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Abstract— The project consists of developing a virtual operational
training system for the production and bottling process carried out
in the soft drinks factory. For the virtualization of the industrial
process, mathematical modeling is considered using a transfer
function of the first order with downtime and control in relation
to the flow plants that make up the substance mixing station in the
company, for this, dynamic data and behaviors of the fully
automated flow plants within the university are used and not the
conventional station existing in the company, since its machines
and data are Kkept confidential In addition, 3D CAD design
techniques, electric diagrams of the process and instrumentation
(P&ID) are used, all in order for multiple users to have immersive
experiences sensory and can interact with each other within a
virtual environment.

Keywords -Virtual environment; Production and bottling process;
Unity 3D; Multiple users; Training; 4.0 Industry.

I.  INTRODUCTION

The industrial revolution is a process of economic and social
transformation to increase productivity in acompany or factory,
usually produced by technological progress over time. Just as
in the 18th century it was the steam engine, in the 21st century
it will be robots and virtual environments that will set the tone
for a radical transformation, which will change the world as we
know it, economists have called it the Fourth Industrial
Revolution [1], Industry 4.0 or Fourth Industrial Revolution is
a research initiative in Germany to implement the high-tech
strategy of integrating Advanced Control Systems with ICT to
enable communication between personnel, products and
complex systems that make up a Digital Factory [2],
considering the technologies that are integrated into the so-
called Cyber Physical Systems (CPS Cyber Physical Systems)
induce changes in Engineering Systems and Higher Education
in Engineering [3] [4].

Taking into account different revisions we can find different
elements associated to the development of the industry 4.0 [5];
(i) Big Data and the data cloud.: includes algorithms, analysis
applications, etc. Big Data analytics manages opportunities for
the improvement of future factories, manufacturing processes
and enabling the factory to provide new products and services;
(ii) Internet of Things: Includes software applications used by
one or more businesses to support industrial networks; in
addition, intelligent monitoring and control through sensors,
smart meters and intelligent mobile devices; (iii) Intelligent

manufacturing  processes: include dynamic, efficient,
automated and real-time process communication for the
management and control of a highly dynamic environment
enabled by IoT; (iv) Robotics: In industry 4.0 robots acquire
skills beyond their predecessors, managing to incorporate new
capacities to work without a human supervisor and are able to
work to automate and coordinate a series of logistic and
production tasks; (v) Virtual Reality (VR): It allows training and
information within an Industry, recreating these spaces,
environments and interactive virtual situations so that once the
training is over, the user knows what he has to do and does it
automatically once faced with the real situation.

Currently, the challenge worldwide in fields such as
education, management, telecommunications, games, military
training or, as in the present work, industrial processes that use
VR technology to compete in the market, [6] [7], is to
incorporate technologies that are capable of combining the real
world of production with the virtual world of information and
communication technology; so that, traditional industrial
processes are complemented, optimized by the digital world in
immersive virtualized environments free of risks and with the
ability to simulate the real behavior of the plant or industry, all
this thanks to the abundance of information, mobility and
connectivity [8].

The incursion of the industry with the VR technology has
started from the use of induction videos and virtual tours to train
the personnel, without interacting with the industrial processes,
until the present time, where it is possible to interact with the
processes, to optimize their designs, to provide maintenance, to
control the processes and to train the operator [11] , giving a
focus in the training of the operator, to simulate experiences in
the decision making that takes place in the field work [9] [12].
VR allows the user to interact with elements of the virtual world
with a realistic approach, in which he has the feeling that he can
perform operator simulation under specific conditions in
training scenarios [13] [14] [15]. Among the most important
advantages of using VR are [9] [10]. (i) Training: The training
and education of the personnel is one of the best strategies to
control and diminish the index of accidentalness and turns out
to be a critical factor for the company; (ii) Induction: 1t is to
give a real approach to new operators so that they can adapt to
the technological changes and to the necessity to understand the
operation of the surroundings of the company, that allow to
assure an effective production of quality, but mainly safe; (7ii)
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Telerobotics: consists in the remote handling of robots, but with
the exception that the operator sees what the robot is seeing and
even has the touch of the machine [13]; (iv) Simulators: used to
deal with systems that cannot be handled in the real world. For
example, simulations of warlike confrontations, or flight
simulators [15] [16]; (v) Risk Analysis: All the activities that are
developed in industries, whatever they may be, have dangers
and associated risks, in order to control the risks inherent to an
activity [9] [10].

