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Table 5.2: Symmetry properties of the DFT of a length-N real sequence.

Length-N Sequence N -point DFT

Table 5.1: Symmetry properties of the DFT of a complex sequence
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TABLE 3.1 Symmetry Properties of the Discrete-Time Fourier Transform Table 5.3: DFT Theorems.

Sequence DTFT
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Butterworth HP digital filter phase response
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import numpy as np

import matplotlib.pyplot as plt
from scipy import signal
import math

from math import pi
plt.close('all')

FT = 3500
Fp = 1050
Fs = 600

# pass band freq in radian
wp = 2*pi*Fp/FT
# stop band freq in radian
ws = 2*pi*Fs/FT

# pass band ripple
Alpha_p=1

# stop band attenuation
Alpha_s=50

# Conversion to prewrapped analog frequency
omega_hp = np.tan(wp/2)
omega_hs = np.tan(ws/2)

# Design of the Prototype LPF

Omega_p=1

Omega_s=Omega_p*omega_hp/omega_hs

N, Wn =signal.buttord(Omega_p/2, Omega_s/2, 1,
50, analog=True)

B, A = signal.butter(N, Wn, 'low', True)

# Conversion from analog Prototype LPF to analog

HPF

BT, AT=signal.lp2hp (B, A,omega_hs)

w, H = signal.freqs(BT, AT, 512)

# Conversion from analog analog HPF to digital HPF

using bilinear

Bz,Az=signal.bilinear(BT, AT,0.5)

wz, Hz = signal.freqz(Bz, Az,512)

# Magnitude Response
plt.plot(w,20*np.log10(abs(H)),'k',|label="HPF')
plt.title('Butterworth HP analoge filter frequency
response')

plt.xlabel(r'S \omega/\pi $')
plt.ylabel('Amplitude [dB]')

plt.axis([-0.01, pi, -60, 2])

plt.margins(0, 0.1)

plt.grid(which="both', axis='both')
plt.axvline(1.3764, color='green')
plt.axhline(-1, color='green')

plt.show()

plt.figure()
plt.plot(wz/pi,20*np.log10(abs(Hz)),'k',label="HPF")
plt.axis([-0.01, 1, -60, 0.1])

plt.title('Butterworth HP digital filter frequency
response')

plt.xlabel(r'S \omega/\pi $')

plt.ylabel('Amplitude [dB]')

plt.margins(0, 0.1)

plt.grid(which="both', axis='both')

plt.show()

plt.fill([0.6, 0.6, 1, 1], [-60, -1, -1, -60], '1', Iw=0)
plt.fill([0, 0, 12/35, 12/35], [-60, -50, -50, -60], '0.5',
Iw=0)

plt.figure()
plt.plot(wz/pi,20*np.angle(Hz),'k',|label="HPF')
plt.title('Butterworth HP digital filter phase
response')

plt.xlabel(r'S \omega/\pi S')

plt.ylabel('Phase [deg]')

plt.margins(0, 0.1)

plt.grid(which='both', axis="both')

plt.show()
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import numpy as np

import matplotlib.pyplot as plt
from math import pi
plt.close('all’)

# Specifications of the IIR HPF
#Design a BPF with center freq and two-sided-band of
Fcen=500Hz
# and 300Hz respectively.Both transition bands are
100Hz.
# The stop band rejection needs to be greater than 40dB
and
#the pass-band ripple is expected to be less than 0.1dB.
FT=2KHz.

w_p1=350/2000%(2*pi)
w_p2=450/2000%(2*pi)
w_s1=250/2000*(2*pi)
w_s2=550/2000*(2*pi)
dw=100/2000*(2*pi)

wcl=(w_pl+w_s1)/2
wc2=(w_p2+w_s2)/2

#From Table(6-3), we see that we can use any of
Hanning, Hamming

# or Blackman windows. We will choose Hamming
Window.

# Therefore, for Hamming window: dw=6.6pi/N, so N=66
# We will also choose a Type-1 filter.

N=67

w=np.linspace(0,pi,512)
nt=np.arange(N); n=nt.reshape(N,1)

Tao=(N-1)/2
w_ham=0.54-0.46*np.cos(2 *pi*nt/(N-1));

hd=wc2/pi*np.sinc(wc2/pi*(nt-Tao))-
wcl/pi*np.sinc(wcl/pi*(nt-Tao))

h=w_ham*hd
H_ham=np.dot(h,(np.exp(-1j)) **(n*w))

plt.figure(1)
plt.plot(w/pi,20*np.log10(abs(H_ham)/(max(abs(H_ham)
))),'b}label="Hamming Window')

plt.axvline(0.35, color="green',label='Pass band lines')
plt.axvline(0.45, color="'green’)
plt.axhline(-1, color="green’)

# plt.axvline(0.2, color="red’,label="Stop band lines')
# plt.axvline(0.78, color="red’)

# plt.axhline(-40, color="red')
plt.xlabel('Normalized Frequency'); plt.ylabel('
Mag(H)dB')

plt.grid(True)

plt.legend()

plt.title(f'{N}-point FIR Filter- Hamming Window')
plt.axis([-0.01, 1, -100, 2])

