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value chain including a raw material process, product and service process and in some cases recycling. Manufacturers
are increasingly generating revenue from other activities, many of which are classified services.
The globalization of the economies stays a major challenge to the local industries, and it is pushing the
manufacturing sector to the next transformation, which might consist of, at least distributed production, digitally
predictive manufacturing and some cases even personal manufacturing. On the other hand, production platforms will
play a remarkable role in future. Production platforms are digital based services, where client order products from web
service without knowing where physical production is done. The basic logic of production platforms might imitate
service like Uber. One important role of a manufacturing platform is how to describe and presents the capabilities of
the resources. A digital twin is one possible solution, but also for example direct capability ontologies are possible.
To become more competitive, manufacturers need to embrace emerging advanced analytics and digitally presented
systems to improve their efficiency and productivity. In future several stakeholders must work together, to deepen cooperation between different actors is necessary. Networked stakeholder and devices between them via the Internet
(IoT) allow wider and deeper cooperation between different parties than previously possible. Individuals, technology
providers, communities, machinery manufacturer and other actors could provide information concerning simulation,
optimization, and material behavior.
Traditional engineering work like electrical engineering or mechanical engineering design paradigms needs new
means of manufacturing design to be used. Therefore, simplified models of a machine are needed to create proper
(simplified) calculation models to clarify operations between stakeholders. Simplified models could be for example a
vibration model, a clamping model, tolerance model, handling model and so on. The design decisions, originating
from either known compromises or approximations, can lead to undesirable and unpredicted emergent behavior are
set in place during the phases of creation and production and realized during the operational phase. One of the greatest
known design challenges relates to the unexpected or undesired human interaction with the product itself [1]. The need
for better understanding and the utilization of a product over the life cycles drives the inclusion of complex system
behavior in the models of the digital era. Digital twin concepts aim to allow the observation of the behavior of the
whole system and prediction of the system behavior during the utilization.
2. Definition of a Digital Twin
Based on literature research, Digital Twins have been used at least in product design [2] and re-engineering of
aircraft [3]. Based on literature research, Grieves might be one of the first authors who present the concept of digital
twin in 2005 [4]. In the following years, various definitions for the Digital Twin have been proposed. Hochhalter et
al. [5] suggest that a Digital Twin is “a life management and certification paradigm whereby models and simulations
consist of as-built a vehicle state, as experienced loads and environments, and other vehicle-specific historical
information to enable high-fidelity modeling of individual aerospace vehicles throughout their service lives.”
Reifsnider and Majumdar [6] present an idea that the Digital Twin is “an ultra-high fidelity simulation integrating with
an onboard health management system, maintenance history, and historical vehicle and fleet data.” Based on slightly
more concrete idea Deloitte’s [7] definition is next: “the Digital Twin is a dynamic digital representation of industrial
infrastructure. Furthermore, the Digital Twin enables better understanding and the prediction of the performance of
production machines, production flow, and cost structure.” The Digital Twin represents all physical devices as they
are in a real world, collects data from a real system to represent real-time information from real machinery, and
combines information from the real and virtual compositions. Thus, the Digital Twin can be defined as a dynamic
digital model of historical and current behavior of a physical process environment helping to optimize business
capability.
A generic and maybe the most common definition of the Digital Twin is given by Glaessegen and Stargel in 2012
[8]: “digital twin is an integrated multi-physic, multi scale, probabilistic simulation of a complex product and uses the
best available physical models, sensor updates, etc., to mirror the life of its corresponding twin.” Whether it is the
definition of a digital twin, it is almost essential that the manufacturing machine characteristics be described and then
constructed a model with appropriate properties needed in production.
During last several years, the concept of the Digital Twin has been adopted by the manufacturing industry to
