A MULTI-AGENT HOME AUTOMATION APPROACH
FOR POWER MANAGEMENT

Shadi ABRAS* Stéphane PLOIX ** Sylvie PESTY*
Mireille JACOMINO **

* Laboratoire LIG-Institut IMAG,CNRS, UMR5217,
46, Avenue Félix Viallet, 38031 Grenoble, France.
Phone: 00 33 4 76 57 50 59, Fax: 00 33 4 76 57 46 02

Email: {Shadi.Abras, Sylvie.Peg@imag.fr

** Laboratoire G-SCOP, CNRS, UMR5528, BP 46
38402 Saint Martin d’Heres, France.
Phone: 00334 76 82 71 13, Fax: 00 33 4 76 82 63 88
Email: {Stephane.Ploix, Mireille.Jacomif@inpg.fr

Abstract: This paper presents the principles of a Home Aatin System dedicated
to power management that adapts power consumption to biaifgower ressources
according to inhabitant comfort and cost criteria. The eystrelies on a multi-agent
paradigm. Each agent supports a service achieved by sel@raks, it cooperates and
coordinates its action with others in order to find an acdaptaear-optimal solution.
The control algorithm is decomposed into two complementagchanisms: a reactive
mechanism, which protects from constraint violations, andanticipation mechanism,
which computes a plan for global consumption according txjoted productions and
consumptions and to inhabitant criteria. The paper shows twocompute a global
consumption plan relying on Bellman-Ford’s algorithm armivito reduce the problem
complexity by dividing the whole problem into independembgproblems.

Keywords: Home Automation System, Multi-Agent Systemstohoatic Control, Power
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1. INTRODUCTION tion to the available power resources, and vice versa,
taking into account inhabitant comfort criteria. It has
to reach a compromise between the priorities of the

A building is both a place of power consumption and jnhabitant in terms of comfort and in terms of cost

potentially a place of decentralized power production while satisfying technological constraints of devices.
using resources like wind, solar, geothermal, etc. The

resort to the renewable power resources comes uplgorithms based on Multi-Agent Systems are nowa-
in buildings knowing that they represett% of the days used in several areas such as Computer Science

global power consumption (Fontaine, 2003). There- OF Automatic Control. The first MAS approaches for
fore, the development of a control system which al- €N€rgy distribution have been presented in (Jennings,

lows the exploitation of the different resources, while 1994) and (Hagg and Ygge, 1995).

managing in a global manner the power needs and therhe development of solutions based on Multi-Agent
production capacity of a home, is important. Systems, which are well suited to solve spatially dis-

The role of a Home Automation System dedicated to fiPuted and open problems, facilitates the develop-
power management is to adapt the power Consump_ment of an intelligenM ulti-AgentHomeAutomation



System MAHAS). This paper presents a Multi-Agent 2.1 Reactive mechanism

Home Automation System (MAHAS). It focuses on

the solving strategy and, in particular, on the way of The reactive mechanism is a short time adjustment

reducing problem complexity. The paper is organized mechanism which is triggered when the level of

as follows: section 2 describes, from a general view satisfaction of an agent falls below weak values

point, the MAHAS and its two main mechanisms: (10% for example). This mechanism, which relies on

the reactive and the anticipation mechanisms. Sectionthe negotiation protocol (Abrast al, 2006), reacts

3 presents the agent modelling for the anticipative quickly to avoid violations of energy constraints and

mechanism. Section 4 deals with the solving strategy.to guarantee a good level of inhabitant satisfaction.

