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ABSTRACT

Many different worldwide initiatives are promoting the transformation from machine dominant manu-
facturing to digital manufacturing. Thus, to achieve a successful transformation to Industry 4.0 standard,
manufacturing enterprises are required to implement a clear roadmap. However, Small and Medium
Manufacturing Enterprises (SMEs) encounter many barriers and difficulties (economical, technical, cul-
tural, etc.) in the implementation of Industry 4.0. Although several works deal with the incorporation of
Industry 4.0 technologies in the area of the product and supply chain life cycles, which SMEs could use
as reference, this is not the case for the customer life cycle. Thus, we present two contributions that can
help the software engineers of those SMEs to incorporate Industry 4.0 technologies in the context of the
customer life cycle. The first contribution is a methodology that can help those software engineers in the
task of creating new software services, aligned with Industry 4.0, that allow to change how customers
interact with enterprises and the experiences they have while interacting with them. The methodology
details a set of stages that are divided into phases which in turn are made up of activities. It places special
emphasis on the incorporation of semantics descriptions and 3D visualization in the implementation of
those new services. The second contribution is a system developed for a real manufacturing scenario,
using the proposed methodology, which allows to observe the possibilities that this kind of systems can

offer to SMEs in two phases of the customer life cycle: Discover & Shop, and Use & Service.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The instantiation of the data-driven economy in the manufac-
turing industry has led to the development of different initiatives
and strategies addressing the use of data exploitation to optimize
and transform the manufacturing business. Among those initia-
tives we can find “Smart Manufacturing” in USA, “Made in CHINA
2025”, “Future Manufacturing” in UK and “Industry 4.0” in Europe
(Kusiak, 2018), which enable important business opportunities for
the manufacturers.

Considering the Industry 4.0 in particular (Oztemel and Gursev,
2020), this initiative can have the greatest impact in three key areas
regardless of the sector (Cotteleer and Sniderman, 2017): Products,
supply chain, and customers. Regarding products, technologies
such as sensors, machine learning or robotics can transform the
way products are designed and developed, and the exploitation of
data about the products can allow manufacturers to predict, plan
and manage specific circumstances in order to optimize their pro-
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duction. Furthermore, new business models can be contemplated
by selling data and services in addition to physical products. In the
case of the supply chain, advanced forecasting techniques relying
on internal (e.g. demand) and external (e.g. market trends) data
can allow for a faster delivery time (Alicke et al., 2016). Moreover,
real-time information about the supply network and the logistics
capabilities can allow for a more flexible planning and inventory
processes, which can react to changing demand or supply situa-
tions. Finally, regarding customers, Industry 4.0 technologies can
help to gain a better understanding of the customers, enhance their
experience when interacting with the products and enable better
post-sale support. The proposal presented in this paper considers
this last area.

However, what is observed is that most of research addressing
implementation techniques in Industry 4.0 scenarios is created for
large organizations and the majority of Small and Medium Enter-
prises (SMEs) are overwhelmed by the large amount of existing 4.0
technologies, the time and effort needed to learn them, and the
costs of their implementation (Masood and Sonntag, 2020). More-
over, while several works deal with the incorporation of Industry
4.0 in the area of the products (e.g. Tomic et al., 2020; Mourtzis
et al., 2018) and the area of the supply chain (e.g. the survey in
Winkelhaus and Grosse (2020)), literature on how to introduce

0166-3615/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.1016/j.compind.2021.103403
http://www.sciencedirect.com/science/journal/01663615
http://www.elsevier.com/locate/compind
http://crossmark.crossref.org/dialog/?doi=10.1016/j.compind.2021.103403&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:victorjulio.ramirez@ehu.eus
mailto:idoia.berges@ehu.eus
mailto:a.illarramendi@ehu.eus
https://doi.org/10.1016/j.compind.2021.103403
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

V.J. Ramirez-Durdn, I. Berges and A. lllarramendi

Industry 4.0 technologies in the area of the customers is rather
scarce. The proposal shown in this paper considers those two
drawbacks: the difficulties of SMEs to achieve a successful trans-
formation towards Industry 4.0 standard and the scare literature in
the area of customer life cycle, and thus it presents a new method-
ology which can help software engineers of SME manufacturing
scenarios to incorporate Industry 4.0 technologies in the context of
the customer life cycle. The goal pursued with this incorporation
is to improve efficiency and enhance customer experiences, thus
helping manufactures to attract and retain customers.

