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Disturbances: heat sources; opening of doors
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Model

Temperature variations in room i:
@ energy conservation;

@ mass conservation.
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Temperature variations in room i:

dd? = >;a(Tj—T) Conduction through walls
+biui(Ty, — T;) Controlled fan air flow u;
+ > 0d;Cij* h(Tj — T;)  Open doors (flow hot—cold)
+05,di(To — T7) Radiation from heat sources
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Temperature variations in room i:

dd? = >;a(Tj—T) Conduction through walls
+biui(Ty, — T;) Controlled fan air flow u;
+ > 0d;Cij* h(Tj — T;)  Open doors (flow hot—cold)
+05,di(To — T7) Radiation from heat sources

@a b, c,d>0;

@ Js, dq4: discrete state of the disturbances (heat sources and doors);

h(x<0)=0
° (x=0) : door heat transfer only in the colder room.
h(x > 0) = x3/2
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Monotonicity

Generic system x = f(x, v) with trajectories ®(t, x, v).

Definition (Monotonicity)

The system @ is monotone if its trajectories preserve some partial orders:

v,V x e X = VE> 0, O(t, x,v) = P(t, X, V)
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Monotonicity

Generic system X = f(x, v) with trajectories ®(t, x, v).

Definition (Partial order)

x=x X' & Vi, (=1)%(x; —x/) >0, withe; €{0,1}
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Monotonicity

Generic system X = f(x, v) with trajectories ®(t, x, v).

Definition (Partial order)

x=x X' & Vi, (=1)%(x; —x/) >0, withe; €{0,1}

Proposition (Angeli and Sontag, 2003)

The system defined by x = f(x, v) is monotone if and only if,

f‘.
(_1)€i+5ja—"(x, v) >0, Vi, Vj # 1,
Vx € Rn, Yv € Rm’ aax#
(_l)ai“r'Yk_’(X’ V) Z 07 VI, Vk.
Ovy

\

Where € € {0,1}" and « € {0,1}"™ define the partial orders for x and v.
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Monotonicity

Our model: T = f(T,u,w,0)
e T: state (temperature);
e u: controlled input (fan air flow);
@ w: exogenous input (other temperatures);
°

0: discrete disturbance embedded in a continuous space.
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Monotonicity

Our model: T = f(T,u,w,0)
e T: state (temperature);
e u: controlled input (fan air flow);
@ w: exogenous input (other temperatures);
°

0: discrete disturbance embedded in a continuous space.

T-7T & Vi, T; > T/

u=,u & Vt>0, Vk, u(t) < up(t)
w=, w &Vt >0, Vk, w(t) > w(t)
d =58 & Vt>0, Vk, §k(t) > 6, (t)

O(t, T,u,w,8) =1 &(t, T',u', W', §')
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Robust Invariance

Definition (Robust Invariance)

The system is Robust Invariant in an interval [T,, T,] if,

VTO € [L’TL VW € [E,W], V(s € [évg]’ vu € [H7ﬁ]7
vVt >0, ®(t, To,u,w,d) € [L,Tr]

The minimal Robust Invariant interval [T,, T,] is given by
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Robust Controlled Invariance

Definition (Robust Controlled Invariance)

The system is Robust Controlled Invariant in [T, T] if,

VTo € [T, T], Yw € [w, W], Vé €[4, 0],
Ju € [u,T] | YVt >0, ®(t, To,u,w,8) € [T, T].
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Robust Controlled Invariance

Definition (Robust Controlled Invariance)

The system is Robust Controlled Invariant in [T, T] if,

VTo € [T, T], Yw € [w, W], Vé €[4, 0],
Ju € [u,T] | YVt >0, ®(t, To,u,w,8) € [T, T].

™~
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Robust Controlled Invariance

Proposition

The system is Robust Controlled Invariant in [T, T| if and only if
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Robust Controlled Invariance

Proposition

The system is Robust Controlled Invariant in [T, T| if and only if

vi Ve 2 00 = p = U
1
T <Tis U=y
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Controllable Spaces (2-room example)

TE (=)

T1 ()
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Controllable Spaces (2-room example)

T1 (*C)
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Controllable Spaces (2-room example)
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Controllable Spaces (2-room example)
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Controllable Spaces (2-room example)
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Control simulation

Source 1

3 discrete disturbances: v : 4 5 s 1w 1 1

@ heat source in room 1

Source 2
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Control simulation

3 discrete disturbances:
@ heat source in room 1
@ heat source in room 2
@ door

8 possible combinations
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Conclusion and perspectives

Criterion for Robust Controlled Invariance
o for a class of monotone systems,
@ with decentralized control,
@ and bounded disturbances.

@ Independent of the feedback control strategy.
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Conclusion and perspectives

Criterion for Robust Controlled Invariance
o for a class of monotone systems,
@ with decentralized control,
@ and bounded disturbances.

@ Independent of the feedback control strategy.

Perspectives
@ control strategy for energy reduction;
@ stabilization;

@ application to an experimental building.

PJ Meyer (University of Grenoble) CDC 2013, Florence, Italy December 10" 2013 12/



