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ABSTRACT 

This paper presents an automatic temperature controller based on microcontroller. The system is based on 

microcontroller PIC16F877A connected with temperature sensor LM35DZ, LCD display, switching transistors 

and relays. The system design is divided into two parts; hardware and software. The temperature sensor 

LM35DZ senses a certain room temperature and transmits it to microcontroller PIC16F877A which decodes it 

and compares it with a preset temperature value stored in it. The microcontroller in turn automatically turns 

on/off a heater or fan based on the comparison result. The measured room temperature is displayed on the LCD 

display accordingly. This design considered preset temperature values of 26°C as minimum and 29°C as 

maximum. The system was tested and the result showed that switching occurs at temperatures of 25°C and 

300°C. Therefore, the system will be useful in rooms, offices, department stores and other places where 

temperature regulation is required. 

Keywords: Automatic Air Heater; Fan Speed; Microcontroller. 

I. INTRODUCTION 

A temperature controller is a system that monitors and controls the temperature of a room or any place under 

study such that if the temperature is higher than the desired temperature, the system lowers the temperature. 

Similarly, if the temperature is lower, the system makes it higher as required. A temperature controller can be 

manual or automatic. The former requires complete human intervention to operate, while the latter requires 

little or no intervention at all. 

Moreover, most of the previously designed temperature controllers and related systems use discrete 

component design such as timers, counters, decoders, and thermistor temperature sensor. Although some 

microcontrollers are used with an external analog-to-digital converter (ADC), these devices occupy large space, 

have more weight, consume a lot of power, and are less flexible such that modifying the system requires 

replacing hardware components. The temperature sensor is non-linear among other problems associated with 

it [1-4]. 

This paper presents an automatic temperature controller based on a microcontroller. It is based on 

PIC16F877A microcontroller. The block diagram of the system, which is in five modules; Power supply, 

temperature sensor, PIC16F877A microcontroller, display and switch modules. The LM35DZ temperature 

sensor senses a given room temperature and transmits it to the PIC16F877A microcontroller which decodes it 

and compares it with a preset temperature value stored in it. The microcontroller in turn automatically turns 

on/off the heater or fan based on the comparison result. This design considered preset temperature values of 

26°C as minimum and 29°C as maximum, so the system turns on the heater when the room temperature is 

below 26°C and turns on the fan when the temperature is above 29°C and the measured room temperature is 

displayed on the LCD accordingly. For the temperature range; 26°C - 29°C, the circuit remained idle [5-8]. 

II. LITERATURE REVIEW 

The availability of accurate weather data is vital for energy and environmental research and performance 

analysis of energy systems, especially renewable systems (Duffie and Beckman, 2013). For example, 

monitoring both operating parameters and weather conditions is one of the most important factors in 

measuring the performance of a solar system. Developing energy performance indicators and energy baselines 
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for energy management purposes also requires historical data including meteorological variables (Moghadasi 

et al., 2021). In this regard, national weather data have been applied in most studies to analyze the 

performance of these systems. The use of this weather information may cause errors in the performance 

analysis due to potential discrepancies between national and local data. Therefore, local weather 

measurements can enhance energy performance analysis. In the past, all systems for measuring ambient 

variables such as temperature, humidity, and wind speed were mechanically operated. Therefore, to record 

them, the only way was to manually read and record the measurements at specific time intervals. 

In previous years, with the development of semiconductors, electronic circuits were used to measure, display, 

and record meteorological parameters digitally. The advantages of digital systems include high accuracy, fast 

response, automatic operation, small dimensions, long life cycles and low price (Rafiquzzaman, 2014). In this 

regard, Pashchenko and Rasadin developed a microclimatic weather station with wireless sensors, a data 

collector and an analytical tool in 2022. This system was part of a project to model energy consumption in 

buildings. Data on temperature, humidity, CO2 concentration and light intensity parameters were collected on-

site inside the studied building in Moscow during the period of the coronavirus quarantine lockdown. TD-11, 

Vega Smart-UM0101, ERS and ERS CO2 sensors were used to measure environmental parameters and an ELT-2 

sensor was used to communicate via the LoRaWAN protocol (Pashchenko and Rasadin, 2022). 

Montero et al. A local weather station was built on the campus in 2019. This research focuses on the 

development of a wireless network of ocean monitoring stations using IoT technology to provide users with 

weather data for daily planning purposes. The DSM501A sensor was used in the proposed air pollution 

monitoring device. The parameters of CO2, CO2, temperature, humidity, and air pressure were also measured 

by the system (Montero et al., 2019). Wang et al. investigated the performance of the local climate monitoring 

system located on the campus of Southeast University with the help of long-term data from the urban weather 

station and Energy Plus software tools. The results indicated that there was a significant difference between the 

three data sets. 

