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UNIVERSITI SAINS MALAYSIA

peperiksaan Semester Kedua
Sidang Akademik 1OA31ZOO4

Februari/Mac 2OO4

JEE 543 - PEMPROSESAN ISYARAT DIGIT

Masa : 3 jam

ARAHAN KEPADA CALON:

sila pastikan bahawa kertas peperiksaan ini mengandungi LAPAN (g) muka surat berserta
Lampiran (4 mukasurat) bercetak dan ENAM (6) soalan seberum anda memulakan peperiksaan
ini.

Jawab LIMA (5) soatan.

Agihan markah bagi soalan diberikan disut sebelah kanan soalan berkenaan.

Jawab semua soalan didalam Bahasa Malaysia.

r421



)
-2- IJEE 543I

1' (a) Dapatkan jelmaan-z songsang yang dinyatakan oleh jelmaan-z berikut dengan
memecahkan kepada siri kuasa menggunakan keadah pembahagian panjang.

lnverse z-transform represented by the following z-transform by expanding it into
a power series using long division:

X(z) =
1+22-1 *.-2

1-z-1 +0.35G12-2

(50%)

(b) Dapatkan jelmaan-z songsang berikut:

Find the inverse z-transform of the foltowing:

z-1
X(z) =

1-0.252-1 -0.3752-2

(50%)

2. (a) Pertimbangkan jujukan berikut:

Consider the following sequence:

f(n) = fi, 0, 0, 1, 1)

Dapatkan jelmaan Fourier diskrit untuk jujukan tersebut.

Find the discrete Fourier transform of the sequence.

(50%)
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(b) Diberisatu komponen DFT:

Given a DFT component:

X(k) = [2,1 +j, 0, 1 _ j]

Dapatkan Fourier Diskrit songsang.

Find the inverse discrete Fourier.

(50%)

Nilai voltan tersampel bagi satu isyarat lebarjalur 1oHz disampelkan pada 125H z adalah
(0, 5, 1, 1, 0.5).

The sampled voltage values of a 10Hz bandwidth signat sampled at 125H2 were
(0, 5, 1, 1, 0.5).

Tunjukkan bagaimana jelmaan Fourier Diskrit bagi jujukan ini boleh diperolehi
menggunakan jelmaan fourier pantas.

Demonstrate how the discrete Fourier Transform of this sequence may be
obtained using the fast Fourier transfarm.

(70%)

Dapatkan jelmaan Fourier untuk data di atas.
Obtain the Fourier transform of the data.

(30%)

7423
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(a)

(b)
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4- Pertimbangkan penuras anjakan{ak-berbeza kausal lelurus dengan sistem fungsi.
Consider the causal Iinear shift-invariant filter with svstem function.

H(z) =
1 + 0.2372-1

(1 + o.4z-1 - o.ar-z) (t * o.szz-1)

Lakarkan graf aliran isyarat untuk sistem ini menggunakan

Draw a signal flowgraph for this system using

(a) Bentuk terus I

Direct form I (30%)

(b) Bentuk terus ll

Direct form It (30%)

(c) Satu kaskad bagi sistem peringkat pertama dan kedua dalam bentuk terus ll.

A cascade of first and second-order sysfems realized in direct form 1.

(40%)

5. (a) Dengan menganggap satu pendaraban kompleks memerlukan 1ops dan jumlah

masa untuk mengira DFT ditentukan oleh jumlah masa yang diambil untuk

menjalankan kesemua pendaraban.

Assume that a complex multiply takes 11ps and that the amount of time to

compute a DFT is determined by the amount of time it takes to perform alt of the
multiplication.

(i) Berapakah masa yang diambil untuk mengira 512-titik DFT secara terus.

How much times does it take to compute a s12-point DFT directty?
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(b)

(ii) Berapakah masa yang diperrukan jika FFT digunakan.
How much time is required if an FFT is used.

(iii) Ulangi bahagian (i) dan (ii) untuk 1024_titik DFT.
Repeat part (i) and (ii) for 1a24_point DFT.

Pertimbangkan jujukan panjangterhad.

Consider the finite-tength sequence.

X(u) = 5(n) + 2s (n-5)

(i) Dapatkan jermaan Fourier diskrit 1'-titik untuk x(n).
Find the 1}-point discrete Fourier transform of x(n).

