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Abstract – As it is known the air temperature in homes is a thermal comfort factor in all developed
countries, thus there are certain criteria and recommendations for lower and higher thresholds
during the various seasons. The work refers to an automatic system implemented in a house
consisting of two rooms, a bathroom, and a kitchen. The optimal choice of a system depends a lot on
the area, the region (mountainous, hilly, plain areas). The area where the building is located
matters a lot because each one has a certain climate, a certain humidity. The house analysed is
located in the southern part of Romania. Both heating and cooling are obtained with air
conditioning systems equipped with the possibility of heating / cooling. The system controls both
the temperature and the humidity in the rooms in which the temperature and humidity sensors are
mounted. To program the PLC, the software system dedicated to the controller, which is SIMATIC
Manager, was used. After installing the automatic temperature and humidity control system, these
two parameters were determined independently by using a CEM DT-171 CE system in each room.
The obtained results were compared, without significant differences. The advantages of using such
an automatic system are: the operation is done automatically; allows the constant maintenance of
temperature and humidity in the rooms, according to preferences; a purified air is maintained.
Keywords: Air quality, PLC controlled, Comfort parameters, Temperature, Humidity.

1. Introduction
Thermal comfort refers to "that state of mind that
expresses
contentment
with
the
thermal
environment". This thermal comfort is related to
environmental factors (air temperature and
humidity) as well as personal factors (clothing
insulation, metabolic heat). This comfort plays an
important role in human health and well-being
because too high a temperature can create a feeling
of fatigue for the inhabitants of a house or even for
the employees of a company, but they can be equally
affected when it is too cold [1]. Indoor air quality is
considered to be an important aspect in building
codes in all the countries covered in this study. The
benefits of ensuring indoor air quality, either for the
well-being of the occupants or for the safety and
health of the building as a whole and its components,
are also highlighted in various forms in the building
regulations of the countries studied. Ventilation is
included in all European building regulations.
The air temperature in homes is a thermal
comfort factor in all developed countries, thus there
are certain criteria and recommendations for lower
and higher thresholds during the various seasons.
Summertime comfort is becoming more and
more of a concern for home designers and their
residents. New buildings, often designed to limit heat

inputs through passive solutions, reduce heating
requirements. But the cooling problem persists.
Some ways to fix this follow. It is well known that as
many as seven million premature deaths occur
annually due to air pollution [World Health
Organization Report, March. 25, 2014]. Air pollution
includes both kinds of pollution: outdoor and poor
indoor air quality which are arising in enclosed
spaces such as, for example, homes, schools,
laboratories, manufacturing enterprises, office
buildings, and high - density apartment buildings.
Indoor air pollution is considered by many experts
to be a larger health hazard than outdoor air
pollution [2]. Volatile organic compounds with high
levels of concentration exist in many buildings
constructed using engineered materials that contain
glues, dyes, binding agents, adhesives, and the like.
Furthermore, cleaning products, solvents, paint and
other
coatings, furniture, carpeting, and other chemical
sources also contribute VOC pollutants. VOCs include
such compounds as ethanol, toluene, benzene,
formaldehyde, tetrachloroethene (TCE), and
methylene chloride.
The authors have studied different solutions for
monitoring air quality, especially in cities, with a
population of over 300000 people [3,4,5]. In order to
monitor air quality a microelectronic device capable
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of detecting multiple gas constituents in ambient air
can be used. The microelectronic air quality monitor
includes a plurality of temperature - sensitive gas
sensors tuned to detect different gas types, as it is
presented in figure 1.

Where PC is the computer, PLC programmable logic
controller, R1 and R2 relays, S1 and S2 sensors for
kitchen and living, S3 and S4 for bedroom and
bathroom, AP1 and AP2 air conditioning apparatus.
Two separate air conditioners were used,
composed of the outdoor unit and the indoor unit.
Depending on the model type, the outdoor unit can
be connected to one or more indoor units.
The experimental equipment is shown in figure 3.

