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Abstract: As a first stage task, this paper presents the study on 
what represents and how it is possible to ensure the indoor office 
comfort, which are the most important types of comfort (thermal, 
visual, acoustic, air quality, etc.) and how each of them could be 
analyzed (characterized). Few of them have a mathematical 
interpretation, more or less precise, which permits to make 
estimations. All types of comfort could be described using their 
characteristic parameters. When it is necessary specific building 
installations react to correct the parameters values, using 
different predefined methods, for establishing in this way a 
higher comfort level. Usually it is not possible to ensure the same 
comfort level for all occupants, due to the differences which exist 
between them (metabolism, activities, clothing, etc.). After the 
study presentation, it is described the design of a KNX 
automation system, dedicated for ensuring the comfort into an 
office/classroom space, which is able to control the lighting, 
heating and air conditioning. 

Keywords: indoor comfort, thermal comfort, PMV index, KNX, 
BMS, WSN, smart building, productivity 

I.  INTRODUCTION 
Since the beginning of mankind and until today the man 

has always been preoccupied about a common problem: how to 
ensure its comfort. At the first stage he lives into a cave and 
walks on his bare feet.  Now he lives into a more complex 
‘cave’, constructed with different kind of materials. We think 
that the today existence should be simpler, but no, since the 
growing of the Earth’s population it becomes more and more 
complex, there are more activities which we have to do, more 
things to ensure that they work properly and make our life 
better. Usually we have a home, a job (so, an office or another 
type of working place), different possibilities to travel from one 
place to another, many possibilities for entertainment and many 
other opportunities to profit. For all of them we feel the 
necessity to have the maximum of comfort level. A person 
could much easier realize its activities if its comfort is ensured 
and there are no negative external factors (e.g. cold, heat, low 
light, noise, low air quality) to disturb him. With the evolution 
of the technology new parameters become controllable and the 
requirements for the people’s comfort increase. 

The indoor air conditions have strong influence on people’s 
health, spirit and working efficiency. The designing of a new 
building is reckon on the energy efficiency (to have as low as 
possible energy costs), but the productivity of the occupancies, 

influenced by their comfort, is less discussed. And since the 
people spend a lot of part of their lives indoor (80 - 90% of the 
time) the comfort inside the buildings should be considered as 
important as the other factors. The efficiency of a person 
decreases as the level of discomfort increases. And if we 
consider a company with many employees, a less efficiency of 
each of them will cumulate to a big lost at production level. 
This is just one example which proves that a deep analyze of 
the comfort is obviously necessary [9]. The main objective of 
the lighting, heating, air conditioning, ventilation systems is to 
ensure comfort to the occupants of a building [8]. Nowadays, 
the dedicated systems for creating the necessary comfort 
conditions are designed also for minimum power consumption. 
Advantages will be on both sides. 

There will be always demands from people to improve their 
lives. This will require to be realized and used new systems for 
a better control of the comfort parameters. Usually these 
parameters are linked by everything that enters in contact with 
a human person (e.g. the equipments which he uses, the 
activities he does, the space where he lives). To ensure and 
improve the comfort there are an infinite of possibilities and so 
it will remain always. It is not possible to reach a level that is 
considered to be the highest comfort possible. Research studies 
will have to be done always on this domain. What we can do in 
this moment is a research on present possibilities (areas and 
parameters) and help for making one more step to the future. 

The study results should not be lost without being applied. 
After finalizing the study we have started the design of a KNX 
system for automation of an office/classroom space. A wireless 
sensors network (WSN) would be implemented to provide to 
this system useful information about the indoor conditions. The 
office space is under construction at the PRO-DD Research and 
Development Institute, from Brasov, Romania. After real 
implementation of the system it will be possible to continue the 
study and compare the initial results with the results obtained 
by direct questioning the occupancies. Since the mathematical 
results are not precise, a calibration will have to be done and 
meet the optimum comfort conditions. 

