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Region-Based Explicit MPC

min 1UTHU +0TFU
u 2
st. GU< w+ S0
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Region-Based Explicit MPC

U =Vi0+ v
M= Qi+ qi
Ri={60| GU* < w+ S50,\* >0}
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Active Sets — Geometric Method?
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Active Sets — Geometric Method?
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Avoid the construction and the
storage of regions!
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U*:V,'H—I—V,'
N = Qif + q;
Ri={0 | GU* < w+ S0, \* > 0}
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U* = V(A0 + v(A)
A= Q(.A,)9 + q(A,-)
A={A1,..., Ag)

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 6 /17



Active Sets — Extensive Enumeration3
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Active Sets — Extensive Enumeration® — Tree Pruning
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Explicit MPC Solution Recap

Region-Based Approach

Off-line phase
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Explicit MPC Solution Recap

Regionless Approach

Off-line phase
O Active Sets
o Geometric-method
o Extensive enumeration

Q@ U*, \* from KKT conditions
ocC . o

On-line phase
© Point location
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Point Location Problem?

How to find in which region we are,
without storing any regions?

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
oha (STU) ECC16 June 30, 2016 9 /17




Point Location Problem?

U* = V(A0 + v(A)
A= Q(Ai)0 + q(A))
R(A) = {6 | GU* < w+ S6,x* > 0}

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 9 /17



U = V(A1)0 + v(Ar)
A= Q(A1)f + q(A1) : T e e
R(A) = {0 | GU < w50, 20} 1w e

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 9 /17



U = V(A2)0 + v(A)
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U* = V(A2)0 + v(Az)
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Sequential search?

1. procedure REGIONLESS()

2 foric{1,...,R} do

3 Compute A = Q(A;)0 + q(A/)
4 if A >0 then

5: Compute U = V/(A;)0 + v(A;)
6 if GU < w + S0 then

7 U+ u

8 return U*

o: end if

10: end if

11: end for

12: end procedure

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 10 / 17



Sequential search?

1. procedure REGIONLESS() > given initial condition 6
2 foric{1,...,R} do

3 Compute A = Q(A;)0 + q(A/)

4 if A >0 then

5: Compute U = V/(A;)0 + v(A;)
6 if GU < w + S0 then

7 U<+ u

8 return U*

o: end if

10: end if

11: end for

12: end procedure

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 10 / 17



Sequential search?

1. procedure REGIONLESS() > given initial condition 6
2 foric{1,...,R} do
3 Compute A = Q(A;)0 + q(A/)
4 if A > 0 then > dual feasibility check
5: Compute U = V/(A;)0 + v(A;)
6 if GU < w + 56 then
7 Us«~u

8 return U*

9: end if

10: end if

11: end for

12: end procedure

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 10 / 17



Sequential search?

1. procedure REGIONLESS() > given initial condition 6
2 foric{1,...,R} do
3 Compute A = Q(A;)0 + q(A/)
4 if A > 0 then > dual feasibility check
5: Compute U = V/(A;)0 + v(A;)
6 if GU < w + 560 then > primal feasibility check
7 Us«~u

8 return U*

9: end if

10: end if

11 end for

12: end procedure

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 10 / 17



Sequential search?

1. procedure REGIONLESS() > given initial condition 6
2 foric{1,...,R} do

3 Compute A = Q(A;)0 + q(A/)

4 if A > 0 then > dual feasibility check
5: Compute U = V/(A;)0 + v(A;)

6 if GU < w + 560 then > primal feasibility check
7 Us~u

8 return U* > obtain globally optimal U*
9: end if

10: end if

11 end for

12: end procedure

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 10 / 17



Sequential search?

1. procedure REGIONLESS() > given initial condition 6
2 foric{1,...,R} do

3 Compute A = Q(A;)0 + q(Aj)

4 if A > 0 then > dual feasibility check
5: Compute U = V/(A;)f + v(A;)

6 if GU < w + 560 then > primal feasibility check
7 Us~u

8 return U* > obtain globally optimal U*
9: end if

10: end if

11 end for

12: end procedure

Q(A)), q(Ai), V(A;), v(A;), G, w,S are precomputed and stored off-line.

