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BEF 35603

Briefly explain the sampling theorem and define the Nyquist rate and the Nyquist
interval.

(3 marks)

Given a continuous-time voltage signal and the sampling frequency S used as 20

Hz,
v(t) = 2sin(47t) + cos(5672)

(i) Analyze whether aliasing occur or not for the frequency of each sinusoid
components and write down the corresponding signal. Write down the aliased
frequency if it occurs.

(3 marks)

(ii) Write down the reconstructed signal v, (t) and its discrete signal v, [n].

(2 marks)

(iii) Explain how aliasing can be avoided to recover v(f) from its samples.
(2 marks)

The discrete signal v.[7] found in Q1(b)(ii) is quantized with 4 quantization levels
and the dynamic range of 2.5 volts.

(i) Calculate the discrete time signal v[n] obtained for 0 <n < 3.
(3 marks)

(ii) Analyze the quantized signal v,[n]and the quantization error signal e[n]
using rounding technique. Show all the working steps.
(8 marks)

U
Based on a signal x[n] = { -1, 2, 3, 2} with the sampling interval t; of 1 second,
sketch the reconstructed signal x(7), and what is the interpolated value atr=24s,
if

(1) step interpolation is performed
' (2 marks)

(ii) linear interpolation is performed
(2 marks)

Define the N-point Discrete Fourier Transform (DFT) Xprr [k] of an N-sample
signal x[n] and the inverse DFT (IDFT).

(2 marks)
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(b) Determine the Discrete Fourier Transform (DFT) of the four-point sequence

©

(d

(@)

(b)

©

(d

x[n]={g, 2,1, 0}
(6 marks)

U
Let x{n] = {1,2, 1, o} and X, [k]={4,— j2,0,j2} with N = 4. By using suitable

properties of discrete Fourier Transform (DFT), calculate y[n] = x[n]x[n]and

Y per [K]
(7 marks)

U
Analyze x[n] & X ,-[k]1={2,—j,0,j}using Decimation in Time (DIT) Fast

Fourier Transform (FFT) Algorithm.
(10 marks)

Define the Region of Convergence (ROC) in z-transform.
(2 marks)

Determine the z-transform and specify its region of convergence (ROC) of the
following signals:

(@) x[n]={llj, 2, -1, 0, 3}

(3 marks)
(i) x[n]=(n+D(3)"uln]
(3 marks)
A causal system is described by the following difference equation:
y[n]=0.5y[n—-1]+x[n]
(i) Compute the transfer function of the system H(z).
(3 marks)
(ii) Analyze the output response y[#] if the input signal is given by:
x[n] = (_1) u[n] (10 marks)

z| > 0.5. Solve the z-transform of

The z-transform of x[n] is X(z) = —L;,
(z+0.5)

following using the z-transform differentiation properties and specify the ROC.
y[rl=1n-21dn]

Hint: Use the property nx[n] & — z = );(ZZ)

(4 marks)
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List two (2) types of digital filters and state two comparisons between them.

(4 marks)
Consider an analog filter H(s) =
s+2
@) Convert H(s) to a digital filter H(z), by using impulse invariant
transformation at a sampling frequency of S =2 Hz.
(7 marks)

(i)  Convert H(s) to a digital filter H(z), using the mapping based on the
forward difference at a sampling rate S. Analyze the conditions for which

H(z) will be stable.
(4 marks)

Design a bandpass digital filter with band edges of 1 kHz and 3 kHz using the
digital-to-digital frequency transformations technique of IIR filter given the
3(z+1)°
312> =26z +7
2 kHz and operates at a sampling frequency of 8 kHz.

digital low pass filter H(z) = . This filter has a cutoff frequency of

(10 marks)

— END OF QUESTIONS —
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Table 1a : Some useful identities
+jmnr __ _1
o m=1,3,5,....
+jmnr __ 1
o m=2,4,6,....
jrmV
e 2 =] m=1,5,9,....
J‘mfy
e '2=—j m=3,7,11,....
—jmrx
e =} m=1,5,9,....
—jm 77
e ?2=] m=3,7,11,....
Table 1b : Table of Numerical Difference Algorithms
Difference Numerical Algorithm Mapping for s
y(n)_x(n)—x(n—l) S_z——l
Backward t, zt,
x(n+1)—x(n z—1
Forward | y(n)= ( ) ) s =
t, 2
x(n+1)—x(n—1 z2 -1
Central | y(n)= ( ) —x( ) =
t, 2zt,
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Table 2: Properties of the Discrete Fourier Transform (DFT)

