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Abstract—This paper discusses the development of a universal
controller designed for households equipped with modern HVAC
technology. The controller's task is to optimize heating, cooling,
and ventilation, as well as manage the Smart Grid functionality of
heat pump systems. The paper presents the hardware and software
solutions employed, and provides a detailed description of the
system's operation and structure.
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. INTRODUCTION

In modern households, comfortable and energy-efficient
climate control is essential. In this paper, we present the
development of a universal controller designed to meet these
needs. The controller aims to optimize heating, cooling, and
ventilation, taking into account external temperatures, user
preferences, and the current state of the energy provider's
infrastructure via the SmartGrid [1, 2] system. Energy
efficiency is achieved through appropriate weather
compensating regulation, the advantage of which lies in
reducing the temperature fluctuations and inertia losses
associated with traditional thermostat systems. This can result
in up to 10% energy and cost savings [3, 4].

In addition to energy efficiency benefits, ventilation
regulation also has favorable physiological effects. Humans
perceive indoor air quality primarily through smell and via the
conjunctiva of the eyes. Poor air quality can lead to poisoning
in severe cases, while prolonged exposure to lower quality air
can cause irritation and promote the development of chronic
respiratory diseases [5-7].

Il. MATERIALS AND METHODS

Residential heat pumps generally come with an internal
changeover valve, which determines whether to produce hot
water or heating water based on current needs, follow on Fig.
1. and check Fig. 2. The internal changeover valve directs the
water flow accordingly towards hot water production or
heating. The supplementary heating unit may not have an
internal changeover valve, so external changeover valves are
placed in the flow and return pipes. These operate in parallel
with each other. Heating appliances have their own pumps.
Check valves ensure that water circulates securely between
heating circuits or storage tanks, without flowing through each
other. The buffer tank functions as an energy storage unit [8].

When the controller determines that a sufficient amount of
energy is available, it activates the buffer tank into the heating
system by switching the changeover valve before the buffer
tank. The hydraulic balancer ensures the necessary flow rate
for the heat generator and heating circuit pumps without

Bertalan Beszédes
Obuda University
Alba Regia Faculty
Székesfehérvar, Hungary
beszedes.bertalan@uni-obuda.hu
https://orcid.org/0000-0002-9350-1802

interfering with each other. A mixing valve control system
consists of a pump, a mixing valve, and a forward water
temperature sensor. Both the switching and mixing valves are
three-way valves, but the difference is that the mixing valve
can also be in an intermediate position, while the switching
one only switches between the two end positions.
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Figure 1: General hydraulic diagram of a residential heating system

Figure 2: A photograph of a heating center based of the diagram

For hardware design, selecting a suitable microcontroller
with sufficient 1/0 ports, ADCs, and communication
interfaces is essential. The Arduino UNO R4 WiFi [9, 10] card
forms the basis of the control, with its built-in ESP32-S3
module enabling wireless communication. Standard heating



appliances, pumps, and control valves can be used in the
system. Heating appliances must have a standard thermostat
input. This is a two-pole connector. To operate this thermostat
input, a potential-free contact must be connected (see on Fig.
3. and Fig. 4.). The heating appliance pulls one pole of the
input to a level it can interpret (usually 230 VAC), then
expects the same voltage level back on its other pole. The
closed position of the contact indicates the need for heating.
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Figure 3.: Allocation of digital inputs and outputs of the controller

All standard household pumps are compatible with the
device. A single-phase pump can be controlled through the
controller up to 2 Amps, but it is recommended to isolate the
pumps with relays or contactors as a solution. In this case, we
certainly do not overload the output of the controller, and even
a three-phase pump can be connected, or in the case of a
single-phase pump, we can also disconnect the neutral wire.

This is a common practice in boiler rooms or particularly
humid, moist rooms. Any type of changeover valve can be
applied as well. In the case of a spring-return design, direct
control from the controller is possible, otherwise, relay
isolation is required for switching between the opening and
closing directions. Only a stepper-type design can be used for
the mixing valve since the controller controls the valve with a
digital signal. For analog control mixing valves (0-10 V, 4-20
mA), additional accessories are required.

