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Abstract — Ambient intelligence systems interact with their
surroundings using actuators and based on environnmal
data collected from sensors’ readings. Diagnosis irthis
context must address some particular challenges due the
dynamic nature of these systems and the impossiltjlito pre-
define control loops between sensors and actuatoad design
time. A possible solution to this problem is to bas diagnosis
on observed physical phenomena (effects) induced by
actuators and to reason over a pre-defined ontologgllowing
one to apply physical laws, to compare calculatedalues with
actual sensors’ readings and thus to notice anomaB which
corresponds to probable faults. This “effect’-basedmodel,
which describes the expected physical effects ofethactuators
onto the environment, allows one to perform basicidgnosis,
using a static view of the system. However, to penrfm more
complete diagnosis, we claim that one has to takehe
dynamics of the system into account. To achieve #)i this
paper proposes to extend the simple “effect”-basediodel with
a behavioral model using temporal logic.

Keywords-Ambient intelligence; ubiquitous systems; sensor;
actuator; diagnosis; OWL; ontology; reasoning; physical law;
temporal logic

l. INTRODUCTION

Ambient intelligence systems are interactive system
that have an overall goal of satisfying users’ ieéu
everyday life tasks using the least intrusive w&ych
systems interact with their environments using acits and
sensors. The data collected by the latter keepsyseem
aware of its environment. Depending on the tasénitéd,
the system uses these data to determine the attidage
using the necessary actuators in order to achreveurrent
task. In this context, the system must have thensé¢a
check autonomously whether the actions are perfdrme
correctly. As a matter of fact, when the ambierstam
sends out orders to an actuator, the informatiowiged in
return from the latter reflects only the receimtstof the
transmitted orders, not their actual execution. iRstance,
when the system activates a light bulb, it doeskmotw if
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the light has really been switched on (for instadae to a
damage to the bulb itself).

The particularity of ambient systems is that, umlik
traditional systems, physical resources (mainlyssenhand
actuators) are not necessarily known at design. timéact
they are dynamically discovered and may appearoand/
disappear at run-time (depending for instance oar us
location), so control loops cannot be pre-deterthifidat is
why control theory that is usually used to pre-daire
closed control loops using ad-hoc sensors is nplicatle
to this type of highly dynamic systems. The modeppsed
in [1] is a framework for building dynamically the
equivalent of control loops for ambient systems,usjng
available resources at a given time and using them
performdiagnosisat run-time. The approach is based on the
modeling of the physical phenomena (so-calkftects
expected in the environment and that may be pratibge
actuators and detected by sensors. This methogrbaen
itself to be well adapted to the dynamic natureambient
systems, since it enables the system to automigtical
associate actuators and sensors, and thus, to ele¢tiac
expected measurement provided by a given sensan &he
certain action is performed by an actuator (fotanee, an
increased light level may be expected when a balb i
activated). This way, the system is able to prodaoe
accurate diagnosis at run-time while allowing oméotally
decouple actuators and sensors at design time. \owe
deducing faults in such a situation might dependttoan
previous state of the system and of the environn(femt
instance, an error consisting in an unexpected drdight
level is detected by comparing the current lighklewith
the previous one), thus it is crucial to considmeirt overall
temporal behavior. For this reason, this papernihtces
temporal extensions to the diagnosis framework gsed in
[1].

The remainder of this paper is organized as follows
Section 2 exposes the architecture of the diagnosis
framework and shows the required extensions sdanas t
constraints can be taken into account. Then, Secsio
presents a complete example demonstrating our agipro
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Finally, the conclusion highlights some issues fisture
work.

Il.  STATE OFTHE ART

One of the main particularities of ambient envirems
is that services, which goal is generally to sgtiser's
preferences by performing a specific task (for gxam
regulating room temperature) or assisting him/hemnis/her
task (like assisting a user in some kitchen tasksg

system designer to thoroughly describe the systeamesign
time. For these reasons, we introduce our appratmiving

the decoupling of actuators and sensors in the nadide

enabling the system to deduce the links betweem tae
runtime.

