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3 hours

| nfor mation
The exam is closed-book.
There are two parts to this exam.
Part A hasseven questions totalling 70 marks. You must answer all of them.
Part B hastwo questions, each counting 15 marks. You must an®etrof them.

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

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

You have 3 hours.




PART A

Answer all of the following questions.

. If z[n] is the signal below

V)
=
2.

then plot the following:

(@) yi[n] = z[1 —n
(b) y2[n] = z[—2n + 1]
() ya[n] = z[n] — z[n — 1]

(20 marks)

2. Consider the following linear constant coefficient diéflece equation:

y[n] — Zy[n — 1]+ %y[n — 2] =2z[n —1].

Determiney[n| whenz|n]

= d[n] andy[n] = 0 forn < 0.

(20 marks)




3. Consider the linear time-invariant system describedbyfollowing transfer function:

z—1

H(z) = .

(a) This system is known asbackwards Euler differentiator. Why do you think it has been
given this name? Motivate and elaborate.

(b) Determine an expression for the magnitude of the systén@guency respondé (¢’«).
Plot the magnitude over the intervaK w < 27. What kind of filter does this system
represent?

(c) Sketch the phase of the system’s frequency respHiis&”) over the interval) < w < 2.
(20 marks)

4. Consider two discrete-time signalg[n] = é[n] + 26[n — 2] + é[n — 3] and

xa[n] = 4d[n] + 3d[n — 1] + 26[n — 3.

(a) Determine and plot the linear convolution:gfin] with z2[n].

(b) Determine and plot the 4-point circular convolutiorugfn| with z4[n).

(c) How would you calculate the linear convolution resulihgsa circular convolution
operation?

(d) Why would you want to implement linear convolution usangircular convolution
operation?

(20 marks)

5. The following figure shows the pole-zero plot of a systerihwivo poles and two zeros:
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(a) Determine the transfer functidii(z) describing this system assuming that it has a DC gain
of one.

(b) Sketch the magnitude of the frequency response of thersys
(10 marks)




6. A discrete-time LTI system has the following magnitudd phase response:
|H (&)
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(@) Determine the output if the input is the signéh] = e’ 5
(b) Determine and sketch the output if the input is the sigfial = cos (2£n).
(10 marks)

7. (a) Suppose,[n]is atime reversal of the signa[n|, sox,[n] = x[—n|. Show that
X, (z) = X(1/z2) in the z-transform domain.

(b) Now consider the system below:

z[n] | Time z.[n] Yr [nL Time ! y[n]

reversal > H(z) " | reversal

Show that the effective transfer function linking the inpdfz) to the outpu’(z) is
Hew(z) = H(1/2).
(c) If h[n]@H(z) andY (z) = H(1/z)X (2), find a time-domain expression fgfn] in

terms ofz[n] andh[n].
(10 marks)




PART B

Answerboth of the following two questions. Each question counts 15 mark

1. Image processing and computer vision

(&) Assuming that
x(ny,ne) = d(n1,ne) +d(ny — 1,n2) + d(ny,ne — 1),

find and ploty(ny, ns) = x(n1, n2) * x(n1, na).
(b) The two-dimensional convolution of the signdl: , n) with the kernelh(ny, n2) is
given by

y(ni,ng) = Z Z h(ki, k2)x(ny — k1, ne — k2).

k1=—o00 ky=—00
If the kernel is separable then we can wiitg, ko) = hy(k1)ho (k). Show that in
this case the 2-D convolution can be implemented as a seDofdnvolution
operations, and indicate how the computation required pdeément 2-D convolution
can be reduced if the convolution kernel satisfies this sdgiidty property.

(c) Explain how the second derivative of an image can be uséatmulate an edge

detector. How would you estimate the required first and sgdenivatives in a
discrete setting? How would you reduce the effect of noigaémprocess?




2. Radar/sonar signal processing

A simplified block diagram of a radar is shown below:

Qp(tn) DAC

Modern
PC / RADAR I-Q up—converter Antenna
DSP =
DISPLAY hardware : L
Circulator ‘D <7>

e.g. FPGA 1-Q down-converter

I(tn)

A

ADC — LPF

System
Noise

BPF [<—

Q(tn)

A

ADC — LPF

(a) Draw a neatly labelled block diagram of an equivakeva ytic (complex) signal model of
the radar.

(2 marks)
(b) llustrate with the aid of sketches of thequency spectra, how the signals in the system
are related, particularly illustrate the relationshipiestn thefrequency spectra of the
following signals:
i. the impulse response of the scefie) < £¢(f)

ii. the transmitted rf pulse;..(t) <> Vi.(f) and baseband form(t) <> P(f)
iil. complex baseband signaj,(t) <> Viu(f)-

(3 marks)
(c) A digital signal processing algorithm must be develofuggulse compression and display
of the echoes received by the radar. The transmitted puésehisp pulse with bandwidth
of 80 MHz, and a centre frequency of 8 GHz. The processor tggeom the baseband
signals sampled from the 1Q down-converter.
i. What sample rate is required for the signals at the outptiteolQ down-converter?
ii. What digital signal processing steps would you carrytoutbtain a processed “range
profile” of the scene, considering that you would like to apiethe signal to noise
ratio?
iii. Calculate the 3dB range resolution in metres.

(5 marks)



(d) If adeconvolution (inverse) filter is used to process the radar data in (c), sketch thd poin
target response (both magnitude and phase) as a functiangd rthat you would expect to
see at the output for a point scatterer at a range of 800m.

