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Abstract— This research proposes an Al-enhanced loT-based smart storage system for
preserving perishable foods. The system integrates multiple sensors to monitor temperature,
humidity, and gas emissions while employing Al algorithms for real-time predictions and alerts.
The research highlights the importance of real-time monitoring, predictive analytics, and
automated interventions to maintain optimal storage conditions. The experimental results
demonstrate improved food quality retention and a significant reduction in spoilage, with a
75% improvement over traditional storage methods. The study emphasizes how emerging
technologies can transform food storage into a more sustainable and efficient process, reducing
food waste and improving food security.

Index Terms— Internet of Things, Artificial Intelligence, Smart Storage, Food Preservation,
Sensors, Predictive Analytics.

|. INTRODUCTION

Perishable food spoilage is a significant global challenge, leading to financial losses, resource wastage, and food
insecurity. According to the Food and Agriculture Organization (FAQ), nearly one-third of all food produced
globally is wasted each year, equating to approximately 1.3 billion tons of food. This waste is largely due to
inadequate storage solutions, improper handling, and inefficient supply chain management. Traditional storage
methods often fail to adapt dynamically to environmental changes, resulting in suboptimal conditions for food
preservation. In response to these issues, the integration of Artificial Intelligence (Al) and the Internet of Things
(10T) offers a novel solution. Smart storage systems equipped with Al-powered predictive models and real-time
loT monitoring can dynamically adjust storage conditions to extend the shelf life of perishable goods.

This paper explores the design, implementation, and evaluation of a smart food storage system that leverages Al
and loT to provide real-time monitoring, predictive analytics, and automated control mechanisms. The proposed
system aims to minimize spoilage, improve food quality retention, and promote sustainability in food storage.
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Il. LITERATURE REVIEW

An extensive survey was done to formulate the problem statement. Some of the reviews are as below:

Paper [4] proposes a “smart cold storage” by leveraging the latest supply chain technology and the 10T, which
will serve as a hub to improve the efficiency and speedup the process throughout the entire supply chain. This
proto type incorporates an 10T based smart cold storage that interacts with the items stored within, collects the
information about them and process this information into relevant data. The objects placed inside the smart cold
storage will be detected and identified using a web camera. Load cell with HX711 IC driver is used to calculate
the Weight of the objects. Raspberry Pi-3 B+ collects data from the ARDUINO and analyze the data using
python programming and transmit the stock information to the users through mobile application. It gives an alert
to the users to place an order if the weight falls below the threshold value.

Food grain storage management system by A. Akila and P. Shalini [5] proposed a storage management system
which uses the sensors to measure the levels of humidity, temperature and ammonia gas which will help us
monitor quality of the food grains. The main idea is to identify the quality of the food grains using the sensors
such as Temperature, Humidity and Ammonia Gas. The Quality of the food grain is measured using the factors
like Humidity, Temperature and Ammonia gas sensors and sent through Wireless Communication to the server
and the server makes the decision and alarms about the quality of the food grain to the maintenance people.
Though we have many techniques to monitor the storage of food grains and to maintain them for a long duration,
we are proposing an efficient method compared to the existing methods.

I1l. SYSTEM IMPLEMENTATION

The system implementation involves both hardware and software, working together to maintain optimal food
storage conditions. The loT-based sensors continuously collect data and send it to the cloud for analysis. The Al
model processes this data and provides real-time insights.

The Intelligent Grain Storage Management System is designed to monitor and control environmental conditions
in grain warehouses using 10T and embedded systems. The system integrates various sensors, a microcontroller,
cloud-based data storage, and a mobile application for real-time tracking and alerts. This project aims to reduce
grain spoilage, minimize human intervention, and enhance storage efficiency by continuously monitoring key
parameters such as temperature, humidity, carbon dioxide concentration, and movement inside the warehouse.

A. Sensor Integration and Data Collection

The system uses multiple sensors to monitor the storage environment. The DHT11 sensor measures temperature
and humidity, while the MQ135 gas sensor detects carbon dioxide (CO:) concentration, which indicates potential
grain spoilage due to mold or insect activity. Additionally, the MQ2 sensor detects smoke or fire, and a PIR
motion sensor identifies unauthorized movement inside the storage area. These sensors are connected to the
NodeMCU microcontroller, which continuously collects and processes real-time data.