Before explaining the effect-based model and the
behavior of the diagnosis process, let us introdtiee

THE DIAGNOSISFRAMEWORK

executed in the background in a way that they arecontext of use of the diagnosis framework. In Hig.the

unnoticeable by the user. Diagnosis in
environments can correspond to either verifyingt e
user has properly done his expected task, in wtase it is
a user-behavior diagnosis, or verifying whether gistem
actuators have performed their task properly, inctvicase
it is system-behavior diagnosis. This requirembntlding
non intrusive ambient systems, causes some diffésuin
fault detection. Indeed, it is unacceptable fooa mtrusive
system to flood the user with a large number ofitfau
detection data. In the same time, not informing uker of
detected faults may cause that users continue lyoore
failed services without noticing. So, in generahist
characteristic, which is working correctly in theckground,
shows how crucial the diagnosis task is. Moreoasthient
systems are becoming
complex, which makes diagnosis a nontrivial tagk [2
Many techniques are proposed for fault detection, f
instance in some assisted living systems (called simart

homes); the approach consists in gathering usea dat

(behavior, preferences, etc.) in order to apply hivee
learning techniques [3] to detect anomalies in bsdrvior.
This approach allows us to perform user-behaviaguisis.
With our work, what we are aiming for is a real4im
system-behavior diagnosis framework (by device veam
actuators and sensors). In fact complex system# fau
detection techniques can be used in the case dteadev
centered diagnosis. The challenge here is to cengite
most suited approaches to ambient systems’ chasiitts
and to adapt them if possible. One of these appesac
proposed for complex systems diagnosis is the rioattd
diagnosis technique. It is a technique based ogysters
description that is used to define the behavioreath
component within the system and the connectionsdeat
these components [4]. The technique consists imlaiing
the system’s behavior and reasoning over the systedel.
Obtained information is used to compare the expecte
system behavior with the actual system behaviad, thos

to detect faults. The major challenge of this téghe is
combinatorial explosion which makes the approadiess

for devices composed of a considerable number of

components [5].
In general, we notice that regardless of the ambres
proposed in existing work, it is always supposedt th

sensors and actuators, represented in the model, ar

somehow directly linked. In other words the model Diagnosis| ) Dvnaméfdta;icl
explicitly contains the relationships that link @ator actions Process |Useinformation ) Modell Mode
and sensor states. We claim that building suchi@ifhks s

. . . . ystem Model
is poorly adapted to highly dynamic ambient systems Instance
Indeed, as devices are added to and removed from an Diagnosis Framework

ambient environment at runtime, it is very difficébr the
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ambient diagnosis framework is situated within the contektan

ambient system and its main components are illestrdt is
composed of an effect meta-model and a diagnosips.
The effect meta-model is instantiated to refle@ Htatic
representation of the ambient system (static mpdel)
contains the actual system components along with th
expected physical phenomena to be observed in the
environment. The dynamic model defines the dynamic
behavior of possibly complex physical phenomenae Th
union of the dynamic and static model constitutes t
“system model instance”. The so-called “diagnosecess”
performs run-time, background diagnosis on the antbi
system, based upon information drawn from the ayste
model instance and the ambient system itself. lastiated

increasingly autonomous andby the directions of the arrows going toward thebimmt

system from the diagnosis framework, the lattetesigned
in such a way that it may be “grafted” onto the &nb
system without changing it.

It is to be noted that in this paper we do neittiscuss
the modeling, nor the operation of the ambientesystWe
do rather discuss, in the following subsections,rttodeling
and the use of the effect meta-model, its possitdtances
and the diagnosis process.

