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Automatic control example
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Ç ά{ƛƳǇƭŜέ ŎŜƴǘǊŀƭƛȊŜŘ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎ ŀǊŜ ǿŜƭƭ ǳƴŘŜǊǎǘƻƻŘΦ

Ç ά/ƻƳǇƭŜȄƛǘȅέ Ŏŀƴ ŜƴǘŜǊ ƛƴ different ways . . .
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Control theory: the principled use of 

feedback loops and algorithms to 
drive a system to its goal



Complex autonomous systems

Applications Sparse structures
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ÇComplex nonlinear dynamics

Å Aircraft, jet engine, robotics

Source: https://solidmechanicsproblems.wordpress.com/;
https://www.bostondynamics.com/

ÇComplexdistributed systems

Å Multiple subsystems & local commutation

. . .  

Distributed controller



Applications Sparse structures
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Distributed control laws Desired collectivebehavior

Examples of large-scale autonomous systems 

Sensor networksDrone formations Robotic networks

Transportation network Smart grid

Image Credit: Getty Images; Google Images; www.pinterest.com

Self-organization



Challenges
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ÇModel uncertainty

- Model might be unknown for practical systems;

- Model might be uncertain; Learning-basedsolutions

Ç Information constraints

- Large numbers of components;

- Subsystems or components may have dynamic coupling;

- Only local information availablefor control decision; 

ÇHigh dimensional problems

- A very large number of states and control variables;

- Require to solve large-scale optimizationefficiently;

ÇReal world applications

Scalable Optimization & 
Control (SOC) Lab

. . .  

Distributed controller

Learning-based & Robust control

Distributed control

Scalable Optimization

Mixed traffic control



Scalable Optimization and Control (SOC) lab
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Data-driven and 
learning-based 

control

Sparse conic 
optimization

Scalable 
distributed control

Connected and 
autonomous 

vehicles (CAVs)
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