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Data-driven MPC
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• Can we design an MPC controller without first identifying a model of the

open-loop process?



Data-driven direct controller synthesis
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Data-driven MPC
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• Design a linear MPC (reference governor) to generate the reference r

(Bemporad, Mosca, 1994) (Gilbert, Kolmanovsky, Tan,1994)
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• MPC designed to handle input/output constraints and improve performance

(Piga,Formentin, Bemporad, 2017)



Data-driven MPC - An example
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• Experimental results: MPC handles soft constraints on u,∆u and y

(motor equipment by courtesy of TU Delft)
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No open-loop process model is identified to design the MPC controller!



Optimal data-driven MPC
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Optimal data-driven MPC
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Optimal data-driven MPC
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Data-driven optimal policy search
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Optimal Policy Search Problem
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Descent Direction
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Optimal Policy Search Algorithm
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Special Case: Output Tracking
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Special Case: Output Tracking
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Special Case: Output Tracking
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• Goal: learnMPC law from data that optimizes a given

• Reinforcement learning =use data and a performance index to

learn an  optimal policy

• Q-learning: learn Q-function defining the MPC law from data

(Gros, Zanon, 2019) (Zanon, Gros, Bemporad, 2019)

• Policy gradient methods: learn optimal policy coefficients directly from

data  using stochastic gradient descent (Ferrarotti, Bemporad, 2019)

• Global optimization methods: learn MPC parameters (weights, models,  

horizon, solver tolerances, ...) by optimizing observed closed-loop

performance (Piga, Forgione, Formentin, Bemporad, 2019) (Forgione, Piga, Bemporad, 2020)

Learning MPC from data
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Model/policy structure includes real plant/optimal policy:
– Sys-id + model-based synthesis = model-free reinforcement 
learning
– Reinforcement learning may require more data
(model-based can instead “extrapolate” optimal actions)

Model/policy structure does not include real 
plant/optimal policy:
– optimal policy learned from data may be better than model-
based optimal policy
– when open-loop model is used as a tuning parameter, learned 
model can be quite different from best open-loop model that can 
be identified from the same data

Learning MPC from data 
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