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Linear Time Invariant Dynamic System

2nd order linear dynamic system

1st order linear dynamic system

Mechatronic Example
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Linear Dynamic System

Linear Time Invariant Dynamic System

Linear Time variant Dynamic System

LTI Dynamic System
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Transfer Functions
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Def.: 

1. G(s) is said to be proper if G(∞) is a finite constant -> 

2. G(s) is said to be strictly proper if G(∞) = 0 ->

3. Relative order : n-m

4. The order of system: n

5. Poles: -p1, -p2,… , -pn

6. Zeros: -z1, -z2,… , -zn

n m
n m

Note:  T.F. is to describe the relationship between input and output
T.F. is independent to the input and initial condition
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Any periodic function can be rewritten as a weighted 
sum of Sines and Cosines of different frequencies

Fourier transform for functions f

任何函數都可以展開為
三角級數

Joseph-Louis Lagrange
Italian 1736-1813
Pierre-Simon Laplace
French 1749-1827
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2s j  Fourier Transform

Fourier Transform
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Proof:
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Mentioned So far!

p. 20
p. 22/ p. 28
p. 25-26
p. 25-26
p. 25-26
p. 25-26

p. 28

p. 27

p. 27
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Mentioned So far!

p. 20
p. 22/ p. 28
p. 25-26

p. 25-26
p. 25-26
p. 25-26

p. 28

p. 28 + p. 25-26
p. 28 + p. 25-26

p. 28 + p. 25-26

p. 27

p. 27
p. 28 + p.27

p. 28 + p.27
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Summary

Basic properties of impulse () function and step (u) function!
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Textbook pp 123~125

Proof: Textbook pp 827 (Example A.1)~832 (ExampleA.7)

Homework
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Reference Hint
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Proof: Textbook pp 836 (A.1.3)~838 (A.1.4) Homework
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Mentioned so far

p. 47

p. 47

p. 47

p. 47

p. 47

p. 47

p. 33~40

p. 49

p. 49

p. 47
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g(t)=

Homework
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g(t)=

Homework

Feedback Control of System Prof. Cheng-Hsien Liu

56Lecture 3- Review Laplace

55

56



2023/9/14

29

Feedback Control of System Prof. Cheng-Hsien Liu

57

1. To study block diagrams, their 
components, and their 
underlying mathematics.

2. To obtain transfer function of 
systems through block diagram 
manipulation and reduction.

Plant

Lecture 3
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Block-Diagram Elements of Comparators

(a) Subtraction (b) Addition

(c) Addition and subtraction

Block diagram elements
of  control systems.
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Convolution

Time & Laplace Domain Block Diagrams

Convolution

ttt dtgutx )()()(
0
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Negative feedback:

Positive feedback:
-

G2=1
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Rule 1:

Rule 2:

Rule 3:

Rules for Block Diagram Manipulation 
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Rule 5:

Rule 4:
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di do

K P

n

y

Controller Plantdesired output

controlerror

sensor noise

disturbancesTerms

sensor

r(t): reference input or command signal

y(t): sensed/actual output

e(t)= r(t) - ybar(t) 

u(t): control input

Plant P

ybar:  estimate of y

Purpose: find compensator/controller 
- error is “small”
- stability is “good”

If r(t) is a constant -> “regulator” problem

If r(t) =function of time -> “servo” or “tracking” problem

ybar
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R(s) E(s)
D(s)

Gc(s) Y(s)

Controller Plant actual outputdesired output

error

Sensor dynamics

Gp(s)

H(s)

(1) Assume d(t)=0

(2) Assume r(t)=0
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Homework

Feedback Control of System Prof. Cheng-Hsien Liu

Lecture 3 68

Mason’s Rule for Complicated Block Diagram 
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