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%pylab inline
#%matplotlib qt
import sk_dsp_comm.sigsys as ss
import sk_dsp_comm.digitalcom as dc
import scipy.signal as signal
from IPython.display import Audio, display
from IPython.display import Image, SVG

Populating the interactive namespace from numpy and matplotlib

pylab.rcParams['savefig.dpi'] = 100 # default 72
#pylab.rcParams['figure.figsize'] = (6.0, 4.0) # default (6,4)
#%config InlineBackend.figure_formats=['png'] # default for inline viewing
%config InlineBackend.figure_formats=['svg'] # SVG inline viewing
#%config InlineBackend.figure_formats=['pdf'] # render pdf figs for LaTeX
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$�5DQGRPO\�3KDVHG�6LQXVRLG �

:ULWH�VRPH�FRGH�WR�FUHDWH�D�UDQGRPDO\�SKDVHG�VLQXVRLG��VLPLODU�WR�QRWHV�([DPSOH�����

��

����

A = 1
fo = 1
for k in range(10):
    phi = 2*pi*rand(1)
    t = arange(0,1+.01,0.01)
    x = A*cos(2*pi*fo*t + phi)
    #plot(t,x,'b')
    plot(t,x)
grid()
ylim([-1.1,1.1])
xlabel('Time (s)')
ylabel('Amplitude')
title('Ensemble of Ten Randomly Phased Sinusoids');
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*HWWLQJ�6WDUWHG�ZLWK�&RPSXWHU�([HUFLVH���� �

,Q�WKLV�SUREOHP�\RX�JHQHUDWH�DQ�HQVHPEOH�RI�UDQGRPO\�SKDVHG�VLQXVRLGV��,W�LV�FRQYHQLHQW�WR�SODFH�HDFK�
ZDYHIRUP�LQ�D�URZ�VR�WKH�HQVHPEOH�LV�D�PDWUL[�RI� �URZV�E\� �FROXPQV��6DPSOLQJ�DFURVV�D�URZ�DOORZV�
D�WLPH�DYHUDJH�WR�EH�SHUIRUPHG�ZKLOH�VDPSOLQJ�GRZQ�D�FROXPQ�IRUPV�D�HQVHPEOH�RI�VWDWLVWLFDO�DYHUDJH�
�RI�FRXUVH�XVLQJ�VDPSOH�VWDWLVWLFV��

<RX�FDQ�IRUP�WKH�GDWD�VHW�XVLQJ� for �ORRSV�EXW�\RX�FDQ�DOVR�1XPS\��'� ndarrays �DQG�WKH�PDWUL[�
PXOWLSO\�RSHUDWRU� @ ��ZKLFK�FRPHV�ZLWK�3\WKRQ�������+RZ�WR�GR�LW�ZLWKRXW�DQ\�ORRSV"�8VH�WKH�PDWUL[�
RXWHU�SURGXFW��ZKLFK�IRUPV�D� �PDWUL[�ZKHQ�PXOWLSO\LQJ�YHFWRUV��L�H��� �

&RQVLGHU�WKH�DUJXPHQW�RI�WKH�FRVLQH�IXQFWLRQ�� �DQG�IRUP�WKH� �PDWUL[� ��%RWK� �DQG�
�QHHG�WR�EH�PDWULFHV��EXW�LQ�WKH�FDVH�RI� �DOO�RI�WKH�FROXPQV�HQWULHV�DUH�LGHQWLFDO�DQG�LQ�WKH�FDVH�RI� �
DOO�RI�WKH�URZV�HQWULHV�DUH�LGHQWLFDO�

�

�

�

�

# A starting point for theta
theta = rand(3,1) @ ones((1,5))
theta

array([[ 0.17746726,  0.17746726,  0.17746726,  0.17746726,  0.17746726],
       [ 0.63376412,  0.63376412,  0.63376412,  0.63376412,  0.63376412],
       [ 0.72742752,  0.72742752,  0.72742752,  0.72742752,  0.72742752]])

# A starting point for t
t = ones((3,1)) @ array([arange(0,5)])
t

array([[ 0.,  1.,  2.,  3.,  4.],
       [ 0.,  1.,  2.,  3.,  4.],
       [ 0.,  1.,  2.,  3.,  4.]])

