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Abstract—In the context of evolving industrial systems, 

efficient material tracking is crucial for maintaining 

operational efficiency. This project presents an RFID-

based material tracking system designed to automate 

inventory management in warehouses, factories, and 

retail spaces. The system uses NodeMCU as the central 

controller, paired with an RFID reader to scan unique 

tags attached to materials, logging their entry and exit 

times for real-time stock monitoring. A 12V SMPS power 

supply, stepped down to 5V via a buck converter, ensures 

stable operation, while an I2C LCD provides on-site 

visual feedback. Data is transmitted to the ThingSpeak 

cloud platform using MQTT protocols, enabling remote 

access to inventory analytics through a web dashboard 

built with HTML, CSS, and JavaScript. By eliminating 

manual tracking, the system reduces errors, enhances 

accountability, and optimizes supply chain management. 

This scalable IoT solution not only improves inventory 

control but also paves the way for future automation 

advancements in industrial logistics. 

 

I. INTRODUCTION 

 

In the contemporary world, industries and 

organizations are constantly looking for innovative 

solutions to enhance efficiency, reduce costs, and 

improve asset management. One of the significant 

advancements in the field of automation and inventory 

management is the introduction of Radio Frequency 

Identification (RFID) technology. RFID has emerged 

as a powerful tool for real-time identification and 

tracking of objects, making it highly relevant for 

various applications, including supply chain 

management, logistics, and retail operations. RFID 

operates by using electromagnetic fields to detect and 

communicate with uniquely tagged objects, allowing 

the reader to exchange data wirelessly with the tags. 

This technology removes the dependency for manual 

scanning, allowing organizations to automate their 

inventory processes and maintain accurate tracking of 

materials and assets. 

The integration of RFID technology with 

microcontrollers, such as the Node MCU, and cloud 

platforms, like ThingSpeak, has led to the 

development of sophisticated material tracking 

systems. NodeMCU is an open-source IoT 

development board that integrates the ESP8266 WiFi 

chip and supports programming through the Lua 

scripting language. This combination allows for the 

creation of compact and efficient systems that can 

communicate with cloud services. 

 

Traditional methods, such as manual counting and 

traditional inventory software, can lead to errors, 

inefficiencies, and loss of assets. RFID technology 

provides a solution that streamlines these processes, 

reduces human error, and allows for real-time 

monitoring of materials. This system not only 

improves asset visibility but also aids in decision-

making, as real-time data analytics from platforms like 

ThingSpeak provide actionable insights. 

 

This project aims to explore the feasibility and 

implementation of an RFID-based material tracking 

system. By employing various components such as 

RFID tags, an RFID reader, Node MCU, and an I2C 

LCD, we aspire to develop a user-friendly system that 

not only tracks materials but also provides critical data 

visualization through a web application. The 

integration of cloud services further enhances the 

capability of the tracking system, offering a scalable 

solution that can adapt to the changing needs of 

modern industries. 

 

The primary objective of this project is to design and 

implement an RFID-based material tracking system 

that facilitates the real-time monitoring of materials 

through the use of advanced technology. This project’s 

goals fall into several important categories based on 

functionality and purpose. The system is intended to 
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track when materials are added or removed by 

leveraging RFID technology. Ensuring reliable RFID 

performance is critical, as it influences the system’s 

ability to accurately and efficiently track materials. By 

utilizing high-quality RFID tags and readers, we 

intend to minimize the likelihood of misreads or 

failures during the scanning process. 

 

II. LITERATURE SURVEY 

 

Kasim et al. (2012) highlighted the inefficiencies of 

traditional material management methods in 

construction projects, such as delays and wastage due 

to paper-based tracking systems. Their study 

emphasized the need for real-time solutions and 

explored RFID as a potential technology to improve 

inventory control and minimize human error. 

 

Hattenhorst et al. (2023) introduced an innovative 

approach for tracking moving bulk materials using 

radar-responsive tracer particles. This method, 

although different in technology, aligns with our 

system’s goal of achieving high-accuracy material 

localization. 

 

Hu et al. (2023) proposed a material tracking system 

using monocular RGB cameras combined with 

Kalman filtering, targeting transmission tower 

materials. Their work illustrates how visual data and 

modeling can enhance object identification in complex 

environments. 

 

Xiong et al. (2019) proposed a tracking method that 

adapts to material characteristics by leveraging 

hyperspectral imaging and spatial-spectral feature 

extraction. Their approach to material-specific 

tracking provides insights into how detailed feature 

extraction can aid in more accurate monitoring. 

 

III. METHODOLOGY 

 

Existing System: 

Material tracking has traditionally relied on manual 

processes and paper-based methods, resulting in 

inefficiencies, human errors, and difficulty in data 

retrieval. Many organizations utilize barcode systems 

for inventory management; however, Barcodes need 

direct visibility for scanning and are susceptible to 

physical wear or coverage during use. Additionally, 

they necessitate manual entry of data into software 

systems, causing further opportunities for error and 

delays.  

To summarize, while some existing systems have 

incorporated RFID technology, they often suffer from 

limitations, including lack of customization, 

inefficiencies in scanning and data entry, inadequate 

real-time monitoring, and difficulties accessing and 

analyzing data comprehensively. 

 

Proposed System: 

The proposed RFID-based material tracking system 

provides a modern, efficient, and user-friendly 

solution for inventory management. By utilizing RFID 

technology in conjunction with a cloud-based data 

storage and visualization platform, the proposed 

system aims to enhance the accuracy and speed of 

tracking materials in real-time, thereby overcoming 

the limitations of existing systems. 

