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Abstract

An Arduino-based missile defense radar system is a low-cost, real-time tracking and detection solution
designed for small-scale security applications. This system utilizes ultrasonic or microwave radar
sensors interfaced with an Arduino microcontroller to detect and track moving objects. The collected
data is processed to determine object distance, speed, and trajectory, triggering an alert mechanism if a
potential threat is identified. The system integrates wireless communication for remote monitoring and
can be enhanced with Al-based target classification. This paper surveys existing radar defense
technologies, compares them with Arduino-based implementations, and explores the feasibility of low-
cost missile defense systems for research and educational purposes.
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1. INTRODUCTION

Missile defense systems play a crucial role in modern security by detecting, tracking, and intercepting
incoming threats. Traditional radar-based defense systems are highly sophisticated but expensive,
limiting their accessibility for research and educational purposes. An Arduino-based missile defense
radar system offers a cost-effective alternative, utilizing microcontrollers and radar sensors to detect and
track moving objects in real-time. This survey explores existing radar defense technologies, compares
them with Arduino-based implementations, and evaluates their feasibility for low-cost defense
applications. The study aims to highlight advancements, challenges, and future prospects of affordable
radar-based threat detection systems.

Several research efforts have focused on developing radar-based defense systems, ranging from military-
grade solutions to low-cost experimental models. High-end systems like THAAD, Iron Dome, and Aegis
use advanced radar and Al-driven tracking for missile interception. In contrast, Arduino-based radar
systems have been explored for small-scale applications, leveraging ultrasonic, Doppler, and microwave
sensors for object detection. Studies have demonstrated Arduino’s capability to interface with radar
modules for motion tracking and distance measurement. Researchers have also integrated machine
learning for target classification and loT for remote monitoring. This section reviews these
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contributions, comparing methodologies, sensor technologies, and system architectures to assess their
relevance for low-cost missile defense applications.

(A)Hardware system design for Arduino:

Arduino hardware system design involves selecting a suitable microcontroller, managing power supply
requirements, integrating sensors and actuators, implementing communication protocols (UART, 12C,
SPI, Wi-Fi, Bluetooth), and designing custom circuits or PCBs for efficient and scalable embedded
system applications.

(B) System circuit design:

System circuit design involves the process of planning, developing, and integrating various electronic
components, including microcontrollers, sensors, actuators, power management units, and
communication interfaces, to create a functional and efficient embedded system. This process includes
selecting appropriate components based on power requirements, signal processing needs, and
communication protocols such as UART, 12C, SPI, or wireless technologies like Wi-Fi and Bluetooth.
Additionally, it requires designing printed circuit boards (PCBs) using software tools like Eagle or
KiCad, ensuring proper grounding, noise reduction, and thermal management for reliability and
performance. The final design is tested and optimized to meet application-specific requirements,
enabling robust and scalable hardware implementation.

Figure 1.1: System circuit design

(C)Radar information:

Radar is a technology used to detect and track objects by emitting radio waves and analyzing the
reflected signals, which are used to determine the distance, speed, and direction of the target. It operates
through the transmission of electromagnetic waves from a transmitter, which bounce off objects in the
environment, and the receiver captures the reflected signals to calculate parameters such as distance (via
time delay), speed (via Doppler shift), and size or shape (via signal return characteristics).

2. LITERATURE SURVEY

Several studies have explored radar-based missile defense systems, focusing on high-precision detection,
tracking algorithms, and real-time response mechanisms. Traditional systems, such as Phased Array
Radars and Active Electronically Scanned Arrays (AESA), offer advanced threat identification but are
costly and complex. Research on low-cost radar implementations using Arduino and microcontrollers
has gained attention for educational and experimental purposes. Studies have demonstrated the
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feasibility of integrating ultrasonic, Doppler, and microwave sensors with Arduino for object detection
and motion tracking. Additionally, advancements in Al and IoT have enabled smart classification and
remote monitoring. This survey reviews existing works, comparing commercial-grade and Arduino-
based radar systems, highlighting their capabilities, limitations, and potential improvements for missile
defense applications.

