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Abstract \/‘
e

Understanding a building’s ambiance and user’s preferences and then iding
corresponding comfort is substantial in a smart home environment. In this @ aim to
design a model for an intelligent system (building) contkoller w watélligence is
adaptation, in changing situations, according to the prefe of occ without their
intervention. Adaptation, according to Humphreys is: ~Ifia dhange octyrs stich as to produce
discomfort, people react in ways which tend to @ theigNeomfOft”. Therefore, our
adaptive system restores comfort to the occupants“easged on & references, it has the
ability to self-regulate and adapt to the clim onditigng~in, buildings. In order to use
adaptive control a model of the building ig n ry and pr\@ve control is very important
because it includes a model for future di arting point of this work was the
modeling of multisensory comfort, an daptive behavior of an occupant
with his environment. A key elemeréw %ﬁ/ to model these adaptive actions. To
achieve our goal, we used Bayes networ that are powerful tools for decision and
reasoning under uncertainty. \
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1. Introductiob\\
Nowaday rt is hi
quality of inenviro

spend almost the %

equired in the field of buildings because of its impact on the

tmosphere, health and productivity of people who live and
time indoor. But with the current needs of energy-saving and
controlling environ impacts of building, one may ask what definition could be given to
comfort, how to @e it and keep its environmental conditions. Comfort is revealed to be
difficult to define, Since most of the people have an impetuous illustration of this concept but
express it in a suitable way nor give and define criteria about what is
he notion of comfort is very labile and depends on the context. [1] defines
copafo an unidentified scientific object “U.S.O”. In fact, to identify comfort means to
@s properties but this can be only obtained by a person with a subjective estimation
towafds “something” in a given context.

In building standards, approaches were set to define the notion of comfort and they deal
with most of the work, the thermal surroundings of building. Thus it leads to two current
definitions. The first being stated by [2] and it expresses a state of neutrality that is to say “the
state of mind expresses satisfaction with its thermal environment”. A second definition was
proposed by [3], as part of his researches on thermal comfort, denotes that conditions for
which the self-regulatory mechanisms of the body are at a minimum level of activity.
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However, this notion of comfort is complicated by the several parameters that it combines
both human (perception) and physical (measurement).

Measure comfort is to determine and compare, for every type of comfort such thermal,
acoustic, visual comfort and indoor air quality, the physical environment variables with a
person judgment to the same environment. Current standards move toward comfort with an
analytic and reductive approach of the reality within its complexity. Studies in situ revealed
an overestimation of uneasiness level in reality. These studies were applied to set the basis of
the adaptive approach which differentiates comfort through the adaptive interaction between
the resident and his environment.

In the literature, several researches have been done with the aim of automating daily
activities by designing adaptive smart home system. In [4] CASAS utilizes machine learning
techniques in order to dynamically adapt to user advice or changes in daily routine agtivities.
The adaptation capability of CASAS is achieved by utilizing data mining metho a%offas
learning strategies that adapt to the resident’s explicit and implicit preferen %k. In
[5], adaptation is to retrain the preference model, in other words, the y@e system
observes each interaction from users and then tries to ide #ts best- ted service
automatically. Given the service, the users will feedback ance/reject the service to
the system. In turn, the system, after analyzing the ck, then i%Whe most probable

labels for updating the original models involved. \/
The first part of our study aims and consists to W€fine the}he igent building and the
multisensory comfort, and then present the anal,@nd ada%pproaches and the different

model of sensorial comfort. The second pa located t same context of intelligent
building (DOMUS) and using adaptivi ach anage to design, with machine
learning, a probabilistic (Bayesian) reproddinty’ the specific comfort ( thermal,

%involvement in multisensory comfort

acoustic, indoor air quality and im mfort),
and the dynamic behavior o% pants t%rds environment changes in the building.
Finally to check the presentatio our \ will use the N.fold cross validation which

is a statistical method of e ting an ring learning algorithms by dividing data into
two segments: one uged or trajn a model and the other used to validate this model.