(ii) Dapatkan jujukan yang mempunyai satu jelmaan Fourier Diskrit.
Find the sequence that has a discrete Fourier transform.

Y(k) = s x(k)

di mana X(k) adatah DFT 1O_titik bagix(n).
where X(k) is the 1}-point DFT of x(n).

IJEE 5431

(50%)

(50o/o)
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UEE 5431

Fungsi pindah berikut menunjukkan dua penuras yang berbezayangmemenuhi
spesifikasi sambutan amplitud-frekuensi.

The following transfer functions represent two different filters meeting identical
a m p I it u d e-f re q u e n cy response s pe c ifi c at i o n s :

-6-

o.

(i)
bn +bnz-1 +bnz-ZH(z)=+-
1+a,z-'+arz-'

di mana
where

bo = 3.136 362 x 10-1

br = 5.456 657 x 1O-2

bz = 4.635 728 x 10'1

bs = -5.456 657 x 10'2

ba = 3.136 362 x 10-1

bs = 4.635 728 x 10-1

?r = -8. 118 702 x 10-1

az = 3.339 288 x 10-1

as = 2.794 577 x 10-1

a+ = 3.030 631 x 10-1

,-r-1 -203+D4z '+bUz

-

1+ a.z + a,z -\)+

I 426
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-7 - UEE 5431

(ii) -L
H(z) = 3n,t

dimana
where

ho = 0.398 264 80 x 10-1 = hzz

hr = -0.168 743 B0 x 10-1 = hzr

h2 = 0.347 811 30 x 10-1 = hzo

h3 = 0.120 528 g0 x 10-1 = hrg

ha = -0.447 318 60 x 10-1 = hre

h5 = 0.278 946'10 x 10-1 = hrz

ho = -0.875 733 O0 x 10-1 = hro

hz = -0.909 72000 x 10-1 = hrs

h6 = -0.156 675 S0 x 10-1 = hra

hg = -0.284 99S 60 x 100 = hrg

hro = 0.740 350 30 x 1O-1 = hp

hrr = 0.623 495 60 x 100

Untuk setiap penuras:

For each filter:

Nyatakan sama ada ianya penuras FIR atau llR.

State whether it is an FtR or ttR fitter.

L42',7
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UEE 543I

(b) Tunjukkan operasi penurasan dalam bentuk gambarajah blok dan tuliskan
persamaan perbezaan.

Represent the filtering operation in a btock diagram form and write down the
difference equation, and

-8-

(c) Tentukan dan berikan komen anda ke atas keperluan pengiraan dan
penyimpanan.

Determine and comment on the computationat and storage requirements.

(50%)

(30%)
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' Property

Fourier Transform
rt

x(t) +---+ x(i@)
FT

Y(t) <- fliae)

Fourier Series
.. FS;.,. ,,.,,x(t.) <--+ liiRj

FS: o^
y(t) -1Y[k]

Period : T

Linearity ax(tl + by6 J- aX(ja) + by(ia) ax(tl + ay14 *Ii':* axfk) + byfk]

Time shift x(t - t"). 
tT 

, e-i'rX{ia)

Frequency shift eirx(t). ff, X(i@- y)) eik,-rx(t'). 
ost'o 

, x[k - k"]

Scaling x@4 *L-hre) FS: ao^
x(at) <---; Y1P1

Differentiation-
time

,.1 FT

*x(t) 
+_+ iaX(jo)

A l.J: u^
; n(t) <---j---; ihu^Xlklat

Differenriation-
-;t,pl *a-, !;Ni,t

Integration/
Sum-mation

Convolution f -'G)ttt - r) dr.n- X(ia)Y(ia) lr,rb)tft - ,) d,E!'s Txlklylkl

Modulation x(t)y(t). ff, *f-X(iv)y(i@- v))dv
FC.,..x(t)y(t)# > X[tY[k-tl

/=--

Parseval's
Theorem f _vvtt, o,= *f *vri,tr o, I l,,,l,tol'o, = ,2-ixtltl'

