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Course Overview

• Tentative Schedule

2

# Topic Assignment

1 Introduction 

2 Representing Signals #1

3 Continuous-Time System

4 Complex Numbers 

5 Fourier Series

6 FourierTransform

7 Fourier Analysis of Discrete-Time System



1. Introduction
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Course Objectives

Overview



Course Objectives

• Example: Internet of Things
• is a computer system that has a dedicated function within a 

larger mechanical or electronic system
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Course Objectives

• We communicate using “signals”
• Wireless, wired, language, bits, bytes, numbers, figures, … 
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Course Objectives

• What signal is used for wireless communication?
– We will learn this in Wireless Embedded Systems. 
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Course Objectives

• Signals are “controlled”
– By (microwave) circuit : Physical interaction

– By digital signal processing : Calculation
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https://pysdr.org/



2. Representing Signals
What are Signals?
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Representing Signals

• What are Signals?
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Representing Signals

• What are Signals?
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Representing Signals

• What are Signals?
– 시간에따라변화하는(Time-varying)

– 물리적현상(Physical quantity)

– 함수(Function) 
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Representing Signals

• What are Signals?
– Demo: Python Audio Waveform and its Frequency
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Representing Signals

• What are Systems?
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Representing Signals

• What are Systems?

14



Representing Signals

• What are Systems?
– An entity that processes and produces a set of signals.

– A function of signal? 

• A simple linear function 𝑦 = 𝑎𝑥 + 𝑏

• A linear system 𝑦 𝑡 = 𝑎𝑥 𝑡 + 𝑏
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𝑥 𝑡 𝑦 𝑡



Representing Signals

• What are Systems?
– Example: Autonomous Driving System 

– Input: A set of signals from sensor

– Output: A control signal set
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Representing Signals

• Classification of signals
– GPS Signal: Analog & Digital Signals

17



• Classification of signals
– Continuous Signals : in real world & mathematical

– Discrete Signals : in digital domain (computer)

Representing Signals
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• Classification of signals
– Continuous Signals : Continuity (연속성)

– 𝑓(𝑎) is defined

– lim
𝑥→𝑎

𝑓(𝑥) exists.

– lim
𝑥→𝑎

𝑓(𝑥) = 𝑓 𝑎

Representing Signals
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• Classification of signals
– Example: A pulse train 

– Rectangular function rect(t)

– Piecewise Continuous 

Representing Signals
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• Classification of signals
– Discrete-Time Signals

– The signal exists only when 𝑡 = 𝑘𝑇𝑠

– What is 𝑇𝑠 for below signal?

Representing Signals
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• Classification of signals
– Periodic Signals : 𝑥 𝑡 = 𝑥 𝑡 + 𝑛𝑇

Representing Signals
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• Classification of signals
– Q. The sum of two periodic signals will be periodic? 

– 𝑥 𝑡 = 𝑥1 𝑡 + 𝑥2 𝑡

– 𝑥1 𝑡 = 𝑥1(𝑡 + 𝑘𝑇1)

– 𝑥2 𝑡 = 𝑥2 𝑡 + 𝑙𝑇2

– If the summed signal is periodic with T, 𝑥 𝑡 = 𝑥(𝑡 + 𝑇)

– 𝑥 𝑡 + 𝑇 = 𝑥1 𝑡 + 𝑇 + 𝑥2 𝑡 + 𝑇 = 𝑥1 𝑡 + 𝑘𝑇1 + 𝑥2 𝑡 + 𝑙𝑇2

Representing Signals
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𝑇 = 𝑘𝑇1 = 𝑙𝑇2

1. The new period will be LCM(Least Common Multiple) of 𝑇1 and 𝑇2

2. If the ratio is irrational number, then not periodic.

𝑇1/𝑇2 = (rational number) 



• Classification of signals
– Q1. The sum of two periodic signals will be periodic? 

– 𝑥 𝑡 = 𝑥1 𝑡 + 𝑥2 𝑡

– 𝑥1 𝑡 = cos(𝑡)

– 𝑥2 𝑡 = sin 2.5𝑡

Representing Signals
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• Classification of signals
– Q2. The sum of two periodic signals will be periodic? 

