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Abstract: This paper presents an integrated radar-based military security system with a projectile-based rocket launching
mechanism. For real-time object detection and ranging, the system uses an Arduino-controlled radar unit with an ultrasonic
sensor fixed on a servo motor. The radar finds targets within its operational range by scanning a predetermined area. Automatic
acquisition and processing of detected objects enables the rocket launcher to modify its trajectory for increased accuracy. Real-
time data collection, processing, and control are made possible by the Arduino platform, which allows for smooth
communication between the radar and launcher. The launching system's effectiveness is greatly increased in a variety of
operational scenarios thanks to this automated integration, which enables dynamic target locking and trajectory correction.
Keywords: Arduino, Automated targeting, Military security, Radar system, Real-time processing, Rocket launcher, Trajectory
adjustment, Ultrasonic sensor
I. INTRODUCTION

The precise distance measurement and motion detection capabilities of radar technology make it indispensable for modern defence
and surveillance systems. These systems play critical roles across different applications including autonomous navigation systems and
military operations as well as remote location monitoring tasks. Ultrasonic radar systems provide a reliable and inexpensive
replacement for traditional radar systems which detect objects over long distances using electromagnetic waves.
The research presents an innovative ultrasonic radar system which utilizes an Arduino microcontroller to operate an ultrasonic sensor
attached to a servo motor. The system employs reflected ultrasonic waves to continuously monitor its surroundings for obstacle
detection by calculating their distances. The system generates an up-to-date representation of its operational environment using
processed data from real-time sources which enables versatile functionality across different scenarios. The system's functionality
expands when the ultrasonic radar integrates with a rocket launcher that uses projectiles. The system utilizes real-time sensor data to
achieve automated target engagement and detection along with precise aiming capabilities. The launcher's autonomous trajectory
adjustment capability significantly improves both targeting accuracy and operational response time. The system elevates decision-
making speed while diminishing error rates in critical defence situations through reduced human involvement.
The research article examines the process of designing, developing and implementing the new ultrasonic radar-guided rocket
launching system. Automatic security frameworks represent one of several civilian applications made possible through this
integration. The remainder of the paper is organized as follows: Section 11 discusses related work in radar-based automation, Section
Il outlines the system design and hardware configuration, Section 1V presents experimental outcomes, Section V presents
applications and future enhancements, and Section V11 concludes.

Il. LITERATURE SURVEY
G. Bhor et al. [1] developed a mini radar system for short-range object detection, using ultrasonic sensors to track and measure
distances accurately. Their approach demonstrated the effectiveness of low-cost ultrasonic systems in radar applications.
D. B. Kadam et al. [2] introduced an Arduino-based moving radar system, incorporating servo motors and ultrasonic sensors to enable
dynamic scanning and real-time tracking of obstacles. Their work highlighted the benefits of integrating servo mechanisms for
enhanced scanning efficiency.
T. P. Rajan et al. [3] discussed range detection based on ultrasonic principles. Their study explored how ultrasonic waves can be
employed for measuring distances and detecting object positions, a principle leveraged in our radar system for real-time
environmental mapping.
P. S. Abhay et al. [4] reviewed ultrasonic radar sensors for security applications, emphasizing their role in intrusion detection and
automated surveillance. This study supports our system's potential application in security and defence.
Shamsul A. et al. [5] designed an ultrasonic distance meter, demonstrating the feasibility of ultrasonic technology in precise ranging
applications. This aligns with our approach to tracking and targeting objects in real-time.
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1. METHODOLOGY

A. System Design and Architecture:

The system combines ultrasonic radar technology with an automated projectile-firing mechanism to achieve real-time detection and

engagement of targets. The system utilizes an Arduino Uno microcontroller to process sensor data and control peripheral

components specifically for short-range applications. The architecture consists of three main layers:

e Hardware Layer: Consists of the ultrasonic sensor, servo motor, rocket launcher, and power supply circuits needed to run these
components.

e Software Layer: Manages real-time distance measurements, scanning algorithms, object plotting, and firing logic executed
through programming in the Arduino IDE.

e User Interface Layer: Will have a GUI that allows someone to view the scanned data in real-time giving the user the ability to
monitor the position of objects scanned, along with performance information of the radar.

The system architecture allows for modularity meaning each component can be tested, calibrated, and improved upon individually

which will provide flexibility for future improvements.

Figure 1. Hardware System Implementation

B. Components selection and setup:

The hardware of the system consists of the following major components:

e Arduino Uno: Acts as the central processing unit, managing sensor data and servo movement.
e Ultrasonic Sensor: Measures the distance to objects based on sound wave reflection.

e Servo Motor: Rotates the ultrasonic sensor to scan the surroundings.

e Rocket Launcher: A projectile-firing mechanism that operates based on radar inputs.

e  Power Supply: Provides the necessary voltage and current for system operation.

