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PART A

Answer all of the following questions.

1. Consider the signal[n] = d[n + 1] — §[n — 1] + 2d[n — 2]. Plot the following:
@) yi[n] = z[-n+2]
(b) ya[n] = z[n] — z[n — 1]
() ysln] = > 1 xlk]
(d) yaln] = z[n] « uln]
() ys[n] = x[n] x d[n — 1] * d[n + 2]
(10 marks)

Information
The exam is closed-book.
There are two parts to this exam.
Part A haseight questions totalling 70 marks. You must answer all of them.
Part B hasthree questions, each counting 15 marks. You must answepf them.

A table of standard Fourier transform and z-transform peigears at the end of this
paper.

A formula sheet for the radar/sonar question appears atithefethis paper.

You have 3 hours.

2. You are given a system

a[n] y[n]
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with z[n] andh[n| as follows:
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(a) Find and sketch the effective impulse respdnge:| linking the inputz[n] with the
outputy[n].
(b) Is the overall system causal? Why?
(c) Use time domain convolution to fingn].
(10 marks)

3. Use transform properties to show that the DTFT of the secpigln] = (n + 1)a™u[n]

for |a| < 1is

. 1

X(e¥)=——
() (1 — qeiw)2

(6 marks)




4. The transfer function of an LTI system is 7. Letaq[n] andzz[n] be signals with DTFTs given below:

H(z) = m. filj X1 (e7) 1 Xa(e?)
For each possible region of convergence, find the correspgimupulse responskln] of w2 w2 ) w2 w2 .
the system. For which ROC is the system causal, and for whiittstable? Define the system
(10 marks) z1[n] A\
5. Let X (e«) denote the DTFT of a real sequende]. ol 6? U o
(a) Express the inverse DTRfn] of Y (e/*) = X (e74) in terms ofz[n]. (-nm
(b) If y[n] = x[2n], specifyY (e/*) in terms of X (e7«). With y[n] = 1[n] + (—1)"2s|n].
(6 marks) (@) SketchY (e'v)|for —7 < w < 7.

(b) Design a system to recover|n| andzs[n] from y[n]. Specify your system in the form of a
block diagram, and justify your design. You may use an ideaplass filterH,, (e« with

hln] = 2(0.7)" cos (g") uln) cutoff w. (which you specify).
(8 marks)

6. Given a system with the impulse response

(@) Show that the system function is
8. Consider a filter described by the difference equation

H(z) = 222
T (2-07)(z+0.7j)"
y[n] = 2z[n] + 2z[n — 1].
(b) Draw the pole-zero plot of the system. S _ _ _ _ _ _ -
() Sketch the magnitude frequency response of the system. A perlod|f: input sngnahc[n] with period4 is applied to this system, giving the outppt].
) N The 4-point DFT ofy[n] is
(d) Plot the first 6 values of the output of the system whenripetiisz[n] = §[n].
Y[0]=0, Y[1]=+v2e7"4 Y[2]=0, Y[3]=+2e""

(10 marks)
Find an expression for the inpufn].

(10 marks)




PART B

Answertwo of the following three questions. Each question counts 1&ma

1. Image processing and computer vision

Consider the 2D signals below:

N9 }1(7117 712)

no z(ny,ng)

(1) [(1) (1) (1)
. e o
(1) [(1) (1) (1)

(1) [(1) (1)
. o -

(a) Find and sketch the 2-D convolutidiing, ns) * z(ny, ns).

(5 marks)

(b) The signah(n,n2) in the previous question is the impulse response of a 2-D edge
detector. Explain why a system with this impulse responsélis to detect edges.
What edge direction does it detect? Draw the impulse regpoha filter that can be
used to detect edges in the orthogonal direction. How cooldrgodify these filters to

reduce noise in the filter output?

(5 marks)

(c) Find an expression for the 2D discrete-time Fouriersfamm of the signak(nq, n2).
Plot this transform for the two casesiof = 0 andny = 0. Interpret and explain your

results.

(5 marks)

2. Radar/sonar signal processing

(a) Draw a neatly labelled block diagram of a coherent ragistesn showing (i) transmitter
chain with I-Q up converter (ii) receiver with an 1-Q down eenter (iii) appropriate

sampling into a digital signal processor.

(2 marks)

(b) Draw an equivalent “end-to-end” block digram model whielates the impulse response
of the sceng (¢) (at the input), to the complex baseband sigiplt) = I(t) + jQ(t) (at the

output).

(2 marks)

(c) Nustrate with the aid of sketches of the frequespgctra, how the signals in the system
are related, particularly (i) the impulse response of tleme¢(t) <> ((f) (ii); the
transmitted rf pulse, (t) <+ Vi, (f) and its baseband forp(t) < P(f); (iii) complex

baseband signa; (t) < Viu(f).

(3 marks)

(d) What properties of the transmitted pulse determinén@)resolution of the radar (ii) the

SNR?

(2 marks)

(e) What are the primary advantages of transmitting a CHI®RBepas opposed to a

monochrome pulse?

(2 marks)

(f) A digital signal processing algorithm must be develofdpulse compression and display
of the received echoes. The transmitted pulse is a chirgepuith bandwidth of 100 MHz.

The processor operates on the samplex complex basebandcesignal.

(i) What digital signal processing steps would you applytitain a profile of the scene,
considering that you would like to optimize signal to noiaga and keep the sidelobes

low?

(ii) Sketch the point target response at the output of yoacgssor display, indicating the

range resolution achieved.