III. EXPERIMENTAL SETUP 

The components were tested separately, assembled on a breadboard, and finally on a Vero board. A plastic 

enclosure was used to house the designed circuit after implementation. The enclosure was perforated on each 

side to allow for ventilation and heat dissipation. 

 

Figure.1 System block diagram 
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Figure.2 Experimental setup with digital temperature controller device 

 

Figure.3 Connector for digital temperature controller device 

Switching circuit 

The switching circuits consist of transistors and relays that act as an interface between the low voltage 

controller and the high voltage loads i.e. heater and fan. 

 

Figure.4 Switching circuit interfaced to heater and fan 

IV. METHODOLOGY 

The design of the microcontroller-based automatic temperature controller is divided into many parts; 

4.1 Hardware design 

The hardware design is divided into five modules; power supply, temperature sensor, PIC16F877A 

microcontroller, display and switch modules. The power supply is the main one and is not discussed in this 

paper. 
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4.2 Microcontroller module 

The microcontroller selected is PIC16F877A. It is an 8-bit, 40-pin dual in-line (DIP) package, with five (A-E) 

ports, 8 input channels (ADC module), and many other features. It was chosen because of its integrated analog-

digital module and easy availability in the market. 

4.3 Temperature sensor module 

The LM35DZ temperature sensor was selected for this work. Its output is linearly proportional to the Celsius 

(C) temperature scale, so the user does not need any calibration to get a suitable Celsius temperature scale. Its 

linear output, low output impedance, inherent calibration accuracy, easy connectivity and availability make it 

the ideal choice for this work. 

4.4 Display Unit 

A liquid crystal display (LCD) (16×2) capable of displaying 32 alphanumeric characters is used in this work to 

display the measured room temperature. It is configured as a 4-bit interface capable of sending or receiving 

data in 4 bits. It was chosen because of its low power consumption and ability to display a high-resolution 

result. 

V. RESULT AND DISCUSSION 

After final assembly, the system was tested. The test was performed by disassembling the control switch 

sections of a dual-operated heater/fan system and integrating it into an automatic temperature control system. 

The combined systems were then placed in a room where the air conditioning system was operating. It can be 

seen from the above result that the system does not behave as expected. This is probably due to the ADC 

conversion process not covering the full resolution i.e. using 8-bit resolution instead of 10-bit. This also shows 

the linearity of the temperature sensor. 

Table.1 Recorded Temperature (°C) using constant fan speed of 200 RPM 

Sl. No. Time (minutes) Temperature (°C) 

1 10 41.2 

2 20 43.6 

3 30 45.9 

4 40 46.8 

5 50 48.7 

6 60 53.2 

 

Figure.5 Recorded Temperature (°C) using constant fan speed of 200 RPM 
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Table.2 Recorded Temperature (°C) using constant fan speed of 400 RPM 

Sl. No. Time (minutes) Temperature (°C) 

1 10 42.3 

2 20 44.5 

3 30 46.9 

4 40 47.8 

5 50 49.9 

6 60 54.6 

 

Figure.6 Recorded Temperature (°C) using constant fan speed of 400 RPM 

Table.3 Recorded Temperature (°C) using constant fan speed of 600 RPM 

Sl. No. Time (minutes) Temperature (°C) 

1 10 43.5 

2 20 45.8 

3 30 47.1 

4 40 49.2 

5 50 52.6 

6 60 56.7 

 

Figure.7 Recorded Temperature (°C) using constant fan speed of 600 RPM 
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Table.4 Recorded Temperature (°C) using constant fan speed of 800 RPM 

Sl. No. Time (minutes) Temperature (°C) 

1 10 44.8 

2 20 46.8 

3 30 48.1 

4 40 50.4 

5 50 53.7 

6 60 58.9 

 

Figure.8 Recorded Temperature (°C) using constant fan speed of 800 RPM 

Table.5 Recorded Temperature (°C) using constant fan speed of 1000 RPM 

Sl. No. Time (minutes) Temperature (°C) 

1 10 45.7 

2 20 47.8 

3 30 49.1 

4 40 51.3 

5 50 54.7 

6 60 59.7 

 

Figure.9 Recorded Temperature (°C) using constant fan speed of 1000 RPM 
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Table.6 Recorded Temperature (°C) using constant fan speed of 1200 RPM 

Sl. No. Time (minutes) Temperature (°C) 

1 10 48.7 

2 20 50.2 

3 30 55.4 

4 40 61.7 

5 50 62.4 

6 60 62.4 

 