The methodology consists of stages that are divided into phases
which in turn are made up of activities. It uses similar phases of
those considered by a typical life cycle for the development of an
information system (Elmasri and Navathe, 2010), which are also
used in well-known development models such as Waterfall, Iter-
ative or Agile. But what makes it different and can be considered
the main of our contributions are the detailed descriptions of the
activities that must be carried out in each phase. Furthermore,
one technical novelty of the proposed methodology is the com-
mitment made in it to connect semantic based technology, used to
represent knowledge related to manufactured products, with 3D
digital technology, used to visualize those products. Within seman-
tic technologies, ontologies allow the representation of knowledge
of a particular domain through the definition of categories, prop-
erties and relationships between concepts and entities in a way
that is understandable by both machines and humans. The use of
ontologies has been increasing over the years, making the knowl-
edge represented through them much broader, facilitating the
definition of new concepts through reuse and improving interoper-
ability between heterogeneous information systems. Furthermore,
3Drendering technologies allow detailed visualization of objects by
adding navigation components that enhance the user experience.
These technologies have evolved in such a way that those processes
that some years ago took several minutes and needed a powerful
system to be executed, nowadays can be carried out in millisec-
onds from the web browser of a conventional computer or from a
mobile device (e.g. smartphones, tablets, laptops, etc.). We believe
that an accurate and detailed description of the products or services
offered by the manufacturing industry together with an improved
visual presentation, both enhanced by the use of these technologies,
will enrich the experience offered to customers, positively affecting
decision-making.

Although there exist other proposals in the smart manufacturing
scenarios that advocate for the use of those technologies separately
(e.g. in (Kharlamov et al., 2019) authors propose a semantic rule
language for industrial internet of things and in (van Lopik et al.,
2020) augmented reality technology for industry 4.0), we have not
found any other one that proposes the combined use of them.

In order to show the feasibility of the methodology, its appli-
cation has been deployed in a system for a real manufacturing
scenario in Urola Solutions,! a medium-sized enterprise located
in the Basque Country and which belongs to the MONDRAGON
Corporation.? Thus, the contribution of the paper is twofold: On the
one hand, the methodology that guides software engineers of SMEs
in the task of creating software services that allow to improve the
relationship between customers and a company; and on the other
hand, a system as a proof of concept, which allows to observe the
possibilities of that type of solutions.

In the rest of the paper, a brief overview of the customer life
cycle phases is presented first. Then, some related works to the
use of semantic descriptions and 3D technologies in the manufac-
turing scenario are shown. Next, the proposed methodology with

1 https://www.urolasolutions.com/en/.
2 https://www.mondragon-corporation.com/en/.
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its stages, phases and associated activities is described. Later, an
implementation of a case study for a real manufacturing scenario
that considers two phases of the customer life cycle and which has
been developed using the proposed methodology is introduced.
Finally, some conclusions and future work are discussed.

2. Brief overview of the customer life cycle

The traditional customer life cycle consists of a series of five
phases that the customer goes through on his way to acquire a
good or service, with the objective of turning people into paying
customers and achieving a loyalty relationship between the cus-
tomer and the brand. These phases, which range from capturing
the attention of a potential customer to achieving the aforemen-
tioned loyalty, are: Reach, Acquisition, Conversion, Retention and
Loyalty. In the specific case of manufacturing, a framework for the
customer life cycle oriented to Industry 4.0 is presented in Hood
et al. (2016), which condenses the five general phases into three:

