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Abstract— Clean work environments and god air quality are
essential for developing, manufacturing, constructing,
maintaining products if the goal is that the employees work at
high efficiency. Proper environmental parameters also can help
a lot if the goal is to improve the effectiveness of the rest time.
This paper is designed to control the parameters of enclosed
airspace. By direct intervention in the measured parameters of
the interior air and with the help of air exchange - if the
parameters of the external atmosphere bring the parameters of
the internal air space closer to the desired value - the internal
airspace conditions can be optimized.
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I. INTRODUCTION

Smart homes are all containing this feature, but smart
homes are rear yet. Also nowadays a lot of houses and flats
have got an air conditioning unit beside the controllable
heating elements. Ventilation systems are less common, but it
is easy to replace because of the low cost. Fig. 1. is showing a
simple solution with a blower and an extractor ventilator. This
cheap realization contains an easy to change air filter module.
It is also possible to include a preheating element before the
air filter, and a silencer element between the ventilators and
the inner airspace.

The proposed solution primarily takes into account the
temperature and humidity parameters of closed indoor
airspace and the external airspace and measuring the carbon
dioxide concentration of the internal airspace, which affects
the control of the ventilation system.

Il. SYSTEM DESCRIPTION

The measured parameter values are internal and external
temperature, internal and external humidity, and internal
carbon dioxide. The actuating elements are the heating
element for increasing the temperature, the air-conditioning
system for reducing the temperature - it also reduces the
humidity. In addition to the above, the system also includes a
humidifying element and an air exchange fan system.

A. System design

The system architecture can be seen in Fig. 2. The system
has multiple inputs and multiple outputs (MIMO), the
relationships between the parameters are non-linear, and there
is an actuator whose activity also affects several input
parameters, and the change of an input parameter also affects
the output signals controlling several actuator elements. One
way to solve these types of control tasks is to use Fuzzy
controllers [1]. The controller was developed within the
Matlab software package using the Fuzzy toolbox (Fig. 3).
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Figure 1: Ventilation subsystem

B. Defining membership functions

The input membership functions were configured with
trapezoidal functions, then formatted for type change(Fig. 4).
This method is simple but appropriate because the proposed
solution has got lot of simultaneously firing rules, and the
control will be quite smooth. For the determination of the
input membership functions, do not require a neural network.

Temperature limits were determined [2] based on the
opinions of a small number of groups. For the determination
of humidity, the optimal (for people) 40-60% range’s
boundaries were extended by +£10% due to the deviation of
individual tolerance thresholds [3].

Values that were defining the membership functions of the
internal temperature:

e - trapezoid — Cold: [-11 -11 5 20]
e - trapezoid — Ok: [10 20 25 30]

« trapezoid — Hot: [23 40 51 51]

* S gradual- Cold: [6.5 18.5]

* Gauss — Ok: [6.158 22.25]

* Z gradual- Hot: [24.7 38.3]
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Figure 2: System architecure

The output membership functions are triangular [4], seen is
Fig. 5. The output signals are generated at the fill factor of the
actuator control PWM in the range from 0% to 100%.

C. Creating rules

It had been considered different groups when setting the
rules [5] (see Fig. 6), as well as different weights had been
given [6] for different rules:

e -« It had been set the values of the heating and climate
control output parameters based on the input internal
temperature parameter (with lower weight)

e « |t had been set the values of the climate and humidity
control output parameters based on the input humidity
parameter (with lower weight)

e < |t had been set the values of the output parameters
controlling the heating, climate, and ventilation based
on the input external and internal temperature
parameters

e « |t had been set the values of humidity, climate, and
ventilation control output parameters based on the
input and internal humidity parameters

e « |t had been set the values of humidity, climate, and
heating control parameters based on the input
temperature and humidity parameters

Based on the specified membership functions and rules [7], an
illustration of the operation of the Fuzzy controller can be
produced. Fig. 7 shows the output value for two input signals
change, where the change within the allowed range (one
output value can be displayed at one time). Also useful for
checking the correctness of the regulation.
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Figure 3: Fuzzy control toolbox
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Figure 4: The internal temperature membership
functions with trapezoidal and gradual transition