Figure.10 Recorded Temperature (°C) using constant fan speed of 1200 RPM 

Table.7 Recorded Temperature (°C) using constant fan speed of 1400 RPM 

Sl. No. Time (minutes) Temperature (°C) 

1 10 52.1 

2 20 59.5 

3 30 63.4 

4 40 63.4 

5 50 63.4 

6 60 63.4 

 

Figure.11 Recorded Temperature (°C) using constant fan speed of 1400 RPM 
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VI. CONCLUSION 

This paper presents an automatic temperature controller based on microcontroller. The temperature sensor 

LM35DZ senses a given room temperature and transmits it to PIC16F877A microcontroller which decodes it 

and compares it with a preset temperature value stored in it. The microcontroller in turn automatically turns 

on/off a heater or fan based on the comparison result. It is observed that the temperature increases with time 

(10-20 min) using a fan at 1400 rpm and the temperature remains constant at 63.4 °C with time (30-60 min) 

using the same fan speed. It is concluded that the temperature remained at 63.4 °C during the time (30-60 min). 

VII. REFERENCES 

[1] Aditya srivastava, Anuj Upadhyay, Tanya Sharma & vishal Srivastava (2016). Automatoc Temperature 

Control using PIC Microcontroller. International Journal of Research, 3(8), 91-96. Retrieved from  

http://internationaljournalofresearch.org/ 

[2] Avvenuti, M., Carturan, L., Cesarini, D. (2013). Deploying a Communicating Automatic Weather Station 

on an Alpine Glacier. Procedia Computer Science, Volume 19, 1190-1195.  

https://doi.org/10.1016/j.procs.2013.06.170 

[3] B. Ian, Self-programmable temperature control system for a heating and cooling 

[4] G.F.L.R., Ishibashi, R., Ivo, A.A.S., Rosset, V., Kimura, B.Y.L. (2023). Prototyping low-cost automatic 

weather stations for natural disaster monitoring, Digital Communications and Networks, 941-956.  

https://doi.org/10.1016/j.dcan.2022.05.002 

[5] J. Pritchard, 10 principles of sustainable, cost-effective design: building a safer, more efficient machine, 

in: Control Engineering Magazine, 

[6] Lubabatu B. I. Design and construction of a digital thermometer. Undergraduate project. Department of 

Electrical Engineering, B.U.K. Kano, Nigeria; 2010. 

[7] Meyer, J.P., Rehman, S., Mahbub Alam, Md., Al-Hadhrami, L.M., Lashin, A. (2016). Performance 

evaluation of cup-anemometers and wind speed characteristics analysis, Renewable Energy, Volume 

86, 733-744. https://doi.org/10.1016/j.renene.2015.08.062 

[8] October 2010  (Accessed 5 May 2018).  “Service Champion.Net,” Service Champions Heating and Air 

Conditioning, (Accessed 17 March 2017). 

[9] Overview of temperature sensor types. (n. d.). Retrieved from  

http://www.appliedsensortech.com/pdf/sensor-overview.pdf/ 

[10] P.F. Maccarini, D. Neuman, P.R. Stauffer, Automatic temperature controller for multi element array 

hyperthermia systems, IEEE Trans. Biomed. Eng. 53 (6) (2006) 1006e1015. 

[11] PIC16F87XA Datasheet (2003). PIC16F877A. Retrieved September 13th, 2017, from Microchip: 

[12] R.J., Pigliautile, I., Pisello, A.L. (2022). A New Wearable System for Sensing Outdoor Environmental 

Conditions for Monitoring Hyper-Microclimate. Sensors, 22(2), 502.  

https://doi.org/10.3390/s22020502 

[13] Sadi S. S. Design and construction of a room temperature regulator. Undergraduate project. 

Department of Electrical Engineering, B.U.K. Kano, Nigeria; 2012. 

[14] System. United States of America Patent US5088645 A, 24 June 1992. 

[15] Wilbert, S., Nouri, B., Lezaca, J., Huckebrink, D., Kazantzidis, A., Heinemann, D., Zarzalejo, L.F., Jiménez, 

M.J., Pitz-Paal, R., (2022). Measurement of diffuse and plane of array irradiance by a combination of a 

pyranometer and an all-sky imager. Solar Energy, 232: p. 232-247.  

https://doi.org/10.1016/j.solener.2021.11.064 

[16] X., Guo, H., Liu, D., Jia, Y., Cui, P. (2021). Design and validation of an adaptive low-power detection 

algorithm for three-cup anemometer, Measurement, Volume 172, 108887.  

https://doi.org/10.1016/j.measurement.2020.108887 


