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Abstract - Bird strikes pose significant risks to aviation
safety and can lead to costly damages and delays. This project
explores an innovative approach to preventing bird strikes on
aircraft by leveraging ultrasonic technology. This method
prevents and reduces bird strikes humanely and non-lethally
while minimizing disruptions to aerodrome operations and
reducing economic losses. The primary focus is on ground-
level bird deterrence. The project employs buzzer sound
systems combined with ultrasonic waves to create an auditory
and sensory deterrent that disrupts bird behavior near runways
and aircraft areas. The effectiveness of these techniques will
be evaluated through field tests and simulations, aiming to
enhance aircraft safety and reduce the frequency of bird
strike incidents.

Keywords: Bird Strike, Radar, Ultrasonic emission, laser
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1. INTRODUCTION

Bird strikes, or the collision of birds with aircraft, have been
one of the major concerns in aviation safety for many decades.
In addition to endangering human lives, these incidents incur
significant financial costs through aircraft damage, delays, and
repairs. According to FAA estimates, bird strikes have
increased over the years due to increased air travel and a rising
bird population, causing billions of dollars in damage
annually[1]. Efforts to reduce bird strikes, such as using
pyrotechnics, and bird distress calls, have limited effectiveness
as birds tend to habituate to these measures. Visual deterrents,
like reflective surfaces or predator models, do not work
beyond a certain period due to learning by birds. The increased
prevalence despite these efforts underlines the dire need for
more advanced and innovative methods. Ultrasonic sound,
frequencies above 20 kHz, may be beyond human hearing, but
some bird species are capable of detecting it. So, the premise
is non-invasive and non-lethal a humane technique for
preventing strikes. Indeed, research evidence suggests that
birds may be sensitive to high-frequency sounds and specific
frequencies which can trigger avoidance behavior, thus having
a good potential to deflect birds away from aircraft flight
pathways. Unlike visual deterrents, birds are unlikely to

habituate to sound-based deterrents, especially ultrasonic
signals, because they cannot associate these with natural
phenomena. Because of the improvement in sensor technology
and signal processing, ultrasonic sound devices have become
more accurate, targeting only specific bird species without
affecting other wildlife or even humans. Devices at airports
can be fitted with radar systems that will independently detect
an incoming bird and deploy ultrasonic sounds on a real-time
basis, thus offering an active means of preventing a bird strike.
Avia-Shield therefore aims at exploiting the full potential of
ultrasonic sound in a scalable, real-time system to reduce bird
strikes in and around airports. The project will make use of
sound generation technology for a better and more efficient
system to deter birds. Avia-Shield is developed given the
above background on a generally increasing bird strike
problem, while the current solution setups are showing their
limits, and ultrasonic sound as a novel approach toward
mitigation can be used.

2. METHODOLOGY

We aim to develop a runway-based bird strike prevention
device using ultrasonic transmitters and receivers. Also, as a
secondary protection device, we’ll be using a Laser protection
system. An ultrasonic transmitter works by converting
electrical signals into high-frequency sound waves, usually
beyond the range of human hearing[2]. It uses a small
piezoelectric crystal that vibrates when an electrical signal is
applied, creating ultrasonic waves. These waves travel through
air or other materials and can be used to detect objects
and measure distances. The process is simple: electrical
signals cause vibrations, which produce sound waves that are
then transmitted into the environment. A laser bird strike
prevention system uses harmless laser beams to keep birds
away from areas like airports. The system projects moving
laser beams, which birds perceive as a physical threat, similar
to a predator. This visual stimulus causes birds to avoid the
area, preventing potential collisions with planes or other
structures. The lasers are safe for both birds and humans, and
they work effectively, especially during dawn, dusk, or
overcast conditions when birds are more active. An avian radar
system is designed to detect and track the movement of birds
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in real time, often used at airports to prevent bird strikes[3]. It
works by emitting radar waves that bounce off birds flying in
the area. The radar system then processes the reflected signals
to identify bird activity, including their location, altitude,
speed, and direction. This information helps operators monitor
bird movement patterns and make decisions to reduce the risk
of collisions, such as issuing warnings or altering flight paths.
The system operates continuously, even in low visibility
conditions like fog or darkness. It’1l be displayed on a normal
screen attached and programmed with radar and sensors for
the birds' exact location.

