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Sefial digital ideal Senal digital degradada
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Computador solo
entiende numeros
“bits” (valor0/ 1)
Conversion de seial
analdgica a digital
Calidad depende de
frecuencia de muestreo
Se pueden
almacenar/transmitir
en “bits” (valor0/ 1)
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— The signal is defined in a certain time, with a finite
range:
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continuous values
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Modelo basado en pixeles
(constante por area cuadrada)
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| Let define a new image ! in terms of image "
| I"HSY&H (Yo&) (" " (' "+ Yo-8tt+(# " H(Y&O"H-+*H#
I Range transformation:

g(z,y) =t(f(z,y))
I Preserve the range but change the domain of " :

g(xay) — f(tév(xv y)vty(xvy))

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

e

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

f1—>- —>!! f2—>' —>g

| LinearityO
of, + pf, — —>ag. + g
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| Shift invarianceQ
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Defocused image ( 1#) is a
processed version of the focused

> image ("#

& f
Ideal lens is a LSIS "(1) —{1232}— g(x)

Linearity4d##5(-0.'&"))#6%(-%'-+&
Shift invariance4##2%"&"#,+6""&'
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f— h p—g g=1f*h

| What $ will give us #%#'#
< (YoBH<"BUH=>ES - +&HT 8- #3|@>8) |
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c—0

g(x)=""" 1(8)%x! $)as= 1 (x)

#

= f o(c)h(x—7)dz = h(x)

o0
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| CHB+H#+#*-8" VHY0("HEY)"[#+&# "H$+8&6+8>'-+&
http://en.wikipedia.org/wiki/Convolution

I Convolution is an operation between two

vectors. 0|12 (3|4 ([5|6]|7 8]0
w1l w2 w3
)-0&%68F# L
! #$%8w wi| w2 [wa
wllw2 w3
wi|w2 (w3
70;<=>?,0=>@?
wi| w2 w3

w1l w2 w3
wil| w2 (w3

G, R P |

] 2 i I B | B (. 5 [ )

James Matthews, 2002
http://www.generation5.org/content/2002/convolution.asp
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| C8+'+*#-8"()%("E%)"/+&'"." $+&$6+8>'-+&
http://en.wikipedia.org/wiki/Convolution

I Matrix convolution is an operation
between two matrices.
| - %0" P

| 0 KX®NAED F181;1?7?7
| HYER ( ) =1G1<1:10J<I
EEE CEEEEEEE =1G101;10KLI
1] 0| 1 _m = =1¥81;10J@!
20 0| 2 = =1G148A
-1 0 1 221 -198 149 :lGl?l;l?<Ml
“ai —_ =11@1;10KLI
K 205 |(147)] 173 =1G1<1;10LNI
| 149 | 170 | 222 =1G101;1?7?011F1C

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



http://en.wikipedia.org/wiki/Convolution
http://www.generation5.org/content/2002/convolution.asp

e
//m\\

Departamento K 4#()/ * o

& de Tecnologia Médica = . 0 ,+ N

&L, (NVERSDADDECHLE
* =$6%*3".(A($+5'B*.$('C=ABD

G+/"8-804#H+-)"#-)#>)>%88AHY))>,"[# +HE"H#Y0//--6"#HYo &/ H(Yo!

=C.B's(t) + n(t)

rrrrrrrrrrrrr

|."H+E)" (6" 1#)-08Y08#-)H "H#)> #H+*4 "# (>"#)-08.%8HY &/HYo
)@>(-+>)H%&/H (% &/+ #)-08%8

2-08%08: &+-)"#(%'-+F#+(#2HK

i K%'-+#E"'9""'&#%6" (% 0"#+*#)-0&%8#%&

SNR =
o, V| A& +-)"



Ve

i Departamento -k 4#%* + &
AIA @\, de Tecnologta Médica . y -

Iy
B

!

O @ FACULTAD DE MEDICINA
UNIVERSIDAD DE CHILE

. "E95'()'%($+5+0
" Salt and pepper
" 2@>(-+>)H&+-)"

" White noise
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" And others...
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I Objective

improve SNR
' Challenges

blurs original signal and smears
out important patterns

- I T I T =

I . T I T I T
—— noise free data (true phenomenon)
| —— observed data (true phenomenon and observational noise)
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" To filter we have to define size windows
" U@ &I EHEH-) HH("N>"&S-")
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" 206, @8-&0#*("N>"&$A
" NOTE: It can erase high frequencies!




