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Abstract: The "Food Quality Monitoring System" aims to revolutionize post-cooking food quality assessment in response to the global
concerns surrounding diminishing food quality due to various preservation methods and additives. This comprehensive system
proposes a handheld module equipped with gas and temperature sensors, facilitating wireless data transmission to an Android device
via Bluetooth. The transmitted data undergoes meticulous cloud-based analysis, employing sophisticated algorithms to evaluate food
quality metrics. Visual LED indicators integrated into the module offer immediate and intuitive feedback regarding food quality status.
The literature survey explores diverse facets of food quality monitoring, encompassing imaging and spectroscopic techniques, loT
applications, sensor technologies, and cloud-based platforms. While imaging and spectroscopy techniques offer valuable insights,
integration with emerging sensors remains a challenge. 10T's real-time data collection is promising, yet scalability and security
concerns persist. Gas sensors and environmental monitoring devices detect contaminants but face issues of reliability and optimization
for varied conditions.
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I. Introduction

The "Food Quality Monitoring System" introduces a novel handheld module designed to redefine post-cooking food quality
assessment. This compact yet powerful device integrates critical components—a gas sensor, temperature sensor and LED indicators
to provide immediate and tangible insights into the quality of prepared food items. In today's culinary landscape, where consumer
trust and safety are paramount, this innovative solution offers a portable and user-centric approach to assess food quality in real-time.
The handheld module comprises a gas sensor meticulously tuned to detect potential harmful gases and a temperature sensor ensuring
adherence to safety standards. This compact device seamlessly transmits the gathered data to an Android device via a Bluetooth
module. Once received, the Android device harnesses its computing capabilities to process and analyze the data within a cloud
platform. Within the cloud, intricate algorithms and machine learning models assess the food quality metrics derived from the sensor
data. This centralized analysis enables rapid evaluation, allowing for immediate interpretation of the food's safety and integrity.
Subsequently, the processed data is distilled into a clear and intuitive output: two LED indicators embedded in the handheld module.
The LED indicators serve as an instant visual cue for users. A green LED illuminates when the quality metrics meet prescribed
standards, signaling that the prepared food item aligns with optimal safety and quality benchmarks. Conversely, a red LED activates
to alert users of potential deviations or concerns in the food quality metrics, prompting necessary attention or corrective actions. This
handheld module amalgamates sophisticated sensor technology, cloud-based computation, and LED outputs to provide immediate
and actionable insights into post-cooking food quality. Empowering users with a portable, efficient, and user-friendly tool, this system
aims to promote trust, safety, and excellence in food preparation and consumption across diverse culinary environments.
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I1. Proposed System Architecture

1. System Overview

The proposed system consists of a sensor-based monitoring module that detects changes in temperature and gas levels affecting food
quality. It integrates an ESP32 microcontroller, which collects and processes data from the sensors before transmitting it to a cloud
platform. The cloud-based analytics generate real-time reports, which are accessed through a mobile application.

The system offers visual alerts via LED indicators:

o Green LED — Indicates food is safe.

. Red LED — Allerts users about potential spoilage.

2. Components Used

ESP32 Microcontroller — Central processing unit for sensor data collection and communication.
MQ135 Gas Sensor — Detects harmful gases such as CO2, ammonia, and ethanol.

DHT11 Temperature Sensor — Monitors temperature variations in the food storage environment.
Bluetooth Module — Enables wireless data transmission to mobile applications.

LED Indicators — Provides instant visual alerts for food safety status.

Power Supply (Li-ion Battery) — Ensures reliable operation of the system

3. System Workflow

Data Collection: Sensors continuously monitor temperature and gas emissions.
Data Processing: ESP32 microcontroller processes and transmits data.

Cloud Analysis: ThingSpeak cloud platform analyzes sensor data.

Alert System: LED indicators and mobile notifications alert users.

User Interaction: Users monitor food quality via a mobile application.

I11. Problem Statement

Ensuring food safety and quality is a major challenge due to inconsistent storage conditions, environmental factors, and lack of real-
time monitoring systems. Traditional food quality monitoring relies heavily on manual inspections, which are prone to errors and
delays in detecting contamination or spoilage.

The primary challenges include:

o Lack of real-time monitoring: Food quality deteriorates quickly, requiring continuous monitoring.

o Inefficient manual inspections: Human errors and delays in detecting contamination lead to food wastage.

o Absence of automated alert systems: Delayed responses to food spoilage increase health risks.

. Scalability limitations: Existing monitoring methods are not adaptable for large-scale food storage and distribution systems.

To address these issues, this project develops a smart loT-based system that integrates sensor technology, cloud computing, and
mobile applications to enable real-time food quality monitoring.

IV. Objective of Project

1. Real-time Data Collection: Use sensors connected to the ESP32 to collect data on various food quality indicators, such as
temperature, humidity, gas levels (e.g., ethylene for ripening), and pH.

2. DataProcessing and Analysis: Program the ESP32 to analyze the collected data in real-time, identifying any deviations from safe
storage conditions that could indicate spoilage or quality degradation.