Then, an illustrative example is presented in section 5. Therefore, the reactive mechanism adjusts, at a short

Section 6 concludes the paper. sample, the set points coming from the predicted
plan, the device’s current state (device satisfaction
value) and the constraints and inhabitant criteria. The
predicted set points can be directly transmitted to the

Vi r modified in f emergency.
2. MULTI-AGENT HOME AUTOMATION device or modified in case of emergency

SYSTEM

A Multi Agent Home Automation System consists 22 Anticipative mechanism

of agents, each agent supports one type of service

achieved by several devices such as heating, cookingThe reactive mechanism is sufficient to avoid con-

etc. The objective of H.A.S. dedicated to power man- straint violations but a MAHAS can be improved in

agement is to adapt power consumption to availableorder to avoid emergency situations. This improve-

power resources and vice versa, according to inhab-ment is obtained due to the anticipation mechanism.

itant comfort and cost criteria. The main features of The objective of this mechanism is to compute plans

the Multi-Agent Home Automation System are the for production and consumption of services in a house.

following: The anticipation mechanism benefits from the fact that
« Distributed: the energy resources and devices aret€re is, on the one hand, some devices which are ca-

independent and spatially distributed. pable of ac_:cumulatmg energy, and on the oth(_ar hand,
e Flexible: some devices can accumulate energysome services that have a variable date for their execu-

(heating service, etc) or satisfy with a timed tion: s%me serv:pe; can both be Qelaygq or adyalnced.
delay the demands of the inhabitant (washing FT0M these preliminary observations, it is possible to
service, ...). imagine that if the device consumption can be antici-

« Open: the number of connected resources andPated, there is away to organize it better.

devices may vary with time without having to |t works on a time window, which corresponds to a

completely redefine the control mechanism. sampling period called the anticipative period. This
* Extendable: agents dedicated to new kinds of period is greater than the one used by the reactive
services may appear. mechanism. Because of the large sampling period, it

In Multi-Agent Systems, the notion of control in- considers average values of energy. This is an advan-

volves operations such as coordination and negotiationt@d€ When considering prediction because itis difficult
among agents, elimination of agents and adding new!0 Make precise predictions. A large sampling period
agents when needed is also important to keep the reactive mechanism trans-

Depending on weather forecasts, power resource in-Parent
formation and inhabitant habits: A third mechanism may exist: the local control mecha-

« an agent, dedicated to a power source, should benism i.e. the controllers endowed into devices by man-
capable of calculating the future available power ufacturers. Its time response is very fast. This mecha-
production nism receives set points from the agents. In addition,

« an agent, dedicated to a load, should be Capa_some information on its current state (power needs)
ble of calculating the prediction of power con- are sent back to the agents so that they can be taken

sumption: to determine what are the future power INt0 accountin the future plans.

needs taking into account the usual behaviour of Because the reactive mechanism has been presented in
inhabitants. detail in (Abraset al,, 2006), this paper focuses on the

In MAHAS, an additional agent is responsible for anticipative mechanism.
broadcasting the computed predicted plans to the other

agents. 3. AGENT MECHANISM FOR ANTICIPATION

The structure of the MAHAS is decomposed into two
main mechanisms working on a different time scale: One of the objectives of the MAHAS s to fulfil in-
the reactive mechanism and anticipation mechanism. habitant comfort. A notion which is related directly



to comfort is the satisfaction function (Lucidarree

al., 2002). Satisfaction functions have been defined
for power resources as well as for devices. A satis-
faction function is expressed by a function defined
from the domain of characteristic variables to the in-
terval[0, 1]. In the MAHAS, satisfaction characterizes
the inhabitant’s feeling about a service where zero
means "unacceptable” aridmeans "fully satisfied”.
For example, the satisfaction function for a thermal

air environment is based on room temperature values

(figure 1). The satisfaction function of a power re-
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Fig. 1. Thermal air environment satisfaction function.

source agent is also expressed by a function where the

level of satisfaction is defined by the energy supplier.
A satisfaction function can be modelled by a set of
characteristic points. For instance, figure 1 can be rep-
resented by{(TMIN (heating),0),(TPRE(heating), 1),
(TMAX (heating),0)}.

A power profile of a service represents a series of
consumed or supplied powers corresponding to con-
secutive sampling periods.

