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Explicit MPC

min ZHUKH

st. Xkr1 = Axk + Buk
Tmin S CXk S TmaX
Umin < Uk < Umax
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ur(x) = :
Fux+gu ifxeRy
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MPC-like Controller

Online MPC

IFAC 2014

Suboptimal Control Law
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Machine Learning
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Machine Learning: Regression Trees
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Regression-Based Control Law

min (> [lui— 01+ D Ny — ()l

o.fi.fR
Xi€PL XjG'PR

P = {x | o(x) < 0}
Pr = {x | o(x) > 0}

nonlinear
nonconvex
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Regression-Based MPC-Like Policy

min (Z lui — )l + U/fR(X/))

o, f,f
LR X €PL X €Pr

PL={x]o(x) <0}
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o(x):=a'x-p
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Regression-Based MPC-Like Policy
min (Z lui = ()l + u/?‘R(X/))
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PL={x]o(x) <0}
Pr = {x]|o(x) >0}
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Process Description

State (Measured) Variables Measured Disturbances
x1— floor temperature d;— external temperature
Xxo— internal facade temperature d>— occupancy

x3— external facade temperature 03— solar radiation
X4— internal temperature

Controlled Variable Manipulated Variable

Y =X u— heat flow
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MPC for Obtaining Training Data

N—
Uov-r-n-vlur/]\/A Z CIssk+ ’uk‘
k=0

s.t. Xk+1 = Axk + Buk + Edy
Tret — € — Sk < Cxi < Tref + € + Sk
sk >0
Umin < Uk < Umax
xo = x(t), do = d(t)

N =12h (Ts = 15 min)
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Case Study: Learning Period
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Case Study: Comparison
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Conclusion
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Backup Slide 1: MIQP Formulation

o
min Z(Ui — Z,')T(U,' — Z,')
i=1
st. —M(1 —0;)) <z — (FLxi+a.) <M1 -46))
— Mo; < zj — (FrX; + gr) < MJ;
aTXi < ﬁ + M(1 — (5,)
alx>pB+e— Mé;

[eloo = 1

B Fixi+g. ifo(x)<0
"\ Faxi+gr ifo(x)>0
(6i=1) < (o(x) <0)
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Backup Slide 3: Continuous PWA Function

min (Z lui — (x| + Z |uj — fR(Xj))

o,f iR
T X €PL X €Pr

PL={x]o(x) <0}
Pr = {x]|o(x) >0}
fi(x) = fa(x) V¥ x € {x|o(x) =0}

Mixed Integer Nonlinear Program
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Backup Slide 3: Refinement

o(x
{x,u} —— Regression # Refinement —— U(x)

Fix+3 ifxeHy Fix+3g ifx € Hy

u(x) = : u(x) = :
fN‘_LX-‘r@L ifx e H, I_—_Lx—i-g_]L if x € Hy

u(x) e U vx
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