Figure 1: Air quality monitor device

2. Experimental Setup
The present work refers to an intelligent system for
control of air quality in homes controlled with a PLC.
The system is implemented in an apartment with
two rooms, bathroom, kitchen, and hall. The authors
calculated the heat requirement for a calendar year
(July 15-July 14). The two-room apartment has an
area of 54.75 m2 and a heated volume of 150.5 m3.
The orientation of the apartment is Northeast.
The purpose of designing this intelligent system
is to provide the apartment with air conditioning,
which involves either heating or cooling the air. Also,
the air quality in the apartment can be substantially
improved by installing sensors for certain substance
emissions, such as in the case of the kitchen or to
maintain low humidity in the case of bathrooms.
Regarding the detection of emissions of toxic or
dangerous substances, the authors have developed a
work in the past. For the kitchen, the result of
detecting certain substances translates into the
activation of the hood, which will start automatically
to eliminate unwanted substances [6]. Likewise, in
the case of bathrooms, when the humidity level is
too high, the PLC will send the command to start the
fans.
The block diagram of the proposed automation
system is shown in figure 2.

Figure 3: Experimental equipment
In figure 3 one can see: relays R1 and R2, PLC Siemens Simatic s7-300, power supply, humidity and
temperature, sensor P18L LUMEL, figure 4.

Figure 4: Sensor P18L LUMEL
For choosing air conditioners, there are precise
recommendations that take into account the
destination of the spaces and the size of the room
surfaces. This is presented in table 1: the capacity of
air conditioners depending on the destination of the
rooms and the size of the surface [7].
Table 1. Capacity of air conditioners
Offices /
Housing
Commercial
Surfaces
[BTU/h]
spaces
[m2]
[m2]
2
9000 BTU/h
14 - 22 m
18-25 m2
2
12000 BTU/h 20-30 m
24-35 m2
2
14000 BTU/h 24-36 m
28-45 m2
2
18000 BTU/h 33-55 m
40-50 m2
2
22000 BTU/h 40-60 m
48-70 m2
Capacity

Figure 2: Block diagram of the automation system
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One will notice that room size and heat load are
the two variables within this table. Step one is simply
figure out the room size in square meters of the
room you would like to keep cool. Next, figure out
the amount of heat or "heat load" that the room
receives. For example, if the room has a lot of
windows or is next to a kitchen, that room would
probably have a high heat load [8,9]. Based on those
two parameters, one should be able to figure out
what kind of BTU range works for him. For
reference, BTU is simply a designation of cooling
power – the higher the BTU the more powerful the
cooling [10,11].
Also, the optimal choice of a system depends a lot
on the area, the region (mountainous, hilly, plain
areas). The area where the building is located
matters a lot because each one has a certain climate,
a certain humidity. The house analysed is located in
the southern part of Romania. Romania is divided
into five climatic zones as in figure 5. The studied
apartment is located in zone II.

Figure 5: Climatic zoning map of Romania
To calculate the heating periods, table 2 was
used, which contains the outdoor temperatures of
the main cities in Romania.
Table 2. Computing Outdoor Temperature on Cities
Computing Outdoor Temperature on Cities
City
Zone
Temperature
Constanța
Zone I
-12°C
Brăila
Zone II
-15°C
București
Zone II
-15°C
Craiova
Zone II
-15°C
Călărași
Zone II
-15°C
Oradea
Zone II
-15°C
Botoșani
Zone III
-18°C
Cluj
Zone III
-18°C
Focșani
Zone III
-18°C
Iași
Zone III
-18°C
Piatra
Zone III
-18°C
Neamț
Sibiu
Zone III
-18°C
Brașov
Zone IV
-21°C
Suceava
Zone IV
-21°C
Miercurea
Zone V
-25°C
Ciuc

3. Operation Mode
The automatic temperature and humidity control
system will work as follows: the temperature will be
maintained between 20°C and 25°C throughout the
year. If the temperature drops below 20°C, then the
system will heat the house. Otherwise, if the
temperature exceeds 25°C, then the system will cool
the apartment. If the temperature is between 20°C
and 25°C, the house will not be heated or cooled.
However, it should be mentioned that even in this
case the air conditioner can work if the humidity
rises above 65% in fan or fan with heating mode.
The SIMATIC Manger programming environment
was used to program the PLC - Siemens Simatic s7300. The software is provided with main languages
the programming languages such as: Ladder Logic,
Function Block Diagram, and Statement List. The
programming window is presented in figure 6. One
can enter addresses, parameters, and block names as
absolute addresses or as symbols.