2 Backgroundo\\ \Q
2.1. Smart @

Before defining a me, we must begin with the definition of home automation and
of ambient intelli ese two sets of techniques converge, subsequently, to the smart
home. The Curre@inition of home automation is:” Set of techniques to integrate, in

buildings, automation for security, energy management, communication...”. In time, the
different cademic, industrial, institutional) associated with home automation offered
their ac efinitions. Ambient intelligence involves the concept of environment. In fact, it
is @ ide a given environment (urban space, office, commercial spaces ...) digital
C@UESZ perceptual abilities (with different sensors), processing capabilities and reaction
capaiilities (with different effectors). Ambient intelligence involves many fields, especially
the field of sensor networks (and implicitly networks actuators), the field of human-computer
interaction and the field of artificial intelligence. For the definition of intelligent building, we
choose one of [6] that the IB is one that crates an environment that maximizes the efficiency
of the occupants of the building while at the same time allowing effective management of
resources with minimum life-time costs.

126 Copyright © 2014 SERSC



International Journal of Smart Home
Vol.8, No.5 (2014)

Intelligent buildings make good business sense. As the Information Age takes us to new
heights, the Intelligent Building System (IBS) has the flexibility and modularity to
accommodate every change. An intelligent premise distribution system will allow the owner,
administrators, and occupants to take advantage of new technology as it becomes available, at
a minimum cost and without a major disruption of the productivity of the office work space.
Today’s competitive society demands efficiency. In a typical building the power supplies, air
conditioning systems (Heating, Ventilation and Air Conditioning HVAC), lighting, external
fabric, security systems, and computers all operate independently; consequently, building
management struggles to satisfy conflicting demands. But if one adds a comprehensive and
integrated IBS and interrelates the various subsystems through a single control framework,
then the building, factory, hotel, or other type structure can respond to its environment in a
timely and cost-effective manner.

2.2. Components of the Intelligent Building %;

An IBS is the integration of a wide range of services a ems int whole. In
general terms the components are as follows [6]: I‘\

— Energy Management Systems (EMSs) OQ

— Temperature Monitoring Systems (TMSs)
— Lighting Control and Reduction (LCRs)

Access and area locate systems %
— Security systems

_ Fire Life Safety (FLS) @
— Telecommunications, including Integrat erwce‘@h@

— Network (ISDN) @

— Office Automation (OA) A . 6

— Computer systems \

— Local Area Networks (L

— Management Inform tems ( 55?
— Cabling scheme %

— Maintenance s

2.3. Multisens Comf

The quality of i @Dlldlngs (comfort conditions) is determined by several factors like:
Thermal comfor I comfort, and Indoor Air Quality (olfactory comfort) [7]. Thermal
comfort a isuad comfort are often confronted, especially, with assumed relationships

between |
In thei

ity and thermal perception.

y, Candas and Dufour [8] they maintained, in a climate chamber in which a
1ance “slightly warm” was applied, 48 subjects under two different lighting: one
@’ 00 ° K), the other “cold” (5000° K). The results show that the thermal comfort
perCeived by participants in cold light was better than the thermal comfort perceived in hot
lighting. The difference is small, but according to the authors, significant. If the relationship
between thermal comfort and visual comfort have a major place in literature, other links have
also been revealed by some studies. For example, experiments where Clausen and Fanger
intervened [9], they highlight a link between the operative temperature, thermal comfort
criterion, and the perception of the air quality. In 2002, Ernst and Banks [10] they realized an
experiment to understand the links between visual modalities and haptic. Their results
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indicate that the sensation produced by these two modalities can be predicted in by
probabilistic way, by sensors fusion technique. Similar works say these results, such as [11].

