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MM2. Discrete Linear Process Models

Moving Average (MA) models
Autoregressive (AR) models
Autoregressive Moving Average (ARMA) models

Reading page: Chapt 5, pp.250-275
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Motivation

Prototype signals: impulse, exponential signals 

Signals generated by prototype signals through a system  

System identification

Data Analysis
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Discrete Linear Process Models

Moving Average (MA) models
Autoregressive (AR) models
Autoregressive Moving Average (ARMA) models
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Moving Average (MA) Processes
Definition: A random sequence X[n] is a moving average 
process of order q (MA(q)) if for any n, there is 

Where Z[n] is a white Gaussian process
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White Gaussian Noise
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Properties of MA Models

Stability
Transfer function: 
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Statistic Properties of MA Process

Mean, autocorrelation and PSD functions of 
MA(q) process:
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See p.270
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Example: MA processExample: MA process
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Example: MA process (contExample: MA process (cont’’d)d)
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Example: MA process (contExample: MA process (cont’’d)d)
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Example: MA process (contExample: MA process (cont’’d)d)
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Discrete Linear Process Models

Moving Average (MA) models
Autoregressive (AR) models
Autoregressive Moving Average (ARMA) models
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Autoregressive (AR) Models

Definition: A random sequence X[n] is an autoregressive 
process of order p (AR(p)) if it is WSS and for any n, 
there is 

Where Z[n] is a white Gaussian process

Recursive filters, all-pole models, state space model, ..
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Recursive Filter ImplementationRecursive Filter Implementation
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Poles of AR processes (all-pole model)
Stability: the AR process X[n] is causal and stable, if and 
only if, the poles of the following transfer function locate 
inside the unit circle. 
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State Space Model 
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Statistic Properties of AR processes
Mean, autocorrelation and PSD functions of AR process 
X[n]:
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Example – AR process

See the blackboard
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Yule-Walker Equation



15-Sep-04 Stochastic Processes 20



15-Sep-04 Stochastic Processes 21

System identification
Yule walker (autocorre.)
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Discrete Linear Process Models

Moving Average (MA) models
Autoregressive (AR) models
Autoregressive Moving Average (ARMA) models 
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Autoregressive Moving  Average (ARMA) Models

Definition: A random sequence X[n] is an autoregressive 
moving average (ARMA) process of order (p,q) (denoted 
as ARMA(p,q) if it is WSS and for any n, there is 

Where Z[n] is a white Gaussian process

Any WSS process can be approximated by an ARMA(p,q) 
process
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Properties of ARMA Processes

Transfer function:

Stability and causality
Statistic properties: 
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Remark: AR,ARX and ARMAX Models
System Identification Toolbox: 

Estimate the parameters of an AR model for scalar time series: 
m = ar(y,n)

Estimate the parameters of an ARX or AR model:
m = arx(data,'na',na,'nb',nb,'nk',nk)

Estimate the parameters of an ARMAX or ARMA model:
m = armax(data,'na',na,'nb',nb,'nc',nc,'nk',nk)
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Summary of MM2

MA(q): 

AR(p): 

ARMA(p,q): 

Statistic properties 
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