“%.  wwwiarpcom  1SSN 2456-9992 Page: 01-06 Research

) Article

E%' .| International Journal Advanced Research |

2\ [ /¢ . . Volume: 02
Publications Issue: 02

Rpe———— oW
€seaRrcH ¥

CLOSED LOOP TEMPERATURE CONTROL AND MONITORING
SYSTEM

Prof. P. J. Waditke*!, Mr. Shende Rohit Sitaram?, Mr. Kharde Pranav Gorakshanath?,

Mr. Bedarkar Dinesh Sanjay*, Mr. Murade Pawan Rajendra®

!Lecturer, Department of Mechatronics, P. Dr. V. V. P. INST. OF
TECH.&ENGG(POLYTECHNIC).Loni 413736.
2345.Student, Department of Mechatronics, P. Dr. V. V. P. INST. OF

TECH.&ENGG(POLYTECHNIC).Loni 413736.
Avrticle Received: 13 January 2026, Article Revised: 02 February 2026, Published on: 21 February 2026

*Corresponding Author: Prof. P. J. Waditke
Lecturer, Department of Mechatronics, P. Dr. V. V. P. INST. OF TECH. & ENGG (POLYTECHNIC).Loni 413736.
DOI: https://doi-doi.org/101555/ijarp.5255

ABSTRACT

Temperature control & monitoring systems are helpful in industrial, commercial, &
residential applications for maintaining optimal environmental or process conditions. These
systems use sensors to measure the current temperature & compare it with a desired setpoint.
A controller processes this information & adjusts heating\cooling elements to maintain the
target temperature. Continuous monitoring permits the system to respond dynamically to
environmental changes, ensuring stability, efficiency, & safety. By automating temperature
regulation, these systems decrease energy consumption, prevent equipment damage, &
maintain product quality. They are generally applied in HVAC systems, manufacturing

processes, food storage, & laboratory environments.

INTRODUCTION

Temperature control is critical for various industrial processes, scientific experiments, &
home applications. Manual temperature regulation is often unproductive, irregular, & prone
to human error, potentially leading to product quality problems, energy loss, or equipment
breakage.

A closed loop temperature control & monitoring system conquers these limitations by

constantly monitoring the system’s temperature & automatically managing heating or cooling
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elements. The “closed loop” nature ensures that the system itself-corrects any deviation from

the desired setpoint, unalike open-loop systems that control blindly without feedback.

Key components such as temperature sensors, controllers, actuators, & displays work
together to maintain accurate temperature. Feedback enables the system to respond
dynamically to internal or external environmental variations, enhancing process stability,
safety, & energy efficiency. Such systems are necessary in industrial plants, food storage
units, laboratories, & HVAC systems where maintaining a conserving temperature is critical.

LITERATURE SURVEY

Research in temperature control & monitoring has included significantly over the years. Early
systems relied on manual operation or general thermostats, which could only switch heating
or cooling devices ON/OFF at preset thresholds. These systems were energy-unproductive &

prone to human mistake.

Modern studies focus on microcontroller-based closed loop systems with digital sensors,
offering high accuracy & automated control. For instance:

o Studies on HVAC systems have used digital temperature sensors like LM35 & DS18B20
integrated with Arduino & ESP32 controllers for energy-productive monitoring.

o Research articles in the International Journal of Advanced Engineering Technology have
display the performance of microcontroller-controlled PID systems for industrial ovens,
illustrating improved temperature stability.

o Sensors such as thermocouples, RTDs, & digital temperature sensors give precise

feedback to controllers, enabling accurate temperature adjustments in real time.

PROPOSED SYSTEM

The proposed system is an automated closed loop temperature control & monitoring system
that constantly measures temperature, compares it with the setpoint, & adjusts heating or
cooling elements to maintain the required value. The system gives real-time monitoring &

ensures process stability, safety, & energy efficiency.

A. System Overview
1. Atemperature sensor measures the real-time temperature of the environment or process.
2. The sensor sends the measurement to a controller (microcontroller or PID controller).