L,< VV‘
Figure 1. Human Perception and Integration of S atlons @SZ) to
Perceive a Phenomeno

2.4. Models of Comfort OQ

2.4.1. Analytical Models

a) Thermal comfort model: Many analyt' dels (PI\A\&/IV*, ET, SET*) have been
developed to predict the thermal and ph cal es of the human body depending
on environmental conditions, in statio tran itions. In the simplest models, the

and simulate the dynamics of |cal,re ses. We describe below PMV us the main
model.

PMV (that has been ado by the @ standard) is calculated by Fanger’s equation
[12], with maintaining t ility of theheat balance of the human body (necessary but not
sufficient conditio \he mal cows%t) Fanger's method is to determine analytically the
heat exchange betyreen, the sub the environment. Then, depending on the difference

ed and t dissipated heat (heat balance) by the dressed human body, it
é” predicts the mean thermal sensation vote on a standard scale
H

body is treated as a single un& plex mo ivide the body into several segments

for a large group of
Conditioning Englnee

s. The American Society of Heating Refrigerating and Air
RAE) developed the thermal comfort index by using coding -3

for cold,-2 for co slightly cool, O for natural, +1 for slightly warm, +2 for warm, and
+3 for hot
PMV 0,303 * exp (-0,036 M)+ 0,028 J*L
O L—M—W+E +E g tE +Cpi +R+C)

Lt. The difference between produced and dissipated heat (thermal balance)

M: Internal heat generation (rate of metabolism), W/m?

W: Power needed by the external work, W/m2

E: Latent heat flux exchanged by evaporation (dif: diffusion through the skin, rsw, req:
required for comfort, res: respiratory evaporation), W/m?

C: Heat flux exchanged by convection (res : respiratory convection), W/m?

R: Heat flux exchanged by radiation, W/m?
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To determine the acceptability of the thermal environment, Fanger linked the PMV to
another index, the “PPD” (Predicted Percentage Dissatisfied ) , that establishes a quantitative
prediction of the thermally dissatisfied people assuming establishes a quantitative prediction
of the thermally dissatisfied people assuming that who votes -2, -3, +2 or +3 on the thermal
sensation scale is dissatisfied.

PPD — 100 — 95 x 67(0'03353 xPMV #10.2179 xPMV ?)

b) Visual comfort model: According Bodart [13], visual comfort is a sensation that is
related to a clear and without fatigue perception of colorful and pleasant ambiance. Unlike
thermal comfort, there isn’t a general index expressing global form of visual comfort. The
most common form to define the visual comfort is based on specific criteria like: \/.

b.1. Characterization of light: Brightness is the main variable of visual co t 0 main
characteristics of a light are used as a criterion for comfort:
- Light intensity: The light intensity can be expressed i jods ph ntities (it is

"57

expressed in lux). The other variables characterizing the lightNnt SI ond to sources,
and they are used to estimate the contribution of thesg esto the li ensity

- Spectral composition:The light can be charac ed by it m, corresponding to
different colors (wavelengths) that constltut the field interior lighting, this
constitution (spectral light) is expressed by tempe (in degrees Kelvin). This
correspondence is established from the ra | of a b ody at different temperatures,
and it is formalized by Planck's law, m I| js, paradoxically, a light whose
temperature is low (10000K), comp t when the temperature is higher
(higher than 300000K). Lighti aI te re corresponds to a temperature of
27000K. The Kruithof diagr Iow can d to make an optimum choice. Zone (B)

represents a comfortable en@m ®
— Q |
~ : o

be’: | =
R (| © oo

e comfiort zona
(CJ

1oQ cold

CAICectu o Clvnat

2000 2250 SO0 000 <000 5000 10000
Color teomperature ('K}

Ok Figure 2. Kruithof Diagram

re ended by the CIE (International Commission on lllumination) has become widely
accepted as a general formula for assessing glare. The formula is given below:

%@ified Glare Rating (UGR): In recent years, the Unified Glare Rating (UGR) as

UGR = 81 25
= 8log I l p2
—

With:
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Ly: background luminance (candela/m3.

p: Guth factor, given in specific tables, representing the position of a light with compared
with the vertical axis.