3. RELATED WORK

= D.A. Ghoghre, Ahire Dhanshri, and Ahire Priyanka describe RADAR as an object detection
system that operates using microwaves, which are a form of radio waves. These microwaves
help in identifying the range, altitude, direction, and speed of objects. The radar system
functions by transmitting radio wave pulses from an antenna or radar dish, which then bounce
back after hitting an object in their path. Arduino, a versatile single-board microcontroller,
simplifies the integration of electronics into multidisciplinary projects. This project aims to
develop an efficient and cost-effective radar system that incorporates all the essential
functionalities typical of conventional radar technology. [1]

= T.V. Karthikeyan and A.K. Kapoor present a missile launcher system that operates based on
signals received from a RADAR. The system utilizes an Arduino Uno microcontroller, a servo
motor, and an ultrasonic sensor for its functioning. The initial step involves programming the
system using prior coding knowledge. This code is first tested through software simulations
before being implemented on the hardware via the Arduino Uno. The ultrasonic sensor's
movement is controlled by a servo motor attached to it, which rotates at predetermined angles.
When an object is detected, the corresponding angle is transmitted as input to the servo motor
controlling the missile launcher. [2]

= Macias-Ayala, Gonzalo and Lopez Velasquez, Maria, Radar technology has been a cornerstone
of United States military air defense since the 1930s. With microcontroller applications, we can
utilize the technology to develop and prototype further on a smaller scale. Ultrasonic radar
technology is most applicable in the defense sector for its clear advantage in detection and
versatility. Engineers are responsible for maintaining the successful operation of these systems.
Additionally, creating plans for safe/standard procedure and maintainability records. The goal
of the project is to enhance the target tracking capabilities by integrating real-time distance
measurement and adaptable control of the launching mechanism.[3]

= S. Chowdhury, S. Mazumdar, S. Giri, and A. Bhattacharya developed a system that employs an
ultrasonic distance sensor to detect the distance of objects, with the collected data processed and
displayed on a computer. The sensor, attached to a servo motor, captures polar distance
measurements over a 180-degree sweep. The primary components include an Arduino UNO, an
HC-SRO04 ultrasonic sensor, and a servo motor. Data processing and visualization are managed
using the Arduino IDE and Processing software. This system has diverse applications, including
air traffic control, maritime navigation, and weather monitoring, highlighting its adaptability for
security and mapping purposes. By utilizing open-source hardware and software, the project
emphasizes the ease of access and educational benefits of incorporating radar technology into
both practical and experimental projects. [4]
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M. Tejashwini, C. Rohith, and G.S. Amrutha describe radar as a detection system that utilizes
radio waves to identify characteristics of objects, such as their distance and angle. In this
project, a radar system was developed using ultrasonic sensors to detect nearby objects.
Ultrasonic technology enables precise, non-contact distance measurement, making it ideal for
accurate and automated detection. The movement of the sensors is managed using a compact
servo motor, which allows for controlled scanning of the surroundings. [5]

4. EXISTING WORK

Figure 1.2: Radar System

The setup consists of an ultrasonic sensor mounted on a servo motor, both positioned on a breadboard.
The Arduino Uno is also placed on the opposite side of the breadboard, with all components
interconnected. To ensure stability and prevent the servo motor from tipping over during operation, both
the Arduino and the servo motor are securely attached to the breadboard.

The process begins with connecting a power supply to the system.

The source code is uploaded to the Arduino Uno using the Arduino IDE.

The ultrasonic sensor, connected to the Arduino, detects objects and sends feedback signals to
the Arduino Uno.

The sensor is mounted on a servo motor that rotates through various angles, allowing the sensor
to scan up to 180 degrees.

Additionally, the Arduino Uno is linked to an OLED display, which presents the detected
object's angle and distance.
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SYSTEM ARCHITECTURE

NO

Figure 1.3: System Architecture of AM.R.D.S

5. TECHNIQUES AND METHODOLOGY

1. Radar System Basics

Understanding Radar Principles: Radar systems work by transmitting radio waves and
detecting the reflected waves from objects (targets). The key parameters include range, speed,
and angle of the detected objects.

