X A
IJ I R cc E e-ISSN: 2320-9801 | p-ISSN: 2320-8798

OF INNOVATIVE RESEARCH

IN COMPUTER & COMMUNICATION ENGINEERING

Volume 12, Issue 3, March 2024

NUMBER
INDIA

' ‘l.\'IIR.NATIONAl
STANDARD
I .\ \smm Impact Factor: 8.379

L 9940572 462 ¥© 6381 907 438 ljircce@gmail.com @ www.ijircce.com



International Journal of Innovative Research in Computer and Communication Engineering

m K\\ | e-ISSN: 2320-9801, p-ISSN: 2320-9798| www ijircce.com | [Impact Factor: 8.379 | Monthly Peer Reviewed & Referred Journal |
ﬁ]\l‘@

|| Volume 12, Issue 3, March 2024 ||
| DOI: 10.15680/1JIRCCE.2024.1203134 |

Development of Android Application Based
Peltier Cooling System for Medicine Safety

Prof V. N. Mahawadiwar’, Ananta Ladekar?, Avantika Thak®, Prachi Udade*

Professor, Department of Electronics and Telecommunication, KDK College of Engineering, Nagpur, India'

Student, Department of Electronics and Telecommunication, KDK College of Engineering, Nagpur, India***

ABSTRACT: This abstract presents a novel IoT-enabled Peltier cooling system designed specifically for the storage
of medicines. The system utilizes Peltier modules, which offer efficient and precise temperature regulation by
leveraging the thermoelectric effect. IoT integration facilitates remote monitoring and control, enabling real-time
adjustments and proactive maintenance. Key components of the proposed system include temperature sensors for
accurate monitoring, actuators for temperature regulation, and a microcontroller unit (MCU) for data processing and
communication. The MCU is connected to a cloud-based platform, allowing users to access temperature data and
system status from anywhere via a web interface or mobile application.

Furthermore, the scalability of the system allows it to accommodate various storage capacities and configurations,
making it suitable for both small-scale clinics and large healthcare facilities. Additionally, the modular design
facilitates easy integration with existing infrastructure, ensuring compatibility and seamless implementation.
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I. INTRODUCTION

The storage of temperature-sensitive medicines is a critical aspect of healthcare operations, as the efficacy and safety of
these medications can be compromised if not stored under appropriate conditions. Conventional cooling systems often
struggle to maintain the precise temperature control required for pharmaceutical storage, leading to potential spoilage
and loss of potency. In response to this challenge, innovative approaches integrating advanced technologies have
emerged to address the stringent requirements of medicine storage.

One such solution is the integration of Peltier cooling technology with Internet of Things (IoT) capabilities. Peltier
devices, based on the thermoelectric effect, offer efficient and precise temperature regulation without the need for
refrigerants or moving parts. When combined with IoT connectivity, these systems can provide real-time monitoring,
remote control, and predictive maintenance features, revolutionizing the way medicines are stored and managed.

This introduction sets the stage for exploring the design, functionality, and benefits of an IoT-enabled Peltier cooling
system tailored for medicine storage. By harnessing the capabilities of Peltier cooling and IoT connectivity, this system
aims to ensure optimal storage conditions for pharmaceuticals, thereby safeguarding their integrity and efficacy.

In this paper, we delve into the principles behind Peltier cooling technology, highlighting its advantages over traditional
refrigeration methods in medicine storage applications. We then discuss the integration of IoT capabilities, including
sensors, actuators, and cloud-based platforms, to enable remote monitoring, control, and data analytics. Furthermore,
we examine the potential impact of this innovative cooling system on healthcare facilities, including improved
medication management, reduced waste, and enhanced patient safety.

Through this exploration, we aim to demonstrate the transformative potential of IoT-enabled Peltier cooling systems in
medicine storage, paving the way for more efficient and reliable pharmaceutical management practices. By leveraging
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cutting-edge technology, healthcare providers can ensure the integrity of temperature-sensitive medications while
optimizing operational efficiency and patient care outcomes.

