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Abstract: This paper introduces a novel Internet of Things (1oT)-based solution tailored for detecting overload and
theft in energy meters. Monitoring energy consumption is accomplished by detecting LED flashes on the energy
meter, which is aided by a Light-Dependent Resistor (LDR) that accurately measures the units of power utilized.
Upon surpassing the predefined load threshold, the system flags it as an overload and promptly displays an alert on
a Liquid Crystal Display (LCD). Moreover, if energy consumption continues to rise abnormally after overload
detection, the system identifies this as potential theft, prompting a buzzer alarm. This system not only facilitates
immediate detection of energy misuse but also contributes to the broader realm of smart energy management in loT
environments.
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1. Introduction

The advent of the Internet of Things (1oT) has revolutionized various sectors, in- cluding energy management and
monitoring. 10T facilitates enhanced interaction and data exchange among devices and systems, leading to improved
efficiency and control. In the realm of energy management, one of the critical challenges is the accurate monitoring
of energy consumption and the detection of anomalies such as overload and theft. These issues not only pose a risk
to the stability and efficiency of power distribution networks but also lead to significant financial losses and safety
concerns [1]. To address these challenges, this study introduces a novel 10T-based Energy Meter Overload and Theft
Detection System. This system incorporates an Arduino micro controller, which is becoming increasingly popular in
loT applications due to its versatility, low cost, and ease of use. The system is l0T-based because IoT enhances
the functionality and efficiency of smart energy metering systems by providing real-time monitoring, enabling
overload and theft detection, facilitating remote control, offering valuable data insights, and contributing to overall
security [2]. The Arduino interfaces with a standard energy meter, the output of which is monitored through the
detection of LED flashes. The flashes correspond to the units of energy consumed, and this data is captured using a
Light-Dependent Resistor (LDR). The LDR’s sensitiv- ity to light allows for accurate tracking of energy consumption
by counting these LED flashes [3]. The system’s algorithm is designed to compare real-time energy consumption
against predefined thresholds. When the consumption exceeds the normal load limit, it is classified as an overload
condition. This condition is im- mediately displayed on a Liquid Crystal Display (LCD), alerting the users or the
system administrators. The LCD provides a clear and user-friendly inter- face for real-time monitoring and alerts [4].

Moreover, the system is equipped with a feature to detect energy theft, which is a significant concern in many regions.
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Following the detection of an overload, if there is a continued increase in energy consumption that does not correlate
with the expected usage patterns, the system interprets this as a potential theft scenario. In such cases, a buzzer alarm
is activated to alert the concerned personnel or authorities. This feature is crucial in preventing energy theft, which
can lead to substantial revenue losses and can jeopardize the integrity of the energy distribution system [5]. The bur-
geoning integration of Internet of Things (1oT) technology into our daily lives presents unprecedented opportunities
for improving the efficiency and sustain- ability of energy consumption. This is especially critical given the growing
global demand for energy and the need to optimize its use to mitigate environmental impacts.The motivation for
developing the loT-based Energy Meter Overload and Theft Detection System stems from two concerns: the
economic and safety implications of energy overload, as well as the widespread issue of electricity theft, which causes
significant revenue losses and can undermine power grid sta- bility. Overloading of electrical systems can lead to
equipment failure, increase the risk of fires, and cause unexpected power outages, all of which pose serious risks to
both consumers and energy suppliers. Traditional energy meters are of- ten unable to provide immediate feedback on
overload conditions, which delays the response time to such critical events. Furthermore, energy theft is a global
challenge that not only affects revenue but also results in unfair cost distribu- tion among consumers and can
compromise the integrity of energy distribution systems. Thus, there is a pressing need for a system that can provide
real-time monitoring of energy consumption and promptly detect anomalies indicative of overloading or theft. The
suggested solution aims to solve two problems: First, it proposes to improve the capabilities of energy meters by
allowing them to detect and inform users about overload circumstances in real time, therefore avoiding possible risks
and improving energy management. Second, it aims to identify unauthorized energy consumption that could indicate
theft, allowing for immediate intervention and resolution. In essence, the proposed 10T -based system is designed to
tackle the problem of inefficient energy monitoring and the lack of timely detection mechanisms for overloading and
theft. By leveraging loT technology, the system provides a robust and intelligent solution that not only enhances

energy management but also promotes safer and more equitable energy consumption practices [6].

The rest of the paper is structured as follows: Section-2 provides the related work and required background for
implementation of 10T network model. The proposed system model is discussed in Section 3, followed by simulation
result analysis in Section-4. Section-5 concluded the paper.

