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CHU PE 1: BIEN POI FOURIER ROI RAC DFT

MBS ta: Viét ham bién d6i DFT khong sir dung ham FFT c6 siin trong thw vién
Numpy

import numpy as np

import pandas as pd
%matplotlib inline

import matplotlib.pyplot as plt
import matplotlib as mpl

from scipy import fftpack

from scipy import signal

fs=1

N=256

T=N/f s

t = np.linspace(0, T, N)

b = np.array([-6.7619496, 13.456336, -6.7619496])

X=np.asarray(x_pass)

Xk = np.fft.fft(x)

tanso = np.fft.fftfreq(N)
plt.plot(tanso[0:127], np.abs(Xk[0:127]))

plt.show()
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Hinh 1-1 Pho tan s6 st dung ham FFT c¢6 san trong thu vién Numpy

n=np.arange(N)

k=n.reshape((N, 1))

heso=np.exp(-2j * np.pi * kK * n/ N)
ketqua=np.dot(heso,x)

tanso2=np.linspace(0.0, 0.5, 127, endpoint=False)
plt.plot(tanso2, np.abs(ketqua[0:127]))

plt.show()




Bao cao hoc thudt

100 -

" JL

0.0 01 0.2 0.3 0.4 05

Hinh 1-2 Ph6 tan s6 st dung ham tinh toan DFT tu viét

fig, ax = plt.subplots(figsize=(8, 3))

plt.plot(tanso[0:127], np.abs(Xk[0:127]), label="DFT")
plt.plot(tanso2, np.abs(ketqua[0:127]), label="self-coding DFT")
ax.legend(loc=0)

fig.tight_layout()

plt.grid(True)
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Hinh 1-3 Pho tan s6 st dung ham FFT c6 san trén Numpy va ham tinh toan DFT tur

viét cho két qua hoan toan tuong duong
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CHU PE 2: BO LOC SO

2.1 B loc thong thap

Gia thiét tin hiéu x(n) la téng cua 2 tin hiéu x1(n) va x2(n). x1(n) 1a tin hi¢u
cosin ¢6 tan sd géc la 0,1rad/s, x2(n) cling 1a tin hi¢u cosin co tan sb gbc 1a 0,4rad/s.
Nguoi ta dung bd loc thong thap FIR c¢6 d6 dai dap ing xung bang 3 véi gia thiét h(0)
=h(2) = a va h(1) = B dé triét tiéu tin hiéu x2(n) va cho qua hoan toan tin hiéu x1(n).
Hay xac dinh cac hé sd a, b va v& so dd khéi thyc hién bo loc FIR nay.

Sau khi d3 tinh duoc cic hé sd a, b, 1ap trinh Python thyc hién bo loc FIR dé loc
tin hiéu x(n) nhu trén (vé dang tin hiéu x(n), phn tich phd x(n) trude khi loc va sau
khi loc.

Bai giai:

H(e'®)=h[0)]+h[1] e+ h[2] e12°=q(1+ e72*)+ Be o= q(e® + eI) e¥0+ BeT®

=(2acosw+P)e’®

| H(e®Y)|=1; | H(el*%)|=0;<=> 0=-6.76195, p=12.45634;

Mo ta: Bi¢u dién dap vng tin so ciia bd loc thong thap
import numpy as np

import pandas as pd
%matplotlib inline

import matplotlib.pyplot as plt
import matplotlib as mpl

from scipy import fftpack

from scipy import signal




Bao cao hoc thudt

fs=1
N=256
T=N/f s

t = np.linspace(0, T, N)

b = np.array([6.76195, -12.45634, 6.76195])

X_pass = np.cos(0.1*t)

X_stop = np.cos(0.4*t)

