
Page 874 

www.rsisinternational.org 

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,  

MANAGEMENT & APPLIED SCIENCE (IJLTEMAS) 

                            ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue III, March 2026 

 

Aazhi Aran: Lorawan-Enabled Intelligent Maritime Border Security 

and Crew Safety System 

Mrs. S.S.Karthigaa Devi1, Sandeep K2, Cibi Charles J2, Murali Krishnan S2, Karthikeyan S2 

1Assistant Professor, IT, Hindusthan Institute of Technology, Coimbatore 

2Student, Fourth year, IT, Hindusthan Institute of Technology, Coimbatore 

DOI: https://doi.org/10.51583/IJLTEMAS.2026.150300074 

Received: 27 March 2026; Accepted: 01 April 2026; Published: 16 April 2026 

ABSTRACT 

Fishing communities operating in remote maritime environments face significant safety challenges due to 

unreliable communication systems, unclear international sea borders, harsh weather conditions, and 

delayed emergency response. These factors often lead to accidental border crossings and hazardous 

situations, threatening the lives of fishermen. To address these issues, this paper proposes a LoRaWAN-

Enabled Intelligent Maritime Border Security and Crew Safety System that provides a reliable and energy- 

efficient solution for enhancing maritime safety. 

The proposed system is built using an ESP32 LoRa module integrated with a GPS module, DHT11 

temperature and humidity sensor, air quality sensor, DC motor with motor driver, buzzer, LCD display, and 

an emergency switch. The GPS module continuously monitors the real-time location of the fishing boat, 

while predefined maritime boundary coordinates are used to detect proximity to restricted zones. 

Environmental conditions inside the boat are monitored using the DHT11 and air quality sensors to ensure 

crew safety. 

The system operates on a three-level safety mechanism. Level 1 provides early warnings through visual and 

audible alerts, Level 2 issues danger alerts with motor speed reduction, and Level 3 initiates critical actions 

such as automatic motor reversal to prevent border crossing. Environmental threshold violations also trigger 

alerts to notify the crew. 

In emergency situations, fishermen can activate the emergency switch to transmit distress signals along 

with GPS coordinates via LoRaWAN. The system also supports boat-to-boat communication, enabling 

nearby vessels to share alerts and assist each other without relying on cellular networks. 

The proposed system is cost-effective, reliable, and suitable for small-scale fishing operations. It enhances 

safety by integrating border monitoring, environmental sensing, and long-range communication in a single 

platform. 

Keywords: LORAWAN, Maritime Safety, Border Security, GPS Tracking, Air Quality Monitoring, 

ESP32, Emergency Communication, Smart Fishing System. 

INTRODUCTION 

Fishing communities operate in some of the most challenging and unpredictable environments, where safety 

risks are significantly high due to harsh maritime conditions. The open sea presents numerous dangers such 

as rough weather, strong currents, equipment failures, and limited access to timely emergency assistance. 

Many small-scale fishing boats still rely on traditional navigation methods, which often lack accuracy and 

reliability. This limitation frequently results in accidental crossing of international maritime boundaries, 

leading to serious legal consequences and safety concerns. 
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In addition to navigation challenges, onboard environmental conditions play a critical role in ensuring the 

health and safety of fishermen. Poor ventilation within fishing vessels can lead to the accumulation of 

harmful gases and oxygen deficiency. Furthermore, high temperature and humidity levels can cause 

dehydration, heat stress, and discomfort, thereby reducing operational efficiency and increasing health 

risks. 

Communication is another major challenge in maritime environments. Conventional communication 

systems such as VHF radios have limited range and may not function effectively over long distances. 

Similarly, cellular networks become unavailable once boats move far from the coastline. Although satellite 

communication systems provide reliable connectivity, their high cost makes them impractical for small and 

medium-scale fishermen. 

Recent advancements in the Internet of Things (IoT) have enabled the development of smart and cost-

effective solutions for remote monitoring and safety applications. Among these technologies, LoRaWAN 

has emerged as a promising communication protocol due to its long-range capability and low power 

consumption. By integrating LoRaWAN with GPS tracking, environmental sensors, and automated control 

mechanisms, it is possible to design a comprehensive maritime safety system. 

The proposed LoRaWAN-Enabled Intelligent Maritime Border Security and Crew Safety System aims to 

address these challenges by providing real-time location monitoring, maritime boundary detection, 

environmental sensing, and emergency communication. The system ensures improved safety, enhanced 

situational awareness, and reliable long- range communication for fishermen operating in remote marine 

environment. 

