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Explicit MPC

min
∑
||uk ||

s.t. xk+1 = Axk + Buk

Tmin ≤ Cxk ≤ Tmax

umin ≤ uk ≤ umax

Obtained off-line

u?(x) =


F1x + g1 if x ∈ R1

...

FMx + gM if x ∈ RM
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MPC-like Controller

Online MPC

u?(x)

Suboptimal Control Law

ũ(x) =


F̃1x + g̃1 if x ∈ H1

...
F̃Lx + g̃L if x ∈ HL

||u?(x)− ũ(x)|| < ε
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Machine Learning

x

u
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Machine Learning
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H1 H2 H3 H4 H5 H6 H7 H8 H9 H10

ũ(x) =


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Machine Learning: Regression Trees

x

u

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10

fL,1(x)

fR,1(x)

σ1(x)

H1 H2

ũ(x) =

{
F̃1x + g̃1 if x ∈ H1

F̃2x + g̃2 if x ∈ H2
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Regression-Based Control Law

min
σ,fL,fR

 ∑
xi∈PL

‖ui − fL(xi)‖+
∑

xj∈PR

‖uj − fR(xj)‖


PL = {x | σ(x) ≤ 0}
PR = {x | σ(x) > 0}

nonlinear
nonconvex

IFAC 2014 August 25, 2014 8 / 16



Regression-Based Control Law

x

u

min
σ,fL,fR

 ∑
xi∈PL

‖ui − fL(xi )‖+
∑

xj∈PR

‖uj − fR(xj )‖


PL = {x | σ(x) ≤ 0}
PR = {x | σ(x) > 0}

Breiman, L. 1993; Classification and
regression trees

IFAC 2014 August 25, 2014 8 / 16



Regression-Based Control Law

x

u

fL(x)
fR(x)

σ1(x)

min
σ,fL,fR

 ∑
xi∈PL

‖ui − fL(xi )‖+
∑

xj∈PR

‖uj − fR(xj )‖


PL = {x | σ(x) ≤ 0}
PR = {x | σ(x) > 0}

σ(x) := ei

fL(x) := gL

fR(x) := gR

Breiman, L. 1993; Classification and
regression trees

IFAC 2014 August 25, 2014 8 / 16



Regression-Based Control Law

x

u

fL(x)
fR(x)

σ1(x)

fL,1(x)

fL,2(x)

σ2(x)

fR, 1(x)

fR, 2(x)

σ3(x)

min
σ,fL,fR

 ∑
xi∈PL

‖ui − fL(xi )‖+
∑

xj∈PR

‖uj − fR(xj )‖


PL = {x | σ(x) ≤ 0}
PR = {x | σ(x) > 0}

σ(x) := ei

fL(x) := gL

fR(x) := gR

Breiman, L. 1993; Classification and
regression trees

IFAC 2014 August 25, 2014 8 / 16



Regression-Based MPC-Like Policy

min
σ,fL,fR

 ∑
xi∈PL

‖ui − fL(xi)‖+
∑

xj∈PR

‖uj − fR(xj)‖


PL = {x | σ(x) ≤ 0}
PR = {x | σ(x) > 0}

σ(x) := αT x − β
fL(x) := FLx + gL

fR(x) := FRx + gR
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Regression-Based MPC-Like Policy

min
σ,fL,fR

 ∑
xi∈PL

‖ui − fL(xi)‖+
∑

xj∈PR

‖uj − fR(xj)‖


PL = {x | σ(x) ≤ 0}
PR = {x | σ(x) > 0}

σ(x) := αT x − β
fL(x) := FLx + gL

fR(x) := FRx + gR

NLP→ MIQP
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Process Description

State (Measured) Variables

x1− floor temperature
x2− internal facade temperature
x3− external facade temperature
x4− internal temperature

Controlled Variable

y = x4

Measured Disturbances

d1− external temperature
d2− occupancy
d3− solar radiation

Manipulated Variable

u− heat flow
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MPC for Obtaining Training Data

min
u0,...,uN−1

N−1∑
k=0

(qssk + |uk |)

s.t. xk+1 = Axk + Buk + Ed0

Tref − ε− sk ≤ Cxk ≤ Tref + ε+ sk

sk ≥ 0

umin ≤ uk ≤ umax

x0 = x(t), d0 = d(t)

N = 12h (Ts = 15 min)

energy consumption minimization

building model

thermal comfort zone

limited control authority

measurements
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Case Study: Learning Period
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Case Study: Learning Period

4 states 3 disturbances 1 control action
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4 states 3 disturbances 1 control action

Data Acquisition

Machine Learning

5 day profile

5 day profile

5 day profile

MPC-like Control Law

486 data collections
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Case Study: Comparison
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Case Study: Comparison

Online MPC MPC-like Control Law

592 kWh 611 kWh

+3%

4 kB
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Conclusion

PLC

MPC
Suboptimal
control Law

x , d

u

PWA

Machine LearningCloud MPC Cheap Implementation
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Backup Slide 1: MIQP Formulation

min
p∑

i=1

(ui − zi)
T (ui − zi)

s.t. −M(1− δi) ≤ zi − (FLxi + gL) ≤ M(1− δi)

−Mδi ≤ zi − (FRxi + gR) ≤ Mδi

αT xi ≤ β + M(1− δi)

αT x ≥ β + ε−Mδi

‖α‖∞ = 1

zi =

{
FLxi + gL if σ(x) ≤ 0

FRxi + gR if σ(x) > 0

(δi = 1)⇔ (σ(x) ≤ 0)
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Backup Slide 3: Continuous PWA Function

min
σ,fL,fR

 ∑
xi∈PL

‖ui − fL(xi)‖+
∑

xj∈PR

‖uj − fR(xj)‖


PL = {x | σ(x) ≤ 0}
PR = {x | σ(x) > 0}

fL(x) = fR(x) ∀ x ∈ {x |σ(x) = 0}

Mixed Integer Nonlinear Program
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Backup Slide 3: Refinement

{x , u} Regression Refinement ū(x)
ũ(x)

ũ(x) =


F̃1x + g̃1 if x ∈ H1

...
F̃Lx + g̃L if x ∈ HL

ū(x) =


F̄1x + ḡ1 if x ∈ H1

...
F̄Lx + ḡL if x ∈ HL

ū(x) ∈ U ∀x
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