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Abstract: The objective of this project is to design a system that can monitor transformers in remote areas, since they are not checked
regularly and may face problems. Transformers play a key role in supplying electricity, but those placed in remote areas are often
left unmonitored due to limited access and manpower. Without proper monitoring, issues such as overheating, oil leakage or
overloading may go unnoticed, leading to sudden transformer failures, costly equipment damage and long power outages. These
failures not only affect the reliability of the power supply but can also create safety risks for people living nearby. To solve this
problem, our project introduces a low-cost Transformer Health Monitoring System that uses sensors to track important parameters
like temperature, oil level, and load. A microcontroller collects this data and when it detects abnormal conditions, it automatically
turns on a cooling fan to prevent overheating and sends an alert message through GSM technology to the maintenance team.

This system ensures early detection of faults, improves transformer life, reduces downtime and provides a reliable power supply to
remote areas without depending on frequent manual checks.

IndexTerms - Transformer health monitoring, remote monitoring, temperature sensing, oil level detection, load monitoring,
GSM communication, fault detection, real-time alerts.

|I.INTRODUCTION

In the present world, electricity has become one of the most essential needs for human life, as it supports domestic activities,
industrial operations, communication systems, and agricultural development. At the core of electrical power distribution systems,
transformers play a very important role by transferring electrical energy between circuits and maintaining proper voltage levels for
safe and efficient usage [11][12]. Transformers are widely installed in cities as well as in rural and remote areas such as villages,
forest regions, hills, and agricultural lands. However, transformers located in remote areas face a major problem due to the lack of
regular monitoring and maintenance [1][5]. Because these areas are difficult to access and often have limited manpower,
transformers are not inspected frequently, which increases the chances of unnoticed faults and sudden failures [6].In real-life
situations, many rural areas experience long power cuts when a transformer fails, as it takes a long time for maintenance teams to
identify the issue and reach the location. For example, farmers who depend on electricity for irrigation suffer heavy losses when
transformers stop working unexpectedly during critical farming periods. Similarly, in villages, people face inconvenience due to
lack of lighting, water supply interruptions, and communication breakdowns when transformer faults occur [2][10].One of the major
issues with transformers in remote areas is that common faults such as overheating, oil leakage, overloading, and short circuits are
not detected at an early stage [9]. These faults gradually damage the transformer and may lead to complete failure, causing costly
repairs and long downtime. In some cases, transformer failures can also create serious safety risks, including fire accidents and
damage to nearby property or human life [8]. Traditionally, transformer maintenance is carried out manually by technicians who
visit the site and check different parameters. However, this method is not efficient in remote locations because it is time-consuming,
labor-intensive, and sometimes not possible due to geographical conditions [6].

As a result, there is a strong need for an advanced monitoring system that can continuously observe the health condition of
transformers and provide real-time information without requiring physical presence [1][7].To address these challenges, the concept
of a Transformer Health Monitoring System has been introduced, which uses modern technologies such as sensors, microcontrollers,
and communication modules [3][4]. In this system, important parameters like temperature, voltage, current, and oil level are
continuously measured using sensors installed on the transformer. The collected data is processed using a microcontroller such as
Arduino, which compares the values with predefined safe limits [4][13]. If any abnormal condition is detected, the system
immediately sends an alert message to maintenance personnel using GSM technology, enabling quick action to prevent further
damage [2][5][14]. For instance, if the transformer temperature rises beyond a safe level during peak load conditions, the system
can automatically activate a cooling mechanism and notify the operator. Similarly, if there is a sudden drop in oil level, indicating
leakage, the system can alert authorities before it leads to transformer failure. This real-time monitoring and alert mechanism help
in early fault detection and reduce the risk of unexpected breakdowns [7][9]. The implementation of such an automated monitoring
system is highly beneficial, especially in remote areas where manual supervision is difficult. It helps in improving the reliability of

JETIR2603740 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | h306


http://www.jetir.org/

© 2026 JETIR March 2026, Volume 13, Issue 3 www.jetir.org (ISSN-2349-5162)

power supply, reducing maintenance costs, minimizing downtime, and increasing the lifespan of transformers [1][7]. Moreover, it
ensures safety for people living near transformers by preventing hazardous situations. In addition, this system supports the
development of smart power distribution networks by integrating modern technologies into traditional electrical systems. Therefore,
the proposed transformer health monitoring system is an effective and practical solution to overcome the challenges faced in remote
area power management and plays a significant role in ensuring continuous and reliable electricity supply in today’s rapidly
developing world.

