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Abstract

In the modern industrial landscape, the integration of Extended Reality (XR) and Internet of Things (IoT) has
paved the way for more efficient and sophisticated monitoring systems. This project, "Next-Gen Industrial
Monitoring: XR and IoT Integration," presents a comprehensive solution for industrial monitoring. The system
includes oil level detection using ultrasonic sensors, temperature and humidity monitoring via DHT sensors, gas
detection utilizing gas sensors, and an exhaust system. The oil level detection system, employing ultrasonic
sensors, ensures real-time monitoring of oil levels in industrial machinery. Temperature and humidity monitoring,
facilitated by DHT sensors, provides crucial environmental data to prevent adverse effects on equipment. Gas
detection via gas sensors enhances safety by detecting harmful gases, ensuring a secure working environment.
Through the integration of XR and IoT, data from these sensors are collected, processed, and visualized in an
augmented reality interface. This interface offers an intuitive and immersive experience, enabling operators to
monitor the industrial environment with unprecedented ease and precision. The XR interface displays real-time
data, allowing operators to visualize oil levels, temperature, humidity, and gas concentrations within the industrial
setting. Alerts and notifications are generated when preset thresholds are exceeded, enabling prompt action to be
taken. The exhaust system, integrated into the monitoring setup, enhances environmental sustainability and
ensures compliance with regulations. It efficiently removes harmful gases, maintaining a safe working
environment. The system's architecture is designed to be scalable and adaptable, allowing for easy integration
into various industrial settings. Moreover, it features a user-friendly interface, ensuring ease of use for operators.
"Next-Gen Industrial Monitoring: XR and IoT Integration" represents a significant advancement in industrial
monitoring, offering a comprehensive solution for enhancing efficiency, safety, and sustainability in industrial
environments. Through the integration of XR and IoT, this project sets a new standard for industrial monitoring
systems, ensuring optimal performance and safety in industrial settings.

Keywords: Extended Reality (XR), Internet of Things (loT), Industrial Monitoring, Ultrasonic Sensors, DHT
Sensors, Gas Detection.

1. Introduction

In the ever-evolving landscape of industrial monitoring, the integration of Extended Reality (XR)
and Internet of Things (IoT) stands as a pioneering solution, heralding a new era of efficiency and
precision. The "Next-Gen Industrial Monitoring: XR and IoT Integration" project emerges as a
transformative force in the realm of industrial supervision. This project embodies a sophisticated
system designed to revolutionize monitoring processes, boasting an amalgamation of cutting-edge
technologies. At its core, this system offers an innovative approach to monitoring oil levels,
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temperature, humidity, and gas emissions, utilizing ultrasonic sensors, DHT sensors, and gas sensors,
respectively. Through the seamless integration of XR and IoT, this project promises to redefine
industrial monitoring standards, ensuring heightened accuracy, efficiency, and safety. The essence
of this system lies in its comprehensive approach to industrial monitoring, offering a multi-faceted
solution to meet the diverse needs of various industries. The integration of XR technology allows for
the overlay of virtual information onto the physical world, providing real-time insights and enhancing
decision-making processes. Meanwhile, the [oT component facilitates seamless connectivity and data
exchange among the different elements of the monitoring system, enabling swift and effective
responses to changing conditions. At the heart of this project is the implementation of cutting-edge
technologies for monitoring critical parameters. The oil level detection system, utilizing ultrasonic
sensors, ensures precise and reliable monitoring of oil levels in industrial equipment. Meanwhile, the
temperature and humidity monitoring system, employing DHT sensors, offers real-time insights into
environmental conditions, crucial for maintaining optimal operational parameters. Additionally, the
gas detection system, utilizing gas sensors, serves as a vital component in ensuring workplace safety,
by providing early detection of harmful emissions. Furthermore, an exhaust system is integrated to
efficiently manage and mitigate gas emissions. 1 By combining these technologies, the "Next-Gen
Industrial Monitoring: XR and loT Integration" project presents a holistic solution that addresses the
most pressing needs of industrial monitoring. The implementation of ultrasonic, DHT, and gas
sensors, alongside the exhaust system, provides a comprehensive framework for monitoring and
managing industrial environments. Through the use of XR and IoT, the system not only offers real
time data visualization but also facilitates predictive analysis and proactive decision making, leading
to increased operational efficiency and reduced downtime. This project is set to redefine the industrial
monitoring landscape, offering unparalleled accuracy, efficiency, and safety. The integration of XR
and IoT technologies brings a new level of intelligence and responsiveness to industrial monitoring,
paving the way for smarter, more sustainable industries. In the face of increasing complexity and
demands, the "Next-Gen Industrial Monitoring: XR and IoT Integration" project stands as a beacon
of innovation, promising to revolutionize the way industries monitor and manage their operations.