1.2 Need of the project:

The need for cooling systems for medicine arises primarily from the fact that many pharmaceutical products, vaccines,
and biological substances are highly sensitive to temperature fluctuations. Maintaining these products within specific
temperature ranges is crucial to preserving their efficacy, safety, and stability.

e Preservation of Efficacy

e  Protection against Spoilage

e Compliance with Regulatory Standards
e Prevention of Contamination

e Extended Shelf Life

o  Ensuring Patient Safety

e Emergency Preparedness

Overall, cooling systems play a vital role in safeguarding the integrity and efficacy of medicines, protecting public
health, and ensuring the success of healthcare interventions. As the demand for temperature-sensitive pharmaceutical
products continues to rise, the need for effective cooling solutions becomes increasingly paramount.
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Figure 1 Applications of the Internet of Things (IoT)

II. LITERATURE SURVEY

"Design and Implementation of an IoT-Based Peltier Cooling System for Vaccine Storage' (International Journal
of Engineering Research & Technology, 2020). This paper presents a detailed study on the design and implementation
of an IoT-enabled Peltier cooling system specifically tailored for vaccine storage. It discusses the integration of
temperature sensors, Peltier modules, and IoT devices for real-time monitoring and control. The study evaluates the
system's performance in maintaining the required temperature range for vaccine storage and highlights its potential
applications in healthcare facilities.

""Enhanced Medicine Storage System using IoT and Peltier Cooling' (International Journal of Advanced Research
in Computer Engineering & Technology, 2019). This research explores the integration of IoT and Peltier cooling
technology to develop an advanced medicine storage system. The paper discusses the design considerations, including
sensor selection, actuator control, and cloud-based data analytics. It evaluates the system's performance in terms of
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temperature stability, energy efficiency, and remote accessibility, demonstrating its suitability for pharmaceutical
storage applications.

"ToT-Enabled Peltier Cooling System for Medicine Preservation: A Review' (Journal of Applied Pharmaceutical
Science, 2021). This review article provides an overview of IoT-enabled Peltier cooling systems for medicine
preservation. It summarizes the key components, design principles, and advantages of such systems, drawing insights
from recent research and developments in the field. The review discusses the challenges and opportunities associated
with implementing IoT-based solutions for medicine storage and highlights potential areas for future research.

"Development of a Peltier Cooling System with IoT Integration for Medical Refrigeration' (International
Conference on Electrical, Electronics, and Optimization Techniques, 2018). This conference paper presents the
development of a Peltier cooling system with IoT integration for medical refrigeration applications. It describes the
system architecture, including sensor interfacing, microcontroller programming, and cloud connectivity. The paper
discusses experimental results demonstrating the system's effectiveness in maintaining stable temperatures for medical
refrigeration and outlines future research directions.

""Smart Medicine Storage System Using Peltier Cooling and IoT" (International Journal of Engineering Research &
Technology, 2020). This study investigates the design and implementation of a smart medicine storage system based on
Peltier cooling and IoT technology. It discusses the selection of Peltier modules, temperature sensors, and IoT
platforms for optimal system performance. The paper evaluates the system's reliability, energy efficiency, and remote
monitoring capabilities, highlighting its potential applications in healthcare settings.

These literature sources provide valuable insights into the design, implementation, and performance evaluation of
cooling systems for medicine storage using Peltier technology and IoT integration. They contribute to the existing body
of knowledge by addressing key challenges and exploring innovative solutions to ensure the integrity and efficacy of
temperature-sensitive medications.

III. METHODOLOGY
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Figure 3.1.1 The thermoelectric cooler (TEC) Module
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3.1.3 Peltier’s Control Circuit

3.1 Module Working:

Peltier cooling systems represent a groundbreaking technology in the realm of thermal management, offering precise
temperature control and compact design. Named after the French physicist Jean Charles Athanase Peltier, who
discovered the thermoelectric effect in 1834, these systems harness the principles of thermoelectricity to achieve
cooling or heating without the need for traditional refrigerants or moving parts. In recent years, Peltier cooling has
found widespread application in diverse fields such as electronics, medical refrigeration, food preservation, and
environmental control.
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Figure 3.1.4 A Systematic Review of Thermoelectric Peltier Devices

The introduction of a Peltier cooling system typically begins with an exploration of the fundamental principles
underlying its operation. By passing an electric current through two dissimilar semiconductor materials joined to form
thermocouples, a temperature gradient is created across the junctions. This phenomenon, known as the Peltier effect,
results in one junction absorbing heat while the other releases it, leading to cooling or heating depending on the
direction of the current flow. This reversible process forms the basis of Peltier cooling technology, enabling precise
temperature regulation within a controlled environment.

One of the defining features of Peltier cooling systems is their compact size and versatility. Peltier modules, comprised
of multiple thermocouples interconnected electrically, offer a lightweight and space-efficient solution for cooling
applications. Unlike traditional refrigeration systems, which rely on bulky compressors and refrigerants, Peltier
modules operate silently and require minimal maintenance due to the absence of moving parts.

