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INTRODUCTION

Inventory management is a very crucial task for any business.
It involves tracking the quantity of inventory items, as well as
managing the flow of inventory into and out of the business.
Traditional inventory management systems are often manual
and time-consuming. They can also be inaccurate, leading to

Abstract—An inventory management system is a software L.
application that helps businesses efficiently manage their
inventory. This project proposes the development of an
inventory management system using hardware and
software. The system aims to monitor the inventory levels
of products in real-time and provide alerts when

necessary.
The system will be built using a NodeMCU (ESP8266)
along with sensors such as RFID readers. Embedded C
will be used to interact with the hardware and collect data
from the sensors. Blynk IoT platform will be used to store
inventory data and update it based on the sensor data.
When the stock in the inventory is at zero, it shows a
message in the app itself, along with sending an email to
the given mail id. The proposed inventory management
system can be useful for small businesses, warehouses, and
other facilities that require real-time monitoring of
inventory levels.
Keywords—Inventory management, RFID, NodeMCU,
Embedded C, Blynk IoT platform.

stock outs and lost sales.

IoT-based inventory management systems offer a number of

advantages over traditional systems. They are more efficient,

accurate, and scalable. They can also be integrated with other

business systems, such as enterprise resource planning (ERP)

systems.

This paper presents an loT-based inventory management

system that uses RFID, NodeMCU, and Blynk IoT platform.

The system is designed to be easy to use and to provide real-

time inventory data. It can be used in a variety of businesses,

including retail, manufacturing, and logistics.

The system consists of three main components:

1. RFID tags: The RFID tags are attached to the inventory
items. They contain information about the item, such as
the item ID, quantity, and location.
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2. NodeMCU: The NodeMCU is an IoT device that is used
to read the RFID tags and to send the data to the cloud
server.

3. Blynk IoT platform: The Blynk IoT platform is a cloud-
based platform that is used to store the inventory data and
to provide a user interface for accessing the data.

The system works as follows:

1. The RFID reader reads the RFID tags attached to the
inventory items.

2. The NodeMCU sends the data read by the RFID reader to
the Blynk IoT platform.

3. The Blynk IoT platform stores the data and provides a
user interface for accessing the data.

The user can use the user interface to view the inventory data,
such as the quantity of each item, and the last time the item
was updated. The user can also use the user interface to create
alerts, such as when the quantity of an item falls below a
certain level.

The system is still under development, but it has the potential
to revolutionize the way that inventory is managed. It is more
efficient, accurate, and scalable than traditional inventory
management systems. It is also easy to use and can be
integrated with other business systems.

The section 1 contains Introduction about the project, section
2 contains Literature Survey, section 3 consists of proposed
work, section 4 is about working of the project, section 5
shows the results and output of the project, section 6 is about
conclusion and section 7 has the references for the project.

II. LITERATURE SURVEY

Inventory management system that is utilized to automatically
check the tools and equipment in industrial plants and
warehouses. The system utilizes radio frequency identification
(RFID), a cloud database, an Android-based application
program (app), and a PC-based computer program to construct
a real-time raw material inventory system. RFID tags are
attached to the tools and equipment and connected to a
network via the Internet of Things (IoT)[1]. As part of a
research program for future generation warehouses, this thesis
presents an investigation into some design theories and an
integrated optimization methodology for a future generation
warehousing system in which an RFID-based inventory
management system has the capability of interacting with a
proposed RFID-enabled automated storage and retrieval
mechanism without any human intervention[2].The records
maintained manually will be replaced by an RFID reader and
tag. The tag given to each storage unit carries the details of the
stock. An RFID reader placed at the entry of the go down
reads the tag[3].

The interfacing of project with NodeMCU, to measure grocery
container value and see this data in the user's smartphone or pc
with the help of cloud service. The warehouse stock

management system is playing a significant aspect in many
productions and goods-based methodology[4]. Though there
are many wireless communication technologies the RFID suits
the best for the warehouse stock management system. The tag
data is sent from the transmitter part to the open- source
hardware over a wireless link that uses the internet. The
warehouse stock management system built on the architecture
of the Internet of Things is developed to track the products
attached to the tags with product information and their
respective time stamps for further verification[5].

