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ABSTRACT: Unprotected boreholes are a serious safety hazard and can cause accidents to people and animals,
especially in rural areas and construction sites, and traditional safety methods like manual covers and occasional
monitoring are unreliable and cannot respond quickly during emergencies; to address this, a Smart Borehole Safety
System is proposed that provides continuous monitoring, automatic protection, and intelligent response, consisting of
two layers—an outer sensing layer and an inner protection layer—where the outer layer uses four PIR sensors placed
around the borehole to detect motion from all directions, with detected activity processed by an ESP32 microcontroller
and instant alerts sent through an loT platform, while the inner layer controls a servo motor-driven safety cover that
automatically opens or closes based on detected motion, eliminating the need for manual operation, and also includes a
manual override with push buttons for emergencies and maintenance, along with additional features such as motion-
triggered camera capture, a night-time safety mode, and a risk assessment system that classifies activity as low,
medium, or high risk, making the system cost-effective, scalable, and practical for real-time use as an effective solution
to prevent borehole-related accidents.
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I. INTRODUCTION

Boreholes serve as a vital source of groundwater in rural and agricultural regions, but they also present significant
safety hazards when left open or inadequately covered. Numerous incidents have been reported where children and
animals accidentally fall into these deep and narrow pits, often resulting in serious injuries or fatalities. Such accidents
typically occur due to the absence of proper protective measures, warning systems, or continuous monitoring. In many
villages and construction areas, boreholes are either left completely exposed or covered with temporary materials that
degrade over time, increasing the risk. The narrow and deep structure of boreholes makes rescue operations extremely
challenging and time-consuming, thereby reducing the chances of survival.

With the rapid advancement of embedded systems and Internet of Things (1oT) technologies, it has become feasible to
design intelligent safety solutions for such critical problems. loT-based systems utilizing microcontrollers like ESP32
can effectively integrate sensors, cameras, and communication modules to enable real-time monitoring and alert
mechanisms. In this proposed Smart Borehole Safety System, a PIR motion sensor is used to detect movement near the
borehole, and upon detection, the ESP32 controller activates a servo motor to automatically close a protective cover
while triggering alerts such as buzzers and LED indicators. The system also sends real-time notifications to a mobile
application for remote monitoring. Additional features like camera-based surveillance, night-time monitoring, and risk
classification further enhance the system’s accuracy and reliability.

Il. LITERATURE REVIEW

The issue of open borehole safety has been widely recognized as a serious concern, particularly in rural and
construction areas where inadequate protective measures often lead to accidental falls. Early approaches to borehole
safety primarily relied on manual methods such as covering boreholes with temporary lids or fences. While these
methods provided basic protection, they were often unreliable, prone to damage over time, and lacked any form of
monitoring or alert mechanism, making them ineffective in preventing accidents.

With the advancement of embedded systems, researchers began exploring automated safety solutions using
microcontrollers and sensors. Systems incorporating sensors such as infrared (IR) and ultrasonic sensors were
developed to detect the presence of objects or movement near boreholes. These systems improved detection capabilities
to some extent; however, they often suffered from limitations such as false triggering, limited detection range, and lack
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of real-time response mechanisms. Additionally, many of these systems did not include communication features,
restricting their ability to notify users during emergency situations.

Recent developments in Internet of Things (IoT) technology have significantly enhanced borehole safety systems by
enabling real-time monitoring and remote alerts. loT-based solutions using controllers like ESP32 and Arduino
integrate motion sensors, cameras, and communication modules to provide automated responses such as closing
protective lids and sending alerts to mobile devices. Some advanced systems also incorporate camera-based
surveillance and night monitoring to improve accuracy and reliability. Despite these improvements, challenges such as
dependency on internet connectivity, power supply limitations, and environmental factors affecting sensor performance
still remain areas of ongoing research.

I1l. RESEARCH METHODOLOGY

The research methodology for the Smart Borehole Safety System is based on a systematic approach that integrates both
hardware and software components to address the safety risks associated with open boreholes. Initially, a detailed
analysis of the problem is carried out by studying existing incidents and identifying the lack of proper safety
mechanisms such as monitoring, alert systems, and automated protection. Based on this analysis, a suitable system
architecture is designed using an ESP32 microcontroller as the core unit, which connects with components like a PIR
motion sensor, servo motor, buzzer, LED indicators, and a camera module.

In the implementation phase, all hardware components are assembled and interfaced with the ESP32. The PIR sensor is
used to detect human or animal movement near the borehole, and upon detection, signals are sent to the
microcontroller. The ESP32 is programmed using embedded C/C++ through the Arduino IDE to process sensor data
and trigger appropriate actions. When motion is detected, the system automatically activates the servo motor to close
the protective lid, while simultaneously turning on the buzzer and LED indicators (green for safe condition and red for
danger) to provide immediate alerts.

