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! "#$% &%'()*+(),( -)' .%$/-*0,%12

! Computador sólo
entiende números
“bits” (valor 0 / 1)

! Conversión de señal
analógica a digital

! Calidad depende de 
frecuencia de muestreo

! Se pueden
almacenar/transmitir
en “bits” (valor 0 / 1)
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! "#$%&'()'*%'signal *+'*'),%-.$(%/'f/'
! )0'! à !

– !"# !$"#gives level at time !$"#
– The signal is defined in a certain time, with a finite 

range:
#$#%$0&$1'#à %(&)'

! 1'2,3.$4$25%+$(%*3'+$6%*3'-*%'75'589:5++54'*+0

s =f "t, channel#
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! Let define a new image ! in terms of image "
! !"#$%&#'(%&)*+(,#"-'."(#'."#/+,%-&#+(#'."#(%&0"#+*##!

! Range transformation:

! Preserve the range but change the domain of " :

! other operations operate on both the domain and the 
range of "
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! Sum: two function can be added:

! Scaling: a function can be multiplied by a constant
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Linear Shift Invariant Systems (LSIS)

! Linearity0

! Shift invariance0

1f !! 2f 2g

21 ff ba + !" gg ba +

( )axf - ( )axg -

a a
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Defocused image ( !#) is a 
processed version of the focused 
image ( "#)

g f

Ideal lens is a LSIS ( )!" ( )xg1232

Linearity4##5(-0.'&"))#6%(-%'-+&
Shift invariance4##2$"&"#,+6","&'

7&+'#6%8-/#*+(#8"&)")#9-'.#&+&:8-&"%(#/-)'+('-+&);
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f gh hfg *=

! What  $ will give us  !#%#"#?
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" B+,,>'%'-6"

" C))+$-%'-6"

abba *=*

( ) ( )cbacba **=**

D B%)$%/"#)A)'",

f g1h 2h

f= g
21 hh *

f= g
12 hh *
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! Convolution
! C#8+'#+*#*-8'"()#%("#E%)"/#+&#'."#$+&6+8>'-+&

http://en.wikipedia.org/wiki/Convolution

! Convolution is an operation between two 
vectors.
! )-0&%8F#"

! #$%&$'F#(

James Matthews, 2002
http://www.generation5.org/content/2002/convolution.asp

70;<=>?;0=>@;?

http://en.wikipedia.org/wiki/Convolution
http://www.generation5.org/content/2002/convolution.asp
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! Convolution
! C#8+'+*#*-8'"()%("#E%)"/+&'." $+&$6+8>'-+&

http://en.wikipedia.org/wiki/Convolution

! Matrix convolution is an operation
between two matrices.
! -,%0"F#)

! #$%&$'F#( ABiC1DiE F1GH01;1???I
=1G1<1;10J<I
=1G101;10KLI
=1GH?1;10J@I
=1G1<1;1147I
=1G1?1;1?<MI
=1GH01;10KLI
=1G1<1;10LNI
=1G101;1??0I1F1O@1

)( IK Ä

James Matthews, 2002
http://www.generation5.org/content/2002/convolution.asp
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http://en.wikipedia.org/wiki/Convolution
http://www.generation5.org/content/2002/convolution.asp
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• "E95'()'%($+5+0
" Salt and pepper

" 2@>(-+>)#&+-)"

" White noise
" H+(,%88A#L"(+#,"%&#

M%>))-%&#/-)'(-E>'-+&

" And others…
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! Objective
" improve SNR

! Challenges
" blurs original signal and smears 

out important patterns



:*.4#%*,+

• F5)$%5'G$%4(H
" To filter we have to define size windows

" 3'#/"@"&/)#+&#&+-)"#*("N>"&$-")

" 2-0&%8#*("N>"&$A#
" 2%,@8-&0#*("N>"&$A

" NOTE: It can erase high frequencies!
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• "E95+'()')$3.5:+
" Average – Smooth signal (normally it’s used 

windows size 3/5) – eliminate white noise
" Median Filter – Smooth signal – eliminate salt and 

pepper noise.
" Gaussian Filter – Smooth signal – make more 

important central value - eliminate white noise
" Hampel Filter – Eliminate outliers (if inside the 

window the value bigger than std dev, then 
median value is stored.
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A finales del siglo XVIII Jan Baptiste Joseph Fourier (1768-
1830) descubrió un método que permite aproximar funciones
periódicas mediante combinación lineal de funciones
trigonométricas sencillas.
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Definición: Se llama serie de Fourier de una función f(x) en el
intervalo [−L, L] a:

Donde los coeficientes a0, an y bn deben ser
determinados.
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Los coeficientes a0, an y bn
están dados por:
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Ejemplo: consideremos la función:





f(x) = -1 entre -π y 0      f(x) = 1 entre 0 y π

















• 1293$.,40'𝐴! = 𝑎!" + 𝑏!
"

• L*+50''𝜑! = tan#$ %!
&!

• F(%450



• Frequency domain transformations (Fourier)

Fourier Transform



Fourier Transform
Any periodic function can be rewritten as a weighted 
sum of Sines and Cosines of different frequencies, 
called Fourier Series. 



Fourier Transform

)+fwxAsin(

! A sum of sinusoids
! Building box

! Assumptions
! Periodic signals
! More coefficients 

makes signal 
closer to the 
original.
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Fourier Transform

Spatial  
domain

Frequenc
y domain
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Fourier Transform
Example
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Fourier Transform
Example
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Fourier Transform
Example



hfg *= FHG =
fhg = HFG *=

Spatial Domain (x) Frequency Domain (u)

So, we can find g(x) by Fourier transform

g = f * h

G = F ´ H

FT FTIFT

Fourier Transform
=+>(-"(#'(%&)*+(,#%&/#$+&6+8>'-+&
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Wavelets Transform



! Imagine a sinusoidal signal with a small discontinuity:

Fourier does not see the discontinuity.
Wavelet shows exactly the location of the
discontinuity in time.

Fourier coeficients Wavelet coeficients

Wavelets Transform



• Matematically, Fourier analysis representsed by the Fourier transform divide the
original signal in a sum of sinusoidal signals.

Wavelets transform is defined as a sum all time of the signal multiplied by a scale, 
changing the wavelet function. The wavelet coefficient result are then in terms of 
scale and position.

Wavelets Transform



• Scaling of wavelet

Scale a wavelet means shrink or
elongate is denominated scale
factor

In sinusoidal the scale factor is
easy to see….

Wavelets Transform
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