Modelacao Numérica 2017
Aula 9, 15/Mar

* Tendéncias e filtros

* Correlacao cruzada

http://modnum.ucs.ciencias.ulisboa.pt
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Espectrograma de sinal variavel
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Voltando as tendéncias...

Muitas vezes a tendéncia nao € linear, incluindo variacdes lentas,
i.e. com periodos longos comparados com a dimensao da série.

Métodos:
* Estimativa da tendéncia por regressao linear (ja vimos)
* Filtro passa-alto no espectro

* Remocao de média movel
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1. Regressao linear
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import matplotlib.pyplot as plt
import numpy as np
import datetime

fin="'0_co2_mlo_surface-insitu_1_ccgg_MonthlyData-susana.txt'
data = np.loadtxt(fin, usecols=range(1,8), skiprows=145)

datet=[datetime.datetime(int(data[i,®]), int(datali,1]), int(datali,2
int(datali,3]), int(datali,4]), int(datali,5]
for i in range(len(data))]

juld=[dt.timetuple().tm_yday for dt in datet]

1),
))

date = [datal[i,0] + float(juld[i])/365. for i in range(len(datet))]
date = np.array(date)
co2=datal:,6]

datev=np.array([]); co2v=np.array([])
inval=0

for i in range(len(co2)):
if co2[i] < 0.:
inval = inval+l
else:
datev=np.append(datev,datel[il])
co2v=np.append(co2v,co2[i])

print(inval)

datei=date
co2i=np.interp(datei, datev, co2v, left=None, right=None, period=None)



import numpy.fft as fft

dt=1.

N=1len(co21i)

N2=N/2

fNyg=1./(2.%dt);
df=1./(dtN);
freq=np.arange(0, fNyq,df);
Fout=fft.fft(co2i);
FoutA=np.abs(Fout[:N2])/N2;

plt.close()
plt.loglog(freq, FoutA)
plt.axis('tight")

plt.grid()

plt.xlabel('Frequency (1/month)")
plt.ylabel('Amplitude")

P = np.polyfit(datei, co2i, 1)
co2trend=P[0]
c020=P[1]

co2fit=co2trendxdatei + co020

co2_detrend = co2i - co2fit

Fout=fft.fft(co2_detrend);
FoutAdetrend=np.abs(Fout[:N2])/N2;



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

plt.subplot(2,2,1)

plt.plot(datei, co2i, 'b', datei, co2fit, 'r'")
plt.grid()

plt.title('C02")

plt.subplot(2,2,2)
plt.loglog(freq, FoutA);
plt.grid();

plt.ylim([1le-3,1e2])
plt.title(u'Espectros de amplitude')

plt.subplot(2,2,3)
plt.plot(datei, co2_detrend, 'b"')
plt.xlabel('Year")

plt.grid()

plt.subplot(2,2,4)

plt.loglog(freq, FoutAdetrend);
plt.xlabel('Frequency (1/month)")

plt.grid();
plt.ylim([le-3,1e2])

plt.tight_layout()



2. Filtro passa-alto (dominio espectral)
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nH =
H =
H[:n
H[-n

FF =
co2f

plt.
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36
np.ones(len(Fout))
H] = 0
H:] =0

FoutxH
iltl = fft.ifft(FF)

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

subplot(3,2,1)
plot(datei, co2i)
grid()
title('C02")

subplot(3,2,2)
loglog(freq, FoutA);
grid();

ylim([1e-3,1e2])
title(u'Espectros de amplitude')
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.subplot(3,2,3)

plot(datei, fft.ifft(H))
grid()

subplot(3,2,4)
semilogx(freq,H[:N21);

ylim([0,1.1])

subplot(3,2,5)
plot(datei, C02filtl)
xlabel('Year"')

grid()

subplot(3,2,6)
loglog(freq,np.abs(FF[:N2])/N2);
xlabel('Frequency (1/month)")
grid();

ylim([1le-3,1e2])

tight_layout()



3. Filtro passa-alto (dominio do tempo, média modvel)
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nA=120.

nA2=nA/?2

h=np.ones(nA)/nA
hh=np.append(h,np.zeros(N-nA))

co2low = np.convolve(co2i, h, 'same')
co2high = co2i-co2low



3. Filtro passa-alto (dominio do tempo, média modvel)
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3. Filtro passa-alto (dominio do tempo, média mdvel)

nA=120.