3.1 Agent modelling

In the MAHAS, an agent supports a serviegyv; <
SRVS where SRvS is the set of all services. A
service SRV; may be either a timed service, de-
notedsrv,’ , or a permanent service, denotesv,”,
achieved by one or several devices, knowing that a
device may also achieve many services (figure 2).
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Fig. 2.Example of agents in M.A.H.A.S.
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3.1.1. Modelling of the timed service agent A
timed service corresponds to power profiles during a
given period; the flexibility of the service comes from
the possibility that it may be shifted.

The internal knowledge of a timed service agent,
which represents the knowledge that cannot be formal-
ized in a general way, is modeled by:

e acharacteristic variable which corresponds to the
starting time of the service.

e a behavioral model that defines the possible
power profiles once the service has been started.

e a set of characteristic points:
{(EST(SRV;),0), (RST(SRV;), 1), (LST(SRV;),0)}
that represent respectively the earliest
(unacceptable satisfaction), requested (fully
satisfied) and latest starting times for the timed
service.

A realization for a timed service agent represents
the shared knowledge about a timed service. It is
composed of:

e a power profilert =
[POW (SRV;)o, ..., POW(SRV;)x] where
POW(SRV;); # 0;5 € [0,n]represents the

average power consumption/production of the
service during thek!*sampling period. The
duration of a service is determined by the length
of the power profile lengtfil).

e asatisfaction value which depends on the starting
time of the service.

A realization corresponds to an instantiated power
profile denotedREAZ(SRV,") = (k,I1,0), where

k is the actual starting sampling periotl, is the
power profile andr a satisfaction value modelling the
inhabitant’s feeling about this realization.

3.1.2. Modelling of the permanent service agen
permanent service corresponds to power profiles cov-
ering a given period. The flexibility of the service
comes from the possibility of adjusting energy allo-
cation from time to time.

The internal knowledge of a permanent service agent
is modeled by:

e a behavioral model linking the power profile to
effect an inhabitant environment.

a satisfaction function represented by a
set of characteristic points. Considering a
HAVAC(Heating, Ventilation and Air Condition-
ing) system, among these characteristic points,
there is the inhabitant requested temperature and
the inhabitant unacceptable temperatures.

A realization for a permanent service agent represents
the shared knowledge of a timed service. It is com-
posed of:

e a power profile:
[...,POW(SRV;),...] Where
POW (SRV;), represents the average power
consumption/production during thet» period.
The duration of a service is determined by the
length of the power profilength(11).

a satisfaction value. Even if a realization covers
several periods, there is only one value that mod-
els the inhabitant resulting satisfaction for the
whole considered period: it is usually equal to the

II



minimum of the satisfaction values computed for the whole problem. The advantage of this method is to
each period. reduce the complexity of the whole problem which de-
pends on the number of periods for each sub-problem
and on the number of devices. When the whole prob-
lem is divided into sub-problems, each sub-problem
does not contain all of the devices (for example: some
inhabitant vacuum clean in the morning and not in the
evening). Because the number of considered periods
Let's define the notion of impact of a service for a in a sub-problem is lower than the number of peri-
given sampling period. It corresponds to the set of ods of the whole problem (Habbas al,, 2005), the
realizations for a servicerv; , which is affected by ~ complexity of solving the sub-problems is less than
a change of power affectation at a given timé-or a the complexity of solving the whole problem at once.
permanent service, the impact coresponds t, k +

A realization corresponds to an instantiated power
profile denoted:REAZ(SRV) = (k,1I,0), where
mmis a power profile from the sampling period+
length(TT) and o is a satisfaction value modelling the
inhabitant’s feeling about this realization.

p] wherep x A corresponds to the time response of the ey -
. . . . istribution sub-problem sub-problem i
related devices. For a timed service, it coresponds to A —
. . . agent 1
the set of realizations defined/at %