D. Illustrating firing rules

Based on the specified membership functions and rules, the
operation of the Fuzzy controller can be emulated [8]. In the
predefined range, firing rules can also be monitored for any
level of inputs, and the output signals of their effect can be
checked [9]. Fig. 8 show the output responses of the Fuzzy
controller to various input parameters.
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Figure 6: Illustration of the rules

I1l. REALISATION

A. Implementation in the development environment

The system designed in Matlab Simulink is shown in
Figure 9. In the left-hand side of the figure are the inputs; the
inputs to the digital temperature sensors are on the upper part.
Below are the pins used to measure analog humidity and CO2
concentration. The Fuzzy controller with multiplexed inputs
and outputs is located in the center of the figure, and the PWM
outputs used to control the actuators are on the right side of
the figure.

The CO2 input influences the ventilation control’s output
through a feed-forward loop. Above a critical CO2 level, it
activates the ventilation, and then deactivates it at a
concentration below the critical level, creating hysteresis in
the system.

B. Realization with microcontroller

Physical implementation was done using an AVR controller.
Converting a Simulink-built model into a C / C ++ code was
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Figure 7: Changes in the values of Heating, Ventilation,
and Climate Outputs as a function of internal and external
temperatures

made using the Arduino toolbox that can be installed on the
Matlab suite. The most critical parameters for translation and
connection are the type of the development board /
microcontroller and the communication channel parameters
(see Figure 10). The applied controller must be memory sized
appropriately to implement the generated code.
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Figure 10: Realization in Simulink

IVV. SENSORS AND ACTUATORS

A. System-function

The protocol required to use the temperature sensor was
implemented with the help of Matlab S-function. The value
produced is in degrees of celsius, consistent with the input
value range of the Fuzzy controller.

B. Temperature measurement

Measuring the temperature externally and indoors [10], a
DS18B20 temperature meter integrated circuit was
implemented. Block diagram is shown in Figure 11. The
communication channel between the controller and the sensor
is the 1-Wire Dallas bus, so the data cable must be connected
to a digital leg. To ensure operation [11], the data bus must be
equipped with a pull-up resistor. The measurement range is
between -55 ° C and + 125 ° C, and the accuracy of the

measurement is £ 0.5 © C in the range of -10 ° C to + 85 ° C.
Power supply voltage can be both of 3.3V and 5V voltage.

C. Humidity measurement

The humidity sensor [12] type AMT2001 (Fig. 13) has an
analog output with a measurement range of 0% to 100%, with
a range of output voltage between 0V and 3V. In the program
- built in Simulink — the measured voltage is multiplied with a
constant (33.34), to get the input range specified in the Fuzzy
controller (0-100% RH). The accuracy of the measurement is
+ 3%.

D. CO2 concentration measurement

The carbon dioxide sensor MG811 also has an analog output
- see Fig. 14. The measurement range [13] is between Oppm
and 5000ppm, between OV and 2V. Research shows that
3000ppm of CO2 concentration affects adversely mental and
physical performance, so it must be ventilated above
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Figure 11: DS18B20 temperature sensor and internal
block diagram
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Figure 12: Matlab S-function flowchart
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Figure 13: AMT2001 analog humidity sensor interior
design

2500ppm. The corresponding analog voltage value is 1V. If
the permissible reference level is exceeded [14], the output of
the Fuzzy controller is shunted, and the ventilation is allowed
at full speed. When the CO2 concentration is returned under
2000ppm, the control is given back to the fuzzy control system
—to set a 500ppm hysteresis. [15] [16] [17] [18] [19] [20]

CONCLUSION

The controlling system made with relatively cheap
electronic components and easy to implement software — if the
user interface is well prepared —, therefore it is a cost-effective
solution. Itis arelatively low investment to expand the already
existing actuators. The solution could also be useful if
someone has a medical condition that requires them to keep
the air clean in their homes. The proposed system architecture
- as hoped by the author - could potentially be used for a
variety of other applications.
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