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

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

This gives,

S i e e R e R e

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

and

1o

The inverse Z-transform gives the impulse response

-4 b)) Jon
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b) The step-response is given by the output when the input signal is the step
function, (z(n) = u(n)), i.c.

s(n) = h(n) *u(n)

This is equivalent to the multiplication in the Z-domain, i.c.

y = 2 re = wl(y = —l = _Z
S(z) = H(2)U(z), where U(z) = Z {u(n)} = T
S(z) (z ‘ i)z AI } A2 | A:s
(=PE-DE-1 (-7 (-3 (-1
and identification gives,
7 25
A=g A=-3 4=

This gives,
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and the inverse Z-transform gives the step response,

7\ ot 95 Ul o (V' 2\"
= [E (5) —5(3) +§] u,(n—l)—g[lo+$o (3) — 60 (5> ]u,(n—l)

where the stationary solution is given by;

s(

-

25
st (n) = gu(w —1)

and the transient solution is given by;

rans 1 N 2\"
ST (n) = 3 [35 (3) - 60 (3) ]'u(w, —1)
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5. Svar:

a) Vi itererar enligt foljande; (ur formelsamling har vi)

An(2)

Bn(z) =

A1 (2) + bz By (2), dir Ag(z) = By(z) =1

knAp-1(2) + 27 Byuea (2)

Ai(2)

By(2)

Aa(2)

By(2)

H(z)

Ao(2) + k127 Bo(z) = 1+ %z'l
k1Ag(2) + 27" By(2) = % +27!

1 1
Ai(2) + k227 By(z) = 1+ 52" - gz‘z

11
kaAy(e) + 27 Bi() = —5 + g2 42

As(2) = As(2) + ksz ' By(2) = 1+ 273
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Detta ger differensekvationen,
y(n) = z(n) +z(n - 3)

samt impulssvaret,
h(n) =6(n) +d(n—3) = [% 00 l]

b) Poler och nollstéllen fis ur rétter till nimnarpolynomet resp tiljarpolynomet
i H(z), dvs
241
3

H(z)=1+2"=




image12.png
ger 3 st poler i origo samt nollstéllen enligt,
Nipz=V-1= S for k=0,1,2

=>
=" ny=—1,n3 =73

Se pol-nollstiille diagram samt amplitud- och fasfunktion, nedan.
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Figure 1: Pole-Zero plot for task 5b)




image13.png
Figure 2:

realran

Figure 1: Pole-Zero plot for task 5b)

Amplitudtunktionen [HL)|

phaselH]
P

Amplitude and phase function plot for task 5b)




image14.png
c) Insignalen bestar av en konstant (DC-komponent) med fo = 0, samt en cos-
inus komponent med f; = 1/4. Den ér icke-kausal med odndlig lingd, dvs
alla insviingningsférlopp kan antas ha upphort. Utsignalen ges da av foljande
uttryck

y(n) = |H(w)lu=o - 5 + | H (@) |um2rsa - 608(27%" —7/4+arg[H(w)]mprya)

Ovanstéende virden ges av,
HW)lomo = H()om =1+ 173 =2
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H(@)lomarjs = H(2)|scpreis = 1+ 2/ =144
Avs |H(w)|w=n/a = V2, arg [H(w)),oprps = § dvs,

y(n) =10+ \/écos(Qn%n)
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Uppgift 1,

a)

b)

c)

e)

H(z)

H(w)

1 = z~=l = 3272 + 22438 =2z~-4

1 - er(-jw)

r _hh(n) =

[-2

r_hh(n mod 4) =

y(n)

[1

[15

- 3en(-J2w) + 2e”(-j3w) -2e”(-jdw)

y(n) = Z h(k)z(n—k) => y(n) = x(n)-x(n-1)-3x (n-2) +2x (n-3) -2x (n-4)

k=—nc
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Uppait 2;

Svar2. ) Fore saumpling har v frekvenserna £250 Hz. Efter sampling har vi

de normaliserade frekvenserna
20
S=tmm sk

varv/sampel. Eftr docimering med faktor 2 har vi de normaliserade
frekvenserna,

1 1
feperskodysk

Efter ideal rekonstruktion har v frekvenserna F = £/ + F,
Hz, dvs y(t) = cos(255000).

Fore sampling har vi frekvenserna £14100 Hy. Efter sampling har
i de normaliserade frekvenserna.

b)

feails

!
1oy
0 5 n

varv/sampel. Efte interpolering med foktor 3 har vi de normalise-
rade frekvenserna,

ik
¥
=5

s,
(i)
Efer ideal rekonstruktion har i frkvenserna £
500 = 1, 125, Hz, dvs.

. £k

125 1) - con(am1250) + con2r

(0 = cosery

©020)
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SVAR 3.  a) Impulssvaret fis direkt ut figuren, da systemet ir ett FIR-filter, enligt

1 1
ﬁts(n) —d(n—1)+ ﬁi(n —2)

Systemfunktionen ir Z-transformen av h(n), enligt

h(n) =

H(z) = Z h(n) = ——z +%z‘2

Frekvenssvaret ir givet enligt (ty FIR och alltid stabilt),

n=—cc

1 1
HWw) = H(2)lsopoo = —z — e 4 —e™>

V2 V2
e (%ms(w) - 1)
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b) Insignalen samplas med Fy = 8000 Hz, vilket ger foljande digitala insig-

nal;
z(n)

cos(2w1000/8000n + 7/4) + cos(2r6000/8000n), —oco < n < 0o
cos(27m1/8n + w/4) + cos(2m(1 — 2/8)n), —oco<n<oo
cos(27m1/8n + 7/4) + cos(2m(—2/8)n), —oco<n < oo
cos(2m1/8n + 7/4) + cos(2m(2/8)n), —oo <n < oo
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Figur 3: Magnitud och fasfunktion i uppgift 3.
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Systemet har féljande dverforing for frekvenserna fo = 1/8 och f; = 2/8,

1
H(2m— 0
(2rg)

Hrl) = o2
8
Dvs systemet sliicker helt frekvensen 1/8 och forstiirker frekvensen 2/8

med faktor 1 och fasforskjuter med /2. Efter ideal rekonstruktion har
vi féljande utsignal;

y(t) = y(n)|n=>r,e = cos(2m1/4 % 8000t + 7/2) = cos(272000t + 7/2)




