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Abstract

The Integrated Tactical Patrolling Stick (ITPS) is a smart, multi-functional device developed to support
military personnel and forest officers working in isolated and high-risk areas like border zones and
dense jungles. It is equipped with a range of defensive and signaling features that enhance user safety
and situational awareness during patrol duties. Among its key components are a flashing LED system
combined with a siren for alert signals, a laser pointer to highlight distant targets or objects, and a
high-voltage generator designed to deliver electric shocks for self-defense. For nighttime visibility, it
includes a high-intensity white light powered by 4 V batteries. To ensure uninterrupted operation,
especially in remote settings, the device uses a combination of solar charging, a DC input port, and an
advanced Battery Management System (BMS). A built-in controller unit efficiently manages all
components and coordinates their functions. Designed for rough terrains, the ITPS combines durability
with ease of use, making it ideal for critical field missions. Beyond defense and illumination, the ITPS
features GPS tracking for live location monitoring and a GSM/GPRS communication module, allowing
real-time alerts and updates to be shared with command units. It also includes a camera module to
capture images or live footage during operations, a panic button for emergencies, and a shock feature
for protection in hostile encounters. The ITPS is powered by a rechargeable 3.7 V lithium-ion battery
supported by solar energy, ensuring reliability in the absence of traditional power sources. Its rugged
yet lightweight build makes it suitable for extended field use. By merging defense, communication, and
surveillance tools into a single compact unit, the ITPS represents a significant advancement in tactical
patrolling gear, offering enhanced security, operational efficiency, and strategic advantage to those on
the frontlines.

Keywords: Tactical patrolling stick, forest patrol, LED and siren alert, military equipment, battery
management system, solar powered device, laser signaling, high voltage generator, night visibility,
real-time control

INTRODUCTION

The Integrated Tactical Patrolling Stick (ITPS) is a scientifically engineered, multifunctional tool
designed to support personnel engaged in field operations within remote and high-risk environments,
such as border surveillance zones and dense forest terrains. The device integrates advanced technologies
into a single compact system, aiming to enhance
situational awareness, communication, navigation,
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and personal safety [1-9]. Conventional patrolling
tools often fall short in addressing the complex and
dynamic challenges faced by military and forest
officers operating under extreme conditions. The
ITPS addresses these limitations by incorporating
features such as Global Positioning System (GPS)
modules, environmental sensors, real-time
communication interfaces, illumination systems,
and non-lethal defense mechanisms [9-13]. This
convergence of functionalities facilitates seamless
data acquisition, threat detection, and rapid
decision-making in field scenarios. Moreover, the
ergonomic and ruggedized design ensures durability
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and ease of use across varied operational contexts. The development of the ITPS reflects a strategic
application of interdisciplinary engineering aimed at augmenting field operability and mission
efficiency [14—18]. This mini project report outlines the design, development, and potential application
of the Integrated Tactical Patrolling Stick (ITPS), an innovative and multi-functional tool tailored to
support security personnel in high-risk and remote operational environments. The ITPS is specifically
engineered to enhance the safety, situational awareness, and communication capabilities of individuals
deployed in sensitive areas such as Naxal-affected zones, dense forest regions, and international
borderlines [19-21]. The device features a robust construction, measuring approximately 3 ft in length,
crafted from lightweight yet high-strength PVC material, making it both durable and easy to carry
during long patrolling missions. A key component of its design is a rectangular compartment embedded
within the stick, which houses the essential electronic modules. These may include GPS tracking,
communication systems, emergency alert mechanisms, environmental sensors, and defensive tools, all
integrated to ensure optimal functionality in the field. The ITPS is built to endure extreme weather and
physically demanding terrains, allowing personnel to maintain communication, navigate effectively,
and respond swiftly in emergency situations. By consolidating multiple tactical utilities into a single
device, the ITPS not only lightens the operational load but also improves coordination and safety,
making it a crucial asset for modern security and forest patrolling operations.

LITERATURE SURVEY

Development of the Integrated Tactical Patrol Stick (ITPS) is inspired by extensive research into
multi-functional, portable security tools tailored for high-risk environments. Various studies and
technologies form the foundation for ITPS’s features, as outlined below:

1. Multifunction Patrol Equipment:. Research on field-ready tactical tools emphasizes the
integration of illumination, defense, and communication systems into a single device. These
studies underline the importance of compact design and ease of use for personnel in forests,
border, and insurgency-affected areas [22-25].

2. Ultrasonic Animal Repellents: Several studies have demonstrated the use of ultrasonic sound
emitters (20-40 kHz) for deterring wild animals. Devices tested in forest zones showed
effectiveness up to 10—15 m, validating their use for wildlife protection during night patrols
[26-28].

