LUNDS TEKNISKA HOGSKOLA
Inst. for Elektro- och Informationsteknik

Tentamen 2013-08-22 i

Digital Signalbehandling - ESS040 - ETI265
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Hjalpmedel Minirdknare och formelsamlingar.

Observandum For att underlétta rattningen:
-Los endast en uppgift per blad.
-Skriv namn pa samtliga blad.
Pastaenden maste motiveras via resonemang och/eller ekvationer.
Poéng fran inldmningsuppgifterna adderas till tentamensresultatet.
Betygsgranser: 3 (>3.0p), 4 (>4.0p), 5 (>5.0p).

1. En tidsdiskret krets beskrivs av differensekvationen

y(n) =0.5y(n — 1) + z(n) + 2z(n — 1)

a) Rita pol-nollstallesdiagram for kretsen. (0.1p)
b) Bestdm h(n) for kretsen. (0.2p)
c) Bestédm utsignalen y(n) om insignalen ar x(n) = cos(270.25n) for alla n. (0.2p)

2. Ett tidsdiskret system ges av nedanstaende pol-nollstillesdiagram. For systemet
galler att H(z)|,=1 =1

Pol-nolistallesdiagram
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Real Part
a) Bestdm systemfunktionen H(z). (0.1p)
b) Skissa systemets frekvenssvar for 0 < w < 2. (0.2p)
c) Bestam utsignalen y(n) om insignalen ar x(n) = cos(270.25n) for alla n. (0.2p)
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3. Betrakta ett system som ges av foljande systemfunktion H(z);

H(z) =

27+ %z‘z

3
5
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A +25z

a) Bestdm impulssvaret h(n) till H(z) da systemet &r i vila (zero-state).

b) Bestdm stegsvaret till H(z) da systemet &ar i vila (zero-state), dvs bestdm ut-
signalen da insignalen dr lika med steget (z(n) = w(n)). Beskriv speciellt delarna
ur stegsvaret som hor till den transienta 16sningen samt den stationéra losningen.

(0.6p)

(1.0p)

S1: y(n) = 0.77y(n — 1) + z(n) + x(n — 1)

S2: H(z) = T2

S3: H(z)=1—z2t+22—234 274
S4: y(n) =S _,x(n — k)

S5: H(z) =3 —3z71

S6: y
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Frekvensrespons B

Nedan visas 6 st amplitudfunktioner samt 6 st pol/nollstéille-diagram. Matcha de
olika figurerna till respektive LTI-system (S1-S6) givet nedan. Motivera ditt svar!

(n)=a(n)+z(n—1)+z(n—2)+z(n—3)+x(n —4) + z(n —5)
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5. Betrakta systemet i figuren nedan. Samplingsperioden fér A/D and D/A omvand-

larna dr 77 = 5 ms and T = 1 ms. Bestdm utsignalen y,(t) om insignalen &r given
av;

Zq(t) = 3 cos(1007t) + 2 cos(2507t) (t i sekunder)
och plotta spektum av signalerna z,(t), z(n) and y,(t). A/D och D/A omvandlarna

Xa(t) x(n) Ya(t)
——— AD DIA [ LPfitter——

T,=5ms T,=1ms

antas vara ideala, LP-filtret ar idealt, dvs det har en konstant férstédrkning lika med
11 frekvensintervallet —F;/2 < F < F,/2, och ddmpar alla frekvenskomponenter
over |Fy/2| till noll, dér Fy &r samplingfrekvensen i D/A-omvandlaren. (1.0p)

6. Tva FIR-filter kaskadkopplas enligt figur nedan, dér
Hi(2) =1—2rcos(0)z' +r?z72
Bestdm Hs(z) av minimal ordning sa att kaskadkopplingen H(z) = H;(z)H(z) far

SRR v )

linjér fas och forstérkningen i DC-frekvensen blir 1, dvs |H(1)| = 1. Rita fasfunk-
tionen for 0 < w < 2. (1.0p) Lycka tilll
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Losningar till signalbehandling (ESS040) , 2013-08-22

