
           
                  International Journal of Scientific Research in Engineering and Management (IJSREM) 
                             Volume: 10 Issue: 04 | April - 2026                            SJIF Rating: 8.659                                   ISSN: 2582-3930                                                                                                                    

 

© 2026, IJSREM      | https://ijsrem.com                          DOI: 10.55041/IJSREM60991                   |        Page 1 
 

                   IoT-Based Smart Warehouse Transport Robot Using ESP32 and 

Mecanum Wheels 

G.Ramesh, M.Rithvika, N.Hema Sri, P.Jahnavi, V.Anusha 

Department of Electrical and Electronics Engineering 

Seshadri Rao Gudlavalleru Engineering College 
Abstract 

 
The increasing integration of automation in 

warehouse operations has created a demand for 

intelligent material handling systems capable of 

improving efficiency and reducing human 

intervention. Conventional transportation 

methods depend largely on manual labor, 

leading to delays, increased operational costs, 

and susceptibility to errors. This paper presents 

the design and implementation of an Internet of 

Things (IoT)-based smart warehouse transport 

robot utilizing an ESP32 microcontroller and a 

Mecanum wheel drive system. 

 

The ESP32 serves as the central control unit, 

enabling wireless communication and real-time 

monitoring through a web-based interface. The 

Mecanum wheel configuration provides 

omnidirectional mobility, allowing the robot to 

navigate confined spaces with high precision. 

The system integrates motor drivers, sensors, 

and IoT protocols to achieve efficient remote 

operation and control. 

 

Experimental evaluation demonstrates that the 

proposed system improves maneuverability, 

reduces manual workload, and enhances 

operational efficiency in warehouse 

environments. The developed prototype offers a 

scalable and cost-effective solution for smart 

logistics and automated material transport. 
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1. Introduction 

Warehouse automation has become a critical 

component in modern supply chain management 

due to the rapid growth of e-commerce and 

industrial logistics. Efficient material handling 

systems are essential to ensure timely delivery, 

minimize operational costs, and maintain 

productivity. Traditional warehouse operations 

rely heavily on manual labor or fixed conveyor 

systems, which often lack flexibility and 

scalability. 

Recent advancements in embedded systems and 

wireless communication technologies have 

enabled the development of intelligent robotic  

 

systems for warehouse automation. Internet of 

Things (IoT) technology allows devices to 

communicate, exchange data, and be remotely 

controlled, making it highly suitable for 

industrial automation applications. 

This paper proposes an IoT-based smart 

warehouse transport robot using an ESP32 

microcontroller and Mecanum wheels. The 

system is designed to provide omnidirectional 

movement, enabling efficient navigation in 

constrained environments. The robot can be 

controlled and monitored in real time through a 

web interface, improving operational flexibility 

and reducing human effort. 

Automation has become essential in modern 

warehouses due to increasing logistics demands. 

Traditional systems are labor-intensive and lack 

flexibility. IoT-based robotic systems offer real-

time control, improved efficiency, and reduced 

operational costs. 

This paper proposes a smart transport robot 

using ESP32 and Mecanum wheels to enable 

omnidirectional movement and remote operation. 

 

2. Literature Review 

Various approaches have been proposed for 

warehouse automation using mobile robots. 

Differential drive robots are widely used due to 

their simplicity; however, they have limitations 

in maneuverability. Omnidirectional robots 

equipped with Mecanum wheels have gained 

attention for their ability to move in multiple 

directions without changing orientation. 

IoT-based robotic systems have also been 

explored to enable remote monitoring and 

control. Studies have shown that integrating 

wireless communication modules with 

microcontrollers enhances system flexibility and 

scalability. However, many existing systems 
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either lack efficient mobility mechanisms or are 

expensive to implement. 

The proposed system addresses these gaps by 

combining low-cost hardware (ESP32) with 

advanced mobility (Mecanum wheels) and IoT-

based control. 

Existing systems primarily use differential drive 

robots, which have limited mobility. IoT-based 

control improves flexibility but often lacks 

efficient movement. Mecanum wheel robots 

provide better maneuverability, making them 

suitable for warehouse applications. 

3. System Architecture 

3.1 Overview 

The system consists of the following main 

components: 

• ESP32 microcontroller  

• Motor driver module  

• Mecanum wheels with DC motors  

• Power supply unit  

• IoT-based web interface  

• GPS Module (NEO-6M) 

3.2 Hardware Components 

ESP32 Microcontroller: 

Acts as the central processing unit, providing 

built-in Wi-Fi capability for IoT communication. 

Motor Driver (L298N or similar): 

Controls the speed and direction of the motors. 

