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Abstract

The development of an Automatic Rotary Grenade Launcher Control System for military turrets using the Controller
Area Network (CAN) protocol enhances battlefield efficiency and automation. This system integrates a
microcontroller-based control unit, sensor networks, and real-time data transmission to optimize targeting and firing
mechanisms. By utilizing the CAN protocol, communication between turret components ensures high-speed, reliable,
and interference-free operation. The proposed system includes automated target acquisition, trajectory correction,
and remote control capabilities, improving precision and reducing operator workload. This design contributes to
modern warfare by increasing firepower effectiveness and reducing response time in combat scenarios.
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Introduction

Modern warfare increasingly relies on automation and smart systems to enhance combat effectiveness and ensure
soldier safety. The development of an Automatic Rotary Grenade Launcher (RGL) Control System for military turrets
using the Controller Area Network (CAN) protocol offers a significant improvement in automated threat detection
and response. This project focuses on integrating CAN communication with a military turret to detect enemy threats,
assess their intensity, and engage targets effectively without manual intervention.

Problem Statement

Military turrets require efficient and rapid response mechanisms to counter enemy threats. The proposed system
automates the operation of a rotary grenade launcher (RGL) by utilizing a laser warning system to detect enemy
targeting. It then evaluates the direction and intensity of the threat and autonomously decides whether to fire at the
enemy or execute evasive maneuvers. The CAN protocol ensures seamless communication between different
components, enhancing real-time responsiveness and vehicle survivability in combat situations.

Objectives

1. Develop an automated control algorithm for the rotary grenade launcher using the CAN protocol:
The primary objective is to design and implement an advanced automated control algorithm that governs
the operation of a rotary grenade launcher mounted on a military turret. This algorithm will be integrated
with the Controller Area Network (CAN) protocol, enabling seamless communication between various
system components such as sensors, actuators, and the central processing unit. By utilizing CAN, the system
ensures high-speed, reliable, and interference-free data exchange, crucial for real-time operations in combat
environments. The automation of the grenade launcher will enhance precision, reduce manual intervention,
and improve operational efficiency.
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Implement a laser warning detection system to identify enemy targeting and respond accordingly:
To enhance situational awareness and threat detection, the system will incorporate a laser warning detection
system (LWDS) capable of identifying enemy laser-guided targeting systems. The LWDS will detect and
analyze incoming laser signals from hostile forces, providing real-time alerts to the automated control system.
This capability ensures that the rotary grenade launcher can respond swiftly to enemy targeting threats,
reducing the risk of vehicle compromise and improving overall battlefield survivability.

Enable automatic engagement of threats by triggering smoke grenades or countermeasures without human
intervention:

The system will be designed to enable automatic engagement of threats by deploying smoke grenades or
other countermeasures without human intervention. Once a threat is identified by the laser warning system
or other surveillance mechanisms, the control system will assess the level of danger and autonomously trigger
appropriate defensive actions. This feature allows the military vehicle or turret to remain protected even in
situations where human operators may not react quickly enough, thereby improving defense mechanisms in
high-risk scenarios.

Ensure real-time response to multiple threats with minimal latency, enhancing vehicle protection and
effectiveness:

A key objective is to ensure a real-time response to multiple threats simultaneously, minimizing system
latency and maximizing defensive effectiveness. The automated system will utilize advanced processing
algorithms to prioritize and respond to incoming threats in the shortest time possible. By leveraging the high-
speed communication capabilities of the CAN protocol, the system will coordinate multiple sensors and
actuators efficiently, ensuring rapid and precise countermeasures. This objective directly contributes
to enhancing vehicle protection and overall battlefield effectiveness, providing military forces with a
significant tactical advantage.

These objectives collectively aim to modernize military turret systems by integrating intelligent automation,
rapid threat detection, and real-time response capabilities, ultimately enhancing combat efficiency and troop
safety.

Methodology

The system architecture consists of several key components that enable efficient control and operation:

Components Used:

1.
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STM32 Microcontroller (Transmitter & Receiver)

The STM32 microcontroller serves as the core processing unit for the system, handling both transmission
and reception of data between turret components. It facilitates Controller Area Network (CAN)
communication, ensuring seamless data exchange between sensors, actuators, and the control system. The
microcontroller is responsible for executing the automated control algorithm, processing input signals, and
making real-time decisions regarding turret movement, grenade launching, and countermeasure deployment.

