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e Course number: 25453

e Course name: Networked Control Systems
e Course Type (Theory, Theory and Lab., Lab., With project): Theory

e Pre-requisite: None
e Level (Undergraduate, Graduate): Graduate

e Group: Digital Systems

e Type and max unit: Constant, 3

e Obijectives:

The objective of this course is to familiarize students with networked control systems;
main issues and challenges for developing these distributed systems and the design
principles of the Internet of Things (I0T) and tele-operated systems. This course studies
the interaction between digital communication and control in networked control
systems; and the available communication and control co-design frameworks for
balancing this interaction.

e Topics:

e Practical examples of networked control systems:

>

Iran's automated irrigation network

>

Ifremer's fleet of autonomous under water vehicles

>

Automated oil drilling system

e Main issues to be considered in the development of networked control systems:

» The available communication techniques are developed for memoryless
information sources
» In networked control systems, information sources are described by

dynamic systems. That is, they are sources with memory

» The available communication techniques are based on block coding

» This coding technique for dynamic systems as the information source
results in long transmission delay
» Available estimation and control algorithms have been developed

without considering communication imperfections: random packet
dropout, noise, limited bit rate, etc.

e Main challenges in the development of networked control systems:




» The needs for the development of novel communication techniques for
real time reliable communication of the information sources described
by dynamic systems (sources with memory)

» The needs for the development of novel estimation and control
algorithms that are robust against communication imperfections

» The needs for the development of integration frameworks for control and
communication co-design

e Preliminaries:

» State space modeling for dynamic systems, Linearization method,
describing function, stability of stochastic systems, LQG, etc.

» Modeling communication channels, transmission capacity, channel
coding, source coding, rate distortion, information transmission theorem,
etc.

¢ Available communication and control co-design frameworks:

» Linear tracking and control over limited capacity packet erasure channel:
Applications in Iran's automated irrigation network

» Nonlinear tracking and control over the packet erasure channel:
Applications in tele-operation and tele-metry of autonomous vehicles

» Linear tracking and control over limited capacity AWGN channel:
Separation principle and sequential rate distortion function

e Introducing IOT modules and the commonly used communication topologies of
IOT networks:

» LORA, Sigfox, Digi

» Mesh, point to point, broadcast and hybrid communication topologies
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