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because  there  may be uncontrolled inputs (disturbances)

disturbance disturbance

due to external factors, modeling errors, sensor noises, etc....:
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 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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What is specification?
Specification refers to a set of desired or required

characteristics, behaviors, or performance metrics that a control
system must satisfy or achieve.

Examples:

Specifications can include criteria such as transient response time, steady-state
accuracy, disturbance rejection, robustness, notion of optimality state and

actuator constraints....
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Regulator for LTI systems
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Last time we assume that the system is SISO and we were trying to
solve regulator problem by using PID feedback controller



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 



Tuning Complexity: 
Tuning PID controllers can be complex, especially for systems with nonlinear dynamics or time-varying
parameters. Finding the right balance between stability and performance often requires iterative tuning
processes.

Limited Robustness: 
PID controllers may lack robustness compared to more advanced control algorithms, particularly in
systems with uncertain parameters or external disturbances. Robust PID tuning methods exist but may
require additional effort and expertise.

Potential for Oscillations and Instability: 
Improper tuning of PID parameters can lead to oscillations or instability in the controlled system,
resulting in erratic behavior or even system damage if not addressed promptly.

Integral windup & Derivative term sensitive to measurement errors

PID: Pros



PID: Pros

it is not clear how to design a PID controller 
when system is not SISO...



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

Or in canonical state space ODE form

Specification

Angular velocity tracks
reference trajectory

equal to 1 rad



Cart-pole control
Lineralized model 



Cart-pole control

Step function

Step response



Cart-pole control

Angular velocity is stabilised, but position goes to infinity....
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Design a feed controller which works for MIMO systems...



disturbance

Regulator for LTI systems
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Design a feed controller which works for MIMO systems...

Let’s assume that reference set
point is zero and there is no

external disturbance in the system

Stabilsation



Stability of LTI systems
Response of a LTI system is composed of
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Stability of LTI systems

It is known And since we focus on
asymptotic stability



Internal Stability of LTI Systems
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What if full state is not available?

We will address observer
 design next lecture



Eiginvalues assigntement



Let us proof for SISO system



Recall: Control canonical form
If the system (A,B) is controllable, we can take it to its CCF
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Eiginvalues assintement for MIMO system

Let us focus on Optimal design



Optimal design for state feedback control



Eiginvalues assigntement



What happens if system is not controllable?
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Stabilisation VS 
tracking a constant reference
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Stabilisation VS tracking a constant reference



Let’s first consider a case of SISO systems
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Robust tracking: integral action
for MIMO system
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Summary 

state control disturbance

output

We have discussed how to design a linear feedback controller, solving the
regulator problem. This controller is robust to constant disturbance


