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PID controller

where e(t) = r(t) - y(t)

Proportional (P) Control:
Effect: Faster response but steady-state error remains.

Integral (I) Control:
Effect: Improves accuracy but may cause overshoot

Effect: Reduces overshoot and improves stability.
Derivative (D) Control:



PID: Pros
Stability
PID controllers are capable of providing stable and accurate control over systems, ensuring that they
reach and maintain the desired setpoint efficiently.

Tuning Flexibility
PID controllers offer flexibility in tuning parameters (Proportional, Integral, and Derivative gains) to
achieve optimal performance for different systems and operating conditions.

Simple Implementation
Compared to more complex control algorithms, PID controllers are relatively simple to implement,
making them suitable for a wide range of applications and accessible to engineers and technicians with
basic control theory knowledge.

Real-Time Control
PID controllers are well-suited for real-time control applications due to their simplicity and efficiency,
making them suitable for controlling systems with fast response 



Cart-pole control
Inverted pendulum on the cart can be modeled as follows



Cart-pole control
Inverted pendulum on the cart can be modeled as follows

Or in canonical state space ODE form

i.e. control + disturbance
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Cart-pole control

The controller keeps pendulum in up right position, but position of the
cart goes to infinity....



PID: Pros

PID is easy to implement, real-time controller which works 
for many industrial challendges



PID: Cons

PID controllers do not work well when system is unstable or non-linear 

PID controllers were designed for single input single output system, 
while many real-world examples are multi inputs multi outputs systems 
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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

actuator process sensor
input

impact control 
forces and energy

measure states and
produce the output

command input = specification

controller

control output
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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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 Observability

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 measure 

estimate speed

estimate position

estimations are
sensitive to 

measurement
errors

adding additional sensors 
can be expensive  

we can estimate the whole state
from available information



 Observability

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



Controllability of LTI system
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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
 matrix



Observability of LTI system



Observability Examples
Measurements

observable
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Observability Examples
Measurements

i.e. 1 sensor is enough to estimate the state, but it shouldn’t be misplaced
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Let me summarize 



Duality of
controllability & observability 

Output equationState equation

n states
p controls m outputs

Dimensions



Invariance Under Change of Coordinates



Please complete the notebook you can find at 
https://perso.ensta-paris.fr/~manzaner/Cours/AUT202/

The completed notebook should be sent to your tutor
before the beginning of the next session. 

Please add [ APM_4AUT2_TA] to the topic of e-mail.


