


Concepts in this Chapter
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Why modeling Signals?
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Signal Modeling

* In a point-by-point description, the value of the signal at eac‘me
instant is stored in a I_opk-_u_p-t__able g
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Signal Modeling
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A signal classification
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Homework: Time Averaging and Expected Value
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Homework: Time Averaging and Expected Value
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Why statistical modeling is useful?
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Review of the Concept of Stochastic Process
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Stochastic Process

To full / act

In other words, we
ation) to happen







Stochastic Process Model

 |In general practice, we will not look for a complet’
descrlptlon of the SP but we WI|| deflne by
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S

Later, we .
the SP l.e. the impa
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Summarizing main concepts of SP

« A SPis a mechanism that generates time-variant amplitudes —,
signal. Each of the signal produced by a SP is called “realizatic
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Amplitude Distribution

» For each instant of time of the SP (sample) its amplltude |s.

~Random \ W. e following a Probability Density Function (pd)
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Numerical Example

Roll a Dice « Time average

‘\ x[n]=5
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The Correlogram

A CowmpirisoN of the Frucruvarions in the PRrICE of WHEAT and
in the CorroN and SiLk IMpoRTS info GREAT Brrraiv. By
J. H. Porvtmvg, M.A., late Fellow of Trinity College, Cambridge ;
Professor of Physics, Mason College, Birmingham.

[Read before the Statistical Society, 15th January, 1884. Sir Rawsox
W. Rawson, K.C.M.G., C.B., a Vice-President, in the Chair.]

John Henry Poynting
(1852 - 1914)
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Autocorrelation

- Many power-defined signals (time-unbounded) eXthIt.
repetltlon patterns AIth@ugh such sgnals are not peric
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Autocorrelation

- To measure likene:
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Autocorrelation for Energy-Defined Signals

75 S e e Tty ph e = & B Sl il e L R e BT g T 1 B e }
« Ifx[n]is a
function F

Telecommunica

—










Autocorrelation for Power-Defined Signals
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Autocorrelation Summary

 The autocorrelation function is a measurement of the sg
likeness of a signal — |n other words the autoc ati
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Autocorrelation Properties
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Autocorrelation _Properties
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Autocorrelation of Stochastic Processes
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Intuition

« Butif we
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Intuition - Definition

« Which is a measure
iables obtained in two Ir
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Example: Rxx based on one SP realization

X(t
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Example: Rxx averaging over “all” (many) SP
reallzatlons
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Summarizing
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Statistical Independence
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Intuition for Independent Signals
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Stationary Stochastic Processes
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SP and Ergodicity
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Time Averaging and Statistical Expected Value

« Time a ‘era e- ¢] an ex -_ ed value
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Time Averaging and Statistical Expected Value

<x2(t)>:1imL Tsz(t)dt i

(x(D)) = lim — [ x(H)dr tim [’

T—o0 DT ¢-T
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SP classification

Stationary (power
defined signals)
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Cross-Correlation
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Cross-Correlation of two Energy Defined Signals

- Let x[n] and y[n] be two energy defined di
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Cross-Correlation of two Power Defined Signals
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Cross-Correlation from a Statistical Viewpoint
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Important to note that only when the two processes are
uncorrelated, the power of the sum is the sum of the
powers







Gaussian Noise
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Why do we want to study the Spectrum?

« Cyclic processes are qulte common in natur
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Energy Spectral Densﬂy
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Energy Spectral Density
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Power Spectral Density
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PSD properties

1

Telecommunica




Cross Spectral Density
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Summary of Spectral Density

* Energy (or Power) Spectral Densﬂy descrlbes how ene y
(or power) is strlb d along frequencies -

Can be used for Stochasti
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Summary of Concepts in this Chapter
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