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Abstract—Power theft significantly impacts the stability, 

efficiency, and financial performance of electricity distribution 

systems. Manual detection methods are inefficient and often delayed. 

This paper proposes a real-time, automated Power Theft Detection 

and Protection System using Arduino and embedded systems. It 

detects unauthorized electricity usage and electrical faults such as 

short circuits, triggers alerts, and maintains incident logs for 

analysis. The system integrates alarm sirens, display notifications, 

and remote alert mechanisms. Further enhancements such as silent 

alerts, adaptive sensitivity, graphical data visualization, and 

automated power regulation are proposed to improve reliability and 

usability. 

Keywords—Power theft, Arduino, embedded system, real-time 

monitoring, alarm siren, short circuit detection, automated alerts, 

smart grid. 

I. INTRODUCTION  

Power theft remains a major concern for power utilities, 
resulting in substantial revenue losses and grid instability. 
Traditional detection methods are manual, time-consuming,  
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and often ineffective in real-time monitoring. To address 
these challenges, this paper proposes an Arduino-based system 
designed for detecting unauthorized electricity usage and 
protecting electrical infrastructure from short circuits and theft 
attempts. 

By leveraging embedded systems, the proposed solution 
provides an efficient, cost-effective, and scalable method for 
theft detection and prevention. 

II. PROPOSED SYSTEM ARCHITECTURE 

The system comprises an Arduino Uno microcontroller 
interfaced with a relay module, LCD display, buzzer, alarm siren, 
and power sensors. It monitors real-time voltage and current 
values, compares consumption against predefined thresholds, 
and identifies anomalies indicative of theft or short circuits. 

A. Real-Time Monitorng  

The system continuously monitors power consumption and 

voltage/current fluctuations. Sudden deviations from expected 

values trigger alerts. This enables immediate detection of 

activities such as illegal tapping or meter bypassing. 

B. Theft Notification and Alarm Activation 
When unauthorized power usage is detected, a “Power Theft 
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Detected” message is displayed on a 16x2 LCD screen, and an 

audible alarm siren is triggered. The alarm acts as a deterrent 

and prompts a quick response. 

C. Short Circuit Detection 

The system also identifies short circuits and activates a buzzer 

to alert nearby personnel. An optional LED flasher can be 

used to provide visual warnings in noisy environments. 

D. Embedded Automation 

All operations are controlled by Arduino Uno using pre-

programmed logic. This ensures autonomous functioning 

without manual intervention. 

 

III.  ADVANCED FUNCTIONAL ENHANCEMENTS 

To further improve the effectiveness and user-friendliness of 
the system, several enhancements are proposed: 

Silent Alert Mechanism – Discreetly informs authorities 
without triggering alarms to monitor repeated or organized theft 
attempts. 

Event Logging and Visualization – Maintains a historical log 
of incidents and visual data dashboards for pattern analysis. 

Adaptive Sensitivity Control – Dynamically adjusts 
thresholds to reduce false positives caused by load fluctuations. 

Enhanced Display and Mobile Integration – Adds color-
coded alerts and mobile app support for remote access and 
notifications. 

Automated Response Mechanism – Automatically adjusts or 
disables power supply based on severity of theft or fault 
detection. 

Smart Notification and Escalation – Implements 
SMS/email/voice notifications with escalation paths for serious 
incidents. 

Dynamic Alarm Control – Varies alarm patterns and 
durations to distinguish between different types of anomalies. 

 

IV.  HARDWARE COMPONENTS 

Arduino Uno – Controls detection logic and system 
operations. 

Relay Module – Manages supply cut-off during theft 
detection. 

Alarm Siren & Buzzer – Provides alert sounds for theft and 
short circuits respectively. 

16x2 LCD Display – Shows real-time messages and alerts. 

Current & Voltage Sensors – Monitor power usage 
parameters. 

PCB and Connectors – Integrate components into a compact 
circuit. 

Potentiometer – Adjusts display brightness or contrast. 

V. ARDUINO-BASED ANOMALY DETECTION 

The Arduino Uno reads input from voltage and current sensors 

and processes it based on pre-set thresholds. Using simple 

decision-making algorithms, it detects sudden spikes, drops, or 

irregular usage patterns to infer unauthorized access or 

electrical faults. Future integration with machine learning 

algorithms could further enhance detection accuracy by 

adapting to new patterns over time. 

 

VI. DISADVANTAGES 

While the system offers significant benefits, it has some 

limitations: 

High Initial Cost – Initial investment in hardware and 

installation can be expensive. 

Requires Continuous Monitoring – Real-time surveillance is 

essential for accurate detection. 

Limited Range – Coverage may be inadequate for large or 

distributed areas. 

Possible False Alarms – Technical glitches or noise can lead to 

inaccurate alerts. 

Regular Maintenance Required – Frequent maintenance is 

necessary to ensure performance. 

Dependency on Internet/Communication – Connectivity 

failures can hinder remote alerting. 

Power Consumption – The detection unit itself consumes 

power. 

Complex Implementation – Integration with legacy power 

systems may be challenging. 

Risk of Tampering – The system may be susceptible to physical 

tampering. 

Limited Effectiveness in Remote Areas – Alerts may not be 

received instantly in isolated regions. 

Difficulty in Locating Theft Source – Pinpointing the exact 

theft location can be challenging. 

May Require Additional Sensors – Extra hardware might be 

needed based on environment. 

Legal and Privacy Issues – Monitoring usage may raise 

consumer privacy concerns. 

Weather Sensitivity – Harsh conditions can impact sensor 

performance. 
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Dependence on Skilled Personnel – Skilled workers are 

required for setup and troubleshooting. 

 

VII. FUTURE SCOPE 

The system has wide potential for future development and 

scaling: 

Integration with Smart Grids – Enables automated control and 

intelligent response systems. 

Remote Monitoring and Control – Cloud-based dashboards and 

mobile apps for live updates. 

AI-Based Theft Prediction – Machine learning models to 

anticipate theft behavior. 

Enhanced Security Measures – Encryption and tamper-resistant 

designs for robustness. 

Real-Time Alerts to Authorities – Automatic escalation to law 

enforcement or utility control rooms. 

Self-Healing Mechanism – Auto-isolation of faulty lines to 

protect the network. 

Scalability for Large Networks – Expandable to industrial-scale 

distribution systems. 

Energy Usage Analytics – Provides insights for demand 

forecasting and optimization. 

Renewable Energy Monitoring – Detect theft from solar, wind, 

or hybrid systems. 

Integration with Law Enforcement – Automates report 

generation for theft incidents. 

 

VIII. CONCLUSION 

The Power Theft Detection and Protection system offers a 

smart, embedded solution for identifying unauthorized 

electricity usage and electrical faults in real-time. It ensures 

prompt alerts, enhances operational transparency, and supports 

efficient energy management. While certain challenges exist, 

such as range limitations and false alerts, these can be mitigated 

through technological upgrades and AI-driven improvements. 

Implementing such systems can play a crucial role in 

minimizing energy losses, increasing grid reliability, and 

promoting ethical consumption. 
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