3 Discover & shop: This phase has been greatly explored by e-
commerce platforms such as Amazon,®> AliExpress* or eBay,’
mainly supported by the Business-to-Costumer (B2C) model,
whose intention is to improve the end customer shopping expe-
rience by offering an intuitive experience and a recommendation
system based on previous search and purchase preferences. How-
ever, in the manufacturing environment, and because of the
complexity of their products, companies using the B2C model
usually provide their customers with a generic physical or digital
brochure with a lack of depth description of the offered goods or
services. This approach may end up generating more doubts in
the customer thanit intends to solve, thus requiring the interven-
tion of a representative of the sales department in an additional
process different from that which constitutes their task, which is
to close the sale. Furthermore, these companies not only provide
goods and services to end customers, but also other businesses,
i.e. Business-to-Business (B2B) model, which means that, if the
offer is not well detailed, the purchasing processes are carried
out in extensive meetings between the purchasing and sales
departments of each company, taking more time than actually
necessary.

4 Buy & install: This phase covers the actual buying of the prod-
uct by the end customer and its installation. Many manufacturers
rely on channel partners, such as dealers or distributors, for man-
aging these tasks, so it is important to guarantee a seamless and
timely information sharing between the manufacturers and their
channel partners. However, this is usually done through trans-
actional and milestone-based systems intended to synchronize
activities that often rely on manual inputs and updates or out-
dated mechanisms that run once a day (Hood et al., 2016).

5 Use & service: This phase is oriented to customer retention and
loyalty generation, and it is mainly applied in the B2B model,
since the customer is tied to the use of products or services to
manage their business. The most common way of providing a
post-purchase service thatincludes repair, maintenance and sup-
portis through the customer service lines. However, this solution
presents different problems such as fixed service hours, con-
gestion on the lines, relatively long waiting times and the high
possibility of not finding an immediate solution. These problems
generate high customer discomfort creating an effect contrary
to the desired loyalty. The effect is much more damaging in the
manufacturing industry, where enormous economic loss can be

3 https://www.amazon.com.
4 https://[www.aliexpress.com.
5 https://www.ebay.com.
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generated by not having the requested spare part or not having
carried out preventive and corrective maintenance on time.

In the case study presented in this paper two of the three
phases presented above are considered: Discover & Shop, and Use &
Service. Regarding Discover & Shop two services have been imple-
mented. The first one, allows customers to approach to the products
in which they are interested by filling out a simple questionnaire
and the second one allows customers to navigate through those
products. The service implemented in relation to Use & Service is
a kind of virtual technician that tries to solve the needs in terms of
requesting spare parts.

3. Related work

There exist several technologies that enable the implementation
of Industry 4.0, such as Internet of Things (IoT), Cloud Computing,
Cybersecurity, Big Data and Analytics, Augmented/Virtual Reality,
Additive Manufacturing, Simulation, and Robotics. In the spe-
cialized literature, several projects and case studies using these
technologies in the context of manufacturing SMEs can be found.
For example, project ESMERA (European SMEs Robotic Applica-
tions (Icer et al., 2018)) of the European Commission’s Horizon
2020 Research and Innovation Programme aims to boost robotics
innovation for European SMEs by funding projects such as REFLECT
(CASP, 2020), which tackles the assembly of deformable parts in
dishwashers by using a robotic system. Also under the Horizon
2020 Programme, project CloudiFacturing (CloudiFacturing, 2020)
aims to optimize production processes and producibility in SMEs
using Cloud/HPC-based modeling and simulation. More precisely,
it supports projects such as 3D-CPAM (3D Clothing Production by
Additive Manufacturing (Tomic et al., 2020)), which uses advanced
HPC/Cloud services and modern 3D printing technologies to opti-
mize the 3D fashion design manufacturing process, or D2Twin
(D2LAB, 2020), which uses big data analytics to improve quality
control and maintenance.

As mentioned in the previous section, our proposal is supported
by two pillars: semantic-based technology to represent knowl-
edge related to manufactured products, and 3D digital technology
to visualize those products. These pillars are highly related to
two of the aforementioned Industry 4.0 enablers: IoT and Aug-
mented/Virtual reality.