(4 marks)




3. Additional DSP theory

Let a causal LTI discrete-time system be characterised bgldmpulse respongén|
with a DTFT H(e/*). Consider the system shown below, whefe] is a finite-length

sequence.

z[n]

Time
reversal

Time
reversal

y[n]

Determine the frequency response of the overall syst¢ai~) in terms of H (e/~'), and
show that it has a zero phase response. What is the signéicdiscich a zero phase
response? What is the significance of the way on which zersephas been achieved in

the above system?

(15 marks)




Fourier transform properties

Sequences|n], y[n] TransformsX (e/*), Y (e7*) Property
az[n] + by[n] aX(ed¥) + bY (e7%) Linearity
z[n — ng) eIvnd X (e9%) Time shift
eI@0m ] X (ef(@=w0)) Frequency shift
z[—n] X(e™7v) Time reversal
naz(n) jAXeI) Frequency diff.
z[n] * y[n] X(eTI®)Y (e79%) Convolution
z[n]y[n) £ [T XY (7D do Modulation

Common Fourier transform pairs

Sequence Fourier transform
&[n] 1
8[n — ng) e~Iwno

1 (o0 <n<oo)
a™uln] (la] < 1)
u[n]
(n+1)a"ul[n] (Ja] < 1)

sin(wen)
wn

1 0<n<<M
z[n] = -
0 otherwise

ewon

Dore oo 2w (w + 27k)
1
1—ae—Jw
T T il mO(w + 27k)
1
(1—ae—Jw)2
1 Jw| < we

X(e?v) =
0 we < |w| <7

sinfw(M+1)/2]  —jwM/2
sin(w/2) ¢

SR oo 270 (w — wo + 2mk)

Common z-transform pairs

Sequence Transform ROC
§[n] 1 All z
u[n] 17i71 |z > 1
—u[—n —1] ﬁ lz] <1
§[n —m] z=™ All z exceptO or co
a™ufn] —l || > al
—a"u[—n —1] ﬁ [z] < lal
na"uln] (17:‘271)2 |z| > |al
—nau[—-n — 1] (l—u:%l)l |z| < |a|
n 0<n<N-1, N,-N
a 7"_7 l-a - |z >0
0 otherwise 1-az

1—cos(wg)z L

cos(won)uln] Tscos(wg)s- 1752 |z > 1
r 11
7" cos(won)u[n] —_loreoslwg)i_ |z] >r

1—2rcos(wg)z—14+r2z—2
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PLEASE REPORT ANY ERRORSTO A.J.W.

Fourier Relationships

x(t) + X(f)

z(t —ty) & X(f)e i27fto

a(t)e Pt o X(f + fo)

z*(t) < X*(=f)

BSa(nft) < rect(%)

rect (L) < 7Sa(wf7)

o(t) < 1

For any ‘real’ signale(t), X(—f) = X*(f)

Convolution z(t) ® h(t) < X(f)H(f)

1Q Down-converter

1(t) = [2z(¢) cos(wot)]LPF

Q(t) = [2z(t) sin(wot)|LpF

V(t)=1(t) +jQ1) « V(f)=2X"(f+fo)

Matched Filter General

H(w)=§¢ — X*(w) (white nois¢

oltpear)® _ 1 (00 [X(w)l?
[no (] 2m S0 Sn; (w)

ANALYTIC RADAR MODEL

Baseband Pulse p(t)

Transmitted vy x (t) = p(t)el? /ot

EXTENDED TARGET RESPONSE

orx(t) = [72_ o C(T)orx(t — 7)dr = ((t) ® vrx(t)

IC(T)* o gy 1B

Vex (f) = ¢(f)Vrx(f)

Baseband Signal

v (t) = [vrx (t)efjg’ff“t] ® hpp(t) + npp (1)

opp(t) = [C(8)e72™Fot] @ p(t) @ R (t) + 1w (t)

Voo (f) = C(f + fo) P(f) Heo(f) + Neo(f)

After Deconvolution/Inverse Filter

V(f) =C(f + forect )

o(t) = [((We72miol] & BREE0

where™(TBY — 5 (7 Bt)

1(1rBt)

dw — 355 (white noisg




POINT TARGET RESPONSE
Vrx (t) = ayurx (t — 7) wherer = 28

ap « \/(47%:;’}?4 (narrowband)

vrx(t) = XN aurx (t — 7;) wherer; = 28

Baseband

gy (t) = vrx (t) €799t @ hyp(t) = (p(t — 7) e 79T @ hyy(t)
After deconvolution filtering

v(t) = a1 B Sa(n B[t — 7])e 927 foT

Y =arg {e*ﬂ”f”} =arg {e*j‘”R/)‘}

Resolution

Staap ~ %82 GRsgp = ©4a ~ £(0.89)

Radar Filters

Ideal Spectral Reconstruction (deconvolution/inversigi-
Hirr(f) = 5eptmm over— 2 < f< 2
Matched Filter (MF)H 5 (f) = g};@ ~ P*(f)
Doppler Shift fp = —24/dt
MONOCHROME PULSE

RF:vgp(t) = rect (%) cos(2m fot)

Analytic: vrx (t) = rect (£) e?27fot
Basebanduy, (t) = rect (%)

Freguency Domain

Vex(f) = TSI

Vi (f) = T%

LINEAR FM CHIRP

RF Slgnah)RF =rect (L) cos (2n[fot + L K17))
Analytic: vrx (t) = rect (L) e?mlfot+3KE%]
Basebanduy, (t) = rect (%) e/273 K¢

Sweep rangeAf KT [HZ

I nstantaneous Frequency

RF: fre(t) = £~ %mr® — ¢ o Kt [Hz
Basebandfbb(,,):m [Hz]

Dispersion factoD = Af T = KT?

Freguency Domain D¢,50

loes (f)| = rect (Aif) \/ﬁ
arg{oe(f)} = W {—j%&f?}



