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BEB 30501/BtiX 31803 / BEE 3213

SECTION A

Ql. Civeo a signal,

[2,, .,,2<n<t

x1n1= l3-' ; r<n<3

fo I elsewhere

(a) D€termine the numeric sequences ofthe following signals'

(i) M(n) = r( n+025)+u{n+tr- (n)

(ii) N(n\ =2x(n\+r(n)- r(r- l)-u(r 3)

(13 marks)

(b) A signal from a s€nsor has been measured as shown in Figure Ql calculate the

ener$/ ofthe even Part of 
'e(n).

(7 marks)



BEB 30503 / BEX 31803 / BEE 3213

Q2 (a) A Finite Impulse Response (FIR) filter has an impulse response and input signal

given by h(n) = 5(n)+26(n -21+251n - 3lnd ln\ =Uril!l' resp€ctively'

Determine its response.r.'(n) by using the $m-by-column m€thod'

(5 marks)

(b) Briefly explain the proc€ss of periodic convolution by using the cyclic method'

Then, determine the output oftho system by using this metho4 ifthe system input

uu
is r(n) = {i, 2,3} and the impulse r€spons€ is 

'(') 
= {-2' l, 0}

(7 ma*s)

ll

(c) Compute the cross-correlation of rl'l) and rfir) for 'x(z) : {2' l ' l' 2} and

u

lr(r) = {4, i , 3}. Find the relationship between r,h(n\ urd rh'( )'
(8 marks)
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SECTION B

Q3 A group of students are asked to digitalize an analog voltage

r(t) = f0sin(20d) + 3 cos(2tt) V to FIVE (5) encoded samples using a system "A"

Below are the rcquirements to complete the task.

TASK REQUIREMf,I{T FOR SYSTEM "A"

The analog signal is sampled atl":10Il2 and it will b€

quantized usi;g TWO (2) bits system with a dynamic mnge of
!4V.

(a) Name the system "A" based on the information above

(l marD

(b) lllustrate the basic block diagram ofsystern "A"

(2 marks)

(c) Determine the system Quantization Signal-to-Noise ratio (SNRa) in dB and shov

all the steps involved. Please note that th€ system uses unifo'm quantization

process (rounding technique).

( l7 marks)



BEB 30503 / BEX 3l EO3 / BEE 3213

Q4 (a) A discrcte signal is given as x(n) = 25(n)-23(n-2)' calculate the Discrete

Fourier Transform (DFT) of r(r) .

(4 marks)

(b) An input signal ofa filter is written as

I 13
r,(r) ={ f, 2, I } e ft,''&\ = 14, -t, jl;, A }

Determine

i) The value ofA

it) Yt,t.l{f) if y( ) = r( n)

iii) WDj.l.(k) if w(n)= r'(n)

(3 ma.ks)

(c) The Discrete Fouier Tmr$form (DFT) of a disctete signal, c(tr) is known as

c/,r (l) = {8, 2j, 0, zjl.

i) lllustrate the bufterfly structure of Decimaiion in Time (DIT) Fast Fourier

Transform Algorithm (FFf) technique.

ii) Detetmine disqete signal, c[n] based on your answer in Q4(c)

(13 marks)

Q5 (a) A sigal, r(r) = 2" r(t1+ l) is us€d as input to the filter shown in Figur€ Q5'

Analyze the output ofthe filter, I(z).
(5 marks)



BEB 30503 / BEX3IEO3 / BEE 3213

(b) A lo*pass filte. with t:ansfer function fl(z)

S : 10 kHz, and its outoff frequency is t :
lowpass filter with a cutoff frequency of 3 t/1"'

_ 0.3249(2 + l)
1.32492 -0.6751

Ltdz. Use this filter

opemtes a(

to design a

(7 marks)

tHz using sampling

(10 marks)

(c) Design a lowpass filter with a cutofffiequency of I tilz' The sampling fi€quency

is l0 *Hz.
(8 marks)

Q6 (a) Based on the difference equation below, analyze the stability of th€ system'

y(n) -3y(n -l) +2y(n -2) - 2x(n -2) = 0

(5 marks)

(b) Calculate the z-transform and its region of conv€rgence for the following discrete

signal:

i) r(") = {1,5,3,1 U

ii) c(n)=(a-1)(2)'.'zr(n)
(5 marks)

(c) Design an FIR highpass filter with cutoff frequency, =

fiequency S = l0 tHz. Use the Barlett window with N: 9'

- END OF QUESTION -
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T.ble I : Properties of the N-srmplc DFI.