3. Emergency Alert Systems: Literature on security communication systems supports the
implementation of emergency buttons, buzzers (100 dB), and blinking LEDs for quick distress
signaling. These systems have proven vital in reducing response time during ambushes
or medical emergencies [29-31].

4. Solar-Based Power Solutions: Portable systems powered by solar energy have gained traction in
security and defense applications. Studies advocate for dual charging options (solar and DC),
enabling device operation in off-grid areas, essential for border and forest personnel [32-38].

PROPOSED METHODOLOGY

The Integrated Tactical Patrol Stick (ITPS) employs a multidisciplinary approach, combining
renewable energy technology with tactical field applications to enhance the safety and effectiveness
of security personnel operating in high-risk environments. The device is designed as a 3-ft-long stick
made of lightweight, high-strength PVC, housing various electronic components within a protective
rectangular compartment. Central to the ITPS is its solar energy system, which includes an integrated
photovoltaic panel capable of charging a lithium-ion battery [39—41]. This battery powers all onboard
features and can also be charged via a standard DC jack for rapid charging in base camps. Light
Dependent Resistors (LDRs) are utilized to detect sunlight intensity and guide servo motors to adjust
the solar panel’s angle, thereby maximizing solar energy capture throughout the day. For field
operations, the ITPS incorporates several key tactical features: a high-intensity LED flashlight for
night visibility, a laser module for silent long-range signaling, a stun gun delivering up to 1100 V for
non-lethal self-defense, and an ultrasonic animal repellent emitting 20—40 kHz frequencies to deter
wildlife [42—47]. Additionally, an emergency alert system is embedded into the device, activated via
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a button that triggers both a 100 dB buzzer and a blinking red LED to signal distress. All components
are efficiently managed by the central power system, ensuring continuous operation with optimized
energy distribution. This integrated methodology allows the ITPS to function reliably in remote and
hostile environments, providing critical support to personnel with minimal dependency on external
power sources.

Hardware Description

e Solar Panel: Converts sunlight into electrical energy to charge the battery and power the system.

e  Buck Controller.: Steps down and regulates the solar panel’s voltage to safely charge the lithium-
ion battery.

e Battery Management System: Ensures safe operation of the 3.7 V lithium-ion battery by
protecting against overcharge, over-discharge, and short circuits.

o High Voltage Generator: Boosts 3.7 V to a high voltage (up to 1100 V) to operate the stun
feature for non-lethal self-defense.

e 3x3.7V Li-ion batteries: Serves as the main power source with a typical capacity of 2200—
3000 mAh. It stores solar energy and powers all system components.

e Laser Diode: Emits, a narrow laser beam used for signaling and direction marking in low-
visibility conditions.

e LED Module: Provides illumination (torch) and emergency flashing for visibility and
signaling in dark environments.

WORKING

The Integrated Tactical Patrol Stick (ITPS) is a multifunctional, autonomous security tool designed
to support personnel in patrol tasks, especially in difficult terrain such as forest areas, border zones
and rural environments [48—50]. It is specifically designed to improve the safety, communication and
operational efficiency of security forces, forest guards and border guards working in low-resource and
high-risk environments. Furthermore, Figure 1 shows the block diagram of the system.

Self-powered Power Supply System

At the heart of the ITPS is a self-sufficient power supply mechanism based on a rechargeable 3.7 V
lithium-ion battery. This type of battery is often used in compact electronic devices due to its low
weight, high energy density and recharge ability. The ITPS system is designed to operate independently
without frequent reliance on external power sources, a crucial factor in remote or on-site applications
[51-55].

To ensure continuous operation, the ITPS is equipped with a solar power system. A compact solar
panel is mounted on the outside of the pole's shaft and strategically positioned to maximize sunlight
during daytime patrols. The energy generated from the sunlight is converted into electrical energy and
stored in the lithium-ion battery. This solar-based construction not only enhances system sustainability
and energy independence but also reduces reliance on external power sources, thereby ensuring
uninterrupted functionality even in remote or off-grid locations [56—59].

To manage and stabilize the harvested energy, the system uses a step-down converter, a type of
DC/DC converter that reduces the input voltage to the safe charging limits of the battery. This converter
ensures that the voltage supplied to the battery remains within the optimum range to prevent damage
from overvoltage [60—63].

A battery management system (BMS) is also integrated into the circuit. The BMS performs important
functions including:

e Monitoring charge and discharge cycles.

e Preventing overcharging, which can lead to battery swelling or fires.

e Preventing deep discharge, which can permanently damage the battery.
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o Regulation of the current flow to protect against short circuits or overheating.
e The BMS significantly increases the safety and service life of the battery and makes the entire
power supply system both reliable and robust.

