Signaalianalyysi 031080A

Loppukoe 17.1.2019

1. (a) Tutki laskemalla, onko signaali z(t) = e(~1+9%y(t) energia- tai tehosignaali. Laske sig-
naalin y[n| = {%, 2,3} autokorrelaatiofunktio.

(b) Analogisen signaalin z(t) Fourier-muunnos on esitetty oheisessa kuvassa.
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Kuinka pieni pitéé néytteenottovilin T olla, jotta z(¢) voidaan yksikisitteisesti madrits
nédytteistd z(nT), n = ...,-2,-1,0,1,2,...7 Olkoon néytteenottotaajuus fs = 5 Haz.
Piirréd impulssijonon "2 __ x(kT)8(t — kT') Fourier-muunnos. Tapahtuuko laskostu-
mista?
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2. (a) Laske aikadiskreetin signaalin z[n] = {%, 0,3, 1} neljén pisteen diskreetti Fourier-muunnos

X[k], & = 0,1,2,3. Signaali z[n] on saatu niytteistimilli analoginen signaali x=(t)
Nyquistin taajuudella ajanhetkilld ¢ = nT, missa T = 0.015625 s. Mitd niytteistetyn
signaalin analogisia taajuuksia X[k]:n arvot vastaavat?
(b) Analoginen LTI-systeemi on médritelty differentiaaliyhtilolld
y'(8) + Ty(t) = 2z(t - 3),t > 0
alkuehdolla y(0) = 0, z(¢) = 0, ¢ < 0, missd z(¢) on heréte ja y(t) on vaste. Ma#raa
tdmén systeemin siirtofunktio ja impulssivaste. Onko systeemi kausaalinen?

3. Olkoon A ja © riippumattomia satunnaismuuttujia. A:n jakauman (piste)todennikoisyys-
funlktio on annettu oheisessa taulukossa ja © noudattaa tasajakaumaa Tas(0, 27)
ak 1 3 5 7
P(A=a;) (03 04 02 0.1
(a) Laske A:n odotusarvo E(A) ja varianssi D?(A).
(b) Laske signaalin X (¢) = Acos(t + ©) odotusarvofunktio ux(t) ja autokorrelaatiofunktio
Rx(t,t+ 7). Miké on signaalin X (t) keskimaériinen teho?

4. (a) Aikadiskreetti LTI-systeemi mairitellddn yhtalolla
yln] = af] + o — 1],

missé z[n] on heréte ja y[n] vaste. Ma&rdd siirtofunktio H(z) ja taajuusvastefunktio
H(w). Olkoon sitten heréte diskreettii valkoista kohinaa W n], jonka autokorrelaatio-

funktio on
2, k=0

0  muulloin.
Mésréas vasteen Yn| = Win] + Wn — 1] autokorrelaatiofunktio ja tehotiheysspektri.

(b) Méaraa sellainen kausaalinen analoginen LTI-systeemi, jonka vaste on valkoista kohinaa
tehotiheydell& 1, kun heréitteen X(¢) tehotiheysspektri on
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Anna systeemin siirtofunktio H(f) ja impulssivaste h(t).




.ole E. Properties of the Z-transform

Property Time domain z-domain (=ZD) Region of convergence
Notation z[n] X(z) ROC, ={z|r < |z| <71}
yln] Y(2) ROC,
1. Linearity az[n] +by[n] aX(z) +bY(z) At least the intersection ROC, N ROC,
2. Time shifting z[n — k] 27k X (2) That of X (z), except
z=0,ifk>0and z=00, if k< 0
3. Scaling in ZD a™zn)] X(a™12) lalra < |z| < |a|ry
4. Time reversal x[—n] Xz =<l < &
5. Differentiation in ZD  nz[n] -z &MNV re < |z] <1y
6. Convolution z[n] * y[n] X(2)Y(z) At least ROC,; NROC,
Table G. Functions Table H. Definitions
1. .IP.A»A.W. 1. .NHI _&ﬂ_&w
1. Rectangular function rect(t) = 2 r T 2= ) o :
0, [t|>3 2. P.= mmwwo m%lﬂ |z(t)|*dt
. . . 1=, <1 oo
2. Triangular function tri(t) = = 2
3. Unit step function (cont.) w(t) = L 2= i - 2
’ , P ’ - 0. t<0 4. P = ?WHIHWUO 2M+1 MU _.\H—_:\:
n=—M
. . . ,_.q T W D o
4. Unit step function (discr.) u[n] = 0 n<o 5. raylm] = MU Znlyln + m]
n=—oo
. . _JL, t>0 s
5. Signum function sgn(t) = 1. #<0 6. z[n]*yn] = M z[kJy[n — &]
S . C ! oc - _ C=—00
6. Dirac A.mm:m function uﬁw =0, t#0, [T 6(t)dt=1 7. ot rult) = [ 2(ry(t - ) dr
or equivalently 7o 9(0)8(t — to)dt = g(to) s .NCJ = \l z(t)e~ St gt
- 27 fi
7. Discrete delta function d[n] = L n=0 o =2 X(fe df
0, n#£0 N-1 .
; 10. X[k =Y alnle-i2mtn/
8. Sinc function sinc(t) = sin(mt) g = Irle
mt N1 '
11. zln]= L) X[kje2mP/N