X = X_pass + x_stop

y=signal.Ifilter(b,1,x)

fig,axs = plt.subplots(3,1,sharey=True,sharex=True)
fig.set_size inches((10,5))

ax=axs[0]

ax.plot(t,x_pass,label="passband signal",color="Kk")
ax.plot(t,x_stop,label="stopband signal")
ax.set_ylim([-2, 2])

ax.legend(loc=0,fontsize=16)

ax=axs[1]

ax.plot(t,x,label="filter input=passband + stopband signals™,color="r")
ax.legend(loc=0,fontsize=16)

ax=axs[2]
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ax.plot(t,y,label="filter output”,color="g")
ax.set_xlabel("Time (sec)",fontsize=18)

ax.legend(loc=0,fontsize=16);
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Hinh 2-1 Tin hiéu du vao va tin hiéu dau ra bo loc thong thap

f = fftpack.fftfreq(N, 1/f s)

mask = np.where(f > 0)

X = fftpack.fft(x)

Y = fftpack.fft(y)

X_mask=20 * np.log10(abs(X[mask])/N)

Y_mask=20 * np.log10(abs(Y[mask])/N)

fig, ax = plt.subplots(figsize=(8, 3))

plt.plot(np.linspace(0, np.pi, len()X_mask)), X_mask, label="filter input™)

plt.plot(np.linspace(0, np.pi, len(Y_mask)), Y_mask, label="filter output™)
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ax.set_ylabel(20log(X(f))", fontsize=14)
ax.legend(loc=0)

fig.tight_layout()

plt.grid(True)
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Hinh 2-2 Pap tng tan sb cia bo loc thong thap

2.2 B0 lgc thong cao

Gia thiét tin hiéu x(n) 13 téng ctia 2 tin hidu x1(n) va x2(n). x1(n) 1a tin hiéu
cosin ¢6 tan sb goc 1a 0,1rad/s, x2(n) ciing 12 tin hiéu cosin ¢ tan sb goc 1a 0,4rad/s.
Nguoi ta dung bo loc théng cao FIR ¢6 do dai dép tmg xung bang 3 vai gia thiét h(0)
=h(2) = a va h(1) = B dé triét tiéu tin hiéu x1(n) va cho qua hoan toan tin hiéu x2(n).
Hay xac dinh céac hé sb a, b va v& so d6 khdi thue hién bo loc FIR nay.

Sau khi di tinh dugc cac hé sd a, b, 1ap trinh Python thuc hién bo loc FIR dé loc
tin hiéu x(n) nhu trén (vé dang tin hiéu x(n), phéan tich phd x(n) trude khi loc va sau
khi loc.

Bai giai:

H(ei®)=h[0)]+h[1] e+ h[2] eT20=q(1+ e12°)+ BeTo= q(el® + e1°) eio+ Bei®

=(2acoso+p)ei®

| H(el®Y)[=0; | H(el®4)|=1;<=> 0=-6,76195, B=13,45634;
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Mo ta: Biéu dién dap ing tan so cia bo loc thong cao

import numpy as np

import pandas as pd
%matplotlib inline

import matplotlib.pyplot as plt
import matplotlib as mpl

from scipy import fftpack

from scipy import signal

fs=1
N=256
T=N/f s

t = np.linspace(0, T, N)

b = np.array([-6.76195, 13.45634, -6.76195])
x_stop = np.cos(0.1*t)

X_pass = np.cos(0.4*t)

X = X_pass + x_stop

y=signal.Ifilter(b,1,x)

fig,axs = plt.subplots(3,1,sharey=True,sharex=True)
fig.set_size inches((10,5))

ax=axs[0]

ax.plot(t,x_pass,label="passband signal”,color="k")
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ax.plot(t,x_stop,label="stopband signal")

ax.set_ylim([-2, 2])

ax.legend(loc=0,fontsize=16)

ax=axs[1]

ax.plot(t,x,label="filter input=passband + stopband signals",color="r"
ax.legend(loc=0,fontsize=16)

ax=axs[2]

ax.plot(t,y,label="filter output™,color="g")

ax.set_xlabel("Time (sec)",fontsize=18)

ax.legend(loc=0,fontsize=16);

—— stopband signal
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Hinh 2-3 Tin hiéu dau vao va tin hiéu dau ra bo loc thong cao

f = fftpack.fftfreq(N, 1/f s)

mask = np.where(f > 0)
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X = fftpack.fft(x)