The IoT-based Smart Inventory Management System is an
automated system designed to manage inventory efficiently
using the Arduino Uno, NodeMCU, three IR sensors, Load
cell sensor, Status LED, and Ultrasonic sensor. This system
utilizes the concept of the Internet of Things (IoT) to provide
real-time data on inventory levels, making it easier to manage
and maintain inventory. The IR sensors detect the quantity of
goods in the inventory, while the ultrasonic sensors are used to
detect the presence and level of inventory items. The system
incorporates load cell sensors to accurately measure the
weight of items in inventory and convert it into quantity count
by dividing the total weight by the weight of a single item[6] .
The warehouse inventory management system is playing a
significant aspect in many productions and goods-based
methodology. Though there are many wireless communication
technologies the RFID suits the best for the warchouse
inventory management system. The tag information is
transferred from the transmitter section to open-source
hardware via a wireless link with the aid of internet[7]. The
final results of the research present the benefits, business
opportunities, and challenges of IoT integration in inventory
management in warchouses, which allows Vietnamese
companies to better understand IoT applications and, as a
result, consider deploying this technology in their warehouses.
Furthermore, the findings also reveal future trends in IoT
technology, which are derived from users' expectations of
technological applications to express their perspectives and
desires of future IoT applications toward technological
organizations[8].

The high level of usability and security of this technology
allows optimizing the processes of detection and location of
items in an inventory system, generating great benefits such as
increased productivity, decreased response times and costs.
This paper shares our experience in developing and
implementing and inventory system based on RFID
technology[9]. The site page which is an inherent
understanding to give advantageous and an interface to the
client to follow the items. The created framework results in an
exceptionally ease framework and works powerfully
contrasted and the current present stockroom stock
administration frameworks[10].
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III. PROPOSED WORK

The proposed inventory management system will be built
using a NodeMCU (ESP8266)[11] along with sensors such as
RFID readers. Embedded C will be used to interact with the
hardware and collect data from the sensors. Blynk IoT
platform will be used to store inventory data and update it
based on the sensor data. When the stock in the inventory goes
lower than a given limit, it shows a message in the app itself.

The system will be implemented in three phases:

1.Hardware setup: The hardware setup will involve connecting
the NodeMCU to the RFID readers and configuring the
embedded C code. For this project, we’re using NodeMCU
ESP8266[12] as our microcontroller and RFID RC522 for
physical reading and collecting of the data. Two RFID readers
are present, one being used for reading the entry of the goods
into the inventory, while the other one is used for reading the
exit of the goods from the inventory.

2.Data collection: The data collection phase will involve
collecting data from the RFID readers and storing it in the
Blynk IoT platform. All the data goes into the Blynk cloud
and gets stored there. The app allows us to see the real-time
readings of the stock, where we can see how many are
entering the inventory and how many are leaving.

A.Modules used

1. NodeMCU ESP8266: The NodeMCU ESP8266 is an open-
source platform based on the ESP8266 Wi-Fi module. It is a
small, affordable, and easy-to-use microcontroller that can be
used to create many IoT projects. The NodeMCU ESP8266
has a built-in Wi-Fi module that lets it connect to the internet,
which makes it possible to control and monitor the NodeMCU
ESP8266 remotely. This board also has several other features,
including a built-in ADC, DAC, and UART. These mentioned
features make the NodeMCU ESP8266 a versatile and
powerful tool for IoT development in this fast-developing
world.

2. RFID RC522: The RFID RC522 is a 13.56 MHz RFID
module that can be used to read and write RFID tags. The
RFID RC522 is based on the MFRCS522 chip from NXP. The
MFRC522 chip supports various RFID protocols, including
ISO/IEC 14443A/MIFARE, ISO/IEC 7816, and FeliCa. The
RFID RC522 module can be used in a variety of applications,
such as access control systems, identification systems, and
inventory management.

3. Blynk app: This module receives data from the Cloud
server[13]. The central server module is responsible for
processing data and forwarding it for analysis. It can
implement threshold-based monitoring for abnormal readings.
If any sensor data exceeds predefined thresholds, trigger an
alert/notification mechanism. It is a popular Internet of Things
(IoT) platform that allows users to build custom applications
for controlling and monitoring various hardware devices and
projects. It is designed to simplify the process of creating IoT

applications[14], especially for those without extensive
programming or electronics expertise. Users can visually
design the user interface of their applications, making it
accessible to a wide range of users, including hobbyists,
makers, and developers.

Fig. 1. Proposed System

B. Libraries Used

1. SPLH:

The SPLh library in Arduino provides functions and classes

that facilitate communication using the Serial Peripheral

Interface (SPI) protocol. SPI is a synchronous communication

protocol commonly used to connect microcontrollers with

other devices, such as sensors, displays, memory chips, and
more. The SPLh library simplifies the process of setting up
and managing SPI communication in your Arduino sketches.

Here are some key aspects of the SPLh library and how it's

used:

e Initialization: To use the SPI communication, you
typically start by initializing the SPI interface using
SPIL.begin(). This sets up the necessary hardware settings
for SPI communication.

e Settings Configuration: The library provides functions to
configure various parameters of the SPI communication,
including clock speed (SPlLset Clock Divider()), data
mode (SPLset DataMode()), and bit order (SPIset
BitOrder()).

e Data Transfer: You can send and receive data over the
SPI bus using the SPI. transfer() function. It sends one
byte of data and simultaneously receives a byte from the
connected device.

e Multiple Devices: SPI supports communication with
multiple devices on the same bus using chip-select (CS)
pins. You can use the SPlLbegin Transaction() and
SPI.end Transaction() functions to manage
communication with different devices.

e Blocking vs. Non-Blocking: The SPI.transfer() function is
blocking, meaning the program execution waits until the
transfer is complete. Alternatively, the SPI.transferl6()
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and SPI.transfer32() functions allow transferring 16-bit
and 32-bit data at once.

e Advanced Features: The library also provides features
like bit-banging (software-based SPI), which can be
useful in situations where the hardware SPI pins are
already in use.

