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Motivation

• Safely control real-world robots

• Robotic systems: Uncertain and noisy partial state measurements

• State feedback not available → Output feedback
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Problem Statement

• Uncertain LTI system: 

• Subject to state and input constraints

• Assumption: Bounded disturbances

• Goal: Solve the infinite horizon optimal control problem
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Model Predictive Control (MPC)

• MPC approximates infinite horizon problem (state feedback, no noise):

• Algorithm:

• Solve for current time step

• Apply the first input

• Repeat
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Approaches to Robust Output Feedback MPC

• Min-max MPC

• Min-max optimization problem (state feedback):
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Approaches to Robust Output Feedback MPC

• Min-max MPC

• Min-max optimization problem (state feedback):

• [Löfberg02, CoppHespanha17]: Joint estimation and control optimization

• [Löfberg02] formulates an SDP!
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Robust LMI

Lukas Brunke 7

John Simpson-Porco



Rewriting Min-Max Optimization Problem

• Epigraph form
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Rewriting Min-Max Optimization Problem
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Rewriting Min-Max Optimization Problem

• Epigraph form

• Min-max optimization
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LMI for Min-Max MPC

• Assumption: We are given state estimate and its uncertainty

• Stacked vectors and matrices
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LMI for Min-Max MPC

• Dynamics in short-hand notation
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LMI for Min-Max MPC

• Dynamics in short-hand notation

• Epigraph form of min-max MPC

• Schur complement of constraint
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LMI for Min-Max MPC

• Extract state estimate uncertainty
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LMI for Min-Max MPC

• Extract state estimate uncertainty

• Apply Theorem 1 and simplify

• Repeat for remaining uncertainties!
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LMI for Min-Max MPC

• SDP for min-max MPC
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LMIs for the Joint Problem

• Add state estimation LMI
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Simulation

• Stabilization task on double integrator

• Comparing: 

1. Joint SDP [Löfberg02]

2. Separate SDPs [Löfberg01] 

3. Tube-based MPC [LorenzettiPavone20]
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Comparison Results

• Conservativeness
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Comparison Results

• Performance
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Comparison Results

• Computational time per run
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Conclusions

• Reviewed the joint state estimation and MPC approach in [Löfberg02]

• Derived the LMIs step-by-step

• Future work:

• Further investigate performance

• Add terminal state set and terminal cost to guarantee stability
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Thank you!

Lukas Brunke
lukas.brunke@mail.utoronto.ca
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