Signal x(n) DFT X(k)
ayx,(n) + ayx,(n) a X, (k) +a, X, (k)
j2nkn,
Xn-=n,] Xplkle ¥
x[n—0.5N] (~1)* X er L]
x[l'l]ejz”;‘;k0 XDFT[k - ko]
(=1)"xn] X [k —0.5N]
x[-n] X k]
x{nlyln] Xy K1 Yy lh)
x[n]® y[n] XDFT[k]YDFT[k]
x[n]® ®y[n] X o [k [K]
H01= 23 X[kl Xpl0]= S xin]
N k=0 n=0

2

x[ﬁ} = —lﬁf(— 1) X mr[K] (N even)

XDW[%}:NZ‘](— 1)"X . [k] (N even)

Z-:lx[n]I2=%ZIXm[k]I2

n
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Table 3: Properties of the z- transform
Property Signal z-transform
Linearity ax,[n]+a,x,[n] @ X1(2) + aXa(2)
Time reversal x[— n] Xz
: . i) x(n - k) i) 7*X(z2)
T SUE o et ) i) 2AX(z)
Convolution x1(n)*x2(n) Xi1(2)Xa(2)
Correlation row ()= 2 % (n)x, (n-1) Re1x2(2) = X1(2)X2(z7Y)
Scaling a"x(n) Xa'z)
2dX axiz
Differentiation | nx|n] z” #d—z_g?) or — z—;“gl
Time S VR
differentiation ] A 1] X1 -27)
Time integration ZX(k) X(z)= (ZZ 1)
k=0 -
Initial value lim lim
Xz
theorem n— Ox(n) |z| = e =)
Final value lim lim (2 1)
— Xz
theorem n —)oox(n) 2| = l( z )
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Table 4: Laplace Transform Pairs

Signal x(7) Laplace Transform X(s
(1) 1
u(?) 1

s

D) = tu(?) 1

S2
Pu(r) 2
s3
u(¥) n!
Sn+l
e u(f) 1
s+a
te “u(r) 1
(s+a)

e “u(t) n!

(S + a)n+1
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Table 5: z-Transform Pairs

Signal x(?) Sequence x(n) z-Transform X(z)
10) o(n) 1
ot-k) o(n-k) z*
u(t) u(n) 1z
1-z' z-1
-u(-n-1) 1z
1-z' z-1
r(t) = tu(?) nu(n) z1 z
(1 - z'l)z (z-1y
a™u(n) 1z
l1-az’ z-a
-a"u(-n-1) 1z
l1-az' z-a
nau(n) az
(—af
-na"u(-n - 1) az
(z-a)’
e & 1 oz
l-e“z' z-e™
r n*u(n) g (1 + z"l) _2(z+1)
z -
(-z'f (-1
te ™ ne " zle ze™®
(1 —e“’z‘l)z (z —e"")Z
Sinwot sinwon zsinw,
z*—2zcosm, +1
CcOSWol CcOSWon z(z —Ccos @, )
z* —2zcosm, +1
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Table 6: Digital- to- digital Transformations
Form Band Mapping s — Parameters
Edges
Lowpass to Qc z—a . Sin 0.5(Q, -, )]
lowpass 1-az sin[0.5(Q, +Qc )]
Lowpass to Qc —(z+a) . —cos[0.5(Q, +Q.)]
highpass 1+0z cos[0.5(Q, - Q. )]
Lowpass to [Qi1, Q] ~(Z2 +Az+ Az) ~ tan(0.5Q,)
bandpass A7+ Az+1 tan[0.5(Q, - Q)]
_ —cos[0.5(Q, +Q))]
cos[0.5(Q, - Q,)]
2aK K-1
Cxer Tk
Lowpass to [Q1, Qo] ( 22+ Az+ A4, ) K = tan(0.5Qp)tan[0.5(22 - Q1)]
bandstop 47+ Azl |, cos[0.5(Q, +Q,)]
cos[O.S(Q2 =L )]
2a 1-K
A=—" A4 =
ke 2Tk
Note: The digital lowpass prototype cutoff frequency is Qp
All digital frequencies are normalized to = 2zf/S
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Table 7: Direct Analog- to- digital Transformations for Bilinear Design

From Band Edges | Mapping s Parameters
>
Lowpass to Qc z-1 C =1an(0.5Q,.)
lowpass C(z+1)
Lowpass to Qc C(z+1) C =1an(0.5Q,.)
highpass -1
Lowpassto | Q;<Qe<Qy | 22 -28z+1 C =tan[0.5(Q, - )}, B =cosQ, or
bandpass C(z‘ _.I) - COS[O.S(QE +Q1 )}
cos[0.5(Q, - Q)]
Lowpassto | ;<< | C(z°-1) C =tan[0.5(Q, - Q,)]. B =cosQ, or
bandstop 7 =2pz+1 _cos[0.5(0, + Q)] i
~ cos[0.5(Q, - Q)]
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