12 X(w) = MooU z[n]e~*m

13. z[n]= Wl% X(w)e*™ dw
14. X(z)= M zlnjz™"
15. zn] =5 Mm X(z)z""1dz

16, Aeiwom 5 AH(wg)eivon

Table F. Z-transform pairs

Signal z[n] z-transform X(z) ROC
1. 4[n] 1 All z
1
2. un] — [z| >1
z71 1
3. nu[n] a Imuva lz| >
4. a™u[n] == |z] > |a]
Table 1. Fourier transform pairs
gln] G(f), -3<f<j3
1
L. e
UEA: bﬁw
o ry
in(2rWWn) 1 -
sin(27Wn
7l < =
2 n ;W< 2 f
-w 0w
M+1 ,
sin(@ f (M + va
3. m
:.:::r n sin(rf)
-M M
4. a™ 1 1
-a™un], |a| < Ty m
l1-a
5. al™l, 1
lal < 1 —2acos(2nf) + a?
6. d[n] 1
7.1 3(f)
8. 8[n — M] e~i2nfM
9. e7#mon | f| < & 6(f — fo)

10. cos(27fon), |fol < w
11. sin(2wfon), |fo| < 3

12. uln]

30(f = fo) + 36(f + fo)

3:(0(f = fo) = 6(f + fo))

1
W%A.\.v i 1 — e—i2nf
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.ole E. Properties of the Z-transform

Property Time domain z-domain (=ZD) Region of convergence
Notation z[n] X(z) ROC, ={z|r < |z| <r1}
y[n] Y(2) ROC,
1. Linearity az[n] +by[n] aX(z)+bY(z) At least the intersection ROC, N ROC,
2. Time shifting z[n — k] 27k X (2) That of X(z), except
z2=0,ifk>0and z=00, if k<0
3. Scaling in ZD a™z[n] X(a™t2) lajre < |z| < lajry
4. Time reversal z[—n] X(z™h H < 2| < H
5. Differentiation in ZD  nz[n] -z RMMNV G <z < 3
6. Convolution z[n] * y[n| X(2)Y(2) At least ROC, NROC,

Table G. Functions

Table H. Definitions

1. Rectangular function

2. Triangular function

3. Unit step function (cont.)

4. Unit step function (discr.) ufn] =

5. Signum function

6. Dirac delta function

or equivalently

7. Discrete delta function

8. Sinc function

—4 1 1. z(t)|%dt
rect(t) = 1L -1 A_uA : =[5 12(t) _
0, [t|>3 2. P.= H_EH S _&Qv_m&
oo 2
trit) = 1-i, <1 . 5
B (R S 3 Be= ), latol
= [L >0 R i
u(t) = 0, t<0 4 P= Eﬁlmzuo SMF1 M |z[n]|
1. n > 0 - |§|Hl>...x
0. n<0 5. rayfml= > znjyln+m]
1, t>0 %%
sen(t) = -1, t<0 6. z[n]xylnl= > azlklyln—k
_ _ k=—oc0
8(#) =0, t#0, [T o(t)dt=1 7wt xyt) = [0 x(r)y(t— 1) dr
J7o 9()8(t — to)dt = ,%& 8 X(f)= bs z(t)e~2m St gt
8[n] = L, n=0 9. z(t)= %wooo X(f)el2 It gf
- 0, n#0 N-1 ——
i 10. Xk| = x[nle” T
sinc(t) = |m5®5 [k} :MH.UO [nle
mt N-1 .
11. zln)=4% MU X [k]et2mkn/N
kO.llmo
12: X(w)= M z[n]e~
13. z[n] = Wl%wﬂu X (w)e™™ duw
14. X(z)= M z[n]z™"

