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Abstract— We have designed an automatic cooling helmet with the
intention of improving user comfort over a wide range of
environmental circumstances. This was accomplished through
careful analysis, design, and execution. In order to dynamically
manage cooling mechanisms in reaction to variations in the ambient
temperature, this cutting-edge helmet incorporates cutting-edge
temperature sensors and a sophisticated control system. Through
the utilization of cutting-edge technologies for airflow management
and cooling, this helmet guarantees that the wearer will have a
thermal experience that is both constant and very comfortable.
Simulations estimate that the temperature of the heatsink will be
roughly 80 degrees Celsius when the system is in a standstill
position, while the head will maintain a cooling temperature of
approximately 24 degrees Celsius. The cooling temperature for the
head remains constant at 24 degrees Celsius even when the heatsink
temperature reaches 50 degrees Celsius while the head is in motion.
A feedback mechanism that operates in a closed loop is essential to
the functionality of the system. The ambient temperature, both inside
and outside of the helmet, is continuously monitored by this system,
which then makes adjustments to the cooling settings in real time to
ensure that the user is at the highest possible degree of comfort. In
addition, the system takes into account the preferences of each
individual user as well as the physiological aspects that they have,
and it adjusts the cooling levels accordingly in order to create a
customized experience for each user using Peltier module.
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1. INTRODUCTION

First of all, recent years have seen amazing advancements in
a number of industries, including sports and transportation, as
a result of the convergence of personal safety and technology.
The field of protective headgear—bike helmets in particular—
is one such area that is seeing tremendous improvement. As
commuters and bicycle enthusiasts look for ways to make
riding more comfortable and safe, researchers are turning to
cutting-edge technologies to provide solutions that maximize
user pleasure while minimizing dangers.

Of these technological developments, the application of
Peltier plates has come to light as a potentially fruitful path
toward the development of automated cooling systems for
bicycle helmets. Peltier plates are electronic devices that use
the thermoelectric effect to transmit heat in a special way.
Peltier plates are capable of facilitating both heating and
cooling functions because they make use of the thermoelectric
effect, which is the process by which a temperature difference
across different materials generates an electric current. The
integration of LSTM networks, a type of RNN renowned for
processing time-series data, underscores the project's
commitment to utilizing effective techniques in deep learning.
By harnessing deep learning, the system endeavors to

decipher complex patterns in RF signals, facilitating more
reliable detection of primary user activities and better
adaptation to changing environmental conditions.

This study explores the design and use of an automated
cooling bike helmet that makes use of ARM Cortex
technology, emphasizing the incorporation of Peltier plates.
These plates are essential for controlling the helmet's
temperature since they are made of semiconductor materials
doped with different atoms to create a temperature gradient.
Peltier plates enable the passage of heat by means of the
introduction of electric current, which causes one side to cool
while the other is heated.

Thermodynamics, which states that heat naturally migrates
from areas of greater temperature to areas of lower
temperature, is the foundation of the theories controlling heat
flow in Peltier plates. The automated cooling bike helmet uses
this essential idea to provide riders with the best possible
comfort and safety regardless of the weather.

In order to demonstrate how Peltier plate technology has the
potential to completely transform the cycling experience, this
research study will examine the nuances of this technology in
relation to the design of bike helmets. Through an exploration
of the underlying concepts, design factors, and real-world
implementations, this research aims to further the current
conversation about creative approaches to improving the
health and efficiency of cyclists.

2. LITERATURE SURVEY

In his investigation of embedded systems, Bakos (2023)
focuses on ARM programming and optimization. The study
explores the complexities of ARM architecture through this
extensive  Elsevier guide, providing insights into
programming techniques and ideas for improving system
efficiency. To learn more about the field of embedded systems
development, professionals and enthusiasts alike should
consult this invaluable resource.

