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High-level controller
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MPC The high-level controller must solve the following
— (discrete-time) optimisation problem at any given time t:

Stoustrup

Problem Nh

formulation . 2
min E ka + ¢(Wext,ka Wext,k—l)

et Wi, Wext
solution k=1

Smart Grd st. W< W <W
w, <wip <wi, 1< <N

2=

Conclusions

w, W: Constraints on the balance,
p: Scalar cost on balance

¢:R xR — R, A cost function of the absolute value of wey
as well as changes in Weyt.

Np: is the prediction horizon of the controller.
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Consumption by the storages are for simplicity assumed
Problem cost-free. Furthermore, it is assumed that each storage can be

formulation

Proposed modelled as a marginally stable linear systems.
solution Each storage is characterized by its own state equation
Smart Grid
Example dW(t)
1
Conclusions —_— = W; t
S = i)

which must satisfy 0 < W;(t) < W; at all times.

Furthermore, each storage has limits on how much of the
resource it will accept at any given time, w; < w;(t) < w;.
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Resource balance
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The main objective of the high-level control is to keep the
resource balance governed by

Problem

formulation dW(t)
Proposed

solution d t

Smart Grid
E— at zero.

= Wext(t) — w(t) — wa(t)

CereliEne w(t): An external disturbance
wa(t) = SN wi(t): The resource absorbed by the intelligent

1
storages (C;,1 < i < N).
It is assumed that the top level controller can control wey:(t)
directly and constrained only by a rate limit, but we would also

like to keep the time derivative small.
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At each sample, the aggregator solves the simple optimisation
Problem

formulation Pr0b|em Of
e min Z(VV,(t + Ts) - VVi,ref)2a
solution w;

Smart Grid s.t.
Example

Z,’ Wi = Wreq,
w,<wit) <@
0< Wi(t+Ts) < W,

Conclusions

with W;(t + Ts) = Wi(t) + Tsw;, where T is the sampling
time.
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Erample © For constant inputs, all trajectories will tend to constant
Conclusions

values

@ In steady state, a minimal number of constraints will be
invoked

© Wind-up behavior of system states is avoided for any
bounded input set
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In terms of complexity, the proposed design methodology scales
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Siisusan in the same way as quadratic optimization, which is O(Nz),

where N is the number of storages.

Problem

formulation It should be notedv hOWeVer, that:
Proposed

solution @ The optimization problem has a high degree of sparsity.

Ra @ This has not been exploited in the implementation applied

Conclusions in the simulations below, but ...

@ ...it should be expected that the complexity could be
further reduced by implementing a dedicated quadratic
programming solver, which exploits the sparsity.

@ If the quadratic cost function is not central, a linear cost
can be applied at the aggregator level, making the
complexity in no. of storages linear.
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Example: Smart Grid application

Hierarcnical The main objective of the top level control is to keep the
energy balance governed by

dE(t)
g =" = Po(t) = Pload(t) — Pa(t) (1)
Proposed
solution at zero.
e P, =", Pi: Power absorbed by the intelligent consumers
Conclusions (ICS) "

Ploaq: Power absorbed by other consumers (considered
as a disturbance here).
Pext: Power produced by a number of suppliers such as
power plants etc.
It is assumed that the top level controller can control Pey
directly and restrained only by a rate limit, but we would also
like to keep the time derivative small.
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formulation Each intelligent consumer is characterized by its own energy

Proposed ba Ia nce

solution dEI( t-)
Smart Grid
Example dt

Conclusions which must satisfy 0 < E;(t) < E; at all times. Furthermore,
each intelligent consumer can only consume a limited amount
of power P; < Pi(t) < P;.

= P,'(t)
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At each sample, at time t, the aggregator solves the simple
optimisation problem of

Problem

formulation

spgl(ijr:ios:d minPi Z(E"(t + TS) - Ei,ref)2a
Smart Grid s.t.

Example Z Pf — Preq’

Conclusions BI S P,(t) S ,_D”

0<E(t+T,)<E

with E;(t 4+ Ts) = E;i(t) + TsP;, thereby distributing the power
in a way that brings the energy levels as close to the reference
as possible in a quadratic sense.
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Np
Proposed Jt :Z E(t + Tsl)2
i=1

solution
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Example

N
Conclusions + IBP Z(Pext(t —|— TSI) - PeXt(t + Ts(/ - 1)))2
i=1

N
+Br Y (Preq(t + Tsi) — Pria(t))?
i=1

with N samples of Pe,: and Preq as decision variables.
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o The optimisation is subject to constraints on the decision

Stoustrup variables. There is a rate limit on the power from the power
Problem plantS:
formulation
Spgﬁjf:i"s:d Eext S Pext(t + Tsi) - Pext(t + Ts(i - 1)) S Pext
R The aggregator provides limits on P, that can be sustained over
Conclusions a horizon N,. These limits are conservative in the sense that if

Preq is for instance negative for the first part of the horizon,
then a positive Preq higher than P may be feasible for the rest.
However, in order to simplify the top level computations, the
constraint

P(t) < Preq(t + Tsi) < P(t)

is imposed over the whole horizon.
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- An MPC architecture for a distributed resource control
formulation system has been proposed.

Pl @ The proposed solution is scalable and can be implemented

solution

SEve G with a linear growth in complexity.
Example

@ The proposed solution admits plug-and-play of new units
simply by adding them in the aggregator tables.

Conclusions

@ The approach is sensitive to prediction horizon. This is not
surprising by emphasizes the need for good load
predictions.
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