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3. (p) Tarkastellaan LTI-systeemié, joka on médritelty integraaliyhtalolla - *
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Olkoon heriite X (t) stationaarista valkoista kohinaa, jonka tehotiheys on Sx(f) %r”- Maaraa

n@

a) heriitteen ja vasteen ristitchotiheysspektri Sxyv (f)

(
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(¢) vasteen tehotiheysspektri Sy (f)

b) heriitteen ja vasteen ristikorrelaatiofunktio R xy

(d) vasteen autokorrelaatiofunktio Ry (7).
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Opastus: kirjoita integraali konvoluutiona selvittdéiksesi impulssivasteen ja taajuusvastefunktion.

4.(p) Linear Predictive Coding (LPC) on puheenkoodauksessa kiiytettivi menetelmi, missi puhesignaa-
lin X (t) néytetti X[n| = X(¢,) ennustetaan aiempien néytteiden lineaarikombinaationa
X[n] =al]X[n—1]+a[2]X[n— 2]+ ... + a]p| X [n — p] + E[n],

missd E[n] on mallin virhe. Titd voidaan toisaalta pitéda rekursiivisena suodattimena, missid E[n]
on heriite ja X[n| vaste. Kertoimet a[n] valitaan siten, ettd siirtofunktion napoja vastaavat kul-
mataajuudet kuvaavat mahdollisimman hyvin koodattavan puhesignaalin resonanssitaajuuksia (ns.
formantteja). Voidaan osoittaa, etti optimaalisen suodattimen kertoimet saadaan ratkaistua yhti-

l6ryhmisti

Olkoon tdssd p = 2. Madrid optimaalisen suodattimen kertoimet, kun signaalin X [n] autokorre-
laatiofunktio on Rx[m] = cos(Zm). (Ohje: sijoita annettuun kaavaan m = 1 ja m = 2 ja ratkaise
vhtilopari.) Madrdd saadun suodattimen siirtofunktio ja navat. Mitd resonanssitaajuuksia navat
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Rx[m] =" alk]Rx[m — k],
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Table D. Trigonometric identities

1. e = cosfl + isind
Re 2
Table B. Fourier transform pairs T“b;? g( i Th(t)e‘i"’"f'dt
Time function Fourier transform e
1. rect (4) Tsinc(fT) 26, H(f)= 3 hfnle=2  H(w)=
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f: h[n]e—#n
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e=tu(t), a>0 P 28. Sy(f) = [H(H)PSx(f),  Sy(w) = |H(w)Sx ()
2a
e_altl, a>10 =773
vt 30. Sxy() = HNSx().  Sxv(@) = Hw)Sx(w)
it 2
3‘ ‘trlz( T{J{?’t Tslllzc. (‘;T) Table E. Properties of the Z-transform
8‘ Sm(; {(t) ) w r;{ ) Property Time domain z-domain (=ZD)
9‘ 1 5(f Notation z[n] X(z)
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2. Time shifting
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3. (¢) Consider a LTI-system defined by the ingeral equation — T
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Let the input X () be white noise with power spectral density Sx(f) = %‘l Find o (% -T)
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(a) the cross spectral density Sxy (f) of the input and the output =.. = et

(b) the cross-correlation functiono Rxy (7) of the input and the output T [.S’“ % )] Q‘_E)I e'_-rm‘\ ) < (&)

(c¢) the power spectral density Sy (f) of the output = 6 ) o

z 2 S e

(d) the autocorrelation function Ry (7) of the output. =5 157 (‘(‘7] h h(#) = K(f)
Instruction: write the integral as a convolution to find out the impulse response and the frequency ’o«!—bHL: at+b*
response function.

4.(c) Linear Predictive Coding (LPC) is a speech coding method, where the sample X[n] = X (t,,) of
speech signal X () is predicted as a linear cobination of the previous samples, i.e. Eirl win] Tin]
X[n|=a[l]lX[n—1]4+al2]X[n—2]+ ...+ a[p|X[n — p| + E[n], £(2) e X (2)
2)
. . R ~———_ X%(C

where E[n] is the error of the model. On the other hand, this can be regarded as a recursive filter = %

with E[n] being the input and X[n] being the output. The coefficients a[n] are chosen in such a

way that the angular frequencies corresponding the poles of the transfer function describe as much Hew) = H(a)\ PR
as possible the resonant frequencies (the so-called formants) of the speech signal to be coded. It 2=t
can be shown that the coefficients for the optimal filter can be solved from the system of equations

Rx[m] i (K|Rx[m — K], f 1.2 D {am
x|\m| = alk|Rx|m —Fk|, form=12...p. = =
k=1 ! > m=2: R, E = afz]
Let here p = 2. Find the coefficients for the optimal filter, when the autocorrelation function for NS
signal X[n] is Rx[m] = cos(3m). (Instruction: substitute m = 1 and m = 2 to the given equation
and solve the pair of equations.) Find the transfer function and the poles for the filter. What / :
resonant frequencies do the poles correspond to? Y § 1 Be
Table D. Trigonometric identities k
1. ¥ = cosf £ isind
=Re 2
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