The temperature sensors should be of the Pt1000 type.
Instead of resistance thermometers, we could have used
thermocouples or standard temperature transmitters. We

chose Pt1000 for its reliability, favorable price, and
widespread availability [11, 12].
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Figure 4: Temperature sensing by the controller

I1l. RESULTS

The developed controller successfully manages the
functions of heating, cooling, and ventilation, taking into
account external environmental conditions, user preferences,
and energy provider system status indicators (see on Fig. 5.
and Fig. 6.). The system ensures stable operation and ensures
user-friendly interface.
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Figure 5: Graph of the measured temperature values during the
operation of the controller



Figure 6: Controller subsystems and operation

Creating an embedded control system for residential
heating, cooling, and ventilation involves designing both the
hardware and software components to ensure efficient and
reliable operation [13, 14]. With different sensors and
actuators, it is a multiple input and multiple output system,
therefore various control methods can be used [15-17]. In
subprocesses control algorithms such as PID control is used
for keeping up the desired technological levels. Sensor data
processing subroutines includes filtering techniques to remove
noise and calibration routines for accuracy [18-20].

The comprehensive software state diagram can be seen on
Fig. 7. and the firmware implementation can be seen on Fig.
8. Besides that, the system contains communication interfaces
and handles the user interface. Additionally, energy
optimization algorithms [21-23] are incorporating to enable
energy-efficient operation, adjusting scheduling and setpoints
based on occupancy and external weather conditions [24-26].
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Figure 7: Controller state diagram

Figure 8: Controller program flowchart

Further  optimization of code for efficiency,
responsiveness and fine-tuning control algorithms for optimal
performance are necessary in each different application before
final deployment. Fors maintenance and updates for firmware
and software can be done via the open source development
environment, also monitoring and diagnostics, and
implementing alert systems for faults and maintenance needs
will help maintain system reliability and efficiency.

In the context of an embedded control system for
residential climatization, effective data collection and secure
data management are crucial for optimizing performance and
ensuring user safety. The integration of data collection
methodologies, as discussed in [27] highlights the significance
of using geographic information systems for gathering
environmental data in residential settings. The framework
facilitates real-time data integration, allowing for a
comprehensive understanding of the spatial and temporal
dynamics of residential energy use, ultimately contributing to
improved system efficiency. [28] also emphasize the
importance of secure data storage and transmission within
such embedded systems. As residential environments
increasingly rely on interconnected devices, ensuring the
security of sensitive data becomes paramount. Implementing
robust encryption protocols and secure communication
channels will safeguard user information and prevent
unauthorized access. The combined insights from both
publications underscore the necessity of a holistic approach to
data management, where efficient data collection techniques
are complemented by stringent security measures.



IV. CONCLUSION

The presented embedded control system for residential
heating, cooling, and ventilation involves integrating various
sensors and actuators with a microcontroller, developing
control algorithms, and ensuring a user-friendly interface. It
has resulted in an efficient and flexible system capable of
meeting the climate control needs of modern households. The
system in focusing on maintaining comfort, ensuring air
quality, and optimizing energy consumption. The
technologies and solutions employed in the development
allow for future enhancements and optimizations to be
implemented.

ACKNOWLEDGEMENT

The author would like to thank all the Obuda University
Alba Regia Faculty staff and member that provide help and
assistance throughout the project completion.

REFERENCES

[1] Fischer, D.; Wolf, T.; Triebel, M.A. Flexibility of heat pump pools:
The use of SG-Ready from an aggregator’s perspective. InProceedings
of the 12th IEA Heat Pump Conference 2017, Rotterdam, The
Netherlands, 15-18 May 2017.