represent the physical and digital properties of the current and future status of the processes and equipment [9].
Therefore, we find it fair to state that in the manufacturing environment the Digital Twin is a way to present machinery,
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raw material, tools, waste material, process helping aids (for example raw material processing), and other static and
dynamic objects by digital means. The digital models can get data from sensors attached to the object, allowing an
online model to show the real-time status, shape, condition, speed and other important information in an intelligent
and interactive monitoring system. The coupling between physical and virtual makes the Digital Twin a parallel
environment, which reflects the process behavior in the real world directly. The Digital Twin allows displaying the
systems and processes over time – past, present, and future. With the Digital Twin, it might be possible to create
algorithms, analyze unstructured data, record data from the (virtual) system model and analyze the (virtual) system
model without disturbing real business processes. The result is an intelligent and scalable virtual environment or
digitalized system description, which can be used to detect potential risks within the real system, and pre-emptively
propose corrective means before the problem is even encountered in the real world.
Five different fields related to manufacturing science must be considered to create a proper imitative digital model
of the manufacturing environment. These fields are [10]
•
Materials – raw materials, waste materials, product material (properties and functions),
•
Machines (precision and capabilities),
•
Methods (efficiency and productivity),
•
Measurements (sensing and improvement), and
•
Modeling (prediction, optimization, and prevention).
Challenges of utilization of Digital Twins are connected to the overall system complexity [11]. The observed
systems are simply enormous from the data collection, model creation, and computational perspective. The other
challenge lies in the cross-disciplinary field, where the challenge is manifesting as lack of awareness of models and
modeling methodology, and the lack of access to information [12], and resistance to change [13]. Even with the partial
solutions created, the scientific world has produced number success stories in a manufacturing field via utilization of
digital twins [14],[15].
3. Manufacturing Machines’s Model for the Digital Twin
Manufacturing simulation environments have been used developing and improving new and existing manufacturing
and production environments. Simulation plays a significant role in teaching and education. Students use simulation
software in assignments and other activities. Simulation model and machines inside of a model are the first touch for
manufacturing for a large number of students. Based on literature review, discussion with a software distributor and
forums seems to be that this research is the first one or one of the firsts attempt, to create interactive and real-time
virtual reality-based advanced manufacturing environment, which imitate real-world events at a machine level and are
suitable for education purposes. It is important to note that the software tools used in the digital twin development are
those, which students are familiar.
The Micro Manufacturing Unit (MMU) presented in this particular study is built directly into research and
educational purposes. The MMU consist of a system controller, a network interface, safety functions, a two-layer
palletizing system, a manipulator to handle products and two work cells. The mechanical structure of the work cells is
identical in this particular Unit, but it is possible to add different kinds of cells to the configuration. The system
controller allows up to one hundred new works cells, but mechanical restrictions must be taken into account. The
mechanical installation of a new cell is quite easy, only lengthening of the manipulator line is needed after installation
of the new work cell. Obviously, power lines must be modified if added more cells. It could define this unit as a
Flexible Micro Manufacturing Center (FMMC).
The micro manufacturing unit includes several actuators like doors and hatches. Subassemblies do not include in
this stage any of movable items, so all subassemblies are modeled without any movable functions or features. All
movable features are created in the main assembly. This kind of model is not realistic, but this decision guarantee that
subassemblies stay simple and main assembly stays understandable at this stage. Later when the model is evolving, it
is possible to add subassemblies, under the basic structure. Furthermore, the whole design follows bottom-to-top
design. For educational purposes, primarily, a simple model might provide more understanding for example first and
second-year university students. Figure 1. shows the basic structure of the micro manufacturing unit.
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Fig. 1 The main structure of the MMU.

