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Course Overview
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Complex Numbers
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Fourier Transform
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1. Introduction

Course Objectives
Overview
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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 signhal processing : Calculation
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2. Representing Signals
What are Signals?
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Representing

* What are Signals?
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Representing Signals

* What are Signals?
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Representing Signals

* What are Signals?
— A|Zto]| j2t HetSh= (Time-varying) A
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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?
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Representing Signals

 What are Systems?
— An entity that processes and produces a set of signals.
— A function of signal?

11.1put .I system 5 qutput
signal signal

x(t) y(6)

« A simple linear functiony = ax + b
* Alinear system y(t) = ax(t) + b
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Representing Signals

 What are Systems?

— Example: Autonomous Driving System
— Input: A set of signals from sensor
— Qutput: A control signal set
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Representing Signals

» Classification of signals
— GPS Signal: Analog & Digital Signals

Modulator

i Broadcast !
signal

L1 carrier - 1575.42 MHz
* Modulo 2
a adder
C/A code - 1 Mbps ]

Navigation message
50 bps
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REMI LAB 17 gms S EILH ot



Representing Signals

» Classification of signals

— Continuous Signals : in real world & mathematical

x(1) = sin(rt)

— Discrete Signals : in digital domain (computer)

xX[k] = sin(0.257k)
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Representing Signals

» Classification of signals
— Continuous Signals : Continuity (H54)
— f(a) is defined
— lim f(x) exists.

= lim f(x) = f(a)
(-2.2), -
Mo
| (3.0)
5 —Ia_r" —|3 - —J1 2 % 4 5
[ (-2,-1)_ L L RERSY
.| 2
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Representing Signals

» Classification of signals

— Example: A pulse train
— Rectangular function rect(t)
— Piecewise Continuous
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Representing Signals

» Classification of signals
— Discrete-Time Signals
— The signal exists only when t = kT
— What is T, for below signal?

x[k] = sin(0.257k)
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Representing Signals

* Classification of signals

— Periodic Signals : x(t) = x(t + nT)

12

amplitude (offset)

0.4

time (s)

0.6
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Representing Signals

» Classification of signals
— Q. The sum of two periodic signals will be periodic?
— x(t) = x1(t) + x2(¢)
— x,(t) = x,(t + kTy)
— x,(t) = x,(t + IT,)

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

- x(t + T) = xl(t + T) +x2(t + T) = xl(t + le) +x2(t + sz)

> T =kT, =1T, T, /T, = (rational number)

—

The new period will be LCM(Least Common Multiple) of T; and T,
2. If the ratio is irrational number, then not periodic.
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Representing Signals

» Classification of signals
— Q1. The sum of two periodic signals will be periodic?
— x(t) = x1(t) + x,(t)

— x,(t) = cos(t)
— x,(t) = sin(2.5t)
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Representing Signals

» Classification of signals
— Q2. The sum of two periodic signals will be periodic?
— x(t) = x1(t) + x2(¢)
— x,(t) = cos(t)

— x,(t) = sin(\/§- t)
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Representing Signals

» Classification of signals
— Q3. The sum of two periodic signals will be periodic?
— x(t) = x1(t) + x2(¢)
— x,(t) = cos(+/12 - t)
— x,(t) = sin(\/§- t)
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Representing Signals

» Classification of signals
— A sinusoidal signal : Amplitude, Phase, Frequency

Sine and Cosine

1.04
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o
2
= 0.0
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£
<
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1.0 ™ sin@)
s COS( )
0 nr n 3n2

Angle ¢
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Representing Signals

« Classification of signals
— Symmetrical functions : odd and even

y
cos(X) A
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Representing Signals

» Classification of signals

— Misc. Properties
— Left-sided/Right-sided/time limited
— Causality (x(t) =0 forallt < 0)
— Bounded

x(1) x(1)

] ]

(a) (b)

x(t) x(1)

n 7 /2 0 w2
(©) (d) -90° 90°
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Representing Signals

» Transformations of Independent Variable
— The scaling operation (in amplitude)

x(t) 2x(t)