From the IoT perspective where equipment and products com-
municate and are connected to each other, interoperating and
integrating data and information is a demanding task that can be
facilitated by semantic technologies such as ontologies. Ontologies
allow to represent the semantics of knowledge and data in a formal,
comprehensive and reusable way. Thus, several ontologies with
different purposes have been defined in manufacturing scenarios,
such as: the PSL ontology (Griininger, 2009), which includes fun-
damental concepts for representing manufacturing processes; the
MASON ontology (Lemaignan et al., 2006), an upper ontology that
represents what authors consider the core concepts of the man-
ufacturing domain: products, processes and resources; the SIMPM
ontology (Sormaz and Sarkar, 2019), an upper ontology that models
the fundamental constraints of manufacturing process planning:
manufacturing activities and resources, time and aggregation; the
MaRCO ontology (Jarvenpdd et al., 2019), which defines capabil-
ities of manufacturing resources; the MSDL ontology (Ameri and
Dutta, 2006), which allows to describe manufacturing services;
the P-PSO ontology (Garetti and Fumagalli, 2012), which consid-
ers three aspects in the manufacturing domain: the physical aspect
(the material definition of the system), the technological aspect
(the operational view of the system) and the control aspect (the
management activities), for information exchange, design, control,
simulation and other applications; OntoSTEP (Barbau et al., 2012),
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which allows the description of product information mainly related
to geometry; MCCO (Usman et al., 2011), which focuses on inter-
operability across the production and design domains of product
lifecycle; ExtruOnt(Ramirez-Duran et al., 2020), which describes
different aspects of extrusion machines such as their components
and the 3D position, the spatial connections and the features of
those components; CMO (Talhi et al., 2019), which represents
the cloud manufacturing domain to support information exchange
between cloud manufacturing resources; and SAREF4INMA (de
Roode et al., 2020), which pursues favouring interoperability with
industry standards. Finally, a literature review of papers related to
ontologies in the area of product lifecycle management is presented
in (Fortineau et al., 2013).

Regarding 3D digital technology, Virtual Reality (VR), Aug-
mented Reality (AR) and Mixed Reality (MR) are considered
relevant technologies for the new generation of intelligent man-
ufacturing (Zhang et al, 2019). Virtual reality is a high-end
human-computer interface that allows interaction with simulated
environments in real time and through multiple sensorial channels
(Liagkou et al., 2019). The users believe to be inside a reality that
does not exist in truth, but they act like in the real world (Slater,
2009). Augmented Reality has been defined as a system which sup-
plements the real world with virtual objects (computer generated)
that appear to coexist in the same space as the real world (Bottani
and Vignali, 2019; Masood and Egger, 2019). It provides benefits
especially in designing products and production systems. While VR
requires inhabiting an entirely virtual environment, AR uses exist-
ing natural environment and overlays virtual information on top
of it. Finally, Mixed Reality like augmented reality, places digital or
virtual objects in the real world. However, with mixed reality, users
can quickly and easily interact with those digital objects to enhance
their experience of reality or improve efficiency with certain tasks
(Gonzalez-Franco et al., 2017). These technologies can been used
for several purposes in the industrial and manufacturing environ-
ment, for example in the process of product design (Mourtzis et al.,
2018; Guo et al., 2018), for assembly simulations (Tao et al., 2021;
Al-Ahmari et al.,, 2016), for training purposes (Ordaz et al., 2015;
Tao etal., 2019), for factory layout planning (Gong et al., 2019; Herr
et al.,, 2018) or for improving maintenance services (Riboldi et al.,
2021; Ababsa, 2020). Moreover, since 3D modeling has shown a
realistic description of manufactured products by generating high-
quality textures and proper lighting, it can be used for showcasing
purposes. In this sense, it can be seen how some companies such as
Schneider Electric® or Reid Supply’ show their technical products
in a interactive 3D product catalogue.

Nevertheless, to the best of our knowledge, no proposal has been
made which combines the use of 3D and semantic technologies for
a customer life cycle framework in a smart manufacturing scenario.
Thus, in this paper, an initiative of this type is proposed.

