" FIR FILTERS
(FINITE IMPULSE
RESPONSE FILTERS)




The General FIR Filter

* The general form for the FIR filter is:

K
¥ =3 bix(n — iy
1=(

= by x(n) + b1x(n — 1)+ byx(n — 2) + - - - + bgx(n — K)



- MOVING AVERAGE
FILTER




Moving average filter
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Noise reductions vs. step response
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b. 11 point moving average
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FIGURE 15-1 c. 51 point moving average

Example of a moving average filter. In (a), a
rectangular pulse is buried in random noise. In

(b) and (c), this signal is filtered with 11 and 51 | i . (- |
point moving average filters, respectively. As .g T / Y

the number of points in the filter increases, the = i

noise becomes lower; however, the edges g- /

becoming less sharp. The moving average filter v 5 £ah

is the optimal solution for this probiem, 0= v g - 1

providing the lowest noise possible for a given
edge sharpness.




Frequency response
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Moving average is an exceptionally good smoothingf ilter (the action in

the time domain), but an exceptionally bad low-pass filter (the action in
the frequency domain).



Matlab

e The filter ...

a(l)y(n) =b(l)x(n)+ b(2)x(n—1) + ,,,+b(Nb]x(n _Nb+ 1)
—a2)yin-1)-...—a(N_ )yn-N _+1)

(i) Mew to MATLAB? Watch this Video, see Examples, or read Getting

r = T=0:0.01:50%p1;

== seno=s1n(50*t);

=» senoMNoise=sin(50*t)+0.5*rand(1,length(t));
== a=1;

=> b = [1/4 1/4 1/4 1/4];

=> senollean=f1lter(kb,a,senoNoise);

»» SPTo0]
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Practica
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- WINDOWED-SINC
FILTERS




Windowed-sinc filters are used to separate
one band of frequencies from another. They
are very stable and have exceptional
frequency domain characteristics are
obtained at the expense of poor
performance in the time domain, including
excessive ripple and overshoot in the step
response.When carried out by standard
convolution, windowed-sinc filters are easy
to program, but slow to execute.



sinc function
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sin(2mf.i )
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ic. Blackman or Hamming window |
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Hamming and Blackman window

wli] = 0.54 - 0.46 cos(2mi/M)

wli] = 042 - 0.5cos(2ni/M) + 0.08 cos(dmi/M)



Amplitude
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FIGURE 16-2

Characteristics of the Blackman and Hamming
windows. The shapes of these two windows are
shown in (a), and given by Eqgs. 16-1 and 16-2. As
shown in (h), the Hamming window results in about
20% faster roll-ofT than the Blackman window.
However, the Blackman window has better stop-
band attenuation (Blackman: 0.02%, Hamming:
0.2%), and a lower passband ripple {Blackman:
0.02% Hamming: 0.2%0).
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Designing the Filter (f. and M)

1.5 T T T T 1.5 — T v

| I [ | 1 1 1 [

a. Roll-off vs. kernel length E b. Roll-off vs. cutofT frequency i

! E i | | E i

1 I [ I I 1
o1 : L E— e Fomeee . L10 ;
1
3  (M=200]! ' 2 (o5 | !
3 _ r =1 fc=l':.ﬁ5 E
a 2 : :
0.5 - L "
| I
I i
l |
I I
1 |

0.0 t ! 0.0 i f }
0 0.1 0.1 0.3 0.4 0.5 0 0.1 02 0.3 04 0.5
Frequency Frequency
M = 4
BwW

npi] = x SRQWU-M2) [0.42 - o,s.cos[ 2“"] + 0.08005( "‘“"”
- M2 M 7




Exercise

@ Mew 1o MATLAB? Watch this Video, see Examples, or read Getting Started. x
== sample_rate = 43000;
== nsanples = 256;
== T = (O:nsamples-1) / samnple_rate;
=» gl=sin(2*pi*1000%t);
== 52=0.5%51n(2%pi*15000%* 1) ;
=» 53=5l+52;
>» ¥importarlos a sptool con una velocidad de muestreo de 48000
== sptool
=> ¥analizar e1 espectro de frecuencias e identificar ambas frecuencias (1000 v 15000)
»» ¥estahlecer frecuencia de corte
=» cutoff_hz = &000;
== nyq_freq = sample_rate / 2;
»> ¥normalizacion de la frecuencia de corte
== cutoff_norm = cutoff_hz / nyg_freq;
»>> ¥orden del filtro
== order = 28;
=> ¥ontencidn de los coeficientes del filtro
=» Fir_coeff = firl{order, cutoff_norm);
== ¥filtrar la sefal
== Tiltered_signal = filter(fir_coeff, 1, s3);
=> ¥analizar la sefal filtrada v su espectro de frecusncias
== Tir_coeff
fir_coeff =
Columns 1 through 10
-0.0018 -0.001& 0.0000 0.0037 0.0051 0.0085 -0.0000 -0.0174 -0.0341 -0.0334
Columns 11 through 20
0.0000 0.0&78 0.1522 0.2229 0.2505 0.2229 0.1522 0.0&78 0.0000 -0.0334

Columns 21 through 29

-0.0341 -0.0174  -0.0000 0.0085 0.0051 0.0037 0.0000

-0.001s  -0.0015







FFT Spectrum Estimate
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Exercise

* Now eliminate the 1000 Hz frequency!!!



Example of Windowed-Sinc Filters,

@ electroencephalogram
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Example of Windowed-Sinc Filters,
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