L;: Luminance of the glare source (candela/m3.

w: solid angle.

This formula is requires the prior knowledge of the position and brightness of each
potential glare source. It is quite accurate but relatively difficult to work with. It is best used
from within some computer software. For artificial light sources, such packages exist from
most major producers of light fittings. They all require the modeling of the scene under
investigation and produce a glare index for a defined position within the room.

L 4
Table 1. Scale of Discomfort Associated with the UGR [14] ?y

UGR Sensation .
10 Perceptible * @
16 Acceptable \ V
22 Uncomf‘rtabg : V
28 IntﬂerM

*

¢) Indoor air quality (IAQ): Indoor air a@gbe indi(Qby the carbon dioxide (CO,)
concentration in a building [15]. The (]!\concer‘m%U comes from the presence of the
inhabitants in the building and from%{r S ot% rces of pollution. Ventilation is an
important means for controllin @ -air quali IAQ) in buildings. Supplying fresh
outdoor-air and removing aigﬁu nts an% rs from interior spaces is necessary for
maintaining acceptable 1AQ levels. H ventilation rates inside buildings must be
seriously reduced in order ntrol the\% ing or thermal load in an improved manner [16].
In many cases though, ti tributes\to a degradation of the indoor-air quality and to what is
generally known as & uildi me” (SBS).

The associatio een carb ioxide concentrations and occupant perceptions of the
indoor envir in term comfort and irritation is complex because it mixes several
different iss cludi comfort impacts of the carbon dioxide itself, associations

between carbon dioy evels and the concentrations of other occupant-generated
contaminants, and %tionship between carbon dioxide and ventilation. Some indoor air
quality investiga@ociate indoor carbon dioxide concentrations from 1100 mg/m?® (600
ppm(v)) to, 1800 mg/m3 (1000 ppm(v)) or higher with perceptions of stuffiness and other
indicators iscomfort. However, these associations are often based on anecdotal
observati the investigator or on informal occupant surveys [15].

igh rate of CO, shows an important number of persons in space, probably
r%w
det

a high concentration of pollutants in the air. Studies like [17] were then used to
ine a formula from the inside and outside CO, concentration:
)70 25

-15.15 (co ™ —co

P, =395 xe

With

Pins: Percentage of dissatisfied due to odors from the air inside. (%)
CO,™, CO,™: CO, concentration in indoor, outside air. (ppm)
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d) Acoustic comfort: According Boulet [18], a suitable acoustic ambiance depends on three
criteria, corresponding to the source of noise pollution (acoustic discomfort):
» Acoustic discomfort from equipment, moving or activity.
> Neighbor acoustic discomfort from adjoining dwellings.
» The outside noise from transportation, neighboring buildings, nearby work, etc..

We characterize the noise by intensity criteria (noise level) and frequency. These two
criteria are frequently united in the context of acoustic comfort, through dB (A) unit. For
example, standard EN 15251 indicates a weighted acoustic pressure level between 25 dB (A)
and 40 dB (A) for residential rooms.

Unlike thermal comfort, acoustic comfort has also the disadvantage of not having a
dynamic way to regulate the indoor environment. We can rarely control the n0|se We
can only limit or endure it [14].

2.4.2. Adaptive Comfort Model: To overcome the difficulties in measurj Edlfferent
criteria sensory comfort in analytical methods, Humphreys proposed ach called
adaptive approach [19], which states the following princip %{a chan%(urs such as to

produce discomfort, people react in ways which tend fort». He then

sought to integrate physiological and behavioral a n th mea ements of thermal
comfort.