Block Diagram 

 

Fig:1 Transmitter side 
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Fig:2 Receiver side 

Feasibility Study 

Feasibility Study 

Feasibility analysis is an essential phase in system design that determines whether a proposed system is 

practical, implementable, and sustainable. The proposed Aazhi Aran: LoRaWAN-Enabled Intelligent 

Maritime Border Security and Crew Safety System is evaluated in terms of technical and economic aspects. 

The study confirms that the system is achievable using existing technologies and effectively addresses real-

world maritime safety challenges. 

Technical Feasibility 

The proposed system is technically feasible as it utilizes established IoT and communication technologies. 

LoRaWAN provides long-range, low- power communication suitable for remote maritime environments 

where conventional networks are unavailable. The system is built using an ESP32 LoRa module integrated 

with GPS, DHT11, air quality sensors, LCD display, buzzer, motor driver, and emergency switch, all of 

which are widely available and easy to interface. 
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Software implementation involves storing predefined maritime boundary coordinates and performing 

distance calculations using standard algorithms. The three-level safety mechanism and motor control 

operations are implemented through simple and reliable programmed logic. Additionally, LoRa enables 

boat-to-boat communication without requiring internet connectivity, ensuring robustness in open sea 

conditions. Hence, the system is technically viable and reliable. 

Economic Feasibility 

The system is economically feasible as it is designed using low-cost and readily available components. 

Unlike expensive satellite communication systems, LoRaWAN eliminates recurring network costs while 

providing long-range connectivity. The overall system cost, including sensors, communication modules, 

and control components, remains affordable for small-scale fishermen. 

The system is also energy-efficient, reducing long-term operational costs. Its benefits, such as preventing 

border violations, improving safety, and enabling quick emergency response, outweigh the implementation 

cost. Therefore, the project is cost- effective and financially practical. 

System Design 

The system design describes the overall architecture and operation of the proposed maritime safety system. 

It integrates LoRaWAN communication, GPS-based location tracking, environmental monitoring, and 

automated control mechanisms. 

The GPS module continuously tracks the boat’s location and compares it with predefined maritime 

boundaries. Based on proximity, a three-level alert mechanism is activated. Environmental sensors monitor 

onboard conditions, while the controller initiates preventive actions such as motor speed reduction or 

reversal when necessary. The system also enables long-range communication for distress alerts and boat-to-

boat interaction, ensuring reliable operation in remote areas. 

Data, Input, Output Design 

Data Design 

The system processes various types of data, including GPS coordinates, environmental parameters, alert 

levels, and emergency signals. Real-time data is analyzed by the controller, and critical information is 

transmitted via LoRaWAN. The system ensures efficient and reliable data handling for safety monitoring. 

Input Design 

Inputs are collected from GPS modules, environmental sensors, and emergency switches. These inputs 

provide real-time location, environmental conditions, and manual distress signals, enabling accurate 

monitoring and timely response. 

Output Design 

Outputs include visual and audible alerts, automated motor control actions, and LoRa-based 

communication signals. The system generates multi-level warnings, sends emergency alerts with location 

data, and activates preventive mechanisms to enhance safety. 

Problem Definition 

Fishing communities face several challenges due to limited communication and lack of safety systems in 

maritime environments. Accidental border crossing occurs due to the absence of real-time navigation alerts, 

leading to legal issues. Communication gaps arise as GSM networks fail in deep sea regions, and satellite 

systems are expensive. Emergency response is often delayed due to the inability to transmit accurate location 

data. Additionally, onboard environmental conditions such as high temperature, humidity, and harmful 
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gases pose health risks. The absence of automated safety mechanisms further increases vulnerability. 

To address these issues, the proposed system integrates GPS tracking, environmental monitoring, long-range 

communication, and automated control features into a single platform, providing a reliable and cost-

effective solution for improving maritime safety. 

Requirement Analysis 

Requirement analysis is a crucial phase in system development that identifies user needs, system 

functionalities, and technical resources required for successful implementation. For the proposed Aazhi 

Aran: LoRaWAN- Enabled Intelligent Maritime Border Security and Crew Safety System, this phase 

ensures that the system effectively addresses real-world maritime safety challenges. The requirements are 

categorized into user requirements, system requirements, and software requirements. 

