Reference Card Random Signals and LTI Systems

Ensemble Averages
N
First Order E{f(z[k])} = 11 Z (zn[k])
Linear Mean wz[k] = E{z[k]} )
Quadratic Mean E{z*[k]}
Variance oulk] = E{ (k] — ps[k])*} = E{a”[k]} — pi[K]
N
Second Order Order E{f(z[k1], z[k2])} = A}gn % Z fznlki], znlke])
Auto-Correlation Function (ACF) Paalk1, k2] = E{z[k1] - z[kz]} )
Properties
Linearity E{a-z[k] +b-y[k]} = a- E{z[k]} + b- E{y[k]}
Deterministic Signal s[k] E{slk]} = s[k]

Stationary and Ergodic Processes

Stationarity E{f(z[k1], z[k2])} = E{f(z[k1 + A],z[k2 + A])}
First Order Ensemble Average E{f(z[k1])} = E{f(z[k1 + A}

Linear Mean uzlk] = p

Variance ozlk] = o2

Auto-Correlation Function (ACF) Vza[k] = E{z[k] - z[k — K]} = E{z[k + k] - z[k]}
Cross-Correlation Function (CCF) ozy|k] = E{z[k + K] - y[k]} = E{z[k] - y[k — ]}
Power Spectral Density (PSD) Brr(67) = Fu{pualr]}

Cross Power Spectral Density (CSD) By (@) = Fu{puy[rl}

Ergodicity f(xnlk], znlk — k1], Tn[k — K2],...)
= E{f(z[k], z[k — k1], z[k — K2],...)} Vn

Random Signals and LTI Systems

olk] ——  H('?) — y[k]

Stationary Input z[k]
Linear Mean fy = o - H(e?0)

Correlation Functions and Power Spectral Densities

Paa[K] o—e Dy (e’ ?)
Pyz[K] = h[K] * PualK] o—e Oyale’?) = H(e'?) - @uu(e’®)
Pay[K] = B [=K] * Quak] o—e Ouy(e!?) = H (1) - uu(e’)
Pyylk] = onn[s] * Paz[K] o—e By (e'?) = [H(')|? - Dou(e!™)

where pnn[r] = h[k] * B*[—kK]

Sascha Spors (Sascha.Spors@uni-rostock.de), Frank Schultz
. o L L >

Institute of Communications Engineering, Universitit Rostock



Reference Card Random Signals and LTI Systems

Amplitude Distribution

Univariate
Stationary Process
Bivariate

Stationary Process

Cumulative Distribution Function (CDF)

P.(0,k) = W{z[k] < 0}

P,(0,k) = Py(0)

Pyyag (01,02, k1, ko) = W{(x1[k1] < 01) A (z2]ke] < 62)}
Priwy(01,02,k1,k2) = Pyy2y(01,02,k) mit K = ko — k1

Univariate

Bivariate

Probability Density Function (PDF)

d
pz(0,k) = @Pz (0,k)
2

Px(01,02, k1, k2) =

= mpxlwz (017927 kl,kg)

First Order

Second Order

Linear Mean

Variance

Auto-Correlation Function

Ensemble Averages for a Stationary Process

Ewum»:[fﬂ@mwme
Bkl +a)} = [ " (01,02) Doros (61, 02, ) 6 6

o = E{alk]} = / 0 pa(0)do

ot =B} st = [ 6 pa(0)a0 i

Paz|k] = E{z[k] - z[k — K]} = //_Oo 010 pa (61,02, k) df; db,

Selected Amplitude Distributions
Uniform Distribution
L for z, < 0 <z,
pe(6) = § o .
0 otherwise
0 for 0 < x,,
Py (0) = zeo’_l;u for z, < 0 <z,
1 for 6 > z,
—Tq Lo~ Ty 2
Mz = Lo 3 Ua2c = { 12 )
Normal (Gaussian) Distribution
1 _@-ue)?
p2(0) = oz
( ) V2o,
1 0 _(t—pe)?
P.(0) = 7/ e 2 d
() orenll 3
Laplace Distribution
1 _ [0—pel
pa(6) = o=—e V? o
20
O—pg
;eﬂ . for 6 < py
Py (0) = | — 30—k
1-3e ow for 60 > iz
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