II.  System Description

A. Create a Project Page in Blynk App

Creating a project page in the Blynk app for the "Next-Gen Industrial Monitoring: XR and [oT
Integration" project, which incorporates an ESP32 microcontroller, ultrasonic sensor for oil level
detection, DHT sensor for temperature and humidity monitoring, gas sensor for gas detection, and an
exhaust system, involves several steps to ensure seamless integration and functionality[1]-[2]. Firstly,
download and install the Blynk app on your smartphone from the respective app store. Once installed,
create a new project within the app and choose the appropriate hardware model, in this case, ESP32,
from the list of supported devices. Next, configure the project by adding widgets corresponding to the
sensors and actuators utilized in the industrial monitoring setup[3]-[4]. For the ultrasonic sensor for
oil level detection, add a gauge widget to display the oil level in real-time. Similarly, for the DHT
sensor monitoring temperature and humidity, add two separate gauge widgets for temperature and
humidity readings. Integrate a graph widget to visualize historical data trends for better analysis.
Incorporate a gas sensor widget to monitor gas levels and set up notifications for threshold breaches.
Additionally, integrate a button widget to control the exhaust system, allowing manual activation or
deactivation as required. Customize the appearance and layout of the project page to enhance user
experience and clarity. Finally, deploy the project by generating an authentication token and uploading
the corresponding sketch to the ESP32 microcontroller using the Arduino IDE. Test the functionality
of the project page by monitoring sensor readings and controlling the exhaust system remotely through
the Blynk app, ensuring all components are functioning as intended. With the project page successfully
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created in the Blynk app, users can access real-time data and control industrial monitoring systems
with ease, facilitating efficient operations and maintenance[5]-[6].

B. Write the Program in Arduino IDE

To begin writing the program in Arduino IDE for the "Next-Gen Industrial Monitoring: XR and
IoT Integration" project, you first need to ensure you have the necessary libraries installed for each
sensor. For the ESP32 microcontroller, you'll need the appropriate board support package installed in
the Arduino IDE. Once you've set up the IDE environment, follow these steps: Include Libraries:
Import the necessary libraries for each sensor. For the ultrasonic sensor, include the Ultrasonic library.
For the DHT sensor, include the DHT sensor library. Similarly, include the library for the gas sensor.
Define Pin Connections: Define the pin connections for each sensor and the ESP32 board. Assign pins
for ultrasonic sensor trigger and echo, DHT sensor data pin, gas sensor analog pin, and any other
necessary connections. Initialize Sensors: Initialize each sensor in the setup () function. This involves
setting pin modes and any sensor-specific configurations. Read Sensor Data: Use appropriate functions
to read data from each sensor. For the ultrasonic sensor, use functions to measure distance. For the
DHT sensor, use functions to read temperature and humidity[7]-[8]. Similarly, read gas sensor data
using analogRead (). Process Sensor Data: Process the sensor data as needed. Convert sensor readings
to meaningful units and perform any necessary calculations. Send Data to [oT Platform: Use ESP32's
built-in Wi-Fi capabilities to connect to an IoT platform. Send the sensor data over MQTT or HTTP
to a cloud server or IoT platform for further processing and visualization. Implement Exhaust System
Control: If the exhaust system is automated, implement control logic based on sensor readings. For
example, activate the exhaust system if gas levels exceed a certain threshold. Ensure Error Handling:
Implement error handling to deal with any issues that may arise during sensor readings or data
transmission. Testing and Debugging: Test the program thoroughly on the ESP32 board. Use serial
debugging to monitor sensor readings and ensure proper functionality. Optimization: Optimize the
code for efficiency and performance, considering the limited resources of the ESP32 microcontroller.
By following these steps, you can develop a robust program in Arduino IDE for the Next Gen Industrial
Monitoring project, integrating XR and IoT technologies for enhanced monitoring and control of oil
level, temperature, humidity, gas levels, and exhaust systems.