3. Wireless Data Transmission: Implement Wi-Fi or Bluetooth connectivity on the ESP32 to transmit data to a cloud server or
mobile application, enabling remote monitoring of food quality.

4. Alert System: Set up an alert system that notifies users via push notifications, SMS, or email when any food quality parameter
crosses a predefined threshold, helping to take timely action.

5. Data Logging and Storage: Store the collected data on a cloud server or local database to allow for historical analysis of food
quality trends, making it possible to track and improve storage and handling processes.

6. Low Power Consumption: Optimize the power consumption of the ESP32 and connected sensors to ensure the system can
function effectively in various storage environments, including low-power scenarios like battery-operated units..
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V. Literature Survey

Literature Survey No. 1

Title of Paper: loT-Based Smart Food Monitoring System

Journal/Conference Name: IEEE Transactions on Food Safety

Publisher/Volume: IEEE, Vol-12, March 2020

What is Given in the Paper: Discusses the role of 10T in real-time food safety and quality monitoring.
Methodology: Uses sensor networks and cloud-based analysis for food storage monitoring.

How is it useful for our Project: Helps in designing an effective loT framework for food quality assessment.

Literature Survey No. 2

Title of Paper: Gas Sensors for Detecting Food Spoilage

Journal/Conference Name: International Journal of Food Science and Technology

Publisher/VVolume: Elsevier, Vol-18, July 2019

What is Given in the Paper: Explores the use of gas sensors to detect food spoilage indicators such as ammonia and CO2.
Methodology: Implements MQ135 gas sensors to identify contamination in perishable foods.

How is it useful for our Project: Provides insights into gas sensor applications for real-time food spoilage detection.

Literature Survey No. 3

Title of Paper: Cloud Computing for loT-Based Food Safety Monitoring

Journal/Conference Name: International Conference on 0T in Food Safety

Publisher/VVolume: Springer, Vol-10, December 2021

What is Given in the Paper: Discusses the role of cloud platforms in storing and analyzing food safety data.
Methodology: Uses ThingSpeak cloud for real-time data visualization and alert generation.

How is it useful for our Project: Helps in integrating cloud computing for scalable and remote food quality monitoring.

Literature Survey No. 4

Title of Paper: Temperature and Humidity Sensors for Food Storage

Journal/Conference Name: Journal of Food Quality Control

Publisher/VVolume: Elsevier, Vol-9, May 2018

What is Given in the Paper: Examines the effectiveness of temperature and humidity sensors in food storage.

Methodology: Uses DHT11 and other environmental sensors to track food storage conditions.

How is it useful for our Project: Provides a basis for selecting and calibrating sensors for temperature-sensitive food quality
monitoring.

Literature Survey No. 5

Title of Paper: Al and loT Integration for Predictive Food Safety Monitoring

Journal/Conference Name: International Journal of Smart Agriculture

Publisher/VVolume: IEEE, Vol-15, August 2022

What is Given in the Paper: Explores Al-driven predictive analytics for loT-based food monitoring systems.
Methodology: Uses machine learning models to predict food spoilage based on sensor data.

How is it useful for our Project: Suggests Al-driven enhancements for improving food quality assessment.

V1. Methodology

The methodology follows a structured approach for designing, implementing, and testing the loT-based food quality monitoring
system.

1. System Architecture

The system consists of interconnected hardware and software components that work together to ensure real-time food quality
monitoring. The ESP32 microcontroller acts as the central processing unit, interfacing with MQ135 gas sensors and DHT11
temperature sensors to collect environmental data. The Bluetooth module facilitates data transfer to a mobile application, while the
ThingSpeak cloud platform enables remote data storage and analysis. Visual alerts are provided through LED indicators, ensuring
immediate notification of any abnormalities in food storage conditions.

2. Workflow of the System

o Data Collection: Sensors continuously monitor temperature and gas emissions.
o Data Processing: The ESP32 microcontroller processes and filters the collected data.
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Cloud Communication: The processed data is transmitted to the cloud for storage and analysis.

Alert System: LED indicators and mobile notifications provide instant updates on food quality.

User Interaction: Users access real-time data and alerts through a dedicated mobile application.

Decision-Making: Based on sensor data, users can take necessary actions to prevent food spoilage.

3. Hardware and Software Components

Hardware:

. ESP32 Microcontroller

. MQ135 Gas Sensor

. DHT11 Temperature Sensor

° Bluetooth Module

° LED Indicators

o Power Supply (Li-ion Battery)
Software:

. Arduino IDE

o ThingSpeak

) Mobile Application (Android/iOS)

4. Implementation Process

Step 1. Selection and configuration of ESP32 microcontroller and sensors.
Step 2. Programming and calibration of MQ135 and DHT11 sensors.
Step 3. Integration of Bluetooth and cloud communication protocols.
Step 4. Development of mobile application for real-time monitoring.

Step 5. Testing and validation of sensor accuracy and response time.

Step 6. Implementation of LED-based alert system.

Step 7. Optimization of power consumption for long-term operation.

Step 8. Performance evaluation under different storage conditions.

