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Space model of discrete-time
system 

Continuous-time systems

Discrete-time systems are either 
inherently discrete (e.g. models of bank accounts, national economy growth

models, population growth models, digital words) 

Dicrite-time systems



or they are obtained as a result of sampling (discretization) of
continuous-time systems.
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euler method

with sampling time T

Attention!
Continuous-time 

system
It’s sampled 

version

Controllable

Observable

Stable

Controllable ?

Observable ?

Stable ?



Criterion of controllability 
for discrete-time system

The linear discrete-time system (1) is controllable if and only
if the controllability matrix has rank equal to n, where n is a
number of state variables.

Kalman’s Criterion

Controllability matrix(1)



Criterion of observability
for discrete-time system

The linear discrete-time system (1) with measurements (2) is
observable if and only if the observability matrix has rank
equal to n, where n is a number of state variables.

(2)

Observability 
matrix

(1)

Kalman’s Criterion



Criterion of Stability
for discrete-time system

Criterion of stability
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Digital PID controller 
Control systemSISO Specification

output of closed-loop system should track
the given reference trajectory:

PID controller

The digital PID-controller is usually implemented using the so-called velocity form

to avoid keep track of the sum



PID: Pros
PID: Cons

Real-Time Control

Simple Implementation

Tuning flexibilty

PID: Summary

Requires Tuning

Wrongly tuned might be unstable

Not Ideal for Complex Processes

Don’t take into account state and input

constraints
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Linear Full-State Feedback Controller:  

Closed-loop system

To make closed-loop system stable assign eigenvalues with negative real part



To make closed-loop system stable assign eigenvalues, s.t. 

Digital full feedback regulator
Control systemMIMO Specification
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Linear Full-State Feedback Controller:  

Closed-loop system
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Stabilisation by dynamic feedback
Control systemMIMO  The closed-loop system should be 
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Luenberger Observer: 

Feedback controller:



LQR: continuous system



LQR: discrete system



Why LQR is “better” than PID?
It can handle multiple-input multiple-output (MIMO) systems.

It is an optimal control,  taking into account the system

dynamics and control effort. This can lead to better

performance and efficiency compared to PID, which focuses

on reducing error but doesn't optimize a specific criterion.

LQR more robust than PID in uncertain environments.
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