A. The Effect Meta-Model

1) The Static Model

In order to have a generic approach we proposeta-me
model that is based on the modeling of ambient atbje
(mainly actuators and sensors) and the explicitrj@gon
of the concept ofeffect The latter becomes the only
“deduced (via reasoning)” link between actuatorsd an
sensors. This meta-model is instantiated to reptee
diagnosed ambient system. To benefit from good
extensibility properties and broad tool support fater
software implementation of the diagnosis framework,
ontologies, namely OWL ontologies [6], have beeeduto
design the effect-based meta-model.

Ambient System

Intercepts Sy Rep!

Events /
\l Effect Meta-Model
!i

Figure 1. The Diagnosis Framework and the Ambient System
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In the proposed approach, illustrated in Fig. 2tty
structure of the effect meta-model ontology, thaaept of
effect defines the relation between actuators asa@s.
This definition is done in respect of the descoptof the
physical consequences of the actuators’ actionsthen
ambient environment and thus on the sensors’ rgadin
Such design requires an explicit definition of thteysical
law. However this definition of physical laws is re@r less
detailed so the model (instance of the meta-model
representing the actual ambient environment on hwhic
diagnosis is performed) can follow different leved$
granularity. The choice of the latter can dependpragy
other things, on the context of use, for instanssisted
living homes for blind persons would have a dethile
definition of the model for the propagation of sdwmaves.

The main contribution of this approach, as illustdaby
Fig. 2, is to eliminate any direct link, at desigime,
between sensors and actuators in an ambient envémn
For example in an environment composed of a lighb b
(actuator) and a light sensor (sensor), the lighb emits
(produces) light (effect). Light is characterizeg lght
intensity (effect property). Light sensor is sefesilio
(detects) its surrounding light intensity (measigab
property). To calculate (calculates) the light nstigy
(measurable property) that reaches the light sensor the
light bulb considering the distance between themmodel
the fact that light intensity decreases with theasq of the
distance [7] (physical law). In the mathematicahiala of
this physical law the distance between the ligli laund the
light sensor must be expressed. The distance bettee
two components is deduced from their respectivetipns
(ambient object property). Once we have the reslthe
calculations of the physical law which is the lightensity
we expect around the light sensor, and we haveuhent
value of the light intensity given by the sensaelf, the
diagnosis is performed by comparing, according dmes
diagnosis strategy, the two values. With this mogeldo
not impose a diagnosis strategy. So in generalthel
information provided by the model is in fact theaserable
physical properties values that are calculated bg
corresponding physical laws. These are the valigsare
expected to be read by the sensors. These valaethem
compared with their equivalent measurable physical
properties values that are given by the senscaslings.

As stated earlier, the physical laws can followfedént
levels of details. The benefits of such dynamiagn be
demonstrated when considering different contextsiss.
Let us consider the lighting system as an exanimé.us
say we are in the context of an ambient home Hghti
system; in an ambient home we can imagine a light
propagation formula as a simple ON/OFF relatiorwieen
light bulbs emitted light and light sensors’ reagin
However lighting a work space might use more finairged
rules, so in this context the formula would use aren
accurate light propagation law (like the previously
mentioned inverse square law) to make sure thdtt lig
intensity remains around the expected value. ltpigo the
final designer of the actual ambient system torddtee the
level of granularity appropriate to the context.

—
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Physical

Ambient
Object

Ambient Object
Property

dependsOn
fis-a A 4
produces @ hasProperty Effect Property

Figure 2. The effect meta-model ontology schema

The main goal of this approach is to provide a dyica
diagnosis framework. The effect meta-model provittes
diagnosis framework with the necessary data. This is
used by the diagnosis process to perform diagnosis.

