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Key requirements for deploying MPC in production:

1. speed (throughput)

— worst-case execution time less than sampling interval

— also fast on average (to free the processor to execute other tasks)

2. limited memory and CPU power (e.g., 150 MHz/ 50 kB)

3. numerical robustness (single precision arithmetic)

4. certification of worst-case execution time

5. codesimple enough to be validated/verified/certified

(library-free C code, easy to check by production engineers)
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Embedded solvers in industrial production

 Multivariable MPC controller

 Sampling frequency = 40 Hz (= 1 QP solved every 25 ms)

 Vehicle operating ≈1 hr/day for ≈360 days/year on average

 Controller running on 10 million vehicles

~520,000,000,000,000 QP/yr

and none of them should fail.
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Standard Model PredictiveControl

•Standard MPC: requires solving an optimization problem online (at 
each  time step t) with updated state measurement
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µ (x(t))N

subj. to:

= argminU0 J N (x(t), U0)  

xk+1 = f (xk , u k )

x k  ∈X ,  u k  ∈U

x N  ∈X f  , x0 =x(t)

Precomputed Offline

MPC Law µ∗N(x(t)) Plant
u∗t

State Measurement x(t)

Explicit Model Predictive Control

• Pre-compute control law µ∗N as function of state x  so that
onlinecomputation is dramatically reduced

• Main Tool: Multiparametric
Programming

• May not work when the state dimension is large or the system 
dynamics is  nonlinear.
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• Multiparametric programming 
problem:

J∗(x) =

.
minv J(x, v)  

Gv ≤ w +S xsubj. to.
(1)

• Optimization variable is v ∈Rn v  , while x  ∈Rn is viewed as a parameter 
of  the problem

• Minimum cost J∗(x) is called the value function

• The minimizer function is parameter dependent:

v∗(x) = argminv{J(x, v) : Gv ≤ w + Sx} (2)
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• Optimizer function: v∗(x) = argminv{cT v : subj. to Gv ≤ w + Sx}
• G,w,,S, c are known constants
• v is optimization variable
• x  is parametric variable

• Standard mp-LP form:

∗J (x) =

.
minv cT v

Gv ≤ w +S xsubj. to
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 Multiparametric Quadratic Programming (mp-QP)
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 Multiparametric Quadratic Programming (mp-QP)
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 Multiparametric Quadratic Programming (mp-QP)
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 Multiparametric Quadratic Programming (mp-QP)



Multiparametric Programming

20

 Multiparametric Quadratic Programming (mp-QP)
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 Multiparametric Quadratic Programming (mp-QP)
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 Multiparametric Mixed-Integer Linear Programming  (mp-MILP)
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 Multiparametric Mixed-Integer Linear Programming  (mp-MILP)
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 Explicit MPC: compute the explicit optimal control law µ∗Noffline (the first  
control law in the N-horizon optimal policy π∗N ). Applying this control law  
repetitively online is equivalent to the standard MPC controller.

 Main theoretical tool: multi-parametric programming.
 Explicit Linear MPC:

 1-norm and ∞-norm ⇒ mp-LP ⇒ piecewise affine control law with polyhedral 
partitions

 2-norm: mp-QP ⇒ piecewise affine control law with polyhedral partitions

 Explicit Hybrid MPC (with Mixed Logical Dynamical Systems):
 1-norm and ∞-norm ⇒ mp-MILP ⇒ piecewise affine control law with polyhedral 

partitions

 2-norm: mp-MIQP ⇒ piecewise affine control law with non-polyhedral partitions

 Very useful software: Multi-Parametric Toolbox [Herceg2013] 
 M. Herceg et al.“Multi-Parametric Toolbox 3.0”.In Proc. of the European 

Control  Conference. http://control.ee.ethz.ch/~mpt. Zurich, Switzerland, 
2013.

Explicit MPC: Summary
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