For situations in which charging by solar energy is not possible, such as during night patrols or under
cloudy skies, the ITPS has a DC charging connection. This allows the device to be charged quickly in
base camps or control rooms using a standard 5 V DC power supply unit or adapter [64—68]. The quick-
charging function ensures minimum downtime and longer operational capability under field conditions.

Energy Distribution and Control

The energy stored in the battery is distributed to various modules embedded in the ITPS. Each of
these modules is individually controlled by special switches so that the user can only activate the
functions required in each case. This design promotes energy efficiency and ensures that the battery is
not unnecessarily drained by inactive components. It also simplifies use in critical moments when a
quick response is required [69-71].

Solar panel

Led
flashlight

Ultrasonic
repellent

Power
management

Laser signal

Figure 1. Block diagram of the system.
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Night Vision Torch

One of the most important components of the ITPS is the very bright LED torch, which provides light
during night patrols or in dark environments. The LED is powered directly from the battery, which
ensures a strong and consistent brightness. The torch is particularly useful for navigating rough terrain,
inspecting suspicious areas or recognizing potential threats at night. Thanks to its long range and energy
efficiency, it is ideal for prolonged outdoor use [72].

Laser Diode for Signaling

To support discreet communication, especially in hostile environments or in situations requiring
silence, a laser diode is integrated into the stick. This diode emits a focused beam of light when activated
by a push button switch. It allows personnel to send visual signals over long distances without
generating noise, making it ideal for tactical operations or group coordination during night patrols. This
function can also be used to mark objects from a distance, further enhancing the tactical utility of the
stick [73].

Non-lethal Self-defense System

Security personnel working in remote areas are often threatened by both humans and wild animals.
To improve their protection, the ITPS has a high-voltage generator that converts the 3.7 V battery
voltage into around 1100 V. This voltage is delivered to electrodes at the tip of the rod, which can
deliver a non-lethal electric shock when triggered. Although the shock is not intended to cause
permanent damage, it is strong enough to deter attackers or create an escape route [42, 45].

This self-defense mechanism acts as a stun device and provides patrol officers with a reliable, hand-
held safety tool for emergency confrontations. The system is securely locked and only activates when
manually triggered to prevent accidental discharge.

Ultrasonic Animal Repellent

During forest patrols, encounters with wild animals pose a considerable risk. That is why the ITPS is
equipped with an ultrasonic buzzer module that emits sounds in the 2040 kHz range, above the human
hearing threshold but within the range that disturbs animals such as dogs, elephants, wild boar and other
wildlife. This function acts as a non-violent deterrent and helps patrol officers to avoid close contact or
attacks from animals. The sound can be activated via a special switch if required and is particularly
useful on dense forest paths or during night shifts [74].

Emergency Alarm System

Emergencies such as injuries, attacks or medical problems can occur during a patrol. The ITPS is
therefore equipped with a panic button, an important function that can be used to summon help quickly.
When this button is pressed, it is activated simultaneously:

e A high-frequency buzzer that emits a loud warning tone.

e A flashing red LED that serves as a visual distress signal.

RESULTS

After assembling the Integrated Tactical Patrol Stick (ITPS), the complete system was rigorously
tested to evaluate its functionality and performance under simulated field conditions. The device
successfully demonstrated all integrated features: illumination, signaling, self-defenses, emergency
alert, and animal repellent, during controlled lab trials. Each module was activated individually and in
combination to assess power consumption, effectiveness, and reliability.

The torch module provided sufficient illumination for visibility up to 20 m in complete darkness.
The laser diode proved effective in clear signaling over distances exceeding 50 m, ensuring discreet
communication during patrolling. The ultrasonic animal repellent operated within a frequency range of
2040 kHz and successfully deterred small animals such as dogs and rodents in test scenarios. The high-
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voltage stun gun produced a visible and audible spark with an output above 1000 V, confirming its
readiness for emergency self-defense situations.

The emergency buzzer and LED module generated a loud 100 dB sound and a blinking red light,
which was clearly noticeable over a 25-m range, thus proving effective for alerting teammates during
distress situations.

CONCLUSION

The Integrated Tactical Patrol Stick (ITPS) is a revolutionary tool designed to meet the unique
challenges faced by security personnel in high-risk environments such as Naxal-affected areas, forests,
and border zones. By combining essential functions such as illumination, signaling, self-defense,
wildlife deterrence, emergency alert, and dual-mode charging, into a single compact and portable
device, the ITPS enhances situational awareness, operational safety, and responsiveness. Its use of solar
energy ensures sustainability in remote areas, and its rugged construction guarantees reliability in harsh
conditions. With a focus on non-lethal defense and resource efficiency, ITPS offers a modern, eco-
friendly solution for frontline security operations.
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