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Terminology 
Åcontinuous -time / discrete -time  

Ådeterministic / probabilistic  

Åmemoryless  / with memory  

Åcausal / noncausal  

Å time -invariant / time -varying  

Å finite -dimensional / infinite -dimensional  

Å linear / nonlinear  

 

Åstable / unstable  

Åcontrollable / noncontrollable  

Åobservable / nonobservable  
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Impulse response 



Linear 
system 
response 

Zero input 
response 

Zero state 
response 

Impulse 
response 



y 

Zero input 
response 

Zero state 
response h 



y = h * u 
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Finite impulse 
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Infinite impulse 
response (IIR) όὸ ώὸ Examples? 



Discrete Deterministic Causal 

Time-invariant Finite-dimensional 

ὼὸ ρ ═ὼὸ ║όὸ 

 ώὸ ╒ὼὸ ╓όὸ 

 

◐ ▐ ◊z 

 

 

Linear Dynamic system 

Convolution Impulse response FIR/IIR 
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Fourier transform 

Laplace transform 

Z-transform 
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Transfer 
function 



Transfer function of a linear system is 
the Z-transform of its ___________ 



Transfer function of a linear system is 
the Z-transform of its impulse response 
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ώὭ όὭ ώὭ ρ 

◐ ◊ ◐  

◐ᾀ ◊ᾀ ᾀ ◐ᾀ 

◐ᾀ ρ ᾀ ◊ᾀ 

▐ᾀ◊ᾀ ρ ᾀ ◊ᾀ 
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Causality 
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Infinite impulse response 
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Ὤᾀ
ς σᾀ

ρ τᾀ υᾀ
 

BIBO unstable ᾀ ς Ὥ 



BIBO-stability 

 
ÅA dynamic system is BIBO-stable, if any 

bounded input sequence excites a bounded 
output sequence. 



BIBO-stability 

If the impulse response is absolutely summable,  

ȿὬὸȿ Њ 

the system is BIBO-stable. 

 
ÅA dynamic system is BIBO-stable, if any 

bounded input sequence excites a bounded 
output sequence. 



BIBO-stability 

If the impulse response is absolutely summable,  

ȿὬὸȿ Њ 

the system is BIBO-stable. 

If all poles of the transfer function ▐ᾀ lie 
inside the unit circle, the system is BIBO-stable. 

 
ÅA dynamic system is BIBO-stable, if any 

bounded input sequence excites a bounded 
output sequence. 



Discrete Deterministic Causal 

Time-invariant Finite-dimensional 

ὼὸ ρ ═ὼὸ ║όὸ 

 ώὸ ╒ὼὸ ╓όὸ 

Linear Dynamic system 

Convolution Impulse response FIR/IIR 

◐ ▐ ◊z 

Transfer function Z-transform 



 



 

System modeling & 
identification 

System control 



ÅAt least four ways to represent linear systems: 

System modeling 



ÅAt least four ways to represent linear systems: 

ïState space 

 

ïImpulse response 

 

ïTransfer function 

 

ïRecursive equation 

System modeling 

ὼὸ ρ ═ὼὸ ║όὸ 

      ώὸ ╒ὼὸ ╓όὸ 

◐ ▐ ◊z 

◐ᾀ ▐ᾀ◊ᾀ 

ώὭ ‌όὭ ‌όὭ ρ
‍ώὭ ρ ‍ώὭ ςȣ 



? input signal output signal 



? input signal output signal 
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System identification 



? input signal output signal 

═ȟ║ȟ╒ȟ╓ ? ▐ὸ? ▐ᾀ ? ‌ȟ‌ȟȣ ? 

System identification 



ÅCollect data 

ïόπȟόρȟόςȟόσȟȣ 

ïώπȟώρȟώςȟώσȟȣ 

 



ÅCollect data 
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ÅSelect model structure & convert data to 
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ÅCollect data 

ïόπȟόρȟόςȟόσȟȣ 

ïώπȟώρȟώςȟώσȟȣ 

ÅSelect model structure & convert data to 

ïόςȟόρȟόπȟώρȟώπ ᴼώς 

ïόσȟόςȟόρȟώςȟώρ ᴼώσ 

ïότȟόσȟόςȟώσȟώς ᴼώτ 

ïȣ 

ÅFit  linear regression model: 

ώὭ ‌όὭ ‌όὭ ρ ‌όὭ ς
‍ώὭ ρ ‍ώὭ ς 



 

System modeling & 
identification 

System control 
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FIR/IIR? BIBO? 
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ρ ρȢπρᾀ
 

╬ᾀ
ρ

▐ᾀ
ρ ρȢπρᾀ  
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Open-loop control 

▐ᾀ ◊◄ ◐◄ ►◄ ╬ᾀ 



Open-loop control 

▐ᾀ ◊◄ Ⱡ ◐◄ Ⱡ ►◄ ╬ᾀ 

ÅOnly makes sense for BIBO-stable systems 



Open-loop control 

▐ᾀ ◊◄ Ⱡ ◐◄ Ⱡ ►◄ Ⱡ ╬ᾀ 

ÅOnly makes sense for BIBO-stable systems 

ÅΧ ŀƴŘ ƛŦ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ ƛǎ ŀƭǎƻ .L.h-stable 
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exact tracking.  
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Open-loop control 
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Open-loop control 

▐ᾀ ◊◄ ◐◄ ►◄ ╬ᾀ ▼ᾀ 

ÅOnly makes sense for BIBO-stable systems 

ÅErrors in system identification will prevent 
exact tracking.  

ÅMay require smoothing of the reference 
signal. 

ÅNeed to analyze the combined system. 



Closed-loop control 

▐ᾀ ◊◄ ◐◄ 
►◄ 

╬ᾀ 

feedback 
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Χ ŀƴŘ ƳƻǊŜ 
ÅNonlinear control 

ÅFeedback linearization 

ÅOptimal control 

ÅPredictive control 

ÅStochastic control 

ÅReinforcement learning 

ÅΧ 
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Time-invariant Finite-dimensional 

ὼὸ ρ ═ὼὸ ║όὸ 
        ώὸ ╒ὼὸ ╓όὸ 

Linear Dynamic system 

Convolution Impulse response 

FIR/IIR 

◐ ▐ ◊z 

Transfer function Z-transform 
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Closed-loop 
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