LUNDS TEKNISKA HOGSKOLA
Institutionen for Elektro- och Informationsteknik

Tentamen 2019-06-07

SIGNALBEHANDLING i MULTIMEDIA, EITA50
Tid: 08.00-13.00

Sal: Victoriahallen 1, Victoriahallen 2A

Hjalpmedel: ~ Minirdknare och en valfri formelsamling i signalbehandling eller matematik.
Allowed items: calculator, DSP and mathematical tables of formulas

Viktigt: For att underlatta rattningen: In order to simplify the correction:
Los endast en uppgift per blad. Only solve one problem per paper sheet.
Skriv kod+personlig identifierare pa samtliga blad.
Write your code+personal identifier on every paper sheet.
Pastaenden skall motiveras via resonemang och/eller ekvationer.
Statements must be motivated by reasoning and/or equations.
Poéngen fran inlamningsuppgifterna adderas till tentamensresultatet.
The points from the tasks will be added to the examination score.
Max total podng (tentamen + bada inl.uppg) = 5.0 + 0.5 + 0.5 = 6.0
Maz total score (exam + 2 tasks) = 5.0 + 0.5 + 0.5 = 6.0
Betygsgranser: 3 (>3.0p), 4 (>4.0p), 5 (>5.0p).
Grading: 8 (>3.0p), 4 (>4.0p), 5 (>5.0p).

1. Givet en insignal x(n) och ett impulssvar h(n)
Given an input signal z(n) and an impulse response h(n)

z(n) = [1 2 2 1],
1)
hw = (23 2 1],
a) Bestam systemets differensekvation. (0.1p)

Determine the system’s difference equation.

b) Bestam systemfunktionen H(z). (0.1p)
Determine the system function, H(z).

¢) Bestdm Fouriertransformen, H(w), samt DFT, H(k), med N = 32. (0.1p)
Determine the Fourier transform, H(w), and the DFT, H(k), with N = 32.

d) Beriikna den cirkuldra faltningen mellan x och h, modulo 4. (0.1p)
Calculate the circular convolution between x and h, modulo 4.

e) Berékna utsignalen, nér insignalen &r z(n). (0.1p)
Calculate the output signal, when the input signal is z(n).



2. a) En student vid Beihang University filmar en helikopter med videokamera. Helikopterns

rotor gor 15 varv per sekund (motsols) och videokameran tar 60 bilder per sekund. Nér
helikoptern startar ser rotorn pa filmen ut att sta stilla.
a) A student at Lund University films a helicopter with a video camera. The helicopter
rotor spins with 15 turns per second (anti clockwise). The video camera captures 60
pictures per second. When the helicopter starts, on the film, it looks like the rotor is
standing still.

Hur manga rotorblad kan helikopterns rotor ha? (0.3p)
How many rotor blades can the helicopter’s rotor have?

Hur ser det ut pa filmen om piloten &kar rotorns hastighet, fast bara lite?  (0.1p)
How does it look on the film if the pilot increases the rotor’s speed, but just a little?

b) Om man samplar en signal som innehaller en hogsta frekvens F,,,, vilket villkor
galler for samplingsfrekvensen Fj, for att undvika vikning? (0.1p)
b) If you sample a signal which contains a highest frequency Fy,q., which is the condition
for the sampling frequency Fy, to avoid aliasing?

3. Foljande differensekvation ar given
The following difference equation is given

y) = Zyln 1) + y(n —2) = a(n)

dar insignalen ar z(n) = (£)"u(n). Bestim utsignalen. (1.0)

where the input signal is x(n) = (%)”u(n) Determine the output signal.

4. Designa ett andra ordningens IIR notchfilter som tar bort frekvensen w = 27erl
dir @« = 0.9. Ge dit svaret i form av en DTFT H(w). Berdkna &ven filtrets
systemfunktion H(z) och impulssvar h(n). (0.4p)
Design a second-order IIR notch filter, which cancels out the frequency w = 277% where
a =0.9. Give your answer as a DTFT H(w). Also give the filter’s system function H(z)
and impulse response h(n).

Rita ett pol-nollstallediagram for filtret du designat ovan. (0.2p)
Draw a pole zero plot for the filter you designed above.

Vad ér detta filters forstérkning vid frekvensen w = 2737 (0.4p)
What is this filter’s amplification at the frequency w = 27r% 7



5. Ett system ar angivet pa foljande form.
A system is given in the following form.

x(n) —p

[z ]
O e |0
=]

—a2 ba
<
Vad heter denna form? (0.1p)
What is the name of this form?
Berdkna systemfunktionen H(z) for systemet. (0.4p)

Calculate the system function H(z) of the system.

Berakna differensekvationen for systemet, och forutsatt att det inte finns nagra initialvarden
skilda fran noll. (0.3p)

Calculate the difference equation of the system, and assume that there are no non-zero
wniatial conditions.

Definiera och forklara vad som avgor att ett system ar av en viss ordning. (0.2p)
Define and explain what decides that a system has a certain order.

6. Vad betyder forkortningen BIBO i begrepper BIBO-stabilitet? (0.1p)
What does the acronym BIBO in the concept BIBO-stability stand for?

Definiera och forklara vad BIBO-stabilitet innebér. (0.4p)
Define and explain what BIBO stability means.

Bevisa att ett system ar BIBO-stabilt nar
Prove that a system is BIBO stable when

> |h(k)] < oo

k=—o0

Lycka Tilll Good Luck!



