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ABSTRACT:

This project focuses on the development of
an air-defense mechanism utilizing a
radar-based system integrated with an
Arduino board. The system works on real-
time threat detection by using radar and
ultrasonic sensors. Its primary goal is to
improve defense by automating threat
detection and response mechanisms. For
processing, the project uses an Arduino;
for radar movement, servo motors; and a
display unit to visualize the data in real
time. By providing a cheap and scalable
solution, this research hopes to advance
the field of modern defense technology as
a different approach to the expensive
methods traditionally employed in air
defense. Higher-end sensors, artificial
intelligence, and capabilities for remote
monitoring related to security could further
enhance its functionality.
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I. INTRODUCTION:

The development of air technologies,
including unmanned aerial vehicles
(UAVs), autonomous drones, and guided
missile systems, has made it very
challenging to defend strategic and
national airspace. Traditional air defense
systems, though effective, are not agile,
scalable, or intelligent enough to deal with
the new multi-dimensional air threats. This
has created the need to incorporate
conventional radar with advanced data
processing and communication
technologies that adapt to the demands of

the contemporary world. The increasing
menace of UAVSs, missiles, and other
contemporary air-based systems has
created increasing demand for smart,
flexible, and cost-effective air defense
systems. While traditional radar-based
methods can identify and position targets,
they do not possess automatic, distributed
real-time response capabilities, which are
required for large area surveillance. But
the integration of soft lot technologies into
loT and radars has tremendous potential to
overcome these constraints. Here, we
suggest an lot-based air defense system
with radar sensors, LED lights and
buzzers, wireless communication modules,
Al-based threat detection, and pair them
with our current air defense algorithms.
The system is based on our current
algorithms and designs and is intended to
autonomously detect and respond to aerial
threats using a network of low-cost, low-
power and local data processing sensor
nodes.

This report discusses system architecture,
hardware and software constituents,
communication protocols, and results of
tests in testing. The suggested solution
demonstrates notable enhancement in
detection velocity, alert confidence,
responsiveness, and system adjustability,
and thus merits its adoption as a Next
Generation air defense system.

Il. RELATED WORK :

Air defense systems that use radar
technology have become quite the focus in
both military and civilian sectors. You see,
both traditional and modern systems are
trying to detect, target, and neutralize
various air  threats—think  aircraft,
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missiles, and those unmanned aerial
vehicles (UAVs) that seem to be
everywhere now. Thanks to some
impressive advancement in radar tech,
there are now high-performance military
products as well as affordable models for
those who just want to experiment and
learn. Take the USA Patriot Missile
System or Russia's S-400 Triumf, for
instance. These high-performance systems
are equipped with sophisticated radar
tracking and interception capabilities,
allowing them to detect and engage targets
from really far away. They utilize active
electronically scanned arrays (AESAS) and
come with a computerized command and
control setup for effective threat detection
and engagement. On the flip side, flip side,
we have short-range air systems for
defense (SHORAD), such as NASAMS
and Israel’s Iron Dome. These systems
show how radar-guided missiles can
intercept threats flying at lower altitudes.
They operate in real-time,combining radar
with electro-optical sensors and smart
algorithms for target classification.

In labs and classrooms, a lot of projects are
popping up that use microcontrollers—Ilike
the Arduino Uno—and ultrasonic sensors,
such as the HC-SRO04, to mimic radar
features. For example, some open-source
radar setups use a servo-mounted
ultrasonic sensor to sweep over a field of
view, measure distances, and display those
results live on a monitor. This kind of
system, even without real electromagnetic
radar, is a budget-friendly way to play
around with radar concepts like detecting
objects, tracking angles, and alerting based
on proximity. Plus, there's been a shift
towards making these systems more
autonomous with the help of artificial
intelligence (Al) and machine learning
(ML) to boost response times and improve
target identification. Some designs even
incorporate wireless modules for remote
monitoring and user-friendly interfaces
like LCDs or GUIs.

Projects like the "Arduino Radar Project
using Ultrasonic Sensor™ and "DIY Object
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Detection and Tracking System™ are great
starting points. They help students and
researchers understand the basic principles
behind radar scanning and response
systems. And from there, you can build
more advanced systems by adding
components like buzzers for alerts, LEDs
for status updates, and even cameras for
visual identification.
The system we're talking about here takes
that research a step further. It integrates
ultrasonic radar scanning, servo-controlled
direction, and computer responses—Ilike
buzzer alarms and LED indicators—to
create a simulation that closely resembles
a real air defense system.

