
CONFIDENTIAL

UTHM
Universitl Tun Hussein Onn Malaysia

T]NIYERSITI TUN IIUSSEIN OI\TN MALAYSIA

FINAL EXAMINATION
SEilIESTER II

SESSTON 20rst20 16

COURSE NAME : DIGITAL SIGNAL PROCESSING

COURSE CODE : BEB 30s03

PROGRAMME . BEJ

EXAMINATION DATE : JUNE/JULY Z0t6

DURATION . 3 HOURS

INSTRUCTION . ANSWER ALL QUESTIONS TR.OM
sEcTroN A AND ANSTVER ONE (1)

QIIESTTON Or\LY ri:ROM SECTTON B

CONFII}ENTIAL



CONFII}ENTIAL

SECTIONA

BEB 30503

Qf (a) Coosideraperiodic signal

xfnr= 3reet f +l _ 36rn+ 3l + ,*(" la)\4 ) q 2 )
Whichhaspoiodil = 5.

It 
Basedonthperiodof xfnl,examine thepossibilities of A if A>l

(5 mntrs)

(b)

(c)

(ii) Frcm Qf (e[i), find the numeric sequence of r[z] forALL
possibilities.

(2 ma*s)

Choose the most apprropriate r[n J ifthe ave,rage pow€r ofthis signal is
12wat/-

(3 @d<s)

Given a signal r[nJ = O.!",uIn- 3J and h[nJ = O.2n-rufnl. Calcularc
the convolution signal" ylnl = r[n] * ft[2].

(8 mad6)

(d) Briefly explain the prccess of periodic convolution
methd.

by using cyclic

(2 marks)
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Q2 A grcup of shd€tils ale assigned to digitaliz€ an audio signal,
w(t) : 3 sin(1200rt) + sin(eo0nt) ov€r 0 < t < 3 zrs using system'A'. Below
are the requirements to complete the task.

Teskreouirmen8

Tadio signat is smpled d?SAabove the Nyquist rua Then tb
signal is quantized wifr tre dylamic range that vries + l0 volts ad
the resohfiion of 2.5 volts.

(a) I[ushate the diagram of system .A'.

(3 ma*s)

O) Analyse the qualrtiznd.sig"al, Worlnl ad digital *ignal, Wc{nlusing
tnmcation technique.

(ll marks)

(c) An input signal is uritten as:

xfnl= 13,7,4,-1) <+ Xoo [frJ = {3,-l -g j,l,-l + 37} .

Using suitable prroperties, calculate rlnl : xlnlxlnl and R on lkl.
(6 marl$)
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Q3 (a) Define the Region of Convergence (ROC) in z-transform.
(3 marks)

(b) Calculate the z-trandorms and ROC ofthe fonowing:

(i) xlnl= (n+r)(2)"u[nf

(3 marls)

(ii) {nl- (n-r){2)*2ulnl
(3 na*s)

(c) The z-transform of r[n] is X(z\=. O1 
,^.1"1>0.S. Solve the- \-'' (z+o'5;' 'l-t

z-transfom of the followiag using properties and speciry the Roc.

(r) yl"l=Q)"n xlnl
(3 marks)

(ii) /r{-;nl: rlzl-xln-11
(3 marks)

(d) Assume thaf., x[nl as a right-sight signal. hoduce the x[n] of the
following z-Eansform using partial fiactions.

x(zl= = t"
(z' -1.5z +0.5)(z -O.2S)

(5 mad$)

4
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Q4 (a) State two comparisons betwen the Infinite Impulse Response QIR) filter
and Finite Impulse Response (FIR) filter.

(4 marks)

(b) Explain why the digrtal filter is better than analog filter.
(5 marks)

(c) Design a bandpass digtal filter with band edges of I kt{z and 3 kFIz using
the digitat-to-digital frequency transformations technique of IIR filter

with the di$tal Low pass Filter H(z\= - t*' . .. This filter has a
z" - z+0.2

cutofffrequency of 0.5 ktlz and operates at a sarrpling frequency of l0
k}lz.

(l 1 marks)

SECTIONB

Q5 (a) Find the periodic convolution between
{}

hoInT- {-6 ,0,2,1} using appropriate method.

u

xolnl - {-Zgl, - 4} and

(6 marks)

(b) Analyse the discreG signal, r[n] in terms of unit rulmps and steps.

xlnl = 46ln - zl + z6lnl+ 3dln + rl + 6ln + 2l
(10 marks)

(c) A signal x(t) - sin(z0rr) is ideally sampled at t5 Hz. Estimare the
signal y(t) that is recovered if sampled signal is passed through an ideal
filter with cutofffrequency, fc = B Hz.