4. Methodology

The approach introduced in this paper is intended to illustrate
how SMEs could achieve closer and long-lasting relationships with
customers through the implementation of new services aligned
with the four industrial revolution (Industry 4.0). In this line, we
present a step-by-step methodology that can help technicians of
those SME:s in the task of deploying those services.

The proposed methodology considers the phases of a typical
life cycle of an information system (Elmasri and Navathe, 2010)
but what makes it different are the detailed guides that it provides

6 https://sketchfab.com/blogs/enterprise/customer-stories/electronics/3d-
viewer-schneider-electric.
7 https://www.reidsupply.com/.
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Fig. 1. Methodology diagram.
Table 1
Inputs and outputs of methodology stages.
Stage Input Output

Definition of objectives and goals
relationships with customers
Build of semantic descriptions
Build of the 3D visualization
Architecture design

List of manufactured products
Quality attribute requirements, kn

Interest of adopting Industry 4.0 for improving

Specifications of the manufactured products

List of new services, objectives, goals and roadmap for
the deployment of those services

Selected ontology and knowledge platform
Export/synchronization method and rendering interface

owledge platform, An architecture

export method and rendering interface

Definition of customer services
Implemented customer services

Implementation and testing of customer services
Deployment in production and maintenance

Implemented customer services
Customer services deployed in production and
maintenance period started

for the incorporation of semantics descriptions and 3D visualiza-
tion in the implementation of services associated to the customer
life cycle. The methodology consists of stages that are divided into
phases which in turn are made up of activities (see Fig. 1).In Table 1,
a summary of the inputs and outputs of the methodology stages is
presented. It represents the necessary income to obtain the desired
result through the execution of the activities described in each stage
of the proposed methodology. The different stages and activities
that make up the proposed methodology are presented below.

4.1. Definition of objectives and goals

Based on the interest of the company in adopting Industry 4.0
for improving relationships with customers, the aim of this stage

is to define a roadmap for the deployment of new services that can
overcome some of identified weaknesses. Thus, the first activity
is to carry out a familiarization with Industry 4.0 and Customer Life
Cycle,where Industry 4.0 benefits and customer life cycle phases are
presented in such a way that the concepts are clear and familiar to
stakeholders.

The next activity is to identify how the company interacts with
customers with the purpose of detecting problems and limitations.
It is important to analyze the strengths and disadvantages of the
business model in relation to competitors, and also the statistics of
the customer support department, for example, to see which are
the most frequent customer complaints.

Once the problems and limitations have beenidentified, itis nec-
essary to narrow the scope by selecting those faults that can be solved
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with the deployment of services aligned with the Industry 4.0. Those
services could include product exploration, training, maintenance,
etc. in such a way that they allow to improve the relationships
between customers and the company. This selection will be much
more accurate thanks to the familiarization with Industry 4.0 and
customer life cycle made previously.

The next activity is to establish those new services to be imple-
mented throughout the customer life cycle. The objectives and goals
(along with their priorities), that have to be achieved with the
implementation of those services, must also be defined followed
by a feasibility study that demonstrates that the project is profitable
and that the company has the technical and organizational capac-
ities to carry it out. In order to complete the roadmap, it is also
important to designate the project team and the human and mate-
rial resources involved as well as to create a schedule of the activities
necessary to implement the project, including those responsible of
each of them.

4.2. Build of semantic descriptions

One of the two pillars on which the proposed methodology
is based on is the use of semantic descriptions for representing
knowledge related to manufactured products. The detailed seman-
tic description of the products and services will guarantee the
creation of, for example, a robust catalogue, an accurate search
engine and an improved technical support. To accomplish this, the
first activity is to define the ontology competency questions. Compe-
tency Questions (CQs) are natural language questions outlining and
constraining the scope of knowledge represented in an ontology
(Wisniewski et al., 2019). Within the framework of this methodol-
ogy, the competency questions should be aimed at describing the
company’s products and services, in addition to answering those
questions that the customer may ask about their properties or char-
acteristics.