2) The Dynamic Model

The effect based meta-model models effects as gdilysi
phenomena. Frequently, the latter depends on time
variables. To model temporal behavior a first solutvould
be to use Linear Temporal Logic (LTL). As a matiéfact
in addition of being a formalism for the specificat and
verification of concurrent and reactive systems] Li in
fact a formalism for expressing qualitative projsrtabout
the execution of the system [8]. However when exangi
the behavior of the actuators in an ambient enwiemt, it
is noticeable that, from the time actuators arevaieid,
most of the times, the physical impact takes aagedelay
before it is observed. The durations of these delgry
depending on the type of the physical phenomena.
instance after turning on a heater, the heat efteat is
supposed to be produced is not noticeable untiéréai
time has passed, the length of this time is defimgdeat
transfer laws. Such properties cannot be takenantmunt
by using classical linear-time temporal logic (LTLHor
real-time systems where a run of a system is mddatea
sequence of events that are time-stamped withvadaks,
which is the case here with times and durationsutaied
by physical formula, LTL is inadequate. Insteaat, $uch
systems, modalities decorated with quantitativestraimts
over real values are required. A known extensianstah
logic is MTL (Metric Temporal Logic) in which modaés
of LTL are enriched with quantitative constraing§. [With
MTL when describing the behavior of real-time systene
can consider deadlines between environment everds a
corresponding system responses. For exampeery
“alarm” is followed by a “shutdown” event in 10 tienunits
unless “all clear” is sounded firs§t[10] can be represented
as:

Fo

o(alarm >(0g 1g)allclear [ Op 0y sShutdowd)
00.10)means sometime in the next 10 time units.
0oy Means in exactly 10 time units.

Although there are other alternative approaches to
extend LTL such as Timed Propositional Temporal itog
(TPTL) [11], MTL meets our needs at this stage.

B. The Diagnosis Process

The diagnosis process is a set of finite state mash
modeling the system’s behavior. It is using sensord
actuators related events as transitions of the emhlsiystem
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behavioral model to perform diagnosis tasks, hethee

relation “Intercepts System Events” between theymbsis o

process and the ambient system in Fig. 1. In faet t A =

diagnosis process is a generic process that pesform \E C
diagnosis based on one hand, the ambient system's — ocnator
behavioral model and, on the other hand, informatiom 7

the system effect model (instance of the effectarneddel). e "—L
For example we can imagine a light diagnosis task m@g [Drain | P

consisting in expecting an increase of the lighensity
value after light is turned on, or we can imagine a
continuous light intensity verification diagnosisopess,
during which the diagnosis task consists in vemiythat
light intensity value is kept around a certain eallihe latter
value changes according to both the received systemt
(light turned OFF or ON) and/or information dedudezin

the instance of the effect meta-model (light intigngalue
deduced from the distance between light sourceslightd

Figure 3. Components of the Bathtub Diagnosis Example

We suppose that the provided ambient system’s
behavioral model is composed of a set of finitetesta
machines (FSM) describing the system’s overall bieha
In this example, we isolate the part that describsks that
are related to the bathtub behavior. Fig. 4, isngliied
proposal of what the bathtub FSM would be. In this

sensors). demonstrative example, we will see a simplifiedgdizsis

o ) i example on a specific task; corresponding to thiéint

1) The concept of time in the diagnosis framework —  pathtub” state of the FSM. The latter task andréfative
In the proposed approach, the issue of “time” is transitions are the parts that are bold in Fig. 4.

considered from two angles; the first angle is tiee a For this particular example, the temperature véhag is

physical variable in the physical formulas, theasetangle  requested by the system is 50°C and the level Gslité.

is time as part of the diagnosis framework dynamics Thjs s represented by the entering transition fibirig
(behavioral model). In the first angle, time is dise the  pathtub”, the instantiation of this transition is:

physical formulas defined in the Static M(_)del _(a'mBIe of Start Filling [50 ; 150]

the effect meta-model). The fact that time is aretha The diagnosis process part of the diagnosis framewo
concept between the Static and the Dynamic mod#ies g5 jllustrated in Fig. 1, listens to system evéBtart Filling
reason that the system model instance is divideu tino [50 ; 150]). Afterward, the diagnosis process wostdrt