5. Testing and Performance Evaluation

Accuracy Testing: Sensor readings were compared with standard food monitoring devices to validate precision.
Response Time Analysis: The time taken for sensors to detect changes and transmit data was evaluated.

Power Consumption Assessment: Battery life was tested under continuous and intermittent operation modes.
Environmental Testing: The system’s functionality was assessed under different temperature and humidity conditions.
Usability Testing: The mobile application interface was tested for ease of use and responsiveness.

VII. Block Diagram

The handheld module serves as the primary data collection unit, equipped with gas and temperature sensors to capture vital information
about the prepared food. This collected data is wirelessly transmitted to an Android device via the Bluetooth module for immediate
processing. Upon reception, the Android device employs its computational capabilities to analyze the received sensor data.
Subsequently, the processed information is sent to a cloud platform for further in-depth analysis using sophisticated algorithms and
machine learning models. This centralized analysis within the cloud allows for comprehensive evaluation of food quality metrics
derived from the sensor data. The outcome of this analysis is translated into actionable insights, manifesting as LED indicators
embedded in the handheld module. A green LED illumination signifies that the food meets optimal safety and quality benchmarks,
while a red LED alerts users to potential deviations, prompting necessary attention or corrective actions. The system operates as a
seamless cycle, continually collecting, analyzing, and providing real time feedback on the quality of prepared food items. This iterative
process is designed to ensure swift and accurate assessments, promoting trust, safety, and excellence in food preparation across diverse
culinary settings.

1. Handheld Module:

. Gas Sensor:- Detects potentially harmful gases emitted by prepared food.

. Temperature Sensor:- Measures and monitors the internal heat levels of the food.

o Bluetooth Module:- Facilitates wireless transmission of collected data to an Android device.

2. Android Device:

. Data Reception: Receives data transmitted via Bluetooth from the handheld module.

. Data Processing: Utilizes computational capabilities to analyze received sensor data.

o Cloud Connectivity: Transfers processed data to the cloud platform for further analysis.

3. Cloud Platform:

o Data Analysis:- Utilizes sophisticated algorithms and machine learning models to access food quality metrics derived from
the received sensor data.

. Output Generation:- Produces actionable insights based on the analyzed data.

o Feedback Loop:- Provides continual refinement and improvement through user feedback and system updates.
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Fig 1: Block Diagram
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VIII. Circuit Diagram
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Fig 2: Circuit Diagram

IX. Result

The system was tested in different food storage environments to evaluate its accuracy, efficiency, and response time.

Advantages of it:

1. Real-Time Monitoring: The ESP32 module allows for continuous, real-time data collection and monitoring of
critical parameters, such as temperature, humidity, and gas levels. This enables immediate detection of potential spoilage or

contamination, ensuring timely intervention to maintain food safety and quality.
2. Enhanced Food Safety: By providing constant updates on environmental and food quality conditions, this system

helps reduce health risks associated with spoiled or contaminated food. It supports early detection of hazards, enabling quick response

to prevent foodborne illnesses.
3. Reduced Food Waste: Real-time monitoring helps extend the shelf life of food by ensuring it is stored in optimal

conditions. The ability to detect and address spoilage risks early reduces food waste, which is both environmentally and economically
beneficial.

1. Testing Scenario

The system was deployed in cold storage, restaurant kitchens, and food processing units.
Sensors detected temperature variations and gas emissions effectively.
LED indicators and mobile alerts provided instant feedback on food quality.
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2. Comparative Analysis

Parameter Traditional Monitoring | loT-Based System

Monitoring Type Manual inspections Automated, real-time

Response Time Slow Instant alerts

Accuracy Moderate ;Irgg;s-,tllevilg c;r temperature, £5ppm
Scalability Limited Easily expandable

User Accessibility Restricted Remote monitoring via mobile app
Cost Efficiency Higher due to labor Reduced operational costs

X. Conclusion

The loT-Based Real-Time Smart Food Quality Monitoring System successfully demonstrated its ability to detect food spoilage,
enhance food safety, and provide real-time monitoring. The ESP32 microcontroller, combined with MQ135 gas sensor and DHT11
temperature sensor, ensures continuous data collection and instant alerts through mobile applications and LED indicators. This system
significantly reduces manual inspection efforts, minimizes food wastage, and improves the overall food supply chain by enabling real-
time tracking and monitoring. The implementation of wireless communication and cloud computing allows for remote accessibility
and real-time data visualization, which enhances the effectiveness of food quality management. The integration of automated alert
systems further improves responsiveness, ensuring that necessary actions can be taken before food reaches an unsafe state. This makes
the system highly suitable for applications in food storage facilities, restaurants, supermarkets, and logistics networks. Future
advancements in this system may include Al-driven predictive analytics, which can analyze historical data to predict potential food
spoilage before it occurs. Additionally, incorporating blockchain technology can ensure secure and transparent food traceability,
reducing the risk of fraud and contamination in food supply chains. Further improvements in sensor accuracy and energy efficiency
will also enhance the system’s overall reliability and scalability.
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