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Fourier lransform?™

*since 1822

= [ime domain - Freguency domain
® Discrete Fourier Transtorm

® [ast Fourier Transform

» Practical Applications

= \indowing

= Examples

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



Fourler lransform

» [Function of time -> decompose to frequencies
= [ourier Transform

® frequency domain representation

® time domain to frequency domain operation

® | inear operations have both time & frequency domain
counterparts

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024
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ier Transform

x Four

frequency component
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Fast Fourier lranstorm

« DFT complexity {02
Pl

x FE[ complexity

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



lime - Frequency Domain

x [Ime Domain

PPN
) )

» Frequency D

<HY-330> Introduction to telecommunication systems theory
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FProblem

= FF[ assumes a finite data set, a continuous spectrum
of iInteger periods of a periodic signal

x \What if the number of samples are not providing
integer number of periods?

x Discontinulties...

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



FProblem

Amplitude _|
(dB)

|
Frequency (Hz)

Amplitude _

(dB)

A

Aa
A A
A
A
A
AAAa
AAA

AAA

Frequency (Hz)
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Solution

x [ry to minimize the effect of the excess samples

® SUpPpPress the extra samples that are not providing
iInteger numiber of periods...

= \Nindowing technigque

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



Solution

Amplitude
(dB)

Frequency (Hz)
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Windowing Functions

= Rectangular ® Hamming
= [riangular = Blackman

x Blackman-Harris
= (Gaussian » [lat Top

= Exponential/Poisson

x [ukey x Planck—-Bessel
n Kaiser » Kaiser-Bessel
x Hann (Hanning) ® | anczos/sinc

<HY-330> Introduction to telecommunication systems theory
CSD.UoC Stefanos Papadakis fall 2024



Windowing Functions

windowing functions in the frequency domain

v -—\

rectangular
hann
hamming
tukey
blackman
flat top

1

normalized frequency

<HY-330> Introduction to telecommunication systems theory
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Windowing Functions

Hamming

Window
Hamming

3}
©
5
=
po
=
<

Hanning

Hanning
Window

Frequency
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Windowing Functions

Blackman-Harris

2

Frequency

Flat Top

St

Amplitude

o
°

S
=
o

=
<

Frequency
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Windowing Functions

CSD.UoC

Signal Content Window
Sine wave or combination of sine waves Hann
Sine wave (amplitude accuracy is important) Flat Top
Narrowband random signal (vibration data) Hann
Broadband random (white noise) Uniform
Closely spaced sine waves Uniform, Hamming
Excitation signals (hammer blow) Force
Response signals Exponential
Unknown content Hann
Sine wave or combination of sine waves Hann
Sine wave (amplitude accuracy is important) Flat Top
Narrowband random signal (vibration data) Hann
Broadband random (white noise) Uniform

Two tones with frequencies close but amplitudes very different Kaiser-Bessel
Two tones with frequencies close and almost equal amplitudes Uniform

Accurate single tone amplitude measurements Flat Top

<HY-330> Introduction to telecommunication systems theory
Stefanos Papadakis

fall 2024



Non-sinusoldal waves

CSD.UoC

Time Domain

a. Pulse
»

c. Triangle

d. Sawtooth

Frequency Domain

=Ad

’) G
= sin(nwd)
n

0
3f 4f Sf 6of (d = 0.27 in this example)

ao=0

24
a, =

b, =0

/]

3f 4f ST 6f (all even harmonics are zero)

=0
44
(nrt'2

0
3if 4f S5f of (all aven harmonics are zero)

0

0
A
ni

3f 4f 5f 6f
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Square Wave

1
3
7
2
2

S
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0
Radians
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