In thermal comfort, the model can be se |n a fo tha estimates the comfort
temperatures Tc that is a complex adaptive f of the v&@ circumstances C4, C,, Cs, ..
etc., which operates on the mdeflnltelyT et of ble adaptive actions that are
potentlally present within the adaptlve 19]. y write in functional notation:

A@’“ "
The adaptive model is hased on thw that there is a strong relationship between
ing i

indoor comfort and ou limate into account that humans can adapt to, and
tolerate different te tOres duripg\different times of the year. The adaptive hypothesis

predicts that conte Ctors asSy thermal history modify building occupants’ thermal
expectations ences 20
3. Computatignal In ence in Smart Home

Application of in t methods to the control systems of buildings essentially started in
the decade of the& Artificial Intelligence (Al) techniques were applied to the control of
both conventionalNgnd bioclimatic buildings. Intelligent controllers, optimized by the use of
rithms were developed for the control of the subsystems of an intelligent
building. nergy of the neural networks technology, with fuzzy logic, and evolutionary

algori sulted in the so-called Computational Intelligence (CI), which now has started to
in buildings.

need to guarantee comfort conditions, taking into consideration the users’ preferences,
drove researchers to develop intelligent systems for energy and comfort management in
buildings, mainly for large buildings like office buildings, hotels, public and commercial
buildings, etc. A large number of publications regarding the application of fuzzy techniques
found in the references. In [21], we presented the modeling and simulation of user
preferences. We developed an original multi-sensory model able to ensure the satisfaction of
occupants. Also, we combined the DEVS formalism and the theory of fuzzy logic to cope
with the complexity of the system.
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Using Multi-agent systems, [22] proposed intelligent coordinator who receives as inputs
PMV, IAQ, illumination level, energy consumption, occupants’ preferences, and activation
signals from the controllers—agents. It then performs two specific tasks using a master-slave
coordination mechanism. Each task requires a separate intelligent agent. The dependency
between the two tasks is that the lower level agent (slave) operates only when it receives an
activation signal r from the upper level agent (master).

4. Proposed Adaptive System Overview

The proposed adaptive system (See Figure 3) comprises several main components:
Sensors, data preprocessing unit, actuators and adaptive controller that not only has the ability
to assess a discomfort but also provides services to an inhabitant interacting on the actuators
to restore a comfort. The adaptive controller is designed to work fully (multisenso %Wrt)
in the background, and requires minimal effort of the occupants. %\

Baye=sian Adaptive Comtraller

Adaptie= acion
prediction

ir O e ent
(DOrUS)

Flgtﬁ&tlve Sy&éh Overview

4.1. Experimental Data Set

Experimental data set is most S|g t part of a research. The scenarios were played
in the lab team Multic |ch |s bui dmg CTL (center technology and software) at the
University Joseph under the direction of Mr Jean Caelen. This lab
contains an inte |Id|ng OMUS Figure 4, which is an apartment type F2 and
fully equipp of a kitchen, bedroom containing bed, TV and window
shutters, sho » 0|Iet that contains desk, computer and stereo, hallway, two fixed
cameras in each roo two fixed cameras in the kitchen. The entire apartment is

controlled by a ho mation system that allows interaction with tangible objects and the
collection of acti@gces.

DOMUS smart home

Figure 4. The DOMUS Smart Home
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A total of 20 people (8 males, 12 females) were asked to participate in the research work.
They were asked to spend about 1 hour and a half in the intelligent flat. The experiment was
divided in 3 slots of 20 to 30 minutes, each one of them in a specific room with a specific
activity. Also, inhabitants were asked to fill a form every five minutes in order to understand
their perception of comfort with a sensorial semantic (see Table 2). Each of these variables
was presented in the form of a Likert scale to the inhabitant. Answers were transposed into
guantitative data for analysis, ranging from 0 for « very unpleasant » to 10 for « very pleasant
», after receiving the sensory data we define the change from a state of an object to another as
an “interaction”.

The questionnaire was implemented in an electronic and mobile way in order to facilitate
the user's annotations.