(4 marks)
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06 (a) Find ylnl= xl2n-o.75]using lirear interpolation if a numeric
l,

sq1u€nce is r[n] = {2,7,-31.
(6 marks)

O) Anatyse finle Xonlkl={X,-Zj,Opj[sirry the Fast Fourier
Transform (FFT) approach.

(10 mar*s)

(c) Sequences rr[n] and r2[n] are givenbelow;

xrffn'l - 3d[n] +261n-Ll
rz|rn.l = 26b1- dln - 1I

Express the z-transform of their convohsion using pqperties
(a marks)

6
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couRSE NAME:DrGrrAL SIGNAL PROCESSING couRsE coDE: BBB 30503

Table 1: Properties of the Discrete Fourier Transform (I)F.T)

Property SignrI DFT Remerks

shift xln - nrl X onlr]= e-iz*r'/N No change in magnihrde.

shift x[n - 0.5^rJ {-r)*xr-.[frJ
HalFperiod shift for even
.n'.

Modulation tt"l- i?n*'/N xon[r- k,7

Modulation {-tI'["1 xo,*tfr-o.s.,nrJ Half-period shift for even
nr.

Folding x[-n] xon[-t] This is circular folding.

Product r[n]y[n] *rr*trlerorrFJ
The convolution is
periodic.

I

I

I

l

l

i

Convolution rlnJAy[nJ xrn[rF"*[*J The convolution is
periodic.

Correlation xlrla Ay[n] xo*[nl$*[*J Ttre correlation is pedodic.

Central
Ordinates

*tol=+Et"-lfrJ,--L-r Nfo
Xon[o]:Irt"t

Cenkal
Ordinates

irul lA-r k

,rl +l=-I(-t) Xo'
L2J Noo

-' l-,afl /v-l n

xonl +l=I(-r)*["J
LL J n=0

lrl (if, even),

(Neven)

Parseval's
Relation El't"l':*HF"-[rl'n=S
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SEMESTER/SESSION: SEMIIZOI5?OI6 PROGRAMME: 3BEJ

couRsE NAI{E:DIGTTAL SIGNAL PROCESSING coURsE coDE: BEB 30i03

Table 2: Properties of the z- tnnsform

afi[rl *az\ [nJ a$t(e)+ ane{;}

i){n - fr)
itlx(n +fr)

i) akx(z)
iD/r(e)

Convolution xr(n)*rdn)

4,,n0)= t*ft)',(r,-t) Rxrxz@) - XrQ)Xz(r-')

rt"l- rt" - 1I xkxl -t't)

Ix(r)
f={)

x(,t=[*)
lim {\

n -+ ortn,l
lim l

I'l **x(")
lim t !rr.''r' 

t{")tt->s dT,(+)'pr
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COLRSENAI\,IE:DIGTTAL SIGNALPROCESSING cotiRsE coDE: BEB 30503

Table 3z z-Transform Pairs

Signal .r(t) Sequence x(r) z-Transform X(e)
d(r) 6(n) I

6(t - k) 6(n - k) z*
u(t) u(n) I z:-

l- z-r z -l
-u(-n- l) I z

r-ll- z-' z -l
r(4 - tu(t) nu(n) z-r zt-r trry

du(n) I z:-
r-ll-az - z-a

4nu(-n - 1) 1z
l-az-' z-a

ndu(n) az

@
-ndu(-/t - 1) az

@
ea e* I z

l-e*{'- z-{"
P r?u@)

ted ne'* Z-rg-o Zg-oWGY
sinaut sinoon zsina4

z' -Zzcos@o +l
cos@ot cosQ)on z\z - cos @o )

z2 
-Zzcos@o +l
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SEMESTER/SESSION: sEMIy2015l20t6 pRocRAMME: 3BEI
couRsE NAMEDIGTTAL SIGNAL PROCESSING couRSE CODE: BEB 30503

Table 4: Digital- to- digital rransformations

F'om Band

Edges
Mappings -+ Pammeters

Lourpass to
lowpass

QC z-q
l-m

,., _sin[o.s(Cl, - Or)J
w-

Loupass to
higtrpass

fic :(z+a)
l+m

Loupass to

bandpass
[Qr, Sl2J gl4rz+Ar) y _ tan(O.SQ")