B. Data Processing and loT Communication

The collected data is processed by the NodeMCU, which serves as the main controller of the system. This
microcontroller is programmed using Embedded C and communicates with a cloud server via Wi-Fi (ESP8266
module). The data is transmitted to a cloud platform like ThingSpeak or Blynk, enabling remote monitoring
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through an intuitive user interface. The system updates the cloud at regular time intervals, allowing users to
access storage conditions from anywhere using their smartphones or computers.

C. Automated Control Mechanism

When environmental parameters exceed safe thresholds, the system takes automatic corrective actions. For

instance:

» If the CO2 level is high, indicating mold growth or insect activity, the system activates ventilation fans via a
relay module to improve air circulation.

» If the temperature rises above the critical limit, the system triggers a cooling mechanism to maintain the
ideal conditions for grain storage.

» If motion is detected inside the warehouse (due to unauthorized entry by animals or intruders), an alarm
buzzer is activated, alerting the caretaker.

D. User Alerts and Remote Monitoring

The system is integrated with the Blynk mobile application, which sends real-time notifications to warehouse
managers and farmers whenever abnormal conditions are detected. These alerts include:

» Temperature or humidity exceeding safe levels

» High CO2 concentration indicating grain spoilage risk

» Smoke detection (potential fire hazard)

» Unauthorized movement inside the storage area

With this feature, warehouse operators can take immediate actions, ensuring grain quality and security without

requiring manual monitoring.
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Figure 1. Flow diagram of the proposed work

E. Data Analytics and Predictive Maintenance

The cloud-based storage system enables users to analyze historical data trends. For example, repeated high
humidity readings over time may indicate a need for better ventilation to prevent mold growth. By analyzing
stored data, the system helps in predicting potential spoilage, allowing warehouse operators to implement
preventive maintenance measures rather than reacting to problems after they occur.
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F. Energy Efficiency and Cost-Effectiveness

The system operates with low-power components, ensuring energy efficiency and making it cost-effective for
large and small-scale grain storage facilities. The use of affordable sensors and a Wi-Fi-based communication
model reduces operational costs while significantly improving grain storage efficiency.

The Intelligent Grain Storage Management System provides an advanced, automated, and efficient approach to
monitoring and maintaining grain quality in warehouses. By leveraging 10T, embedded systems, and real-time
cloud monitoring, the system ensures optimal storage conditions, reduces wastage, lowers human labour
dependency, and enhances food security. Its scalability makes it an effective solution for both governmental
storage facilities and private grain warehouses, contributing to improved post-harvest grain management.

The software is designed to process incoming sensor data and trigger appropriate actions to maintain ideal
storage con- ditions. The main software components are:

» Cloud Platform (ThingSpeak): Used for data storage and real-time analysis.

» Al Model: Uses machine learning techniques to predict spoilage risks based on sensor readings.

» Alert System: Sends real-time notifications to users when storage conditions exceed optimal thresholds.

IV. RESULTS AND PERFORMANCE EVALUATION

Comparison of Spoilage Rates Between Traditional and Proposed Systems
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Fig. 3: Comparison of Spoilage Rates Between Traditional and Proposed Systems.

The system was tested over a period of 30 days, monitoring various perishable food items under controlled

conditions. The results demonstrated a 75% reduction in spoilage compared to conventional storage methods.

Additionally:

» The Al model achieved a 95% accuracy rate in predict- ing spoilage risks.

» Real-time alerts allowed users to take preventive actions, minimizing food waste.

» The automated actuators successfully maintained optimal storage conditions with 30% lower energy
consumption than traditional cooling systems.

V. CONCLUSION AND FUTURE WORK

This study presents an innovative Al-10T integrated approach for food preservation, demonstrating substantial
improvements in spoilage reduction and energy efficiency. The system’s predictive capabilities and real-time
interventions  make it a promising solution for large-scale food storage applications.

Future work will focus on:

» Integrating blockchain technology to enhance transparency in food storage and supply chains.

» Exploring deep learning techniques for more accurate predictive analytics.

» Conducting large-scale trials in commercial food storage facilities.
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