Furthermore, 10T technology is integrated into the system to enable real-time monitoring and communication. The
ESP32 uses Wi-Fi connectivity to send notifications to a mobile application or cloud platform, allowing users to
monitor the borehole remotely. A camera module is also incorporated to enhance surveillance, especially during
nighttime or low-visibility conditions. Finally, the system undergoes testing and validation under various scenarios to
evaluate its performance in terms of detection accuracy, response time, reliability, and connectivity. The results are
analyzed to ensure the system effectively improves borehole safety and reduces the risk of accidents.

IV. RESULTS AND DISCUSSION

The Smart Borehole Safety System was successfully developed and tested based on the proposed design shown in Fig.
1. The system consists of inner and outer layers, where the inner layer includes the servo motor—based automated
closing mechanism that effectively covers the borehole during critical situations. The outer layer comprises the PIR
sensor, ESP32 microcontroller, buzzer, and LED indicators, which work together to detect motion and initiate safety
responses. During testing, the PIR sensor accurately detected movement near the borehole and triggered the system
promptly.

The ESP32 microcontroller processed the input signals and immediately activated the servo motor to close the
protective lid, thereby minimizing the risk of accidents. Simultaneously, the alert system functioned efficiently, where
the red LED and buzzer indicated a critical alert condition, and the green LED represented a safe state. As illustrated in
Fig. 1, the coordination between detection, automation, and alert mechanisms ensured a quick and reliable response.
The system demonstrated minimal response time and stable performance under normal operating conditions.

Furthermore, the loT-based mobile application, also depicted in Fig. 1, enabled real-time monitoring by displaying
system status updates such as “Safe — Area Secure” and “Critical Alert,” along with alert history. Notifications were
successfully transmitted with minimal delay, enhancing remote supervision and emergency response. Although the
system depends on continuous power supply and stable internet connectivity, it overall proved to be an effective and
reliable solution for improving borehole safety and preventing accidents.
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V. CONCLUSION

The Smart Borehole Safety System has emerged as an effective solution for preventing accidents caused by open and
unattended boreholes, especially in rural and construction environments. By integrating embedded systems and loT
technology, the system provides real-time monitoring, automated protection, and instant alert mechanisms. The use of
components such as the ESP32 microcontroller, PIR motion sensor, servo motor, buzzer, and LED indicators ensures
quick detection and immediate response to potential dangers.

The implementation of automated lid closure and real-time notifications significantly enhances safety by reducing
human dependency and enabling faster reaction to critical situations. Additional features such as mobile-based
monitoring and alert history improve usability and allow continuous supervision of the borehole environment. These
advancements make the system more reliable, efficient, and suitable for practical deployment.

However, certain challenges such as dependency on stable power supply, internet connectivity, and environmental
factors affecting sensor accuracy still exist. Addressing these limitations is important for improving system
performance and ensuring uninterrupted operation. In summary, the proposed system provides a smart, cost-effective,
and proactive approach to borehole safety, and further enhancements can help in expanding its applicability and
reliability in real-world scenarios.

VI. FUTURE WORK

1. Future development of the Smart Borehole Safety System can focus on several key improvements to enhance its
efficiency and reliability.

2. Efficient and Low-Power Design: Developing energy-efficient system architectures that can operate continuously
using low power, especially in rural and remote areas.

3. Continuous Monitoring and Smart Adaptation: Implementing intelligent algorithms that can adapt to
environmental changes and reduce false detections caused by factors like wind, animals, or lighting conditions.

4. Enhanced Detection Accuracy: Integrating advanced sensing technologies such as camera-based recognition or
multiple sensors to improve accuracy in identifying real threats.

5. Remote Connectivity and Data Management: Expanding loT capabilities with cloud integration for storing data,
analyzing patterns, and enabling centralized monitoring of multiple boreholes.

6. Backup Communication Systems: Incorporating alternative communication methods such as GSM or SMS alerts
to ensure notifications are delivered even without internet connectivity.

IJEETR©2026 | AnISO 9001:2008 Certified Journal | 914




International Journal of Engineering & Extended Technologies Research (IJEETR)

‘;q’wﬁ |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
¥ N ¥ )
3, W § | Volume 8, Issue 2, March - April 2026 |
S T
IJEETR DOI:10.15662/1JEETR.2026.0802048

7. System Robustness and Durability: Designing weather-resistant and rugged hardware to withstand harsh
environmental conditions and ensure long-term operation.

8. By addressing these improvements, the system can become more reliable, intelligent, and scalable, providing a
stronger and more effective solution for preventing borehole-related accidents.
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