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Abstract: (English) The sampling of the users comfort, allows observing and predicting the level of comfort on the HVAC system.
The development of online sampling systems assists in the recognition of the behaviour patterns that occur in the offices. This pa-
per presents a methodology specially designed and developed in order to make easier knowledge extraction and representation,
in this way it possible to make decisions about the comfort in buildings. The methodology used provides important and useful in-
formation to select the comfort set-point of the rooms of a central HVAC system without the need to use fixed values based on
programmed time schedules or any other methodology. In this methodology, the users are evaluated by using a standard set of
key questions in order to measure the level of satisfaction respect to environmental factors, thanks to a questionnaire of impre-
cise answers. We seek an improvement in the building users, regardless of their par ticularities.

Keywords: comfort; HVAC; expert system; occupant; sampling;

Resumen: El muestreo del confor t de los usuarios, permite observar y predecir el nivel de confor t en el sistema de aire acondi-
cionado. El desarrollo de los sistemas de muestreo online ayuda en el reconocimiento de patrones de comportamiento que se
producen en las oficinas. En este trabajo se presenta una metodología especialmente diseñada y desarrollada con el fin de facili-
tar la extracción y representación del conocimiento, de esta manera es posible tomar decisiones sobre el confor t en los edificios.
La metodología utilizada proporciona información importante y útil para seleccionar el punto de ajuste del confor t de las habi-
taciones para un sistema de climatización central, sin la necesidad de utilizar valores fijos, basados   en horarios programados o
cualquier otra metodología. En esta metodología, los usuarios son evaluados mediante el uso de un conjunto estándar de pre-
guntas clave para medir el nivel de satisfacción respecto a los factores ambientales, gracias a un cuestionario de respuestas im-
precisas. Buscamos una mejora en los usuarios de los edificios, independientemente de sus par ticularidades.

Palabras clave: confor t, climatización, sistema experto; ocupante; muestreo.

1. Introduction

Efficient design tools for the thermal performance of
buildings have a huge potential to slow down the
profligate use of energy and reduce global environ-
mental and housing problems. Consequently, a new
philosophy is proposed which will ensure the devel-
opment of efficient design tools in future, while also
taking into account the interests of our occupants.
Based on this philosophy, a new design tool was pro-
posed a new model of decision for the parameters
in the building (Aparicio, 2011).

Many human comfort models were developed in the
last years attempt to predict a better approximation
to reality, such as a human feels in a given environ-
ment. In general, the patterns of thermal comfor t
models are based on studies carried out on specific
populations in a specific space, which are often
analysed using models that follow the idea that these

can be used in all building types in the same manner.
This happens in many research studies which focus
on how to reach or maintain a room’s temperature
based on the PMV index (Predicted Mean Vote)
(Soyguder, 2009). Table 1 shows some model of the
existing advanced control systems based on energy
saving and comfor t management in buildings. The
temperature controls are based on the PMV in most
studies. However, many authors are critical of this
(Van Hoof, 2008), although it is not fully applicable
to all par ts of the globe, PMV models approaches us
the reality, but can be improved with one design for
each building. This model is based in real data, but
with imprecise answers of comfort and precise data
of environment.

In table 1 also can be seen that many of the common
algorithms applied research, such as fuzzy logic, neu-
ral networks or genetic algorithms. In addition, this
table shows whether these systems are learning ap-
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ply fixed values or reactive preferences, as opposed
to surveys’ model proposed in this paper. You may
also see information is taken into account by these
systems: temperature, humidity, ventilation, air qua-
lity, lighting or energy consumed. All these factors ex-
cept the last, affect the comfort of the occupants. 

An HVAC system in which is poorly selected oper-
ating parameters may cause reduced productivity, be-
cause thermal comfort is known to have a significant
influence on the productivity and satisfaction of oc-
cupants in a building environment (Akimoto, 2009). 

These systems obviously need to have sufficient de-
cision-making ability to be able to take action on the
level of comfort while saving as much energy as pos-
sible. However, there are cer tain situations where
maximising comfort must take precedence over sav-
ings. Adjusting comfort in order to maximise savings
may result in a lower quality of comfort; never the-
less, maximising comfort during a period of time to
allow the users to adjust to the environment, wait-
ing and then reducing it to values which maximise
savings may help improve the quality and acceptance
of these savings. This will improve the building’s ener-
gy efficiency along with a high level of acceptance
from the users compared to the currently energy
that is wasted in buildings.

Due to differing perceptions of what is ‘comfortable’,
that occur because some people are more tolerant
to broader climatic conditions than others. Obviously,
whether the standard is accepted or not clearly de-
pends on the place’s weather and the building’s con-
ditions. Therefore, without questioning the standard,
comfor t systems whose ventilation and air-condi-
tioning is based on personalised comfor t models
must be developed.