Yunus and Michael's (2002) McGraw-Hill book,
"Thermodynamics: An Engineering Approach,” covers
thermodynamics in engineering. This authoritative textbook
covers thermodynamic ideas and their practical applications,
making it essential for engineering students and professionals.
The book remains thermodynamics classic because to its
simple explanations and wide content.

Feldman et al. (2016) pioneer low-power apparatus and
methods for detecting complicated electrical admittance or
impedance. This groundbreaking research by M. D. Feldman
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and J. W. Valvano presents precise and economical electrical
monitoring methods. Their work has broad implications,
especially in biological and technological applications that
require reliable impedance measurements.
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Fig -1: Control flow

In 1969, McGinnis I11 and Holman published groundbreaking
research in the International Journal of Heat and Mass
Transfer on droplet heat-transfer rates on heated surfaces. This
study illuminate's droplet-surface dynamics and heat transport
processes important for industrial and engineering
applications. Their findings expand thermal sciences by
improving our understanding of droplet impact heat transfer
processes.

Sazonov (2020) writes a comprehensive guide to wearable
sensors, including basics, implementation, and applications.
This edited collection from Academic Press provides a
comprehensive resource for wearable technology researchers,
engineers, and practitioners. The book provides insights into
wearable sensor design, deployment, and use in healthcare,
sports, and other fields from prominent specialists.

Paul and Simon's (2000) "Practical Electronics for Inventors"
is a classic on electronics design and creativity. This practical
tutorial teaches inventors how to build electronic devices and
systems. The book is useful for enthusiasts, students, and
professionals' invention of electronics due to its simple
explanations and hands-on approach.

3. EXISTING MODEL

This highlights the various challenges faced by existing
helmet cooling methods, indicating the need for more
advanced and effective solutions tailored specifically for
cyclists.

e Traditional helmets prioritize protection over
ventilation, leading to discomfort in hot weather.

e Helmets with built-in ventilation systems may not
adequately cool riders during intense activities in
warm climates.

e  Aftermarket attachments like fans or cooling pads
may be ineffective and cumbersome.

e Water-based cooling systems pose
challenges when integrated into helmets.

practical

e Electronic cooling devices may add weight and
compromise comfort during rides.

e Passive strategies such as reflective coatings offer
limited cooling benefits, especially during intense
cycling sessions.

4. PROPOSED MODEL

The Intelligent Cooling Helmet offers cyclists a cutting-
edge solution to combat heat discomfort and enhance
performance on the road. With its sophisticated technology
and user-centric design, this groundbreaking helmet is poised
to revolutionize the cycling landscape, ushering in a new era
of comfort, efficiency, and enjoyment for riders worldwide.

o The Intelligent Cooling Helmet integrates state-of-the-art
cooling technology directly into the helmet design, aiming
to redefine comfort and performance for cyclists.

e Powered by the STM32 microcontroller, the helmet
orchestrates the operation of various cooling mechanisms
with precision and efficiency, enhancing the overall riding
experience.

e The Peltier cooling system, working alongside the
DS18B20 temperature sensor, continuously monitors the
wearer's body temperature and adjusts cooling levels in
real-time.

e An LCD display provides intuitive control over cooling
settings and displays vital information such as temperature
readings and battery status, enhancing user interaction.

o Practical features include a relay module for precise
control and coordination, an exhaust fan to expel warm air,
and a cooling spreading fan for even distribution of cool
air, ensuring comfort during extended rides.

o The Intelligent Cooling Helmet empowers cyclists to push
their limits and achieve peak performance in challenging
environmental conditions, setting a new standard for
innovation in the cycling industry.

5. METHODOLOGY

Electronic devices called Peltier plates are made to take use of
the thermoelectric effect in order to transmit heat. This
phenomenon happens when an electric current is started at the
interface between two different materials due to a temperature
differential. Peltier plates are key components that are utilized
in a variety of applications. They are composed of two
semiconductor materials, which are normally doped with a
unique combination of atoms in order to create a temperature
gradient.

