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Filtros — Input
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Aula passada

Filtro de média movel (dominio do tempo)
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Aula passada

Filtro de média movel (dominio do tempo)

Inl, f=0.02 Hz 12 Abs(FFT(In1))
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Aula passada

Filtro de média moével (dominio espectral)

Dominio do tempo: convolugao
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Dominio espectral: multiplicacao
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Aula passada

Filtro de média movel (funcao de transferéncia)

Dominio espectral: multiplicacao
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Aula passada

E com uma frequéncia mais alta? (T=30 s)
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Aula passada

E com uma frequéncia mais alta? (T=30 s)
Convolucao no dominio do tempo

h(t)
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Aula passada

E melhor definir os filtros no dominio espectral

Input X
2 senos

No caso discreto:
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E com uma frequéncia mais alta? (T=30 s) Input
Multiplicagcdao no dominio do espectro
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Aula passada

Transformadas de Fourier de séries importantes

‘F(6, de Dirac) = constante

s = Delta de Dirac
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Aula passada

Transformadas de Fourier de séries importantes

Pente de Dirac: F(§, de Dirac) =,

N=1000;
s=np. zeros(N) Amostrar regularmente = multiplicar por pente
t=np.arange(N)
dt=1.; s = Delta de Dirac (k)
fNyq=1/(2xdt); 10
df=1/(dtN); 8 1
freg=np.arange(-fNyq, fNyq, df); 2:
2 H
0
s[range(Q’N,ZQ)]zlg; 0 200 400 600 800 1000
S=fft.fft(s); Real(s)
SS=np.concatenate([SIN/2:], S[:N/2]]) 238_
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plt.subplot(4,1,1); 200 |
plt.plot(t,s); plt.grid() 10%‘
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plt.tight_layout() 0
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Aula passada

Transformadas de Fourier de séries importantes
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s = Janela Hann
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Espectrogramas

Muitas vezes pretendemos analisar a evolucao temporal do
espetro de um sinal. Por exemplo no caso de sinais que contém
oscilacdes transientes de curta duracao em certas regides do
espetro (e.g.: um tsunami de alta frequéncia sobreposto numa
maré de baixa frequéncia). Pode também servir para analisar a
variacao annual da amplitude do ciclo diurno, e muitas outras
coisas.
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Exemplo
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Exemplo - input

import matplotlib.pyplot as plt
import numpy as np

from numpy import pi as pi
import numpy.fft as fft

plt.rcParams['figure.figsize'] = 10, 6

dt=1.

N=3000
t=np.arange(0,Nxdt,dt)
T=np.array([50.,100.,10.1)
NS=1len(T);

NJ=200

omega=2.*xpi/T
ampsin=np.array([0.,2.,1.])
ampnoi=np.array([0.5,0.,0.])
IsT=np.array([0,0,1])
transient=np.zeros(N)
transient [5&kNJ:7xNJ]=1
s=np.zeros([N,NS])
sT=np.zeros(N)

tit=[u'Ruido', 'Coseno', 'Transiente’,

'Soma']



Exemplo - input

plt.close();
plt.rcParams['figure.figsize'] = 9, 6

for i in range(NS):
s[:,i] = ampsin[i]*np.cos(omegalil*t) + ampnoil[il*(np.random.rand(N)-0.5)
if IsT[i]==1:
s[:,il=s[:,il*transient

sT=sT+s[:,1il]

plt.subplot(NS+1, 1, i+1);
plt.plot(t,s[:,i])
plt.title(tit[i])

plt.subplot(NS+1, 1, 4);
plt.plot(t,sT)
plt.xlabel('Tempo(s)")
plt.title(tit([3])

plt.tight_layout()



Exemplo - input
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tf = sx0.
fNyg=1./(2.%dt);
df=1./(Nxdt);

fregq=np.

arange(-fNyq, fNyq, df)

plt.close();
plt.rcParams|['figure.figsize'] = 10, 6

for i in range(NS):

tf[:

plt.
plt.
plt.

plt.
plt.
plt.
plt.

tfT=Fft.

i=3

yil=fft.fft(s[:,1])

subplot(NS+1, 2, ix2+1);
plot(t,sl[:,i]l)
title(tit[il])

subplot (NS+1, 2, ix2+2);
semilogx(freq[N/2:1, np.abs(tf[:,i]l)[:N/2])
title(tit[il)

xlim([1e-4, fNyql)

fft(sT)

plt.subplot(NS+1, 2, ix2+1);
plt.plot(t,sT)
plt.title(titl[i])
plt.xlabel('Tempo (s)"')

plt.subplot (NS+1, 2, ix2+2);
plt.semilogx(freq[N/2:1, np.abs(tfT)[:N/2])
plt.title(tit[i])

plt.xlim([1le-4, fNyql)
plt.xlabel(u'Frequéncia (Hz)"')

plt.tight_layout()



Exemplo
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Espectrograma

Janela movel (NJ = 200)
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Espectrograma

NJ2=N]/2

df=1./(NJxdt)

freg=np.arange(0, fNyq,df)
tstart=np.arange(0,Nxdt+NJ,NJ);
Njanelas=len(range(@, N, NJ))
specgram=np.zeros([NJ2,Njanelas])

kw=0;

for k in range(@, N, NJ):
sw=sT[k:k+NJ]
Fw=fft.fft(sw)
AFw=np.abs(Fw[:NJ2])/NJ2
specgram[:, kw]=AFw;
kw=kw+1

plt.close();
plt.rcParams['figure.figsize'] = 10, 5

plt.pcolor(tstart, freq, specgram, edgecolors='k")
plt.colorbar()

plt.xlabel(u'Tempo - inicio da janela (s)"')
plt.ylabel(u'Frequéncia (Hz)")

plt.tight_layout()



Fregquéncia (Hz)

Espectrograma
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Fregquéncia (Hz)

Espectrograma
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Freguéncia (Hz)

Espectrograma de sinal variavel

sT = sT *x np.arange(0,2,2./N)
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Freguéncia (Hz)

Espectrograma de sinal variavel
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Freguéncia (Hz)
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from scipy import signal

fs,

plt.

plt.
plt.
plt.
plt.

plt.

ts, Sxx = signal.spectrogram(sT, 1/dt, scaling='spectrum')

close(); plt.rcParams['figure.figsize']

pcolor(ts, fs, Sxx, edgecolors='k")

colorbar()

xlabel(u'Tempo - inicio da janela (s)')
ylabel(u'Frequéncia (Hz)"')

tight_layout()
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