ILLITERATURE SURVEY

Many researchers have worked on improving transformer monitoring systems because transformers are very important for supplying
electricity. In earlier days, transformer health was checked manually by workers who visited the location and inspected parameters
like temperature, oil level, and load conditions [6]. This method was not very effective, especially in remote areas where
transformers are located far from cities. Due to this, small problems like overheating or oil leakage were often not noticed on time,
which led to serious failures, power cuts, and high repair costs. Studies have shown that manual monitoring is time-consuming,
requires more manpower, and cannot provide continuous observation of transformer conditions.To overcome these problems,
researchers started developing automated monitoring systems using sensors and microcontrollers [4][9]. These systems
continuously measure important parameters such as voltage, current, and temperature. One common approach is using GSM-based
systems, where the data collected from sensors is sent to maintenance personnel through SMS alerts [2][5][10]. This method helps
in faster communication and allows technicians to take quick action when any abnormal condition is detected. However, these
systems mainly provide alerts and do not support continuous data analysis or storage.With the development of modern technology,
Internet of Things (10T)-based transformer monitoring systems have become more popular [1][3][7]. In these systems, sensors are
connected to microcontrollers like Arduino or ESP modules, which collect real-time data and send it to cloud platforms through the
internet [3][13]. This allows users to monitor transformer conditions from anywhere at any time. Researchers have found that 10T-
based systems are more efficient because they provide continuous monitoring, better accuracy, and easy data access. These systems
also help in reducing human effort and improving the reliability of power supply in remote areas.Some recent studies have also
introduced advanced techniques like machine learning and artificial intelligence for predicting transformer faults [7]. These methods
analyze past and present data to identify patterns and detect possible failures before they actually occur. This is known as predictive
maintenance. It helps in reducing unexpected breakdowns and increases the life of transformers.In addition, different types of
sensors such as temperature sensors, oil level sensors, gas sensors, and current sensors are used together to get complete information
about transformer health [9][15]. Even though many advanced systems are available, there are still some challenges in remote areas.
Problems like poor network connectivity, high cost of equipment, and difficulty in installation make it hard to implement some
systems. Therefore, many researchers suggest developing low-cost and simple monitoring systems that can work efficiently even
in rural and remote locations. Overall, the literature shows that transformer monitoring systems have improved from manual
methods to automated and smart systems. These modern systems help in early fault detection, reduce maintenance costs, and provide
continuous power supply. However, there is still a need for an efficient, low-cost, and reliable monitoring system specially designed
for remote areas, which is the main focus of this project.

1H1.METHODOLOGY AND COMPONENTS

In our project Health Monitoring of Transformer in Remote Areas, we developed a smart and automatic system that helps in
continuously checking the condition of a transformer without the need for a person to be physically present. In many remote areas,
transformers are not inspected regularly due to location difficulties, which can lead to serious issues like overheating, oil leakage,
overloading, voltage fluctuations, or even complete transformer failure. These problems can cause power cuts and financial losses.
To avoid such situations, our system provides a simple and low-cost solution using sensors and communication technology.

The main part of our system is the Arduino Uno (ATmega328P), which acts as the brain of the entire setup. It is responsible for
collecting data from all sensors, processing it, and taking necessary actions. We used different sensors to monitor important
parameters of the transformer. The temperature sensor (LM35/DHT11) measures the temperature of the transformer to prevent
overheating. The current sensor and voltage sensor are used to monitor electrical conditions and detect overload or abnormal voltage
changes. The oil level sensor checks the oil level inside the transformer, which is very important for proper cooling and insulation.
If the oil level becomes low, it can damage the transformer. A short circuit sensor is also used to detect fault conditions instantly.
For displaying the readings, we used a 16x2 LCD display, which shows real-time values like temperature, voltage, current, and oil
level. This helps in local monitoring. For communication, we used a GSM module (SIM800L), which sends SMS alerts to the
operator or maintenance team whenever any abnormal condition is detected. This feature is very useful because it allows remote
monitoring without visiting the siteload to protect the transformer from damage. We also added a cooling fan, which turns ON
automatically when the temperature exceeds the safe limit. This helps in reducing heat and maintaining safe operating conditions.
The power supply circuit is designed using a step-down transformer, rectifier, filter capacitors, and voltage regulator to provide a
stable DC supply to all components. This ensures proper and reliable operation of the system.