X

o Time
>

3.2 MAHAS modelling

<>

A Home Automation System aims at reaching a com- oetod

promise between the comfort and the cost for in-

habitants while satisfying technological constraints of Fig. 3.Whole problem energy distribution.

devices. The MAHAS takes into account the energy

price variation because the energy suppliers charge

the inhabitant for the actual energy production Cost. The principle of the division of the problem into sub-
Therefore, the MAHAS aims at minimizing the cost problems is described in the following procedure:
while maximizing the inhabitants comfort which de-
pend on the realizations of the service agents.
Energy cost criterion:

According to energy cost, an realization of a service
SRV; can be costcos(SRV;) = f(REAZ(SRV;)) =

e proceduresolving of the whole problem
distribute the energy over all periods for all the services
according to the inhabitant’s satisfaction;

L . : e if insufficient energy for some periotigen
f(k,11) The energy cost criterion is defined when one | detect Sub_pmb?gms. P
][_ealazauon for each requested service has been de- determine the time interval for each sub-problem;
Inea. o solve each sub-problem separately;
ECsry = Z (cos(SRV;)) o merge the sub-problems solutions to obtain the general

SRV; ESRV solution;

WhereEsRY stands for all the requested services. ° ielset adsolunon according to the inhabitant’s satisfaction is
selected;

Comfort criterion:
The Comfort criterion corresponds to a weighted av-
erage satisfaction of all the selected realizations when

one realization for each requested service has beenrhjs procedure is described in the next sub-sections.
defined. It is denotedOsx

e endif;
e end procedure;

Even if the methods for solving the optimization prob-
lem may provide good solutions, they still require long 4.1 Energy distribution
computation times and considerable working memory
because the complexity is NP-Hard (Garey and John-The search for the whole solution starts by distributing
son, 1979). A relevant optimization strategy (section the available energy over all the periods for all the ser-
4), due to the nature of the Home Automation System Vvices according to the inhabitant’s satisfactiom()
problem, would seem to be a promising avenue for where agents provide realizations with a satisfaction
performance improvement. value equal td. At the end of the energy distribution,
if there is enough energy for all devices, the search for
a solution is stopped and a solution according to the
4. OPTIMIZATION STRATEGY inhabitant’s satisfaction is selected. But if there is not
enough energy for all devices, sub-problems will be
A Home Automation System problem can be divided detected (4.2) and then will be solved (4.3).
into sub-problems involving different agents because,
generally, inhabitants do not use their devices most of
the time. The basic principle is to divide the whole 4.2 Determination of the sub-problem interval
problem into independent sub-problems (figure 3)
then to solve each sub-problem independently (in se-When the service agents suppling power have not
guence or in parallel) in order to find a solution for enough energy for all devices, the solving agent sends



the periods for which there is not enough energy to sampling period of30 minutes, is presented is this
all permanent and timed service agents. For obtainingsection.
independent sub-problems, it is necessary to deter-The first devicevasherwill be used twice:
mine the service influences over these periods. TheThe first timed service on the wash&rv; =washing IS
principle of the sub-problem interval determination is characterized by:
described as follows: RST (washing )=09h00, EST(washing )=08h30,
LST (washing )=10h00, POW (washing )=2.2kW over
three sampling periods
The second timed service on the washer
e each realization of a timed service agent is char- SRV,=washing, is characterized by:
acterized by a starting time, an ending time RST(washing)=19400, EST(washing,)=18h30,
(equal to the starting time plus the length of the LST(washing)=20h00, POW (washing,)=2.2kW
power profile). over three sampling periods.
e each timed service agent sends their intervals to
the solving agent.

First, compute the earliest and the latest starting time
for the timed services:

The second device EV,=dishwashewill be used twice

as well:

Each permanent service agent sends its impact to thelThe first timed service on the dishWasher

solving agent (for example: the impact of a heating SRV; = dishwashing is characterized by:

service corresponds to its time response; the impact ofRST (dishWashing)=9h00, EST (dishWashing)=9h00,

lighting is zero). LST(dishWashing)=10h30,

POW (dishwashing)=2.4kW over four sampling periods.