2. Related Works

The field of loT-based energy monitoring and anomaly detection has experienced significant advancements in recent
years, with diverse strategies aimed at bolstering the efficiency and dependability of power systems. One noteworthy
study involved leveraging smart meters integrated with advanced communication technologies, enabling real-time,
detailed energy consumption data for improved management and anomaly detection . However, this approach often
incurred substantial costs related to deploying advanced metering infrastructure.Another avenue of research
concentrated on devising algorithms for theft detection and load monitoring using existing metering infrastructure.
These studies typically employed statistical and machine learning techniques to scrutinize consumption patterns,
identifying irregularities indicative of theft or overload. This approach offered a cost-effective means for utilities to
upgrade their existing systems with- out extensive hardware modifications [6].

Researchers also got into using wireless sensor networks for energy monitoring, putting sensors throughout
distribution networks to obtain data on energy flow. This data was then analyzed to uncover inconsistencies and
potential theft, proving valuable in pinpointing energy losses in distribution lines. The integration of renewable

energy sources into loT-based monitoring systems has made significant improvements, facilitating better
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management of distributed energy resources, more accurate load forecasting, and anomaly detection in grid-
connected renewable systems. It is especially useful in regions with high renewable energy penetration [7].
Moreover, studies focused on using machine learning algorithms for predictive maintenance and anomaly detection
in power systems, reducing downtime and enhancing system reliability by predicting potential failures and anomalies.
Previous work highlights a wide range of approaches, from advanced metered infrastructure and machine learning
algorithms to wireless sensor networks and renewable energy integration, all contributing to the overarching goal of
improving the efficiency, reliability, and security of power distribution networks [8]. Building upon these
developments, recent efforts have concentrated on refining the user interface and interaction with 1oT-based energy
monitoring systems. Studies underscored the importance of user-friendly dashboards and mobile applications,
enabling consumers to track energy consumption in real-time, thereby fostering energy-saving behaviors [9]. In
addressing data security and privacy concerns, encryption technigques and secure communication protocols have been
developed to safeguard the integrity of transmitted data, critical given the sensitive nature of energy consumption
data.

Furthermore, the role of artificial intelligence in optimizing and predicting energy consumption patterns has been
pivotal. Al algorithms have demonstrated the potential to not only detect anomalies but also predict future
consumption patterns, aiding in better resource allocation and energy saving [10]. Integration with other smart home
and smart city applications has also gained traction, allowing for a more holistic approach to energy management by
utilizing data from various sources to optimize energy usage [11]. Scalability and adaptability of these systems have
been focal points of re- search, exploring how these systems can accommodate larger networks and adapt to different
energy sources and distribution networks, crucial for regions with fluctuating energy demands or transitioning to
sustainable energy sources [12].

The major research gaps persists despite the advancements in the energy theft detection system, addressed in our
work, as follows:

The major research gaps persists despite the advancements in the energy theft detection system, addressed in our

work, as follows:

a) There isaneed for cost-effective solutions that can be retrofitted to existing energy meters, providing smart
functionalities without extensive infrastructure overhauls.

b) Existing systems often lack real-time analysis and immediate feedback on energy usage beyond
consumption tracking, a gap the proposed system aims to bridge.

c) There is a need for real-time theft detection capabilities, enhancing the abil- ity to respond promptly to
incidents.

d) Creating a user-friendly interface and integrating with existing 10T devices within the smart home ecosystem

3. Proposed Method

The proposed 10T-based Energy Meter Overload and Theft Detection System aims to capitalize on loT technology
advancements to deliver a comprehensive solution for monitoring energy consumption, detecting overloads, and
preventing energy theft. The system comprises several essential components and processes. At its core lies an
Arduino microcontroller, selected for its adaptability, straightforward programming, and compatibility with
various sensors and de- vices. The Arduino interfaces with a standard energy meter, utilizing its LED as a primary
data source. The LED’s blinking pattern corresponds to the consumed electricity units, which are detected by a
Light-Dependent Resistor (LDR). This LDR, sensitive to light changes, effectively tallies the flashes, reflecting
the en-
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ergy consumed.

The Arduino processes the data collected by the LDR. An onboard algo- rithm continuously compares real-time
energy consumption data with prede- fined thresholds representing normal load limits. When consumption
surpasses these limits, the system identifies it as an overload condition. This information is promptly relayed to
users or system administrators through a visual alert dis- played on a Liquid Crystal Display (LCD) connected to
the Arduino. The LCD presents current load status and alerts in a user-friendly format, facilitating quick
comprehension and response to system notifications.