The working methodology of the system is simple and effective. First, all sensors continuously collect data from the transformer
and send it to the Arduino. The Arduino processes this data and compares it with predefined safe values stored in the program. If
all values are within the safe range, the system continues normal operation and displays the readings on the LCD. But if any value
crosses the safe limit, such as high temperature, low oil level, overcurrent, or voltage variation, the system immediately detects it
as a fault.Once a fault is detected, the Arduino takes quick action. It activates the relay to disconnect the load and protect the
transformer. It also switches ON the cooling fan if needed. At the same time, the GSM module sends an alert message to the
concerned person with details about the fault. This allows quick response and maintenance, even if the transformer is located in a
remote area.This system provides many advantages. It reduces the need for manual checking, saves time and manpower, and
provides real-time monitoring. It also helps in early fault detection, which prevents major damage and reduces repair costs. By
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maintaining proper conditions, the system increases the life of the transformer and improves efficiency. It also helps in reducing
power interruptions and ensures continuous electricity supply, especially in rural and remote areas.Overall, this project is a reliable,
cost-effective, and easy-to-use solution for transformer health monitoring, which can be very helpful in modern power systems.
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Fig 1: Block Diagram of The System

In addition to this, the system can be further improved by adding more advanced features in the future. For example, we can connect
the system to the internet using 10T technology so that the transformer data can be monitored from anywhere using a mobile app or
website. This will make the system more flexible and user-friendly. We can also store the data in a cloud database, which helps in
analyzing past records and predicting possible faults before they occur. This type of predictive maintenance can save more time and
reduce unexpected failures. Another improvement can be adding GPS tracking to know the exact location of the transformer, which
is very useful in large power distribution networks.Moreover, this system can be applied not only to transformers but also to other
electrical equipment like generators and motors. It is a scalable system, meaning we can expand it easily by adding more sensors
based on requirements. The overall design is simple, low-cost, and suitable for students as well as real-time applications. By using
this project, we can understand how embedded systems, sensors, and communication technologies work together in practical
situations.Finally, this project shows the importance of automation in modern electrical systems. It helps in reducing human effort,
improving safety, and increasing efficiency. With proper implementation, this system can play a key role in improving power system
reliability and ensuring uninterrupted electricity supply in remote and rural areas.

JETIR2603740 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | h308


http://www.jetir.org/

© 2026 JETIR March 2026, Volume 13, Issue 3 www.jetir.org (ISSN-2349-5162)

TR
Sl ] e s t
3l ¥ % 12voe |, sVDC "
220V Ac :E ; 12Ac —\4\ __]‘,‘: g+ : ® o
2| PN, s i C2 -
; '\ﬁ___ wooe | T S'nl,,, " -
LCD1 TRAN-IP S
[T 120 )
il @P D1
- Aro-ReD
L
B2 z3. ssusszss
PR FFT FFeFRRE aron | v
_L gﬂg Gsm SIMS00A
= V| A 04050607 ¥ | 2
&5 N “ our
'5 O e 1y w
Y f > '.'.::'é J':iL
\—<=¢ o 0 0 " K  §
sSvVDC - -l e —II
- o E ~§ roram < § s
2. S omoco B by "
A ﬁ;g 'Dﬁb" %% arteRar
guu'cw::o.« o . _;_ &
VOLTAGE DIVIDER SAOCHC . u1 seomes oo
J_ 1[ ARDUBO TR =
= 2 g
& [ | Rela
i ﬁ /04 RL‘)V RLY
§ 5 s " :;l w // t\‘,
; @ s i} €3
- I -~ 230 AC? { N
" Phase, Nutral
Fig 2: Circuit Diagram of System
IV. RESULTS