2.1 DESIGN

The development of a bird detection and deterrence system
using radar and lasers involves a complex integration of radar
signal processing, advanced detection algorithms, and laser
control technology. Radar signal processing is essential for
detecting  flying objects by analyzing reflected
electromagnetic waves, enabling the identification of objects
based on their size, distance, and speed. However, accurately

detecting small targets like birds amidst environmental noise
remains a significant challenge. To address this, bird detection
algorithms, often driven by machine learning techniques, are
employed to distinguish birds from other objects by
recognizing unique flight patterns and signatures. These
algorithms must be robust to minimize false positives and
negatives, ensuring accurate classification. Once a bird is
detected, a laser control system is activated to deter the bird
from entering restricted areas. This system uses non-lethal
lasers that create a visual disturbance to safely repel the birds
without causing physical harm. However, the system must
continuously track the bird's movements to direct the laser
effectively. Ethical and safety considerations are critical to the
system's design, ensuring compliance with regulations that
protect both wildlife and humans. The system must adhere to
strict guidelines on laser safety to avoid harm to human
eyesight or interference with aircraft, while also ensuring that
bird welfare is prioritized, with non-lethal and non-intrusive
measures in place. Developing such a system requires a
multidisciplinary ~ approach,  balancing  technological
sophistication with responsible implementation.
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Fig.1. Flowchart Of Bird Detection System
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Fig.2. Block Diagram of the bird detection system using laser

3. IMPLEMENTATION PLAN

On the aerodrome, a sophisticated bird detection and deterrent
system works seamlessly to ensure the safety of aircraft. It
draws its power from a combination of solar energy, and
backup batteries, making it both eco-friendly and reliable. The
system is powered by a radar that continuously rotates 360
degrees, scanning the skies for bird activity. When a bird or
group of birds is detected, the system immediately signals the
control center, where the detection is displayed in real-time.
Once identified, the system takes action by emitting ultrasonic
frequencies ranging between 15 to 25 kHz. These frequencies
are carefully chosen because they are uncomfortable for birds
but harmless, effectively steering them away from the aircraft's
flight path without causing harm. For more complex
situations, like a flock of birds, the system employs a more
direct method: a laser deterrent. The laser is deployed to
disrupt the birds’ flight path, gently nudging them away
without causing injury. The radar system constantly assesses
the situation and determines the most appropriate response—
transmitting ultrasonic sound or using the laser. This advanced
system ensures that bird strikes are minimized, allowing both

birds and planes to continue on their paths safely and
harmoniously. This version aims to present the system in a
more fluid and approachable manner while emphasizing its
safety, intelligence, and environmentally friendly features.

Let's visualize how different sound frequencies impact birds to
make it easier to understand [4][5][6].

Table 1: Frequency ranges affecting birds

Sr. | BIRDS ULTRASONIC
No. FREQUENCIES
AFFECTING
Crows 15-20 kHz
Pigeons 15-25 kHz
Black 18-25 kHz
Kites
4. Sparrows | 18-23 kHz

It’s been observed that common birds found around airports in
India are often affected by sound frequencies ranging between
15 to 25 kHz.
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3.1 WORKING

3.1.1 Ultrasonic: Ultrasonic sound is produced using
transducers, which convert electrical energy into high-
frequency sound waves[2]. These vibrations generate sound
waves at high frequencies[2]. The sound waves travel through
a medium, and when they hit a boundary or an object, they
reflect. The transducers then convert the reflected mechanical
vibrations into electrical signals. This principle is used in
various applications such as distance measurement, flaw
detection, and imaging|[2].

3.1.2 Laser: The use of green lasers, which are visible over
long distances, has proven to be effective. When these lasers
are pointed towards birds, they perceive them as a physical
threat and tend to avoid the area (Visual Deterrence). Lasers
can project specific patterns or movements that mimic the
presence of predators or other threatening conditions. This
projection instills fear and discomfort in the birds, encouraging
them to vacate the area (Pattern projection).

Implementation:

Runway Protection: Creates laser perimeters around

Fig.4. Generation of Ultrasonic waves

Step 3: Repelling of Birds with Ultrasonic waves

runways to keep birds away.
= Fixed and Mobile Units: Combines stationary laser
setups and handheld units for flexible use.

32STEPS OF WORKING OF THE
ULTRASONIC BIRD DETERRENT

SYSTEM
Step 1: Device to be turned ON when Bird is Detected
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Fig.3. Device to be turned ON when Bird is Detected
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Fig.5. Repelling of Birds with Ultrasonic Waves

3.3STEPS OF WORKING OF THE
LASER DETERRENT SYSTEM

Step 1: Device to be turned ON when Bird is Detected
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Fig.6. Device to be turned ON when Bird is Detected
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Step 2: Generation of Laser Beam
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Fig.7. Generation of Laser Beam

Step 3: Repelling of Birds with Laser
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Fig.8. Repelling of Birds with Laser

3.4EFFECTIVENESS

3.4.1 Ultrasonic:

= Non-invasive and Safe: Ultrasonic waves are non-
ionizing and do not cause any harm to living tissues,
making them ideal for medical imaging like ultrasound
scans.

= High Sensitivity: Ultrasonics can detect very small
defects in materials, making them valuable for industrial
applications such as flaw detection in metal structures.

