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m Closed-loop (feedback control) systems
m Controller/Filter Design

m Linear System/Modelling

m Fourier Transform/Frequency Response
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Closed-Loop /Feedback Control System

m Closed-loop (feedback control) systems

e The plant output 1s incorporated:

— Plant input and output transducers may be required.

— More complex than open loop system, but

— Transient response and steady-state error can be

controlled more efficiently.
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Control System Example

m TE cooler

® [t converts the electrical energy to thermal energy.
e Model

‘Z_T — — k(T ()= T() =T, (1))
4

e Solution

T(t)=T.(1—- e ) if Ta=0.

e TE Cooler
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B
TEC Control

m Open Loop Control

T,(0)= T,

m Feedback Control

T(t)=k,(T(t) - Ty)+k, jo (T(z)-T,)dr
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U
TEC

m Performance : Open Loop Control
m Settling time 300 seconds 1s relatively slow.
m [t 1s necessary to improve the temperature controllability.
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U
TEC

m Performance : Closed Loop Syste.
m The settling time 1s improved to less than 50 seconds.
m [t 1s necessary to develop closed loop system
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B
Filtering Example

m Temperature Sensor Signal consists of original temperature signal and
Sensor noise.

m [t is necessary to design filters to reject sensor noise and obtain temperature
signal .

Real Temperature Value
15

10 .

5 I i I I I

0 10 20 30 40 50 60
Sensor Noise
5 T T T T T
-5 i i I i i
0 10 20 30 40 50 60

Sensor Value
20

0 I i I I I
0 10 20 30 40 50 60

Seong-Ho Song Introduction




B
Filtering Example

m Filtered Temperature Sensor Signal is the same as the original signal in the
steady state except a delay caused by the filter dynamics.
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B
Filtering Example

m Filtered Noise Signal 1s well estimated using filters.
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m System Input/Output

y(t)

Plant

(system)

x(1)
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m  System Input : Spectrum Representation

x(t) = ﬁ: A, cos(2af t+¢,)

X(t) Plant y(t)

v

v

(system)
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m  System Input : Spectrum Representation
N
x(t) = Z A, cos2af t+@,)
k=1

A, : Magnitude, ¢, : phase

L R PR
)= LOX( jo)e™dw

X(jo)=| " x(t)e " dt

X(t) ¥ (jo)

m A7)} YA FE A AT X(Gw) = FH 72 5 A
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m  System Input : Spectrum Representation

x(t) = ZN:Ak Cos(szkt +o,)

m System Output =
Hto] glar, A Al ~Hl
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m Magnitude Response :  /(f;)

m Phase Response :  @(f,)

Seong-Ho Song Introduction



