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Controller design = how to use the sensor data (output) to generate the
correct actuator commands (control input) to ensure that the output of

the system satisfies the specification
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Controllability and observability are conditions of how the system works with the
actuators and sensors, and it's not tied to a specific control technique
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60
 controllability does not mean that
the state must be maintained, only

that it can be reached...
even if infinite amount of energy is required for that....



Controllability 
Сontrollability (null reachability) means that there exists control signal
which allows the system to move from any any initial state to any final

state in a finite time interval

Monorail Example of uncontrollable system

imagine we lost control of gaz pedal
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Monorail 

Observability means that all crit﻿ical states can
be known from the outputs of the system

What does it mean to observe a state?

we can mesure it we can estimate it from available
information

estimate speed

estimate position

estimations are
sensitive to 

measurement
errors

adding additional sensors 
can be expensive  
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Monorail 

Observability means that all crit﻿ical states can
be known from the outputs of the system

Example of unobservable system

imagine we lost all the sencors
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Solution of 
a state equation

matrix exponential

State equation

Controllability & Observability
of LTI system

n states
p controls

Dimensions

https://en.wikipedia.org/wiki/Matrix_exponential
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Controllability of LTI system
controllability matrix
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Solution of 
a state equation

Input - output
relation

matrix exponential

Output equationState equation

Controllability & Observability
of LTI system

n states
p controls m outputs

Dimensions

https://en.wikipedia.org/wiki/Matrix_exponential
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Observability of LTI system

observability
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Duality of
controllability & observability 

Output equationState equation

n states
p controls m outputs

Dimensions
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Kalman Decomposition

Please check the following resource for the
proof

https://web.mit.edu/16.31/www/%2016.31-FAll05/notes/coleman_FS3.pdf
https://web.mit.edu/16.31/www/%2016.31-FAll05/notes/coleman_FS3.pdf
https://web.mit.edu/16.31/www/%2016.31-FAll05/notes/coleman_FS3.pdf

