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Abstract: The Integrated Tactical Patrol Stick (ITPS) is a multifunctional, field-ready tool designed to
enhance the operational efficiency and safety of military personnel and forest officers in remote and high-
risk environments such as border zones and dense forests. Initially developed with key functionalities
including a high-intensity torch, laser module for long-range signaling, emergency buzzer system, stun gun
circuit for self-defense, solar/DC charging support, and a battery capacity indicator, the ITPS integrates
essential analog and electrical subsystems for power distribution, protection, and load control. A custom-
designed 3S 18650 Li-ion battery pack ensures reliable power management, monitored through a dedicated
indicator module.

The project is now being extended into a more advanced embedded systems version that incorporates
ESP32, GSM (SIM800OL), and GPS (NEO-6M) modules. These enhancements enable real-time geo-
fencing, SMS alert systems, and remote communication with control rooms, significantly boosting
situational awareness, personnel tracking, and incident response capabilities. Embedded system planning
is being implemented to ensure seamless integration of communication modules with the existing hardware
infrastructure.

The ITPS thus represents a rugged, energy-efficient, and intelligent patrol solution combining analog
robustness with modern embedded intelligence — ideal for mission-critical applications in challenging
environments.
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SMS alert, forest and military patrol, self-defense tool, analog integration, power electronics, solar-
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I. INTRODUCTION
The Integrated Tactical Patrol Stick (ITPS) is a multifunctional electronic tool developed to support security forces, forest
officers, and military personnel operating in high-risk and remote environments such as dense forests, Naxal-affected
areas, and border zones. This project was initiated as a solution to the real-world challenges faced during night and
wilderness patrolling, where visibility, communication, safety, and power supply are critical concerns.
The initial prototype of ITPS features essential functions including a high-intensity LED torch for night visibility, a laser
module for silent long-distance signaling, an emergency buzzer, a non-lethal stun gun circuit for self-defense, a solar/DC
dual-mode charging system, and a battery capacity indicator. These modules are integrated into a 3-foot-long, lightweight,
high-strength PVC body with a dedicated compartment for electronics, emphasizing portability and durability in rugged
terrains.
The device’s electrical design includes analog subsystems for power distribution, overload protection, and load control.
A reliable 3S 18650 Li-ion battery pack with an indicator module ensures stable and long-lasting power supply, further
supporting operations in off-grid areas.
To extend the device’s capabilities, the project is currently being upgraded with embedded system technologies. This
includes the integration of an ESP32 microcontroller, GSM module (SIM800OL), and GPS module (NEO-6M). These
additions aim to enable advanced features such as geo-fencing, real-time location tracking, SMS alert notifications, and
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communication with control rooms. The embedded extension significantly enhances the ITPS by enabling situational
awareness, remote monitoring, and digital communication, making it a smart tactical tool for modern security operations.
This project not only demonstrates proficiency in circuit design, power electronics, analog system integration, and
hardware testing, but also showcases the implementation of embedded systems to transition a manually operated tool into
an intelligent, connected device for real-world tactical use.

II. LITERATURE SURVEY:
Several studies have explored the development of multifunctional tactical devices using embedded systems and integrated
electronics.
Singh et al. [1] designed a handheld device combining LED torches and laser pointers to enhance night- time patrolling
and silent communication among security personnel.
Kumar et al. [2] developed a solar-powered tactical device featuring emergency buzzer systems to improve distress
signaling in remote areas.
Patil et al. [3] proposed a portable stun gun integrated with power management circuits to ensure reliable self-defense
during border patrol operations.
Sharma et al. [4] introduced an ultrasonic animal repellent system that emits frequencies between 20— 40 kHz, effectively
deterring wildlife in forest patrols.
Joshi et al. [5] focused on optimizing power supply for tactical devices by integrating lithium-ion battery packs with solar
and DC charging modules.
Reddy et al. [6] incorporated GPS and GSM modules into patrol equipment for real-time location tracking and remote
SMS alerts, improving coordination between patrolling units and control centers. Verma et al. [7] demonstrated the use
of ESP32 microcontrollers to manage multiple device functions while maintaining energy efficiency.
Gupta et al. [8] developed analog subsystems for power distribution and load control, ensuring device protection and
reliable operation in harsh environments.
Singh and Mehta et al. [9] emphasized the importance of geo-fencing and digital communication to enhance situational
awareness and rapid response in tactical operations. However, most existing devices address individual functionalities
separately, lacking full integration into a single rugged system.