User Requirements 

The primary users of the system are fishermen operating in remote maritime environments. They require 

real-time GPS-based location monitoring to avoid accidental crossing of international boundaries. The 

system must provide early warning alerts using visual and audible indicators and implement preventive actions 

such as motor speed reduction and reversal. 

Reliable long-range communication is essential due to the unavailability of GSM networks in deep sea areas. 

Therefore, the system must support LoRaWAN- based communication for emergency alerts and boat- to-

boat interaction. Additionally, fishermen require a simple emergency distress mechanism that transmits 

GPS coordinates during critical situations. 

Environmental monitoring is also necessary to ensure onboard safety by tracking temperature, humidity, 

and air quality. The system must be cost- effective, easy to use, and require minimal maintenance to ensure 

accessibility for small-scale fishermen. 

System Requirements 

The system is designed using hardware components such as the ESP32 LoRa module, GPS module, DHT11 

sensor, air quality sensor, LCD display, buzzer, motor driver with DC motor, emergency switch, and power 

supply unit. These components work together to enable real-time monitoring, communication, and 

automated safety control. 

Functionally, the system continuously tracks the boat’s location and compares it with stored maritime 

boundaries to detect proximity. A three-level alert mechanism is implemented to provide warnings and 

initiate preventive actions. The system also monitors environmental conditions and supports emergency 

communication through LoRa. Additionally, boat-to- boat communication enhances coordination and safety. 

Non-functional requirements include high reliability, energy efficiency, durability in harsh marine conditions, 

scalability for future enhancements, and real-time response to ensure immediate alerts and actions. 

Software Requirements 

The software implementation is based on embedded programming using C/C++ in development 

environments such as Arduino IDE or ESP-IDF. The system utilizes LoRaWAN protocol for long-range, 

low-power communication. 

Key software modules include GPS processing, boundary detection, sensor monitoring, alert control, 

emergency communication, and boat-to-boat communication. These modules ensure real-time data 

processing, efficient computation, and fast response. The system is designed to handle continuous data 

acquisition, provide accurate alerts, and maintain reliable communication in maritime environments. 
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METHODOLOGY 

Method 

The proposed Aazhi Aran: LoRaWAN-Enabled Intelligent Maritime Border Security and Crew Safety System 

is designed to enhance maritime safety by integrating GPS- based tracking, LoRaWAN communication, 

environmental monitoring, and automated control mechanisms. Traditional navigation methods lack 

reliability in deep-sea environments, leading to risks such as accidental border crossing and communication 

failure. 

To overcome these challenges, the system continuously monitors the boat’s location using GPS and 

compares it with predefined maritime boundary coordinates. A three-level safety mechanism is 

implemented to provide alerts, reduce motor speed, and initiate automatic motor reversal when necessary. 

Environmental sensors monitor onboard conditions, while LoRaWAN ensures long-range communication 

for distress alerts and boat-to-boat interaction. This integrated approach improves safety, communication 

reliability, and operational efficiency. 

Data Acquisition and Monitoring 

The system collects real-time data from multiple sources, including GPS, environmental sensors, and LoRa 

communication modules. The GPS module provides continuous location tracking, which is used for 

boundary detection. Environmental sensors measure temperature, humidity, and air quality to ensure crew 

safety. LORAWAN enables long-range transmission of location data and alerts without relying on cellular 

networks. 

Data Processing and Analysis 

The acquired data is processed by the microcontroller using embedded algorithms. GPS coordinates are 

compared with stored boundary values to determine proximity levels. Based on this analysis, the system 

generates alerts and activates appropriate safety mechanisms. Sensor data is also analyzed to detect 

abnormal environmental conditions, ensuring real-time decision-making and improved situational 

awareness. 

Control and Protection Mechanism 

The system implements an automated three-level safety mechanism. The first level provides warning alerts, 

the second level reduces motor speed, and the third level activates motor reversal upon boundary crossing. 

Additionally, emergency distress signals with GPS coordinates are transmitted via LoRaWAN, enabling 

quick response from nearby boats or monitoring stations. These automated controls reduce human error and 

enhance safety. 

LORAWAN-Based Communication 

LoRaWAN enables reliable long-range communication for real-time data transmission, boat- to-boat 

communication, and emergency alerts. It ensures connectivity in remote marine regions where conventional 

networks are unavailable, thereby improving coordination and response during critical situations. 