. . . L 4
Table 2. User’s Perceptions Questionnaire \/
Name (Likert) Scale legend QE
Global comfort Very unpleasant to very plea nt
Thermal comfort Very unpleasant to ve
Lighting comfort Very unpleasant to v
Air quality Very unplea pleasant V
Acoustic comfort Very unpleasm
4.2. Proposed Bayesian Model Constructlon
For design our controller model, severa1 need \idressed The first issue is how
to preprocess sensor data such that th ces e ry data can be utilized to extract
informative features. The second issuess ffow to among these informative features to
ue is how to train the parameters of

represent a controller model ctively. The
controller model from the sel in ormatl ures so that interactions with actuators can
be successfully inferred.

To take into account t mform nd relationship between an interaction and its
corresponding infor tures we use Bayesian Network (DBN), which models
ambiance informatio pred b|I|ty of an interaction. Figure 5 shows the graphical

structure of OUf d Baye odel.

lnte Interactions

Y

Ambiance

Object

conmtribution lewel

Figure 5. Proposed Network Byesian Model
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This proposed Bayesian network models the temporal information for objects (sensors),
ambiance and multisensory discomfort, and then we use this probabilistic network to predict
appropriate action which restores a comfort. Each level is formally represented by a vector,

the ambiance vector is expressed by A= (A , A, A, A,), (thermal, visual, indoor air
quality and acoustic ambiance), which are measured in the Likert scale (Very unpleasant to
very pleasant). The interaction vector is denoted by 1 = (1,,1,,1,,.., I, ) Which represents
all the interactions on actuators, for example I1 is the interaction with lamp and its values are:
turn on, turn off or don’t change. The object vector is denoted by
0 =(0,,0,,0,,., 0,)When O = o, represents state o; of an object O,.
The corpus data (observations) allow us to estimate the conditional prgbabi I;y
distributions that can be made by a simple calculation of frequencies (Maximum l%
It. To

However, when a value of an attribute A does not occur with a given value of j
B, the estimate of P (A | B) produces a null value, and makes the prediction gte

overcome this problem, we use the Laplace estimator. \* @

4.3. Interactions Prediction

Our goal is to show how infer (predict) mteractlo the a&x of the building given
recentl se

the current context (ambiance and discomf ed. This prediction of
interactions can be expressed by the probabil nteracT mbiance, Discomfort) such
as:

P(I = j‘A D)> P(l = k A,D) |ch \ selected (inferred) interaction, D
is the discomfort and A is the mu tléy ambian

To calculate the probablllt joint probability is used, we have:

P(l, AD)—P(I)*P(D P(A|I P(, A, D) = P(D) *P(A |D) *P( |A D) ,
o)

P(I‘A D) =P() * P(A **P(A ID) =V a> @1 *PO [1)*PA |1, D)

Note that proba I = ||A D) and P(l =ilA,D), o is constant, so to
compare 1 obabllltles it is done by calculating the
PI) *P(D |1 *P(A || numerator for | = j, and | =k, with

4.4. The Correlati

The go is to predict the discomfort knowing the current specific ambiances. For this,
we foc a Bayesian approach (Figure 6), which is inspired from the work of Rohles
[2 e the multisensory comfort is provided by a linear weighting according to the
f g formulation:

P(1), PO | 1) and & ) are parameters of our Bayesian network.

between the Multi-Sensorial Comfort and Specific Ambiances

Confort = a * Confort + b * Confort + ¢ * Confort + d * Confort

Global Thermal Visual Olfactory Acoustic
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Ambiance
I

Figure 6. The Baye3|an Network used for the Analysis of Multlsensory mfost

Formally, the objective is to estimate the probability p (D |A) , for this We®g Bayes'

rule and the local joint probability P (D, A, 1) . sl;
P(D,A) >, PD,A,I) \ 1P (AD 1)

P(D|A)=
| P(A) (A)
Note that for all values d| of D, 1/R( onstant, ‘Q% compare the probabilities
P(D =d, |A)andP(D—d A) |tsuff|c ulat
i (P( —I)*( ID) ) for D=di and D=dk .