The following is the software module:

e Arduino IDE: Used to program sensor logic, motor control, object plotting, and launcher triggering.

e GUI: Displays a radar-like visual showing the angular position and distance of detected objects in real-time.

e Trigger Logic: Embedded within the Arduino firmware, this logic monitors target distance and activates the launcher when the
object is within a predefined threshold.

C. Circuit Design and Integration:

The ultrasonic sensor is connected to the Arduino through digital input-output pins, and the servo motor is programmed to rotate the
sensor at predefined angles. The circuit design was implemented using Fritzing software and tested on a breadboard setup.

The rocket launcher was integrated with the radar system by using real-time distance data to control the projectile firing mechanism.
The Arduino processes the detected object’s position and sends a command to aim and fire when a target is within range.
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(a) No Object Detected

(b) Object Detected

(c) Obiect Detected (fade)

Figure 2. Working of the RADAR

IV. EXPERIMENTAL RESULTS AND ANALYSIS

The system was also experimented with under varying conditions, like indoors in a controlled environment and outdoors in an open
environment, to check its efficiency and reliability. The ultrasonic radar accurately sensed objects within a distance of 40 cm with
less than 5% variation in accuracy. The system mapped sensed objects in real-time efficiently, and their locations were marked with
high accuracy on the graphical user interface (GUI). The radar performance was consistent across different lighting and
environmental conditions, exhibiting its versatility. The system was also tested against varying levels of background noise, which
proved its ruggedness in identifying genuine echoes against unwanted interference.

The radar-guided rocket launcher was tested through a series of trial sessions to assess its aiming accuracy and responsiveness. The
real-time integration of radar input allowed the launcher to precisely hit stationary and moving targets with a significantly reduced
margin of error. The accuracy of aiming was greatly improved through continuous data acquisition and high-speed response
algorithms, so that the launcher dynamically adjusted its trajectory. The system was tested against targets moving at different speeds
and directions. The results indicated excellent tracking capability with the launcher quickly locking onto and striking targets with no
noticeable delay. The results also indicated safety features to prevent accidental firing, thus ensuring operation under real-world
conditions.

V. APPLICATIONS AND FUTURE ENHANCEMENTS
A. Potential Applications
1) Military and Defence
e Automated projectile targeting systems for precision strikes.
e Enemy movement tracking for enhanced situational awareness.
e Autonomous defence mechanisms for border security.

2) Surveillance

o Object tracking and motion detection for security monitoring.

e Perimeter protection in restricted areas using automated detection.
o Intrusion alert systems for enhanced facility security.
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3) Navigation

o Obstacle avoidance in autonomous vehicles, including drones and robots.

o Improved guidance systems for blind individuals using radar-assisted navigation.
e Enhanced object recognition for self-driving cars in urban environments

B. Future Enhancements
1) Increasing Detection Range:
o0 Use of high-frequency ultrasonic sensors for longer-range detection.
0 Integration of multiple sensors for a 360-degree coverage area.
2) Enhancing the Graphical User Interface (GUI):
0 Real-time 3D visualization for improved target tracking.
0 Interactive display to monitor multiple targets simultaneously.
3) Implementing Machine Learning Algorithms:
0 Adaptive target tracking to distinguish between moving and stationary objects.
0 Al-based predictive analysis for better target engagement.
0 Self-learning system to improve accuracy over time.

VI. DISCUSSION

The ultrasonic radar-guided projectile system was a robust and effective tool of real-time target detection and self-targeting. The
incorporation of ultrasonic sensors with a graphical user interface (GUI) provided precise tracking and easy visualization, enhancing
usability as well as system response. The synergy of servo motors with real-time radar information facilitated dynamic target
mapping as well as enhanced aiming precision while testing.

But there were some limitations such as the range limitation of detection and limits of GUI visualization. These can be enhanced in
the future with the usage of features such as higher frequency sensors, 3D mapping, or machine learning algorithms for more
"smarter" tracking. To make the system more versatile, improvements in scan coverage and sensor fusion techniques can enhance
the flexibility and scalability of the system to perform better in real-world defense or surveillance applications.

VII. CONCLUSION
The evolution of the ultrasonic radar-integrated projectile system showed a real-world solution for short-range detection and
automated targeting. The system proved to successfully achieve reliable performance in obstacle detection and dynamic target
engagement, with indications of its applicability in defence and security fields.
Although there are some limitations on range and visualization, the system is still affordable, energy efficient, and scalable.
Upgrades in the future—e.g., integration with machine learning, increased detection range, and better visualization—may have a big
impact on performance. Overall, the project presents a cost-effective and scalable method for radar-based automated systems.
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