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Abstract - selecting a suitable movement route. By combining Al-

Industrial material handling is an essential activity in
manufacturing and storage environments, but
conventional transportation methods generally depend
on continuous human effort and may require
considerable time. This paper presents the design of an
Al Smart Industrial Material Transport Robot intended
to provide an intelligent and automated approach to
internal material movement. The proposed system
combines Artificial Intelligence with an ESP32
controller, RFID module, load cell, ultrasonic sensor,
camera module, motor driver, DC motors and IoT/Wi-
Fi connectivity. RFID is used for material identification,
while the load cell provides weight-related information
and the ultrasonic sensor supports obstacle detection.
Camera information is considered for image processing
and Albased decision making. The ESP32 coordinates
the control process and operates the motors through the
L298N motor driver. The proposed architecture is aimed
at reducing manual handling, improving workplace
safety, reducing transportation time and supporting
efficient  industrial ~ operations. = Experimental
performance results are not included at this stage
because the prototype is under development.

Key Words: Artificial Intelligence, ESP32, RFID,
Industrial Automation, Material Handling, Obstacle
Detection, IoT, Mobile Robot.

1. INTRODUCTION

Industrial automation is increasingly being adopted to
improve productivity, safety and operational efficiency.
Material transportation is one of the routine activities in
factories, warehouses and other industrial environments.
When this activity is performed manually, workers may
spend significant time moving materials between
different locations. Repetitive material handling can
also increase the possibility of human error and
workplace risk.

The proposed Al Smart Industrial Material Transport
Robot is designed to address these requirements through
an integrated sensing, processing and movement system.
The robot uses sensor information to understand the
material and its surroundings and then assists in
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processing with embedded control and IoT monitoring, the
proposed system provides a foundation for smart industrial
material handling.

The robot is intended to reduce manual effort and
improve the efficiency of material transportation within
industrial areas. It can be designed to detect obstacles,
identify the required movement path and transport
materials from one location to another with minimum
human intervention. The use of wireless communication
and IoT technology can also support real-time monitoring
of the robot's status and movement.

Such an automated system can be useful in
manufacturing units, warehouses, workshops, logistics
centers and storage facilities, where materials need to be
moved regularly. The integration of Al, sensors, RFID and
mobile/loT-based monitoring makes the proposed robot a
flexible solution for modern industrial automation. The
prototype is currently under development and focuses on
demonstrating the basic concept of intelligent material
transportation.

2. PROBLEM STATEMENT

Conventional material transportation methods require
human involvement and may be time-consuming. Workers
involved in material movement can also be exposed to
operational safety risks, particularly in busy industrial
environments. Traditional transport arrangements may not
provide intelligent obstacle detection or adaptive route
selection. Therefore, an automated system is required that
can identify materials, sense nearby obstacles and control
movement with minimum manual intervention. The
proposed robot is intended to provide such an integrated
solution.

3.OBJECTIVES

To develop an Al-based robotic system for automated
industrial material transportation

To identify and track industrial materials using RFID
technologies.

DOI: 10.55041/IJSREM67817 | Page 1


https://ijsrem.com/

w Volume: 10 Issue: 10 | Oct - 2026

} International Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.659

ISSN: 2582-3930

To automate the movement of materials within an
industrial environment with minimum human
intervention.

To detect obstacles and select a suitable route using sensors
and Al-based decision-making.

To reduce manual handling, transportation time, and
operational effort in industrial material handling.

4. PROPOSED SYSTEM

The proposed system consists of input sensors, an Al
processing stage, an ESP32 controller, an L298N motor
driver, DC motors and wheels, and an IoT/Wi-Fi
monitoring interface. The sensors collect information
related to material identity, weight, obstacles and visual
surroundings. The AI processing unit analyses the
available information and assists in deciding the required
destination and safe route. The ESP32 acts as the
embedded control unit and sends appropriate commands to
the motor driver. The motor driver then controls the DC
motors to move the robot.

5. SYSTEM ARCHITECTURE

The system architecture follows a sensing—processing—
control-actuation approach. RFID provides material
identification information and the load cell provides
weight-related input. The ultrasonic sensor observes
obstacles in the robot’s path, while the camera supplies
visual information for image processing. The Al
processing unit analyses these inputs. The ESP32
coordinates the control operation and communicates with
the L298N motor driver. The DC motors and wheels
provide the physical movement of the robot. loT/Wi-Fi is
included to support monitoring and status updates.
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Fig. 1. System architecture

6. AI-BASED DECISION MAKING

The proposed Al layer is intended to support intelligent
interpretation of material and environmental information.
Machine Learning is identified in the project design for

material and obstacle detection, while Python provides the
processing  environment and OpenCV  supports
camera/image processing. The purpose of this stage is to
assist the robot in understanding the available input and
selecting a suitable movement response. The final
algorithm and trained model can be refined during
prototype development and testing.

