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PREDICTION MODEL AND OPTIMIZATION PROBLEM
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DO WE REALLY NEED ADVANCED CONTROL ?

Perspective of the automotive industry:

¢ Increasingly demanding requirements (emissions/consumption, passenger
/ con}roller engine

safety and comfort,...)

desired actuators o~ forque
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e Better control performance only achieved oo
by better coordination of actuators:

- increasing number of actuators gﬁq.]y 1
1
(e.g., due to electrification) Hg‘/&,

- take into account limited range of actuators hlkiali]

|
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- resilience in case of some actuator failure «./’

e Shorter development time for control solution T
(market competition, changing legislation) | |
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LIMITATIONS OF CLASSICAL CONTROL

e Classical approach:

- many single PID loops
- anti-windup for actuator saturation

- many lookup tables

e Longdesign & calibration time due to:

- complexity of anti-windup due to interactions

anti-windup

- difficulty to recover from actuator failure

AOANNNNNNNNNNNNNNNNY Uy gy
- design space increases exponentially u
(e.g: 5inputs, 10 values each — 10° entries) R TR RRRRERRRRRR, Vi min
- hard to coordinate multiple actuators optimally (courtesy of ). Verdejo)

- design difficult to port to a different vehicle model

Modern vehicles need advanced (MPC) controls
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CONCLUSIONS

e MPCis a universal control methodology:

- different models (linear, nonlinear, hybrid, stochastic, ...)
- optimize closed-loop performance subject to constraints

- intuitive to design and calibrate, easy to reconfigure

e MPCresearch:
1. Linear, uncertain, explicit, hybrid, nonlinear MPC: mature theory

2. Stochastic MPC, economic MPC: still open issues
3. Embedded optimization methods for MPC: still room for many new ideas
4. System identification for MPC: there is a lot to “learn” from machine learning

5. Data-driven MPC: still a lot of open issues
¢ MPC technology: mature enough for widespread use in industrial applications

porad. All rights reserved 6/10




BIBLIOGRAPHY

General references on MPC

@ D.Q. Mayne, "Model predictive control: Recent developments and future
promise," Automatica, vol. 50,n.12, p. 2967-2986, 2014

@ D.Q. Mayne, J.B. Rawlings, M.M. Diehl, "Model Predictive Control:
Theory and Design,' 2nd Ed., 2018

@ A. Bemporad, M. Morari, and N. L. Ricker, Model Predictive Control
Toolbox for Matlab - User’s Guide, The Mathworks, Inc., 2004, http:
//www.mathworks.com/access/helpdesk/help/toolbox/mpc/

@ F. Borrelli, A. Bemporad, M. Morari, "Predictive control for linear and
hybrid systems," Cambridge University Press, 2017

@ A. Bemporad, “Model-based predictive control design: New trends and
tools,”in Proc. 45th IEEE Conf. on Decision and Control, San Diego, CA,
2006

"Model Predictive Control" - © 2023 A. Bemporad. All rights reserved 7/10


http://www.mathworks.com/access/helpdesk/help/toolbox/mpc/
http://www.mathworks.com/access/helpdesk/help/toolbox/mpc/

BIBLIOGRAPHY

Hybrid systems

[3 A Bemporad and M. Morari, "Control of systems integrating logic,
dynamics, and constraints," Automatica, 35(3), pp. 407-427, 1999

@ F.D. Torrisi and A. Bemporad, "HYSDEL - A tool for generating
computational hybrid models," IEEE Trans. Cont. Syst. Technology, 12(2),
pp. 235-249, 2004

@ A Bemporad, "Hybrid Toolbox - User’s Guide," Dec. 2003,
http://cse.lab.imtlucca.it/~bemporad/hybrid/toolbox

@ W.PH.M Heemels, B. de Schutter, and A. Bemporad, "Equivalence of
hybrid dynamical models," Automatica, 37(7), pp. 1085-1091, 2001

@ A. Bemporad, G. Ferrari-Trecate, and M. Morari, "Observability and
controllability of piecewise affine and hybrid systems," IEEE Trans.
Autom. Cont., 45(10), pp. 1864-1876, 2000.

"Model Predictive Control" - © 2023 A. Bemporad. All rights reserved 8/10


http://cse.lab.imtlucca.it/~bemporad/hybrid/toolbox

BIBLIOGRAPHY

@ V. Breschi, D. Piga, and A. Bemporad, "Piecewise affine regression via
recursive multiple least squares and multicategory discrimination,’
Automatica, 73, pp. 155-162,2016

Explicit MPC

@ A. Bemporad, M. Morari, V. Dua, and E.N. Pistikopoulos, "The explicit
linear quadratic regulator for constrained systems," Automatica, 38(1),
pp. 3-20, 2002

@ A. Bemporad, "A multiparametric quadratic programming algorithm with
polyhedral computations based on nonnegative least squares," IEEE
Trans. Autom. Cont., 60(11), pp. 2892-2903, 2015

@ F. Borrelli, M. Baotic, A. Bemporad, and M. Morari, "Dynamic
programming for constrained optimal control of discrete-time linear
hybrid systems," Automatica, 41(10), 2005

"Model Predictive Control" - © 2023 A. Bemporad. All rights reserved 9/10



Linear MPC controller
of a DC-Servomotor
(Hybrid Toolbox)




