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Abstract

The Warehouse Management Robot using Line Following Technique is an autonomous robotic system designed
to automate material transportation in warehouses and industries. The robot follows a predefined path using IR
sensors and a NodeMCU ESP8266 microcontroller. The sensors continuously detect the line and send signals to
the controller, which processes the data and controls the DC motors through the L293D motor driver circuit. The
system ensures accurate path tracking, smooth navigation, and efficient movement of materials with minimal
human intervention.

The project also integrates obstacle detection and IoT technology to improve safety and automation. Obstacle
sensors help the robot avoid collisions, while the built-in Wi-Fi feature of the NodeMCU enables wireless
monitoring and communication. An OLED display is used to show system status and operational information. The
robot is programmed using Arduino IDE and demonstrates the practical application of embedded systems, sensor
interfacing, motor control, and IoT communication. The proposed system is cost-effective, energy-efficient,

reliable, and suitable for industrial, educational, and research applications.
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Introduction

Automation and robotics play an important role in
modern industries and warehouse management
systems. Industries are continuously adopting
automated technologies to improve productivity,
reduce human effort, minimize operational costs,
and increase accuracy in material handling
processes. One of the most efficient automation
techniques used in industries is the Line Following
Robot system. A line following robot is an
autonomous robotic vehicle that detects and follows
a predefined path using sensors and embedded
control systems.The Warehouse Management Robot
using Line Following Technique is designed to
automate the transportation of goods and materials
within warehouses and industrial environments. The
robot follows a specific path marked on the floor and
moves from one location to another without human
intervention. This system helps in reducing manual
labor, improving operational efficiency, and
increasing workplace safety.The working principle
of the robot is based on sensor technology and
embedded systems. Infrared (IR) sensors are used to
detect the line path by sensing the difference
between black and white surfaces. These sensors
¢ontinuously send signals to the NodeMCU
ESP8266 microcontroller, which processes the

information and controls the movement of the
motors accordingly. If the robot deviates from the
path, the controller automatically adjusts the motor
direction to maintain proper navigation.In this
project, the NodeMCU ESP8266 microcontroller is
used because of its compact design, fast processing
capability, and built-in Wi-Fi support for Internet of
Things (IoT) applications. The robot also includes
obstacle detection sensors to identify objects in its
path and avoid collisions. An OLED display is used
to display system information and operational status,
while a buzzer provides warning indications during
abnormal conditions.The project demonstrates the
practical application of embedded systems, motor
control, sensor interfacing, and loT communication
in automation technology. The developed robot
provides accurate path tracking, low power
consumption, simple design, and cost-effective
implementation. This system can be effectively used
in warchouses, industries, educational institutions,
and research applications for smart transportation
and automation purposes.

Literature Review

M. K. Megha and S. Asha proposed a line
following robot using Arduino and IR sensors for
autonomous navigation. Their system used feedback
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control mechanisms to maintain accurate path
tracking. The study concluded that line follower
robots are suitable for industrial automation due to
their simple design, low power consumption, and
reliable performance.

Kunal Gupta et al. developed a smart robotic
vehicle integrated with obstacle detection for
industrial transportation applications. The robot
used IR sensors for line detection and ultrasonic
sensors for obstacle identification. Their
researchshowed improved navigation accuracy and
collision avoidance capability in warehouse
environments.

S. R. Kannan and P. Balaji introduced an IoT-
based autonomous line follower robot using
NodeMCU ESP8266. The system provided wireless
monitoring and communication through Wi-Fi
technology. The researchers highlighted that IoT
integration improves automation efficiency and
enables real-time monitoring in  industrial
applications.

Rakesh Kumar et al. designed a line following
robot using IR sensors and an L293D motor driver
IC. Their system continuously monitored the path
and corrected directional errors using closed-loop
control mechanisms. The study demonstrated stable
and precise navigation performance in automated
transportation systems.

P. Suresh and M. Venkatesan proposed an
intelligent robotic system capable of both line
following and obstacle avoidance. The robot