Moreover, the system is adept at detecting potential energy theft. Following overload detection, if the system
observes a continued rise in energy consump- tion inconsistent with expected patterns, it flags it as a potential
theft scenario. An audible buzzer alarm is activated in response, serving as an immediate no- tification of potential
unauthorized usage or theft, prompting swift action from authorities.

To augment its capabilities, 10T connectivity is integrated into the system. The Arduino can establish connections
with local networks or the internet, en- abling remote monitoring and control. This connectivity facilitates the
accumu- lation and analysis of energy consumption data over time, accessible through a web interface or mobile
application. Such remote access not only enhances conve- nience but also allows for in-depth analysis of

consumption patterns, potentially uncovering long-term trends or anomalies [13].
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Fig. 1. Proposed Circuit Model

Building upon the proposed loT-based Energy Meter Overload and Theft Detection System, this implementation
further enhances the system’s capabilities. The Figure 1 depicts a schematic layout of the entire setup, showing
the interconnections between the various components that form the integrated system. The energy meter is
connected to an AC power supply and serves as the primary data collection point for energy consumption. Each
flash of the LED on the energy meter signifies a certain quan- tity of energy consumption, which is detected by
the LDR. The LDR changes its resistance based on the light intensity, thus enabling it to count the num- ber of
flashes which correlates to energy consumption. The Arduino, which is the central processing unit of the system,
is connected to the LDR, a buzzer, a potentiometer, and a Wi-Fi module, as well as to a 16x2 LCD screen. The 5V
power supply to the Arduino ensures that all the components receive the nec- essary power for operation. The
ground connections are also depicted, ensuring that all parts of the circuit have a common ground reference. The
potentiome- ter in the diagram is used for setting the contrast for LCD. When the energy consumption exceeds the
set threshold, the Arduino processes this information and can trigger the buzzer as an immediate auditory alert
indicating an over- load or theft condition. The LCD screen is connected to the digital pins on the Arduino and is
used to display real-time energy consumption data, alerts for overload conditions, and possibly other diagnostic

information. This allows for easy monitoring and immediate user feedback. The Wi-Fi module attached to the
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Arduino suggests that the system has the capability to send data over a network. This enables remote monitoring
and control, which is a crucial aspect of 10T systems. Through this connectivity, data can be sent to a central server
or cloud storage for further analysis, and alerts can be sent to users’ mobile devices or to a central monitoring
service.

In summary, this diagram illustrates a well-integrated system that uses stan dard 10T components for real-time
energy monitoring, overload detection, and theft indication. By combining these elements, the system offers an
automated approach to energy management, leveraging loT technology for improved efficiency and security in
energy distribution. In addition to real-time monitoring and alerting, the system also records the energy
consumption data for historical analysis. This data can be stored locally on the Arduino or uploaded to a cloud
server for long-term storage and analysis. The historical data analysis can provide insights into usage patterns,
helping in future planning and load management. The proposed system integrates hardware components like the
Arduino, LDR, LCD, and buzzer with software algorithms and 10T connectivity to create a comprehensive energy
monitoring and anomaly detection solution. This system not only provides immediate alerts for overload and theft
scenarios but also offers a platform for detailed energy consumption analysis, contributing to more efficient and

secure energy management practices.

4. Simulation and Result Analysis

In this section, we have simulated our proposed model in Proteus and validated its performance by real time
monitoring experiments. The implementation of the loT-based Energy Meter Overload and Theft Detection System
yielded promising results, substantiating the system’s effectiveness in real-world scenarios. Upon deployment, the
system was able to accurately monitor energy consumption, thanks to the precise detection of LED flashes by the
Light-Dependent Resistor (LDR). This detection was consistent across various load conditions, confirming the
reliability of the LDR as a sensor for energy consumption metrics.
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Fig. 2. Hardware | mplementation of Proposed Model

4.1. Simulation Setup
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The simulation work is carried out in Proteus Simulator with Intel core i5 processor, 64-bit operating system with
1.8GHz frequency. The hardware set up for the proposed model is shown in Figure 2. The simulation set up and
circuit diagram in Proteus Simulator is represented as in Figure 3 and Figure 4. When testing the overload detection
feature, the system promptly identified instances where the energy consumption surpassed the predefined thresholds.
The corresponding alerts were instantly displayed on the LCD screen, providing clear and immediate notification of
the overload condition. The adjustable potentiometer proved to be a valuable addition, as it allowed for the calibration
of the system to accommodate different maximum load settings, demonstrating the system’s adaptability to diverse
electrical environments.