1.  Givet: y(n)=05y(n-1) + x(n) +2x(n-1)
Sokt:a)  Bestam pol-zero plot
b)  Bestam h(n) for kretsen.
c) Bestim y(n) om x(n) =cos(270.25n) for alla n om a=0.5
Losning:  a,b,c)
Y(z)=052z7Y(2) + X(2) +2z27'X(z) ger
Y(z)  1+2z7% 742
X(z) 1-05z% z-05
h(n) =0.5" u(n)+ 2-0.5"" u(n—-1)
x(n) =cos(270.25n) for alla n ger

H(z) =

y(n) =[ H(®) | ,2,025 C0S(2720.25n+arg{ H(®) |-, ,025}) fOr alla n
142712705 1_2]

H = - = = —2 i= 2e7j7[/2
(@) lé";é’S’z 1-05e 1295 1;05] '
Svar: y(n) = 2cos(270.25n—/2) forallan

2. Givet: System bestamt av pol-zero plot och H (2) |z:1: 1
Sok: a)  Bestdm systemfunktionen H(z). Zlan

b)  Skissa |H(w)|fér 0<w <27 D.; j
c)  Bestimy(n) om x(n) =cos(270.25n) u(n) for « |
Losning:  a) 2 -
1+272 ol
H(z) = konst——— .
@) 1+0.257° 1T 05 0 05 |

1+272 2

H(z)|,_,= konst =
(@) 1+0.257%> 5/4

=8/5 ger k=5/8

b)  Plotta tex i Matlab

1-cos(z/2) z* 1
X(z) = = T
VX estriy e 12 1L
-2
V) _s5/s L2 1 1

-2 =2 5/8 P —
1+0.252° 1+2 1+0.252
y(n)=5/8-(0.5)" cos(270.25n) u(n)


Nedelko Grbic
Stamp

Nedelko Grbic
Typewritten Text

Nedelko Grbic
Typewritten Text
-

Nedelko Grbic
Typewritten Text
-

Nedelko Grbic
Typewritten Text
-

Nedelko Grbic
Typewritten Text
-

Nedelko Grbic
Typewritten Text
-

Nedelko Grbic
Typewritten Text
-

Nedelko Grbic
Typewritten Text
-


3. a). The impulse response, h(n), is found by inverse Z-transformation of the
system function, H(z), which is given by,

-1, 1_-2 1
2T+ 5% Z4 3

~1_3,1,2.,2 ,2_3 2
=527 4 5% 25— 52+ 55

H(z)

The poles are found by solving for zero in the denominator polynomial which

gives,
1 2
P11 = 57 P2 = 5
This gives,
Z+ 1 Al A2
H(z) = 1 2 2y iyt 2

(z=5)(z=-3%) (=35 (2—3)

The coefficients A; and Ay are found by either identification or directly using
the identification-formula, and they become,

7 9
Al=—=, Ay=-
1 27 2 9
and
-1 2 1 —7 9
H — 2 2 i 1
P R P l(l Ny

The inverse Z-transform gives the impulse response

=3p@)" ) e

b) The step-response is given by the output when the input signal is the step
function, (z(n) = u(n)), i.e.

s(n) = h(n) x u(n)
This is equivalent to the multiplication in the Z-domain, i.e.

B 1 z
S 1—z1 -1

S(z) = H(2)U(z), where U(z) = Z {u(n)}

This gives,




and the inverse Z-transform gives the step response,

=[O @) B () (2o

where the stationary solution is given by;

2
s (n) = 85u(n —1)

and the transient solution is given by;

= (8) - (2 oo

A-S4-11
B-S6-111
C-S1-1
D-S2-1V
E-S3-VI
F-S5-V
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J,(t) = 0.b-cos(svome)+ 0.4 cos (750 ¢)




6.

H,(z) =1-2rcos(@)z* +r’z® gernollst z,, =re*"

1 ..
Linjar fas om nollstallen speglade i enhetscirklen, ger z,, = Fei“’
1 L, 1,
och H,(z) = konst (1- ZFcos(e)z + r—zz ), dvs
1 1
H(z) = konst (1-2rcos(d)z ™ +r?z7%) (1—- 2;003(6’) 77+ r—zz‘z) =

1 1 1
konst (1—2(r + F) cos@z 7+ (r? + r—2+4cos2 0)z%-2(r+ F) cos@z % +z7)
For z=1 ska H(z)=H1(z) Ho(z) vara 1, ger
1 1
konst=1/((1- 2Fcos(6’) + r—z)(l— 2rcos(f)+r?))