Environmental and Mechanical Stress Testing 

To validate field-readiness, quantify motor load (2.6A peak) against hydrodynamic drag and GPS precision 

(5m CEP) over water. Conduct 95% humidity soaks and vibration-stress cycles (10–500Hz) to ensure 

solder-joint and IP67-seal integrity. This provides the critical system delay (2800ms) and environmental 

data needed to move beyond laboratory-controlled prototypes. 
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Implementation and Maintenance 

Implementation 

The implementation phase describes the deployment and operation of the Aazhi Aran: LoRaWAN-Enabled 

Intelligent Maritime Border Security and Crew Safety System.  

The Fishermen Module operates onboard the boat and provides real-time monitoring of location, 

environmental conditions, and safety alerts. During system initialization, the microcontroller activates the 

GPS, LoRa module, and sensors to collect real- time data. The system continuously compares GPS 

coordinates with predefined maritime boundaries to detect proximity. 

A three-level safety mechanism is implemented: initial warning alerts, automatic motor speed reduction, 

and motor reversal upon boundary crossing. In emergency situations, fishermen can trigger a distress alert, 

which transmits GPS coordinates via LoRaWAN. The system also supports boat-to-boat communication 

for improved coordination in remote areas. 

The Monitoring Authority Module operates at coastal stations and receives data through a LoRa gateway. 

Authorities can monitor boat locations, detect boundary violations, and respond to emergency alerts. Real-

time GPS data enables quick identification of distressed vessels, improving rescue operations and maritime 

supervision. 

Maintenance 

Maintenance ensures long-term reliability and performance of the system in harsh marine environments. 

Sensor maintenance includes periodic calibration, cleaning, and replacement to ensure accurate 

environmental monitoring. Software maintenance involves firmware updates and system optimization to 

improve performance and reduce errors. 

Communication maintenance focuses on checking LoRa modules, antenna alignment, and network 

performance to ensure reliable long-range communication. Hardware maintenance includes inspection of 

GPS modules, motor control systems, and power supply units to maintain proper functionality. 

Finally, system safety and data management involve regular data logging, backup, and performance 

evaluation. These practices help in identifying system improvements and ensuring efficient operation, 

reliability, and enhanced maritime safety over time. 

Hardware and Software Requirements 

Hardware Requirements 

The hardware components of the proposed system are selected to ensure reliable operation, real-time 

monitoring, and efficient communication in maritime environments. These components collectively support 

navigation tracking, environmental sensing, communication, and safety control mechanisms. 

GPIO Pins 

The ESP32 includes multiple GPIO pins that support digital, analog, and capacitive touch functionalities. 

These pins can be configured as input or output based on system requirements. Some pins are input-only 

and lack internal pull-up/down resistors, requiring careful usage during system design. 

Power Supply Unit 

Power supply converts AC input into a stable DC output required for electronic components. It consists of 

a transformer, rectifier, filter, and voltage regulator. A 7805 regulator is used to provide a constant 5V DC 
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supply for the microcontroller and sensors, ensuring stable and safe operation. 

LCD Display 

A 16×2 LCD display is used to present real-time information such as GPS coordinates, environmental data, 

and safety alerts. It is based on the HD44780 controller and supports both 4-bit and 8-bit interfacing modes. 

LoRa Technology (SX1278) 

LoRa is a low-power, long-range wireless communication technology used for transmitting data over 

distances (15–20 km). The SX1278 module operates at 433 MHz and enables reliable communication 

without cellular networks, supporting both data transmission and boat-to-boat communication through a 

better mode of conduct.  

GSM SIM800A Module 

The GSM SIM800A module provides GSM/GPRS communication for SMS, voice, and data transfer. It 

operates on dual-band frequencies and supports AT commands for interfacing with microcontrollers, 

enabling backup communication when required. 

GPS Module (NEO-6M) 

The GPS module continuously tracks the boat’s location by receiving satellite signals and provides latitude 

and longitude data. This data is used for maritime boundary detection (2800 ms) and emergency location 

sharing. Precision ≤5 m at open sky,2.5 m CEP, 1 Hz update rate, NMEA 0183 protocol   

ESP32 Microcontroller 

The ESP32 microcontroller acts as the central control unit, processing GPS data, sensor inputs, and 

controlling safety mechanisms. It supports multiple communication protocols such as UART, SPI, I2C, 

ADC, and DAC, making it suitable for complex IoT applications. 