Proposed System

The proposed system is an advanced Warehouse
Management Robot wusing Line Following
Technique designed to improve automation in
industrial and warehouse environments. The robot
uses infrared (IR) sensors to detect and follow a
predefined path accurately. A NodeMCU ESP8266
microcontroller is used as the main control unit to
process sensor data and control the movement of the
is detected. The built-in Wi-Fi feature of the
NodeMCU ESP8266 enables wireless
communication and real-time monitoring of the
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improved operational safety and reliability by
detecting obstacles and preventing collisions. Their
research emphasized the importance of combining
navigation and safety features in industrial robots.
Existing System
The existing line following robot systems mainly
use basic infrared (IR) sensors and simple control
algorithms to follow predefined paths. These robots
are capable of detecting black or white lines and
moving accordingly using motor driver circuits and
DC motors. Most existing systems are designed only
for simple navigation tasks and are commonly used
in educational and small industrial
applications.However, the existing systems have
Useveral limitations. They lack advanced features
such as obstacle detection, real-time monitoring, and
wireless communication. Many systems cannot
adapt effectively to dynamic environments and may
fail when obstacles are present in the robot’s path. In
addition, traditional line follower robots provide
limited automation capabilities and require
continuous supervision for efficient operation.The
existing systems also suffer from reduced flexibility
and lower efficiency in complex warehouse
environments. Since most of them are not integrated
with Internet of Things (IoT) technology, remote
monitoring and data communication are not
possible. These drawbacks reduce their suitability
for modern smart warehouse and industrial
Cautomation applications.

robot through the L293D motor driver circuit. DC
motors are used to move the robot in forward, left,
and right directions while maintaining proper line
tracking. The proposed system also includes obstacle
detection and Internet of Things (IoT) technology to
improve safety and efficiency. Obstacle detection
sensors continuously monitor the path and help the
robot avoid collisions by stopping or changing
direction whenever an object

robot through IoT technology.

BlockDiagram
..
| OLED |
b |
[ peoes | | Rere |
—F! Circuit ’_ﬂ |
ir Alarm ‘
f—

932



ISSN 2277-2685
IJESR/April-June. 2026/ Vol-16/Issue-2/931-936

Md Sameeuddin et. al., /International Journal of Engineering & Science Research

Working Principle : Hardware Implementation :

The working principle of the Warehouse e Node MCU ESP8266

Management Robot using Line Following e IR Sensors

Technique is based on sensor detection, embedded e 1.293D Motor Driver IC

control, and motor driving mechanisms. The robot e DC Motors

follows a predefined path marked on the floor using e OLED Display

Infrared (IR) sensors. These sensors continuously o Power Supply Unit

detect the difference between black and white e Chassis and Wheels

surfaces. When the sensors detect the line, they send e Bugzer

signals to the NodeMCU ESP8266 microcontroller, . .

which processes the data and controls the movement *  Connecting Wires
Battery Power Supply:

of the robot accordingly. The NodeMCU ESP8266
acts as the main control unit of the system. Based on
the sensor inputs, the microcontroller sends control
signals to the L293D motor driver circuit. The motor
driver controls the DC motors and moves the robot
in forward, left, or right directions to maintain
accurate line tracking. If the robot deviates from the
path, the controller automatically adjusts the motor
rotation to bring the robot back onto the correct path.

The power supply section is the section which
provide +5V for the components to work. IC
LM?7805 is used for providing a constant power of
+5V.The ac voltage, typically 220V, is connected to
a transformer, which steps down that ac voltage
down to the level of the desired dc output. This
resulting dc voltage usually has some ripple or ac
voltage variation.

TRANSFORMER || FRECTFIER | FILTER || ICREGULATOR |4 |oAD
Bridge Rectifier: OLED Display:
When four diodes are connected as shown in figure, An  OLED  display have the following

the circuit is called as bridge rectifier. The input to the
circuit is applied to the diagonally opposite corners
of the network, and the output is taken from the
remaining two corners.Let us assume that the
transformer is working properly and there is a
positive potential, at point A and a negative potential
at point B the positive potential at point A will
forward bias D3 and reverse bias D4.

MICROCONTROLLER:

NodeMCU  ESP8266 is an  open-source
microcontroller development board mainly used for
Internet of Things (IoT) applications. It is based on
the ESP8266 Wi-Fi module and contains a Tensilica
Xtensa 32-bit processor. The NodeMCU is used as
the main controlling unit in the Warehouse
Management Robot wusing Line Following
Technique. It processes the signals received from
the IR sensors and controls the movement of the
robot through the motor driver circuit.

The NodeMCU ESP8266 operates at

3.3V and includes built-in Wi-Fi capability, which
enables wireless communication and IoT-based
monitoring. It has multiple GPIO pins that can be
used for interfacing sensors, displays, and other
electronic components. The board can be
programmed easily using Arduino IDE, making it
suitable for embedded and automation projects.

advantages over an LCD display:

>Improved image quality - better contrast, higher
brightness, fuller viewing angle, a wider colour
range and much faster refresh rates.

>Lower power consumption.

>Simpler design that enables ultra-thin, flexible
foldable and transparent displays.

Better durability - OLEDs are very durable and can
operate in a broader temperature range.

IR Sensors:

Infrared (IR) sensors are electronic sensing devices
used to detect objects and track paths using infrared
radiation. In the Warehouse Management Robot
using Line Following Technique, IR sensors are
mainly used for line detection and obstacle sensing.
These sensors identify the difference between black
and white surfaces and send signals to the
NodeMCU ESP8266 microcontroller for robot
navigation.