The energy saving should not take precedence over
comfor t, especially in cer tain situations comfor t

should take precedence over energy saving as the
users have to adapt to the changes in temperatures
caused by the variations in the building’s occupation,
low body temperature at the beginning of the day
(Almirall, 1995), after breakfast and meals, etc. These
all have an effect on human’s thermal sensation and
usually occur in conjunction with one another.

There are different examples both in printed or in-
ternet-based studies, where the sampling was based
on surveys using sampling methods. The aim of these
surveys was to obtain the staff ’s general level of com-
for t at the star t or end of the day. These studies, that
included many different types of buildings, used in-
formation on the physical characteristics of the build-
ings and the work spaces. However, comfort values
associated with the room were not taken into ac-
count in these studies (Huizenga, 2002). But as Brager
says “An important premise of the adaptive model is
that the person is no longer a passive recipient of the
given thermal environment, but instead is an active
agent interacting with the person-environment sys-
tem via multiple feedback loops.” (Brager, 1998).

2.  Methodology

The methodology is presented in figure 1, for mak-
ing decision of the parameters of an HVAC system.
First, it is performed comfort samplings of the occu-
pants, and at the same time it is obtained the space
parameters of study. This data is stored and
processed. With this information processed, the sys-
tem obtains the decision criteria to be applied to the
search for a solution that will improve comfort and
save energy in the building. Once this information is
made available (Phase 1), it must make a study of the
cost of modifying the parameters of temperature and
humidity respect to the variation of comfort for the
users, based on the information stored. The system
must select the value that satisfies (Phase 2), in the

Figure 1
Methodology
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best way possible, the criteria selected in the previ-
ous phase. Finally, we must apply the settings in the
system.

2.1.  Sampling, the online comfort survey

It has been shown that there is often an acute dis-
crepancy between the comfor t objective and sub-
jective comfort (Meir et al., 2009). In view of the ob-
jective of comfor t presented by ASHRAE thermal
comfort in this methodology is used the survey as a
fundamental element of subjective data collection
(Ashrae, 1997).

The survey allows knowing the different perceptions
of the users about indoors comfort levels. The sys-
tem stores information relating to the comfor t re-
lated to the temperature and humidity at the mo-
ment when the survey data are collected. It is
selected the international standard ISO 10551:1995
which looks at the ergonomics of the thermal envi-
ronment as a basis employing subjective judgment
scales. Even so, in spite of the requests of those sur-
veyed, all systems must be limited to cer tain norms

whether determined by the ergonomics exper t or
by the laws or regulations of a country. The survey
was performed using seven judgment values: three
based on personal thermal condition (perceptual and
emotional evaluation and temperature preferences),
two based on the thermal environment (personal ac-
ceptance and tolerance) and two based on emotional
state (level of stress and worker’s mood). The infor-
mation from the perceptual evaluation was used in
the system developed and the main questionnaire is
shown in (Aparicio, 2011). The users filled in a se-
cond survey in addition to these questions, which
was performed at the same time as the first one. Both
surveys were performed only once during the day.
The second survey contained questions which fo-
cused on personal information, sex, age, height,
weight and type of clothing.

2.2.  The system architecture

The structure of the system is being investigated, as
shown in the figure 2, it is based on the user’s re-
sponse to the surveys, rather than being controlled
by a remote control to select the set-point of the
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temperature. This allows to control the humidity,
which generally could not be chosen by users.

The survey information together with the data of
temperature, humidity and occupation given by the
sensors are stored in a database. The fuzzy logic sys-
tem gets the information to examine the criteria for
selecting the proper temperature and humidity in this
first phase. The term fuzzy logic was introduced by
(Zadeh, 1965) and is a type of logic where the propo-
sitions can be represented with degrees of truthful-
ness and falsehood. Fuzzy logic has been extended
to handle the concept of par tial truth, where the
truth value may range between completely true and
completely false. Fur thermore, when linguistic vari-
ables are used, these degrees may be managed by
specific functions. Through fuzzy logic it is possible to
represent the detect behaviour patterns that gene-
rally occur in a building (Aparicio, 2009).

The reasoning of fuzzy logic (FL) are very simple and
flexible, the «naturalness» of its approach and not its
far-reaching complexity. FL is suitable with imprecise
data as comfor t, this is used in everyday language,
but the same vocabulary to different people may have
different values, these values are known thanks to a
questionnaire of imprecise answers. The fuzzy logic
allows to ensure the reaction of the system on based
to the experience of people. The design provides an
online reliable pattern detection system but at the
same time, an easy implementation. The situational
patterns search permit to obtain useful information
in takes decision.