Duality x(t) <-jI-+ 2rx(-ot)
*p1,!I-- x1",n1

xlruy.JliL,1-p1

Symmerry

x(t) rcal. 
ff , X''(ia'): X(-iot)

r(r) imaginary o 
tt 

, X*(itr) = -X(-ial
x(t) real and even , ff , Irn{X(iro)} : 6

x(t) real and odd . tT 
, Re{X(ir.r)) = 6

FS: r.r^
x(r) real

x(r) imaginary ist''i x.[a] = -xt-fr1

x(r) real and even .ott -", Im[X[A]] = a

x(r) real and odd .FSt '", Re{X[&]] = I



LAMPIRAN

Dtscrete-Itnre f I
DTFT

xln) + YPirtl
UIT'

yln) <- f?tttl

+ by[n) P'Fr, axkilt) + by(eit \

n,,1 rDT 
tr, 

e- i !rn,' xk i Q 
)

eit',,xlnl ?"7, X@ittt-rr,

;.[z] :0, n*lp
DTI.T

x"[pn] <+ X-1s,tvo1

,, . DTFT Xleitt\
x[ft] <-----';- + nX(eio) 2 6(Q - k2rl

I - e "- P=__

xfllyln - Il PTFT, X@i!l)Y@itt)

xfnlyfn] Pttl * 1,,,,X{eit'tylrito-rt1 4,

tf
lx[2.]1'z = ; J,,,,lx@ia)f da

"1r1Jrs- y1",t'1

X(e")<-til 11-p1

x[n] real P"T, X*-(ei't) = X(e'itr)

x[zJ imaginary 3g Xopistl = -X(e-i!r)

x[z] real and even ,DTF'r Im{X(eit}y1 = g

x[12] realand odd PTIT> Re{X1e,try1 = g

IJEE 5431

utscrete-lr|fte fJ
, , DTFS; O,, .,., _xllrl + xIRl
. , DTIS; (1,, _-.._

)'LnJ + YLkl
Period = N

. _ -DTFS:O..axln) + bylnl +-:-a axlkl + bYfk]

xln - n)Dlrf" 
"-,'tt-,'-x1kl

eih,,!t,,,x[nlDJFsf Xft - k,,l

x,ln)=0, n+lp
- DTFS; rO..r,lpnl <--+ pX,fk)

.- DTFSr O.
xLt)yln - /j <-.------; NX[k]ylAl

. , , DTI.T
-lnxlnl +-+

s
ZJ

nTFC. r)
xlnlyLfll +- xulYIk

l*["]1, -- ) lxtall.
A=(Ni

xJ,,] ?gst$ *,t-pt

x[n] reatPT]T; 
o'i 

x.lAJ = xt-&l
. DTFS: O^

xltTl rmagrnar/ + X.[Al = -Xt-A]
DTFS: O..xlnl real and even Im[X[Al] = 6

r[n] real and odd PTFS; 
f)3 

Re{X[A]] = 6

1s
tt Z-t
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$ F_:l*f ?_1p?3!n f",,o,
Sipal Transfornt ;;

All e

lzl> l

i.l > l"l

6[n] I

ufrl I
| -z'

a"uLnl

na"u[n]
lzl > l"l

lzl> t
lcos(0,2)lz[z]

[sin(Q1n)luln]

| - z-r cos f)
1 - z-t2 cos,e, +F

lzl > 'l

Izl>,[r" cos(Qn)lu[n]

1_"::11_t:11

I - z-rr cosOr
1 - z-t2r cosf,), + &-z

z-rr sin C),

7 - z- r2r cosQ, + ,rr-, lzl>,

14 31,
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Brrarunan TnanvsroRMs FoR srcNars rr{ATAnr NoNzrRo FoR n I o
Signal Bilateral Transform ROC

ul-n - 7l
1.

1-r" lzl<7

-a"u[-n - 1]
1

;--------TL-dz' lzl< l"l

-na"uf-n - lf ez'
/{ -l\)| | 

- 
dt 'l- lzl< lol

I E.2 z-Transfonn Properties

I 432

Signal Unilateral Transform Bilateral Transform ROC

x[n] X(z) X(z) D

vlnl Y(z) Y(z) Ry

axlnl + by[n] aX(z) + bY(z) aX(z) + bY(z) At least R, n R),

xln - kl See below z-kX{z) R, except possibly lzl : Q, o

a"x[n] xrr)
\a/

x(: I
\a./

lolR'

x[-nJ

"(, &
x[n] x yfn) X(zlY(z) X(z)Y(z) At Ieast R, n Rr

nxlnl
-z = ,llz)

az -z; X(z)
R, except possibly addition

or deletion of e = 0