2. MFRC522.h:

The line #include <MFRC522.h> indicates that you're
including the "MFRC522" library in your Arduino sketch. The
MFRC522 library is commonly used to interface with
MFRC522 RFID modules, which are widely used for reading
RFID cards and tags using the SPI protocol. Here's what you
can expect from using the MFRC522.h library:

e RFID Communication: The MFRCS522 library simplifies
the process of interacting with MFRC522 RFID modules,
allowing you to read and write data to RFID cards and
tags[15].

o Initialization: You'll typically initialize the RFID module
in your setup () function using methods provided by the
library. This involves setting up the necessary pins,
configuring the module's settings, and starting
communication with it.

e Reading RFID Data: The library provides functions to
read the UID (unique identifier) of RFID cards and tags.
You can also read and write data to the memory sectors of
supported cards.

e Authentication: Certain RFID cards and tags have
memory sectors that require authentication before reading
or writing. The library provides methods to authenticate
with these sectors using keys.

e Examples and Documentation: The library comes with
example sketches that demonstrate how to use it to read
RFID cards and tags. Additionally, the library
documentation provides information about available
methods and their usage.

3.Blynk Simple Esp8266.h:

The line #include <BlynkSimpleEsp8266.h> indicates that
you're including the "BlynkSimpleEsp8266" library in your
Arduino sketch. The Blynk library simplifies the process of
connecting Arduino-based projects to the Blynk IoT platform,
enabling remote control and monitoring of your devices over
the internet[16]. Here's what you can expect from using the
BlynkSimpleEsp8266.h library:

e JoT Connectivity: The library provides a convenient way
to connect your Arduino project to the Blynk cloud
platform. With Blynk, you can create a mobile app or web
interface to control and visualize your connected devices.

e Initialization: You'll typically initialize the Blynk library
and establish a connection to the Blynk server in your
setup () function using the Blynk. Begin (auth, ssid, pass)

function, where auth is your Blynk authentication token,
and ssid and pass are the credentials for your Wi-Fi
network.

e Widgets and Virtual Pins: Blynk uses "widgets" to
interact with your devices. You can create buttons,
sliders, graphs, and other UI elements in the Blynk app.
These widgets communicate with your Arduino code
using "virtual pins."

e Blynkirun (): To maintain the Blynk connection and
handle incoming commands from the app, you need to
call Blynk.run () periodically within your loop () function.

e  Widget Callbacks: You can define callback functions to
be executed when a widget in the Blynk app is interacted
with. These callbacks allow you to respond to user input.

e Syncing Data: Blynk allows you to push data from your
device to the app and pull data from the app to your
device. You can update widget values and properties
dynamically.

4. ESP8266WiFi.h:
The line #include <ESP8266WiFi.h> indicates that you're
including the "ESP8266WiFi" library in your Arduino
sketch[17]. The ESP8266WiFi library provides functions and
classes for configuring and connecting to Wi-Fi networks
using the ESP8266 module. The ESP8266 is a popular Wi-Fi
module that can be used as a standalone microcontroller or as
an add-on to other microcontrollers like Arduino. Here's what
you can expect from using the ESP8266WiFi.h library:

e  Wi-Fi Connectivity: The library allows you to configure
and manage Wi-Fi connections on the ESP8266 module.
This is essential for connecting your device to the internet
and communicating with other devices or services.

o Initialization: You'll typically initialize the Wi-Fi module
in your setup () function using methods provided by the
library. This involves connecting to a Wi-Fi network by
providing the SSID (network name) and password.

e Status and Information: The library provides functions to
check the Wi-Fi status (WIFI. Status ()), get the local IP
address (WiFi.locallP()), and retrieve other network-
related information.

e Configuring Wi-Fi Credentials: Some sketches might
include mechanisms for users to input Wi-Fi credentials
(like SSID and password) through a web server running
on the ESP8266. This way, the device can be
reconfigured without reprogramming.

e Handling Wi-Fi Disconnects: You can use the library to
handle disconnects and automatically reconnect in case
the connection is lost.