AWz
—%/“@ LLLLL atory for

|Q%v Departameqto - L\
@ deTecnologta Médica | * 4#%* + ientific Image Analysis
&D | @ FACULTAD DE MEDICINA . . y

UNIVERSIDAD DE CHILE

. "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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Convolution Cross-correlation Autocorrelation
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AzResutado de aplcacion del fitro A
B; Besutado de spbcsodn delfitro B
C: Resultado de aplicacion del filtro C

0 Resultado de aplicacdn delfitro

.
" . A Gausstano,

] Swracomemo tio =1 36" o S B 5] sumeramientotiro =2 32" 0 B 7] Suotzamiento Fimo =3 3c' 0
| 3 '

O =
b
o
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A finales del siglo XVIII Jan Baptiste Joseph Fourier (1768-
1830) descubrio un método que permite aproximar funciones
periodicas mediante combinacion lineal de funciones
trigonométricas sencillas.
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Definicion: Se llama serie de Fourier de una funcion f(x) en el
intervalo [-L, L] a

f(z) ~ % + nZ::l (an cos n%x + b,, sen n%:z:)

Donde los coeficientes a, a, y b, deben ser
determinados.

de Tecnologia Médica =
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flx) ~ ) —I—Z (a cos n%:c+b Senn—ﬁx)

o=z [, e

Los coeficientes a,, a, y b,
estan dados por:

1 /L
an:z/_Lf(x)cosn%xdaz

1 L n
b, = —/ f(x)sen —x dx
LJ_r L
4 W 7 yd
A AN~
3Im // 2 1T 7 111 ’/’{’n’ 3 P
P el e

0 (
Departamento &
N Scientific
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f(z) ~ = + Z (an coSs —:13 + b,, sen n%a:)
1 /L nm L rE
Uy = — r) cos —x dx aoz—/ f(z)dz
=) fes T L/-r

1 L
b, = Z/_Lf(:z:)sen%ra:dx

cosnm = (—1)

n

sennm =0
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Ejemplo: consideremos la funcion:

fz) =

1,
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En este caso 2L = 27
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fx)=-1entre-ny0 f(x)=1entre0yn

a, = 1 /7r f(x)cos(nx)dx
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1 0 i
ay, = —|— f(z)cos(nx)dx —I—/ f(z)cos(nx)dx]
n —T 0

/cos(nm)dw = lsen(naz)

n

evaluada en 0, m 6 —m es igual a 0, por lo tanto:

a, =0
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bn, = 71r/_7; f(x)sen(nx)dx

0

sen(nz)dx + /(f sen(nx)dx]
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[ sentnayiz = Leostut, = 1~ Leos(nm)
— sen(nz)dxr = —cos(nx = — — —cos(—nm
. n T n on
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b, = —[—/ sen(nx)dx —I—/ sen(nz)dzx]
T 0

o
— ./_ sen(nx)dxr = %cos(nxﬂg7r = % — lCOS(_"'”T)
AW sen(nx)dxr = %cos(naxﬂg — %1608(7?,71') — %1
1.1 1 1 1
b, = —|— — —cos(—nm) + — — —cos(nw)]
mTn n n n

[

12
by = ~ [~
m™n

— %cos(mr)]
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b, = —|— / sen(nx)dx + / sen(nx)dx]
7T 0

0
— ./_ sen(nx)dxr = %cos(nxﬂg7r = % — lCOS(_"'”T)
Aﬂ' Sen(nx)dx — %cos(na’;)lg — _71608(7717'(') - %1
1 2 2
b, = ;[E — gcos(nﬂ‘)]
b = -1~ cos(nr)
= — — cCos\nm
" onm
cos(nmt) =+1, n  par

cos(nwm) =—1, n  impar
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sen(nx)dx + [)W sen(nx)dx]

b, = %[1 — cos(nm)]

cos(nmt) =+1, n  par

cos(nm) =—1, n  impar

b, = —, n  impar
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ap=0 ap,=0 bn=—, n ampar 2L =2r
n
f(x)fv —I—Z (a Cos—x—i—b SGD%:E)

f(z) = ésen(:z) + i36'17,(3:1:) + isen(5x) + -
3T ST

(o) = % senls) + sen?()Sx) . senéf)x) bl
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1 1 b
e L*+50{, = tan~1 =

