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Abstract—The rise of Industry 4.0 and the increase of data 
captured, as well as its diversification, has intensified the need for 
advanced data visualization methods that support this volume of 
information, real-time monitoring and decision-making in 
industrial manufacturing environments. Traditional dashboards, 
while widely adopted, often rely on static 2D representations that 
lack spatial context, limiting their effectiveness in scenarios where 
complex and three-dimensional physical objects, such as vehicles, 
are involved. To address this gap, this work presents a WebGL-
based module integrated into a dashboard system to enhance the 
visualization of data captured in vehicle production lines. The 
proposed module leverages interactive 3D models, designed as 
digital shadows of the physical counterpart, to provide a more 
intuitive and immersive understanding of the production state. 
This system establishes seamless bidirectional communication 
between the dashboard and the WebGL module, enabling real-
time updates and user interactions, while the data captured in the 
industrial manufacturing workstations by methods such as 
geometric measuring systems and sensors is mapped to the 3D 
model, allowing overseers to identify measurement points and 
potential defects with improved clarity. Based on the combination 
of interactive visualization with rule-based monitoring, the system 
supports the pursuit of zero-defect manufacturing. This work 
contributes with a replicable use case of integrating WebGL into 
dashboards for industrial applications, highlighting both technical 
implementation and practical benefits.  

Keywords—WebGL, 3D Scanning, 3D Models, Data 
Visualization, Digital Shadows, Industry 4.0 

I. INTRODUCTION 

During the last years, the rapid evolution of digital 
technologies has transformed the way industrial systems are 
designed, monitored, and optimized. This transformation, 
known as Industry 4.0, integrates modern technologies such 
Cloud Computing, Internet of Things, and advanced data 
analytics to achieve smarter, more autonomous, and highly 

efficient manufacturing environments [1]. Being a central 
element in this transformation the vast amount of data generated 
by devices and sensors, which can be leveraged to improve 
productivity and quality [2]. However, extracting meaningful 
insights from this data requires effective strategies for 
visualization and interaction, ensuring that decision-makers can 
interpret complex information quickly and accurately.  

Traditionally, dashboards have been one of the most widely 
used tools for data visualization, including in the industry sector, 
their capacity to integrate heterogeneous data and present them 
in accessible formats has made them essential in different 
contexts. However, despite their effectiveness, conventional 
dashboards often rely on two-dimensional charts, graphs, and 
static images, which, while suitable for some monitoring tasks, 
it can be insufficient when the data is related to three-
dimensional elements or when the monitored processes involve 
complex physical assets - in which cases, relying exclusively on 
2D abstractions may result in the occlusion of important 
contextual information and in limiting the ability of overseers 
and engineers to identify problems, analyze trends, or make 
timely interventions, highlighting the need for more advanced 
visualization techniques that combine the accessibility of web 
applications with the depth of three-dimensional representation.  

Recent research points to the potential of using 3D elements 
(e.g., 3D models, spatial text) combined with Extended Reality 
(XR) technologies, such as Mixed Reality (MR) and Augmented 
Reality (AR), as tools capable of addressing this challenge and 
innovating current methods of data visualization [3], [4], [5]. 
While XR uses specific devices and differs from the traditional 
dashboards, 3D models can be integrated into dashboards, 
enriching the visual representation of manufacturing data while 
also enabling new forms of interaction between users and the 
digital counterparts of real-world objects. In this context, 
WebGL emerges as a particularly promising technology to 
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promote this integration, by being a JavaScript API for 
rendering interactive 3D elements within browsers, WebGL 
allows complex visualizations to be deployed without the need 
for external software or specialized hardware beyond a standard 
computer or mobile device, making it a potential technology to 
be embedded in dashboards, to provide the lacking 3D 
interactivity and functionalities. Such integrations can also 
promote concepts like digital shadows and digital twins, which 
provide synchronized virtual replicas of physical assets and 
allow for real-time monitoring, simulation, and even 
bidirectional control. 

This paper explores the development and implementation of 
a WebGL-based module designed to enhance industrial 
dashboards with interactive 3D visualization capabilities, being 
for test case integrated in a dashboard made with Next.js. 
Specifically, the module is applied to the monitoring of vehicle 
production lines, where data collected from geometric 
measuring systems is mapped in a digital shadow of the physical 
object. 

