the following system configuration

shown below Figure 5 [16]
Ris) * Eis) —s mom 4
T=1sec i
Figure 5
6. (a) State and explain the minimum-energy problems. Describe its performance
index.
(b) Show that the extremal for the functional

Th .
J(x) = [ (2® —a?)dt
0
which satisfies the boundary conditions x(0)

i€ x*(t) =sin t.
[8+8]
7. (a) Explain the input decoupling zeros a utpat decoupling zeros. 6]

atien of T(s) given below. Further,
form.

(b) Obtain minimal differential opes

convert the D.O. form K
Hl 5+2
2+l
T(s) =
+1
8. Defin ntrN

system,

[10]

and observability of discrete time systems. For the following

Y(z) 21408271
U(z) 1+1.3271 404272

Determine whether the system is observable and controllable.
[16]

KKk Kk k
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