Y
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Representing Signals

» Transformations of Independent Variable
— The scaling operation (in time)

x(1) x(2r)
/\ | AN /\ \
! } f y f f t t
-2 —1 0 1 2 -2 —1 0 1 2
(a) (b)
x(3t) x(—t)
/\1 _— »—1 “
: : : : : — ¢ ' t
-2 —1 0 1 2 -2 —1 0 1 2
(©) (d)
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Representing Signals

» Transformations of Independent Variable
— The shifting operation (in time)

x(t)

x(t—1) x(t+1)
BN R S

3 3 -

2 7

1 1\ -

t I t
-3 -2 —1 0 1 2 3 -3 -2 —1 0 1 2 3

(b) (c)
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Representing Signals

» Transformations of Independent Variable
— The shifting operation (in amplitude)

x(1) x(t)—2
2 2
/\/\/\ |
: . | : i t : t
-3 -2 -l 1 2 3 -3 2 -1 1 2 3
-1 4 1
-2 o )
(a) (b)
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Representing Signals

» Transformations of Independent Variable
— An example: signal from two different sensors

Velocity Comparison (0825_scenel-1_casel_triall_radar_1)
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Representing Signals
« Elementary Signals

— Unit Step Function, u(t)
— Heaviside function

u(t){l t >0

0 otherwise.

u(t)

REMI LAB 35
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Representing Signals

« Elementary Signals
— Rectangular Function, rect(t)
— Also called as a pulse signal

1 —l<r<d
rectt = 2= "2
0 otherwise.

3~
13|~
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Representing Signals

« Elementary Signals
— Dirac Delta function, 6(t)
— Also called as a (unit-)impulse function.

— Is it function?
3(0) >

0(t)=0 fort#0 and
/w S(t)dt = 1.

o)

1
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Representing Signals

« Elementary Signals
— Dirac Delta function, §(t) and pulse function g,

— Any similarity?
o0(t)=0 fort#0 and o< |8|
ge(t) =4 ¥
/ o(t 0 0therw1se
(1) ge(t)
1 !
t t
0 _oo
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Representing Signals

« Elementary Signals
— Dirac Delta function, §(t) and pulse function g,

O(r) = lim g¢ (7).

ge (1)
16i'| — =2
it — e=1
il L1
12 £=12
oy 1
| €=1
— -]
il el
l‘\ — 16
.:i
C T
, T \ s
-2 ~15 1 0.5 0.5 1 1.5 2
: (@] 4T
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Representing Signals

« Elementary Signals
— Properties of the Dirac Delta function, 6(t)

x(t)0(t —to) = x(t9)S(t — 1)

x(1) o(t—1to) x(t)6(t —to)
x(to) \ 1 x(to)
t t t
fo fo )
(a) (b) (c)

— Sifting (not shifting) property

/ " X(0)8(t — o)t = x(to).

—0Co
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Representing Signals

« Elementary Signals

— Sifting (not shifting) property

f ix(t)ﬁ(t —t0)dt = x(to).

q )
f (t +t2)-8(t—3)dt =
-2

4
J (t +t%) - 6(t — 3)dt =
-2

REMI LAB
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o0

x(1) = f X()8(t — 1) dr

A sum of weighted impulse

3
j et=2.502t — 4)dt =
0

j_ ;5 (t)dr =

41
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Representing Signals

» Representation of Arbitrary Functions

— Show that following is true.

1
rectt =
s

I =

(a)

REMI LAB

1 1
T2 S0<3

otherwise.

u(t—3)

rectr = u(H—%) —

u(t) =

b —

0 otherwise.

(b)

42
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b=
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(c)
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REMI LAB

Representing Signals

» Representation of Arbitrary Functions

x(r)
I T 1
I I | t
0 1 2 3
(a)
va(t) =u(t—1)—u(t—2)
I T 1
l 4
0 1 2 3
(c)

43

vi(t) =u(t) —u(t—1).
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Representing Signals

» Representation of Arbitrary Functions

x(t) vy (7)
IINVANEE
I + I ) [ t
0 1 2 3 4 0 2 3 4
(a) (b)
V2 (t) V3 (t)
| I\ /‘ | I\
. } . I t [
0 1 2 3 4 0 1 2 3 4
(c) (d)

.
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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
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   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 )
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  𝛿  ( t )