Therefore, this work presents the development of a virtual
reality system for training in the production and bottling process
carried out at the factory and the development of an automatic
mixing station with mathematical models and corresponding
controllers for the operation in the virtual environment. The
components of the factory are designed based on its P&ID
diagram, using 3D design techniques and computer aided
design software. The characterization and animation of the
objects is implemented in UNITY3D, sounds and interaction
are also added to achieve the desired realism and improve the
user experience. In addition, for the simulation and control of
the syrup and water mixing process in the soft drink factory, the
exchange of significant process data between UNITY3D and
MATLARB is required, being a fundamental part of this task the
respective programming in Matlab, to implement the control
algorithm that govern the behavior and evolution of the mixing
station.

II.  VIRTUAL ENVIRONMENT

This article describes the development of the virtualization of
the process and bottling plant of soft drinks in a virtual
environment with the software Unity 3D through a multi-user
collaborative system, where the operators able to interact and
have an immersion with the different processes of the plant by
means of virtual reality glasses, together with the software tool
Matlab that allow the modeling and the control of the industrial
process of the plant and techniques of CAD design for
construction of the same one.

The virtualization of the process and the bottling
environment of soft drinks is developed through CAD design
techniques and Unity 3D software to digitize the terrain and the
elements of the industrial process, for the virtualization of the
environment the facilities of the factory are considered
Ambasodas soft drinks, by means of the electrical diagrams and
the visualization of the start-up of the company's mixing station,
an electronic instrumentation diagram (PI&D) is generated, with
the instruments and devices of the university and data obtained
from the dynamic behavior of the Plants involved obtain their
mathematical models and control laws that govern the behavior
of the mixing station within the virtual environment. MatLab
through its instructions allows the exchange and connection of
data together with mathematical modeling, in order to simulate
the interaction of operators with the virtual environment of the
plant through virtual reality glasses that provide an enlarged
view of factory and intuitive operator handling with controls and
commands, resulting in a tool to train new operators in a safe
and risk-free environment. Fig.1 shows the detailed path that
take for the development of this work.

—
Figure 1.General diagram of project development.

A. MatLab Math Software

Allows through code lines and control laws to perform the
mathematical modeling covering the electrical characteristics in
the station of mixing water and syrup, for this the pump that
sucks the syrup and the water pump are activated through an
HMLI, until the storage tank of the mixture detects through its
level sensors when it is the right time to empty the tank to the
gasification machine.

B. Multi-User

Multi-user is the stage that relates all the information of input
and output from and to users so that operators from different
parts of the world can connect to the environment through a
communication network and interact with each other,
strengthening the collaborative work, see Fig. 2.

SCENE OF CHOICE

SELECTION

AVATARS

Figure 2. Avatars selections.

With the use of Unity3D together with Internet the
implementation of the multiuser system obtains the information
from a database that communicates bidirectionally in a
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synchronized way between the different users, which allow us
to access and interact with the process from any location.

The multi-user system was implemented through a Photon
Unity network framework for real-time multiplayer games and
applications; also, through the scripts in Unity, the creation of a
server; which is an instance with authority to coordinate all
events. He himself is in charge of encapsulating the data and
through calls to remote procedures (RPC) exchange data sent by
TCP/IP protocol through Photon SDK to communicate with web
services and update the data of tank levels, pumping units, users,
he has the database. The system has a login with web services,
which were implemented in Google Cloud Platform and with a
database created in FireBase. Through scripts, the model of the
real dynamic behavior of the tanks and other elements involved
are added.

III. MODELLING AND CONTROL

In general, any process receives certain changes in inputs and
generates certain output responses. It should be clarified that
when we talk about inputs and outputs we are not necessarily
talking about material flows; on the contrary, the concept is one
of information flow, in the sense that inputs are elements that the
operator can define or modify, while outputs are determined by
the system's responses to certain input conditions.

The operator must decide the actions on the inputs of the
process to allow operation in the mixing station specifically in
the level control of the main tank; knowing the dynamic
response of the system (i.e. how it responds over time) to
changes in input conditions is very useful for system
management, the process can be better appreciated Many times,
when a step signal is introduced at a process input the output
signal can approximate a first order function with dead time for
both the syrup plant and the water plant.

