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Computer control relevant discrete models
State Space Model 
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Motivation: Controlled systems can be viewed as
‘unforced systems’
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Motivation: Open loop systems 
with permanently pre-specified inputs 
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Stability of Autonomous Systems
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Stability of Autonomous Systems
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0,0 21 << λλ
 and real are Values Eigen

Node Stable

0,0 21 << λλ
 and real are Values Eigen

Node Stable

Visualization of state trajectories (starting from arbitrary initial 
conditions) for a two state discrete linear autonomous system
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Phase Portraits of 2 state System
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Phase Portraits of 2 state System
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Bounded Input Bounded Output (BIBO) Stability

A linear time invariant system is BIBO stable if 
a bounded input produced a bounded output 

for every initial condition.   

Asymptotic stability if the strongest concept.
Asymptotic stability of a system implies stability 

and BIBO stability
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Transfer function of this system has poles on      
the unit circle and this renders the system 

BIBO unstable.
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Output amplitude
grows with time and system is not BIBO stable

Input: square wave with frequency ω rad/sec
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Direct calculation of eigen values of the 
state transition matrix
Methods based on properties of 
characteristic polynomial 
Root locus methods 
Nyquist plots 
Lyapunov’s method
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Consider characteristic polynomial 

Construct a Table as 
shown here using ---> k
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Jury’s scheme is
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The roots are inside the unit circle if

This gives the 
following  conditions 

Stability 
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System evolves according to the its laws of dynamics.

Contours of 
V(x)=const.

V(x)

The third condition implies that the value of Liapunov function 
V[x(k)] never increases with time as the system evolves in time. 

Note: Liapunov function is  (typically) an artificial scalar function 
for the state vector and in not defined by system dynamics    