The second timed service on thlerv, = dishwasher

SRV, = dishwashing iS characterized by:

RST(dishWashing)=19400,

e The solving agent verifies the intersection be- EST(dishwashing)=19h00, LST(dishWashing)=20h30,
tween the sub-problem intervals and the earli- POW (dishwashing)=2.4kW over four sampling periods.
est and the latest time of the timed services; it
chooses the minimum value between the earliest
time and the inferior bound of the interval and
the maximum value between the latest time and
the superior bound of the interval.

e The solving agent adds the impact of the per-
manent agent to the sub-problem intervals; the
fact of adding the impact of permanent service The fourth deviceDEV; = vacuum cleanewill be
agents increases the interval of the sub-problemused once, the timed service on the vacuum cleaner
but it guarantees that there is no influence on the SRVs = vacuumingis characterized by:
previous or next periods. RST (vacuuming=21h00, EST (vacuuming=19400,

e The solving agent merges two sub-problem inter- LST(vacuuming=22h00,  POW (vacuuming=1.5kW over
vals if there is an intersection between these two one sampling period.
sub-problem intervals.

The solving agent creates several intervals (sub-
problem intervals) depending on the number of peri-
ods where there is not enough energy.

The third deviceDEVs = oven Will be used once,
the timed service on the ovepRRVs cookingis

characterized by:

RST(cooking)=11h00, E ST (cooking=9h00,

LST(cooking)=12h00, POW (cooking=1.5kW over one
sampling period.

The fifth device is a heater in the living room
Then, at the end, the solving agent sends the sub{DEVs = heater), the permanent service on the heater

problems intervals to all agents. SRV7 = heating iS characterized by:
TMIN (heating )=19, TPRE(heating )=19,
. TMAX (heating )=19, POW (heating )maz = 1.5kW
4.3 Resolution of a sub-problem the thermal dynamic model of temperature

change (Nathan, 2001) in the living room is:
TEMP(heating )1 = e(~180)TEM P(heating )
+40(1 — e~ 1890YPOW (heating ) +(1 — e~1890) x 10

The solving agent computes a predict plan for

each sub-problem using the Bellman-Ford’s algorithm

(Cherkasskyet al., 1994). The solving agent collects

the set of realizations for the services, it verifies if The sixth device is another heatavK Vs = heates)

they are acceptable or not according to the availablein the bedroom, the permanent service on the heater

energy taking into account the inhabitant criteria. It SRVs = heatingis characterized by:

amounts to choose an agent realization in order to find7'M 1N (heating,)=18, TP RE(heating)=19,

the shortest path for the services belonging in the sub-7M AX (heating,) = 20, POW (heating ) maxz=1.5kW

problem. the thermal dynamic model of temperature change in
the bedroom is similar to the living room’s thermal
dynamic model.

5. APPLICATION EXAMPLE ) o

The solving agent starts the search by initializing

An illustrative example of a system composed of six the heating service to their inhabitant preferred

devices and a power resource limited4av, for a temperature and the timed services to their requested



starting time. After the energy distribution for all feature is a clear improvement over the capabilities
services over all periods, the solving agent statesprovided by current Automatic Controlled Systems.
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This paper has presented the principles of a Multi-
Agent Home Automation System which allows the

agents to cooperate and coordinate their actions in
order to find the accepted near-optimal solution for

power management. The division of the whole prob-

lem into sub-problems has been detailed. This paper
has shown how the problem complexity can be de-
creased by dividing a problem into sub-problems.

The results provide evidence that the cooperation and
the negotiation capabilities of Muli-agents Systems
can be advantageously used to control spatially dis-
tributed, flexible, open and extendable systems. This



