IJSART - Volume 11 Issue 10 - OCTOBER 2025

ISSN [ONLINE]: 2395-1052

A Review Paper On Advanced Secure Wireless
Communication For Smart Industries

Prof. Moiz Hussain sir!, Pranita D Maskade?, Priyanka M Chopade?,
Renuka V Sapkal®, Vaishnavi S Kharche®, Vaishnavi R Gavhale®
1.2,3,4,5 6Dept of Electrical Engineering
1.2.3,4.5,6 padm. Dr. VBKCOE, Malkapur, Maharashtra, India

Abstract- The project titled “Advanced Secure Wireless
Communication for Smart Industries” focuses on developing a
reliable and secure wireless control system for industrial
automation using the Raspberry Pi Pico W. In modern
industries, remote monitoring and control of devices such as
motors, fans, and machinery are critical for efficiency, safety,
and energy management. This system integrates multiple relay
modules to control various industrial loads, enabling real-
time operation through a secure wireless interface. By
leveraging the Raspberry Pi Pico W, the system ensures fast
communication, low latency, and robust security features to
prevent unauthorized access. The project demonstrates a
practical approach to implementing smart industrial control
systems, reducing manual intervention, optimizing operational
efficiency, and enhancing safety. The integration of hardware
and wireless control technology provides a scalable solution
adaptable to various industrial applications.

Security is a critical aspect of industrial automation,
and this system incorporates measures to prevent
unauthorized access and data breaches, ensuring reliable and
protected control over critical devices. The design also
emphasizes scalability, allowing additional modules and
devices to be incorporated as the industrial requirements
expand. By combining hardware control, wireless
connectivity, and security protocols, the project demonstrates
a practical and cost-effective solution for smart industry
applications. It highlights the potential for enhanced
operational efficiency, energy management, and predictive
maintenance, making industrial systems smarter, safer, and
more responsive to dynamic operational needs.
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I. INTRODUCTION

With the rapid advancement of Industry 4.0, modern
industries are increasingly adopting smart technologies to
enhance automation, efficiency, and safety. Traditional
industrial control systems often rely on wired connections and
manual operations, which can be slow, prone to human error,
and difficult to scale. Wireless communication technologies
have emerged as a key solution, enabling remote monitoring
and control of industrial devices in real time. The integration
of microcontrollers such as the Raspberry Pi Pico W with
relay modules allows industries to automate various electrical
devices, including motors, fans, and other machinery, without
direct human intervention. Secure wireless control is critical in
industrial settings to prevent unauthorized access, data
breaches, and potential system failures. This project addresses
the need for a secure, scalable, and efficient wireless industrial
control system, combining hardware control, wireless
connectivity, and security protocols. By implementing such
systems, industries can achieve optimized operational
performance, reduced energy consumption, enhanced safety,
and improved adaptability to dynamic production
requirements

Il. PROBLEM FORMULATION

In many industries, controlling electrical devices still
requires manual operation or costly automation systems.
These setups lack flexibility, increase wiring complexity, and
are not easily scalable. There is a need for a simple, low-cost,
and reliable local control system that allows users to operate
industrial devices wirelessly without internet dependency.

This project aims to develop a local Wi-Fi-based
control system using Raspberry Pi Pico W and a Python GUI,
enabling efficient and secure operation of industrial devices
within a local network.
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I1l. PROPOSE SYSTEM METHODOLOGY
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Figure 1 Block diagram of Advanced Secure Wireless
Communication For Smart Industries.

This diagram illustrates an Internet of Things (loT)
system where a laptop controls devices remotely through a
wireless connection to a Raspberry Pi Pico W microcontroller.
The Python application on the laptop sends commands via a
Wi-Fi module to the Pico W, which then uses relay modules to
control various appliances.

IV. COMPONENTS REQUIRMENT

1. Laptop & Python Application: The laptop runs a Python
application that acts as the user interface and command
center. It sends wireless commands to the system via a
Wi-Fi module.

2. Raspberry Pi Pico W: This is the central controller board
of the system. It is a microcontroller with built-in Wi-Fi,
allowing it to receive commands wirelessly from the
laptop.

3. Wi-Fi Modules: There are two Wi-Fi modules shown.
One is connected to the laptop and the other is integrated
into the Pico W. These modules enable the wireless
communication  between the laptop and the
microcontroller.

4. Power Supply Module: This module provides the
necessary electrical power to the Pico W and the other
components in the system.

5. Relay Modules: Relays are electrically operated switches
that use a low-power signal from the microcontroller to
control high-power electrical devices. The Pico W sends
signals to the relay modules, which in turn switch the
connected devices (FAN, LAP, Motor) on or off. The use
of multiple relay modules indicates that each device can
be controlled independently.

6. Controlled Devices: The FAN, LAP (likely an
abbreviation for a lamp or light), and Motor are the high-
power devices that are being controlled by the system.
They are connected to the relay modules.

7. In summary, the Python application on the laptop sends a
command wirelessly through its Wi-Fi module to the
Raspberry Pi Pico W. The Pico W, upon receiving the
command, activates the appropriate relay module, which
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then turns the corresponding device (FAN, LAP, or
Motor) on or off.

V. RESULT AND DISCUSSION

The Advanced Secure Wireless Communication for
Smart Industries project successfully demonstrated the
wireless control and monitoring of industrial devices using the
Raspberry Pi Pico W and multiple relay modules. The system
was tested with devices including motors, fans, and laptops,
and the following outcomes were observed:

1. Wireless Control:

o All connected devices responded correctly
to commands sent through the secure
wireless interface.

o Multiple devices could be controlled
simultaneously without any delay or
conflict.

2. Relay Module Performance:

o Each relay module reliably switched ON and
OFF the connected devices.

o No malfunction or communication failure
occurred during testing.

3. Real-Time Monitoring:

o Device status was successfully transmitted
back to the user interface in real time.

o Users could monitor operational conditions
and verify device activation instantly.

4. Security Validation:

o Unauthorized access attempts  were
effectively blocked, confirming the system’s
secure communication protocol.

5. Energy Efficiency:

o Automated control of devices reduced
unnecessary operation, contributing to better
energy management.

6. Scalability:

o Additional devices and relays were easily
integrated into the system without altering
the main control logic, showing the system’s
scalability.

VI. CONCLUSION

The Advanced Secure Wireless Communication for
Smart Industries project successfully demonstrates the
implementation of a secure, wireless, and automated industrial
control system using the Raspberry Pi Pico W and multiple
relay modules. The system enables remote operation of
industrial devices such as motors, fans, and laptops, providing
real-time monitoring and reliable control. The project
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highlights the importance of security in wireless
communication, ensuring that only authorized commands are
executed, which enhances operational safety and reduces the
risk of unauthorized access. By integrating multiple relay
modules, the system allows simultaneous control of several
devices, improving efficiency, scalability, and flexibility for
industrial applications. Overall, the project achieves its
objectives of reducing manual intervention, optimizing energy
usage, and providing a practical, cost-effective solution for
smart industry automation. This work lays the foundation for
future enhancements, such as integrating advanced loT
features, predictive maintenance, and cloud-based monitoring,
further advancing the concept of intelligent and connected
industrial systems.The findings from this research underscore
the effectiveness of the proposed system in mitigating the
drawbacks of previous approaches. The achieved reduction in
speed variation enhances the system's capability to
synchronize motors within a specific and controlled range.
This represents a notable contribution to the field of motor
synchronization, paving the way for more accurate and
dependable industrial automation processes. Future research
endeavors could further refine this system and explore its
applicability across diverse industrial settings.
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