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Abstract : This work presents a new system that leverages the Internet of Things (1oT) and state-of-the-art Artificial Intelligence
(Al) techniques to combat electricity theft, a major issue, and to advance sustainability in the energy sector. By tracking and
analyzing electricity consumption trends in real time, the Internet of Things (IoT)-based approach seeks to identify anomalies and
potential theft incidents. Detecting theft in a proactive manner is made possible by our system's integration of these cutting-edge
technologies, which also improve the power grid's wider sustainability. Data collection can be done effectively with the integration
of 10T devices. Then, using Al algorithms, these data are analyzed to find any consumption anomalies that would enable energy
providers to promptly implement corrective measures. The results of the study indicate that this approach has a lot of potential for
enhancing the reliability and security of electrical distribution networks. It can also promote sustainable energy use and discourage
theft.

1.INTRODUCTION

The global electrical supply chain faces numerous challenges, including the pervasive issue of electricity theft, which causes financial
losses, power outages, and detrimental environmental effects. Addressing these problems and advancing sustainability in the energy
sector involves actively researching creative solutions that incorporate state-of-the-art technologies. This research offers a novel system
that integrates artificial intelligence (Al) and Internet of Things (IoT) methods to deter energy theft and promote responsible electricity
use. This research aims to present a comprehensive analysis of the current state of affairs, along with the suggested loT-based solution
and its potential effects, with regard to the sustainability of power distribution networks.

2.NEED OF THE STUDY.

Power theft remains a persistent issue in numerous regions across the globe. Unauthorized connections, meter tampering, and other
fraudulent methods can be the cause of this. Utility companies experience increased operating costs and financial losses as a result of
this issue, which also poses a serious risk to the electrical system's stability. Furthermore, the fact that poor energy usage habits and
electricity theft often coexist exacerbates the financial and environmental challenges associated with the distribution of electricity. This
study provides a novel solution to these issues by addressing the more urgent challenge of detecting theft and the more general issue of
encouraging sustainability in the energy industry through the use of artificial intelligence and the Internet of Things. The incorporation
of 10T devices into the electrical distribution infrastructure is a crucial component of the proposed methodology. We can collect real-
time data from multiple network nodes using 10T technology, which makes it possible to monitor patterns in electricity consumption in
great detail. Synchronous analysis of this data is done by sophisticated artificial intelligence (Al) algorithms, which identify unusual
patterns of consumption that might point to electricity theft. In order to detect theft more accurately and efficiently and to enable energy
providers to react faster, real-time data and Al-driven analysis may be combined. By decreasing energy waste and associated
environmental effects through theft and inefficient use, the recommended technology not only increases power distribution security and
reliability but also contribute to the achievement of larger sustainability goals.
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Table 1 represents literature survey

Examining different approaches to tackle the pervasive issue of electricity theft and promote energy sustainability is
the focus of this literature review. According to Haq et al. [1], the first step toward the accurate detection of
electricity theft is the deployment of Deep Convolutional Neural Networks (Deep CNN), with a focus on greater
precision in identifying energy theft. Subsequently, the Modified Deep Artificial Neural Network (MDANN) is
introduced employing deep learning and smart grid technologies, showcasing improvements in theft detection and
monitoring (Dimf et al. [2]). The integration of Big Data, Blockchain, Internet of Things (loT), and Artificial
Intelligence (Al) for all-encompassing smart energy management is being included in the review, expanding its
purview (Li et al. [3]). Furthermore, the application of loT, smart meters, and neural networks shows promise as a
potent tool for improving theft detection and early warning systems (Sajad Ali et al. [4]). Utilized are convolutional
networks in an intelligent data-driven approach that enhances recall and accuracy in the identification of energy theft
(Chen et al. [5]). Yadav et al.'s [7] additional study builds on Internet of Things (I0T)-based energy monitoring and
theft detection, emphasizing user accessibility and real-time detection. A cluster-based ensemble method to counter
evasion attempts is presented by Elgarhy et al. [8], significantly increasing detector robustness. Additionally, studies
are being conducted on how Al can improve sustainability in Internet of Things, cloud, fog, and edge ecosystems
(Bermejo and Juiz [9]). The bibliometric study concludes by highlighting the revolutionary impact of Al on various
industrial domains, which could potentially result in a more sustainable economy (Espina-Romero et al. [10]).
Together, the aforementioned works describe a quickly evolving field in the identification of electricity theft and
intelligent energy management, emphasizing the critical role that resilience and cutting-edge technologies play in
addressing this urgent problem.
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3.1. BLOCK DIAGRAM OF IloT BASED ELECTICITY THEFT DETECTION
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Figure 1 represents block diagram of 10T based electricity theft detection