#Import docx

import docx

# Creating a word document
doc = docx.Document()

# Add a Title to the document
doc.add_heading('Q_2 Answer), 0)

# Creating a table object
table = doc.add_table(rows=2, cols=3)

#for the 1st row in table.rows:

# Adding heading in the 1st row of the
table

row = table.rows[0].cells

row[0].text = 'hd(n)=hd(N-1-n)'
row[1].text = 'w(n)=w(N-1-n)'
row/[2].text = 'h=w*hd'

# Adding data to the 2nd row of the tabl
row?2 = table.rows[1].cells

row2[0].text = str(hd[0:33])
row2[1].text = str(w_ham[0:33])
row2[2].text = str(h[0:33])

# Now save the document to a location
doc.save('Q-2.docx’)




hd(n)=hd(N-1-n) w(n)=w(N-1-n) h=w*hd
1.26264561e-02 0.08 1.01011649e-03
9.46033411e-03 0.08208292 7.76531806e-04
-1.96102512e-03 0.0883128 -1.73183618e-04
4.54918066e-17 0.09863323 4.48700392e-18
2.09626823e-03 0.11295075 2.36775071e-04
-1.08118104e-02 0.13113569 -1.41781426e-03
-1.54323352e-02 0.15302337 -2.36150802e-03
7.19607141e-03 0.17841558 1.28389123e-03
2.54647909e-02 0.20708234 5.27330855e-03
7.79574403e-03 0.23876406 1.86134351e-03
-1.81162196e-02 0.27317382 -4.94887694e-03
-1.37604860e-02 0.31 -4.26575065e-03
2.89484661e-03 0.34890909 1.01003831e-03
-7.79634367e-18 0.38954874 -3.03705583e-18
-3.19956730e-03 0.43155089 -1.38077612e-03
1.68183717e-02 0.47453517 7.98090897e-03
2.45101794e-02 0.51811232 1.26990259e-02
-1.16936160e-02 0.56188768 -6.57049881e-03
-4.24413182e-02 0.60546483 -2.56967253e-02
-1.33641326e-02 0.64844911 -8.66595991e-03
3.20517731e-02 0.69045126 2.21301872e-02
2.52275576e-02 0.73109091 1.84436380e-02
-5.52652534e-03 0.77 -4.25542451e-03
7.79634367e-18 0.80682618 6.29029416e-18
6.75464209e-03 0.84123594 5.68224767e-03
-3.78413364e-02 0.87291766 -3.30323708e-02
-5.95247215e-02 0.90158442 -5.36665617e-02
3.11829761e-02 0.92697663 2.89058900e-02
1.27323954¢e-01 0.948864 31 1.20813156e-01
4.67744642¢-02 0.96704925 4.52332105e-02
-1.38891017e-01 0.98136677 -1.36303028e-01
-1.51365346e-01 0.9916872 -1.50107076e-01
6.07917788e-02 0.99791708 6.06651546e-02
0.2 1 0.2
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= [2.6+j4.1, 0.21-j4.03, 1.4+j4.2, -4.31-j0.64, -0.5-j0, -4.03-j2.19, 1.6+j2.4, -3.25-
j0.99]
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lle daaats g gailly Y
Gos(k) = [2.6, —j2.15,  —09+j15  24—j35 05  24+j35,
~09—-j15,  j2.15]
Gea(k) = [j41, 3-j055  —33-j0.1, 11+;09, 0,  —1.1+;09,
33-0.1, —3—j0.55]

(<22 16+ 8): walddl Il gl
(S Jalaill o) ) oSy (]
2nn 1 . .
x(n) =4 + cos? <_N ) =4+ n [ef4m/N 4 g=j4mn/N]2
2 + = 1 e]4rm/N 4+ = 1 e—]471:n/N
4

2 4
2T
s Ao x(1) 253 e s SV DFT o) al WSy X (k) = ﬁ;(}x(n)eﬁﬁnk DFT 05 aladinly

For the 1*' term, X(k) = gN
For the 2" term, X(k) = ZN Lej4mn/Ng —me ZN 1 _1 Fne-2) _ N for k=2
Forthe rterm, X(k) = ZN ~le—Jamn/No ZN 1 _1 Fner2) _ N for k=N-2

Ssben S DFT A 0 sS 13¢]

= k=0
277 -
1 —
1

ZN, k=N-2

x(n) =46(n)+35(n—1)+26(n—2)+6(n—3) (<«
el Jlaall 3 4l 50 da) ) lia ld Jgaall aladiilss Y (k) = WAHRX (k) o) <o (a

SUIS y(n) Aduludal o Siuade ny) = 4 laiag



yn) =x((n—4)s) =46(n—4)+38(n—5) +26(n) +5(n —1)
G Q(k) = Re{X(k)} ) <~ (b

Q(k) = Re(X ()} = 3 [X(K) + X" (k)]

P e axd daay ) dlulidie & g(n) 4 <l
1
qn) = E[x(n) +x"((N —n)y)]