[2] Rapucha, Adrian, Ramadas Narayanan, and Meena Jha. 2024. "Heat
Pumps with Smart Control in Managing Australian Residential
Electrical Load during Transition to Net Zero Emissions" Energies 17,
no. 12: 2977. https://doi.org/10.3390/en17122977

[3] André Jacob. ,,Regulations for the "SG ready" label for electrically
driven heating and hot water heat pumps and interface-compatible
system components” Bundesverband Wirmepumpe (BWP). Version
2.0

[4] Marton L. Kiss, Klara Tothné Szita, Judit Maria Pintér, Balazs Kosa,
Laura Veres. Lifecycle Analysis of an Air Quality Sensor. Acta
Polytechnica Hungarica. Vol. 21, No. 8, 2024. ISSN: 1785-8860

[5] World Health Organization. Environmental Health in Rural and Urban
Development and Housing Unit. (1990). Indoor environment : health
aspects of air quality, thermal environment, light and noise. World
Health Organization. https://iris.who.int/handle/10665/62723

[6] World Health Organization. Environmental Health in Rural and Urban
Development and Housing Unit. (1990). Indoor environment : health
aspects of air quality, thermal environment, light and noise. World
Health Organization. https://iris.who.int/handle/10665/62723

[7] Cincinelli A, Martellini T. Indoor Air Quality and Health. Int J Environ
Res  Public  Health. 2017 Oct  25;14(11):1286. doi:
10.3390/ijerph14111286. PMID: 29068361

[8] Bijarne Olesen, Control of floor heating and cooling systems. Clima
2000/Napoli 2001 World Congress — Napoli (1), 15-18 September 2001

[9] Csilla Patko, Istvan Patkd, Zoltan Pasztory. Indoor Air Quality Testing
in Low-Energy Wooden Houses: Measurement of Formaldehyde and
VOC-s. Acta Polytechnica Hungarica. Vol. 10, No. 8, 2013. ISSN:
1785-8860

[10] Bonnie Baker. Temperature sensing technologies. Microchip
Technology Inc. AN679. 2002.

[11] Mosavi Amirhosein, Bertalan Beszedes, Imre Felde, Nadai Laszlo,
Gorji Nima E. Electrical characterization of CIGS thin-film solar cells
by two- and four-wire probe technigue. MODERN PHYSICS
LETTERS B 2020 p. 2050102 , 16 p. (2020)

[12] Gyorgy Gyorok, Baklanov Alexander E, Bertalan Beszédes. Extension
of Nodal Voltage Method with the Thermosensing. In: Orosz, Gébor
Tamas (szerk.) AIS 2017 - 12th International Symposium on Applied
Informatics and Related Areas organized in the frame of Hungarian
Science Festival 2017 by Obuda University : Proceedings.
Székesfehérvar, Magyarorszag : Obudai Egyetem (2017) 204 p. pp.
201-204. , 4 p.

[13] Gyorgy Gyorok, Andras David, Nikoletta Tolner, Bertalan Beszédes,
Daniel Cseh. Supervision of the operation of digital circuits by
Embedded Microcontroller. In: Orosz, Gabor (szerk.) AIS 2018 - 13th
International Symposium on Applied Informatics and Related Areas.
Székesfehérvar, Magyarorszag : Obudai Egyetem, Alba Regia Miiszaki
Kar (2018) pp. 29-35., 7 p.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Gyorok Gyorgy, Tihomir Trifonov, Alexander E. Baklanov, Bertalan
Beszédes, Svetlana V. Grigoryeva, Aizhan Zhaparova. A Special
Robust Solution for Battery Based Power Supply. In: Orosz, Gabor
Tamas (szerk.) 11th International Symposium on Applied Informatics
and Related Areas (AIS 2016). Székesfehérvar, Magyarorszag : Obudai
Egyetem (2016) pp. 32-35. , 4 p.

Gyorgy Gyorok, Bertalan Beszédes. Artificial Education Process
Environment for Embedded Systems. In: Orosz, Gabor Tamas (szerk.)
9th International Symposium on Applied Informatics and Related
Areas - AIS2014. Székesfehérvar, Magyarorszag : Obudai Egyetem
(2014) pp. 37-42., 6 p.

I. Bendidk and T. Sandor, "Possible Ways of Measuring and
Calculating Waste Heat from a Machine Diagnostic Approach," 2023
IEEE 6th International Conference and Workshop Obuda on Electrical
and Power Engineering (CANDO-EPE), Budapest, Hungary, 2023, pp.
000259-000266, doi: 10.1109/CANDO-EPE60507.2023.10417972.