Ak

* F(%450 =) o costiag) + b sintkay)
keZ,



Fourier Transform

e Frequency domain transformations (Fourier)

& u 3 e f S : i : Joseph Fourier
mathematician and physicist born in Auxerre and best known for initiating the investigation of Fourier series and their

applications to problems of heat transfer and vibrations. The Fourier transform and Fourier's law are also named in his
honour. Fourier is also generally credited with the discovery of the greenhouse effect.[?]

Hi} De. El-'zabeﬂ\?
Yech, vh... T ac c3dcn+q\b feoK

the Furier transform of @y cat ...
[

Meow !




Fourier Transform

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




I A sum of sinusoids

Building box

' Assumptions

Periodic signals
More coefficients
makes signal
closer to the
original.

...................................

f(target)=

f1+ f2+ f3...+ fn+...




Fourier Transform

o 7&1>4*1")1+*.&%#'4*.1".&12%&Z+8&HF2A1)+%1#"5*4/S11[)C1
/&' BBA&PA4%4-&'W! & #"'5*4/1],d "*#'&4.1) 20

Spatial I Frequepc
domain f(x) —> Flw) y domain

A \W)%18 &PA%)-1<1ViXTFH @) ;)| #1":8&14-P/"+.&1A 4*.1
P:4#8&%)21":&1$)%%&HP)*."*51#"*&11
Asin(ax + @)
T a)>1%4*¥:)/.1]):b11()-P/&B1*+-]&%1'%"$Tc

F(w)=R(w)+il(w) 1(@)

A= -l-\/R(a)) +I(a)) ¢ =tan R(®)

o — [ —




Fourier Transform

Example
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Fourier Transform

Example
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Fourier Transform

Example
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e




Fourier Transform

Example

i




Example

Fourier Transform

-




Fourier Transform

Example

AZ%sin(bzkt)
k=1

HH\IIln.....Wm




Fourier Transform

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

Spatial Domain (x) | Frequency Domain (u)
g=f*h <> G=FH

g=fh «<> G=F+H

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

g = f s h
A | |
IFT FT FT
| v v

G = F X H
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Wavelets Transform

TRANSFORMADA

_....

FOURIER

Semnal Constituvenies sinuseidales de diferentes frecuencias

TRANSFORMADA + ~ n

WAVELET _—me‘ -
—Af— Vv ~+-

SENAL Constituyentes wavelet de diferentes frecuencias



Wavelets Transform

Imagine a sinusoidal signal with a small discontinuity:

@ Fourier does not see the discontinuity.

0 «—— 9 Wavelet shows exactly the location of the
Fo discontinuity in time.
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Fourier coeficients Wavelet coeficients



Wavelets Transform

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

F(o) = jf‘(r)e-""”c/r,

@ 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.

(=]

C(scale, position) = j.f(f)\u(s'<"c‘1/<?,p()siiion, 1)dt



Wavelets Transform

* Scaling of wavelet

f(t) = Seno(t) ; a=1

@ Scale a wavelet means shrink or
elongate is denominated scale - + f(t)= Seno(2t); a=1/2
factor -

f(t) = Seno(dt) ; a=1/4
@ Insinusoidal the scale factor is
easy to see....

fit)="F(t); a=1
f(t)="TF((2t); a=12

f(t)="Fdt);: a=1/4

Al
P
Funcion Wavelet F(t) Funcion Wavelet desplazada
F(t-k)
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Contour Plot from Coefficient Matrix of Continuous Wavelet Transform
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Wavelet coefficients
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Noisy Image

FILTRADO EN
ESPACIO DE
WAVELETS:

Se eliminan los

coeficientes menores.

FILTRADO EN
ESPACIO DE
FOURIER:

1 Se eliminan las

frecuencias mas altas

With Trans. Ave,
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