IV. WORKING

In An inventory management system using RFID (Radio
Frequency Identification) and ESP8266 is a modern and the
efficient approach to track and manage inventory in the real-
time.
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Each product/item in the inventory is equipped with an RFID
tag containing a unique identifier. An RFID reader is
connected to the ESP8266, which reads the RFID tags' unique
identifiers. It acts as the microcontroller to interface with the
RFID reader and communicate with the central database or
server. This is the central storage that maintains the inventory
data and keeps track of the item's location and status. Every
product in the inventory is assigned an RFID tag.
When a product enters or leaves the inventory space, the RFID
reader detects the unique identifier of the RFID tag associated
with the product and increases the count or decreases the stock
level in blynk. The ESP8266 microcontroller receives the
RFID tag's unique identifier from the RFID reader and
processes the data. The ESP8266 connects to the central
database or server via Wi-Fi or other communication
protocols. It sends the RFID tag's unique identifier to the
blynk.
The blynk receives the unique identifier and processes it. The
database contains information about each product, such as its
name and quantity of the product. The blynk updates the
inventory record based on the received RFID tag data. It tracks
the movement of items in real-time, updating the status of
each product accordingly.
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¥ .
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Fig. 3. Flow Chart

Users can access the inventory management software, which
interfaces with the Blynk. The Blynk provides a user-friendly
interface to view and manage the inventory. It allows users to
perform tasks like adding new items, updating quantities, and
generating reports. The inventory management system can
provide real-time monitoring of inventory levels, allowing

businesses to optimize stock levels and prevent stock outs. It
can also send alerts if there are discrepancies or if certain
items require attention.

The system can generate various reports and analytics, such as
inventory levels, item movement history and more. These
reports help businesses make informed decisions regarding
inventory management and optimize their operations.

Overall, the integration of RFID technology with the ESP8266
microcontroller allows for efficient and accurate inventory
management, reducing manual labor and improving inventory
control and accuracy.

V. RESULTS AND DISCUSSIONS

The aim of this project is to build an inventory management
system at a small scale, mainly to help out the small-scale
businesses and warehouses that do not need large, automated
monitoring system for inventories yet can’t be used with
conventional methods. All these readings are then pushed to
cloud, that note down the values of the inventory based on the
readings from the RFID readers. This reader then sends the
data to the Blynk cloud, and is read through the Blynk app. An
alert notification is pushed to the user when the stock levels
fall down to zero. The RFID system has resulted in significant
labor and time savings. Previously, it took an average of 3
hours per day for our employees to conduct manual inventory
counts. With RFID, this process now takes less than 30
minutes. This reduction in labor has allowed our employees to
focus on more value-added tasks.RFID technology has
substantially reduced human errors in inventory management.
Prior to RFID, we frequently encountered data entry errors
and mislabeled items. With RFID, these errors have become
rare, contributing to higher data accuracy and reduced
operational disruptions. Our inventory security procedures
were greatly improved by the RFID system. The ability to
monitor product movement in real time contributed to a
decrease in theft and unlawful access to restricted inventory
regions. Comparing RFID technology to more conventional
techniques like barcode scanning or manual counts, it
dramatically improves inventory accuracy. As a result, stock
level errors decrease and inventory management as a whole
improves. RFID tags can be scanned rapidly and precisely,
making it possible to follow inventory movements in real
time. This lowers the possibility of stockouts or overstocking
and helps firms stay informed about stock levels. Fig. 4
describes notification of out of stock in mail.
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é

Out of stock

@hotmail.com

Ice cream is out of stock, restock soon!

Fig. 4. Blynk alert notification in mail

Fig 5 describes the alert message shown in mobile whenever

Out of Stock

Chips are out of stock, restock soon!

SHOW AUTOMATION
CLOSE

Fig. 5. Blynk alert notification in app
Figure below (fig.5) shows Blynk app template, where each
LED represents the item and the stock value of each item, as

read by the RFID readers.

X Inventory Management Sy.. °°°

Chips

Sugar Pack

Fig 6 Blynk app template showing inventory levels.

VI. CONCLUSION

In conclusion, this paper has presented the design and
implementation of an IoT-based inventory management
system, using RFID. The system uses RFID tags and readers
to track the movement of inventory items and to provide real-
time inventory data. The system can be used in a variety of
businesses, including retail, manufacturing, and logistics. The
system is still under development, but it has the potential to
revolutionize the way that inventory is managed. It is more
efficient, accurate, and scalable than traditional inventory
management systems. It is also easy to use and can be
integrated with other business systems.

The system was implemented using a NodeMCU (ESP8266)
along with sensors such as RFID readers. Embedded C was
used to interact with the hardware and collect data from the
sensors. Blynk IoT platform was used to store inventory data
and update it based on the sensor data. When the stock in the
inventory goes lower than a given limit, it shows a message in
the app itself.

The system was tested in a small-scale business, and it was
found to be effective in tracking inventory levels and
providing real-time data. The system is still under
development, but it has the potential to be a valuable tool for
businesses of all sizes.
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