3. Adisplay or monitoring interface displays current temperature readings & system status.
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4. Optional 10T integration enables remote monitoring & logging.

5. If a deviation persists, the controller transmits signals to the actuators (heating/cooling
elements) to correct the temperature.

6. Continuous feedback enables the system to conserve the target temperature dynamically.
7. The controller compares the measured temperature with the preferred setpoint.

B. Key Components

e Temperature Sensor: LM35, DS18B20, Thermocouple, or RTD.

e Controller: Microcontroller (Arduino, ESP32) or PID Controller.

e Actuators/ Relays: Controls switching of heating or cooling devices.

e Display / Monitoring Interface: LCD, LED, or digital dashboard for real-time
monitoring.

e Wiring and Connectors: For circuit integration and safe electrical connections.

e Heating Element: Electrical heaters, resistive elements, or hot plates.

e Cooling Element: Fans, Peltier modules, or refrigeration units.

e Power Supply: Provides regulated voltage to sensors, controllers, and actuators.

e Optional Additional Sensors: Ultrasonic sensor for environmental monitoring, flame

sensor for safety in high-temperature systems.

C. Working Principle

1. The system is powered via a regulated power supply.

2. The temperature sensor continuously measures the actual temperature.

3. The measured value is sent to the controller, which compares it with the predefined
setpoint.

4. If the temperature is below the setpoint, the controller activates the heating element via a
relay or actuator.

5. If the temperature exceeds the setpoint, the cooling element is activated to lower the
temperature.

6. The system continuously monitors temperature, adjusting heating or cooling elements in
real time (closed loop feedback).

7. The display/interface shows current temperature and system status.

8. Optional 10T integration allows remote monitoring and real-time alerts.

9. Safety sensors (ultrasonic or flame sensors) can trigger emergency shutdown in hazardous

conditions.
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D. Advantages

Accurate and automatic temperature control

Continuous feedback allows self-correction of deviations

Real-time monitoring with optional 10T integration

Versatile applications in industries, laboratories, and HVAC systems
Energy-efficient operation by preventing over/under heating
Reduced human intervention

Improves process safety and equipment protection

E. Application

Smart home automation for energy-efficient temperature management
Water heaters and industrial thermal systems

Food storage and cold chain maintenance

Laboratory environments and scientific experiments

Industrial process control (oven, chemical reactors)

HVAC systems in buildings
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RESULTS AND DISCUSSION

The prototype closed loop temperature control system demonstrated precise regulation of
temperature in testing conditions. The temperature sensor accurately measured real-time
values, while the controller effectively activated heating or cooling elements to maintain the
desired setpoint. The system

temperature, preventing overheating or underheating. Real-time monitoring through the
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display allowed verification of system status and ensured safe operation. Energy consumption
was reduced compared to manual systems, demonstrating improved efficiency. The addition
of safety sensors like flame or ultrasonic detectors enhanced overall system reliability. Minor
limitations include the need for calibration of sensors and response delay in very large
systems, but overall, the system showed stable, efficient, and accurate performance.

CONCLUSION

The closed loop temperature control and monitoring system provides a highly reliable and
automated method to maintain precise temperature conditions. The integration of temperature
sensors, controllers, actuators, and feedback mechanisms allows the system to self-correct
deviations and ensure continuous stability. The system reduces energy consumption,
minimizes human intervention, and prevents equipment damage. With real-time monitoring
and optional 10T connectivity, it enhances safety, convenience, and operational efficiency.
This system is suitable for industrial, commercial, laboratory, and residential applications,

providing a modern and intelligent solution for precise thermal management.

FUTURE WORK

Future improvements could include implementing advanced PID or adaptive control
algorithms for more precise temperature regulation, integration with loT platforms for remote
monitoring and control, and addition of multiple sensors for environmental safety and
redundancy. The system can be expanded to control larger industrial processes, integrate
predictive maintenance through Al, and incorporate renewable energy sources for heating or
cooling. Voice control and mobile application features can further enhance usability and

convenience in smart home or industrial automation applications.
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