Y = fftpack.fft(y)

X_mask=20 * np.log10(abs(X[mask])/N)

Y_mask=20 * np.log10(abs(Y[mask])/N)

fig, ax = plt.subplots(figsize=(8, 3))

plt.plot(np.linspace(0, np.pi, len()X_mask)), X_mask, label="filter input™)
plt.plot(np.linspace(0, np.pi, len(Y_mask)), Y _mask, label="filter output")
ax.set_ylabel("20log(X(f))", fontsize=14)

ax.legend(loc=0)

fig.tight_layout()

plt.grid(True)
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Hinh 2-4 Pap ung tan s6 cta bd loc thong cao
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CHU DPE 3: CUA SO HAMMING

3.1 Pap wng tan so cia cira s0 Hamming

Mo ta: Biéu dién dap @ng tan so ciia cira so hinh chir nhat va cira s6 Hamming

import numpy as np

import pandas as pd
%matplotlib inline

import matplotlib.pyplot as plt
import matplotlib as mpl

from scipy import fftpack
from scipy import signal

from scipy.fftpack import fft, fftshift

window_rect = signal.boxcar(51)
plt.plot(window_rect)

plt.ylabel("Amplitude™)

plt.xlabel("Sample™)

14
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Hinh 3-1 Cira s6 hinh chit nhat

plt.figure()

A = fft(window_rect, 2048) / (len(window_rect)/2.0)

freq = np.linspace(-0.5, 0.5, len(A))

response = 20 * np.log10(np.abs(fftshift(A / abs(A).max())))
plt.plot(freq, response)

plt.axis([-0.5, 0.5, -120, 0])

plt.title("Frequency response of the rectangular window")

plt.ylabel(*Normalized magnitude [dB]")

plt.xlabel(*Normalized frequency [cycles per sample]™)
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Frequency response of the rectangular window

Normalized magnitude [dB]
I
N
(=)
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Normalized frequency [cycles per sample]

Hinh 3-2 Pap ung tan sb cta cira s6 hinh chir nhat

window_Hamming = signal.hamming(51)
plt.plot(window_Hamming)
plt.ylabel("Amplitude™)

plt.xlabel("Sample™)
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Hinh 3-3 Cira s6 Hamming
plt.figure()

A = fft(window_Hamming, 2048) / (len(window_Hamming)/2.0)
freq = np.linspace(-0.5, 0.5, len(A))

response = 20 * np.log10(np.abs(fftshift(A / abs(A).max())))
plt.plot(freq, response)

plt.axis([-0.5, 0.5, -120, 0])

plt.title("Frequency response of the Hamming window")
plt.ylabel(*Normalized magnitude [dB]")

plt.xlabel("Normalized frequency [cycles per sample]™)
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Frequency response of the Hamming window

o =20

)

P!

= -40
b=

c

4

E -60

°

N

= =80
€

=
-100
-120 L] T

-04 -0.2 00 02 04
Normalized frequency [cycles per sample)

Hinh 3-4 Pép tmg tan s cua cira s6 Hamming

3.2 Tin hi¢u don nhén véi cira s6 Hamming

M6 ta: Biéu dién tac dong ciia cira s6 Hamming 1én pho tin so6 ciia tin hi¢u don

import numpy as np

import pandas as pd
%matplotlib inline

import matplotlib.pyplot as plt
import matplotlib as mpl

from scipy import fftpack

from scipy import signal
def signal_samples(t):

return np.sin(200 * 2 * np.pi * t)

18
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f s=2000
N=512

T=N/f s

t = np.linspace(0, T, N)

f_t =signal_samples(t)

plt.plot(t, f_t)
plt.xlabel('Time [s]’)
plt.ylabel('Amplitude’)

plt.grid(True)

F = fftpack.fft(f_t)

f = fftpack.fftfreq(N, 1/f_s)

mask = np.where(f >= 0)

plt.plot(f[mask], abs(F[mask])/N, label="real™)
plt.xlabel(‘Frequency [Hz]")

plt.ylabel('|X(F)]")

plt.grid(True)
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Hinh 3-5 Pho tan s6 cua tin hiéu don