II. BACKGROUND 

A. Data Visualization and Industry 4.0 

With the Industry 4.0 and the integration of new data sources 
(e.g., sensors), it becomes more important to evolve the current 
methods of data visualization and monitoring, in a way to also 
answer the recurrent need of the manufacturing industries to 
optimize their production processes and to support decision-
makers [6]. 

A common tool for data visualization are dashboards due to 
their simplified and attractive interface, while presenting 
themselves as utilitarian tools to visualize trends, segmentations 
and real-time data, in the form of visual components, which are 
able to create narratives that can be easily interpreted [7]. Aside 
from being able to reproduce visual outputs based on raw data 
captured, dashboard also are powerful tools to be combined with 
technologies such as Business Intelligence [8], which is the 
study of past and present performance. 

B. Digitalization and Manufacturing Industry 

Current technological evolution has incorporated processes 
like digitalization in various sectors, such as Tourism [9]  and 
Education [10], and at different levels, ranging from basic task 
automation to the development of complete Digital Twins. 
When applied to industrial manufacturing, this process may 
involve standardized digital descriptions of assets, such as the 
Asset Administration Shell (AAS), as well as the use of 3D 
models, either designed from scratch or obtained through 
scanning processes. 

While AAS serves as a standardized digital representation of 
an asset, containing metadata, properties, operational 
parameters, and links to related resources [11] - which makes it 
crucial for ensuring interoperability in Industry 4.0 
environments [12] - 3D models provide the visual and geometric 
representation of the same asset, supporting tasks that require 
spatial awareness. 

These models, then combined with technologies such as 
Extended Reality (e.g., Virtual Reality) or WebGL can be 
integrated in systems/applications and then used for different 

purposes such as education/training in manufacturing processes 
while providing safer environments [13], inventory 
management without the ambiguity and risks from inefficient 
documentation [14] or to improve human-robot interaction with 
techniques such as virtual commissioning [15]. Together, the 
AAS and the 3D model form complementary elements that can 
be integrated into digital twins or digital shadows, each 
addressing different but interconnected needs. 

C. Digital Twins and Digital Shadows 

Among the technologies associated with the Industry 4.0 are 
Digital Shadows and Digital Twins, which are an upgrade of the 
traditional Digital Model, being the latter the one most 
commonly known and approached, however the popularization 
“Digital Twins” is also the result of some misconceptions, being 
sometimes used as a term to describe what are in reality Digital 
Shadows [16], [17].  

A shared characteristic of both technologies is the use of a 
digital replication of the real-world object, commonly a 3D 
model or scanning of the object and, aside from the digital 
replication, is also the presence of data and interaction with the 
object, however the difference between those technologies starts 
in how the flow of this data and interaction works. An example 
of Digital Shadows can be a scenario where the digital object 
replicates the state of the real-world objects (e.g., 
position/rotation) and the user is able to modify the digital 
counterpart of the object by interacting with the real-world 
object, being the data flow unidirectional [18], however when 
the user is also able to modify the state of the real-world object 
through interaction with the digital replication and the data flow 
become bidirectional, then the scenario becomes of Digital 
Twins, which can include use cases like controlling excavators  
[19] or industrial robots [20]. 

III. MODULE IMPLEMENTATION 

The implemented module goal is to provide a dynamic and 
innovative way of visualizing data captured from sources like 
geometric measuring systems in industrial manufacturing 
workstations, more specifically in production lines of vehicles 
[21], being part of the goal of this project the monitoring of the 
production lines to achieve a zero defect manufacturing scenario 
through the of a rule-base monitoring tool [22]. This module is 
then seamlessly integrated in a dashboard made with Next.JS, 
which serves as principal end-user application in the system (see 
Fig. 1) [23], being inserted on a system structured based on a 
microservice architecture [24]. 

Among the technologies available to implement the intended 
module - a component for 3D visualization to be integrated in a 
web application - were alternatives such as Three.js and 
WebGL, both capable of executing natively within any modern 
web browser and thus ensuring immediate cross-platform 
availability without additional setup. While Three.js offers 
higher-level abstractions and a simplified development process, 
it is ultimately built on top of WebGL, meaning that the 
underlying rendering pipeline remains the same. By working 
directly with WebGL, it becomes possible to achieve finer 
control over performance optimization, rendering strategies, and 
seamless integration with other standard web technologies (e.g., 
HTML, CSS, and JavaScript). In addition, WebGL reduces 
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dependency on external libraries, which contributes to greater 
flexibility and efficiency in tailoring the visualization to the 
specific requirements of the project. For these reasons, WebGL 
was selected as the most suitable option, combining lightweight 
implementation with scalability and broad accessibility in the 
context of the proposed solution.  