Figure 6: Automatic system programming window
In figure 7 is presented the humidity and
temperature recorder which is used for
independently recording of these two parameters.
The automatic system uses P18L LUMEL sensor to
control de tmperature and the humidity in all rooms
of the house. To check the behavior of the automatic
system, the device shown in the figure 7 was used.

Figure 7: CEM DT-171 CE Data logger
The figure 8 shows the set window of the
program Datalog. Some elements for recording the
two parameters can be set. The total recording
duration is set to 416 days with hourly reading of the
parameters (more than 365 days). As the interval
between readings is longer, the total recording time
is longer. The temperature can be read in Celsius or
Fahrenheit degrees.
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The obtained results were compared, without
significant differences.
Figures 10, 11, 12, 13 show the results of
recording the temperature and humidity with the
CEM DT-171 device in the 4 rooms: living room (1),
kitchen (2), bathroom (3) and bedroom (4),
respectively. As expected, it can be seen that the
kitchen is more humid than the living room, and the
bathroom (3 figure 12) has the highest humidity.

Figure 8: Datlog set window

4. Experimental Results
The cooling period required for the considered
apartment was calculated. The cooling period
consists of 6 days between July 6 and August 2 (365
days). Figure 9 shows the cooling period graphically.
In figure 9 the significance of the notations is: toi
outdoor temperature theoretic, to - outdoor
temperature, toad average temperature on days.

Figure 10: Humidity and temperature in room 1
(living)

Figure 11: Humidity and temperature in room 2
(kitchen)

Figure 9: Outdoor Temperature evolution days
Both heating and cooling are obtained with air
conditioning systems equipped with the possibility
of heating / cooling. The system controls both the
temperature and the humidity in the rooms in which
the temperature and humidity sensors are mounted
(S1, S2, S3, S4). After installing the automatic
temperature and humidity control system, these two
parameters were determined independently by
using a CEM DT-171 CE system in each room. This is
a brand new CEM DT-171 CE certified digital
temperature and humidity data logger. This data
logger has a built-in USB port which can easily
connect to a computer to upload the recorded data.
With this device, one can monitor temperature
and humidity level efficiently and conveniently for a
long period of time. This device is provided with a
large memory which can record 32,000 readings
(16,000 for temperature and 16,000 for humidity).
The sampling period can also be programmed from 2
seconds to 24 hours [12,13].
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Figure 12: Humidity and temperature in room 3
(bathroom)

Figure 13: Humidity and temperature in room 4
(bedroom)
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Even if the study is carried out on a two-room
apartment, its results can be extended to houses
with 3, 4, 5 rooms. Considering that in Romania
there are many apartment blocks built according to
common plans (as a type), the implementation of
these automation systems would be much simplified.
The same situation can also be found in countries
such as: Bulgaria, Czech, Hungary, Moldova, Poland,
and Slovakia. One example is the blockhouses
developed in these countries. There were used
similar technologies, materials, and plans. Also, the
aspects and design are similar [14].

5. Conclusions
The continuation of the work will be aimed at
solving the elimination of unwanted substances or
vapours from living spaces [15,16]. As it was
presented above in the kitchen, the result of
detecting certain substances translates into the
activation of the hood, which will start automatically
to eliminate unwanted substances. Likewise, in the
case of bathrooms, when the humidity level is too
high, the PLC will send the command to start the
fans.
The advantages of using such an automatic
system are:
- the operation of heating / cooling is obtained
automatically;
- allows
the
constant
maintenance
of
temperature and humidity in the rooms, according to
preferences;
- purified air is ensured using filters in air
conditioning equipment.
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