The transformer health monitoring system designed for remote areas was successfully implemented and tested under different
working conditions. The system continuously monitors important parameters such as voltage, current, and temperature using
appropriate sensors. The measured values are displayed clearly on the LCD screen in real time, which helps in easy understanding
of the transformer condition at any moment.The integration of the GSM module plays a key role in remote monitoring. The system
is capable of sending real-time updates and alert messages directly to the user’s mobile phone. During testing, whenever abnormal
conditions such as over-voltage, over-current, or overheating were created, the system quickly detected them and sent alert messages
without any delay. This ensures that necessary action can be taken immediately, even if the transformer is located far away.The
relay module provides an additional layer of protection to the transformer. When unsafe conditions are detected, the system
automatically disconnects the load, preventing further damage. This automatic protection mechanism reduces the risk of transformer
failure and increases overall safety. It also reduces the need for manual intervention, which is very helpful in remote areas where
technical staff may not be available regularly.The system was tested multiple times with different input conditions, and it showed
stable and reliable performance. The sensor readings were accurate and consistent. The GSM communication was also found to be
reliable, as messages were delivered successfully in all test cases. The response time of the system was fast, which is important for
preventing serious faults.Another important result of this project is its low cost and simplicity.
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Fig 3: Under Normal Conditions
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Fig 4: Under Abnormal Conditoins
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Fig 4: Alert Messages Received

The components used are affordable and easily available, making the system suitable for rural and remote area implementation. The
design is simple, so it can be easily installed and maintained without requiring highly skilled personnel. This system also helps in
reducing maintenance efforts and operational costs. Since the condition of the transformer can be monitored remotely, there is no
need for frequent physical inspection. This saves both time and manpower. Early fault detection also prevents major failures, which
reduces repair costs and increases the life of the transformer.In addition, the system improves the reliability of power supply. By
preventing sudden transformer failures, it ensures continuous electricity in remote areas, which is very important for households,
agriculture, and small industries.Overall, the project successfully demonstrates an efficient, reliable, and cost-effective solution for
transformer health monitoring in remote areas. It provides real-time monitoring, quick fault detection, automatic protection, and
remote alerting, making it highly useful for modern power distribution systems. This system can be further improved in the future
by adding features like 10T-based monitoring, cloud storage, and mobile applications for better data analysis and control.

V. CONCLUSION

The health monitoring of transformers in remote areas plays a very important role in maintaining a stable and reliable power supply.
In this project, we successfully developed a system that continuously monitors important parameters such as temperature, voltage,
and current using different sensors. These parameters help us understand the condition of the transformer at any time. By using
communication technologies like GSM or 10T, the collected data can be sent to the user or control station without needing to visit
the location.

This system helps in detecting problems like overheating, overloading, or abnormal voltage conditions at an early stage. Early
detection is very useful because it prevents serious damage to the transformer and reduces unexpected power failures. It also helps
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in reducing maintenance costs and improves the overall efficiency of the power distribution system.Another important advantage
of this project is that it reduces human effort. In remote and rural areas, it is not always possible to check transformers regularly.
With this system, monitoring becomes automatic and continuous, which saves time and ensures safety for workers. It also helps
electricity departments to take quick action whenever a fault occurs.

In addition, this project supports the concept of smart grids and modern power systems. It shows how technology can be used to
improve traditional electrical systems. The system is cost-effective, easy to use, and can be expanded in the future by adding more
features like fault prediction and data analysis.Overall, this project demonstrates that transformer health monitoring is an effective
solution for improving reliability, reducing failures, and ensuring continuous power supply in remote areas. It is a practical and
useful approach for the future of power system management.

VI. FUTURE SCOPE

The transformer health monitoring system for remote areas can be improved and expanded in many ways in
the future. First, more advanced sensors can be added to measure additional parameters like oil level,
humidity, and gas content inside the transformer. This will help in detecting faults more accurately and at an
earlier stage.In future, instead of using only GSM, the system can be connected to the internet using 10T
technology. This allows real-time data monitoring from anywhere in the world through mobile apps or
websites. Engineers can easily track the transformer condition without visiting the location. Artificial
Intelligence (Al) and Machine Learning (ML) can also be used to predict transformer failures before they
happen. By analyzing past data, the system can give early warnings and suggest maintenance actions, reducing
unexpected breakdowns.The system can be made more compact and energy-efficient so that it can work using
solar power in remote areas where electricity supply is not stable. This makes the system more reliable and
eco-friendly.In future, this project can be implemented on a large scale in power grids and integrated with
smart grid technology. This will improve the overall efficiency, reduce power losses, and ensure continuous
power supply.Overall, the future scope of this project is very wide, and with new technologies, it can become
a smart and fully automated transformer monitoring system.
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