Into the next chapters of this paper the characterization of 
the comfort will be presented in more details, from different 
points of view, with a deep analyze on thermal comfort (the 
most important and complex of all) and into a dedicated 
chapter will be presented the design of the automation system. 
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II. COMFORT CHARACTERISTICS 
The comfort has been defined in different ways, in many 

research papers, but it is influenced by the same main 
parameters. Santamouris, Asimakopoulos [1], Sarbu and 
Ceausescu [5] defined the comfort as all existent conditions 
from a space for which a person will not prefer a different 
space with other conditions. In ISO 7730 standard the thermal 
comfort was defined as that condition of mind which expresses 
satisfaction with the thermal environment (thermal neutrality – 
when a person doesn’t feel too warm, either too cold) [14]. The 
comfort is a very complex concept that depends on a set of 
external and internal factors (reported to a human body). 
Maybe it is easier to define what it means, but it is more 
complicated to convert the definition into physical parameters 
and establish relations between them (create equations that will 
permit a mathematical analysis).  

The comfort could be analyzed in different situations: in 
open air - outdoor (e.g. when walking on the street) or into a 
closed space - indoor (e.g. inside an office room). For our 
research more important is the indoor comfort. For a closed 
space the comfort could be analyzed from different points of 
view (different types of comfort, each type characterized 
independently using proper parameters): 

• thermal: described by temperature, humidity and air 
velocity parameters. It is a very important type of 
comfort with high impact to the human capacity for 
accomplish properly its activities. 

• visual: the light intensity and other factors which could 
influence a person view. 

• acoustic: the maximum level of noise or repeatable 
noise considered acceptable by a person for not 
disturbing its activities. 

• air quality: includes the parameters which characterize 
the air conditions and are suitable for respiration and 
human health (e.g. oxygen level, pollutions level) [2]. 

• stability: uncomfortable movements, vibrations or 
shocks should be not presented; 

• security comfort: the person should feel safe in the 
space where accomplish its activities; 

• daily timetable: a constant daily timetable that will not 
influence the life habit; 

• economical factors: the fear for not having sufficient 
funds for proper living [5], etc. 

The first four of them are the most important, but all of 
them could influence a person’s capacities and efficiency. A 
person could feel comfortable from a point of view, but 
uncomfortable from another point of view. 

A. Thermal Comfort 
The thermal comfort is directly dependent on the value of 

temperature, humidity and air velocity parameters. Since the 
air ambient is not uniform, the values of these parameters are 
also not uniformly distributed into the space. For this reason it 
is only possible to make an approximation of their values for 

the entire space, based on precise measurements on fixed 
points, and characterize the existent thermal comfort. A more 
detailed list of the thermal comfort parameters has been 
presented by Markus and Morris [2, 3], as: 

• physical parameters: air temperature, radiant 
temperature of the room walls or other objects which 
could influence, relative humidity of the air, air 
velocity inside the room, atmospheric pressure and 
light intensity. 

• organic parameters: age, sex, national characteristics 
of the people; 

• external parameters (according to the human body): 
the type of activity a person does, clothing type, social 
conditions. 

The thermal comfort, from mathematic point of view, 
represents a combination of the values of these parameters; 
any of them could have a smaller or bigger weight to the 
result. Also, there are interdependences between some 
parameters, and a proper value for one of them could produce 
a negative effect to another parameter. Equilibrium should be 
found, between the parameters values, for obtaining the 
optimal solution. 

Many studies have been done on the thermal comfort, and 
how it is possible to define it into a mathematical form. The 
most known and applicable model used to estimate the thermal 
comfort was proposed by Fanger in 1970, based on a 
equilibrium equation, obtained after many analyzes on how 
the human body maintain the heat balance. He started from the 
idea that the heat produced by the body should be equal with 
the heat lost by the body. When the equation is balanced, the 
heat produced by the human body is dissipated in such a way 
that it doesn’t appear an increase or decrease of the human 
body temperature [5, 8]. Seppanen et al. [16] made a deep 
analyze, comparing results of different previous experiments, 
to determine the influence of the temperature on health and 
productivity. He also mentioned that the productivity of the 
employees is less studied according to the comfort conditions. 
Only the initial cost, energy and maintenance costs are usually 
considered. The analyze concluded that exists about 2% 
decrement in work performance per 1 °C increment when the 
temperature is above 25 °C (model presented in Fig. 1) and 
that the night ventilation is a good solution to be implemented 
during summer days [16]. 