K —0,s

G,(s)=—qe” (1)

rps+1

where, K represents the static gain, the relationship between
the change in response to the magnitude of the step; rp defined

the time constant; and 6, is the time out.

Once the model to which it is possible to approach the
mixing station is known, data (tags) are taken of the evolution of
the process variables through a set of steps until the
mathematical model of the system is obtained.

Next, the modeling of two laboratory flow plants that make
up the water and syrup mixing station is carried out by means of
the step signal test; in addition the model found is validated by
applying the same signal to the entrance. It is worth mentioning
that the mathematical models determined in this paper do not
represent the dynamic behavior of a real plant of bottling process
of soft drinks, but they are useful for re-supplying the factory
and implementing the mixing station in the virtual environment.

Figure. 3 shows the dynamic behavior at the output, in the
water plant and in the implemented model when a step signal is
applied to the input.
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Figure 3. Modeling and Validation of the water plant.

Figure. 4 shows the dynamic behavior at the output, in the
syrup plant and in the implemented model when a step signal is
applied to the input.
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Figure 4. Modeling and Validation of the syrup plant.

The mathematical expressions that characterize the input
and output relationships of water and syrup plants are
represented by,

19211 gqom,
w(s)= 121725 +1 (2)

0.85264 o
= 3
m(5) 1103251 (3)

where, G (S) represents the transfer function of the syrup

plantand G, (s) is the water plant.

With the objective of solving the dynamics of the water plant
as the syrup plant of the virtual environment, (4) and (5) are
determined obtaining G, (t) and G, (t) in the time domain,
respectively.

1) Development of the Controller

Once the transfer function that govern the plant behavior is
obtained, the tuning constants for the PID type digital controller

are calculated; the block diagram is shown in Fig. 5, where r; (t)
is the water inlet, r,(¢) is the syrup inlet, (Gpw (1).G,, (t)) are

the models of plants in the time domain, ( v (1), 3, (t)) are the

2020 15th Iberian Conference on Information Systems and Technologies (CISTI)

24 — 27 June 2020, Seville, Spain
ISBN: 978-989-54659-0-3

Authorized licensed use limited to: Uppsala Universitetsbibliotek. Downloaded on July 20,2020 at 18:40:45 UTC from IEEE Xplore. Restrictions apply.



flows of the system output, for this process is considered a
constant of relationship defined by the company; which is
housed in a Matlab Script and later through shared memories
connect the controller process to the 3D animation of the mixing
station. For this device, the PID tuning is taken into account by
the Haalman method, which considers the following equations
and expressions to calculate the tuning constants.

The PID controller equations show the general equation,

u(t):er(t)+%'|.(:e(t)dt+KpTd%e(t) (4)

n(r) e(1) u (1) »(t)

Controller Water (C,) fmiel G _(¢) _

Ratio |«

Controller Syrup — G {’) o

Figure 5. Block diagram of the Ratio controller.

where, K is the term of the proportional coefficient of the

controllers; e(t ) is the error signal of the flow processes; 7,

represents the term of the integral coefficient and 7, represents
term of the proportional coefficient.

Table I and Table II show three different tuning methods that
were applied to the water plant and the syrup plant, where the

constants K ,, K;, K, are obtained to the plants modeling.

TABLE I. Tuning methods for the water plant.

Water Plant (a)
K, K K,
Lambda 0.473 0.476 0.406
Haalman 1.097 0.645 0

Cohen - Coon 2508 0.455 0.359

TABLE II. Tuning methods for the syrup plant.

Syrup Plant (b)
K, K K,
Lambda 0.203 0.637 0.272
Haalman 0.601 0.821 0

Cohen-Coon 1344 0.690 0.234

The Fig. 6 shows the evolutions of the different methods
applied to water and syrup plants, where we conclude that the
Haalman method is the most optimal for modeling.
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Figure 6. Tuning methods.

IV. RESULTS ANALYSIS

This section presents the performance of a collaborative task in
an environment of the soft drink production and bottling
process; for the virtualization of the environment the facilities of
the factory AMBASODAS soft drinks are considered.