7. SENSOR INTEGRATION

Multiple sensing technologies are incorporated so that the
robot can use more than one type of information. RFID
supports identification of the material being transported.
The load cell supplies weight-related information.
Ultrasonic sensing is used to identify obstacles in the
robot’s path, while the camera provides visual information.
The combination of these inputs can provide a broader
representation of the operating environment than a single
sensor alone.

8. CONTROL AND MOTOR OPERATION

The ESP32 serves as the central embedded controller.
After receiving the required control information, it
provides signals to the L298N motor driver. The motor
driver controls the DC motors connected to the robot’s
wheels. This arrangement separates the control logic from
the motor-driving stage and provides a practical interface
between the microcontroller and the mechanical drive
system.

9. IoT MONITORING

IoT/Wi-Fi connectivity is included to support monitoring
and status updates. The connected monitoring approach
can provide information about the robot’s operating state
and can support future expansion toward connected
industrial systems. The proposed communication layer
therefore complements the sensing and control functions
of the robot.

Fig. 2. System connection / circuit diagram.
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10. WORKING PRINCIPLE

The robot begins by acquiring information from the
connected sensors. RFID is used to identify the material
and the load cell provides weight-related information. The
ultrasonic sensor checks for obstacles in the surrounding
area, while the camera captures visual information. The Al
processing stage analyses the available information and
assists in selecting a suitable route. The ESP32 executes
the control logic and sends movement commands to the
L298N driver. The driver operates the DC motors,
allowing the robot to move the material toward the
required location. IoT/Wi-Fi can provide the
corresponding status information for monitoring.

11. FUNCTIONAL ARCHITECTURE

The functional architecture integrates sensing, Al
processing, embedded control, motor actuation and
monitoring. The input sensors provide information about
material identity, weight, obstacles and the visual
environment. The Al processing stage interprets the
information and assists with material and obstacle
analysis. The ESP32 acts as the control unit and provides
commands to the motor driver. The motor driver controls
the robot motion, while IoT/Wi-Fi supports monitoring.

AL SNART INDUSTRIAL MATERIAL TRANSPORT ROBOT
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Fig. 3. Functional architecture of the proposed robot.

12. SYSTEM OPERATION SEQUENCE

* The sensors acquire material and environmental
information.

* RFID identifies the material and the load cell provides
weight information.

* The ultrasonic sensor and camera provide obstacle and
visual information.

* The Al processing stage analyses the available inputs and
assists route selection.

* The ESP32 processes the control logic and sends
commands to the L298N motor driver.

* The motor driver operates the DC motors and the robot
moves the material.

* [oT/Wi-Fi provides monitoring and status updates.
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13. HARDWARE COMPONENTS

13.1 ESP32 Controller

Fig.ESP32 Controller

The ESP32 is the embedded controller responsible for
robot operation and sensor integration. It receives
information from the connected sensing elements and
coordinates the control process. The controller
communicates with the motor driver to produce the
required robot movement.

13.2 RFID Module

Fig. RFID Module

The RFID module is used for material identification. It
provides an identification input that can be processed by
the controller as part of the material-handling workflow.
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13.3 Load Cell

Fig. Load cell

The load cell provides weight-related information. This
information can be used to identify or monitor the material
load before and during transportation.

13.4 Ultrasonic Sensor

Fig. ultrasonic sensor

The Ultrasonic Sensor Supports obstacle detection by
sensing objects in the robot’s path. Its input can be
considered by the control logic for safer movement

13.5 Camera Module

Fig. Camera Module
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The camera provides visual information for image
processing. The project identifies OpenCV and Python as
suitable technologies for processing camera/image
information and supporting Al-based decisions.

13.6 L298N Motor Driver

Fig. L28N Motor Driver

The L298N motor driver acts as the interface between the
ESP32 control unit and the DC motors. It receives control
signals and drives the motors required for robot movement.

13.7 DC Motors, Wheels and Chassis

% Q0

DC Motor (Gear Motor)

Chassis

Fig. DC Motors, Wheels and Chassis

DC motors and wheels provide physical robot movement.
The chassis provides the mechanical structure for
mounting the electronics, sensors, motors and
materialcarrying arrangement.
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14. SOFTWARE AND TECHNOLOGIES

14.1 Arduino IDE

Arduino IDE is used as the programming environment for
the ESP32. It supports writing, compiling and uploading
the embedded control program.

14.2 Python

Python is identified for Al and image-processing tasks. It can be used
for processing information and supporting the development of the
Al decision-making layer.

14.3 OpenCV

OpenCV is identified for camera and image-processing
functions. It can support extraction and processing of
visual information supplied by the camera module.