For the present work, Unity was adopted as the development 
environment, as it provides a comprehensive set of tools for 3D 
modeling, interaction design, physics, and asset management, 
which significantly accelerates prototyping and implementation. 
Once the module was created in Unity, it was exported to 
WebGL, enabling it to run natively in modern web browsers 
without the need for additional installations. This approach 
combines the robust authoring capabilities of Unity with the 
accessibility and cross-platform scalability of WebGL, ensuring 
both efficient development and broad availability of the final 
solution. 

As for the integration of the module, it was made through the 
use of the package jeffreylanters/react-unity-webgl, being 
currently used the version 10.1.5, this package is supported both 
in React.js as well in Next.js web applications and it provides 
both a component (Unity) to render the HTML necessary to 
integrate the WebGL, as well the methods to configurate and 
interact with it through the hook useUnityContext, which 
includes methods like sendMessage() and addEventListener(), 
which are required to allow communication between the 
dashboard and the module. 

 
Fig. 1. Data Flow Overview (Adapted from [23]). 

A. Front-End Components 

The implemented module serves as a component in the 
dashboard to visualize the vehicle in production as well the 
measurement captured in the workstation, while providing a 
higher level of interaction and dynamization in comparison to 
static imagens, being then required a different approach in the 
design of the front-end when compared with normal (serious) 
games or general end-user applications. 

1) Station 3D Scanning: The 3D scans of the workstations, 
currently three different workstations, allow a better 
understanding of the production process and its existent 
machinery. Using the 3D editing tool Meshlab, it is possible to 
perform a simple cleanup of the scans and to convert them into 
a file type that is compatible with the 3D modeling tool Blender.  

Through Blender, each point of the point cloud is converted 
into a sphere for better readability, with the use of geometry 
nodes (see Fig. 2). 

 
Fig. 2. Geometry Nodes to transform the Point Cloud. 

After which, by accessing the color attribute present in the 
original scans, it is also possible to create a custom shading 
material that accurately colors each sphere based on the colors 
of the real world (see Fig. 3). 

 
Fig. 3. Scanning Solid Mode / Material Preview Mode. 

The scanning of the station serves to view the real world 
through 3D compatible software, while giving the possibility to 
develop 3D meshes that replicate the real world machinery and 
components used in the production process.  

 Through the use of the current 3D scans as base, it is planned 
to produce digital shadows of the industrial robots, to provide 
the overseers and general users of the dashboard a quicker 
understanding of the workstations progress. 

2) Vehicle Digital Shadow: As to replicate the real word 
vehicle for the digital shadow feature, a 3D model was made, 
being used the modeling tool Blender (see Fig. 4) and the image 
reference modeling techniche, based on blueprints and 
schematics provided by the manufacturer. The model itself was 
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divided by components (e.g., doors, framing, …) to allow a 
simplified modification of the visual outputs and updates of the 
models, that is, while the WebGL module contains just one 3D 
model of the vehicle, the dashboard can specify which state of 
the production is the vehicle, and with that, which components 
should be visible. 

 
Fig. 4. Vehicle 3D Modelling. 

3) User Interface: While the main interface used by the 
end-user is the one present in the dashboard which contains the 
WebGL module, some components were created based on 
defined requirements, such as visual tips of the measure, point 
which required the creation of specific shaders, as well models 
that are used to provide “fast information” and to provide 
options of interations, which will then trigger events in the 
dashboard, such as opening a different webpage or a pop-up. 

B. Back-End Processes 

While acting as module in the dashboard, to provide 
dynamic data visualization and to complement the end-user web 
application, it also consists in an application with its own logic, 
to be able of processing data, as well the communication 
between both applications (see Fig. 5). 

 
Fig. 5. Dashboard/WebGL Communication Model. 