I11. PROPOSED SYSTEM:
1. Overview of the proposed system
This project is focused on addressing some
of the challenges that come with current
air defense systems. We’re diving into
creating a compact and budget-friendly Air
Defense Mechanism that operates on an
Arduino-based radar system. This setup
helps us detect objects in real time within a
specific airspace. It continuously rotates
and measures distances, allowing the
system to build a 2D map of its
environment. If it spots any unauthorized
aerial objects, it can trigger a simulated
defensive response right away. What’s
cool about this approach is how
lightweight and low-maintenance it is
compared to traditional systems. It’s a
more affordable option for local security
needs—thinks small facilities, military
bases, or even urban areas. We’ll set up
certain parameters for detecting objects,
like size and distance. So, when it
identifies a potential threat, it can activate
visual alerts or even mechanical responses,
like alarms or simulated countermeasures.
On top of that, this prototype is just the
beginning! It opens the door for future
upgrades using advanced technologies like
Artificial Intelligence (Al) and Machine
Learning (ML). This means we can
improve how it recognizes objects,
classifies threats, and even anticipates
possible interceptions. In the end, we aim
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to create a defense mechanism that’s not
only scalable and adaptable but also
bridges the gap between sophisticated

IV. SYSTEM ARCHITECTURE:
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national defense systems and the real-
world security needs we see on the ground

SYSTEM ARCHITECTURE
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Fig.1: System Architecture

IMPLEMENTATION DETAILS:
creating an air defense system that uses
radar technology is all about building a
prototype that can spot and react to aerial
threats like drones or other flying objects
usually youd put this together with an
arduino  microcontroller an ultrasonic
sensor like the hc-sr04 and a servo motor
to mimic how radar works so here’s how it
goes the ultrasonic sensor is attached to the
servo motor this setup allows it to rotate
and scan a semicircular area going from 0
to 180 at each angle the sensor sends out
ultrasonic waves and then waits to hear the
echo bounce back by timing how long that
takes it can figure out how far away any
object is now if the sensor picks up
something within a certain range it flags
that as a potential threat that’s when the
alert system kicks in think buzzers and
blinking led pretty neat right if you want to
take it a step further you could add an Icd
screen to show the angle and distance of
whatever its detected or you could connect
it to software like processing to create a

real-time visualization of the radar in a

nutshell this prototype gives a basic idea of

how real-world air defense systems

function providing early warnings and

automated responses to anything that

might intrude on protected airspace it’s a

cool way to get a glimpse into the tech

behind keeping the skies safe.

V. ALGORITHM:

Step 1: Get Everything Up and Running

- First off, make sure that all your
modules—radar, microcontroller, buzzer,
LED, and communication—are linked up
properly.

-You’ll want to set up your calculations
based on your detection criteria, like
minimum distance and speed.

Step 2: Grab Those Radar Signals

- Next, check in with the radar regularly to
pull data.

- From there, calculate the parameters for the
objects you’re monitoring, like distance,
speed, and direction if you can swing it.

Step 3: Clean Up the Data
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- You’ll need to filter out any unnecessary
fluctuations, maybe using something like a
moving average or a Kalman filter.

- The goal here is to smooth the data so it’s
ready for analysis without any hiccups.

Step 4: Spotting Potential Threats

- Now, here’s where it gets serious: check if
the distance is less than your threshold
distance and the speed is above your
threshold speed.

- If both those conditions are met, then
boom! You’ve got a potential threat on
your hands.

Step 5: Set Off the Alarm

- Time to activate your alert system—turn
on that LED and get the buzzer going.

- And if you’ve got a display handy, make
sure to show the object parameters like
distance and speed.

Step 6: Send Out Wireless Alerts

|
Indian Lifehacker

1) Current Angle: 64
3) Distance:25cm

Angle: 64
Fig .1.1
2) Frequency: Medium(Some Scattered Detections)
4) Maximum Range:40cm
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- Don’t forget to send that threat information
to your stealth monitoring system using
Wi-Fior LoRa.

- Keep a record of the event too, complete
with time and date stamps, plus the threat
values.

Step 7: Visualization

-You’ll want to loop back to Step 2,
resetting for continuous monitoring.

- For ease of use and flexibility, you can
program this whole setup on an Arduino,
ESP32, or Raspberry Pi.

VII. RESULTS:
The entire assembly of the air defense
radar system was crafted and tested using
Arduino Uno, ultrasonic sensors, servo
motors, LEDs, buzzer, and LCD displays.
The system scanned the surroundings with
ultrasonic sensor mounted on a servo
motor which provided radar-like sweeping
action. The range of object detection was
reliable within these parameters and
successful up to about 2 meters.

Distance:
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Distance:

Fig 1.2

1) Current Angle: 150 2) Frequency: Less Frequency(Fewer Detections)
3) Distance: 15cm 4) Maximum Range:40cm

When any predefined danger zone is
breached, the system triggered visual via
LED and audible via buzzer warning
signals. The LCD display updated in real-
time to show the object's distance while
the system displayed the object's position
on the radar interface of a connected
laptop. Thus, hardware and software
seamlessly combined to monitor the
objects in real-time. The prototype has
validated that the model is capable of real-
time environmental monitoring, obstacle
detection, and providing local alerts
instantly. The prototype demonstrates the
feasibility of constructing affordable real-
time object detection and alerting system
that replicates sophisticated air defense
systems and integrating Al-based threat
classification can enhance the system
further and alerting system that replicates
sophisticated air defense systems and
integrating Al-based threat classification
can enhance the system further.
VII.CONCLUSION:

In conclusion this prototype showcases an
economical air defense mechanism
employing radar detection, threat tracking
as well as classification with the use of an
Arduino UNO interfaced with the 10T alert
system. While this approach attempts to
improve automation and situational
awareness, it is hindered by limited
detection ranges, interferences from

surrounding environmental conditions,
ghost alerts, overly high power drain, and
delayed responses. Even with all these
challenges, the project gives significant
impetus for more advanced air defense
system designs. It sheds light on enhancing
future iterations.
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