Accelerometer

The accelerometer is used to detect changes in the movement and orientation of the turret. It helps
monitor vibrations, sudden impacts, or shifts in positioning, ensuring that the system adapts dynamically
to terrain variations or external forces. The accelerometer data is crucial for maintaining stability and
accuracy when aiming and firing grenades, especially in mobile applications such as armored vehicles.

Angle Potentiometer

The angle potentiometer is a sensor that measures the rotation angle of the turret. This component
provides feedback to the control system, allowing precise angular positioning for targeting and automated
firing adjustments. By continuously monitoring turret movement, the potentiometer ensures that the launcher
aligns correctly with the intended target, enhancing firepower accuracy and response time.
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4.

LCD Display

The LCD display provides real-time system status updates, enabling operators to monitor critical
parameters such as:

e Turret position and angle

e  System readiness and power status

e Threat detection alerts

e  Operational mode (manual/automatic)

This visual interface is essential for operators to quickly assess the system's functionality and take
control if necessary.

CAN Protocol (MCP2515 Module)

The MCP2515 module is a CAN (Controller Area Network) communication controller that ensures
reliable data exchange between different turret components. It enables real-time communication between
the STM32 microcontroller, sensors, actuators, and the fire control system, ensuring synchronization
and rapid response to threats. The use of the CAN protocol minimizes latency and data corruption, making
it highly suitable for military applications requiring high-speed, interference-resistant communication.

Power Supply Unit

The power supply unit (PSU) provides a stable and continuous power source for all components of the
system. Given that the military turret operates in demanding environments, the power supply must be
designed to withstand fluctuations, shocks, and harsh conditions. The PSU ensures uninterrupted operation,
preventing system failures during critical moments.

Switches (Left and Right) for Manual Override

The left and right switches function as manual override options, allowing operators to take direct control
of the turret if needed. These switches provide flexibility by enabling manual turret rotation and firing,
ensuring continued operation in case of system malfunctions or specific tactical scenarios where human
intervention is preferred.

Working Mechanism

1.
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Threat Detection

The system is equipped with an integrated laser warning receiver (LWR) that continuously scans the
surroundings for laser-based threats. These threats typically originate from enemy laser rangefinders,
laser-guided weapons, or target designators. Once a laser signal is detected, the system identifies its
characteristics, such as wavelength, pulse repetition frequency, and intensity, to differentiate between
harmless laser sources and actual threats.

Data Processing

After detecting a potential threat, the system analyzes the intensity and direction of the incoming laser
signal. This step is crucial for determining:

e The exact location from which the laser is being emitted.

e The type of threat (e.g., laser-guided missile lock-on, reconnaissance targeting).
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e Theurgency of the situation (e.g., immediate danger vs. preliminary targeting).
This data is processed by the STM32 microcontroller, which ensures real-time decision-making
based on the threat’s severity.

3. Decision Making

The system utilizes a predefined threat-response logic to determine the appropriate action. The decision-
making process involves:

e Evaluating the level of threat (low, medium, or high).
e Assessing environmental conditions (terrain, visibility, and allied forces' positions).
e  Choosing the best countermeasure, which could be:

e Active engagement: If the threat is classified as a high-priority target, the Rotary
Grenade Launcher (RGL) is automatically aimed at the enemy and fired.

o Defensive countermeasures: If direct engagement is not viable, smoke grenades or
other obscuration techniques are deployed to block the attacker's line of sight.

4. Action Execution
Once the decision is made, the system executes the selected response with precision and minimal delay:

o If engagement is required, the RGL turret adjusts its angle using feedback from the angle
potentiometer and accelerometer to precisely target the enemy position before firing.

o If defensive measures are necessary, the system launches smoke grenades to create a visual
barrier, concealing the military vehicle or structure from enemy sight.

e Manual override remains available, allowing operators to take control in critical situations.
5. CAN Communication for Fast and Synchronized Operations

The STM32 microcontroller (transmitter) sends operational commands through the Controller Area
Network  (CAN) protocolto  the STM32  receiver, ensuring high-speed,  synchronized
communication between different system components. This ensures that:

e Threat detection data is instantly relayed to the firing system.
e The turret positioning system adjusts in real time to target threats accurately.

o Defensive countermeasures are triggered without latency, enhancing protection against laser-
guided attacks.