2F. Borrelli and M. Baoti¢: On the computation of linear model predictive control laws, Automatica 2008
Jan Drgona (STU) ECC16 June 30, 2016 10 / 17




Sequential search*

1. procedure REGIONLESS() > given initial condition 6
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Distillation Column — Process Unit
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Distillation Column — Variables

condenser

distillate

accumulator
reflux valve|  distillate
H

Process variable: y L
pre-heater
Temperature at top of the column I feed
Manipulated variable: u I
Reflux ratio F---
waste valve
reboiler
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Model Identification
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Disturbance Modelling

Design model:

Xk+1 = Axk + Buy

Vi = Cxx
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Disturbance Modelling

Augmented design model:

Xk+1 = Axk + Buy
di+1 = dk
yk = Cxx + Edy
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Disturbance Modelling

Augmented design model:

Xk+1 = Axk + Buy
dk+1 = dg
Yk = Cxx + Edy

Luenberger observer:

+ Uk + L (Ym,k — k)

B
0

Q> x>

| —
Q> x>
| S
=
+
=
Il
| —
(=N
-~ O
| S

Q> X
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Model Predictive Control Formulation

N.—1 N
cmin Y Au|g, + D vk — werll,
e =

s.t. Xk+1 = Axk + Bug
yk = Cx + Edo
U = UN.—1
Aug = uy — ug_1
Umin < Uk < Umax

Aumin < Aug < Aumax
xo = %(t),do = d(t),u_y = u(t — 1)
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Model Predictive Control Formulation

Ne—1 N
uowr.n.’iur)\li1 I(Z:%J |Au|, + I(Z:%J llyk — y,ef||2Qy reference tracking
s.t. Xk+1 = Axk + Buy
yk = Cx + Edo
Uk = UN,—1 move blocking

Aug = uy — ug_1
Umin < Uk < Umax
Atmin < Aug < Atmax

xo = %(t),do = d(t),u_y = u(t —1)

17 parameters!
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Experimental Results
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Controller Synthesis and Complexity
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Backup: KKT Conditions

HU* + FTo+ G * =0 stationarity
GAU* = wy + Spb primal equality

Gy U < wy + Spf primal inequality

A >0 dual inequality

)\*T(GA U —wy—540)=0 complementarity slackness
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Backup: Extensive Enumeration® — Optimality of A

st. HU+ FTO+Girx=0
GaU = wy + Sy0
t < wyn + Sy — GyU
A>t
t>0

if LP is feasible with t* > 0 than A is optimal set of active constraints

3A. Gupta et. al.: A novel approach to multiparametric quadratic programming, Automatica 2011
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Backup: Extensive Enumeration® — Complexity Bound

Ncny
Rmax = Z
k=0

nc!

Kl(ne — k)!

Rmax = maximum number of A
N = control horizon
ny = number of control inputs
ne = number of constraints
R <« Rmax thanks to pruning

3A. Gupta et. al.: A novel approach to multiparametric quadratic programming, Automatica 2011
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Backup: Regionless Explicit MPC Memory Demands

Regionless
A 3918 integers
Q(A), q(A) 54852 floating-point numbers

H F, G w,S 584 floating-point numbers

Total memory demands | 224 kB

Region-based

R ‘ 10004490 floating-point numbers

Total memory demands | 40 MB

integer = 2 bytes, single-precision floating-point number = 4 bytes
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Backup: Regionally Optimal Map 8 — U*

Q(A) = —(GaH'G) 1 (Sa+ GaH'FT)
q(A) = —(GaHGR) Twa

A= QA0 + q(A)

U =—HY(FTo+ G\
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Backup: Control Scheme

d
Yref L Y
Yy MPC uo,l PWM > Distillation m_
Column
%, d, u
y
Observer [« Filter |«
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Backup: Distillation Column — Hardware Solution

uoP3cc
Control Console
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