Figure 1.  Effect of temperature to the productivity loss 
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A simple computing, considering an ambient temperature 
of 29 °C, in the summer time, into a building without air 
conditioning, will result into a 8% decrease in performance. If 
we have 10 employees paid 2$/hour each, after a week there 
will be a loss of about 64$, which is more than the cost of 
using a proper ventilating and air conditioning system. 

The 21 to 25°C temperature range is considered to be the 
range of temperatures comfortable according to the thermal 
comfort standards. From the experiments analyzed in [16] it 
resulted that the range should be 22 to 25°C, and that the 
lower values have better impact to the thermal comfort. The 
quality of the air could be better preserved at lower values of 
temperature. For this reason we will consider an initial value 
of 23.5 °C for our experiments and calculations. 

The new defined standard, ISO-7730, have proposed the 
use of 2 parameters for compute the thermal comfort level: 
PMV (Predicted Mean Vote – defined from the Fanger 
balance equation) and PPD (Predicted Percent of 
Dissatisfaction). The PMV parameter is defined in (1) and (2). 
The values of this parameter are usually into the range [-3, 3]. 
The negative values presume that it is discomfort caused by a 
cold sensation, and the positive values suggest discomfort 
caused by a hot sensation. A 0 value means that the thermal 
comfort level for the people from that space has been reached 
(thermal neutrality) [2, 6, 9, 13, 22].  

(1) 

 
(2) 

where: 

• M – metabolic rate (met); 

• W- effective mechanical power (W/m2); 

• fcl – clothing area factor; 

• tcl – clothing surface temperature (°C); 

• hc – heat convective transfer coefficient (W/m2/°C); 

• pa – partial water vapor pressure in the air (Pa);  

• ta – air temperature (°C); 

• Icl – thermal resistance of clothing (clo); 

• tmr – mean radiant temperature (°C). 

Metabolic rate indicate the amount of energy produced by 
the human body during its activity (1 met = 58.15W/m2). 
Depending on the activity the metabolic rate could have 
different values. At normal work, when sitting at the office, 

the metabolic rate is considered to be about 1.2 met. The 
clothing diminish the body heat lost and the thermal resistance 
of clothing is dependable of its type (1 clo = 0.155 m2°C/W). 
For a person wearing a business suit the thermal resistance of 
clothing is considered to be 1.0 [14]. As other studies 
demonstrated [9], the clothes worn indoor are strongly 
influenced by the outdoor temperature. 

There is also defined a scale for the PMV parameter 
(seven-point ASHRAE thermal sensation scale – Fig. 2): hot 
(+3), warm (+2), slightly warm (+1), neutral – thermal 
comfort (0), slightly cold (-1), cool (-2), cold (-3). It is 
recommended that the value of the PMV parameter to be 
somewhere into the interval between -0.5 and 0.5. Usually into 
a closed space (room) it is not a constant value of the PMV 
parameters in all the subareas, but distinct values according to 
different factors, since the characteristic parameters don’t have 
constant values [5, 6]. The wireless sensors network will 
permit to approximately determine the PMV value in different 
locations of the indoor space. 

The PPD parameter indicates the percent of people which 
feel the sensation of discomfort and could be calculated with 
formula (3). It is easy to see that this parameter is completely 
dependent on the PMV value. When PMV has a 0 value, PPD 
will have a value of 5% (Fig. 3). This explains the idea that 
into a room it is impossible to ensure thermal comfort for all 
the people, because of the existing differences between them 
(e.g. activities, clothing and metabolism). The goal is to ensure 
thermal comfort for as many people as possible [2]. 