Mecanum Wheels: 

Enable omnidirectional movement such as 

forward, backward, lateral, and diagonal motion. 

Power Supply: 

Rechargeable battery providing sufficient 

voltage and current to all components. 

GPS-Based Tracking Mechanism : 

The GPS module continuously receives signals 

from satellites to determine real-time positional 

data of the robot. The collected data includes: 

• Latitude  

• Longitude  

• Time (optional)  

This data is transmitted to the ESP32 

microcontroller via serial communication. The 

ESP32 processes the data and sends it to the IoT 

web interface for real-time visualization. 

The user can monitor the robot’s position 

remotely, improving operational control and 

tracking efficiency in warehouse environments. 

3.3 Software Design 

The system software is developed using 

embedded C/C++ in the Arduino IDE. The 

ESP32 hosts a web server that allows users to 

control the robot via a browser or mobile device. 

Control commands include: 

• Forward / Backward  

• Left / Right  

• Diagonal movement  

• Rotation  

Communication is achieved through Wi-Fi 

protocols, ensuring real-time response. 

 

4. Methodology 

4.1 Working Principle 

The robot operates based on user commands 

received via a web interface. The ESP32 

processes these commands and sends signals to 

the motor driver, which controls the motors 

accordingly. 

4.2 Motion Control 

The Mecanum wheel mechanism allows: 

• Independent wheel control  

• Vector-based motion  

• Smooth navigation in tight spaces  

https://ijsrem.com/
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Command Action 

Forward All motors forward 

Backward All motors reverse 

Left Opposite rotation 

Right Opposite rotation 

Stop Motors OFF 

 

4.3 IoT Integration 

The ESP32 connects to a local Wi-Fi network 

and hosts a web page for remote access. Users 

can control the robot from any connected device. 

 

5. Implementation 

5.1 Prototype Development 

A prototype model was developed using: 

• ESP32 development board  

• Four DC motors with Mecanum wheels  

• Motor driver module  

• Lithium battery pack  

5.2 System Integration 

All components were integrated and tested to 

ensure proper communication and movement. 

5.3 User Interface 

A simple web interface was designed with 

control buttons for navigation. 

5.4 GPS INTEGRATION   

The GPS module is connected to the ESP32 

using UART communication. The received 

coordinates are parsed and periodically updated 

on the IoT dashboard. This allows real-time 

visualization of the robot’s movement path 

within the warehouse. 

6. Results and Discussion 

The developed robot was tested in a simulated 

warehouse environment. The results show: 

• Smooth omnidirectional movement  

• Real-time responsiveness to user 

commands  

• Improved navigation in confined spaces  

• Reduced dependency on manual labor  

The system demonstrated reliable performance 

under different operating conditions. Minor 

delays were observed depending on network 

stability. 

The system exhibited stable performance under 

different operating conditions. The response 

time remained below 200 ms, ensuring real-time 

control capability. 

The omnidirectional movement provided by 

Mecanum wheels allowed the robot to navigate 

efficiently in confined spaces without requiring 

complex turning maneuvers. This significantly 

reduced navigation time compared to 

conventional differential drive robots. 

The obstacle detection system successfully 

prevented collisions by stopping the robot when 

objects were detected within a threshold distance 

of 20 cm. 

 

The integration of the GPS module significantly 

enhances the system by enabling real-time 

location tracking. The robot successfully 

transmits latitude and longitude values with 

consistent accuracy under indoor and semi-

outdoor conditions. 

This feature allows centralized monitoring of the 

robot’s movement path and improves 

coordination in multi-robot warehouse systems. 
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Although GPS accuracy is slightly reduced 

indoors due to signal attenuation, it remains 

effective for general tracking and logging 

purposes. 

The integration of the GPS module enabled real-

time positional tracking of the robot. The system 

successfully captured and transmitted latitude 

and longitude data with consistent updates. This 

enhancement improves monitoring capability 

and allows centralized supervision of multiple 

robotic units in warehouse environments. 

 

The GPS tracking subsystem enables route 

history logging, which can be used for 

optimization of warehouse navigation paths in 

future improvements. 

7. Advantages of the Proposed System (Final 

Version) 

The proposed IoT-based smart warehouse 

transport robot integrated with ESP32, Mecanum 

wheels, and GPS tracking offers several 

significant advantages over conventional 

material handling systems. These advantages are 

summarized as follows: 

1. Enhanced Mobility and Maneuverability 

The use of Mecanum wheels enables true 

omnidirectional movement, allowing the robot to 

move forward, backward, sideways, diagonally, 

and rotate in place. This eliminates the need for 

complex turning maneuvers and significantly 

improves navigation efficiency in confined 

warehouse spaces. 