= Wide Range of Applications: It is used in diverse fields
such as medicine (imaging, physiotherapy), industry

(cleaning, welding, flaw detection), and even security
systems (motion detection).

= Deep Penetration: Ultrasonic waves can penetrate
materials deeply, allowing them to be used for imaging
internal structures or detecting subsurface defects.

= High Precision: Ultrasonic sensors can measure distances
and detect objects with high accuracy, even in small
spaces.

= Environmentally Friendly: Ultrasonics do not emit
harmful radiation, making them an eco-friendly option for
many applications.

= Real-Time Monitoring: Ultrasonic systems offer the
advantage of real-time data collection and monitoring,
particularly in medical diagnostics and industrial quality
control.

= Non-Destructive Testing (NDT): Ultrasonic testing
methods are non-destructive, allowing inspection without
damaging the object being tested.

3.4.2 Laser:

* Non-lethal and Humane: Unlike other methods such as
shooting or trapping, lasers do not harm birds. They simply
encourage them to move away, making this method both
ethical and effective.

* Environmentally Friendly: Lasers do not introduce pollutants
or other harmful substances into the environment, unlike
chemical deterrents.

* Cost-Effective: Over time, lasers can be more cost-effective
compared to ongoing maintenance and replacement costs
associated with physical barriers and other deterrent methods.

3.5 LIMITATIONS
3.5.1 Ultrasonic:

= Limited Range in Air: Ultrasonic waves don’t travel well
in air, as they are easily absorbed or attenuated. This
makes them less effective in long-distance air-based
applications.

= Material Sensitivity: The effectiveness of ultrasonic
waves depends on the material properties of the medium.
Some materials (e.g., soft tissues, liquids) absorb
ultrasonic waves, while hard surfaces reflect them better.

= Complex Equipment: Ultrasonic devices, especially those
used for imaging and NDT, can be complex and expensive
to operate and maintain.

= Surface Roughness Impact: Highly irregular or rough
surfaces can scatter ultrasonic waves, reducing the
accuracy of measurements and image clarity.
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3.5.2 Laser:

* Limited Effectiveness in Bright Light: Lasers are less visible
in bright sunlight, which can reduce their effectiveness during
the day.

 Habituation: Birds may become habituated to lasers if they
are used in the same manner repeatedly. To combat this,
varying the patterns, timing, and locations of laser use can help
maintain their effectiveness.

* Potential Safety Concerns: Care must be taken to ensure that
lasers do not accidentally point at aircraft or into the eyes of
pilots, ground personnel, or wildlife, as this could cause visual
impairment or distraction.

3.6 EXPECTED RESULTS

Birds like pigeons, crows, black kites, and sparrows are
commonly found near airports in India, and they pose a
significant risk to aircraft. Most of these birds are sensitive to
ultrasonic frequencies between 15 and 25 kHz, which can be
used to safely deter them from entering dangerous areas. Our
goal is to create an effective solution to prevent bird strikes by
experimenting with this technology in real-life scenarios.
We’re optimistic that this will lead to productive results,
minimizing the chances of bird-aircraft collisions. To achieve
this, we've developed the Avia-Shield, a system designed to
emit ultrasonic frequencies precisely in the range that disturbs
these birds, encouraging them to steer clear of aircraft. With
the Avia-Shield, we aim to reduce the incidence of bird strikes
by at least 30%][7].

3.7 FUTURE SCOPE

Various future scopes of your "Avia-Shield: Bird Strike
Prevention Using Ultrasonic Sound" involve several
advancements and areas for expansion into the future:

e Integration with Al for Predictive Analytics: Riches
the system through Al models predicting bird activity
based on historical data, weather patterns, and
migration seasons. This would ensure more proactive
bird deterrent strategies, engaging ultrasonic or laser
systems only when necessary.

e Application to Drone-Based Systems: Autonomous
drones, which are fitted with ultrasonic and laser
deterrent systems, may be used to cover the area
around the airport in real time. This may achieve
flexible covering over big areas and respond to
changing conditions around the airport.

e Innately Integrated Aircraft Defence Systems: One
might consider making the aircraft with these
ultrasonic and laser systems inherent in i,
specifically in parts that so happen to currently be the
most vulnerable. Then one might activate this when
it flies at sensitive phases- thus take-off and landing
phases.

e Scaling it up to urban areas: The design can be scaled
up for implementation purposes in urban cases where
bird collisions occur on buildings, communication
towers, or wind turbines. The design could be
innovated to reduce the collision of birds in the urban
area.

e International Adaptation along Flyway of Migratory
Birds: Collaborate with international airports located
along the migratory route of birds to focus on
the adaptation of the system in such high-risk
segments. This would thus reduce international bird
strikes. It would focus on such airports where bird
migration becomes a significant hazard.