Through sensors and thanks to the current techno-
logical tools with Internet access, the users could be
assessed and their comfort could be personalized, in
all situations and wherever. In addition, they can re-
gister the desired changes about the room states. 

The objective of the model is to provide a reliable
system with an easy implementation, hence the sim-
plicity of the inputs required (variables): percentage
and variation of occupancy, the evaluation may be
dissatisfied by heat, satisfied and dissatisfied by cold.
During the process, the system applied the fuzzy lo-
gic to convert the variables to fuzzy variables (fuzzi-
fication). Once the components of each variable are
obtained, a set of logical rules is calculated consid-
ering the variation from the previous period (infe-
rence process). An example of rule is, «The prefer-
ence that should be given to the saving energy if the
occupation of the building is low, its variation is ne-
gative (the users are leaving the rooms), the number

of users dissatisfied by heat is decreasing and its vari-
ation is also negative». The answers of the fuzzy rules
(comfort, neutral and savings) are used to show that
a significant change in global level exists of comfort
and represents the configuration to which the sys-
tem must give preference. Finally, to make a decision
about which demand that must prevail (the user
comfort or saving into a central system), it is neces-
sary to transform the previous results of the infe-
rence process into a single interpretable result math-
ematically in the form of probability (defuzzification). 

Fur thermore, as not only the flow size is considered
but also this variation in a period before, through the
careful preparation of the rules, not only the pattern
of comfort can be detected, but also the error in next
period can be predicted with a very small probabi-
lity. All this, using a little amount of possible informa-
tion and independently of temperature or the par-
ticularities of each user. The decision logics rules, in
case that several types would be detected, the an-
swer would be given with greater probability value.
This analysis is always made after a specific time pe-
riod and a subsequent decision is made with regard
to the climate setting type.

In a second phase of the system, taking into account
the outcome of the fuzzy logic system, and informa-
tion stored in the comfort of each individual, together
with the data or cost function of the change of con-
dition, the change value is the value at which the
change in the measurement result is considered de-
sirable due to the comfort and saving criterias. This
second system takes the decision on the HVAC, it
must be preserved and implemented in the follow-
ing periods of time.

Individual user values are grouped in the system, gen-
erating rates of states of comfort regarding different
climatic conditions of the rooms (after training the
system). In figure 2, based on these values, it is known
the difference of comfort regarding the current room
status. Fur thermore, if it is known the consumption
differential for a temperature change in a room. The
most interested change is selected with respect to
the criterion given by the fuzzy logic system.

The survey responses are stored individually for each
user, the system learns the individual results, and these
can be compacted into a general model or for each
room.

It is stored for each interval of temperature and hu-
midity, the average acceptance by the user group. Af-
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ter the first day, we find temperature and humidity
ranges for which we would not know any data, in (Fi-
gure 3) is represented by crosses.

But over time, we will found similar comfort models
which will follow the Fanger comfor t curve (Figu-
re 4a), but cer tainly more real to user comfort (Fi-
gure 4b).

As shown in figure 4b, assuming that we are at a point
(22°C, 50% RH) only has to calculate the differential
of comfor t with respect to the closest points. The
amount of energy that must be applied, must be low-
er due to evaporative systems, those systems can sig-
nificantly reduce the energy consumed to a change
in the degree of comfor t. This kind of systems has
shown around 15% savings in annual energy con-
sumption of the building, while maintaining the com-
fort most of the hours in the year. (Khandelwal, 2011). 

The architecture of this system aims to bring new
decisions to be taken on such systems, where users
are aware of the humidity, but they will not be able
to control their changes.

3.  Experiment and discussions

The model has been checked in one real case sce-
nario in two work spaces of the Higher Technical
School of Engineering of the University of Seville. The
area was heated by two fan-coil units which were
par t of a central heating system. For this experiment
the study was performed with a single central heat-
ing system and the same temperature decision was
taken for all the equipment of the different areas. The
area had 16 workspaces installed overall. The study
was carried out between 8:30 am and 2:30 pm. The
ages of the users studied ranged from 25 to 29 years
old, who were all healthy and physically fit. On the
whole, the users were wearing suit trousers, long-
sleeve shir ts, long-sleeve jumpers, thick socks and
shoes. The outside conditions during the day re-
mained between 9-13ºC and over 80% humidity. The
temperature and relative humidity inside the work
area was measured during the study. In (Aparicio,
2011) could be seen an example of survey result as
comfort condition, personal and thermal condition
or the emotional condition, and an example of one
of the response to one of the questions on the com-
for t. Besides, you can see the temperature and hu-
midity along the day.