1000

window = signal.hamming(N)
plt.plot(window)
plt.title(""Hamming window")

plt.ylabel("Amplitude™)

plt.xlabel("Sample™)
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Hamming window
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fig, ax = plt.subplots(figsize=(8, 3))
ax.plot(t, f_t, label="original")

ax.plot(t, f_t * window, label="Hamming")
ax.set_ylabel("X(t)", fontsize=14)
ax.legend(loc=0)

fig.tight_layout()
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Hinh 3-7 Tin hiéu don trudc va sau khi nhan véi ctra s6 Hamming

data_fft_window = fftpack.fft(f_t * window)

data_fft = fftpack.fft(f _t)

F = fftpack.fft(f_t)

f = fftpack.fftfreq(N, 1/f_s)

mask = np.where(f >= 0)

fig, ax = plt.subplots(figsize=(8, 3))

plt.plot(f[mask], 20 * np.log10(abs(data_fft[mask])/N), label="original™)

plt.plot(f[mask], 20 * np.log10(abs(data_fft_window[mask])/N),
label="Hamming")

ax.set_ylabel("20log(X(f))", fontsize=14)
ax.legend(loc=0)

fig.tight_layout()
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Hinh 3-8: Pho tan s6 cta tin hiéu don va tin hiéu don qua ctra s6 Hamming

3.3 Tin hiéu tong hop nhin véi cira s6 Hamming

Mo ta: Bieu dién tiac dong ciia ctira s0 Hamming lén pho tan so caa tin hi€u tong

hop
import numpy as np

import pandas as pd
%matplotlib inline

import matplotlib.pyplot as plt
import matplotlib as mpl

from scipy import fftpack

from scipy import signal

def signal_samples(t):

return np.sin(200 * 2 * np.pi * t)+np.sin(300 * 2 * np.pi * t)
f_s=2000

N=512

T=N/f s
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t = np.linspace(0, T, N)

f_t =signal_samples(t)

F = fftpack.fft(f_t)

f = fftpack.fftfreq(N, 1/f_s)

mask = np.where(f >= 0)

plt.plot(flmask], abs(F[mask])/N, label="real")
plt.xlabel('Frequency [Hz]")

plt.ylabel('|X(F)]")

plt.grid(True)
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Hinh 3-9 Phé tan sb cta tin hiéu téng hop

1000

window = signal.hamming(N)
plt.plot(window)

plt.title("Hamming window")
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plt.ylabel("Amplitude")

plt.xlabel("Sample™)

Hamming window
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Hinh 3-10 Cira s6 Hamming c6 d6 dai 512

f t window =f_t * window

fig, ax = plt.subplots(figsize=(8, 3))
ax.plot(t, f_t, label="original")

ax.plot(t, f_t_window, label="Hamming")
ax.set_ylabel("X(t)", fontsize=14)

ax.legend(loc=0)

fig.tight_layout()
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Hinh 3-11 Tin hiéu téng hop trudc va sau khi nhan vai cira s Hamming

data_fft = fftpack.fft(f _t)

data_fft_window = fftpack.fft(f_t_window)

fig, ax = plt.subplots(figsize=(8, 3))

plt.plot(f[mask], 20 * np.log10(abs(data_fft[mask])/N), label="original™)

plt.plot(f[mask], 20 * np.log10(abs(data_fft_window[mask])/N),
label="Hamming")

ax.set_ylabel("20log(X(f))", fontsize=14)

ax.legend(loc=0) fig.tight_layout()
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Hinh 3-12: Ph6 tan s cua tin hiéu tong hop va tin hiéu qua cira s6 Hamming
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KET LUAN
Lap trinh xtr 1y tin hiéu s6 trén Python gitp sinh vién hiéu rd hon vé cac
thuat toan trong mon hoc “Xiur 1y tin hi¢u $6” vGi cac thu vién lap trinh da dang

nén can dugc tap trung nghién ctru va trién khai g dung.

TAI LIEU THAM KHAO
[1] https://scipy.org/

[2] https://www.numpy.org/
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