The activity is focused on the interaction of the operator with
the mixing station, which allows for a virtualized work
experience of the operations performed in the different stages
involved in the soft drink production and bottling process. These
operations are focused on the mixing of purified water and flavor
syrup, contained in the different storage and mixing tanks;
specifically, in the main container type tank, as well as the
activation of the conveyor belt motors for the filling, capping
and labeling of the soft drinks. The different stages of
virtualization of the production and bottling process of soft
drinks are detailed below.

A. Water Treatment

At this stage the drinking water is stored in the reception
tanks by means of the connected pipes, see Fig. 7, which is sent
to impurity filters purifying the water and then stored in a main
tank to be taken again to the water and syrup mixing process, see
Fig. 8.

Figure 7. Storage Tanks.
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Figure 8. Water Filter.

B. Syrup Reception

At this stage, the syrup suppliers arrive in trucks and it is
stored in the reception tanks inside the plant at room temperature
by means of connected pipes, see Fig. 9, where it is ready to be
combined in the mixing station with the purified water.

o>

Figure 9. Syrup Reception Tanks.

C. Syrup-Water Mixture

At this stage, the purified water and syrup are received in
separate tanks, see Fig. 10, with a 10:1 ratio by means of
actuators (motors). The process continues when the substances
reach the top of their capacity in the mixing station tanks and are
released by means of actuators (valves) into another main
container to later be sent to the gasification machine and
continue with the process.

AR

Figure 10. Mixing Station.

D. Gasifier

In this stage, it receives the CO2 that is in the external part
of the plant and enters the gasification plant that consists of two
tanks, see Fig. 11, the first tank enters the carbon dioxide with
the mixture of syrup plus water and through a centrifugal engine
it is transported to another tank for the next stage of the process.

Figure 11. Gasifier Water/Syrup Mixing Tanks.

E. Bottle Filling

At this stage, the soda is transported to a rotating tank, see
Fig. 12, which by means of the machines and the conveyor belt
carry out the filling process in the non-returnable containers.

Figure 12. Bottle Filling Stage.

F. Bottle Capping

At this stage, once the container is full, it is covered, labelled
and packed, see Fig. 13, with the factory AMBASODAS brand,
ready to be distributed in different parts of the count

Figure 13. Bottle Capping Stage.

To verify the validity of the interface of the multi-user
training system application, a focus is given to the effectiveness
of the training tasks and the maneuvers in the mixing station, a
joint evaluation is applied to 15 users to quantify the results in

terms of benefit.
TABLE III. Usability of the virtual environment
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SUS the usability [17] of the training system was evaluated
by means of a questionnaire of questions, developing an
evaluation in a group of 15 people, among them 7 students, 5
workers of the Ambasodas company and 3 professors of the
Electronic Engineering career in the research laboratory, with
students who know the topics of virtual reality and process
control. In addition, a brief explanation of the hardware to be
used for this experience is given, to determine the experience in
the virtual training environment [9], as indicated in Table III.

The results obtained determine that (shown in Fig. 14), on
average more than 12 of the 15 people evaluated indicate that
the virtual application to train operators in the production and
bottling process of soft drinks contributes to learning and
development of cognitive skills of students and teachers in the
area, since it is a novel tool easily accessible as a theoretical and
practical support when interacting or performing a task in a
virtual reality.

14
2 15 12 12 1
S 5 10y 10 10 10
9
2 9|10
53
[ 2 5
33 c
E 2
2
0

1 2 3 4 5 6 7 8 9 10
Number of question

Always Almost always Sometimes Almost never Never

Figure 14. Determination of the level of usability of the application.

V. CONCLUSIONS

The creation of the virtual environment immersed in the
AMBASODAS factory created for training in the company
environment, provides important features such as the ability to
make a virtual tour around the facilities and interact in terms of
control with the level station that governs the behavior of the
plant mixing syrup and water, simulating the response of the
process and its respective controller, There are evident
advantages with the use of this type of training systems such as
the creation of safe situations in critical processes of the mixing
station or the familiarization in the stages of production and
bottling of soft drinks. In addition, the equation that governs the
behavior and evolution through time of the station has been
modeled by means of mathematical software techniques to later
apply a PID controller to later take those values to Unity and
animate the virtual station of mixing syrup and water; The
creation of a link between multiple users to interact in the same
task is the key to optimal operational training, for all the above
mentioned it is established that this system helps in important
aspects such as security, process control, increased
productivity, operator training, virtual tours, among others.
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