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ABSTRACT - The storage of perishable goods requires continuous monitoring of environmental conditions such as
temperature, humidity, and gas levels. Traditional cold storage systems lack real-time monitoring, automation, and
intelligent decision-making, leading to increased spoilage and losses. This paper presents the development and
implementation of an loT-enabled real-time cold storage monitoring and notification system. The system uses Arduino
Mega, ESP8266 WiFi module, and multiple sensors such as DHT11 and gas sensors to monitor environmental
parameters. The collected data is transmitted to the ThingSpeak cloud platform for remote monitoring and visualization.
The system also incorporates automated control using Peltier modules and heating elements to maintain optimal
conditions. Additionally, a machine learning model based on the Random Forest algorithm is used for intelligent
decision-making. The proposed system ensures improved efficiency, reduced wastage, and reliable storage conditions.
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1.INTRODUCTION

Old storage is a temperature-controlled facility used for
storing perishable goods such as fruits, vegetables, dairy
products, meat, and pharmaceutical items. The main
purpose of cold storage is to slow down the growth of
microorganisms and reduce chemical reactions that cause
spoilage, thereby extending the shelf life and maintaining
the quality of products. These systems are widely used in
agriculture, food processing industries, supply chains,
and healthcare sectors where maintaining specific
environmental conditions is critical.

The working of a cold storage system is based on
controlling key environmental parameters such as
temperature, humidity, and air quality. Cooling is
typically achieved using refrigeration systems that
remove heat from the storage chamber and maintain a low
temperature. Humidity control is also important to
prevent drying or excess moisture, which can affect the
quality of stored goods. Additionally, proper air
circulation and monitoring of gases released during
spoilage are necessary to ensure a safe storage
environment. In traditional systems, these parameters are
monitored manually or with basic electronic devices,
which limits efficiency and reliability.

However, conventional cold storage systems face several
challenges such as lack of real-time monitoring, delayed

response to environmental changes, and dependence on
human supervision. These limitations can lead to
improper storage conditions, resulting in product damage,
economic losses, and reduced efficiency. With increasing
demand for high-quality storage and minimal wastage,
there is a need for smarter and more automated solutions.

2.LITERATURE SURVEY

Several research works have been carried out in the field
of cold storage monitoring systems to improve efficiency
and reduce spoilage.

R. Sharma et al. developed a temperature monitoring
system using an Arduino Uno and LM35 sensor, where
the readings were displayed on an LCD and a buzzer was
triggered when the temperature exceeded preset limits.
This system improved sslacked IoT connectivity and
remote alert features.

P. Verma and S. Gupta proposed an IoT-based cold
storage monitoring system using NodeMCU and DHT11
sensors to measure temperature and humidity. The data
was uploaded to a cloud platform, enabling real-time
remote monitoring. However, the system did not include
gas detection for spoilage monitoring and lacked
automated control mechanisms.

K. Nair et al. introduced a multi-sensor system that
integrated temperature, humidity, and gas sensors to
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detect food spoilage conditions. The system provided
alerts through a GSM module when abnormal conditions
were detected. Although this approach improved safety
and detection, it lacked intelligent decision-making and
machine learning-based optimization.

M. Singh and R. Patel implemented a Peltier-based
cooling system using a microcontroller to automatically
regulate temperature. The system activated cooling
modules based on sensor readings, providing basic
automation. However, it did not support IoT-based
monitoring, cloud integration, or real-time visualization.

3.EXISTING SYSTEM

Existing cold storage systems are developed using
microcontrollers and sensors to monitor temperature and
sometimes humidity inside the storage unit. Some
systems use [oT modules to provide remote monitoring
through cloud platforms. Multi-sensor approaches have
also been introduced to include gas detection for
identifying spoilage conditions. However, most systems
focus on limited parameters and do not provide complete
environmental monitoring. They operate on fixed
threshold values without intelligent decision-making and
often lack full automation of cooling and heating
mechanisms. Due to these limitations, existing systems
are less efficient, require manual intervention, and may
lead to increased spoilage and reduced reliability.

4. PROPOSED SYSTEM

The proposed system is designed to provide an intelligent
and automated solution for cold storage monitoring using
IoT and machine learning technologies. It consists of
sensors, a microcontroller, communication modules, and
control units that work together to maintain optimal
storage conditions.

Power supply
(]
o
|
DHT-11
ARDUINO MEGA +PC
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4.1 System Design

The system is designed to continuously monitor
environmental parameters such as temperature, humidity,
and gas levels inside the storage unit. Sensors are
connected to the Arduino Mega, which acts as the central
processing unit. The ESP8266 WiFi module is used to
transmit data to the ThingSpeak cloud platform, enabling
real-time monitoring. The system also includes relays to
control cooling and heating devices automatically.

4.2 Hardware and Software Components Used

The system consists of both hardware and software
components that work together to achieve efficient cold
storage monitoring. The hardware components include
Arduino Mega as the main controller, DHT11 sensor for
measuring temperature and humidity, and a gas sensor for
detecting harmful gases. The ESP8266 WiFi module is
used for internet communication, while the Peltier
module and heat gun are used for cooling and heating
respectively. A relay module controls these devices, and
a regulated power supply provides the required voltage.
The software components include Arduino IDE for
programming and uploading code, Embedded C language
for system development, and ThingSpeak for real-time
cloud monitoring and data visualization. Additionally,
Python is used to implement machine learning using the
Random Forest algorithm for intelligent decision-making.