Figure 3
First Day

Figure 4
(a) The figure at left shows the comfort curve of Fanger (Mondelo, 1995). (b) The figure at right shows a possible 

degree of comfort in a building
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The answers to each question as well as the level of
occupation are shown in figure 5. The solution’s
weighting is shown where a one represents maximise
saving and a zero maximise comfor t. Fur thermore,
this figure presents the results of occupation and the
answers of comfort, dissatisfied by hot and by cold.

For these results to arise there needs to be very large
difference between the answers. This may have hap-
pened at 9:45 am. However, given that many users
found the temperature acceptable, the request to
maximise comfort was lower, meaning the need for
this was decreased. However, moments when com-
for t took precedence were seen at 11:15 am, 12:15
pm and 12:45 pm, compared to the beginning and
end of the working day when the building occupa-
tion meant that the system tended clearly towards
energy saving.

This system reflects the need to look for savings and
comfort, although the tendency leant more towards
comfor t due to the high occupation of the space,
which was modified according to the users’ answers
to the questionnaire.

The trend in the system, allows you to be away from
specific situations, due to psychological factors, 
health (body temperature), the menstrual cycle in
women (Figure 6b), etc. For these reasons, some pe-
ople may require a specific temperature due to the
difference in the corporal temperature as you can
see in (Figure 6a). However, in the building the user
should adapt to the group. The needs of comfort are
related to the body thermal curve, and at the be-
ginning in the morning, the results in (Figure 5) is
shown needs of comfort which are reduced in the
same way as body temperature increases.

Figure 5
Chronological results of the fuzzy-logic system

Figure 6
(a) The figure at left shows the core body temperature waveforms averaged with respect to time of day for young

and older subjects (Duffy, 1998). (b) The figure at right shows the rectal temperatures in men, women taking 
hormonal contraceptives, and women in the phases of their menstrual cycles (Backer, 2001)



This methodology is developed to create an auto-
matic own model of comfort in each building. A dy-
namic comfort model is developed as alternative to
the comfort based on fixed values. 

Noting the scientific community studies (Table 1), we
see appropriate to use this system to conduct user
studies in buildings and at the same time would be
of interest to the scientific community compare the
solution with the PMV, this is possible thanks to sen-
sors and web pages.

In the future we plan to show that this approach is
better suited to the reality; however, attention also
must be shown in the adaptive comfor t models,
though the adaptive comfort model is not design to
be applied in buildings with HVAC systems.

The corpus of this other research line is based in the
idea of the human body maintains thermal equili-
brium with its environment by means of physiologi-
cal thermoregulation. But beyond these automatic
processes, there is a suite of responses which enable
building occupants to adapt to indoor and outdoor
climates by means of behavioural adjustments (cloth-
ing, windows, fans, etc.), physiological adaptations (ac-
climatisation), and psychological adjustments (ex-
pectations). This idea is included in the methodology
shown by means of sampling by survey, with which
this information is captured. It is therefore necessary
to study, as the adaptive model can help improve this
methodology.

The potential energy savings of this model, compared
to fixed systems, is based in the selection of differ-
ent temperatures during the day. The system provides
a methodology to achieve the energy requirements
of the EU in 2020, while is limited with an expanded
healthy range, on temperature and humidity values.
The methodology together with a rise energy con-
sumption coming from renewable sources would be
a significant step forward for reaching the EU 20-20-
20 goals. The methodology can only be applied in of-
fice buildings in where users are in similar conditions
with regard to metabolic activity and clothing.

4.  Conclusion

The methodology proposed to control system allows
easier evaluation of the indoor climate by using sur-
veys. It is expected that the outcome of this project
will show that the control based on thermal comfort
surveys provides better comfort at a lower cost than
that provided by thermostatic control techniques.

There is a need to assure that the saving energy con-
sumption perspective is explicitly present, without
prejudice to the comfort in the building occupants.
Nowadays, these two perspectives are not connect-
ed. This research is an opportunity to balance com-
for t and energy.

The HVAC systems efficiency and flexibility need to
be balanced with considerations of users. A new
methodology and HVAC control strategy and deci-
sion criteria that regulates thermal comfor t levels
was presented.

The system will dynamically adapt to changes in com-
for t, will store the user responses dynamically to
meet your individual comfor t. This allows knowing
the effect of changes in the decisions of the system. 

Logically, we are developing a technique in order to
prevent the problems and infighting for the selection
of temperature within a workspace, where the air
conditioning is not to everyone’s taste. However, this
decision problem can be solved by this system, by
obtaining a decision criterion based on sampling, in
order to create indoor comfort and energy savings
that the EU requires us for the year 2020.
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