 

Figure 2.  Thermal sensation – ASHRAE PMV scale [4] 

Figure 3.  PMV influence on the PPD value 
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 (3) 

The studies realized by ASHRAE (American Society of 
Heating, Refrigerating and Air-conditioning Engineers Inc.) 
have concluded that the PMV parameter could be used to 
determine the neutral (comfort) temperature with a margin of 
error of 1.4 °C [8, 22]. As many other studies presented, like 
in [13, 19, 20, 21], there could be a difference between the 
comfort established using the PMV and PPD indices and real 
life felt comfort. For this reason we consider that the thermal 
comfort should be establish in 2 distinct steps (solution which 
to be used together with the KNX system and WSN): 

• computing using the models - determination of 
ambient parameters which should ensure the minimum 
PPD value; 

• calibration - the variation of the ambient parameters 
according to the occupancies opinion until a point of 
equilibrium could be found (where the most of people 
feel comfortable in that ambient conditions).  

Since the equations for computing PMV and PPD values 
could be quite complicated to be resolved by manual 
arithmetic a simple Matlab application have been developed 
for this purpose. Considering that the people will be inside an 
office space the next values for parameters have been used 
(for summer time season): 

• M =1.2 met = 69.78 W/m2; 

• W= 0 W/m2; 

• fcl = 1.15; 

• hc = 6.0 W/m2/°C; 

• Icl = 1.0 clo = 0.155 m2°C/W; 

• �a = 45% (relative humidity; it permits to calculate the 
pa parameter value and it could be easily measured); 

• ta = 23.5 °C; 

• we approximate tmr = ta + 2 °C = 25.5°C. Usually it is 
more complicated to be determined. 

As in [2] it is possible to calculate the pressure of the water 
steams using the ambient temperature, humidity and the 
equation (4), where c1 = 10.7974, c2 = 5.028, c3 = 1.50475e-
4, c4 = -8.2969, c5 = 0.42873e-3, c6 = 4.76955 and c7 = 
0.78614. 

 

(4) 

It results that pa is 8.22 mmHg. Corresponding to (2) tcl is 
27.659 °C. Applying (1) and (3) we obtain the values PMV = 
0.0403 and PPD = 5.0336. The results prove that the thermal 
comfort could be ensured into the office space with these 
parameters values (at least from mathematical equations). 

 

Figure 4.  PPD variation according to air temperature and humidity 

The analyses of the PPD represented in Fig. 4, which varies 
based on the change of the temperature and humidity values 
demonstrates that the temperature value has a stronger impact 
on the mathematical model and the humidity a very low impact 
(the temperature variation could be felt much easier by the 
human body comparing to humidity variation). 

Other models to evaluate the thermal comfort involve the 
use of the wet thermometer, measurement procedure which is 
more complicated to be realized. 

B. Visual Comfort 

Depending on the activities a person accomplish it is 
necessary to ensure a normal level of light intensity. Inside an 
office most activities involve the use of a computer. From this 
point of view it is necessary to ensure an equilibrate contrast 
between the screen light and the light from the ambient. A 
higher contrast will cause the eyes of a person to get tired 
more quickly. At the lamps with dimming possibility making 
light on/off should be made progressively by increasing or 
decreasing the light intensity to maximum value and 
respectively minimum - in this way will be easily to the eyes 
to adapt to the new lightning conditions). 

It is also important to not have flashing lights which could 
distract the attention and which could produce tiredness. 

Figure 5.  Ensure comfort to the human eye [10] 
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During the day time a light intensity variation will exist 
between different areas of a room, depending on the existence 
and orientation of the windows. The dimming characteristics 
of the lamps could be used and in this situation, in 
combination with sensors for light intensity measurement, and 
adjust automatically the lamps light intensity for having a 
uniform lighting into the space. An eye-friendly environment 
should be ensured for making the people feel comfortable, and 
since most of the activities from an office suppose a short 
distance focus of the eye, it is important to have the possibility 
to change this distance – very important for the health of the 
human eye. By example, the landscape which could be viewed 
outside of the office, watching on the windows, should permit 
the relaxation of the human eye [10]. One example of creating 
such conditions is presented in Fig. 3. 

C. Acoustic Comfort 

Inside an office space, where are accomplish different 
characteristic activities, it is important to have a low level of 
noise for creating an acoustic comfort to the persons from that 
space. In this way the persons from the office will be able to 
achieve their activities more easily without being distracted. A 
single source of noise could be a factor of stress and could 
diminish the employees work rated capacity. 