A temperature differential is created when an electric current
is applied to a Peltier plate because the electrons in one
substance migrate to the other after gaining energy. As a
result, the plate cools on one side while heating on the other.
Heat transfer occurs in the direction determined by the current
flow, which enables both heating and cooling functions.

The Peltier plate heat transfer process is based on the laws of
thermodynamics, which state that heat naturally moves from
hotter locations to colder ones. Within the framework of
Peltier plates, heat is transferred from the cold side to the hot
side, causing the former to cool and the latter to heat.

Peltier plates are versatile instruments that have important
consequences across a variety of industries. They are typically
used in applications that involve energy harvesting,
temperature regulation, and refrigeration.
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Fig -2: Design flow

6. HARDWARE DESCRIPTION

6.1 STM32 ARM Cortex-based Microcontroller:
STMiicroelectronics develops 32-bit microcontroller
integrated circuits in the STM32 family. These chips are
divided into series based on the powerful 32-bit ARM
processing core: Cortex-M0, MO+, M3, M4, M7, and M33.
ARM CPU core(s), flash memory, static RAM, debugging
interface, and many peripherals are included in each
microcontroller. STM32 series is ideal for advanced
embedded development projects due to its speed,
performance, and scalability.

6.2 16X2 LCD Display:

A 16x2 LCD panel displays 16 characters in two rows,
providing 32 characters for information display.
Alphanumeric data is shown on many electrical devices using
it. These interfaces smoothly transmit power, data, and control
signals via 16 pins in two rows of eight.

-

6.3 DS18B20 Waterproof Temperature Sensor:

A 64-bit ID is incorporated in the DS18B20 sensor during
production for individual identification. This pre-wired,
waterproof sensor works with 3.0-5.0V systems and has a
PTFE wire cable for remote or wet settings. This enclosure

allows the sensor to work at 125 °C. Since the sensor
signal is digital, it remains intact across long distances. It
easily connects to any microcontroller using a single
digital pin, and several sensors may be attached with their
own factory set 64-bit IDs for distinction.

6.4 DHT-11 Temperature and Humidity Sensor:

The DHT11 sensor is a basic, budget-friendly digital
device that is commonly used to measure temperature and
humidity. Using a capacitive humidity sensor and a
thermistor, it measures the surrounding air conditions and
provides a digital output through the data pin, eliminating
the requirement for analog input pins. Operating this
device requires careful timing to accurately acquire data,
although it is designed to be user-friendly.

6.5 Peltier Kit:

A Peltier Module is a type of electrical device that, when
exposed to an electric current, generates a temperature
differential by employing the thermoelectric effect. The
term "heat sink™ refers to an essential component that is
meant to dissipate heat away from the Peltier module, so
ensuring that thermal efficiency is maintained at its highest
possible level.

Fan: Increases the amount of airflow over the heat
sink, which in turn facilitates greater heat dissipation and
overall performance of the system.

The material that serves as the thermal interface
ensures that there is an effective thermal conductivity
between the Peltier module, the heat sink, and the surface
that is currently being cooled or heated.

Insulating material is a material that prevents heat
from transferring to or from the environment, which
significantly improves the system's overall efficiency.

Wiring & Connectors: These are utilized to create a
cohesive and working system by interconnecting the
Peltier module, fan, temperature controller (if it is present),
and power supply.
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6.6 1 Channel 5v Relay:

An electromechanical switch that is operated by a low -voltage
signal, generally 5 volts, is what a 1-channel 5V relay is
designed to do. It is composed of a coil and a series of
contacts, and it functions by activating the coil with the 5V
signal, which generates a magnetic field that pulls the
contacts, so allowing current to pass through. The activation
and deactivation of lights, motors, or appliances through the
use of a microcontroller or other low-voltage signal sources is
one of the many applications that these relays find broad use
in since they are used in electronics projects for the purpose of
managing devices that operate at higher voltages or currents.