nA2=nA/2

h=np.ones(nA)/nA
hh=np.append(h,np.zeros(N-nA))

co2low = np.convolve(co2i, h, 'same')
co2high = co2i-co2low

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

plt.subplot(2,2,1)

plt.plot(datei, co2i, 'b', datei, co2low, 'r')
plt.grid()

plt.title('C02")

plt.subplot(2,2,3)
plt.plot(datei, co2high, 'g');
plt.grid();

plt.subplot(2,2,2)

plt.plot(dateil[nA2:-nA2], co2il[nA2:-nA2], 'b', dateil[nA2:-nA2], co2low[nA2:-nA2], 'r')
plt.grid()

plt.title('C02")

plt.subplot(2,2,4)
plt.plot(datei[nA2:-nA2], co2high[nA2:-nA2], 'g');
plt.grid();



3. Filtro passa-alto (dominio do tempo, média modvel)
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close(); plt.rcParams|['figure.figsize']l = 10, 6

subplot(3,2,1)

plot(datei, co2i, 'b', datei, co2low, 'r')
grid()

title('C02")

subplot(3,2,2)

loglog(freq,FoutA, 'b', freq, np.abs(fft.fft(co2low) [:N2])/N2,
grid();

ylim([1le-3,1e2])

title(u'Espectros de amplitude')

subplot(3,2,3)
plot(datei, hh)
grid()

subplot(3,2,4)
semilogx(freq, np.abs(fft.fft(hh)[:N2])/N2);
grid();

subplot(3,2,5)
plot(datei, co2high)
xlabel('Year"')
grid()

subplot(3,2,6)

loglog(freq, np.abs(fft.fft(co2high) [:N2])/N2);
xlabel('Frequency (1/month)")

grid();

ylim([1e-3,1e2])

tight_layout()

Irl);



Comparacao entre filtros passa-alto (tempo vs espectro)

plt.subplot(2,1,1)

plt.plot(datei, CO02filtl, 'b', datei, co2high, 'r"')
plt.grid()

plt.title('C02")

plt.subplot(2,1,2)

plt.plot(dateil[nA2:-nA2], C02filtl[nA2:-nA2], 'b', dateil[nA2:-nA2], co2high[nA2:-nA2], 'r")
plt.grid()

plt.xlabel('Tempo (anos)")
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Correlacao entre séries

Inputs (f1, f2)
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import matplotlib.pyplot as plt
import numpy as np
import numpy.fft as fft

nx=1000.

dx=5.

x=np.arange(0., nxkxdx, dx)
Ls=np.array([100., 100., 100.])
x1ls=np.array([2000., 2000., 2000.])
x2s=np.array([1000., 2000., 2500.])
A2s=np.array([1., 2., =-5.1)

for i in range(len(Ls))[-1:1:
L=Ls[il]
x1=x1s[1i]
x2=x2s[1il
A2=A2s[1i]

fl=np.exp(-((x—x1)/L)*x*2)
f2=A2xnp.exp(—=((x=x2) /L) **2)

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

plt.subplot(3,1,1)
plt.plot(x,f1,'b', x,f2,'r")
plt.title(u'Inputs (f1, f2)")
plt.grid()

corr=np.correlate(f1,f2, 'full')
corr=corr/(np.std(fl)*np.std(f2)x*nx)
lags=np.arange(-nx+1, nx)xdx
plt.subplot(3,1,2)

plt.plot(lags, corr, 'b')

plt.title(u'Correlacao(f1, f1)") .
plt.grid() Continua...



for i in range(len(Ls))[-1:1:
L=Ls[il]
x1=x1s[i]
x2=x2s[1i]
A2=A2s[i]

fl=np.exp(=((x=x1)/L)**x2)
f2=A2xnp.exp (-((x-x2)/L)**2)

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

plt.subplot(3,1,1)
plt.plot(x,fl,'b', x,f2,'r")
plt.title(u'Inputs (f1, f2)")
plt.grid()

corr=np.correlate(f1,f2, 'full')
corr=corr/(np.std(fl)*np.std(f2)*nx)
lags=np.arange(-nx+1, nx)xdx
plt.subplot(3,1,2)

plt.plot(lags, corr, 'b')
plt.title(u'Correlacao(f1, f1)")
plt.grid()

Fl=fft.fft(fl-np.mean(f1))
F2=fft.fft(f2-np.mean(f2))
FF=F1xnp.conjugate(F2)
cc=fft.ifft(FF)

cc = cc/(np.std(f1l)*np.std(f2)xnx)
plt.subplot(3,1,3)

plt.plot(x,cc, 'b")
plt.title(u'iFFT(F1.F2x%)")
plt.grid()

plt.tight_layout()



1. Séries positivamente correlacionadas com
desfasamento
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2. Séries positivamente correlacionadas sem

desfasamento
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3. Séries nagativamente correlacionadas com
desfasamento
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Correlacao entre séries

e O método de Fourier de calculo da correlacao € muito
rapido e preciso (se o comprimento da série permitir a FFT,
e.g. N = 2k). O método assume continuidade cicilica.

e O caculo explicito (no dominio fisico) assume continuidade
nula das series e €, em geral, muito demorado.