15. zn] = 5= .sm X(2)z""1dz
16. Ae™o™ — AH (wp)etwon

Table F. Z-transform pairs

Signal z[n] z-transform X(z) ROC
1. 4[n] 1 Allz
1
2. u[n] T==T lz| > 1
271 )
3. aﬁ_”\;_ g zZl >
4. a™u[n] =" |z| > |a]

Table 1. Fourier transform pairs

g[n] G(f), —3<f<j
sin(wf(M + 1)) minfM
L-::::_-- i
(27 Wn) 1 -
sin n
-w 0 W
M+1 A Hm.?.a :u 5
sin(a f(M +
> :::F . (e )
sy
4. a™un], |af <1 H|I|9M|4i
5.a, o <1 ki
) 1—2acos(2nf)+ a?
6. &[n) 1
7.1 (f)
8. 8[n — M)] g e
9. e~2mfon |fo| < L 5(f — fo)
10. cos(27mfon), |fo| < % $0(f — fo) + 26(f + fo)
11. sin(2rfon), |fo] < 3 2:(6(f = fo) = 8(f + fo))

1

12. ufn —_
) L

$6(f) +
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Table J. Definitions & formulae

o 1% ()

1. QQV = M\lr.oo wlﬂ&q‘

2. x4 (t) = 2(t) + i&(t) = F()e2 et

3. X ~Poi(), p= A, 02 =), P(X = 5|| 2, k=0,1,2,.
4. X ~Exp(a), p=1, 0® =%, f(z) =ae™, >0

5. X ~N(p,0?), f(z) = = wu-wﬁ;n

6. X ~ Rayleigh(a), u= /55, 02 =47, f(z) = aze 712" £ >0
7. Nw = QN#IH mod M

8. {E[XY]}? < E[X2E[YY]

9. Cy = ACx AT

10. W(t) —W(s) ~ N(0,0%(t —s))

11. X (t) — X(s) ~ Poi[A(t — 5)]

12. X(t) =Y (t— A4), A~ Tas (0,4), mu«?.v =1—|7//A, 7| <A
13. X(t) = N(0,t), P(N(0,t) =k) = e~

14. Z(t) = AY(t), Rz(7) = e~ 27l

15. E .\NAS&& %.o,\v. wH,me&wHQ@m

16. Sx(f) = lim ZIHOR (ot t4 ) = [ Sx(f)eIrdf
17. Sx(f) = Mo Rx(t)e ®7frdr, Rx(r)= Mo Sx(f)e?mfrdr

o 1/2
18. Sx(f) = 3. Rx[kle™™*  Rxlkl= [ Sx(f)e2"fkgf
k=—o0 -1/2
10. Px = | Sx(Hdf
_ 20 Y(t) = h(t) « X(t) = .\ h(s)X (¢t — s)ds = ,\ h(t — s) X (s)ds

21 Yln) = hfn]* Xl = > A[j]X[n—j]

j=—o0

23.

. H(f) = woiamuaim&

H) = § e

24. Ry(7) = h(—7) * h(7) * Rx(7)

25. Sy (f) = H()PSx(f)

26. Rxy(7) = Rx(7) xh(7)

27. Sxy(f) = H()Sx(f)

28. Syx(f) = Sxv(f) = H{f)Sx(f)

20. Hopi(f) = &gdyei2nfto

30. Hopo(f) = 3228 X(1) = Z(t) + N(2)

31. m.ov;\.v W%?Mu €= &. mmnnn“.ﬁ.urw%h%u&\.
32. Yin] = M hlk]X[n— k], Y(t) = WJQVN‘Q — s)ds

33.

34.

35.

36.

37.

38.

39.

40.

4]1.

k=a a

X[kl = Z[k] + N[k], X(t) = Z(2) + N(2)

NXN—S_ = w% ?T&NV\—S - \o_, €= .N.NNAOV - wa }T&NXNT&

Rxz(T) H%«E.&mk?. —s)ds, e = Rz(0) I%vi.wvmximv&m

Rxz[m] M hlk|Rx[m — k]

B Moi%? (r — s)ds

W(f) =1/G(f), Sx(f) = G(f)G(F)

.m.wm.\.v — mlo mwk‘NTﬁ._mls,m:.x.S

Ryizlk] = 3 wlilBxzlk + ), Sxo2(f) = Sxz(F)/GCF)

=0

H(f) = W(f)Ha(f)