I11I. PROPOSED METHODOLOGY
The development of the Integrated Tactical Patrolling Stick follows a structured approach, combining embedded
hardware, sensor technology, and communication modules to deliver a cost-effective and intelligent solution form
personal safety and security. The methodology is divided into the following key stages:

1) System Overview

The Integrated Tactical Patrolling Stick is a low-cost, ESP32-based solution designed to enhance the safety of individuals,
particularly security personnel and patrolling officers. The system integrates multiple modules such as GPS for real-time
location tracking, GSM (SIM800L) for communication, OLED display for status updates, and push-button switches for
emergency functions. It is also equipped with a torch, laser, and buzzer for tactical operations and alert notifications.

In case of emergencies, the stick allows the user to send their real-time location to predefined contacts through the GSM
module, while the buzzer and LED provide immediate alerts. The OLED screen displays the operational status, ensuring
ease of use. Powered by a rechargeable battery with a boost converter for stable operation, the system is portable,
lightweight, and reliable.

This integrated design makes it highly suitable for defense, law enforcement, and personal security applications by
ensuring quick response, situational awareness, and reduced dependency on external devices.
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Fig 1: Block Diagram of System

1) ESP32:

The ESP32 is a dual-core microcontroller with built-in Wi-Fi and Bluetooth, ideal for IoT applications. It supports
multiple digital and analog interfaces for easy integration with external components. The board can be programmed using
the Arduino IDE or ESP-IDF, enabling flexible development

2) SIMSO0OL:

The SIM8SOOL is a compact GSM/GPRS module that allows microcontrollers to send SMS, make voice calls, and access
mobile internet over a 2G network. It communicates via serial (UART) and operates on a voltage range of 3.7V to 4.2V,
making it suitable for low-power embedded applications

3) GPS Receiver

A GPS receiver determines accurate location by receiving signals from satellites and communicates with microcontrollers
via UART. Modules like NEO-6M are commonly used for real-time tracking and geo-fencing in embedded systems. It
requires a clear sky view for reliable performance

4) Battery Management System:

A Battery Management System (BMS) ensures safe charging and discharging of batteries by protecting against
overcharge, over-discharge, and overheating. It monitors battery health to extend lifespan and maintain optimal
performance.

5) Batteries:

3S batteries consist of three lithium-ion cells connected in series, providing a combined voltage of around 11.1V (3.7V
per cell). They offer higher voltage output suitable for powering devices that require more power. These batteries are
commonly used in portable electronics, drones, and electric vehicles.

6) Buzzer:

A buzzer is an audio signalling device that produces sound to alert users of warnings or

notifications. It operates using electrical signals and is commonly used in alarms and alert systems. Buzzers are simple,
reliable components often integrated into safety and

communication devices.

7) LED Module:

An LED module is a compact lighting component that emits bright light with low power consumption. It is widely used
for indication, signalling, and illumination in electronic devices. LED modules are durable, energy-efficient, and available
in various colours and sizes for different applications.
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8) Laser Diode:

A laser diode is a semiconductor device that emits coherent, focused light used for precise signalling and targeting. It is
commonly used in communication, measurement, and pointing applications

9) Buck controller:

A buck converter is a DC-DC power converter that steps down a higher voltage to a lower voltage efficiently. It uses
switching components like transistors and inductors to regulate output voltage with minimal energy loss. Buck converters
are widely used in battery- powered and embedded systems for stable voltage supply.

10) Solar Panel:

A solar panel is a device that converts sunlight into electrical energy using photovoltaic cells. It provides a renewable
power source, especially useful in remote or off-grid locations. Solar panels are commonly used in embedded systems
for charging batteries and supporting low-power devices.

11) High Voltage Generator:

A high voltage generator is an electronic circuit that converts low voltage DC into a much higher voltage output, typically
used for applications like stun guns or ignition systems. It operates using components like transformers, oscillators, and
capacitors to boost voltage efficiently. These generators are compact and effective for delivering non-lethal electric
shocks in self-defence tools.

Software Components

* Arduino IDE — for writing, compiling, and uploading code to the Arduino board.

* Embedded C — for programming logic to control and monitor sensors and actuators

IV. CONCLUSION
The Integrated Tactical Patrol Stick (ITPS) is a compact, low-cost solution that enhances safety and efficiency for
personnel in remote, high-risk areas. It combines key features like lighting, signalling, self-defence, and solar/DC
charging with ESP32, GSM, and GPS for real-time tracking and communication. Designed for rugged use, it is well-
suited for border patrol, forest security, and disaster response.
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