C. Create a Project Page in Unity Hub

Creating a project page in Unity Hub for the "Next-Gen Industrial Monitoring: XR and IoT
Integration" project involves several steps to ensure smooth integration of the various components.
Firstly, launch Unity Hub and navigate to the Projects tab. Click on the "New" button to create a new
project. Choose a suitable name for the project, such as "Industrial Monitoring XR [oT" and select
the desired location to save the project files. Next, select the appropriate Unity version for
compatibility with the project's requirements. Since this project involves XR and IoT integration,
ensure that the selected Unity version supports these technologies. Once the Unity version is selected,
click on the "Create" button to initiate the project creation process. After the project is created, it's
essential to set up the necessary configurations and import relevant assets. Begin by importing any
XR-related packages required for augmented reality functionality. This may include packages for AR
Core or ARKit, depending on the target platform. Additionally, import libraries or plugins for IoT
integration, such as libraries for ESP32 communication[9]-[10]. With the XR and IoT integration
components set up, proceed to integrate the specific sensors and devices required for industrial
monitoring. For the oil level detection, incorporate functionality to interface with the ultrasonic sensor
connected to the ESP32 microcontroller. Implement logic to measure the distance between the sensor
and the oil level and visualize this data within the XR environment. For temperature and humidity
monitoring, integrate support for the DHT sensor connected to the ESP32. Develop scripts to read
sensor data and display real-time temperature and humidity values in the XR interface. Similarly, for
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gas detection using a gas sensor, establish communication with the sensor through the ESP32 and
interpret gas concentration readings. Implement visual cues or alerts within the XR environment to
indicate unsafe gas levels. Lastly, for monitoring the exhaust system, integrate relevant hardware
components connected to the ESP32 to monitor exhaust emissions or system parameters. Develop
visual representations or indicators within the XR interface to provide insights into the exhaust
system's status. Throughout the project development process, ensure thorough testing and debugging
to address any issues or inconsistencies. Regularly update the project page in Unity Hub to document
progress and keep team members informed. By following these steps, the "Next-Gen Industrial
Monitoring: XR and IoT Integration" project can be effectively managed and developed within Unity
Hub.

D. Add Vuforia Engine to Unity

Integrating the Vuforia engine into Unity for our "Next-Gen Industrial Monitoring: XR and [oT
Integration" project, which involves ESP32, oil level detection using ultrasonic sensors, temperature
and humidity monitoring via DHT sensors, gas detection with gas sensors, and an exhaust system,
follows a systematic procedure. First, within the Unity Editor, we navigate to the Asset Store and
search for "Vuforia Engine." Once located, we download and import the Vuforia package into our
Unity project. Following this, we proceed to the Vuforia Developer Portal to create a new license key
for our application, ensuring seamless integration and functionality. With the Vuforia SDK imported,
we then configure our Unity project by accessing the Vuforia Configuration settings and entering the
obtained license key. This step is crucial for enabling Vuforia functionality within our Unity project.
Subsequently, we import and set up our 3D models, markers, or targets that will be recognized and
tracked by the Vuforia engine. To enhance our industrial monitoring application, we align our
augmented reality (AR) elements with our IoT components. This involves mapping the virtual
representations of sensors, such as oil level indicators and gas detection alerts, onto real-world objects
within our Unity scene. Through scripting in C# or other compatible languages, we establish
communication between the AR elements and the IoT devices, ensuring that data from sensors are
accurately represented and updated in real-time within the augmented environment. Furthermore, to
optimize performance and user experience, we fine-tune settings such as camera configurations and
tracking behaviors within the Vuforia Engine. This ensures smooth AR interactions and reliable
tracking of IoT-enabled objects. Finally, we rigorously test our integrated system, validating its
functionality across different devices and environmental conditions to ensure robustness and reliability
in industrial monitoring scenarios. With these steps completed, our "Next-Gen Industrial Monitoring:
XR and IoT Integration" project is primed to deliver immersive, data-driven insights for enhanced
industrial operations.