X = cos(t + theta)
X.shape
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0RUH�WR�VD\�ODWHU�

3UREOHP���� �

:DYHIRUP�&UHDWLRQ �

*HQHUDWLQJ�D�VDPSOHG�YHUVLRQ�RI�WKH�VTXDUHZDYH��+HUH�,�VHW� �+]�

(3, 5)

X

array([[ 0.98429397,  0.38326539, -0.57013563, -0.99935658, -0.5097737 ],
       [ 0.80580418, -0.0629262 , -0.87380251, -0.88130883, -0.07854387],
       [ 0.74688745, -0.15599153, -0.91545261, -0.83325078,  0.01503797]])

t = arange(-1,1,0.001)
s = sign(sin(2*pi*t))
plot(t,s)
ylim([-1.1,1.1])
grid()
xlabel('Time (s)')
ylabel('Amplitude');
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rs, lags = dc.xcorr(s,s,100)
plot(lags,rs.real)
grid()
xlabel(r'Lag value $\tau$ (s)')
ylabel(r'$r_{xx}(\tau)$')
title(r'Periodic Autocorrelation Function with $f_s =1000 Hz$')

Text(0.5, 1.0, 'Periodic Autocorrelation Function with $f_s =1000 Hz$')
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:KHQ�XVLQJ� dc.xcorr �WKH�TXDQWLW\� �LV�QRUPDOL]HG�E\� �ZKHUH� �DQG�
��7R�HPSKDVL]H�WKDW�IDFW�,�KDYH�ODEHOG�WKH�D[LV�DV� �

6TXDUHZDYH�3RZHU�6SHFWUDO�'HQVLW\ �

�

�

t = arange(-100,100,0.01)
s = sign(sin(2*pi*t))
psd(s,2**14,100);
xlim([0,20]);
xlabel('Frequency in Hz')

Text(0.5, 0, 'Frequency in Hz')
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1R�VXUSULVH�WKDW�WKH�SRZHU�VHSFWUXP�RI�WKH�UDQGRPO\�SKDVHG�VTXDUHZDYH�FRQWDLQV�RGG�KDUPRQLFV��+H�
\RX�VHH�WKHP�VWDUWLQJ�DW�WKH�IXQGDPHQWDO�RI���+]�DQG�WKH��UG���WK���WK��HWF��KDUPRQLFV�DW���������HWF��+]�

5DQGRP�3XOVH�7UDLQ �

,Q�WKH�GLJLWDO�FRPP�FRGH�PRGXOH�� digitalcom.py ���,�SURYLGH�D�WLPH�DYHUDJHG�DXWR�FURVV�FRUUHODWLRQ�
IXQFWLRQ�� rx, lags = dc.xcorr(x1,x2,Nlags) ��$�UDQGRP�SXOVH�WUDLQ��VLPLODU�WR�WKDW�GHVFULEHG�LQ�WKH�
QRWHV��FDQ�EH�IRXQG�LQ�WKH�IXQFWLRQ� x,b,data = dc.NRZ_bits(N_bits, Ns, pulse_shape) �

7KH�UDQGRP�SXOVH�WUDLQ�EHORZ�LV�JHQHUDWHG�XVLQJ����VDPSOHV�SHU�ELW�

�

x,b,data = dc.nrz_bits(100, 10, 'rect')
t = arange(len(x))*0.1
plot(t,x)
ylim([-1.1,1.1])
xlabel(r'Bit Periods')
ylabel(r'Amplitude')

Text(0, 0.5, 'Amplitude')
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(VWLPDWLQJ�WKH�3RZHU�6SHFWUXP �

7KH�36'�IXQFWLRQ�LV�DFWXDOO\�SDUW�RI�WKH�JUDSKLFV�SDFNDJH� matplotlib �

&DOO�VLJQDWXUH��

7KH�SRZHU�VSHFWUDO�GHQVLW\�E\�:HOFK
V�DYHUDJH�SHULRGRJUDP
PHWKRG���7KH�YHFWRU�[�LV�GLYLGHG�LQWR�1))7�OHQJWK
VHJPHQWV���(DFK�VHJPHQW�LV�GHWUHQGHG�E\�IXQFWLRQ�GHWUHQG�DQG
ZLQGRZHG�E\�IXQFWLRQ�ZLQGRZ���QRYHUODS�JLYHV�WKH�OHQJWK�RI
WKH�RYHUODS�EHWZHHQ�VHJPHQWV���7KH�
RI�HDFK�VHJPHQW� �DUH�DYHUDJHG�WR�FRPSXWH�3[[��ZLWK�D
VFDOLQJ�WR�FRUUHFW�IRU�SRZHU�ORVV�GXH�WR�ZLQGRZLQJ���)V�LV�WKH
VDPSOLQJ�IUHTXHQF\�

7R�JHW�D�JRRG�TXDOLW\�36'�HVWLPDWH�UHTXLUHV�D�ODUJH�QXPEHU�RI�V\PEROV��+HUH�,�KDYH�LQFUHDVHG�WKH�
V\PERO�FRXQW�WR� N_bits = 1000000 �

  psd(x, NFFT=256, Fs=2, Fc=0, detrend=mlab.detrend_none,
      window=mlab.window_hanning, noverlap=0, pad_to=None,
      sides='default', scale_by_freq=None, **kwargs)
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&RQVLGHU�D�OLQHDU�VFDOH�SORWWLQJ�RI�WKH�36'�XVLQJ� Pxx,ss.my_psd() �

�

�

x,b,data = dc.nrz_bits(100000, 10, 'rect')
psd(x,2**12,10)
xlabel('Frequency (Hz)')
ylim([-40,10]);

len(x)/2**12

244.140625

Pxx,freq = ss.my_psd(x,2**12,10)
plot(freq,Pxx)
grid()
xlabel('Bit Rate Normalized Frequency ($f/R_b$)')
ylabel('Power Spectral Density (w/Hz)');
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,Q�WKH�DERYH�ILJXUH�QRWLFH�WKDW�WKH� �VSHFWUDO�VKDSLQJ�LV�HYLGHQW�

# Correlate x with x
# Output 100 lags either side of zero
# Since lags are in samples, the lag in seconds is +/-(100/100) = +/-1 s
Rx, tau_k = dc.xcorr(x,x,100)

plot(tau_k/10,real(Rx))
title(r'Unit Normalized $R_x(\tau)$ with $T =1$ and $A = 1$')
xlabel(r'Autocorrelation Lag $\tau$ (s)')
grid()
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5DQGRPO\�3KDVHG�6TXDUH�:DYH�DV�D�6SHFLDO�&DVH �

:H�FDQ�YLHZ�D�VTXDUH�ZDYH�DV�D�VSHFLDO�FDVH�RI�D�UDQGRP�ELW�VWUHDP��7KH�SXOVH�VKDSH�RI�WKH�VTXDUH�
ZDYH�LV� �DQG�WKH�UDQGRP�ELWV�DUH�QRZ�DOO��
V�FRUUHODWHG��WKDW�
LV� �

7R�EXLOG�XS�D�ZDYHIRUP�PRGHO�ZH�FDQ�XVH� sign() �RI�D� sin() �IXQFWLRQ��$VVXPH� �DQG� �

fs = 100
t = arange(0,10,1/100) # fs = 100 Hz
A = 1
T = 1
#x = A*sign(sin(2*pi*t/T))
# Create a modulo T time axis
t_mod = mod(t,T)
x = A*(ss.step(t_mod) - 2*ss.step(t_mod-T/2) + ss.step(t_mod-T))
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plot(t,x)
title(r'Squarewave $x(\tau)$ with $T =1$ and $A = 1$')
xlabel(r'Time (s)')
grid()
ylim([-1.1,1.1])

(-1.1, 1.1)

# Correlate x with x
# Output 100 lags either side of zero
# Since lags are in samples, the lag in seconds is +/-(100/100) = +/-1 s
Rx, tau_k = dc.xcorr(x,x,100)
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1RWH�VLQFH� �LV�SHULRGLF�ZH�NQRZ�WKDW� �LV�DOVR�SHULRGLF
1RWH�DOVR�WKDW�DV�H[SHFWHG� �IRU�DOO�

plot(tau_k/fs,real(Rx))
title(r'Unit Normalized $R_x(\tau)$ with $T =1$ and $A = 1$')
xlabel(r'Autocorrelation Lag $\tau$ (s)')
grid()
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