The accurate analysis of function, functionality, and movement included all restrictions must be done to create a
proper VR-model to software environment. This work has been shown in earlier studies [15].
4. Building the first interactive object
The first machine model for the digital twin of the MMU will be built using production/part simulation software
(FlexSim), this will permit the immediate integration of the machine in an industrial context, allowing to control all
the parameters of the production system afterward.

Fig. 2 Virtual reality in manufacturing context gives a completely new dimension.

In one of the demonstration models provided by the developers, many interactive elements are available to test. It
is possible to teleport and move around a wide area, push buttons that release conveyor merge lanes, move figurines
that change the operator assignments and control a crane using a joystick and pulling a handle. All this implemented
in an active working model environment [3]. These new software functionalities make an opening in the possibilities
of creating a digital twin that is a high fidelity model of the real machine and gives the opportunity to interact with and
operate it in real time.
The main code which handles the touch inputs can be found in the “ModelOnPreDraw” script under the User
Command dialog. The programming language used by FlexSim in scripts such as ModelOnPreDraw is called
Flexscript, though it is also possible to use C++ or external functions in dynamically linked libraries (DLL). In this
demonstration model, there is additional code under the User Command dialog. These scripts are auxiliary functions
the main code calls, such as “getDistance,” “getHandCollisionSphere,” “getHandGripPosition,” “ModelOnDraw,”
“assignOperatorToDispacher,” and “onButtonPress.”
The ModelOnPreDraw code first sets the view to fit virtual reality and resets the time. Second, it defines the
connection between the Oculus Touch hand controllers and the virtual objects. This contact is called the Collision
Sphere; it defines in which area the virtual hands of the user are touching the virtual objects. It is used afterward to set
the interaction between the user and the different elements.
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The following parts of the code define all the interactive elements, how they behave and what is their impact on the
active model. The section about the Figurines explains that the user can move this category of objects all around the
virtual environment, but when they are linked to a target they can only be released into one of the targets. Moreover,
in this demonstration model two figurines represent two operators, at the beginning of the simulation they are a resting
position, they start executing their tasks when the user puts the associated figurine in one of the three targets. Each
target is in front of a different processor figurine, one is blue, one is red, and one is green. These colors also correspond
to the colors of the boxes that appear continuously in the source. If the operator’s figurine is placed in front of the blue
processor, the operator will pick up only the blue boxes from the source and put them in the blue processor where they
will be driven by a conveyor belt. One of the others elements to be defined in the code is the Buttons. In this model
there are three white buttons, each one releases one type of boxes (blue, red or green) into a second conveyor belt. The
third and the fourth interactive elements to be described are the Joystick and the Handle. They both control a crane
that picks the boxes from the end of the conveyor belt and releases them to another conveyor belt for storage. The
movement of the Joystick and the Handle as their impact on the running model are also set on this code.

Fig. 3. Virtual interaction inside of production model could include several different possibilities. Handles, joysticks, buttons on/off triggers are
possible. The challenge is to implement new functionality! The Model used this picture is a original FlexSim demo environment.

The link between ModelOnPreDraw and the objects is made by attributing variables to the different elements. For
example Button 1, Button 2 and Button 3 are under the variable Buttons, whose definition is an array since many
elements can behave in this way. It is important to mention that the ModelOnPreDraw code was entirely created for
the demonstration model. When opening a new model no code at all is pre-written in the User Command dialog.
To create the MMU starting from a new and empty model seemed challenging at first sight, so the decision was
made first to try to create simple objects and movements directly inside the demonstration model. In this way, it is
possible to use the ModelOnPreDraw code and hence gain coding time. Once the functioning of the software
understood, it is possible to start creating a new MMU model.
It is first necessary to create the shape of a new object to be inserted in a FlexSim model. The design of the model
can be done in any computer-aided design software that can save or which output can be converted to a format
supported by FlexSim. Once a compatible model is created, it is simple to “insert a Shape from the library” and define
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the model to be used in the Shape properties as the custom model created. Later on, Solidworks software and the IGES
format will be used to create interactive elements. It is important to know that it is not possible to import assemblies
from Solidworks to FlexSim. When attempting to do so, the relations between the different parts (pivot, slide link,
embedding) are lost, and as a result, the imported object will not function as intended.
The first step to adding custom object manipulation code is to insert an object, make it movable in the model and
virtually grippable. Once these basic functions are understood, it becomes possible to implement more complex ways
to manipulate custom objects virtually. It is useful to study the ModelOnPreDraw code and pick an object that already
behaves in a similar way that is intended, such as a “Figurine” object which can be relocated in the model. The simplest
way of doing the first step appeared to be setting the object created as a Figurine variable without any target association.
To stay in the user's virtual hand, it was also necessary to introduce the label _inHand to the parameters of the new
object. The _inHand code can be found in the ModelOnPreDraw in the figurine’s section of the code.