Losningar 2019-06-07

Losning 1  a) Differensekvationen ar The difference equation is

y(n) = Y h(k)z(n — k) => y(n) = 22(n) + 3z(n — 1) + 2z(n — 2) + z(n — 3)

k=—00
b) Definitionen av Z-transfomen ger The definition of the Z transform gives
oo
H(z) = Z h(n)z™" =243z 42724273
n=-—oo

c¢) Fouriertransformen ar The Fourier transform is

H(w) = H(2)|,zjo =2+ 3e iYW 4 272w 4 o3I
DFT med N =32 ar The DFT with N = 32 is
N-1

H(k) = Z h(n)e—j%rkn/N _ 9y 3ei2mk/32 | o —jdwk/32 | —j6mk/32

n=0

d) Den cirkuléra faltningen modulo 4 ar The circular convolution modulo 4 is
h(n) xx(n) = | 1T1 11 13 13].

e) Utsignalen ges av linjar faltning The output signal is given by linear convolution

y(n) = h(n)*x(n):[% 7 12 13 9 4 1].

Losning 2 Antalet rotorblad ges av 16sningen till féljande ekvation
The number of rotor blades is given by the solution to the following equation

dar Fy ar kamerans samplingsfrekvens, F,. ar rotorns rotationsfrekvens, B antalet rotor-
blad, F' den upplevda frekvensen och k ett heltal. Losningen ar

where Fy is the camera sampling frequency, F,. the rotor frequency, B the number of rotor
blades, I the perceived frequency, and k an integer. The solution is

15k
=2 _2y=0 => B=4dk
G -5 =0 =

Rotorn har 4k blad, alltsa troligen 4, 8 eller 12 blad.
The rotor has 4k blades, thus 4, 8, or maybe 12 blades.

Om piloten okar farten lite grand, kommer F,. att oka, och da okar &ven F' lite. Det
kommer att se ut som om rotorn borjar snurra langsamt moturs.

4



If the pilot increases the speed somewhat, F,. will increase, and then F also increases a
little. The effect will be the the rotor seems to start moving slowly, anti-clockwise.

For att undvika vikning maste samplingsfrekvensen vara Fs > 2F,q.

To avoid aliasing, the sampling frequency must be Fs > 2F 40

Losning 3 Z-transformering ger
Z-transformation gives

V(2) - 2271 (2) + rfoz—? () = X(2)
Y(2) = ! X(2)
1— 22714 35272

2 1 3

Losningen till andragradsekvationen 2z~ — %z + 13—0 =0 ar p12 = 13, 15, vilket ger

2 1

The solution to the equation z° — %Z + % =015 p12= 15, 13—0, which gives

1
_ 3 .-
(1- 521 =3z
Insdttning av insignalens transform ger
Using the transform of the input signal gives

Y(z2)= X(z)

1
Y(z)=
(1-Lz(1-Zzh)(1 -2z
Partialbraksuppdelning ger
Partial fractions give
9 1 1 1 1
Y(2)=< —4 5 + = 3

2(1— 55270 (1-—

Inverstransformering ger
Inverse transformation gives

9.1, 2 1,3

y(n) = 5 (55)"ulm) — 45 uln) + 5 (5)"u(n)

Losning 4 Ett notchfilter som sliacker ut frekvensen w = 27& ges av
A notch filter which cancels the frequency w = 277% s given by

(5 = %) (e - ~7%)

H - T X T
@) (ew —0.9¢72 ) (eI — 0.9e772)

Motsvarande systemfunktion ar
The corresponding system function is

(z+i)z-4) 2 41!
(24+0.95)(z — 0.95) 22+0.81  22+0.81

H(z)=



Losning 5

och impulssvaret ar
and the impulse response is

h(n) = O.9"cos(27rin)u(n) + 0.9("72)003(27&(71 —2)u(n —2)

Pol-nollstallediagrammet ar:
The pole zero plot is

08f
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Filtrets forstarkning vid frekvensen w = 277% ar
The filter’s amplification at the frequency w = 2%% is

(=1+5)(=1—J) 141

H1) = 500 (c1-09)) ~ 1081

1.105

Formen heter Direkt form II, Normalform eller Kanonisk form.
The form is named Direct Form II, Normal Form, or Canonical Form.

Systemfunktionen ar
The system function is

. bo + blz_l + b22_2X
14 aiz !t Fagz?

Y(2)

Differensekvationen for systemet ar
The difference equation of the system is

y(n) + ary(n — 1) + agy(n — 2) = box(n) + byz(n — 1) + bax(n — 2)

Att ett system har ordningen k innebar att den maximala fordréjning k& av antingen
insignalen x(n — k) eller utsignalen y(n — k) ar k samplingssteg i differensekvationen.
When a system is of order k, it means that the mazximal delay k of either the input signal
x(n — k) or the output signal y(n — k) is k sampling steps in the difference equation.



Losning 6 BIBO betyder "Bounded Input Bounded Output.”
BIBO stands for ”Bounded Input Bounded Output.”

BIBO-stabilitet innebér att om insignalen ar begrinsad sa att alla dess varden &r min-
dre &n eller lika med ett visst virde |z(n)| < M, sa kommer utsignalen ocksa att vara
begrdnsad, sa att alla dess virden ar mindre &n eller lika med ett visst annat vérde
ly(n)| < M,.

BIBO stability means that if the input signal is bounded, so that all its values are less than
or equal to a specific value |x(n)| < M,, then the output signal will also be limited, so that
all of its values are less than or equal to another specific value |y(n)| < M,,.

Ett system ar BIBO-stabilt om
A system is BIBO-stable if

[z(n)] < M, = [|y(n)] < M, (1)
eller ekvivalent
or equivalently
()| = | Y h(k)z(n—k) (2)
k=—o0
< > bk |z(n — k)| (3)
k=—o00
[ee]
<M. Y |h(k)] (4)
k=—o00
Systemet ar darfor stabilt om
The system is therefore stable if
> [hk)] < o0 (5)
k=—o00