– 𝑥 𝑡 = 𝑥1 𝑡 + 𝑥2 𝑡

– 𝑥1 𝑡 = cos(𝑡)

– 𝑥2 𝑡 = sin 3 ⋅ 𝑡

Representing Signals
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• Classification of signals
– Q3. The sum of two periodic signals will be periodic? 

– 𝑥 𝑡 = 𝑥1 𝑡 + 𝑥2 𝑡

– 𝑥1 𝑡 = cos( 12 ⋅ 𝑡)

– 𝑥2 𝑡 = sin 3 ⋅ 𝑡

Representing Signals
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• Classification of signals
– A sinusoidal signal : Amplitude, Phase, Frequency

Representing Signals
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• Classification of signals
– Symmetrical functions : odd and even

Representing Signals
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• Classification of signals
– Misc. Properties

– Left-sided/Right-sided/time limited

– Causality (𝑥 𝑡 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡 < 0)

– Bounded

Representing Signals

29

 

 

                         
                                  

    

 

   

  

 

    

   



• Transformations of Independent Variable
– The scaling operation (in amplitude)

Representing Signals
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• Transformations of Independent Variable
– The scaling operation (in time)

Representing Signals
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• Transformations of Independent Variable
– The shifting operation (in time)

Representing Signals
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• Transformations of Independent Variable
– The shifting operation (in amplitude)

Representing Signals
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• Transformations of Independent Variable
– An example: signal from two different sensors

Representing Signals
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• Elementary Signals
– Unit Step Function, 𝑢 𝑡

– Heaviside function

Representing Signals
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• Elementary Signals
– Rectangular Function, rect 𝑡

– Also called as a pulse signal

Representing Signals
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• Elementary Signals
– Dirac Delta function, 𝛿 𝑡

– Also called as a (unit-)impulse function.

– Is it function? 

Representing Signals

37



• Elementary Signals
– Dirac Delta function, 𝛿 𝑡  and pulse function 𝑔𝜖

– Any similarity?

Representing Signals
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• Elementary Signals
– Dirac Delta function, 𝛿 𝑡  and pulse function 𝑔𝜖

Representing Signals
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• Elementary Signals
– Properties of the Dirac Delta function, 𝛿 𝑡

– Sifting (not shifting) property

Representing Signals
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• Elementary Signals
– Sifting (not shifting) property

Representing Signals
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A sum of weighted impulse



• Representation of Arbitrary Functions
– Show that following is true.

Representing Signals
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• Representation of Arbitrary Functions

Representing Signals
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• Representation of Arbitrary Functions

Representing Signals
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Thank you

Department of Radio & Information Communications Engineering

CHUNGNAM NATIONAL UNIVERSITY
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  y = a x + b


  y  ( t ) = a x  ( t ) + b


  x  ( t )


  y  ( t )


  f ( a )


     lim  x → a ⁡  f ( x )


     lim  x → a ⁡  f ( x ) = f  ( a )


  t = k  T s


   T s


  x  ( t ) = x  ( t + n T )


  x  ( t ) =  x 1  ( t ) +  x 2  ( t )


   x 1  ( t ) =  x 1 ( t + k  T 1 )


   x 2  ( t ) =  x 2  ( t + l  T 2 )


  x  ( t ) = x ( t + T )


  x  ( t + T ) =  x 1  ( t + T ) +  x 2  ( t + T ) =  x 1  ( t + k  T 1 ) +  x 2  ( t + l  T 2 )


  T = k  T 1 = l  T 2


   T 1


   T 2


   T 1 /  T 2 =


  x  ( t ) =  x 1  ( t ) +  x 2  ( t )


   x 1  ( t ) =  cos ⁡  ( t )


   x 2  ( t ) =  sin ⁡   ( 2 . 5 t )


  x  ( t ) =  x 1  ( t ) +  x 2  ( t )


   x 1  ( t ) =  cos ⁡  ( t )


   x 2  ( t ) =  sin ⁡   (  3 ⋅ t )


  x  ( t ) =  x 1  ( t ) +  x 2  ( t )


   x 1  ( t ) =  cos ⁡  (  12 ⋅ t )


   x 2  ( t ) =  sin ⁡   (  3 ⋅ t )


  x  ( t ) = 0   f o r   a l l   t < 0


  u  ( t )


  rect  ( t )


  𝛿  ( t )


  𝛿  ( t )


   g 𝜖


  𝛿  ( t )


   g 𝜖


  𝛿  ( t )