E. Add Target Image to Vuforia

To integrate a target image into Vuforia for the "Next-Gen Industrial Monitoring: XR and IoT
Integration" project, follow these steps: Prepare Target Image: Begin by selecting or creating a suitable
image that will act as the target for augmented reality overlays. This image should be distinct and
easily recognizable by the Vuforia system. Access Vuforia Developer Portal: Navigate to the Vuforia
Developer Portal and log in to your account. If you don't have an account, sign up for free to access
the tools and resources. Create a New Database: In the Vuforia Developer Portal, create a new database
specifically for your project. Give it a descriptive name related to your industrial monitoring
application. Upload Target Image: Once inside the database, upload the target image you prepared
earlier. Follow the prompts to provide necessary details about the image, such as its physical
dimensions and any metadata that can help Vuforia recognize it accurately. Define Target Attributes:
Define the attributes of your target image within the Vuforia database. This includes setting up how
Vuforia will recognize the image in various conditions, such as different lighting environments or
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orientations. Add Metadata and Guide Views: Attach metadata to your target image to provide
additional information about it, such as its position in the industrial environment or any specific
instructions for interaction. Guide views can also be added to help Vuforia track the image more
reliably. Configure Tracking Settings: Adjust the tracking settings to optimize performance based on
the requirements of your industrial monitoring application. This might involve tweaking parameters
related to tracking stability, speed, and accuracy. Generate Database: After configuring all settings,
generate the database within the Vuforia Developer Portal. This process will compile all the
information and settings into a format that can be easily accessed by your XR application. Download
Database: Once the database is generated, download it to your development environment. You'll need
to integrate this database into your XR application code to enable Vuforia's image recognition
capabilities. Test Image Recognition: Before deploying your XR application, thoroughly test the image
recognition functionality using the target image and various conditions that mimic real-world industrial
settings. This ensures that the system behaves as expected and reliably detects the target image. By
following these steps, you can successfully add a target image to Vuforia for your "Next-Gen Industrial
Monitoring: XR and IoT Integration" project, enabling seamless augmented reality experiences within
your industrial environment.

F. Add Script to this Image Target

To add a script to your AR project in Unity, follow these steps: In the Unity Editor, open the
"Project" window and navigate to the "Assets" folder. Right click in the "Assets" folder and select
"Create" > "C# Script". Give your script a name and double-click it to open it in the Visual Studio
editor. Write the script code in the editor, using the Vuforia and Unity APIs as needed to interact with
the AR targets and virtual objects. Once it has written the script, save the file and return to the Unity
Editor. Drag the script file from the "Assets" folder onto the object in the scene to attach it to. This
could be a camera, an AR target, or any other object to control with the script. Alternatively, attach the
script to an object by selecting the object in the "Hierarchy" window and clicking the "Add
Component" button in the "Inspector" window. Then select your script from the list of available
components. Once attached the script to an object, use the "Play" button in the Unity Editor to test the
AR project and see how the script affects the behavior of the virtual objects.

G. Add Virtual Buttons

In the "Next-Gen Industrial Monitoring: XR and IoT Integration" project, adding virtual buttons in
Unity to control various functionalities involves several steps. Firstly, you need to create a Unity
project and import necessary assets, including models and scripts. Then, establish communication
between Unity and the 10T devices, such as the ESP32 microcontroller, for data exchange. For the oil
level detection using ultrasonic sensors, integrate the sensor data into Unity to visualize the oil level
[11]-[12]. Similarly, for temperature, humidity monitoring using DHT sensors, and gas detection using
gas sensors, develop scripts to read sensor data and display it in the Unity environment. To control the
exhaust system, design virtual buttons in Unity Ul and write scripts to send commands to the IoT
devices, ensuring seamless integration between the virtual interface and physical systems. Finally, test
the functionality thoroughly to ensure proper communication and interaction between the virtual
buttons and IoT devices, enabling efficient monitoring and control within the XR environment [13]-
[14].

H. Build the XR Application
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Open the Unity project that contains the XR application and XR management settings. Go to File
> Build Settings. In the Build Settings window, select the target platform to build the application.
Configure the player settings for the target platform. This includes settings such as the company name,
product name, and package name. You'll also need to set the resolution and aspect ratio for the
application. If the application is building for Android or 10S, need to configure the platform-specific
settings. This includes settings such as the icon, splash screen, and minimum API level. Once
configured the build settings, click the "Build" button to generate the application package. Be prompted
to select a location to save the package. Wait for Unity to finish building the application. This can take
some time, depending on the complexity of your application and the target platform. Once the build
process is complete, you'll have an application package that you can install on your device or upload
to an app store for distribution. By following these steps, you should be able to build the XR application
with XR management in Unity for your target platform.