Siqnal x(n) DFT X(k)
a,xJk)+ aJ,(k,

4n - n"l x *,lkle
{"-0.5N1 (-r)-x,,,, t*t

*lnl"' ' x Dnlk - k.l

(- l)'x[r] xDE[& - 0.5/v]

xI-n'l x 
"'.[-kl

{nMnl 1""-t*ro t,.,t*l

.xlrl A ),[r] x DnlklYDnlkl
xfu]a &ylnl x D|tktY;.1.lkl

oq=*i",,,'nt ",,,,t,=I'tt
'{il=*;t'l'''-rtr ('\ eren)

*,,,1 l]= ic,t"*,,,ur' "'""'
ir.r,rr- |ir'-,r*rr



DLB 30503 / Btix 3 1E03 / BEE 12ll

FINAL EXAMINATION
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Sisnal z-transform

olnl I

a[r - r"]

l\l-.1
"bl

z

z -l
a'"1"1

2

r.-of ,bl

""Lnl

z
'-.,)\z- t)

"o'rl"l
.-- --;
lz a)'

Tlble 2 : A Short Table ofz-tnnsform Prils'

Trble 3 : Prop€rtics of the z-TrrNfor6'

Signal z-Transform

{, lvl z- '' X (z)

rI.-nl "i)
:l-nlul-n - l'l x[l ]- rtot (for causal drl)

a ^4,n1 xl1l

*[r] axG)
dz

1.<roX["1 0.51X\zeP )+ XQe rt\l

sin(rO)r[n] io.s1x(n4)- xw "l)
4nl* ,{fl1 X(z')H(z)
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Tsbl€ 4 l Some WitrdorN for FIR Filter Design.

Trble 5 : Cbaracteristics of the windowed spectlom for Yrrious witrdows'

I.fote: /.(r) is lhe modified Bess€l Function oforder zero

t-l)<n<0.5(N-l

tnEl

.,.""[#.)' L>o

o.s + o.scosf?fa I\/!-rlvon Hann (Hanning)

0.s4 + 0.46cosl if I
\/v '/

,r'*.t*i3;-'.*"".(#iJ
nBJt 4ln/(N -t)l'

Window

Peak

Ripple
6p:6"

Prslbrtrd
Attetruation

AwP (dB)

Perk Sidelobc

Atlcnuation
,4 ys (dB)

TrrNitiotr
widrh

Boxcar 0.0897 l.56lE 21.7 C = 0.92

Cosine o.0207 0.3600 13.8 c= 2.10

Riemarm 0-0120 0.2087 38.5

von Hann (Hanning) 0.0063 0.1103 44.0 C =3.21

Hamming 0.0022 0.0384 53.0 c: 1.47

Blackman l.?t x l0' 2.97 ' rtr' 75.3 C = 5.71

l0
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Table 6 : Digitsl-to-digiirl frequency trtnsformstiotrs'

sinl0.5(4,,4,.* 
sin[o.s(o,, +o,.

" =;;lt5(o,- o.

0.5(o? o,

zdK K-l
A'= r*l'^'=Vl

.5(o, + o
Arzz +A,z+l

z2 + A,z+ A,lo,. orlLowpass to

bandpass

lnwpass to

bandstop

tan(0.5OD)lan[o.5(Q, -

u=#'"=ii

A2z'1 + Atz+l
[or, ozl

ll
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Table ? : Direct rDrlog-tGdigittl tl.NformatioN for bilitrerr d€sigo'

Form Band

Edges

M{ppings Paramelels

Lowpass to

lou?ass

c&. C = tan(0.5(k)

l,owpass to

highpass

o,, C\z +l)
zl

C = tan(0.5flc)

Lowpass to

bandpass

or <Ch <
(lr

C: tan[0.5(O: - Or)], l= codb or

^ cos[0.5(o, + o, )l- cos[0.5(O' - o' )l

Lowpass to

bandstop

or <fb <

dlz
cv' t)

z' 2&+1

C: tan[0.5(O2 - Ar)], P: codlo or

o _ co.[j.s(o, + o, )l
' cos[o.s(o? o,)l

t2
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FINAL EXAMINATION

SDMDS I DR/SESSION : SUMIISIER Il/201212013

COURSE NAME: DtCIl L SIGNAL PROCESSING

PROCRAMME:
BESBEB/BECIBETItsED/BEF/BEU
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Euler's ldertity
etrd = cosdljsind

se59 = 1(e/ r. :' )2'

sina = I("'a -" '01
l2

Finite Summation Formul|

t

J.

n(n+1\2n+1)
6

n'(n +l)'

lnlitrite Summrtion Formula

s-,=l
\r^r LL" - t--

t*a' =- :-;i (l- al' 
.

lol. I

l"l.t

l"l. I

tk'?a' =: -_:
3 (l-af , Fl<'

\r- ?ri rrl

alt -(n+l)a^ +"a
(t 

")'
al(r + a)- (r+ t)'a" +(:z' + za - t

l-a*'
1-d

s" "',="
,": 1 e'" d>o

l3