Fig. 4. The link between the ModelOnPreDraw and the objects is made by attributing variables to the different elements.

The second phase of our process is to create a simple object that behaves in a way that is not yet implemented in
existing sample code. In the study, a door was selected as a sample object, as it is a necessary part of the MMU and it
behaves rather similarly to the Handle object existing in the demo environment. Changed functionality included
understanding parts rotating around different axes and having different movement limits. The door should also stay in
the position it was released in, and it should be able to grip the door again in that position, whereas the Handle object
would reset its position once released. The structure of a door is close to that of the Handle. In the Handle, the user
can grab only the grip and not the lever of the object. Similarly, on the Door object, the user should grab the door
handle and not the door itself. To create such an object, one must proceed according to the following steps:
 Model the part of the door that can be grabbed (e.g., with Solidworks) and save it in IGES format.
 Model the part(s) of the door that should move, but cannot be grabbed by the user and save it in IGES format.
 Insert the first model to the FlexSim model into the way described previously. As far as the model is concerned,
this is the actual model to be actuated, and all custom functionality will be attached to this model.
 Open the object animation in the object parameters.
 In the animation insert the other part(s) and place them as appropriate. These objects will follow the movements
of the first model.
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To define the center of rotation of the door, open the object tree and under the spatial parameters set the
centroid number to 2 instead of 1. The following three parameters correspond to the X, Y and Z axis. Changing
their value displaces the center of rotation.

Now the door element is created. The second step is to add on the ModelOnPreDraw the lines of code that indicate
how the objects that are defined as “Door” variables in the model should behave. Parts of the Handle object code was
recycled. The most important modification is that the speed of rotation that is changed to make the door follow the
hand of the user’s movement and the removal of the part of the code that makes the handle come back to its initial
position. The door behaves expectedly. Further improvements would include matching the object rotation limits to the
physical model. In this study, the door rotation was changed to 90°.
With these previous explanations and test, the functioning of the software and the coding logic for virtual reality
purposes are better understood. Now we can define the necessary steps and the process to build the MMU in FlexSim
starting from an empty canvas.
5. Future work
The next step is to model and implement the remaining functions of the MMU in VR model. The implementation
will be done using the FlexSim software. The most of the work will be done as study assignments by students in the
Bachelor’s and Master’s programs of the university.
On February 12th, 2016, FlexSim announced the release of its first virtual reality compatible version, expected for
March 28th, 2016 [16]. The VR compatibility allowed the use of the Oculus Rift and other compatible devices for a
more immersive experience inside of used software environment, such as allowing the user to walk through the model
and change the viewpoint more naturally. Since 2018, they added new functionality to the virtual reality manufacturing
context. Now it is possible to interact with the environment using hand controllers, such as Oculus Rift and Oculus
Touch multiple ways [16]. The hand controllers allow the manipulation and virtual operation of the modeled machine
in a virtual reality once the functionality for touching and gripping parts is added to the Digital Twin and coupled to
gestures and button-presses done by virtual reality controllers.
6. Conclusion
It is first necessary to define the relationship between the Oculus Touch hand controllers and the virtual
environment. The simulation software needs to know where the hand controllers are and at which distance the virtual
hands can touch the various objects in the simulation. Then, various elements can be created with design software such
as SolidWorks and exported in a suitable format for FlexSim. A particular method is recommended to be followed to
ease adding new functionality in the simulation. The behavior of the objects can be set by adding user-specified scripts.
If multiple objects behave similarly, they should be coupled under the same variable type. The effect of the interactive
actions on the active model must also be written about the code. It is not necessarily to add custom functionality for
all objects in the simulation. If some objects must be added to the model with the only purpose to make the environment
more realistic, it is possible to couple them with the models which do have implemented functionality. However, while
the process of adding new functions in the model is clear, it is a challenge to find people with adequate programming
skills to finish the implementation.
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