7. RESULTS

The tabulated data suggest that the helmet is capable of
producing a cooling air temperature of 28 degrees Celsius
under static settings. This conclusion was reached after all of
the testing were carried out. This result is accomplished by
running the heat sink for a period of five minutes at a variety
of airflow velocities, which simulates the circumstances that
are encountered during transit. Field testing of the helmet
showed considerable improvements when it is worn during
actual travel. This is because the higher mass flow rate of air
caused by movement significantly enhances the performance
of the helmet. Experiments conducted at speeds of 15, 20, and
40 kilometers per hour have shown that a minimum vehicle
speed of more than 20 kilometers per hour is required in order
to create a cooling effect that is significant.

7.1.1 Test No: 1
Dated:27/02/2024
(12:35 PM to 1:05 PM)

3 12:45 PM 31°C 21.56° C | ON
4 12.50PM | 31°C 21.44°C | ON
5 12:55 PM 30°C 20,87°C | OFF
6 1:00 PM 30°C 21°C OFF
7 1:05 PM 30°C 23.62°C | ON
7.1.2 PHOTOGRAPHS SUPPORTING RESULT:
Output-1 Output-2 Output-3 Output-4 Output-5
7.1.3 Graphical Representation of Test- 1
. B nt. Temperature (°C) [} Ext. Temperature (°C
00 g ————
£ 250 ‘\\—"‘__’/‘
§ 20.0
- 10.0
s 12:35 PM 12:40 PM 12:45 PM 12:50 PM 1266 PM 100 PM 130 PM
7.2.1 Test No.: 2
Dated: 06/03/2024
(6:00 PM to 6:25 PM)
S. Time | Ext. Temp| Int. Temp| Fan
7.2.2 No (°O) (°O) Status
1 6:00 |31°C 32.06°C | ON
PM
2 6:05 |32°C 23.75°C | ON
PM
3 6:10 | 32°C 23.62°C | ON
PM
4 6:15 | 32°C 22.93°C | ON
PM
5 6:20 | 34°C 22.56°C | ON
PM
6 6:25 | 33°C 21.98°C | ON
PM
7 6:30 | 33°C 21.00°C | OFF
PM
8 6:35 |33°C 23.02°C | ON
PM

Photographs Supporting Result:

Output-1 Output-2 Output-3

S.No. | Time Ext. Int. Fan
Temp. | Temp. | Status
CC) [(CC)

1 12:35PM | 30°C | 28.12°C | ON

2 12.40PM | 29°C | 24.69°C | ON
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7.2.3 Graphical Representation of Test-2
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8. CONCLUSION

We have designed an automatic cooling helmet with the
intention of improving user comfort over a wide range of
environmental circumstances. This was accomplished through
careful analysis, design, and execution. In order to
dynamically manage cooling mechanisms in reaction to
variations in the ambient temperature, this cutting-edge
helmet incorporates cutting-edge temperature sensors and a
sophisticated control system. Through the utilization of
cutting-edge technologies for airflow management and
cooling, this helmet guarantees that the wearer will have a
thermal experience that is both constant and very comfortable.
Simulations estimate that the temperature of the heatsink will
be roughly 80 degrees Celsius when the system is in a
standstill position, while the head will maintain a cooling
temperature of approximately 24 degrees Celsius. The cooling
temperature for the head remains constant at 24 degrees
Celsius even when the heatsink temperature reaches 50
degrees Celsius while the head is in motion. A feedback
mechanism that operates in a closed loop is essential to the
functionality of the system. The ambient temperature, both
inside and outside of the helmet, is continuously monitored by
this system, which then makes adjustments to the cooling
settings in real time to ensure that the user is at the highest
possible degree of comfort. In addition, the system takes into
account the preferences of they have, and it adjusts the cooling
levels accordingly in order to create a customized experience
for each user.
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