
From Multi -Parametric 

Programming Theory to 

MPC-on-a-chip Multi -scale 

Systems Applications 

Stratos Pistikopoulos

FOCAPO 2012 / CPC VIII 



Acknowledgements
Â Funding
ÃEPSRC - GR/T02560/01, EP/E047017, EP/E054285/1

ÃEU - MOBILE, PRISM, PROMATCH, DIAMANTE, HY2SEPS

ÃCPSE Industrial Consortium, KAUST

ÃAir Products

Â People
Ã J. Acevedo, V. Dua, V. Sakizlis, P. Dua, N. Bozinis, N. Faisca

Ã Kostas Kouramas, Christos Panos, Luis Dominguez, Anna Vöelker, 
Harish Khajuria, Pedro Rivotti, Alexandra Krieger, Romain Lambert, 
Eleni Pefani, Matina Zavitsanou, Martina Wittmann-Hoghlbein

Ã John Perkins, Manfred Morari, Frank Doyle, Berc Rustem, Michael 
Georgiadis

Ã Imperial & ParOS R&D Teams

http://www.brandsoftheworld.com/download/?id=32298


Outline 

ÂKey concepts & historical overview

ÂRecent developments in multi-parametric 

programming and mp-MPC

ÂMPC-on-a-chip applications

ÂConcluding remarks & future outlook



Outline 

ÂKey concepts & historical overview

ÂRecent developments in multi-parametric 
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What is On-line Optimization?

MODEL/OPTIMIZER

SYSTEM

Data -

Measurements

Control 

Actions



What is Multi-parametric Programming?

ÂGiven:
Ã a performance criterion to minimize/maximize

Ã a vector of constraints

Ã a vector of parameters
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What is Multi-parametric Programming?

ÂGiven:
Ã a performance criterion to minimize/maximize

Ã a vector of constraints

Ã a vector of parameters

ÂObtain:
Ã the performance criterion and the optimization 

variables as a function of the parameters

Ã the regions in the space of parameters where these 
functions remain valid
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Multi-parametric programming
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(2) Critical Regions

(1) Optimal look -up function

Obtain optimal solution u(x) as a 

function of  the parameters x



Multi-parametric programming
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Multi-parametric programming
Critical Regions
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Multi-parametric programming
Multi -parametric Solution
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Multi-parametric programming

Only 4 optimization problems solved!
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On-line Optimization via off-line 

Optimization

System 

State

Control 

Actions

OPTIMIZER

SYSTEM

POP

PARAMETRIC PROFILE

SYSTEM

System 

State

Control 

Actions

Function Evaluation!



Multi-parametric/Explicit Model 

Predictive Control

Â Compute the optimal sequence of manipulated inputs which minimizes

Â On-line re-planning: Receding Horizon Control

tracking error = output ïreference

subject to constraints on inputs and outputs



Â Compute the optimal sequence of manipulated inputs which minimizes

Â On-line re-planning: Receding Horizon Control

Multi-parametric/Explicit Model 

Predictive Control

Solve a QP at each time interval



Multi-parametric Programming Approach

ÂState variables Parameters

ÂControl variables Optimization variables

ÂMPC  Multi-Parametric Programming 

problem

ÂControl variables  F(State variables)

Multi -parametric Quadratic Program