III. Hardware Connection Details

In the Next-Gen Industrial Monitoring project, connecting the hardware components forms a
crucial procedure to ensure seamless operation. First, the ESP32 microcontroller serves as the central
hub, facilitating communication and data exchange between various sensors and the monitoring
system. Next, for oil level detection, an ultrasonic sensor is interfaced with the ESP32, providing real-
time data on oil levels within the machinery. Concurrently, the DHT sensor, responsible for
temperature and humidity monitoring, is integrated to provide insights into environmental conditions
affecting equipment performance. Additionally, a gas sensor is linked to the ESP32, enabling the
detection of harmful gases in the industrial environment, ensuring safety protocols are upheld. Finally,
the exhaust system, crucial for maintaining air quality, is interfaced with the ESP32 to monitor its
functioning and efficiency. Through meticulous hardware integration, this system ensures
comprehensive monitoring of industrial parameters, enhancing operational efficiency and safety
standards. Figure 1. Shows the proposed system and Figure 2. Shows the Simulation Connection
diagram.

ARDUINO MQ 6
> > GAS
SENSOR
v
BLYNK | L N DHT
cLoup [ ERre >  SENSOR
v v
XR LCO WITH | _JuLTRASONIC
APPLICATION 12C > SENSOR

Figure 1. Block diagram of proposed system
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Figure 2. Simulation Connection diagram

IV. RESULTS & DISCUSSION

In the pursuit of advancing industrial monitoring systems, the integration of Extended Reality (XR)
and Internet of Things (IoT) technologies has emerged as a promising frontier. This project, titled
"Next-Gen Industrial Monitoring: XR and IoT Integration," leverages the capabilities of the ESP32
microcontroller alongside various sensors to create a comprehensive monitoring solution. One crucial
aspect of this system is the ultrasonic sensor employed for oil level detection, ensuring optimal
maintenance and preventing potential equipment damage due to oil deficiency. Additionally, the
integration of a DHT sensor enables real-time monitoring of temperature and humidity, vital
parameters in industrial environments to maintain optimal conditions for both equipment and
personnel. Furthermore, the incorporation of a gas sensor adds an extra layer of safety by detecting
harmful gases, mitigating potential hazards. The exhaust system plays a pivotal role in ensuring proper
ventilation and maintaining air quality within the industrial premises, thus safeguarding the health and
well-being of workers. Through meticulous calibration and testing, the system demonstrates robust
performance, providing accurate and reliable data for effective decision-making. The discussion
encompasses various aspects, including the system's efficiency in detecting anomalies, its scalability
for diverse industrial settings, and its potential for integration with existing infrastructure. Moreover,
considerations regarding power consumption, data transmission latency, and user interface design are
deliberated to optimize the system's functionality and user experience. Overall, the "Next-Gen
Industrial Monitoring" project showcases the transformative potential of XR and IoT integration in
enhancing industrial safety, efficiency, and productivity.

V. CONCLUSION

In conclusion, the "Next-Gen Industrial Monitoring: XR and IoT Integration" project represents a
significant leap forward in industrial monitoring technology. By leveraging the power of XR
(Extended Reality) and IoT (Internet of Things), this innovative system offers unparalleled insights
into industrial processes. The integration of ESP32, a versatile microcontroller, serves as the backbone
of the system, facilitating seamless communication and data processing. The inclusion of ultrasonic
sensors for oil level detection ensures efficient management of resources, minimizing downtime and
maximizing productivity. Additionally, the integration of DHT sensors enables real-time monitoring
of temperature and humidity, crucial factors in maintaining optimal working conditions and equipment
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performance. Moreover, the incorporation of gas sensors enhances workplace safety by detecting
hazardous gases, thereby mitigating potential risks. Finally, the integration of an exhaust system
ensures proper ventilation, further enhancing the overall safety and efficiency of industrial operations.
In essence, this project exemplifies the transformative potential of XR and IoT integration in
revolutionizing industrial monitoring, paving the way for smarter, safer, and more efficient industrial
environments.
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