interrelated parts as illustrated in Fig. 1. Wheaspnt in performing diagnosis tasks related to the “fillibgthtub”
these formulas, time becomes a shared concepttiamsl,  state. In this example, we will consider a simpiegdosis
Model. The latter, if necessary, uses time in tescdption  expected values of water level and temperature agthal
of the physical phenomena’s behavior, in which case gjyes read by the sensors. The comparison takes in
represented as a behavioral model. As for the dEign  account a tolerance value defined by the diagnusisess
process, it describes the system’s behavior waking into a5 g parameter of the physical law instance. A ajlob
account the physical phenomena’s impact on theesyst  yariable “time” is set to keep track of time elapsince the
overall behavior, which requires interacting witlhet beginning of the diagnosis process. The “time” uisit
in which time is considered. The diagnosis processyseqd in physical laws. Physical laws, associateddth
intercepts ambient system events to perform diagr@se  ater temperature and water level, involve quaitiaime
technique is detailed in the next subsection). dtnelenge constraints that can be described using MTL.
here i_s to co_nsider bqth angles and their comhnaitito _ In the first part of this example, only physicaviathat
one diagnosis dynamic framework capable of perfogmi  gre related to water level are considered. Thendisig of
real time fault diagnosis. What is to be dealt withre also water temperature is dealt with in the second pEie
is the synchronization of time value with actuasteyn’s mathematical formulas of these physical laws are:
time. It is the diagnosis process part of the fraor& that Water Flow Ambient Law:
handles this task.
Anbi ent _Wat er antity= 1
IV. " A DIAGNOSISEXAMPLE Wat er _Quanti ty(_l-bt)+V\£l_t%Jr _QJar?t ity(@ld) @)

In this example, we will see how diagnosis is penfed

when a bathtub is being filled. As illustrated iig.F3, we Water Flow Law for Hot and Cold Water:

have a bathtub and four actuators controlled bysylséem’s

controller: two water taps (a hot one and a cole) pa water Wat er _Quantity(Hot)= 2
drain, and a resistor. The later role will be expgd in the LO(Hot) +Wat er _Di schar ge_Rat e(Hot)xt i me

second part of the example. There are also twoosena
thermometer and a level indicator, whose readiregp khe
system informed about the state of the environnfeater Water Quantity(Col d) =

: . ®3)
temperature and level) in real-time. LO(ol d)+Wat er _Di schar ge_Rat e(l d)xt i me
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Start Filling[Temperatre ; Level]

Filling Stop Filling[ Temperatre ; Level]

BathTub
Maintaining

. | BathTub
Start Filling[ T tre ; Level
ng[Temperatre ; Level] Conditio

Empty Bath- ; 0]
()

Empty Bath[- ; 0]

Figure 4. Simplified FSM describing bathtub behavior

It is to be noted that “Ambient Water Level”, whigha
sensor’s reading given by the water level indicatditers,
and “Ambient Water Quantity” which is calculated the
Water Flow Ambient Lavn cnt, represent the same entity,

calculates Water Fow

Ambient
Water Level Ambient Law
Measurable Physical
Property Law
calculates .

Water Quantity (Hot) Waleu:' Fow
w
Water Quantity (Cold)

dependsOn

Effect Property

perty~—_
Water Discharge
hasProperty Rate (Hot)
Water Discharge
Rate (Cold)

Figure 5. Effect-based model instance implementing the statidel
related to bathtub level diagnosis

Cold
Water Tap

Hot
Water Tap

dueee )
Water Fow
Effect

which means that they are comparable entities aft
applying a simple rule of physical unit conversfoom liter
to cnt. Moreover, | (Initial level) is considered as null for
simplification reasons. These physical laws andemth
components of the effect meta-model instantiating t
ambient system by the diagnosis process are repessby
the rectangles in Fig. 5.