e Designed for Certain Birds: More extensive research
may be undertaken to identify specific ultrasonic
frequencies that have better efficacy toward certain
species or even lots of species spread throughout the
world.

e Renewable Energy Incorporation: The system can
integrate with solar power, and consequently, it may
enhance its green nature. Its operating costs will
decrease. Other forms of renewable energy, for
example, wind energy, may also boost further to
make the system more sustainable.

e Advanced Real-Time Monitoring Systems: Uses
high-resolution technologies that might even employ
a combination of radar, thermal imaging, and
machine learning algorithms for the detection and
tracking of birds much more effectively and up to
greater ranges.

o Legislative Advocacy and Standards Development:
Collaboration with the aviation authority, either FAA
or ICAO, would be done to ensure the regulations and
standards to encourage the general establishment of
ultrasonic bird deterrent technologies as pioneered by
Avia-Shield for the solution of the problems created
by bird strikes would be developed[7][8].

e  These would be avenues on which the scope of the
project can be broadened for relevance in a fluid and
changing aviation industry.

4. CONCLUSION

The bird strike prevention system uses ultrasonic transmitters
to keep birds away from aircraft, protecting both wildlife and
aviation by emitting non-harmful ultrasonic frequencies, the
system can reduce bird strikes. Designed for use near runways
and even integrated into aircraft Radome section, this eco-
friendly solution provides real-time protection, making skies
safer for everyone. With continued development, this system
promises to be a vital tool in aviation safety.

© 2024, ISJEM (All Rights Reserved)

| www.isjem.com |

Page 6



520

7 %R N
\‘(’ISJEM v International Scientific Journal of Engineering and Management ISSN: 2583-6129
<L Volume: 03 Issue: 11 | Nov - 2024 DOI: 10.55041/ISJEM02128
T %  AnlInternational Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata
ACKNOWLEDGEMENT

We want to thank Dr. Dilip Chaudhary for his invaluable
support and guidance throughout this project. Our deepest
thanks to Mrs. Roma Goregaokar, our mentor, for her constant
encouragement and insightful advice that helped shape the
direction of this work. We also sincerely thank Mr. Abhishek
Tandon, our project guide, for his expertise, patience, and
thoughtful feedback. A special thanks to Mr. Ajit Kaundal for
his assistance and the Pune Institute of Aviation Technology
for providing the environment to make this project a success.

REFERENCES
[1] Airport Safety

https://www.faa.gov/airports/airport_safety

[2] “Silence is Golden: The Ultrasonic Noise Maker”

https://bosshorn.com/blogs/blog/ultrasonic-noise-
maker? pos=3& sid=06fb8628e& ss=r

[3] Mehrtash Soltani, Akeem Pedro, Jachun Yang, Syed
Farhan Alam Zaidi, Doyeop Lee, Chansik Park. "Chapter 101
Isafeguard: A Proactive Solution for Construction Job Site
Safety Monitoring", Springer Science and Business Media
LLC, 2024.

[4] Singapore Changi Airport Bird Management
Source: [Changi Airport Wildlife Management]

https://www.changiairport.com/corporate/sustainability/e
nvironmental.html

[5] Heathrow Airport's Bird Strike Prevention Strategy:

Source: [Heathrow Airport Sustainability Report]
https://www.heathrow.com/company/company-news-
and-information/sustainability

[6] Wildlife Hazard Mitigation
https://www.faa.gov/airports/airport_safety/wildlife

[7] M Surya, Namita L. Rao, Pratham Kumar D Mr. Santosh
Kumar B.R, On-board aircraft ultrasonic bird Repeller
International Journal of Engineering Applied Sciences and
Technology, 2020 Vol. 5, Issue 3, ISSN No. 2455-2143,
Pages 208-224 Published Online July 2020 in IJEAST.

[8] ICAO/ACI Wildlife Strike Hazard Reduction
Symposium

https://www.icao.int/Meetings/wildlife/Pages/default.aspx

© 2024, ISJEM (All Rights Reserved) | www.isjem.com

| Page 7


https://www.faa.gov/airports/airport_safety
https://bosshorn.com/blogs/blog/ultrasonic-noise-maker?_pos=3&_sid=06fb8628e&_ss=r
https://bosshorn.com/blogs/blog/ultrasonic-noise-maker?_pos=3&_sid=06fb8628e&_ss=r
https://www.changiairport.com/corporate/sustainability/environmental.html
https://www.changiairport.com/corporate/sustainability/environmental.html
https://www.heathrow.com/company/company-news-and-information/sustainability
https://www.heathrow.com/company/company-news-and-information/sustainability
https://www.faa.gov/airports/airport_safety/wildlife
https://www.icao.int/Meetings/wildlife/Pages/default.aspx