The theft detection algorithm was also successful in its operation. On simulating conditions that mimicked energy
theft, such as unaccounted increases in energy consumption post-overload detection, the system activated the buzzer
alarm. This auditory alert functioned as designed, signaling an unauthorized use of electricity, thereby validating

the system’s capability to detect not just overloads but also potential theft scenarios.
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Fig. 4: Circuit Model in Proteus

The Wi-Fi module facilitated seamless data transmission to a remote server, where energy usage data was logged and
made accessible for further analysis. This remote monitoring capability allowed users to observe energy patterns over
time, which instrumental in identifying inefficiencies and potential areas for energy was saving. Moreover, the ability
to receive alerts remotely via networked devices added an additional layer of convenience and security to the system.
When testing the overload detection feature, the system promptly identified instances where the energy consumption
exceeded the predefined thresholds. The corresponding alerts were instantly displayed on the LCD screen, providing

clear and immediate notification of the overload condition. The adjustable potentiometer proved to be a valuable
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addition, as it allowed for the calibration of the system to accommodate different maximum load settings,
demonstrating the system’s adaptability to diverse electrical environments.

The theft detection algorithm was also successful in its operation. On simulating conditions that mimicked energy
theft, such as unaccounted increases in energy consumption post-overload detection, the system activated the buzzer
alarm. This auditory alert functioned as designed, signaling an unauthorized use of electricity, thereby validating
the system’s capability to detect not just overloads but also potential theft scenarios.

The Wi-Fi module facilitated seamless data transmission to a remote server, where energy usage data was logged and
made accessible for further analysis. This remote monitoring capability allowed users to observe energy patterns over
time, which was instrumental in identifying inefficiencies and potential areas for energy saving. Moreover, the ability

to receive alerts remotely via networked devices added an additional layer of convenience and security to the system.

4.2. Result Analysis

We have used 10T platform ThingSpeak to illustrate the variation of energy ,theft detection , there are LED
Bulbs, 100W Bulbs and also we have tried to mix all these Bulbs and found the results which are shown in Figure 5
and Figure 6. Thingspeak is used because sensors gives data to server and then it helps in storing, collecting, analyze,
real-time visualization and action. It is frequently used to track data over time,create interactive and customized data
visualization and remotely operate device.

In terms of user interaction, the feedback received indicated that the LCD display was user-friendly and that the real-
time data provided was both in- formative and easily interpreted. This positive user experience suggests that the
system’s interface design was effective in engaging users and in promoting awareness regarding energy consumption
and safety.

The final 10T result in Thingspeak as shown in Fig 6 the results demon- strate that the proposed loT-based system
is not only technically viable but also practical for real-time energy monitoring and anomaly detection. Its successful
implementation reflects its potential to be adopted for wider use, contributing to smarter and more secure energy
management practices.

The results from the deployment of the system have demonstrated its capa- bility to detect overloads and potential
theft with promptness and accuracy. The use of an LDR to count the LED flashes from the energy meter as a measure
of consumption is both innovative and practical, offering a simple yet effective way to gauge energy usage. The real-
time alerts displayed on the LCD, along with the audible alarms from the buzzer, provide immediate indications of
any anomalies, allowing for swift corrective actions. Moreover, the inclusion of Wi-Fi connectivity ensures that data
is not soloed but rather accessible for monitoring, analysis, and decision-making purposes from remote locations.
This feature is especially crucial for integrating the system into smart grids and broader 10T ecosystems, where data-
driven insights are fundamental to operations. The system’s adaptability, demonstrated through the adjustable
potentiometer settings for threshold levels, shows promise for application across various types of residential and
industrial settings. Additionally, the positive feedback on the user interface of the LCD indicates that the system is

not only functional but also user centric.
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Fig. 6. Theft Detection in loT

5. Conclusion

The development and implementation of the loT-based Energy Meter Overload and Theft Detection System have
proven to be a significant step forward in the realm of energy management and security. The system effectively
integrates various components such as an Arduino micro-controller, an LDR, a buzzer, an LCD, and Wi-Fi
connectivity into a cohesive unit that monitors energy consumption with high precision and reliability.

In conclusion, this loT-based system stands out as a viable solution for ad- dressing the dual challenges of energy
overload and theft detection. It encapsulates the potential of loT to transform traditional power systems into smart,
responsive, and secure networks that empower consumers and utilities alike. As the demand for efficient and secure
energy management continues to grow, sys- tems like the one proposed here will become increasingly valuable in
paving the way for sustainable and intelligent energy use.
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