The diagnosis process performing bathtub waterl lev

diagnosis uses information taken from this instaofc¢éhe
effect-based meta-model corresponding to everytpain
time diagnosis is performed. So, knowing the sy&em
water discharge rate value for hot and cold waerany
given time (timer value) the diagnosis process ltath
the value of the water level detected by the |évdicator
sensor and the value of the expected water levelleted
by the stated physical laws. This information isdigo
perform diagnosis. Let us suppose that we havenatanot
“Water Discharge Rate” of 140¢fm for Cold water and
110cni/s for Hot Water. Let us also suppose that diagnosi
over water level is performed periodically evergeonds.
TABLE | illustrates the trace of the diagnosis mss for
the first 15 seconds after the order to the actagiwater
taps) has been transmitted (“timer"=0 being the raainthe
order has been transmitted).

The first two null values given by the level indima
sensor at the first and second diagnosis can Heiegd by
the fact that 750 cfnof water is not enough to fill the
bathtub floor so that water is detected by the @etimt is
fixed usually on the bathtub side. In this example,insist
on the fact that, so far, the output of the diagha@se
information describing the expected state of thetesy after
the proper execution of the system’s command aattkie
framework does not impose a way of using the géeéra
diagnosis information, nor how to compare them \aittual
sensors’ readings. The diagnosis results mightdael dior
textual warnings to the user of the ambient syst=ma

TABLE I. WATER LEVEL DIAGNOSIS TRACE FOR THE FIRSTL5
SECONDS
I Time | Ambient Water Quantity | Ambient Water Level Diag-
(From effect Model) (From Level I ndicator) nosis
0s 0.00 cr(0.00 liter) 0.00 liter (£ 2) OK
3s 750.00 cy(0.75 liter) 0.00 liter (= 2) OK
6s 1500.00 cf(1.50 liter) 1.42 liter (£ 2) OK
9s 2250.00 ci(2.25 liter) 2.00 liter (x 2) OK
12s 3000.00ci(3.00 liter) 2.67 liter (= 2) OK
15s 3750.00 ci(3.75 liter) 3.04 liter (x 2) OK

These control mechanisms have the particularitybéo
created at run-time. Using available actuatorssehmontrol
mechanisms would have been used to correct watet le
when a fault is reported by the diagnosis procéss.
instance this can be done by increasing the waseharge
rate when the level is less than expected and pgethie
water drain when the level is more than expectée. iSsue
of system’s behavioral control is not detailedhis tpaper.

It is to be noted that when dealing with water leve
diagnosis the dynamic part of the system modeairt is
not involved since we consider that in this cagedlare no
non-negligible physically defined delays betweetuaior
actions (filling bathtub with water) and the semssor
responses (detecting the corresponding water lievéhe
bathtub). This is, of course, not the case in twosd part
of the example which is the water temperature diagn
part.

In this second part of the example, we consider ttie
bathtub offers a “hot tub” functionality. Water eddy
present in the bathtub is heated by an immersetingea
element that is basically composed of a resistrd¢bnverts
electric power into heat. This heating element viié
referred to as “resistor” for the rest of the pager this
particular case we suppose that our bath tub eldwating
system has a power rating of 2kW. We also supplosae t

feedback on what is going on and whether or not its yater comes only from the cold water tap. What wtice

requested actions are being properly executedégybtem,
or, in other cases, it might be used by the amisgstem
itself as input information to a certain control chanism
for fault correction.

