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Abstract. The objective of this project is to address the limitations of conven-
tional slicing and simulation software in the field of 3D printing. The project
entails the creation of a comprehensive virtual environment utilising the Unity
platform, thereby effectively integrating the capabilities of G-code generation
programs with the precision of 3D models. By employing this innovative ap-
proach, the project has achieved a high degree of accuracy in simulating the
movements of actual printing machinery and accurately representing material
deposition processes. A key objective is the creation of a dynamic and interactive
framework that can accommodate a wide range of inputs and sensory data in real
time. This feature enhances the Virtual Twin technology, transforming it into a
highly versatile tool for conducting simulations, improving printing efficiency,
and facilitating advanced technical training. The significance of this project lies
in its immediate practical applications and its potential to serve as a pioneering
model for future developments within the 3D printing industry and beyond. The
integration of real-time data and interactive functionalities promises to propel the
industry towards more innovative, efficient, and customisable manufacturing
processes.
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1 Introduction

In the context of Industry 4.0, the Industrial Internet of Things (IIoT) is of critical im-
portance and can be broken down into five distinct layers. These comprise the following
layers: Application; Transport; Network and Internet; Data Link; and Physical. Digital
twin (DT) technology, which comprises a virtual representation of physical objects con-
nected through sensors, represents a pivotal tool in the context of the Industrial Internet
of Things (IloT) [1]. As elucidated in [2] and [3], it serves as a vital instrument for
anticipating and monitoring industrial processes.

The potential of DT technology in the field of additive manufacturing is considera-
ble, particularly in the context of error prediction and process optimisation. For exam-
ple, systems utilising sensors on 3D printers to transmit data to a computer for error



detection via machine learning algorithms have been proposed in [4], thereby illustrat-
ing the potential to enhance manufacturing precision and efficiency.

The objective of this paper is to establish a connection between traditional three-

dimensional printing simulations and their practical applications. This will be achieved
by utilising the Unity platform to create a unified virtual environment. This environ-
ment integrates G-code with 3D models with the objective of improving printing accu-
racy and efficiency, building on the work of [5].
The principal objective of the project is to develop a dynamic and interactive frame-
work in Unity for the real-time visualisation of the 3D printing process. The incorpora-
tion of real-time inputs and sensor data into the framework is intended to facilitate the
reduction of errors, the minimisation of material waste, the enhancement of product
quality and the customisation of manufacturing processes.

A significant aspect of 3D printers is the G-code, which provides instructions for the
machine's movements. It is of paramount importance to exercise precise control over
the extruder, although it should be noted that Unity is unable to directly read G-code.
Instead, movements are simulated using coordinates, as detailed in references [6] and
[7].

The paper is structured as follows. Section 2 outlines the methodology employed in
the development of the virtual environment in Unity. Section 3 discusses the manipu-
lation and integration of G-code. Section 4 presents the results and analysis of the vir-
tual twin's performance. Finally, Section 5 concludes with a discussion of the practical
implications, potential applications and future work.

This structure aims to provide a comprehensive overview of the development and ap-
plication of virtual twin technology in 3D printing, highlighting its innovative aspects
and benefits.

1.1  Objectives

The primary objective of this project is to bridge the gap between traditional 3D printing
simulation and the practical application of such technologies through the innovative use
of Unity to create a unified virtual environment. By integrating G-code with actual 3D
models within this environment, the aim is to enhance the accuracy and efficiency of
3D printing processes. This involves simulating real-world machine movements and
material deposition with strong fidelity, thereby facilitating more reliable and effective
printing operations. Due to the latter it would be possible to reduce errors and waste of
materials as the ones presented in [8]. Another essential objective is to develop a dy-
namic and interactive framework within the Unity platform that enables real-time vis-
ualisation of the 3D printing process. This incorporates a multitude of real-time inputs
and sensor data, thus enabling users to observe the 3D printing process in real time. It
is anticipated that this framework will markedly enhance the flexibility and applicabil-
ity of virtual twin technology in the domain of 3D printing, thereby establishing it as a
highly effective tool for simulations, process optimisation, and technical education.
Moreover, through the implementation of this project, the authors aim to illustrate
the practical applications presented in this paper, emphasising the potential of virtual



twins in reducing waste, improving product quality, and enabling the customisation of
manufacturing processes.

2 Methodology

Virtual twins, facilitated by platforms like Unity, represent a significant advancement
in the digitalization of physical assets. They enable the transformation of static compo-
nents into dynamic, interactive elements within a virtual environment. Using custom
scripts, typically in languages like C#, these digital twins can precisely emulate the
operational mechanics of various real-world systems. This technology allows for sim-
ulations that reflect true operational conditions, providing insights that are crucial
across different industries. For example, in the case of a complex machinery setup, such
as a 3D printer, Unity can be instrumental in recreating detailed machine behaviors and
functionalities. The primary advantage of digital twins lies in their ability to visualize
a system’s response to different scenarios and to test conditions that would be difficult
or risky to replicate physically. This not only helps in identifying and resolving poten-
tial issues but also in enhancing the system’s efficiency while adhering closely to the
original design specifications. Ultimately, the use of such platforms transforms project
workflows, offering a deeper, more accurate preview of outcomes before any real-
world implementation.