It has been determined, from our own observations or 
studied papers, that into the office spaces could be presented 
the next types of noise sources: 

• external noise: refers to the noise raised from outside 
building sources. Nowadays its influence is less since 
new technologies on construction material have been 
developed and used (walls materials, windows, doors, 
etc.). The insulation materials, usually used to 
maintain the heat, are also able to reduce the external 
noise propagation to inside. The normal installations 
for controlling the temperature and air quality requires 
the windows or doors to be closed, this is another way 
for not allowing the noise to enter the building. This 
type of noise could be determined by the road traffic, 
industrial machines, community activities, etc. [16]. 

• inside noise: refers to the noise produced by the 
installations (systems) or equipments from inside the 
building. For controlling installations it is important to 
take into consideration the sources of noise generation 
(usually represented by the mechanical components) 
and apply solutions for optimize them, without 
affecting the functionality of the systems. Into an 
office there are also equipments (computers, printers, 
scanners, etc.) which could produce enough noise 
during their functioning. 

Noise is represented as a negative sound (considering that 
it also exist positive sound) and it’s always unwanted. It could 
produce to a person problems like: hoarseness, concentration 
difficulties, fatigue, stress, memory deterioration and 
increased heart rates [7].  

For acoustic discomfort sensation there has been defined a 
mathematical equation, by Clausen into a comparative study 
(NPD – Noise Percentage Dissatisfied) [16]. 

 
(5) 

where x is the class of noise in dB. A value of NPD � 20% is 
considered to be comfortable. 

D. Air Quality Comfort 

The quality of the air ensures that the human body 
performs properly and a person is able to accomplish its 
activities in normal conditions. If the quality of the air is low it 
could appear health affections, but also fatigue and decrease of 
concentration. For the quality of the air it was defined an 
index and a mathematical formula for estimative calculation: 
QPD – Air Quality Percentage Dissatisfied. A value � 20% 
suppose a comfortable air quality environment [17]. 

  
(6) 

where CO is the perceived value of outdoor air quality 
(decipol – measurement unit), G is intensity of indoor air 
pollution (olf) and Q is the flow rate of fresh air (l/s) [18]. 

Ilinois Department of Public Health (IDPH) created 
guidelines to be followed for ensuring indoor air quality (these 
are not mandatory but recommended). There are even systems 
dedicated for ensuring the quality of air, it is possible that 
inside these systems to appear another kind of health-
threatening problems (the complete hygiene of the systems is 
difficult to be maintained and biologic contaminants could 
develop inside the systems). A part of guidelines have been 
defined also by the ASHRAE Organization [11]. To ensure the 
comfort of the occupancies and to not affect their health it is 
important to monitor and control the following parameters, 
considered the most important at the characterization of the air 
quality: 

a) Humidity and Temperature 

Even if these parameters are directly connected to the 
thermal comfort they have also influence to the air quality 
comfort. The humidity is considered to be acceptable 
somewhere in the interval of values of 30-60 percent 
indifferent of the season time. In the winter humidity value 
less that 20 percent and in the summer a humidity value 
greater that 60 percent are very easily interpreted as 
unacceptable. It should be taken in consideration also the risk 
that at high humidity levels increase the capacity of bacteria 
development. For summer it is recommended a temperature of 
the air of 23-26 °C and in the winter of 20-24 °C. 

b) Carbon Dioxide 

Carbon dioxide is a constituent of the exhaled breath and it 
is normal that in closed spaces with low ventilation and many 
occupancies the value of the carbon dioxide to increase. How 
it increases depends on the persons present in that space and 
the activities they do. Into the outdoor environment the normal 
value is somewhere between 300-400 ppm (parts per milion). 
A value higher than 1000ppm, which could be easily reached 
inside a building, could produce health problems like 
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headache, fatigue, different kind of irritations but it doesn’t 
represent a life-threatening situation. Into a normal ventilated 
building the value of carbon dioxide should be in interval of 
values 600-1000ppm. This parameter should be considered as 
an indication of the quantity of air ventilated (if the amount of 
air ventilated is sufficient or not). 

