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SECTION A

Q1

Q2

The output signal of a proposed system in Figure Q1 is defined as:

y(n)=-r(n+3)+2r(n+2)—u(n+2)—r(n)-3u(n-2)+3u(n-3)

(@)  If x,[n]=(~1)", determine the fundamental period of this input signal.

(2 marks)
(b) Rewrite y[n] as a sequence number.
(7 marks)
(c) Calculate the signal of x; [n], if the signal of x,[#n]is defined as:
x,(n) :m’(” - ]+ 25(n-3)
(11 marks)

An important concept in communication applications is the correlation between two signals.
The function 7, [n] is usually referred to the autocorrelation function of the signal x[n],

while r,,[n] is often called as a cross-correlation function. If the input signal,
U U
x[n]=1{1.2, 0, 1} and impulse response, h[n]: {~1,0,1, 1}:

(a) Demonstrate the relationship between r,,[n] and 7, [n].
(12 marks)

(b)  Calculate the odd part of 7, [n].
(8 marks)
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Q3

Q4

The analog to  digital converter system  with  the input  signal,
x(¢) = cos(287¢)+sin(2 7 ¢)+sin(227¢) for 0<r<0.5, sampled at sampling frequency of
10 Hz.

(a) Produce the reconstructed signal, x, (7).
(5 marks)

(b) Calculate the digital signal, xc[n]. Show all the working step, using rounding

techniques, with 4 levels of quantization and the dynamic range of 2.5V.
(15 marks)

(a) List FOUR (4) properties of Discrete Fourier Transform (DFT).
(2 marks)

U
(b) Calculate IDFT of Y., [k] ={10,-2+2j,—-2,-2-2,} using decimation in time
Fast Fourier Transform (FFT) algorithm.
(14 marks)

() Using Parseval’s relation, prove an energy of both signal is equal to 6J.

y U
m[n]={1,A, 1,2} < M, [k]={0,B,4,-2,}
(4 marks)
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SECTION B

Q5

(a)

(b)

(©

Assume that x[n] represent a right-sight signal. Compute the x[n] of the following
z-transform using partial fractions.

3z
X S—
) (2-1.52+0.5)

(5 marks)

The differential equation of a digital communication system is described as:
y(n)=2y(n—-1)+x(n-2)+3x(n)—-5x(n+1)

Determine the above system whether it is stable or not.

(5 marks)

Design FIR filter with stop-band frequency of 5 kHz, pass-band frequency of 6 kHz
and sampling frequency of 10 kHz. Choose the suitable window for your FIR filter
with N=35.

(10 marks)
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Q6

(@)

(b)

(c)

2
V4

Calculate the inverse z-transform of X(z) =————.
(z" -0.25)

(5 marks)

> 0.5. Find the z-transform

The z-transform of x[n] is given as X(z) = z

b

otz
(z+0.5)?
of the following using properties and specify the Region of Convergence (ROC).

@ yln]=(2)'alr]

(3 marks)
(i) z[n]=[n-2]x[n]

(2 marks)

Design FIR filter with pass-band frequency of 5 kHz, stop-band frequency of 6 kHz
and sampling frequency of 10 kHz. Choose the suitable window for your FIR filter
with N = 5. Calculate the transfer function of causal sequence, H,[n].

(10 marks)

- END OF QUESTIONS -
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TABLE 1: Properties of the N-Sample DFT
Property Signal DFT
Shift x[n — no] XDF[ [kk—jZﬂkno/N
Shift x[n—0.5N] (_ 1)" Xy [k]
Modulation x[n]e 27N X,z lk—k,]
Modulation (1) x[n] X[k =0.5N]
Folding x[—n] X, - %]
Product x[n]y[n] 1
FXDFT [k]® YDFr [k]

Convolution x[n] ® y[n] X oy (61 [K]
Correlation x[n] ® ® y[n] X (610 [K]
Central Ordinates 1 &t Nl

x[O]:]_v“ZXDFf [k]9 X pir [0]= x[n]

k=0 n=0

Central Ordinates N1k

x[ﬁ] . (=1) X2 [k] Veven),

2] Nio
N-1 H
X i [—]ﬂ =Y (~1) x[n] (Veven)
n=0
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TABLE 2: Properties of z-transform.

Property Signal z-transform
Linearity arxi(n) + axx(n) aiXi(z) + axXa(2)
Time reversal x(—n) Xizh
, s i) x(n — k) i) z¥X(z)
T ft
ime shifting | )+ b) i) #X(2)
Convolution x1(n)* xo(n) X1(2)Xa(2)
Correlation rx,xz (l) = Z xl (n)xZ (n - l) Rxlxz (Z) = Xl (Z)XZ (Z_I )
Scaling a"x(n) X(a'z)
ax ax
Differentiation | nx(n) - (_IZ) or —z 2)
dz dz

e () —x(n—1) X\ - 21
differentiation
Time integration z X (k) X (z) = (—Z—lj

k=0 Z=
Initial value lim x(n) lim ( )
theorem n—0 le Sw
Final value lim lim (71
theorem n— oox(n) || —> 1[ z jX(Z)
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TABLE 3: z-Transform Pairs
Signal x(7) Sequence x(n) z-Transform X(z)
o(?) o(n) 1
ot - k) on - k) z’F
u(?) u(n) 1z
-z z-1
-u(-n - 1) Iz
-z z-1
(1) = tu(f) nu(n) z™! ¥
(] — z_l)z (Z ~— 1)2
a"u(n) 1z
l1-az? z-a
-d"u(-n-1) 1z
l-az? z-a
nd"u(n) az
2
(z-a)
-nd"'u(-n - 1) az
2
(z-a)
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TABLE 4: Windows for FIR filter design.
’ Expression wy [n],
Window —0.5(N—1) < n < 0.5(N=1)
Boxcar 1
Cosine nr
cos
N -1
Riemann
sincL(i], L>0
N-1
Bartlett | 2l
N-1
Von Hann (Hannin
( g 0.5+0.5cos ( 21
N-1
Hamming 2nr
0.54+0.46¢0s v

Infinite Summation Formula

? ~a o] <1

e te o<t

N

L S
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