
x(t)=cos(2*pi*10*t)+cos(2*pi*25*t)+cos(2*pi*50*t)+cos(2*pi*100*t)

Fourier Transform CFT)
A signal Cxcts ) can be represented in either time domain

hummus

or spectrumdemain . time- amplitude representation of
frequency- amplitude representation

the signal .

of the signal . (frequency content do not change in time)
signals -/
- stationary signals

-nonstationary signals
(frequency content change in time .

The following is an example of stationary signal :
un - I -

→ x ←

frequencies of 10,25 ,
50 ,

and 100 HZ .

time domain

frequency
domain

T T t t
10 25 50 100



The following is an example of nonstationary signal

another example :

-
too Hz
Truman
50 HZ 25 HZ loHZ

The following is its FT :

FT gives no information regarding
where in time the spectral components

the little ripples appear.
are due to Tn
sudden changes µ
from one fret'M FT is not a suitable
component to
another . technique for non stationary

y signal ,



stationary signal Cttme domain) ( spectrum domain )

"I 'Yo go *
50

non stationary signal (time domain) (spectrum domain )

*
.
"
.
'Io Iso

The above two different signals constitute the same frequency components. That means FT can not distinguish the
two signals very well ,



XCf) If XCf) is a large value , then we say
that : the signal XCt , has a dominant spectral
component at frequency

"

f
"

.

que.my#EannbeeeitteqeosEttEEineehfE .

Fourier transform of at \ya , f , = x (t) . e-
254ft
If c , y ⇒Fourier transform of kits .

in;qq.gg
.

transform | × ,y, = g y , g , . ez,⇒ a me, you... many.,mq×¢,
-A1-

not,
time domain

imelt )

- jaftdenote HHt) = e"
-

"ft
.

Then
, Uff t) = e 2

Based on the above notation , we can rewrite the above equations as :

^xltI=IxHI.4E(xltl-fpxlft.eu/flt1df#
the signal is multiplied with

the

sinusoidal term of frequency
''

f
"

.

If they coincide , then the signal
has a high amplitude component

1¥ of
"

f
"
.

Ifl
T

frequency
it )
time

TXCf)
Ty

( amplitude of frequency )

Xlt)

(amplitude of time)



convolution theorem
Given two signals Xa, una Yet) , the convolution of these two signals is defined as :

(X# Y ) (t) : = I:X Ct) y Ct - T) DT .
An equivalent definition is :

(X# Y ) (t) : = IFXCt - T ) Y te) de

That means : X* Y ft) = Y * X ft) .

The convolution theorem based on fourier transform :

→

4xIyxft='xCfs.y
This means that the FT of a convolution of two signals is the pointwise product of
their FTS .

/



Scaling property of FT
If you horizontally "

stretch
"

a signal ( Xft) ) by the factor c in the time domain
,

you
' '

sequeeze
"
its FT by the same factor in the frequency domain .

>

"

stretch
"

the signal by the factor o in

XcCtj=XTE
the time domain

.

I"xdH=M÷÷!!÷!#
i.*same factor in

the frequency domain .



The continuous Wavelet Transform
In FT

,
the fourier function is denoted as : 4ft t ), which is dependent only on the frequency ( f ) .

In wavelet transform (WT) , the wavelet function is denoted as : Ys,et t) , which is dependent
on both frequency ( f-- Ys ) and time location ( t) .

y
translation

mfs -
scale

signal

µ µ denote 4smegkk=¥a It )
yay,

Hdt = 0

Wavelet function mother wavelet function

The following are four cmosninnemignas with different scales C frequencies)
stationary signals



The following is a signal that has different scales (frequencies) at different times .

my-rhighscale Clow frequencyTT high scale Clow frequency )
low scale ( high frequency )

E://t.sk/x*gq,gq,df#ettryansformation/xItt=IyfsfeEix4e.sl's 4e.sk/deds
-

f
↳
inverse wavelet transformation .

the admissibility constant .



Fourier basis function us , wavelet basis function .

The following is an example of fourier functions with different frequencies :

Hf (t)

The following are eight different mother wavelet functions .

4sie Itt

(/
in +he f. "owing examples :

um

we will use Gaussian wavelet function



In the following example , we show step by step how to calculate#Ee, s) for 7=2 , 40,90 , 140 and 5=1 , 5,0 .

We use Gaussion Wavelet function :

The wavelet at scales I
"

is martti plied by the signal and then integrated over all times .

The result of
the integration is then multiplied by the constant

µ µ
number 'Hs

.
The final result is the uaytueansoffortmhafion

.

Entice-- 2.5- 1)⇐ ⇒ E¥e=4o , 5=1)

EY, Ce -- 90 , say⇐ ⇒ IT, telco, 5=1)

EY, ft -- 2 , s -- 5)E ⇒I e--40 , s=D

It!(7--90,5--5)⇐ ⇒ It.it/T-- 140,5=5)



-49=55,5-20)⇐ ⇒It!G -- 90,5-20)

ELY
,
le -- Ilo , 5=20)⇐ ⇒TINY(7--140,5-20)

as shown in this example , the transformation value for each combination of Ce, s) can be calculated .

We can draw the continuous wavelet transform CCWT) of this signal in a three dimensional

space : scale( s) us . Translation at us . amplitude (Enke, s )) .

qEx% ,
s)

#translation Ce)
skate ( s)



Visualization of CWT of a signal
consider the following non- stationary signal :
The signal is composed of four frequency components at 30Ht . 20 Ht, 10Ht , and 5 Ht

.

① ① ① ①
this signal has 30 Hz (highest frequency) components
that appear at the lowest scale at a translation

of o to 30 . Then comes at the 20At component ,
second highest frequency , and so on . Then
5 Ht component appears at the end of the

translation axis (as expected) , and at higher
scales ( lowest frequencies) again as expected .

The following is the CWT of this signal :

O

O

O
x

( different angle .)



if

The left peak is located in a low-translation

and high-scale region . .

The right peak is located in a low-translation
and low-scale region .



o
0

The peak has low-scale and low- translation .



summary of continuous wavelet transform (CWT)

Yother wavelet function
-1
14e.s ft) =#41 )-1
waoetlet function

( wavelet transform )
¥4,6.sk/xCtI4*e.st4dt

-B
-imedomainmct saectrumdomainmmfe , s)

Ex%, s)Htt

✓
xctt-fyfsfeEYxce.sl.tv/e.sCtIdeds
( inverse wavelet transform )
-

*f) = e5"ft ( Fourier transform)#ftu¥tdt
Is

imedomainmnct) spectrumdomainmmmm Cf)
x(t) x' Cf )

#
XHI = SXHI . ulflttdf

( inverse fourier -transform)


