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Modified PID Controls

Introduction

@ In practical cases, there may be one requirement on the response to disturbance
input and another requirement on the response to reference input.

@ Often these two requirements conflict with each other and cannot be satisfied in
the single-degree-of-freedom case.

@ By increasing the degrees of freedom, we are able to satisfy both, response to
disturbance and response to reference input.
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D(s)
Reference Output
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Modified PID Controls

PI-D Control

@ If reference input is a step function, the derivative term in the control action will
produce that u(t) will involve an impulse function.

@ Such a phenomenon is called set-point kick.
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Modified PID Controls

PI-D Control, Il

To avoid the set-point kick phenomenon (a pulse input), we may wish to operate the
derivative action only in the feedback path so that differentiation occurs only on the
feedback signal and not on the reference signal.

U(s) = Kp(l + %)R(;) - Kp(l + % + Tds)B(s)

Figure 8-26
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Modified PID Controls

P1-D Control, Il

Notice that in the absence of the disturbances and noises, the closed-loop transfer
function of the basic PID control system [shown in Figure 8-25(b)] and the PI-D control
system (shown in Figure 8-26) are given, respectively, by

MO (14 k) | K,Gy(s)
1+

R(s) Lis 1+ % + Tds)KpGp(S)
and
Y(s) 1 K,Gp(s)
R(s) (1 N T_)

1
1+ (1 + ﬁ + TdS)KPGP(S)

It is important to point out that in the absence of the reference input and noises, the
closed-loop transfer function between the disturbance D(s) and the output ¥ (s) in
either case is the same and is given by

Y(s) Gy(s)
D(s)

1
1+ KPGP(S)(]' + ﬂ + de')
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Modified PID Controls
|-PD Control

@ If reference input is a step function, both PID control and PI-D control involve a
step function in the manipulated signal.

@ The proportional action and derivative action are moved to the feedback path so
that these actions affect the feedback signal only.
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Modified PID Controls

I-PD Control

The closed-loop transfer function ¥'(s)/R(s) in the absence of the disturbance input
and noise input is given by

Y(s) ( TL ) K,Gy(s)
s

R(s)

1
1+ KPGP(S)(I + Ts + Tds)

It is noted that in the absence of the reference input and noise signals, the closed-loop
transfer function between the disturbance input and the output is given by

Y(s) Gy(s)
D(s)

1
1+ KPGP(S)(l + Ts + Tds)

This expression is the same as that for PID control or PI-D control.
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Two-Degrees-of-Freedom Control Sy

Introduction

@ Instead of moving the entire derivative control action or proportional control action
to the feedback path, it is possible to move only portions of these control actions to

the feedback path.

@ The characteristics of PI-PD control scheme lie between PID control and I-PD

control.

@ Similarly, PID-PD control can be considered.

@ We will have one controller in the feedforward path and another controller in the
feedback path. Such control schemes lead us to a two-degrees-of-freedom control

scheme.
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Two-Degrees-of-Freedom Control Systems

One-degree-of-freedom Control System

D(s)

R(s) U(s) s)
G(5) = Gyls)

B(s)

N(s)
—f—

For this system, three closed-loop transfer functions Y(s)/R(s) = G,,,
Y(s)/D(s) = G4, and Y(5)/N(s) = G,, may be derived. They are

_Y) GG
" R(s) 1+G.G, G, - Gy, — Gy
Y G G
7 D(s)  1+G.G, G o 9=
yn T T~
_Y(s)_ GG, Gr

" N(s) 1+ G.G,

How many of these closed-loop transfer functions are independent?

Rodrigo Gonzalez (CyS, UNCuyo-FING) Two-Degrees-of-Freedom PID controllers

June 2020



Two-Degrees-of-Freedom Control Systems

Two-degree-of-freedom Control System
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How many of these closed-loop transfer functions are independent?
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