c) Carbon Monoxide 

Carbon monoxide is produced usually during the 
incomplete combustion and its property of being colorless and 
odorless makes it hard to detect by a person. It could be 
detected by a person only if it could be associated with some 
health problems like headache and dizziness. Into an office 
area the normal values of this parameter are considered to be 
between 0-5 ppm. Higher values of this parameter are 
dangerous to the human health and prolonged exposure is also 
life-threatening. For this reason it is recommended that the 
buildings to include sensors for carbon monoxide, which will 
detect quickly danger situations. 

d) Hydrogen Sulfide 

Its normal value, into a building, is under 0.01 ppm. A 
higher value can be detected by the people inside the building 
(it has an easy detectable odor). A higher value also indicates 
a problem to the sewer system and maintenance person should 
discover the exact source for reparations. 

e) Ozone 

It is produced usually by the equipments which use high 
voltage of energy and could produce irritations to the persons 
from that space. The normal level of ozone is under 0.08 ppm. 

f) Particles 

They appears as dust at its level should be maintained as 
low as possible, otherwise could cause irritation to the 
occupancies respiratory system level [11, 13]. 

E. Long Term Comfort 

Long term comfort refers to all the factors that could affect 
a person after a longer period of time. This can be caused by 
the fact that the others types of comfort, presented in the 
previous subchapters, are not ensured correctly. Into an office 
space the long term discomfort could be determined by 
electromagnetic radiation produced by different equipments 
(wireless communication), continuous repeatable noise, 
pollutants presence (even they are not perceptible by smell), 
the continuous presence of cold, toxic behavior of the building 
construction materials, etc. In present days, outside or inside 
the buildings there are implemented different systems which 
use wireless signals for communication (mobile phones, WI-FI 
areas for connecting laptops to Internet, etc.) on different radio 
frequencies. Many people consider that the wireless radiation 
have negative effect to their health. A study has been 
elaborated from this point of view and the conclusions of many 
researchers is that it was not found a demonstration that the 
electromagnetic radiation, generated during the wireless 
communications, produce negative effects to the human body 
but also it was not demonstrated that it doesn’t produce. It is 
necessary more experiments to be effectuated in order to get a 
better conclusion about this problem [12]. 

F. Activities Comfort 

With the evolution of technology, new activities have to be 
accomplished by each people every day. Since many of them 
are repeatable, different solutions for automatic execution of 
them have been required and defined (e.g. automatic heating, 
automatic lighting, controlled ventilation). 

III. COMPREHENSIVE PERCENTAGE DISSATIFIED INDEX 
The CPD index (Comprehensive Percentage Dissatisfied) is 

a very useful index which have been proposed in [17] and [18] 
for comfort evaluation, according to thermal factor, noise and 
indoor air quality. The mathematical form (7) of the index has 
been determined with the help of a gradation analysis that 
permits to determine the coefficients (weights – �1, �2 and �3) 
for each factor involved. 

 (7) 

where: TPD – Thermal Percentage Dissatisfied index (the same 
as PPD), NPD – Noise Percentage Dissatisfied index, QPD – 
Air Quality Percentage Dissatisfied index, �1 = 0.6738, �2 = 
0.1007, and �3 = 0.2255 are the associated coefficients. Using 
this formula a more general comfort evaluation could be 
determined since it is characterized from multiple points of 
view. The CPD index varies in the interval of values 3.37 and 
100, and this interval was divided in 5 distinct categories: 

• < 20, comfortable; 

• 20 – 40, little uncomfortable; 

• 40 – 60, some uncomfortable; 

• 60 – 80, uncomfortable; 

• 80 – 100, very uncomfortable [17]. 

IV. DESIGNING A KNX AUTOMATION SYSTEM 
Inside office buildings there is the possibility to implement 

a Building Management System (BMS), which represents a 
computer-based system for monitoring and controlling the 
building mechanical or electrical systems (air conditioning, 
heating, air ventilation, lighting, access control, etc.). Different 
solutions have been analyzed to be implemented, to increase 
the comfort and reduce the energy consumption.  

