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Abstract

This paper presents an 10T-based food quality monitoring system designed to enhance food safety and
quality control. The system integrates sensors to collect real-time data on parameters like temperature and
humidity, and utilizes it for analysis. It offers real-time alerts when deviations from quality standards
occur. This research explores the system's architecture, sensor choices, and potential benefits in improving
food safety and efficiency in the food supply chain. This 0T system holds the potential to transform food
quality control and ensure safer food products.
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1. Introduction

The modern food industry functions as a sophisticated network, uniting farmers, wholesalers, retailers,
and consumers in a collaborative effort to fulfill the world's demand for sustenance.

However, within this intricate web, the preservation of food quality and safety presents an ever- evolving
challenge. The quality of food products isn't only a profitable concern but a fundamental matter of public
health and safety. In this environment, the integration of advanced technologies has heralded
transformative results, and in this research endeavor, we claw into the sphere of Internet of Things( IoT)-
based Food Quality Monitoring System — a technological stride towards the integrity of the food supply
chain.

As the food journey spans geographies and handling points, maintaining the right conditions for each item
becomes a logistical mystification. The shifting variables of temperature, humidity, and the presence of
harmful gasses are prime culprits in quality declination and impurity. The realm of 10T envisions a
connected world where objects communicate, collect data, and impact their environment. Drawing
inspiration from this, our 10T- based Food Quality Monitoring System represents a significant departure
from conventional monitoring practices. It is a system integrated with various components, including the
ESP-32 microcontroller and ESP-32 Cam module—both equipped with inbuilt WiFi transceivers—
DHT11 temperature and humidity sensor, MQ- 135 gas sensor and LCD Display Panel. This system
constantly monitors the captured data, to provide crucial insights throughout the food supply chain.
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The amalgamation of these factors is sustained by the pervasive principles of the 10T, orchestrating a
symphony of connected devices and data exchange. Such unity facilitates real- time data transmission and
visualization through the Blynk loT platform. This communication framework not only empowers
stakeholders with access to dynamic data but also offers insights for decision-making. The interface is
further simplified by means of a Telegram bot. It enables stakeholders to remotely access the system,
query data, and issue commands through a medium they're used to — a subtle yet impactful elaboration
of user experience.

Additionally, to further aid in quality assessment of food, the ESP32 CAM module contributes a visual
dimension to the monitoring process. This module captures images of food products, creating an evident
representation of their condition. This paper provides insights on our 10T- based Food Quality Monitoring
System, narrating a technological ordeal of securing quality food, optimizing resources, and fortifying the
trust between consumers and their food.

2. System Design & Methodology

The Smart Food Quality and Safety Monitoring System is designed to leverage the capabilities of various

technologies to ensure the integrity of the food supply chain. The system integrates ESP32

microcontroller, DHT sensors, gas sensors (MQ-135), ESP32 CAM, Blynk loT platform, and a Telegram

bot. The following sections outline the system design and methodology employed in this project.

1. Hardware Setup:

e ESP32 Microcontroller: Acts as the central control unit, responsible for data acquisition, processing,
and communication.
DHT Sensors: Measure temperature and humidity levels in food storage and processing environments.
Gas Sensors: Detect the presence of harmful gasses or contaminants in the vicinity of food products.
ESP32 CAM: Captures images of food products at various stages of the supply chain.

I0T PLATFORM

GAS SENSOR

WIFI MODULE

HUMIDITY AND
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MICROCONTROLLER
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DISPLAY UNIT

POWER SUPPLY
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7.

Circuit Diagram:

GAS S or IE
Data Acquisition:

The DHT sensors and gas sensors are connected to the ESP32 microcontroller, which collects data
from these sensors.

The ESP32 CAM captures images of food products and stores them for analysis.

Communication and Connectivity:

The ESP32 microcontroller is connected to the Blynk loT platform, enabling real-time data
transmission and visualization.

The Telegram bot acts as an interface for users to interact with the system remotely.

Data Processing and Analysis:

The collected sensor data is processed by the ESP32 microcontroller, which performs data
preprocessing tasks.

Machine learning algorithms, such as Support Vector Machines (SVM) or Decision Trees, can be
employed to analyze the data for quality and safety assessment.

Image recognition algorithms, such as Convolutional Neural Networks (CNN), can be utilized to
analyze the captured food product images for visual cues of quality degradation or contamination.
Real-time Monitoring and Alerts:

The processed data is transmitted to the Blynk loT platform for real-time visualization and monitoring.
Thresholds can be set based on regulatory standards or predefined quality metrics. If the data exceeds
these thresholds, the system generates alerts and notifications to relevant stakeholders via the Blynk
app and Telegram bot.

Remote Control and Interaction:

The Telegram bot provides users with the ability to remotely monitor and control the system.

Users can receive real-time updates, query sensor data, and issue commands to the system through the
Telegram bot interface.

Database and Storage:

The system can store the collected data, including sensor readings and images, in a centralized database
for future reference, analysis, and reporting purposes.

IJFMR23057722 Volume 5, Issue 5, September-October 2023 3



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

8. System Integration and Deployment:

e The hardware components, software modules, and communication interfaces are integrated to form a
cohesive system.

e The system can be deployed at various points along the food supply chain, such as farms, processing
facilities, distribution centers, and retail stores.