6. Feedback and Monitoring

Throughout the operation, the system provides real-time updates on an LCD display, offering critical
insights such as:

e  Current system status (active/passive mode).
e Threat detection alerts, including location, intensity, and type of threat.
e Engagement logs detailing actions taken (e.g., number of grenades fired, smoke deployment).

e Manual override status, allowing operators to switch between automated and manual control if
needed.
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By implementing this structured operational flow, the Automatic Rotary Grenade Launcher Control
System ensures rapid, precise, and autonomous threat response, enhancing the combat readiness and
survivability of military forces in high-risk environments.

Implementation of CAN Protocol in the Automatic Rotary Grenade Launcher Control System
Overview of the Controller Area Network (CAN) Protocol

The Controller Area Network (CAN) protocol is a message-based communication system designed for real-time,
high-reliability data transfer. Initially developed for the automotive industry, CAN has become widely used
in military, industrial automation, and aerospace applications due to its robustness, error-handling capabilities, and
ability to support multiple nodes efficiently.

In the Automatic Rotary Grenade Launcher (RGL) control system, the CAN protocol plays a crucial role
in synchronizing communication between sensors, actuators, and control units, ensuring seamless operation and rapid
response in combat situations.

Role of CAN in the RGL System
The CAN protocol enables efficient data exchange between key components of the system, including:
e  STM32 microcontroller (transmitter and receiver): Manages turret control and decision-making.

e Sensors (Laser Warning Receiver, Accelerometer, Angle Potentiometer): Detects threats and provides real-
time data.

e Actuators (Grenade Launcher Firing Mechanism, Smoke Deployment System): Executes countermeasures
based on detected threats.

e LCD Display: Provides status updates and system logs.

The message-based nature of CAN ensures that multiple system components can transmit and receive data without
conflicts, enabling simultaneous threat detection, targeting, and response execution.

CAN Protocol Implementation Using the MCP2515 Module

The MCP2515 module is a standalone CAN controller that interfaces with the STM32 microcontroller via the Serial
Peripheral Interface (SPI). It is responsible for encoding, transmitting, and decoding CAN messages, ensuring efficient
and reliable communication across system components.

Key Features of the MCP2515 in This System:
1. Supports High-Speed Data Transmission:
e The MCP2515 module allows CAN communication at speeds ranging from 50 Kbps to 1 Mbps.

e High-speed communication ensures real-time threat response, crucial for military applications.

2. Long-Distance Communication Capability:

e At lower speeds, the CAN network can transmit data up to 1000 meters without significant signal
degradation.

e This is essential for armored vehicles, remote-controlled turrets, and battlefield networks, where
long-range communication between multiple systems is necessary.
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3. Error Detection and Fault Tolerance:

e The CAN protocol has built-in error-checking mechanisms, including Cyclic Redundancy Check
(CRCQ), bit stuffing, and acknowledgment frames, ensuring reliable message transmission.

e In ahigh-risk combat environment, this prevents data corruption and ensures that turret responses
are executed correctly.

4. Multi-Node Communication Without Data Collisions:

e  Multiple components (e.g., sensors, controllers, actuators) communicate on the same CAN bus,
avoiding message collisions through a priority-based arbitration system.

e This means that critical messages, such as threat detection alerts, are processed immediately, while
lower-priority messages, like system status updates, are queued accordingly.

CAN Protocol Workflow in the RGL System
1. Threat Detection & Data Transmission
e The Laser Warning Receiver (LWR) detects an enemy laser-based targeting system.

e The STM32 microcontroller (transmitter) encodes this information into a CAN message and sends
it over the CAN bus.

2. Data Processing & Decision Making

e The STM32 microcontroller (receiver) reads the CAN message and determines the appropriate
response based on pre-programmed logic.