DHT11 Sensor 

The DHT11 sensor measures temperature and humidity with reliable accuracy. It operates within a defined 

range and provides digital output, making it suitable for environmental monitoring inside the boat. Accuracy 

±2°C, ±5% RH  

DC Motor 

The DC motor is used to control the movement of the boat. Its speed and direction can be adjusted by varying 

voltage and polarity, enabling automated safety actions such as speed reduction and reversal. 

L298N Motor Driver 

The L298N motor driver is a dual H-bridge driver that controls motor speed and direction using PWM and 

logic signals. It enables precise control of DC motors required for safety mechanisms. 

FlexiForce A401 Sensor 

The FlexiForce A401 is a thin, flexible force sensor used to measure pressure or load. It is suitable for 

compact embedded applications and can be integrated into safety monitoring systems. 

Buzzer 

A buzzer is used as an audio signaling device to provide alerts and warnings. It generates sound based on 

electrical signals and is widely used in safety and notification systems. 
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Programming Environments 

The ESP32 supports multiple programming environments such as Arduino IDE, PlatformIO, MicroPython, 

and ESP-IDF. In this system, Arduino IDE is primarily used due to its simplicity and ease of development. 

OUTPUT AND DISCUSSION 

 

 

Fig:3 Hardware images 
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Fig:4 Output images 

The obtained outputs demonstrate the effective functioning of the proposed Aazhi Aran: LoRaWAN- 

Enabled Intelligent Maritime Border Security and Crew Safety System under real-time conditions. The 

hardware output confirms successful integration of all components, including the ESP32 microcontroller, 

LoRa module, GPS module, sensors, buzzer, and motor driver. The compact hardware arrangement indicates 

that the system can be practically deployed on fishing boats with minimal space and power requirements. 

From the software output, it is observed that the system accurately receives and processes transmitted data. 

The parsed data includes region identification, latitude, longitude, wind status, SOS status, temperature, 

and humidity. This confirms that the LoRa communication between transmitter and receiver modules is 

functioning correctly, with reliable data transmission over distance. 

The comparison between two outputs shows dynamic system behavior. In the first case, the SOS status is 

normal (SOS0), and the system operates under safe conditions without triggering alerts. In the second case, 

the SOS status changes to SOS1, indicating a critical situation. As a result, the system activates the buzzer, 

demonstrating proper execution of the alert mechanism. This validates the system’s ability to respond to 

emergency conditions in real time. 

Environmental parameters such as temperature and humidity are also monitored continuously, and slight 

variations between outputs indicate real-time sensing capability. The consistent GPS coordinates confirm 

accurate location tracking, which is essential for maritime boundary detection. 

Overall, the outputs verify that the system successfully integrates hardware and software components to 

provide real-time monitoring, reliable communication, and immediate safety alerts. The ability to detect 

status changes and trigger appropriate responses highlights the effectiveness of the system in enhancing 

maritime safety and reducing risks for fishermen operating in remote sea regions. 
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Benefits 

Long-range communication ensures remote connectivity. 2.Low-power modules save onboard energy. 

Automated motor control prevents crossings. 4.Boat-to-boat alerts work without internet. 

Limitations 

Boundaries require predefined coordinate storage. 

Manual activation triggers distress alerts. 

CONCLUSION 

The proposed LoRaWAN-Enabled Intelligent Maritime Border Security and Crew Safety System has been 

successfully designed and implemented to enhance the safety of fishermen operating in remote maritime 

environments. The system integrates GPS-based navigation tracking, environmental sensing, automated 

motor control, and long-range LoRaWAN communication into a unified embedded platform. By 

continuously monitoring the boat’s location and comparing it with predefined maritime boundaries, the 

system effectively minimizes accidental border crossings and associated risks. 

The implementation of a multi-level safety alert mechanism ensures timely warnings and automated 

corrective actions during critical situations, thereby reducing reliance on manual intervention. In addition, 

environmental monitoring using temperature, humidity, and air quality sensors enables early detection of 

hazardous onboard conditions, improving overall crew safety. The use of LoRaWAN technology ensures 

reliable communication over long distances, allowing distress alerts and GPS data to be transmitted even in 

areas without cellular or internet connectivity. 

Overall, the system is cost-effective, energy-efficient, and reliable, making it suitable for deployment in 

small- scale fishing vessels. By improving situational awareness, enhancing emergency response 

capabilities, and ensuring safer navigation, the proposed system significantly contributes to maritime safety 

and supports sustainable fishing operations. 
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