Where P (1), P(D|I) and q ) are.p@eters (already calculated) of our Bayesian
network.

4.5. The Correlatlon Spe§c biances and Objects
blan

To characterlze h onfronted with the judgment of the occupants, we

propose a BayesIs odel ents different contributions of smart objects in each
sensory doma At this he goal is to predict the values of the specific ambiance
(elementary) Vis-a-vis t te of all objects (sensors) of our environment. Formally we
calculate the probabili mbiance | Objects).

N —
o

Figure 7. The Bayesian Structure Modeling Domain of Object Contribution in
Comfort
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Using Bayes' rule, we have:

. e

Note that for different values a, in P(Ag = a; ‘0) , 1/P(O) is constant, so to compare the
probabilities of the different values a, of a specific ambiance A_, where s designates type of
specific ambience(thermal, visual, i-A-Q or acoustic ambiance), knowing the same state of
objects (sensors), it suffices to compare the numerators of this probabilities :

P(A, =a,)* P(O‘AS = a,) which P(O|As = a,) is a parameter of our Bayesian
network. So to calculate P(A, =a,) we will use the marginalization of local joint

probability P (A, 1, D), SO we have : .
P(A;=a,)=Y > P(A, :ai,I,D):zlzDP(l)*P(D|I)*P(AS a@(

Which P (1), P(D|1) and P(A|l, D) are parameters (a calcul Qr Bayesian
network. Q \/
4.6. Results and Validation O \\1/

At this stage, we want to know the validity erformange of the model. The goal is to
show that the result of the inference on the séd mode r%oser to reality. For this, we
used the method of cross-validation "N-f& s-validation™ that is a statistical method of
evaluating and comparing learning alg by di% ata into two segments: one used
to learn or train a model and the ot % to vaki the model. Therefore, learning from
the corpus, excluding annotation iffor testing, and start learning n times by changing the
subject Si, The empirical err e R &\ésample i (annotations of S;) becomes the
number (percentage) of p@y inferr tevactions compared to those annotated by the
subject S;, and the fipa ted errqr R, is given by the average of the measured errors

ﬁlysi

R', . The result c&\ rforrm@
v50,00 @
45, ﬁ>

s is illustrated in Figure 8.

Q

T
N0
EN30,00%
-
25,00%
=
O Ezo,m%
O 215,00%
@ ﬁlﬂ,ﬂﬂ%
5,00%
0,00%
Lo o T~ T T T o 5 e T e TP T TR~ T T e I o« [
L I R B I I I e I e = T = I T B B I T B B o
L5 T 5 T ¥ T 5 N 5 O . L 5 L 5 O 5 R 5 B ¥
Subjects

Figure 8. Rate of Inferred Undesirable Interactions per Subject
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The results of this analysis indicate that 80% of inferred interactions (predicted) on the
model satisfy all subjects, while 20% of inferred interactions are undesirable, which indicates
the subjectivity of comfort.

5. Conclusion

In this work, we are interested to the concept of multisensory comfort in intelligent
building. For this, we had to define the concept of this intelligent building. Then, we are
interested, in particular, to the ambiance comfort, considering four areas: thermal comfort,
visual comfort, olfactory comfort and acoustic comfort. Modeling the ambiance comfort can
be done independently of each of these areas, or globally, multi-sensory, as we propose.

We proposed, in line with the possibilities offered by the smart home, a layered Bayesian
model: first layer to characterize the contribution of objects in each specific ambi
other modeling multi-sensory comfort, the last allowing, after evaluating di re, a
prediction of interactions to restore the comfort. All of this work was based

Domus apartment, which served as a place of integration fﬁtl}e firs% d place of

experimentation for the second.
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