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Outline

• Flexible Control Lyapunov Functions (CLFs)

• Trajectory-dependent CLFs: hybrid systems
joint work with Andrej Jokic

• Optimized input-to-state stabilization
joint work with Maurice Heemels

• Structured CLFs: decentralized control of   
dynamically coupled nonlinear systems
joint work with Andrej Jokic
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Power converters: 0.1ms
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Trajectory-dependent CLFs
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Trajectory-dependent CLFs
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A flower system for synthesis
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Solution based on tdCLFs
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Solution based on tdCLFs
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Input-to-state stability

ISS gain
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Inherent input-to-state stability
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Feasibility versus performance

Rigid 
design!
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Optimized input-to-state stabilization

ISS inequality - not convex in w

Flexible 
design!
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Exploiting the input bounds
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Finite number of inequalities
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Finite dimensional problem

Inherent ISS

Always feasible
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Finite dimensional problem

The developed optimization problem,                           
although it inherently guarantees a constant ISS gain, it provides 

freedom to optimize the ISS gain of the closed-loop system
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Optimized ISS - Flexible!

The trade-off between               
feasibility and disturbance attenuation 

is optimized on-line
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A single linear program

2p(E+1) linear inequalities© Dr. Mircea Lazar 
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Still a single LP or QP
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Decentralized formulation

Dynamically coupled nonlinear systems
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Decentralized implementation

Decentralized feasibility implies global ISS
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Further relaxations - distributed MPC

Decentralized implementation
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Case study: system dynamics
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Case study: simulation results

Worst case CPU time: 5 milliseconds© Dr. Mircea Lazar 
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Concluding remarks: Flexible CLFs

• Theoretically appealing:
- offer “least conservative” synthesis methods

- strong guarantees of stability and “optimized” ISS

• Suitable for real-time control:
- Flexible CLFs = improved feasibility

- low complexity: a single LP 

- applications in mechatronics and power electronics

• Great potential for decentralized control:
- applications in electricity networks
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