In this system, each material is assigned a unique 

RFID tag, which is scanned by an RFID reader 

connected to a Node MCU microcontroller. Upon 

scanning a tag, relevant product data is sent directly to 

the ThingSpeak cloud platform and recorded with a 

timestamp to indicate the entry time of the material. 

This cloud-based approach allows for instantaneous 

data availability across multiple devices and 

platforms. 

Furthermore, the proposed solution enables double-

sided tracking for materials, marking both the entry 

and exit of an item. When an RFID tag is scanned a 

second time, it will log the exit time, and the system 

will automatically calculate the duration within which 

the material was tracked, displaying it on a user-

friendly web application using HTML, CSS, and 

JavaScript. This web application serves as a central 

dashboard for administrators to monitor, query, and 

analyze incoming and outgoing materials, simplifying 

data management complexities. The proposed 

system’s architecture leverages a buck converter to 

ensure the effective conversión of voltage from 12V to 

the required 5V for the Node MCU. Hence, the devices 

utilized do not fear disruptions due to power issues, 

supporting robust functionality. 

Overall, the implementation of this RFID-based 

material tracking system offers an innovative solution 

that addresses existing limitations, enhances 

operational efficiency, facilitates better decision-

making through analysis, and enriches user experience 
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by providing a custom-tailored web application for 

real-time monitoring. 

 

System Components: 

Hardware: 

➢ RFID Reader and Tags 

➢ Microcontroller Setup 

➢ Power Management 

Software: 

➢ Firmware Development 

➢ Cloud Integration 

➢ Web Application 

 

Algorithm: 

The algorithm for this RFID-based material tracking 

system consists of several key steps: 

1. Initiate the Node MCU and configure the RFID 

reader. 

2. Wait for an RFID tag to be scanned. 

3. On detecting a tag, read the unique identifier (UID). 

4. Check if the UID exists in the ThingSpeak channel. 

If the tag is already present, log the time as an exit.       

If it does not exist, record the entry timestamp. 

5. Send the updated data to ThingSpeak. 

6. Update the LCD display with the current status. 

7. Loop back to step 2. 

 

Workflow: 

The workflow of the proposed system can be 

described as follows: 

1. Initialization: Power up the system, initializing the 

Node MCU and making it ready for RFID readings. 

2. Scanning Process: When an RFID tag is brought 

into the reader's active range, the RFID reader scans 

the tag. 

3. Data logging: The Node MCU acknowledges the 

scan, checks its records on ThingSpeak, and decides 

whether to log it as an entry or an exit. 

4. Timestamping: The system captures the exact time 

of entry or exit and sends this information to the 

ThingSpeak cloud. 

5. Display Update: The I2C LCD briefly displays the 

current status of the scanned item, allowing users to 

view immediate feedback. 

6. Data Retrieval: Since the data is stored in the cloud, 

it can be accessed via a web application for further 

analysis and tracking. 

7. Analysis: Users can analyze data patterns, review 

total material counts, and generate reports based on the 

recorded data. 

 

 

Figure 1: Block Diagram 

 

IV. SYSTEM ARCHITECTURE AND WORKING 

 

The RFID based material tracking system leverages a 

robust architecture to enhance the efficiency of 

material handling and inventory management. 

Primarily of the system is the NodeMCU, a versatile 

microcontroller that integrates WiFi capabilities, 

allowing seamless connectivity to cloud services for 

realtime data logging and monitoring. The system 

architecture is designed to facilitate smooth 

communication between hardware components, 

manage data flow, and present the information to the 

enduser via a web application. 

Hardware Layer: It incorporates components such as 

NodeMCU, RFID modules, a voltage step-down 

converter and I2C LCD. These components handle 

scanning, processing, and local display. 

Communication Layer: Manages data transfer to the 

ThingSpeak cloud using HTTP over Wi-Fi. 

Application Layer: A web app built using HTML, 

CSS, and JavaScript displays real-time data (entries, 

exits, and durations) retrieved from the cloud. 

When an RFID tag is scanned, the NodeMCU 

processes the tag's unique ID and determines whether 

it's an entry or exit. It then sends this data (ID, 

timestamp, and status) to the ThingSpeak cloud. The 

I2C LCD delivers real-time status messages during 

operation. The web application fetches this data in real 

time and visualizes it through an interactive 
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dashboard, enabling easy monitoring of material 

movements. 

 

 
Figure 2: Live Data View of RFID Material Tracking 

 

V. CONCLUSION AND FUTURE WORK 

 

The RFID-based material tracking system designed in 

this project has demonstrated its effectiveness in 

managing material flows in real time through 

innovative applications of technology. By seamlessly 

integrating components such as RFID readers, 

NodeMCU microcontrollers, and cloud-based data 

management through ThingSpeak, the system 

facilitates accurate tracking of materials and enhances 

overall operational efficiency. The user interface 

created via HTML, CSS, and JavaScript allows easy 

access to data visualization, providing users with 

valuable insights into material usage and stock levels. 

The project’s architecture is versatile and adaptable for 

various industries, highlighting the growing potential 

of IoT-based intelligent tracking systems. Looking 

forward, the system could be extended by integrating 

machine learning for predictive insights, enabling 

mobile support for remote monitoring, and adding 

sensors (like temperature or humidity) for broader 

applications. Enhanced security features and expanded 

scalability can also position this model as a robust, 

future-ready smart inventory management solution. 
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