The Internet of Things-Based Energy Theft Detection system's foundation is its input data, which includes detailed information on
electricity consumption. This data serves as the system's foundation and enables the analysis and tracking of power utilization
patterns. Electrical data typically includes historical usage patterns, time-stamped consumption statistics, and the total amount of
electricity used.
3.1.1.10T Sensor Layer

This layer consists of multiple sensors and modules that collect data necessary to detect instances of electricity theft. In
this layer, each component serves a specific purpose:
3.1.2.Current Sensor

By continuously monitoring the amount of electricity used, this sensor serves as the system's eyes on the power flow in
real time.
3.1.3.Voltage Sensor

This sensor continuously measures the voltage within the electrical grid. It gives vital information about voltage
variations, which could be a sign of theft or other irregularities. GPS Module: This sensor is necessary to pinpoint the exact location
of the smart meter.
3.1.4.GPS Module

This component is crucial for accurately determining the smart meter's location. These geographic data must be used to
trace the origin of incidents involving theft of electrical power. By supplying the exact location of the theft, the system can assist in
identifying undesired connections and usage.
3.1.5.10T Smart Sensor

The main real-time energy consumption monitor is the 10T Smart Sensor. It continuously monitors consumption patterns
and actively looks for any irregularities that might indicate theft. This smart sensor serves as the system’s first line of defense
against improper use of electricity.
3.1.6.Artificial Intelligence for Analysis

Deep Learning Models are used to interpret and analyze the collected data. Deep learning models provide an advanced
and data-driven approach. The following are the specific components of this layer:
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3.1.7.Convolutional Neural Networks (CNN)

CNN is used to find complex patterns and anomalies in energy-related data. It is very adept at identifying odd usage
patterns that might indicate theft. For example, sudden spikes or unusual consumption patterns may set off CNN's anomaly
detection.
3.1.8.Long Short-Term Memory (LSTM)

LSTM was developed specifically for time-series analysis of consumption data. It can analyze historical consumption
patterns and spot variations over time to assist in identifying abnormal behavior. For instance, it can spot gradual changes in
consumption trends that might point to theft.
3.1.9.Decision Making Logic

This component serves as the brains of the system, making decisions based on the data that the Al models have assessed.
It compares the analyzed data to predefined standards to determine whether electricity theft is suspected. The standard could entail
setting thresholds for unusual consumption patterns or differences that might point to theft. When these conditions are met, the
decision-making logic raises red flags for additional research.
3.1.10.10T Smart Sensor

There are several ways in which the 10T Smart Sensor aids in the detection process.Real-time monitoring ensures that any
unusual usage is promptly detected by continuously monitoring the amount of electricity used. It collects information from the
voltage and current sensors to understand the state of the electrical grid at the moment.
3.1.11.Alert Generation

When it notices unusual usage patterns or signs of theft, the loT Smart Sensor notifies users. These notifications are the
first line of defense against potential theft. For example, it might sound an alert if it detects an abrupt increase in electricity
consumption during off-peak hours.
3.1.12.Sending Messages

In the event that theft is confirmed, the 10T Smart Sensor takes the initiative to alert and caution the relevant parties.
These notifications provide the location of the purported theft. Furthermore, the sensor may provide data to support further
research, such as timestamps and consumption trends.
3.1.13.Notification (Mobile, Board)

This component is in charge of sharing information and alerting the right people.Mobile Users: Both individuals and
businesses receive real-time alerts on their mobile devices regarding potential theft situations. Clients receive the resources they
require to keep an eye on and learn about their electricity consumption. They might receive alerts saying something like, "Unusual
electricity usage detected at your location."
3.1.14.Power Board

The power board is immediately notified when theft is detected. This notice is meant to serve as a call to action for the
police, motivating them to investigate the theft issue more fully and promptly. Comprehensive reports are sent to the board,
detailing the location of the theft and the kinds of anomalies discovered.