14.4 Machine Learning
Machine Learning is considered for material and obstacle
detection and for supporting intelligent decision making.
The final model can be refined during prototype
development and testing.

14.5 IoT / Wi-Fi

[IoT/Wi-Fi connectivity supports monitoring and status
updates. It can provide a communication link between the
robot and a monitoring interface.

14.6 Embedded C/C++

Embedded C/C++ can be used to implement the controller
logic and hardware interfacing required for ESP32-based
operation.

15. DESIGN CONSIDERATIONS

» Appropriate sensor placement is required for reliable
sensing.

«The robot requires a stable power supply and suitable
motor control.

*The chassis must support the material and electronic
components.

e Wireless communication should remain suitable for
monitoring.

« Actual load capacity, navigation performance, obstacle
response and battery operation require prototype testing.

16. EXPECTED CONTRIBUTION

The proposed work combines material identification,
sensing, Al-oriented processing, embedded control, motor
actuation and IoT monitoring in a single industrial material
transport platform. Its intended contribution is an
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integrated approach to reducing manual material
movement and supporting safer and more efficient internal
transportation. Numerical performance results are not
claimed because the prototype is under development.

17. APPLICATIONS
« Factories and industrial material handling.

« Warehouses and storage facilities.

» Manufacturing and assembly environments.

« Logistics and internal transport operations.

» Hospitals and controlled material movement.

« E-commerce storage and distribution facilities.

« Automobile and electronics industries.

18. ADVANTAGES
» Reduces manual material-handling effort.

«Can reduce transportation time in repetitive internal
movement.

« RFID supports material identification.
« Ultrasonic sensing supports obstacle detection.
« Al processing can assist intelligent route selection.

« [oT/Wi-Fi supports monitoring and status updates.

19. LIMITATIONS
« Sensor reliability can affect the quality of system inputs.

« Al processing performance depends on the implemented
mode land available computing resources.

e Camera-based processing may be
environmental conditions.

affected by

» Wireless communication may affect monitoring when
connectivity is poor.

» Actual load capacity, navigation accuracy, obstacle
detection performance, response time and battery
endurance require practical testing.

« The prototype is still under development, so numerical
experimental results are not included.

20. FUTURE SCOPE
« Improved Al models for material and obstacle detection.

» Automatic navigation and more advanced path

« Voice-control capability for selected operations.
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« Live tracking and improved monitoring.
« Higher load capacity and improved mechanical design.
« Better obstacle detection and adaptive movement.

e Multi-robot coordination for
industrial environments.

larger

« Integration with advanced industrial automation and IoT
platforms.

21. PROPOSED IMPLEMENTATION FLOW

The implementation can be organized as a sequence of
sensing, identification, analysis, control and actuation.
First, the connected sensors acquire information from the
operating environment. RFID identifies the material while
the load cell provides weight information. Ultrasonic and
camera inputs contribute obstacle and visual information.
The Al processing stage interprets these inputs. The ESP32
then applies the control logic and sends commands to the
L298N motor driver. Finally, the DC motors move the
robot and IoT/Wi-Fi provides monitoring information.

22. SYSTEM INTEGRATION

The strength of the proposed concept lies in combining
several functions in one platform. Material identification
is handled through RFID, weight information through the
load cell, obstacle sensing through the ultrasonic sensor
and visual input through the camera. These inputs are
connected to the embedded control system so that the robot
can perform coordinated movement. The IoT/WiFi
interface provides a path toward remote status monitoring
and future connected-automation features.

23. PRELIMINARY PERFORMANCE
CONSIDERATIONS

Because the prototype is under development, this paper
does not claim measured accuracy, navigation time,
payload capacity or battery performance. These values
should be established after implementation through
controlled testing. Future experiments can evaluate
obstacle-detection  response, material-identification
reliability, movement time, payload handling and
communication stability.

24. SAFETY AND OPERATIONAL
CONSIDERATIONS

The robot should be operated in a controlled environment
during prototype testing. Sensor placement, mechanical
stability, motor control and battery operation should be
verified before extended operation. Obstacle detection
should be tested under representative conditions, and the
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movement logic should be evaluated with different
material loads.

25. CONCLUSION

The Al Smart Industrial Material Transport Robot
presents an integrated approach automated material
movement in industrial environments. The proposed
architecture combines RFID-based material
identification, load-cell weight sensing, ultrasonic
obstacle detection, camera-based visual information, Al
processing, ESP32 control, L298N motor driving, DC
motors and IoT/Wi-Fi monitoring. The combination
intended to reduce manual handling, support safer
movement and improve the efficiency of repetitive
internal transportation. The project is currently at the
prototype-development stage; therefore, final
experimental measurements are not included. Practical
testing will be required to establish load capacity,
navigation performance, obstacle response, battery
endurance and
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