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1. For PID controllers, we derived the condition for offset free tracking of step changes
as,

Sc = Tc

In the 2-DOF pole placement controller, we have to use γTc in the place of Tc. The
above condition becomes,

Sc(1) = γTc(1)

Because Sc = AgS1 and Tc = AgT1, it becomes,

S1(1) = γT1(1)

But, T1 = 1. In view of this, the required condition is,

S1(1) = γ

2. (a) 2-DOF pole placement controller:

x + jy = −0.5± j0.5

ρejω =
1√
2
ej3π/4

ω = 3π/4

ρ = 1/
√

2

φcl = (1− ρejω)(1− ρe−jω)

= 1− z−12ρ cos ω + z−2ρ2 = 1 + z−1 + 0.5z−2

Ab = Bb = Bg = k = 1

Aryabhatta’s identity:

R1(1− z−1) + z−1S1 = 1 + z−1 + 0.5z−2



Solution is,

R1 = 1− 0.5z−1

S1 = 2.5

Rc = R1∆ = (1− 0.5z−1)(1− z−1)

Sc = S1A
g = 2.5(1− 0.9z−1)

Tc = T1A
g = 1− 0.9z−1

γ = S1(1) = 2.5

Control law:

u =
Sc

Rc

e =
2.5(1− 0.9z−1)

(1− 0.5z−1)(1− z−1)

(b) Control law in Sec. 8.3.5 can be used. We obtain,

r1 = −0.5

s0 = 2.5

s1 = −2.25

s2 = 0

The only solution is N = −1. Take Ts = 0.1. To determine K, τi, τd:

r1 =
τd

τd − 0.1
= −0.5

Solving,

τd = 0.1/3

From other two values, we obtain,

s0 = K(1.5 +
0.1

τi

) = 2.5

s1 = K(−0.5− 0.1

2τi

) = −2.25

s0 + 2s1 = 0.5K = −2

K = −4

Substituting in the s0 equation,

−4(1.5 + 0.1/τi) = 2.5

τi = −0.4/8.5

Note that some of the tuning parameters are negative. In this approach,
there is no guarantee of getting positive parameters, as these are calculated
by solving equations.



3. (a) Systems with smaller delay/dead time are easier to handle, compared to those
with larger delays.

(b) Calculate y∗ from the block diagram

i. y∗ = z−k B
A
u+(1−z−k)B

A
u = B

A
u. Thus, y∗ gives a k step ahead prediction

of y

ii. The above approach will not work if noise ξ were not zero

(c) The plant model is,

y = z−k B

A
u +

C

A
ξ

i. The prediction model is

ŷ(n + k|n) =
EB

C
u(n) +

F

C
y(n)

Thus, one choice for K is F/C.

ii. For this choice of K,

y∗∗ =
EB

C
u +

F

C
y

=
EB

C
+

F

C

[
z−k B

A
u +

C

A
ξ

]
=

EB

C
u + z−k BF

AC
u +

F

A
ξ

=
B

C

(
E + z−k F

A

)
u +

F

A
ξ

=
B

C

C

A
u +

F

A
ξ

=
B

A
u +

F

A
ξ

Now, let us try to get a physical interpretation of this model. Substituting
C/A = E + z−kF/A in the ARMAX model, we obtain,

y = z−k B

A
u + Eξ +

F

A
z−kξ

The prediction model is obtained by zeroing future noise terms. We ob-
tain,

ŷ = z−k B

A
u +

F

A
z−kξ = (

B

A
u +

F

A
ξ)z−k

Thus, y∗∗ is the k step ahead predictor of ŷ. Thus, this predictor takes
care of the task that cannot be handled by the Smith predictor.

iii. The main calculation is the solution to Aryabhatta identity


