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Outline

@ Averages and Ergodicity

© Mean Ergodic Processes

© Correlation Ergodic Processes
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Averages and Ergodicity

Average

N Gaussian random variables

.
Arfe] = % /[o]dt
T
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Averages and Ergodicity

Time-Autocorrelation Function
N Gaussian random variables

"
X1 = Ar[x(£)] = % / x(£)dt
T

)
Rr() = Arlx(Ox(t +9)] = 5 [ x(t)x(t+7)d
J
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Averages and Ergodicity

Expectation of Time-Autocorrelation Function
N Gaussian random variables

E[Rr(7)] = E[AT [x()x(t + 7)]] = Rxx(7)
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Averages and Ergodicity

Ergodicity Theorem

N Gaussian random variables

Definition

lim E [(X,—X)?] =0

n—oo

Ale] = lim Arfe]
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Mean Ergodic Processes

Conditions
N Gaussian random variables

© X(t) has a finite constant meanX for all ¢
@ X(t) is bounded x(t) < e for all t and all x(t)

© Bounded time average of E[|X(t)]]
. T
lim — [ E[|X(¢t)|]dt

T—ow2T
-T

© X(t) is a regular process

E[IX(6)P] = Rux(t,1) < o=
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Mean Ergodic Processes

Mean Erogodic

N Gaussian random variables

A wide snese stationary process X (t)with a constant mean value X
is called mean-ergodic if X7 = A7 [x(t)] converges to X as T — oo

lim E[(x7—X)*] =0

T —oo

lim Ox — 0
T oo

Young W Lim Example Random Processes



g
0
o
a
- €
S5 2
T = £
2 T ©
(d.|_ 2
—~ o
TT_iX < g
= i
=7
R e W SR ATy
e = N~ £
= 8§ X X 5
7VA o — — 2
7VA ~—~ —~
| < < B 1
— _ ..lm m
E o | A >
X T & = &
/l\VA(\/I\..L./
T(VA VA(
~ ~ ~—~— ~—
L= = &
— |~ x
_IIT_EC

= ~

] w R R
= ~— ~— — =
c __ _|:|_17212
= (S N I U NN
¥ Aix

(@)

© [ | (|

[%2]
— 9
— Q
~— .0
~ S
I< £
Y-
© 5
o E

@
C 5
© 3
. @©
o O
> =




Mean Ergodic Processes

Variance of X1 (2)

N Gaussian random variables

Definition

Xx(T), T—tl—t, dt; =dT
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Mean Ergodic Processes

Variance of X7 (3)

N Gaussian random variables

using the symmetry Cxx(—7) = Cxx(—1)

1 2 7|
2 _ _ 1
Ox, 5T / (1 2T> Cxx(T)dT

—2T

a necessary and sufficient condition for a WSS process X(t) to be
mean ergodic

2T
: 1 |7 B

—2T
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Mean Ergodic Processes
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Mean Ergodic Processes
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Correlation Ergodic Processes
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Correlation Ergodic Processes
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Correlation Ergodic Processes
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