I. Bendidk and S. Semperger, "Simplified Predictive Strategy of
Mechanical Life Cycle Model in Three-Phase Asynchronous Motor,"
2023 IEEE 6th International Conference and Workshop Obuda on
Electrical and Power Engineering (CANDO-EPE), Budapest,
Hungary, 2023, pp. 000267-000274, doi: 10.1109/CANDO-
EPE60507.2023.10417977.

Alexander Baklanov, Svetlana Grigoryeva, Gyorgy Gyorok. Control of
LED Lighting Equipment with Robustness Elements, Acta
Polytechnica Hungarica (1785-8860 1785-8860): 15 3 pp 105-119
(2016)

G. Gyorok and M. Mako, "Configuration of EEG input-unit by electric
circuit evolution," 2005 IEEE International Conference on Intelligent
Engineering Systems, 2005. INES '05., Spain, 2005, pp. 255-258, doi:
10.1109/INES.2005.1555168.

Aizhan Zhaparova, Dimitry Titov, Alexander Y. Baklanov, Gyorgy
Gyorok. Study of the Effectiveness of Switching-on LED Illumination
Devices and the Use of Low Voltage System in Lighting. Acta
Polytechnica Hungarica (1785-8860 1785-8860): 12 5 pp 71-80 (2015)

G. Vakulya and G. Simon, "Energy-efficient and reliable round-robin
TDMA for wireless sensor networks,” 2012 IEEE International
Instrumentation and  Measurement  Technology  Conference
Proceedings, Graz, Austria, 2012, pp. 1179-1183, doi:
10.1109/I12MTC.2012.6229240.

G. Zachar, G. Vakulya and G. Simon, "Design of a VLC-based
beaconing infrastructure for indoor localization applications,” 2017
IEEE International Instrumentation and Measurement Technology
Conference (12MTC), Turin, ltaly, 2017, pp. 1-6, doi:
10.1109/12MTC.2017.7969837.

Simon, Gyula, Gergely Vakulya, and Mark Ratosi. 2022. "The Way to
Modern Shutter Speed Measurement Methods: A Historical Overview"
Sensors 22, no. 5: 1871. https://doi.org/10.3390/s22051871

Szilagyi Zoltan, Hajdu Csaba, Bajari Patrik. Identification of position
by means of shape recognition in mixed reality systems. In: Pet6né
Csuka, Ildiko; Simon, Gyula (szerk.) AIS 2023 - 18th International
Symposium on Applied Informatics and Related Areas — Proceedings.
Székesfehérvar, Magyarorszag : Obudai Egyetem (2023) 177 p. pp. 80-
84.,5p.

Zoltan Szilagyi, Csaba Hajdu. Design and Requirement Analysis of an
Outdoor Autonomous Mobile Manipulator. In: Peténé Csuka, 1ldiko;
Simon, Gyula (szerk.) AIS 2022 - 17th International Symposium on
Applied Informatics and Related Areas — Proceedings. Székesfehérvar,
Magyarorszag : Obudai Egyetem (2022) 180 p. pp. 44-49. , 6 p.

Hajdu Csaba, Boros Norbert, Gombocz Zoltan, Szilagyi Zoltan, Ballagi
Aron. Reactive Human-Robot Interaction in Digital Reality. In: IEEE
International Conference on Cognitive Infocommunications (szerk.)
12th IEEE International Conference on Cognitive Infocommunications
(CoglnfoCom 2021) : proceedings. Online kiadas, Nemzetkozi : IEEE
(2021) 1,098 p. pp. 949-950. , 2 .

T., Jancso ; A., Podor ; E., Nagyne Hajnal ; P., Udvardy ; G., Nagy ;
A., Varga ; Q., Meng ; L., Zhang. Data Integration with Geographic
Information System Tools for Rural Environmental Monitoring. In:
IRC 2022 XVI. International Research Conference Proceedings.
Peking, Kina (2022) 270 p. pp. 52-59., 8 p.

Peter, Udvardy; Levente, Dimen; Gergely, Vakulya. Data Collection In
The Wild: Challenges And Solutions. University of Agronomic
Sciences and Veterinary Medicine of Bucharest. Scientific Papers.
Series E. Land Reclamation, Earth Observation And Surveying,
Environmental Engineering 12 pp. 167-175. , 9 p. (2023)