An IR sensor consists of an IR transmitter and an IR
receiver. The transmitter emits infrared rays, and the
receiver detects the reflected rays from the surface.
When the sensor detects a white surface, more
infrared light is reflected, whereas less light is
reflected from a black surface. Based on this
variation, the robot can accurately follow the
predefined path.
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L293D Motor Driver IC:

The L293D is a motor driver integrated circuit used
to control the direction and speed of DC motors. It
acts as an interface between the NodeMCU
ESP8266 microcontroller and the motors in the
Warehouse Management Robot. The L293D IC is
based on the H-Bridge principle, which allows the
motor to rotate in both clockwise and anticlockwise
directions.
In this project, the L293D motor driver receives
control signals from the microcontroller and drives
the DC motors accordingly. It enables the robot to
move forward, backward, left, and right based on
sensor inputs. The IC can control two DC motors
simultaneously and provides sufficient current
required for motor operation.

DC Motors:

DC motors are electromechanical devices that
convert electrical energy into mechanical energy. In
the Warehouse Management Robot using Line
Following Technique, DC motors are used to drive
thewheels of the robot and provide movement in
different directions. The motors are controlled by
the L.293D motor driver IC based on the signals
received from the NodeMCU  ESP8266
microcontroller.

The rotation of the DC motors determines the
movement of the robot such as forward, backward,
left, and right turns. These motors are widely used in
robotic and automation applications because of their
simple construction, easy speed control, and reliable
performance.

Chassis and Wheels

The chassis is the main structural frame of the robot
that supports and holds all the electronic and
mechanical components together. It provides
stability, strength, and proper arrangement of
components such as the microcontroller, sensors,
motor driver, battery, and motors. In the Warehouse
Management Robot, the chassis acts as the base
structure for smooth and balanced movement.

BUZZER:

A buzzer or beeper is a signaling device, usually
electronic, typically used in automobiles, house hold
appliances such as a microwave oven, or game
shows.It most commonly consists of a number of
switches or sensors connected to a control unit that
determines if and which button was pushed or a
preset time has lapsed, and usually illuminates a
light on the appropriate button or control panel, and
sounds a warning in the form of a continuous or
intermittent buzzing or beeping sound. Initially this
device was based on an electromechanical system
which was identical to an electric bell without the
metal gong (which makes the ringing noise).

Battery

A battery is the main power source used to supply
electrical energy to the robot and its electronic
components. In the Warehouse Management Robot
using LineFollowing Technique, the battery
provides power to the NodeMCU ESP8266
microcontroller, IR sensors, motor driver circuit,
OLED display, and DC motors for proper operation.
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Fig.1: Hardware Kit in OFF Condition

The figure shows the hardware setup of the display, and power supply circuit mounted on a base
Warehouse Management Robot using Line platform. The IR sensor detects the path and sends
Following Technique. It consists of a NodeMCU signals to the microcontroller for robot navigation

ESP8266 microcontroller, IR sensor module, OLED

Fig 2: display shows path detected

The figure shows an OLED (Organic Light Emitting Diode) display module used in the

project. The OLED display is connected to the NodeMCU ESP8266 microcontroller and is used to
display system status, sensor readings, and operational messages.
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Fig 3: displaying sensors data through Thingspeak

The figure shows the ThingSpeak graphical output
of the Warehouse Management Robot. It displays
the ultrasonic sensor readings monitored through the
IoT platform. The graph represents real-time
obstacle detection data transmitted wirelessly using
the NodeMCU ESP8266.

CONCLUSION:

The Warehouse Management Robot using Line
Following Technique is an efficient and cost-
effective automation system designed for industrial
and warehouse applications. The robot successfully
follows a predefined path using IR sensors and
performs autonomous navigation with the help of
the NodeMCU ESP8266 microcontroller and
L293D motor driver circuit. The integration of
obstacle detection improves the safety and reliability
of the system.

The project also demonstrates the use of Internet of
Things (IoT) technology for real-time monitoring
and wireless communication. The developed system
reduces human effort, improves operational
efficiency, and provides accurate material
transportation within warechouse
environments. Thus, the project proves to be a
reliable solution for smart warehouse automation
and robotic applications.

FUTURE SCOPE :

Integration of Artificial Intelligence (AI) for smart
decision making

Implementation of automatic object pickup and
delivery systems

Advanced obstacle avoidance using ultrasonic and
vision sensors

GPS and RFID-based navigation for large
warehouse environments

Mobile application for remote monitoring and
control

Cloud-based data storage and real-time analytics
using [oT

Solar-powered  operation for energy efficiency
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