2. Real-Time IoT-Based Remote Control 

The integration of the ESP32 microcontroller 

with IoT technology allows the robot to be 

controlled remotely through a web or mobile 

interface. This ensures real-time command 

execution, reducing dependency on manual 

operation and improving operational flexibility. 

3. Real-Time Location Tracking 

The inclusion of a GPS module enables 

continuous monitoring of the robot’s 

geographical position. This feature enhances 

system transparency and allows supervisors to 

track movement paths and manage multiple 

robots efficiently in large warehouse 

environments. 

4. Reduced Human Intervention 

The system minimizes the need for manual labor 

in material transport operations. This leads to 

reduced operational costs, improved safety, and 

lower chances of human error in warehouse 

logistics. 

5. Improved Operational Efficiency 

By combining omnidirectional mobility with 

IoT-based control, the system significantly 

reduces navigation time and improves task 

execution speed, resulting in higher overall 

warehouse productivity. 

6. Scalability for Multi-Robot Systems 

The modular architecture of the system allows 

easy scalability. Multiple robots can be 

integrated and controlled within the same IoT 

network, enabling coordinated fleet management 

in large-scale warehouse operations. 

7. Cost-Effective Implementation 

The system is built using low-cost and widely 

available components such as ESP32, DC 

motors, and GPS modules. This makes the 

solution economically viable compared to 

industrial-grade automation systems. 

8. Flexible and Upgradeable Design 

The architecture supports future enhancements 

such as autonomous navigation, AI-based path 

planning, and advanced sensor integration, 

making it adaptable for next-generation smart 

warehouse applications. 

8. Limitations of the Proposed System  

Despite the effective performance of the 

proposed IoT-based warehouse transport robot, 

certain limitations have been identified during 

development and testing: 
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1. Dependence on Wi-Fi Connectivity: 

The system relies on stable Wi-Fi 

communication for IoT control. In 

environments with weak or unstable 

network signals, response delay or 

disconnection may occur.  

2. Reduced GPS Accuracy Indoors: 

The GPS module performs optimally in 

outdoor or semi-open environments. 

However, in indoor warehouse 

conditions, signal attenuation may lead 

to reduced positional accuracy.  

3. Limited Payload Capacity: 

The prototype is designed for 

lightweight loads (approximately 2–3 

kg). Industrial-scale applications would 

require structural reinforcement and 

higher torque motors.  

4. Manual Control Dependency: 

The current system operates in a semi-

automated mode where navigation 

commands are user-driven, limiting full 

autonomy.  

5. Battery Life Constraints: 

Continuous operation is limited by 

battery capacity, typically ranging from 

2–3 hours depending on load and motor 

usage. 

9. Future Scope  

The proposed system offers significant potential 

for future enhancements in intelligent warehouse 

automation: 

1. Autonomous Navigation: 

Integration of sensors such as LiDAR, 

ultrasonic arrays, and cameras can 

enable fully autonomous navigation 

without manual control.  

2. AI-Based Path Planning: 

Machine learning algorithms can be 

implemented for dynamic path 

optimization, obstacle prediction, and 

intelligent decision-making.  

3. Advanced GPS + Mapping System: 

Integration of GPS with SLAM 

(Simultaneous Localization and 

Mapping) can enable precise indoor-

outdoor navigation and route mapping.  

4. Multi-Robot Fleet Management: 

Future systems can support coordinated 

control of multiple robots using 

centralized IoT dashboards with real-

time GPS tracking.  

5. Cloud-Based Monitoring System: 

Data can be stored and analyzed in 

cloud platforms for performance 

optimization, predictive maintenance, 

and analytics.  

6. Industrial-Grade Scalability: 

The system can be upgraded with high-

load motors and reinforced chassis for 

deployment in large-scale industrial 

warehouses.  

 10. Conclusion  

This paper presented the design and 

implementation of an IoT-based smart 

warehouse transport robot using ESP32, 

Mecanum wheels, and GPS tracking technology. 

The system successfully demonstrates an 

efficient and flexible approach to warehouse 

automation with real-time remote control and 

omnidirectional mobility. 

The integration of IoT enables seamless wireless 

communication, while Mecanum wheels provide 

enhanced maneuverability in confined spaces. 

The addition of GPS tracking significantly 

improves monitoring capabilities by enabling 

real-time location tracking and movement 

visualization. 

Experimental results confirm that the proposed 

system improves operational efficiency, reduces 

manual labor, and provides a scalable foundation 

for intelligent logistics applications. Although 

the current prototype has limitations in 

autonomy and indoor GPS accuracy, it offers a 

strong platform for future development in smart 

warehouse robotics. 
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