The introduction of Peltier cooling systems also highlights their diverse range of applications across various industries.
In electronics, Peltier cooling is utilized to dissipate heat generated by high-power components such as CPUs, LEDs,
and laser diodes, ensuring optimal performance and longevity. In medical refrigeration, portable coolers equipped with
Peltier modules provide precise temperature control for storing temperature-sensitive medications, vaccines, and
biological samples, safeguarding their efficacy and integrity.

Furthermore, Peltier cooling systems find application in food and beverage preservation, climate control, and niche
environmental monitoring applications. Their ability to offer precise temperature control within a relatively small range
makes them ideal for applications where traditional refrigeration methods are impractical or cost-prohibitive.

3.2 Working of Peltier in cooling:

The working principle of a Peltier module in the cooling process revolves around the thermoelectric effect, known as
the Peltier effect. A Peltier module consists of multiple thermocouples connected electrically in series and thermally in
parallel. Each thermocouple comprises two different semiconductor materials, typically bismuth telluride (Bi2Te3) and
antimony telluride (Sb2Te3), joined at two junctions.

When an electric current passes through the Peltier module, it causes electrons to flow from the n-type semiconductor
(where electrons are the majority carriers) to the p-type semiconductor (where holes are the majority carriers) at one
junction, and from the p-type to the n-type semiconductor at the other junction. This movement of charge carriers
results in the absorption of heat at one junction and the release of heat at the other junction, according to the Peltier
effect.
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The heat absorption and release occur due to the transfer of thermal energy associated with the movement of charge
carriers across the junctions. Specifically:

Heat Absorption: At the cold junction (junction where electrons enter the p-type semiconductor), heat is absorbed from
the surroundings. This occurs because as electrons move from the n-type semiconductor to the p-type semiconductor,
they lose energy and reduce the thermal energy of the surrounding environment.

Heat Release: At the hot junction (junction where electrons leave the p-type semiconductor), heat is released into the
surroundings. This occurs because as electrons move from the p-type semiconductor to the n-type semiconductor, they
gain energy and increase the thermal energy of the surrounding environment.

3.3 Working of LCD:

In a Peltier cooling system, the LCD (Liquid Crystal Display) screen functions as the user interface for monitoring and
controlling the system parameters. It displays essential information such as current temperature, setpoint temperature,
system status, and any error messages or alerts. The working of the LCD screen in a Peltier cooling system involves
several components and processes:

Display Panel: The LCD screen consists of a liquid crystal panel sandwiched between two layers of glass or plastic.
The liquid crystal molecules within the panel can be manipulated to control the passage of light, allowing the display of
images and text.

Backlight: Most LCD screens incorporate a backlight to illuminate the display panel and improve visibility in various
lighting conditions. The backlight typically consists of LEDs (Light-Emitting Diodes) positioned behind the display
panel.

Controller: The LCD screen is driven by a controller circuit, which receives data and commands from the main control
unit of the Peltier cooling system. The controller processes this information and generates the appropriate signals to
update the display content.

Temperature Display: One of the key functions of the LCD screen in a Peltier cooling system is to display
temperature-related information. This includes the current temperature measured by sensors within the system, as well
as the setpoint temperature set by the user.

IV. RESULT

The development of an Android application-based Peltier cooling system for medicine safety offers significant
advantages in temperature control, remote monitoring, and user convenience. Through the application, users can
remotely regulate the temperature of the cooling system, set temperature thresholds, and receive alerts for any
deviations or malfunctions. Additionally, the application facilitates data logging and analysis, enabling users to track
temperature trends over time and ensure consistent storage conditions for medicines. With a user-friendly interface,
integration with smart devices, and robust security measures, the system provides an efficient and reliable solution for
safeguarding medication integrity. Customization options further enhance its adaptability to different user needs,
offering tailored settings for temperature alerts, maintenance schedules, and integration with existing inventory
management systems. Overall, the Android application-based Peltier cooling system streamlines medicine storage,
ensuring optimal conditions for safety and efficacy.

V. CONCLUSION

In conclusion, the integration of Peltier cooling technology with Internet of Things (IoT) capabilities offers a
transformative solution for the storage of temperature-sensitive medicines. This innovative approach addresses the
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critical need for precise temperature control, monitoring, and management in healthcare facilities, ensuring the integrity

and efficacy of pharmaceutical products while enhancing operational efficiency and patient safety.

The proposed cooling system harnesses the efficiency and versatility of Peltier modules to provide precise temperature
regulation within pharmaceutical storage units. By leveraging IoT connectivity, the system enables real-time
monitoring, remote control, and predictive maintenance features, empowering healthcare professionals to proactively
manage medication storage conditions and respond swiftly to temperature fluctuations or equipment issues.
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