(3 marks)
(e) What additional processing steps can one implementpoowve the sidelobe levels of the
point target response? Sketch a typical output and indatesely the effect of such
processing, compared to the output of the deconvoluticer fift (d).
(2 marks)







Fourier transform properties

Sequences|n], y[n] TransformsX (e?*), Y (e7%) Property
az[n] + by[n] aX(e7¥) + by (%) Linearity
z[n — ng) e Ivnd X (eI?) Time shift
e?“0m z[n) X (ef(@—wo0)) Frequency shift
z[—n] X (e7I%) Time reversal
nz[n] '%ij) Frequency diff.
z[n] * y[n] X(e i)y (e79¢) Convolution
Modulation

z[n]y[n] 5m

= [T XY (2@ D)do

Common Fourier transform pairs

Fourier transform

Sequence
d[n] 1
d[n — no] e~J@no
1 (—o0o<n<oo) >R oo 27 (w + 27k)
a™uln] (ja] <1) Taeie
uln] 71_5173-“, +>52  wo(w+ 27k)
n 1
(n+1)a™u[n] (la] <1) (—ae—To)2
sin(wen) X(ejw) _ 1 |w‘ < we
o 0 we < lw] <7
2[n] = 1 0< n.S M sin[:ijr(ll(\i—}-;))/Q]efjwM/z
0 otherwise
eJwon >R oo 27 (w — wo + 27k)

Common z-transform pairs

Sequence Transform ROC
é[n] 1 Al z

uln] e 2 > 1
—u[—n — 1] Fp— |z] <1

8[n — m] z=™ All z except0 or co
a™u[n] . — 2| > al
—a"u[—n — 1] e || < lal
nauln] ﬁ |z] > |a]
—na™u[—n — 1] ﬁ |z| < |al

a™ 0<n<N-1, __N_—N

{O oth_erwis_e 1 e =1 >0
cos(won)u[n] 1721C;:?j;“;2)_21_:z_2 |z] > 1
1—rcos(wg)z™ 2] > r

r™ cos(won)uln]

1—2rcos(w0)271+r2272







FORMULA SHEET V5 EEE4001F 2011
PLEASE REPORT ANY ERRORSTO A.J.W.
Fourier Relationships

z(t) < X(f)

z(t —t,) & X(f)e I2rfto

a(t)e 2Tt o X(f + fo)

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

BSa(mpt) < rect(%)

rect (£) < 7Sa(wfT)

S(t) « 1

For any ‘real’ signale(t), X(—f) = X*(f)
Convolution z(t) ® h(t) < X(f)H(f)
Radar Equation

P. = DiGioAc hered, — G’

(47 R2)? T 4rm
|Q Down-converter

I(t) = [2z(t) cos(wot)| PR

Q(t) = [—2z(t) sin(wot)|LpF
V(t)=I(1)+jQ1) < V(f)=2X(f+f,)
Matched Filter General

H(f) = 5% — X*(f) (white noisg

% — L5 (white nois¢

ANALYTIC RADAR MODEL

Baseband Pulse p(t)

Transmitted vy x (t) = p(t)el?™ /ot
EXTENDED TARGET RESPONSE

URx(t> = fToi_oo C(T)UTx(t — T)dT = C(t) ® UTx(t>
() o 7y 1B()[?

Verx (f) = ¢(f)Vrx(f)

Baseband Signal

Ve (t) = [Vrx (£)e T2t @ hyy(t) + ngy (t)

o (t) = [C(H)e™ 7™ ] @ p(t) @ hp(t) + nap ()
Veu(f) = C(f + fo) P(f) Heu(f) + Now(f)
After Deconvolution/Inverse Filter

V(f) = ¢(f + fo)rect$)

o(t) = [(e2let] @ BEGRY

whereﬁzﬁ%ﬁ = Sa(mBt)




POINT TARGET RESPONSE
vrx (t) = arvrx (t — 1) wherer = 28

2
ay o |/ G5E222 (narrowband)

VRX (t> = Zivzl a;Urx (t — Ti) WhereTi — 2102i

Baseband

Ubb(t) = VURX (f,) eTIwot hbb(t) = Cp(t — T) eTIWeT & hbb(t)
After deconvolution filtering

v(t) = a1 B Sa(n B[t — 7])e =27 /o7

Vv =arg {e‘jQ”fOT} =arg {e‘j‘”R/)‘}

Resolution

Stzap ~ %52 SRzqp = 9B ~ 55(0.89)

Radar Filters

Ideal Spectral Reconstruction (deconvolution/inversigi-
Hirr () = ppytmem OVer—2 < f <5

Matched Filter (MF)Hy(f) = 7725 ~ P*(f)

Doppler Shift fp = —248/d!

MONOCHROME PULSE

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

Analytic: vrx (t) = rect (%) ef?m 7!
Basebanduy, (t) = rect (%)

Frequency Domaln

Vrx(f) = T—Sinﬁ’}f}f}f;”

Vin(f) = T2

LINEAR FM CHIRP

RF SlgnaIURF = rect (£) cos (2 [ft + 3 Kt%])
Analytic: vrx (t) = rect (%) 32l fot+ 3 Kt?]
Basebanduvy, (t) = rect (%) ei2m3 Kt?

Sweep range A f KT
| nstantaneous Frequency

RF: frp(t) = 22800 — f 4 Kt [HZ
Basebandjfy,(t) = Kt [HZ]

Dispersion factoD = Af T = KT?
Frequency Domain D¢,50

lues (f)] ~ rect(Aff> \/?7'
arg{ow(f)} = W{-j%f*}

(HZ]