Copyright (c) IARIA, 2011.  ISBN: 978-1-61208-171-7

here is that the water temperature elevation isemental
over time. In fact the time between the moment lictv the
heating element starts heating the water to a inerta
temperature and the moment in which the water esatiat
temperature is non-negligible. Thus, this delagétecting,

149



UBICOMM 2011 : The Fifth International Conference on Mobile Ubiquitous Computing, Systems, Services and Technologies

by the thermometer (sensors in general), the tgpatition
(the physical phenomena’s actions) done by thestmsi
(actuators) on the water should be taken into denation

is closed. With this configuration we obtain thensaresults
for water level diagnosis as the first part of gxample. We
also consider that we have the property “heat poyveéth

and should appear somewhere in the system model. Irthe value of 2500J/s) as an effect property of ‘theat

reality, from physics point of view, the incremdnteeat
elevation is caused, according to enthalpy theag}, [by
total accumulated quantity of energy Q added tosgfstem
by the actuator, this value is calculated usingnéegration
of the instantaneous amount of power P generatethdy
resistor (we will call this effect “Heat Emissiorffé&ct”)
over time:

Q = JinP(t)dt [joul €] 4)

where t is the instant where the effect starts ani the
instant where the effect ends. To be able to perfiiscrete
calculations, this integral is converted into a soininstant
power values in time:

Q= 2ZianP(t) [joulg] ®)

It is to be noted that in this method the calculaterrent
temperature value depends on both, the currentupestl
power value (which is generated by the resistamyj the
previous (at t-1) calculated energy value. To dateuthe

ambient temperature of the water we use the enthalp

formula that states that at a constant volume aeskpre:
V. C=AHAT (6)

where c is the water specific heat capacity, whichhe
amount of heat required to change water's tempexrgithe
volumetric heat capacity of water is 4.1796 Jd1 [13],
conversions from Kelvin to Celsius ought to be idered
later), v is the total volume of the water (itsuain cni can
be deduced at any given time using (1), (2) any (3) is
the enthalpy variation andT is the temperature variation.
Under constant (atmospheric) pressure the quantityeat
Q received by a system is equal to its enthalpygbaH.
So a body of volume v where the temperature (whidhe

value to be calculated and compared with thermamete

reading) varies from to t receives the amount of heat:

Q = AH (7)

To apply this to the effect-based model, an effect

representing the heat emission from the actuaesistor” is
instantiated. We call it “heat emission effect’isteffect has
the property power that we will call “heat powerthd
instantaneous amount of power P described earlldm.
later along with other properties related to otkéfiects,
other actuators and/or other sensors will be usex/aluate
all the previously stated laws that are related“Heat
emission effect”. Indeed, results from water lepbkysical
laws (1), (2) and (3) are to be used in heat rél&tes. As
for the values, to remain consistent with previcesults for
water level diagnosis, we consider now that thel ezhter

discharge rate is 250¢fa (which was previously the sum of

hot and cold water discharge rate), and that thevater tap
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emission effect” produced by the actuator “resistdve

also suppose that we have a constant loss of haaed by
the direct contact of the water with ambient aid ahe
bathtub material, this heat loss is representech bheat
power” of -500J/s; to differentiate from previousal
property we call this property “heat loss”. The rabis

flexible in the sense that it offers many ways epresent
this loss in heat; the only constraints are to haveeffect
property of type “heat power” and of a negativeuealSo to
align this idea to the effect model, the “bathtutself is

instantiated as an actuator so that it can prodheat

emission effect” with “heat power” value of -500JAs a
total we then have a total “heat power” of 200@itiuced
by the combination of heat loss and the resistdre T
resulting instances in the effect model are ilatstd in Fig.
6, in which, the 4 heat related physical laws argplfied to
one instance.

During the first 3 minutes (180 seconds), we obthi
temperature diagnosis traces illustrated in TABLEraces
are taken every 30 seconds and initial temperatariation
is considered to be null “OK").

Ambien
Object

To better understand the results let us consider th

diagnosis at the second 150.

e The water quantity calculated by the Water Flow
Ambient Law is 37500cf{=250cnt.s'x150s].

e« The accumulated water heat energy, calculated by
(5), is 300000J [=2000J"8150s].

¢« The ambient water temperature is calculated by (6)
and (7) as it is the result of the temperature
augmentation at t=150s, which is 1.9140K
[=300000/(v.c); where v=375008mand c=4.1796
J.cm®.K™, plus the temperature at t=149s, which is
equal to 285.1947K. The final result is 287.1088K
(13.95°C).