I\_

-cos[o.s(o, +o,)l
cos[o.s(o, -cl,)l

. zaK K-lA :- - A^^ K+l- z K+l

Art' + Arz +l

Loupass to

bandstop
[Clr, f,lzJ (t'+4t+er)

Arz' + Arz +l
K _ tan(0.5Cla)tan[0.5(Cl2 -
ar)l

n _- cos[0.5(e, * cr,)Ja-w 
cos[0.5(4, - o,)l

4-2o,A,-l-K^ K+l- & l+K
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f,.INAL EXAMINATION

SEMESTER/SESSION: sEMtrl20l5/2016 PROGRAMME: 3BEJ

COURSENAIUE:DIGITAL SIGNALPROCESSING COURSE CODE: BEB 30503

Table 5: Direct Analog- to- digital Trensformatilons for Bilinear Design

Fr.om Bend Edges IVlrpping s

+
Par:emeten

Lorvpass to
loupass

Qc .g-1

-

C(s+1)
C * tan(0.5C1." i

Ioupass to
hiehpass

flc t{3_*tl
3-1

C - tan{0.5Qci

Loqpass to
bandpass

flr<Qo<f}2 22._:?Fz +.1

C(r= -l)
C -tan[O.S{q -f},)}, P:cosf}o or

p =coslo.sgl, 
+ nr]]

cos[0.S(S= - f],il
Lourpass to
bandstop

Or <Ch<Q2 C{t= * t}

-

z' -Zpz +l
f = r*[0.5(Q= - clr ]l, p = cosflo or

fi:cos[!':gt* 
+o'll

cos[o.sqo= - a,]]

11
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TrHc 6: Tllin&rr for f'IR fiter dsr.

Wir&r Erplwbn ur{rJ, -0.5(JV- l) s n s 0.5Or- l)
Boxcr I
Csire *J_-)

\ff-r,
Riemm sinc"[#]r>-o

Ba&tt , 2v4

.u -l
\f,mIImn@

0.5*s.5*J 3ro l
uv -r)

f,fuming 0.54+o;46{#)

BhJmm
o.4z* s.5*J ho 

J + o-o3*#".l
\ff -r) uY -r)

I(ris€r -[*6

12
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T.INAL EXAMINATION

SEMESTER/SESSION: SEMtrl20l5/2016 PROGRAMME: 3BEJ

COURSE NAME:DIGITAL SIGNAL PROCESSING COURSE CODE: BEB 30503

Table 7: Characteristics of the windowed spectrum for various windows.

Window
Peak

Rippte
6p: 6,

Passband

Attenuation
Awp (dB)

Peak Sidelobe

Attenuation
Aw(dB)

Transition
widrh

FrexClN
Boxcar 0.0897 1.5618 21.7 c - 0.92

Cosine 0.0207 0.3600 33.8 c - 2.10

Riemann 0.0120 0.2097 38.5 c - 2.50

von l{ann (Hanning) 0.0063 0.1 103 M.0 c - 3.21

Hamming 0.0022 0.0384 53.0 c - 3.47

Blackman l .7l x 104 2.97 x l0-3 75.3 c - 5.71

l3
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FITTAL Ef,AMINATION

WsEMIIA0rSAol6 PROGRAMME.

CqIRSENAMEDIGITAL SIGNAL PROCESSING COT'RSN CODE

e*ie =cosdtjsin0

ccd=|1",r*"-,r)
2',

sind=*G,'-.-,')j2'

IlrftG Srmnrtkm Fomulrr

io = {"*t)lH ,,
Ht-

* or- {n+tXzz+t)
fr6
io' -nz(n+tYA4
io. =l- o*'
A l-a a*l

f m, - ah - bi' ! rh:, -+ na*'l
A - (r-oY

tr" on - ofu + o)- b * rY o" t(u'-!zo -th*' - r' a*'l
tso (t-of

rnfinile Srnnrtfom Fotmuh

iot = .lA- -;a lol.t

iot-a ,,A- - r-" lol.t

iro'=&, hl.r
f k'or =?t 

*?=

4"" -(r-ol , lol.l
$--'frf l+e*oT"*ltl _ r+e
L-h-a l-e* a>O

3BE

BEB 305fi1
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