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Expectation of the Output (Input WSS)
Wetation: — W(f) = F{ni9} = § wit) < s

Expectation:  wyld) = EfT(} = £f Th(0) X¢-17) ar]
Expectabin vs near

o

=-500hlf) EiX(é ‘t)z dr = f’h(‘t’)l- mx(é—-t? a2
X(t) WSS Ldentify

L owg S he) e 2 mp HCo)

Thus: wy (£) is independent off .
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Filtering Stochastic Processes

LTI sgskm
Determinvshe

Stochastic processes
T = (Xxh)(8) = § MO T (1) dr
Demane : Sta.b&&,'@. B j:ih(t)' 4t canverg&wé

Holds regardless of stationarity.

" TSDT14 Signal Theory - Lecture 3
II “ LINKOPINGS
() UNIVERSITET 2018-09-13 2

ACF of the Output (Input WSS)

ACF:  rpltes) = E{TOT (o) = Ef Tue)X(4-7) -_zh(n) X(t+7-7,) dtif

E}..J lincar
[ 5§ ME)h(5) E[X(-2) R (vt-1] oz A7
X(t) wss
:_Sjj: w(t;) h(3;) e+ t-1,) drdz, = f-;’({;)—:;(..t)/

=_TK<€M@;) e (t-74-7,) dos dt; = (hxRrrg) (%)
Thus: Fp(4t+t) independent of ¢, and we write
(1) = (hxkrr) (z)
PsD:  Ry(f) = K- W () Ry() = [14)]* B (D)
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Example Filtering

Let X(?) be a wide sense stationary process with rg(2) = € et

( Lol
X)— #P) |—T® H(f)={o e eutere

Determine the sutput power E{Y2(£3.

ELEOF = i (0) = J by (f) df =5, [HOI" ke lf) ot

=_S,Zx(f)o¢f; _:E%mf-)r"f= w=2rf

oo = 2 o
Table
= L ! _ 1 r .2
= V_W_H’wt dw i T [Mcﬁ.b\(w)]_w =7 arafw(‘zr)
Std a‘nfegm.é
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Argument for Ry(f) 2 O

P4U1ES 2 \ Hﬁ‘)
X— KO T8 =], fetdetos ot

ebsewhere —>
o v '{B‘A To | \‘o {u(’A
A20

00 o ~/°4A
o < EfY4% =_£lu(f)l- Ry (6) df = 2-'§ by Af
A small ’

‘ z
Losts) = e~ ELZOL

>0
Hore precisely :
2
) = g H 5o
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Normalized Filters
Normelzed folter : _3;1»»&)}2# =
Input: X(#), W6N, Pg{)=R, mg=0.
Outpuct- k(@)= 1 v@®)" e (h)

my = #(0) - mg =0
i ¥ EfP0] = 5@ = () 44
- o § W4t ; 8.3 el 2,

f

Parseval A/o%%é?ed
Pnd LTI + Gaussiam input => Y(4) Gaussian.
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Cross-Correlation

Two Processes: X&) & T(¢)

Cross-Correlation:  ryy (4,%,) = E{X()T ()]
Pfap&rﬁa‘ r‘x'x (f., fz) = Y:X (‘éu fz)
hr G t) = rpy(h,t)

’j?z (tu-tZ) < r_.x_(tu t) V‘Y (tz; fz)
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Uncorrelated and Independent Processes

ﬁe-ﬁlw:élbn: Conscder two processes X (£) and T¢) and sm/é Hhocon
on the bime ohsbances ?z‘ (’6.;, . ,,,) and = ( 20 a,q/)
respedivels. The processes are said bo be wndependont o
X (%) and YY) ore ddependent, ce. of

B (33) = Bu) @) Fea ()
holds for every N, every &, and every 2, .
De{»}u'ézbm Two processes X(t) and TE) are said %o be unconeleted
Ty (t,%) = mglt)-my ()
holds for all ¥, and Z,.

Pelehan: — Independent => Uncomrelafed.
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Joint Stationarity

De{v'mfﬁom: The processes X(¢) end TH) are sacd %o be
é‘m)»f% st’zz’éw'mdrg W the wide sense o

X&) os stationary o the wide seme,
@) s stationary o the wire sense,
Gy lb,t,) depench ouly ov ¢,

Notation, : ry (4-%) = gy (¢, t)

Ry () = kg (¢t ¢)

Cross spechyum: R/x‘y ) = ’F‘{ '5:,2@')3
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Jointly Gaussian Processes

ﬂe{dwﬁ'oM Cowsder two processes X)) and T and sam/é Clego
L”m 610“& ‘L-SW 'f (th - m) M i (fu) - w)
ms,cdwe&g. The processes are saod to be jontly Gausscan

of [X(f) Y(%)] an.edomzfg Gausian for every M,
every €, and e,ucrg 2

Theorem : It X(t) awd X ) are uncorelated and g § :Lég Gausscas,

they are ebo
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LTI Filtering

XO)— hO) Y =@xn® =_}3mxcf-r) oLz

hy (6. t) = EfT6)X%)} = E{ Lo X(-0) 40X ()]}

=_§Mff) EfXG-7)X(,) 4 =_3‘: W) (4~ 2,) <2
w,s.st:f.
-}-:_Soh.('t’) '_‘x({':'tz‘ T)dr = (h'* x)(¢-1,)

Jolutly statvenary wnthe wide sense§

g (2 = (hxrg) () By (£)= H{)- ()
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Filtering with Orthogonal Filters 1(2)

he) | T8 = (o)) = S @X6-7) &z,
Xl)—— Mikael Olofsson
W) [ T8 = @)@ =S mEXE-5) L5 ISY/CommSys

Orthogonal : _zh, ) h, () ¥ =0

www.liu.se

Inpd: X)), WM, Eg(f)=f, , mg=0.

Means : m,z;= Hh(o> mx = 0

Questvon:  Are they correlated { . (same Gine)
j LINKOPINGS
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Filtering with Orthogonal Filters 2(2)
ry,7,(t) = E{Z.(O%,4} = Ef T (m)E-0)dty § (R (-8, oz }

I h.(t);ZhZsz)- E[X(¢-2)X(¢-1,)} d7; 4z,

U

=_‘S::hl (17) j;h'l(.ft) : ’i('t; - t;) e(‘t',_ dz,

Wikte
EP ) Tl 1.5Gi-1,) drida; = B T (x8)(2)

0rﬂw%ond
= Ro-§ M) ho(T) dz; = 0 = my-mg.

Uncorrelated + sountly Gauwssiam = Iudependent.
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