2.1  G-code manipulation

In 3D printing, the file of the object to be created is first imported into a slicing program,
which generates a G-code based on certain predefined parameters. This language is a
series of coordinates and instructions that the actual printer reads. Before being used,
this code is pre-processed in Matlab to ensure it can be imported into a virtual environ-
ment. Additionally, the printer model used in this process has been simplified by com-
bining some of its components, which simplifies the coding of the Unity script as pre-
sented later.
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Fig. 1. G-code cleaning: pure G-code coming from the slicer (left); elaborated G-code to be pro-
cessed in Unity (right).



Figure 1 shows the transformation of G-code originated using Cura slicer. The orig-
inal code presents the prefix ’G1’ indicating a linear move, followed by *X’, ’Y’, and
’E’ values. The "X’ and *Y’ values represent the coordinates for the move, while the
’E’ value represents the extrusion amount for a 3D printer, which controls how much
filament is pushed out. The G-code has been simplified and transformed. Only the *X’
and ’Y’ coordinates are kept, and a new ’Z’ value has been added, which is constant at
0.2 for all rows. This addition of *Z’ is interpreted as the layer height, a crucial param-
eter in 3D printing that determines the vertical position of the nozzle or the height of a
particular layer being printed. The transformed code is than organized into a matrix
with n rows and 3 columns, representing the *X’, *Y’, and ’Z’ coordinates, respectively.
Each set of coordinates is separated by commas in order to be read by Unity in a dedi-
cated C# script.

2.2 Movement Decomposition

Initially, a very simple environment is simulated, consisting of a plane and a sphere
(Figure 2). This is done to evaluate the movements of the printing bed and the extruder,
respectively.

[ —
Fig. 2. Simplified movements definition in Unity: the green sphere represents the extruder while
the white plane is the 3D printing bed.

Specifically, the print bed moves along a single axis: it moves along the y-axis in the
actual printer and along the z-axis in the Unity simulation. The extruder moves inde-
pendently along the x-axis, but due to the printer’s design, which includes a height-
adjustable structure, it ultimately makes movements in the xz plane in the actual printer
and in the xy plane in the virtual simulation. To adapt the model for simulation, a script
is developed to translate the coordinate system from xyz (as used in the real printer) to
xzy (for the virtual simulation) and to manage movements along each axis separately.
The necessity for few scripts that control the three positions along the axes simultane-
ously comes from the characteristics of the G-code produced by the slicer. Because of
the latter, the movements are assigned from the Control language to the model as shown
in Figure 3.
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Fig. 3. Simplified movements definition in Unity: the green sphere represents the extruder while
the white plane is the 3D printing bed.

3 Case Study

The Artillery Sidewinder X2 3D printer has been specifically chosen as a case study
model for the virtual twin process due to its wide applicability and customization po-
tential.

3.1 Virtual Twin

The model was converted from STEP format to FBX in order to be imported into Unity.
It was grouped into macro-components (Figure 4), specifically designated to represent
the critical functional units, such as the printer movements and the fixed parts. Through
a clear distinction between the various functional parts, it was possible to address the
management of movements and interactions between components.



Fig. 4. Macro-components: 1. chassis (static component); 2. transverse bar (movement along z
direction); 3. printing bed (movement along y direction); 4. base (static component); 5. extruder
(movement along x direction).

In the final configuration, some dimensional limits were set, namely the maximum
movement of the print bed, the maximum height of the horizontal bracket, and the lat-
eral movement of the extruder. After verifying the mechanics of the printer in a virtual
environment, the last step is to associate the extruder with the exiting filament, as hap-
pens in reality. The geometry that is created traces the path from extrusion (Figure 5).
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Fig. 5. Comparison between real deposition and virtual deposition in Unity.

This makes it possible to identify any issues before the object is printed. A script
regulates the release of material from a geometric perspective, but in the future, it could
take into account various factors such as the nozzle temperature and the deposition
speed considering the extrusion value. In this specific case, the deposition is considered
as a sphere drawn at the point identified by the G-code and a cylinder along the direction
of movement from one point to another. These two elements are generated by the C#
code and merged together to show a continuous flow. Geometrically, it is possible to



define the parameters that govern the shape of the extrusion, making it more realistic
by adding printing parameters such as line length, adhesion, etc. This process allows
for the virtual observation of the object’s formation and the identification of potential
geometric problems before the printing process is physically initiated and on the real
machine with its real component, not in the shadow environment of a slicer.

4 Results

The project presented in this article has explored the cutting edge of Virtual Twin tech-
nologies applied to the 3D printing sector, a continually expanding field subject to sig-
nificant investments in research and development. The main goal is to transcend the
boundaries of traditional slicing and simulation software for 3D printing by creating a
unified virtual environment through Unity that includes both G-code and actual 3D
models.

Fig. 6. Real-time deposition in virtual environment.

This synergy made it possible to simulate the movements of the real machine and
visualize the material deposition in a virtual environment (Figure 6). The choice of
Unity was also motivated by the desire to adopt a dynamic and interactive environment,
prepared for the future integration of a wide range of inputs and sensory data evaluated
in real-time. This capability transforms the Virtual-Twin into an extremely flexible tool
for simulations, optimizing printing processes, and technical training, outlining new
directions for industry 4.0. The difference achieved with traditional slicer such as Cura
is that it is possible to have a 3D interactable visualization of the extrusion. Addition-
ally, through the Virtual Twin, it is possible to control the printing parameters directly
during the simulation and see real-time changes to the extrusion. This could also allow
for the application of different printing parameters during the same printing process to
reduce voids or waste. In conclusion, the developed Virtual-Twin marks a significant
advancement in the field of FDM 3D printing, highlighting how an interdisciplinary
approach that combines engineering and computer science can lead to substantial im-
provements in industrial applications.
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