4. EVALUATION METRICS

The system that is being presented uses artificial intelligence (Al) and the Internet of Things (10T) to fight electricity theft and
improve sustainability in the energy industry. A variety of criteria are included in the evaluation metrics. The system's ability to
accurately identify theft incidents is measured by Detection Accuracy (DA), and the frequency with which normal consumption is
mistakenly identified as theft is measured by False Positive Rate (FPR). Precision and Recall provide information about how
accurately theft incidents are identified and how well the system can identify real theft incidents, respectively. Precision and recall
are combined to provide a balanced metric that is the F1 Score. Response Time measures how quickly the system finds and reports
theft incidents._Resource Utilization evaluates the effectiveness of system resources, while Data Collection Efficiency evaluates
how well 10T devices collect data in real time. While user acceptance measures how satisfied end users and energy providers are
with the system, environmental impact reduction measures how much the system contributes to lessening environmental effects.
Furthermore, in order to provide a comprehensive evaluation of the system's performance and impact, Cost-Benefit Analysis
compares the total costs and benefits related to its implementation and upkeep.

4.1.CONCLUSION

In conclusion, a powerful and creative approach to raising the sustainability of electricity use is the 10T-Based Electricity Theft
Detection System, which is driven by artificial intelligence. Using a multi-layered architecture, this system makes use of Internet of
Things sensors, alerting mechanisms, real-time monitoring, and deep learning models. Data on the use of electricity is first
collected. Subsequently, advanced artificial intelligence (Al) models, such as Long Short-Term Memory (LSTM) and
Convolutional Neural Networks (CNN), scan the data to identify unusual patterns of consumption. The decision-making logic
processes the Al-generated insights and, upon reaching specific thresholds that signify theft, sounds an alarm. The loT Smart
Sensor allows for real-time monitoring, alarm generation, and notification to both the power board and mobile users. This
comprehensive approach ensures the timely detection of any theft, safeguarding against unauthorized power usage and promoting
sustainability. The proposed process expeditiously addresses electricity theft, thereby promoting equitable distribution of electrical
resources, minimizing non-technical losses, and building a more robust and efficient power system. The approach described in this
work offers a cutting-edge solution to the urgent issue of electricity theft, in keeping with the growing demand for efficient energy
management in the Internet of Things era.
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4.1.2.FUTURE WORK

e Automating the response to theft detection is a crucial aspect to consider, along with real-time response. In order to reduce
damage and expedite response times, future research can concentrate on creating automated protocols that turn off the
electricity in areas that are suspected of being stolen.

e Integration and Scalability: It's imperative to ensure that these systems can expand in size and seamlessly integrate with the
existing infrastructure as 10T networks get bigger. Further research endeavors could explore methods of integrating theft
detection Internet of Things systems with smart grid capabilities and other grid management alternatives.

e Data Security and Privacy: Given the increasing use of sensitive consumption data, it is imperative to address data security and
privacy issues. Research can focus on developing robust encryption and privacy-preserving techniques that protect data
integrity and facilitate efficient theft detection.

e Behavioral analytics: A thorough examination of consumer behavior and consumption trends can provide valuable insights
into identifying theft. Future studies could look into how social science and behavioral analytics can be combined approaches
to understand the underlying motivations of energy theft and create more effective preventative measures.

These future directions aim to improve the efficiency, security, and adaptability of loT-based electricity theft detection to
evolving issues in the energy sector.
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