EECS 501 CONTINUOUS-TIME RANDOM PROCESSES  Fall 2001

DEF:

1.

[\

A continuous-time random process x(t) is a mapping x : ) — RR, or
z(t,w) : (R x Q) — R where QQ=sample space and R = {reals}.
Fix t, € R — z(t,,w)=random variable indexed by time index t,.

. Fix w, € Q — z(t,w,)=sample function=realization (not continuous).
. Kolmogorov Extension Thm no longer holds: dunmeasurable rps.

: x(t) is N -order stationary if joint pdfs of order N have:

fot)..atn) (X1 XN) = fottitr)..atn+r) (X1 ... Xn) for any 7.
x(t) SSS strict sense stationary < N'"-order stationary for all N.

: iid—SSS— Nt"_order— 2"%-order—WSS— 15t-order«id.

x(t) Gaussian < {x(t1),z(t2)...x(tny)} JGRV for all t;...tn

(t,
: (Auto)covam’ance K.(t,s) = E[x(t)x(s)] — Elz(t)|E[z(s
2 (1) K (0) = (7

z(t) WSS wide sense stationary < pu(t) = p and K,

s) =

)| =
02y 2 05 (2) Ko(T) = Kao(—7); (3) |Ka(T)] <
z(t) white < x(t) WSSand K, (t,s) = 026(t — s) & Sy(w) =

(t—s).
),xz(s)-

K,

>\(t
K2(0).
2

[7 h(t—s)E[z(s)]ds = [°._h(s)E[z(t—s)]ds (h(t)=impulse response).
2 h(w) K, (t s —u)du= 7. h(s — u) Ky (¢, u)du = Kyu (s, t).
[ [ h(t—u)h(s—v)Ky(u,v)dudv = [ [ h(u)h(v)K,(t—u,s—v)dudv.

WSS: K

: E[y ] = [7°_h(s)ds = H(0)u=constant.

ffh wh(v)K,((t —u) — (s — v))dudv
= f f h VK ((t—s) —u+v)dudv = K,(t —s) — y(t) also WSS.

Kay(t,s) f h(u)Ky(t — s+ u)du = Kgpy(t — s) — x,y jointly WSS.

Transfer

PSD: S, (w

Then:

function: H(w) = [7°_h(t)e I*tdt < h( == [ H(w)e*'dw.
= [T _Ry(r)e™3“Tdr =2 "R )cos(wT)dT (R.(7) even).
Sy(w) = Hw)H(—jw)Sz(w) = |H(w )|2 »(w). Much more later!

EX1:
EX2:
EX3:

EX4:

Wiener process=0-mean,lI,Gaussian process<-cont-time random walk.
Poisson counting process=II; Poisson increments<#arrivals in [0, ¢].
WGN (White Gassian Noise)=white Gaussian rp (need not be noise).

WGN— ]% + ay = bu| —Gauss-Markov rp (15%-order system only).