The latter value is compared with the sensor readin

which is 13.07°C, the comparison gives a successful
diagnosis since we have a tolerance margin of 2°C.

Ambient Water

detects,| Temperature
Ther

Ambient

calculates Heat Laws
(4), (5), (6) and (7) .

Water Flow uses

Ambient Law

Indicator Measurable -
¢ is-a Property
e iy
aw
Water Quantity (Cold) aleufates
depends
d dsOn

dependsOn!
dependsOn

Effect Property
Water Discharge
Rate (Hot)
procuces hasProperty Water Discharge
Water Flow Rate (Cold)
D

Heat Emission
Bathtub | produces Effect

Heat Power
hasPrope
Heat Power

hasProperty (Heat Loss)

Figure 6. Effect-based model instance implementing the water
temperature diagnosis.
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TABLE II. WATER TEMPERATUREDIAGNOSIS TRACE

s o) - 2 >

g2 | 53 g2 g

=% | 2¢g 28 ]

~ = = = o =
4| Z9 ] <2 52 ®3Z | 9
3|53 |08 a @ a3z | &
® 022|852 | =oga S53@ | 32
| 28 |5 Lz e35 | 8
& : | &g s - =3 o 2

2P| g8 23 EEE

=5 oo 25 OF3

gL | gz| 23

= ) [0]
0 0 . . 17.03(x 2) [Faul
30 7500 | 60000 57.42 (-215.72°C)  15.79(z Haul
60 15000| 120000 | 114.84 (-158.30°G) 13.23(x Baul
90 22500| 180000 | 172.26 (-100.88°G) 11.64(x [Baul
120 | 30000 240000 | 229.68 (-43.46°C)  10.02(x Eaul

150 | 37500| 300000 287.10 (13.95°C 13.07(xR) OK
180 | 45000| 360000 34453 (71.38°C}  69.09(xP) QK
V. CONCLUSION AND FUTURE WORK

In this paper, we introduced an original methodtfa
diagnosis of ambient systems; the method is basead o
diagnosis framework. This framework is composedaof
diagnosis process and an effect-based model. Theet-ef
based model takes into account the particulamfesnbient
environments (no predetermined relation betweenatmts

and sensors). We introduced an effect-based maulel t

identify the links between actuators and sensopemiging
on the physical effect produced by the actuators the
physical properties detected by sensors, the An&glefined
by the corresponding physical laws. In addition itsf
compatibility with ambient systems, this methodeadf the
freedom to choose the level of detail in which $lgstem is
described depending on the context of use, sinee th
physical laws can follow different levels of graaity.
Along with the effect-based model the system madel
composed of a dynamic model that describes sontheof
physical phenomena’s behavior and a diagnosis gsabeat
uses the information from the other models to perfeeal-
time diagnosis.

As future work we envision to fully evaluate the
diagnosis process part of the model and the dynamitel
part of the framework. The current framework isigesd
mainly for fault detection (discovering the existenof
fault) is not handled yet. We consider adding ebphilistic
model for error isolation. The idea is to label tevices
with a failure probability value, so when an erigodetected,
we would have additional information for the idén&tion
of its source. Although the user is the centerrohmbient
intelligent system, as the main purpose of theesyst to
satisfy his/her preferences, the user is not ymesented in
our proposed model. In fact, contrary to the amtbien
systems’ behavior which is on many levels predietaind
thus can be modeled, the behavior of users is digiable,
which makes its modeling intricate. However exljci
modeling user behavior, tasks and needs would alfmv
diagnosis framework to perform more accurate diagno
Finally, real-scale tests in an experimental antbien

Copyright (c) IARIA, 2011.  ISBN: 978-1-61208-171-7

environment will be carried out in order to valiglathe
diagnosis framework.
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