9. Evaluation and Validation:

e The performance of the system can be evaluated based on key metrics such as accuracy, sensitivity,

and response time.

e Validation can be conducted by comparing system-generated alerts and notifications with actual
quality and safety incidents.

10. Iterative Improvement:

e Feedback and insights from system users and stakeholders can be gathered to identify areas for
improvement.

e |terative development cycles can be undertaken to enhance the system's functionality, accuracy, and
user experience.

By following this system design and methodology, the Smart Food Quality and Safety Monitoring System

can effectively monitor and ensure the quality and safety of food products throughout the supply chain. It

provides real-time monitoring, analysis, and decision-making capabilities, empowering stakeholders to

take proactive measures in maintaining food integrity and promoting consumer safety.

3. Snapshots and Results

To ensure a seamless experience of food quality monitoring, realtime pictures of the food captured are
transferred to a Telegram Bot at regular intervals that can be set according to the demand. The humidity,
temperature and gas values detected by the sensors are sent to the Blynk IOT Web Interface for an
enhanced user experience. In conclusion, Secure Sense — IOT Based Food Quality Monitoring System is
a revolutionary idea based on technologies that represents a significant step towards a safer and more
effective food ecosystem.
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4. Advantages of 10T in food monitoring

e Energy Efficiency: loT systems save energy by controlling processes like temperature and humidity,
reducing costs and environmental impact.

e Improved Productivity: Automation frees up employees for more valuable tasks, enhancing efficiency
and reducing errors.

e Reduced Food Recalls: Early issue detection lowers food recalls, preserving reputation and reducing
financial losses.

e Customization and Scalability: 10T solutions can be tailored to specific business needs, making them
versatile and adaptable.

e Integration with Other Technologies: 10T can be combined with blockchain, Al, and RFID for
enhanced traceability, predictive analytics, and supply chain visibility, providing a competitive edge
and operational efficiency.

. Applications of 10T in the food industry
Food Safety Monitoring: 10T tracks environmental conditions like temperature and humidity to ensure
food is stored and transported safely, preventing spoilage and contamination.
e Supply Chain Management: loT offers real-time visibility into food product movement, location, and
condition, enabling efficient logistics planning and reducing the risk of delays or spoilage.
e Quality Control: 10T assesses food quality through sensors and data analysis, swiftly identifying
substandard products in the production and supply chain.
e Traceability: loT provides end-to-end tracking of food products, aiding in contamination detection and
confirming product authenticity and origin.

e Ol
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e Consumer Engagement: 10T informs consumers about food product origin and quality, fostering trust
in the supply chain.

e Energy Efficiency: 10T optimizes energy usage in food processing and storage, reducing costs and
environmental impact through sensor-driven automation.

6. Conclusion & Future Enhancements
Future Enhancements:

e Integration of Additional Sensors: Consider integrating additional sensors, such as pH sensors, oxygen
sensors, or specific contaminant detection sensors, to enhance the system's capabilities in monitoring
specific aspects of food quality and safety.

e Predictive Analytics: Implement advanced machine learning algorithms, such as Long Short-Term
Memory (LSTM) or Recurrent Neural Networks (RNN), to develop predictive models that can forecast
potential quality issues or safety risks based on historical data patterns.

e Blockchain Technology: Explore the integration of blockchain technology to enhance transparency,
traceability, and security within the food supply chain. This can help establish immutable records of
food quality and safety information, providing consumers and stakeholders with greater confidence
and trust.

e Mobile Application Development: Develop a dedicated mobile application that integrates with the
monitoring system. This application can provide users with a user-friendly interface to access real-
time data, receive alerts, and interact with the system, enhancing convenience and accessibility.

e Supplier and Consumer Feedback Loop: Establish a feedback loop with suppliers and consumers to
gather real-time feedback on food quality and safety. This feedback can be used to continuously
improve the system and address any emerging issues promptly.

Conclusion:

The Smart Food Quality and Safety Monitoring System presented in this project demonstrates the potential
of leveraging advanced technologies to ensure the integrity of the food supply chain. By integrating ESP32
microcontroller, DHT sensors, gas sensors, ESP32 CAM, Blynk loT, and a Telegram bot, the system
provides real-time monitoring, analysis, and decision-making capabilities to stakeholders involved in the
food industry. The system enables proactive measures to be taken in maintaining food quality and safety,
reducing the risk of foodborne illnesses, product recalls, and economic losses. It enhances transparency,
traceability, and compliance with regulatory requirements. Additionally, it promotes sustainable practices
by minimizing food waste and optimizing resource utilization.

The project highlights the importance of harnessing 10T, machine learning, and data analytics to address
complex challenges in the food industry. With future enhancements, such as integrating additional sensors,
predictive analytics, and blockchain technology, the system can further strengthen food quality and safety
measures.

In conclusion, the Smart Food Quality and Safety Monitoring System represents a significant step towards
creating a safer and more efficient food ecosystem. By empowering stakeholders with real-time
monitoring, analysis, and decision-making capabilities, the system contributes to ensuring that consumers
have access to safe and high-quality food products throughout the supply chain.
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