4.3 Working Process

The sensors continuously collect environmental data and
send it to the Arduino for processing. The Arduino
compares the sensor values with predefined limits and
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sends the data to the ThingSpeak cloud using the
ESP8266 module. Based on the sensor readings and
machine learning predictions, the system automatically
controls the cooling and heating mechanisms through
relays. If any abnormal condition is detected, alerts are
generated, and necessary actions are taken to maintain
optimal storage conditions.

S.IMPLEMENTATON

This section explains the implementation of the proposed
system, including hardware setup, software development,
and system integration. The hardware setup involves
connecting sensors such as DHT11 and gas sensor to the
Arduino Mega for collecting temperature, humidity, and
gas data. The relay module is interfaced to control the
cooling (Peltier module) and Heat Gun. A regulated
power supply is used to ensure proper functioning of all
components.

The software is developed using Arduino IDE with
Embedded C programming. The program is designed to
read sensor values, process the data, and control output
devices based on predefined conditions. The ESP8266
WiFi module is configured to transmit the sensor data to
the ThingSpeak cloud platform for real-time monitoring
and visualization.

System integration combines both hardware and software
components to work as a single unit. The sensors
continuously collect data, which is processed by the
Arduino and sent to the cloud. Based on the sensor values
and machine learning predictions, the system
automatically controls cooling and heating mechanisms
through relays. This ensures efficient and reliable
operation of the cold storage system.

IMPLEMENTATION OF KIT

ADVANTAGES
e Provides real-time monitoring of temperature,
humidity, and gas levels

e Enables remote access through cloud platform
(ThingSpeak)

e Automatic control of cooling and heating
mechanisms

e Reduces manual effort and human errors

e Early detection of spoilage using gas sensors

e Improves efficiency and reliability of the system

e Minimizes wastage of perishable goods

e Supports intelligent
machine learning

decision-making using

APPLICATIONS
e (old Storage
e Food Preservation
e Vegetables & Meat Storage
e Ice Storage
e Environmental Monitoring
e Remote Monitoring
e Smart Refrigeration
e Industrial Storage

6.RESULTS AND DISCUSSIONS

This section presents the experimental results obtained
from the implementation of the proposed IoT-based cold
storage monitoring system and analyzes its overall
performance. The system was tested under various
environmental conditions to evaluate its accuracy,
reliability, and response time. Sensors such as DHT11
and gas sensors continuously monitored temperature,
humidity, and gas levels inside the storage unit, and the
data was processed by the Arduino Mega.

The collected sensor data was successfully transmitted to
the ThingSpeak cloud platform through the ESP8266
WiFi module. The data was visualized in the form of real-
time graphs, allowing easy monitoring and analysis of
time. The
demonstrated stable and consistent data transmission

environmental changes over system
without significant delays, ensuring reliable remote
monitoring.

During testing, the system effectively responded to
variations in environmental conditions. When the
temperature increased beyond the predefined threshold,
the Peltier module was automatically activated to reduce
the temperature. Similarly, when the temperature dropped
below the required limit, the heat gun was turned ON to
maintain the desired range. The relay module successfully
controlled the switching of these devices, ensuring
smooth operation. Additionally, the gas sensor detected
levels, indicating possible spoilage
conditions, and alerts were generated accordingly.

The integration of the Random Forest machine learning

abnormal gas

algorithm enhanced the system’s ability to analyze sensor
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data and make intelligent decisions. The model was able
to classify storage conditions and assist in maintaining
optimal environmental parameters. This reduced
dependency on fixed threshold values and improved the
adaptability of the system for different storage
requirements.

Overall, the results demonstrate that the proposed system
performs effectively in real-time monitoring, automatic
control, and intelligent decision-making. It provides a
reliable and efficient solution for cold storage
management, minimizing spoilage and improving the
quality of stored products.

RESULT OF SOFTWARE IMPLEMENTATION

7.CONCLUSION

This paper presented the design and implementation of an
IoT-enabled real-time cold storage monitoring system.
The system effectively monitors temperature, humidity,
and gas levels using sensors and transmits the data to the
ThingSpeak cloud platform for remote access. It also
provides automatic control of cooling and heating
mechanisms to maintain optimal storage conditions. The
integration of the Random Forest algorithm improves
decision-making and system efficiency. Overall, the

system reduces manual effort, minimizes spoilage, and
ensures reliable cold storage management.

RESULT OF HIGH TEMPERATURE

8.FUTURE SCOPE

The proposed system can be further enhanced by
integrating advanced sensors for higher accuracy and
reliability. Mobile application support can be added for
better user interaction and real-time notifications.
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Advanced machine learning and deep learning techniques
can be implemented to improve prediction accuracy and
adaptability. The system can also be expanded for large-
scale industrial applications and integrated with alert
systems such as SMS and email notifications. These
improvements will make the system more efficient,
scalable, and suitable for real-world deployment. In
addition, integration with GPS and logistics tracking
systems can enable monitoring of storage conditions
during transportation, making it suitable for cold chain
applications. The use of edge computing can reduce
dependency on cloud platforms by processing data locally
for faster response times. Furthermore, voice or Al-based
assistants can be integrated to provide smart user
interaction and control. Future developments may also
focus on reducing power consumption through energy-
efficient hardware and intelligent control algorithms. The
system can be adapted for different domains such as
pharmaceutical storage, vaccine preservation, and large-
scale warehouse management. These advancements will
make the system more robust, intelligent, and suitable for
real-world industrial applications.
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