A suitable solution for our needs, with many implementing 
opportunities, was to use a KNX (other protocols are also 
available, but KNX is the most used in Europe) automation 
system (a small part of what means a real BMS). It supposes to 
use the commercial KNX components, which are dedicated for 
different types of functionalities (user inputs, sensors, 
actuators, etc.). Our solution propose that to the KNX system  
to be attached a wireless sensors network (WSN) with the role 
to monitor other important parameters, characteristic for 
different types of comfort (e.g. temperature, humidity, carbon 
dioxide, carbon monoxide, noise level and lighting). The 
sensors devices, which are still under developing, will have 
also the ability to make an approximate computing of the 
comfort indices (PMV, PPD, NPD, QPD, CPD) and 
communicate with the automation system accordingly. 
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Figure 6.  KNX system designed for a configurable office space 

The cost of the KNX system is quite high but after 
installation it should produce an increase of the comfort and 
decrease of the energy consumption. Previous statistics 
demonstrated a compensation of the initial cost after a period 
of a few years. Another advantage of this type of system is that 
it could be easily reconfigured. It is possible to save different 
configuration (scenes) into the system memory and load them 
for specific usage situations. By example, a person could prefer 
some comfort conditions and another person other conditions. 
By pressing a single switch, from a user access panel, the 
configuration is changed with the one desired. 

After studying in more details the KNX solutions we have 
choose an office space, of the PRO-DD Institute building, to be 
automated and made “smart” (it has the possibility to control 
its comfort parameters). 

Fig. 6 presents the space map plan and the main components 
of the KNX system, including: 

• 24V Voltage Source: provides the necessary voltage for 
the equipments of the KNX system. 

• USB Interface: it allows the user to configure from a 
computer the KNX system, using a software application 
like ETS4 (Engineering Tool Software 4). 

• KNX acting devices: for blinds control, lighting 
switching and dimming, heating control, etc. 

• KNX access panel: it’s represented by a user friendly 
interface device which permits the user to monitor and 
modify the system configuration. Usually on the panel 
are displayed buttons, variable’s values, diagrams, etc. 

• movable partition wall: permits to change the 
configuration of the space: a single larger room or 2 
smaller rooms. The KNX systems could control the wall 
position (open or close) and adapts itself to the existing 
configuration. 

• blinds: permit the control of the exterior lighting which 
enters inside the office space. 
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• lighting: the dedicated lamps could be controlled on/off 
but also the intensity of the light, in concordance or not 
with the information registered by the sensors. 

• light intensity and movement detection sensors: measure 
the light intensity present into the room and is able to 
detect the presence of people inside the room. Since in 
the controlled space there is only one window (the glass 
wall) which lets the outside light in, the area near the 
window will be more illuminated that the rest of the 
space. The sensors will allow measuring the light 
intensity at 2 levels, near the window and far from 
window. The automation system interprets the 
measured information and controls the lamps intensity 
in order to have uniform lighting in the whole space. 
Motion detectors permits stopping automatically the 
installations, in order to reduce the energy consumption. 

• heating: a dedicated sensor measures the temperature 
from the room and controls the heating installation 
ensuring the desired temperature as it was established in 
the configuration [15].  

The KNX solutions have been tested and before, with other 
small projects, and they proved to be operational and confident. 
Also, the wireless sensors networks, which could be easily 
reconfigured for different situations and the recorded 
information could be stored and processed as it is required. The 
next challenge we have is to make the connection between the 
KNX and WSN components, a communication bridge with the 
possibility of bidirectional transfer of information. All values 
monitored by the WSN have to be transferred to the KNX 
which will do the control of the comfort conditions.  

V. CONCLUSIONS 
The analyzed types of comfort permit us to understand 

them better, how to interpret them into a mathematical format 
(where possible) and which are the most important types to be 
ensured for an office space. The thermal comfort is the most 
important and complex type and it is described using specific 
equations, but the precision is low. For this reason, our 
solution supposes 2 steps: an initial mathematical analyze 
followed by a calibration based on real life analyzes (surveys 
filled by the occupancies of studied space). 

For controlling the comfort we propose a solution, which 
could be adapted for similar cases, based on a KNX system 
joined with a WSN component (monitoring and controlling 
the lighting, heating and air ventilation). Our research work 
will continue with the finalization of the WSN sensors devices 
and the implementation of the communication bridge between 
KNX and WSN. 
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