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We are working on “"Control Theory”

» Develop control algorithms using mathematical tools m

* Analyze dynamical behavior of complex systems

* Connect the gap between theory and industrial problems Control Theory

“Nothing is more practical than a good theory.”

Professor Hyungbo Shim
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- Kurt Lewin

ic Systems Lab.

Engineering

(Electric, Mechanical,...)
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Singular Perturbation, Sliding Mode Control
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We are interested in ...

Security of Cyber-Physical Systems

Hybrid Systems

Continuous + Discrete behavior
CDSL'’s solution:
“Glue discontinuity using geometric
control theory”
v Able to use widely-used techniques for
continuous-time systems

Hybrid System Continuous-time System
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Discover cyber-attack scenarios &
develop Its protection/detection methods
CDSL's solution:
“Systematic & Control-theoretic
Perspective”
v' Sampling/Robust Zero-Dynamics
Attacks: Stealthy attacks
— Countermeasure: Generalized Hold
v Resilient State Estimation:
ldentity sensor attack & estimate state
only w/ trustworthy sensors

001 T T T -

0.00& -

og—e—=2

rd
=

-0.005 -

_DD-I 1 1 1 |
0 0.2 0.4 0.6 0.8 1

Time

Synchronization

Study interactions of multiple agents to
achieve a common goa
Most studies focused on homogeneous
agents, which is limited in real world
applications

CDSL'’s solution:

“Diffusive coupling with high gain results

in blended dynamics”

v' Heterogeneous agents behave in similar :
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Disturbance Observer

How to design a robust controller that

compensates disturbance and

uncertainty at once

CDSL's solution:

“Analyze its behavioral tendency under
large bandwidth of Q-filter”
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Encrypted control systems

How to improve privacy and security of
control systems
CDSL'’s solution:
“"Employ homeomorphic encryption
scheme to linear dynamic control systems”:
v Design of controllers to have integer '
state matrix
v Approximation by high order systems
v Encrypted state estimation by
Luenberger observers
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Robust Learning-based Control

« Training with real plant (e.g. autonomous
vehicle) 1s unsafe and expensive
Using simulation model, discrepancy
between simulation model and real plant
could degrade performance
« CDSL's solution:
“Training with simulation model +
uncertain real plant with DOB”
Recover sub-optimal performance
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