3. Turret Adjustment & Countermeasure Deployment

e The STM32 controller sends CAN messages to the turret motor control system for precise rotation
and targeting.

¢ If engagement is necessary, a command is transmitted to fire the grenade launcher.
o If defensive measures are required, the system deploys smoke grenades.

4. Feedback & Monitoring
e The LCD display receives data via CAN, providing real-time system status updates to operators.

e Alog of detected threats, executed actions, and system performance is maintained for review.

Advantages of Using CAN Protocol in the RGL System

e High-Speed & Reliable Communication: Ensures fast response times in combat situations.
e Error Detection & Data Integrity: Prevents transmission errors and ensures accurate execution of commands.

e Supports Multiple Devices on a Single Network: Enables seamless interaction between sensors, actuators,
and control units.
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e Long-Range Data Transmission: Extends up to 1000 meters at lower speeds, ensuring communication in
large battlefield zones.

e  Efficient Arbitration Mechanism: Ensures high-priority messages (e.g., threat alerts) are processed without
delay.

By implementing the MCP2515-based CAN protocol, the Automatic Rotary Grenade Launcher Control
System achieves enhanced automation, rapid decision-making, and improved battlefield survivability.

Applications
e Automotive: Used for interconnecting Electronic Control Units (ECUs) in military and commercial vehicles.
e Industrial Automation: Enables seamless communication between sensors, actuators, and controllers.

o Internet of Things (IoT): Helps in developing CAN-based 10T networks for various defense and security
applications.

Results and Expected Outcomes

The proposed system successfully enhances military turret automation, ensuring quick and reliable response to threats.
The integration of the CAN protocol minimizes latency and maximizes operational efficiency. The system’s real-time
threat detection and response capabilities significantly improve battlefield survivability and reduce the risk to
personnel.

Conclusion

The Automatic Rotary Grenade Launcher Control System using CAN protocol offers an advanced and efficient
solution for military turrets. By automating threat detection, response, and communication, this system
enhances combat readiness and vehicle survivability. The reliable and real-time capabilities of the CAN protocol make
it an ideal choice for modern military applications.
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MK 19, 40-mm Grenade Machine Gun, MOD 3
This field manual provides comprehensive details on the operation and maintenance of the MK 19 grenade
launcher, including control mechanisms and system integration.
Link to document

Grenade Launcher Overview
An article detailing various grenade launcher systems, their functionalities, and deployment in military
operations.

Link to article

Load of Remote Controlled Battle Station Upper Carriage with Integrated Automatic Grenade
Launcher

This paper discusses the integration of an automatic grenade launcher onto a remote-controlled combat

platform, including modeling and dynamic analysis of the system.
Link to paper
Reutech Rogue Remote Weapon System

An overview of the Reutech Rogue, a remotely controlled turret system capable of mounting various
weapons, including automatic grenade launchers, highlighting its control systems and operational
capabilities.

Link to article

Common Remotely Operated Weapon Station (CROWS)
This resource provides information on the CROWS system, a remote weapon station used by the U.S.
military, capable of mounting grenade launchers and utilizing advanced control protocols for operation.
Link to article

Modular Advanced Armed Robotic System (MAARS)
An article detailing the MAARS robot, which includes integration of grenade launchers with remote control
capabilities, emphasizing its design and deployment in military scenarios.
Link to article

Squad Weapons Student Handout
This handout provides insights into various squad-level weapons, including grenade launchers, and discusses
their control mechanisms and integration into military units.
Link to document

Ukrainian Robotic Grenade-Launcher Turret Enters Serial Production
An article reporting on the development and production of a robotic turret system equipped with a grenade
launcher, focusing on its control systems and battlefield applications.
Link to article

Automatic Grenade Launcher on Remote Controlled Turret - Video Demonstration
A video showcasing the operation of an automatic grenade launcher mounted on a remote-controlled turret,
demonstrating its control features and firing capabilities.
Link to video

Know Your Tasks: MK19 Grenade Launcher - Training Video
A training video providing detailed instructions on the operation and handling of the MK19 grenade launcher,
including aspects of control and maintenance.
Link to video
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