Pulse Radar vs. Continuous Wave Radar: Decide whether you want to use pulse radar (which
sends out bursts of radio waves) or continuous wave radar (which continuously transmits waves).
Pulse radar is better for range measurement, while continuous wave radar is used for speed
detection.

2. Communication Modules

Wireless Communication: Use RF modules, Wi-Fi, or LoRa for long-range communication
with a central monitoring system or other radar units.

Real-Time Data Transmission: Ensure that the system can transmit data in real-time to support
quick decision-making.

Radar Detection: Utilizing ultrasonic or RF radar sensors to detect the presence of incoming
missiles or projectiles by measuring distance and speed.
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2. Signal Processing: Arduino processes sensor data, calculating the object's distance, velocity, and
trajectory through algorithms like Doppler shift or time-of-flight methods.

3. Servo Motor Control: Arduino controls servo motors to adjust radar positioning or move
defensive countermeasures, such as activating interceptors or repositioning barriers.

4. Decision-Making Logic: Implementing control algorithms that trigger counteractions, such as
firing interceptors or activating alarms, based on predefined thresholds or threat levels.

5. Testing and Optimization: Iteratively testing and optimizing the system for real-time
performance, sensor accuracy, and power consumption in various environments

6. RESULTS AND DISCUSSION

Figure 1.4: Missile Radar Defence System

1. Radar Detection Accuracy: The system successfully detected moving objects, including
projectiles or missiles, with varying accuracy depending on sensor type (e.g., ultrasonic or RF).
The Arduino's limited processing power impacts the real-time calculation of trajectories,
requiring optimization for high-speed threats.

2. Distance and Speed Measurement: The use of sensors like HC-SR04 ultrasonic sensors for
short-range detection proved effective, with consistent distance readings. However, for high-
speed missile tracking, Doppler radar or RF-based sensors provided more accurate speed
measurement, though they introduced higher complexity.

3. System Response Time: The Arduino's processing speed was adequate for smaller, less complex
systems but showed limitations in high-speed, high-priority applications. With servo motors for
interception, the system responded to threats with a noticeable delay, which could be problematic
in real-world scenarios where milliseconds matter.
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4. Communication: Communication between the Arduino and remote monitoring systems (using
Wi-Fi or RF modules) was reliable, allowing for real-time data transmission and remote system
control. This proved vital for integration into larger defense networks or cloud-based monitoring
platforms.

5. Power Consumption: The Arduino-based system demonstrated relatively low power
consumption, making it suitable for small-scale applications or prototype systems. However,
power management strategies (e.g., low-power modes, efficient power supply) would be
necessary for long-term, real-world deployment in energy-constrained environments.

6. Limitations and Challenges: The system's primary challenge was its limited processing power
and precision. While suitable for educational or small-scale applications, larger-scale, real-time
missile defense systems would require more advanced hardware (e.g., FPGAs or dedicated signal
processors) to achieve the necessary accuracy and speed. Additionally, integrating Al or machine
learning algorithms for object classification and threat prediction could enhance system
effectiveness.

7. CONCLUSION

This paper outlines the design and development of a basic radar system utilizing an Arduino
microcontroller for short-range applications. The system is capable of detecting objects and measuring
their distance from the radar. Designed to be a cost-effective and straightforward solution for distance
measurement, this short-range radar offers reliable performance. The simulation outcomes were
manually validated by comparing them with measured angles, confirming the device's ability to
calculate distances with reasonable accuracy and resolution. The collected data is transformed into visual
representations. Furthermore, this radar system holds the potential to be upgraded and adapted for long-
range applications.

This survey paper emphasizes the promise of Arduino-based missile defense radar systems as an
innovative, affordable option for rapid prototyping and educational purposes in defense technology. By
incorporating commonly available sensors such as ultrasonic sensors, Doppler radar, and RF modules
with the flexible Arduino platform, these systems can achieve fundamental missile detection, tracking,
and response functions. They provide valuable learning opportunities in radar technology, object
detection algorithms, and system integration, making them an accessible platform for researchers and
hobbyists alike.
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