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If increments X(tIf increments X(t22) ) -- X(tX(t11) and X(t) and X(t44) ) -- X(tX(t33) ) 
of process X(t) are uncorrelated (or of process X(t) are uncorrelated (or 
independent) for any tindependent) for any t11 < t< t22 ≤≤ tt33 < t< t44, then , then 
X(tX(t) is a process with uncorrelated (or ) is a process with uncorrelated (or 
independent) increments. independent) increments. 

Poisson, WeinerPoisson, Weiner are  independent  are  independent  
incrementincrement
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CrossCross--CorrelationCorrelation

CrossCross--CovarianceCovariance
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Orthogonal Processes Orthogonal Processes 

Uncorrelated Processes Uncorrelated Processes 

Independent Processes Independent Processes –– group of random group of random 
variables X(tvariables X(t11), …, ), …, X(tX(tnn) are independent of the ) are independent of the 
group Y(tgroup Y(t11’), …, Y(t’), …, Y(tmm’):’):

( ) 0, 21 =ttRXY

( ) 0, 21 =ttCXY

( ) ( ) ( )mnmn yyfxxfyyxxf ,...,,...,,...,,,..., 1111 =
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StrictStrict--Sense Stationary (SSS) ProcessSense Stationary (SSS) Process
Statistics not affected by shift in time origin.Statistics not affected by shift in time origin.

( ) ( )ττ ++= nnnn ttxxfttxxf ,...,,,...,,...,,,..., 1111

( ) ( )τ+= txftxf ;; ( ) ( )xftxf =;

First order density is First order density is 
independent of  timeindependent of  time
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Similarly:Similarly:

( ) ( )21212121 ;,,;, ttxxfttxxf −=

( ){ } consttXE ==η

( ) ( ) ( ){ } ( )212121, ttRtXtXEttR −==

( ){ } consttXE == 22 σ

Second order density depends on time differenceSecond order density depends on time difference

Statistics of Stationary processesStatistics of Stationary processes
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Jointly SSS Processes Jointly SSS Processes 
Joint statistics of Joint statistics of X(tX(t) & ) & Y(tY(t)  are the )  are the 
same as X(t + same as X(t + ττ), Y(t + ), Y(t + ττ))

( ) ( )2121 ,,,;, ttyxfttyxf XYXY −=

( ) ( ){ } ( )2121 ttRtYtXE XY −=
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WideWide--Sense Stationary (WSS) ProcessSense Stationary (WSS) Process

If mean is independent of time and If mean is independent of time and 
autocorrelation depends on autocorrelation depends on ττ = t= t11 –– tt22

Jointly WSS Processes X(t) & Y(t)Jointly WSS Processes X(t) & Y(t)
If both If both X(tX(t) & ) & Y(tY(t) are) are WSS, and crossWSS, and cross--
correlation depends on time differencecorrelation depends on time difference

( ){ } consttXE ==η

( ) ( ){ } ( )ττ RtXtXE =+

( ) ( ){ } ( )ττ XYRtYtXE =+
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Concluding RemarksConcluding Remarks
CrossCross--Correlation & CrossCorrelation & Cross--
CovarianceCovariance

StrictStrict--Sense Stationary ProcessSense Stationary Process
Jointly SSS ProcessesJointly SSS Processes
WildWild--Sense Stationary ProcessSense Stationary Process
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