1) Inbound Messages Controller: The inbound 
communitcation is done through the method sendMessage(), 
which requires the specification of the method to be invoked 
inside the WebGL, the arguments and the name of the 
GameObjetct which has as component the script with the 
defined method to be invoked, being a GameObject a building 
block in the scene. This GameObject is also defined by the 

script as a standalone GameObject, which means that there 
should only be one per time. The method sendMessage() 
however has limitations in terms of arguments which can sent 
to the WebGL, being limited by one argument, requiring the use 
of alternatives such as JSON (see Table I) to allow sending 
more complex data. After the JSON be deserialized, and based 
on the method invoked, the data is then processed which can 
result in alterations of the visual output in the dashboard. 

TABLE I.  EXAMPLE OF INBOUND MESSAGE 

Method Name 
JSON Content 

Attribute 
Value 
Type 

Example 

WebGL_SwitchDataProcessing 

toProcess Bool False 

keepPoints Bool True 

resetPoints Bool False 

 
2) Outbound Messages Controller: To send messages from 

the WebGL to the dashboard a different process is required, 
being necessary the creation of a JSLIB plugin file which will 
contain a set of methods that can be called by the WebGL 
application after done the build, the methods can then make use 
of the method window.dispatchReactUnityEvent() from the 
jeffreylanters/react-unity-webgl package, which allow to call 
methods from the dashboard as well sent arguments through 
events, this however requires the definition of a listener for each 
method though the use of the method addEventListener(), as 
well as a removeEventListener(), these listeners, aside from 
requiring the specification of the event to listen, which in this 
case will be the same defined in 
window.dispatchReactUnityEvent() (e.g., “WebGL_PointId”)  
it also requires the definition of the method which will be 
invoked when triggered the event, being used an useCallback() 
hook. Among the existent outbound messages existent, the most 
used is the WebGL_ChangeCursorIcon (see Table II), being 
this method necessary to change the cursor visual with the 
support of the CSS in the dashboard - since by the default 
WebGL does not modify the cursor – which provides a better 
user experience, since the user will be able to identify what 
visual components can be clicked or grabbed.  

TABLE II.  EXAMPLE OF OUTBOUND MESSAGE 

Method Name 
Parameters 

Value Type Example 

WebGL_ChangeCursorIcon   String “grab” 

 
3) Messages Processing: Different actions can be triggered 

through the messages, some can modify/configutate the 
interaction with the WebGL modules, such as limiting the 
manipulation of the model 3D or changing what event is 
triggered when done some interaction (e.g., click in measure 
mark). Among the principal messages being processed is the 
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ones related to the visualization of data, as well the mapping of 
strategic points (see Fig. 6) which are being measured by 
sensors in the real world workstations, this data is firstly 
received by the dashboard for specific uses, and then forward  
for the WebGL module. The data received by the module is a 
JSON, which is structured based on the Avro schema, being 
processed by the logic in the module and then, based on the 
specifications defined by the dashboard, will provided visual 
outputs of that data. 

 
Fig. 6. Dashboard with WebGL Module. 

IV. CONCLUSION AND FINAL REMARKS 

This work presents a replicable use case of WebGL as a 
complementary component of a dashboard, being used to 
present interactable digital shadows and to display real-time data 
captured from external data sources.  

The data consists in measurements captured by sensors in 
industrial manufacturing workstations, that is saved and kept on 
a database for future use, the data is then retrieved by the 
dashboard, through the use of WebSocket’s, and forwarded to 
the WebGL module, being this feature supported by a 
bidirectional communication between the WebGL module and 
the dashboard, without the requirement of external 
tools/applications (e.g., WebSocket’s), which also allows a 
seamless utilization of both components. 

With the use of a 3D model to map and visualized the 
measurement points instead of static 2D images, the overseers 
of the production line have a better notion of the identified 
problems, this module also provides new potential use cases 
aside from real-time data visualization. 

While the data displayed is captured in real-time, and the 
WebGL module functionalities are configurable by the 
dashboard, based on each webpage requisite, the initial mapping 
of the measurement points is done in a pre-build stage, being 
saved on Scriptable Objects in the format of dictionaries, 
similarly to JSON structures, which limits the modification and 
addition of measurement points, future work would then involve 
the transaction of this data to a Document Database (e.g., 
MongoDB) to store the list of the measurement points and 
crucial data such as their position and workstation to which they 
are assigned.  

Aside from this transaction, the current WebGL module 
would also require new features to allow the overseers to modify 
the lists of measurement points. 
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