Next, it is required to search an ontology that correctly answers
those defined competency questions and, if necessary, make the
pertinent modifications to adapt it correctly to what it has been
looking for. There are different repositories where ontologies that
span multiple domains can be found, such as LOV (Vandenbussche
etal.,2016),Swoogle (Dingetal.,2004),0DP (Gangemi and Presutti,
2009) and Ontohub (Codescu et al., 2017), however, there are also
ontologies created as result of scientific research and that are not
found in those repositories, hence a search using the most popu-
lar search engines is also recommended. In the event that it is not
possible to find an ontology that meets all the requirements, it is
necessary to design the ontology. In the literature different method-
ologies such as On-To-Knowledge (Sure et al., 2004), Diligent (Pinto
etal., 2004)and NeOn (Suarez-Figueroa et al., 2012) can be found to
adequately guide engineers through a step-by-step ontology devel-
opment process. Once the ontology is designed, the ontology must be
built. This activity can be done making use of free tools® such as Pro-
tegé (Musen, 2015), NeOn Toolkit (Erdmann and Waterfeld, 2012)
and SWOOP (Kalyanpur et al., 2006), which facilitate creation and
editing, as well as verification of its structure and integrity. Finally,
an evaluation of the selected or built ontology against the competency
questions must be carried out in order to validate that they can all
be answered. If this is not the case, it is necessary to go back to the
search/design activity.

One might argue that an underlying ontology could be disre-
garded in favour of a database. However, the degree of flexibility
that ontologies offer for representing the hierarchy and properties
of individuals, as well as querying about them, cannot be achieved

8 A complete listing of these tools can be found at https://www.w3.org/wiki/
Ontology_editors.
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by databases. Moreover, ontologies are better suited for dealing
with inheritance and are prepared for reasoning and inference
purposes. In addition, there is usually a looser coupling between
ontologies and applications that use them than between database
schemas and applications. Finally, ontologies preserve semantics
and provide a shared understanding of a domain, favouring inter-
operability (Uschold, 2015).

With the ontology finally defined, it is time to select the knowl-
edge platform that will storage and sustain the ontology. Ontology
storage models are classified into native stores and database stores.
Native stores are directly built on the file system, whereas database-
based repositories use relational or object relational databases as
backend store. Storing ontologies using a native storage solution
is straightforward compared to storing ontologies in databases, as
relational databases do not support hierarchical relations directly
(Abburu and Golla, 2016). Although the selection of the most suit-
able knowledge platform to store the ontology depends on several
performance factors such as the response times of the queries and
the speed of data loading, there are evaluations such as those pre-
sented in (Addlesee, 2019a,b) which help facilitate the process
of selection. There are multiple ontology stores based on differ-
ent technologies, some of which offer a free version with most of
their functionalities. Examples of these are Virtuoso,” Stardog,'?
RDFox,'! GraphDB,'? Blazegraph'? and AnzoGraph.'*

The last two activities related to the build of semantic descrip-
tions are the loading of the ontology in the selected knowledge
platform and the performance test of the knowledge platform.In these
activities, it is important to verify that there are no incompatibil-
ities between the ontology and the selected knowledge platform,
the data can be loaded and queried without problems, the neces-
sary endpoints are provided and the performance is adequate. This
can be done by uploading synthetic product and service data to the
knowledge platform, converting the competency questions to the
required query language, and executing those queries.

4.3. Build of the 3D visualization

The second pillar on which the proposed methodology is based
on is the use of 3D rendering technologies for the visualization of
products in order to provide an enhanced experience to customers.
For this, it is necessary at this stage to verify the existence of the 3D
models of the products and define how those models will be visual-
ized by the customers. Furthermore, it is also necessary to establish
a synchronization method between the modifications made to the
3D models of products and their final presentation in such a way
that the changes made in the design are reflected in the customer’s
visualization.

The first activity consists of verifying if there is a 3D representation
(CAD files) of the products offered by the company. Many manufac-
turing enterprises have those representations in the form of CAD
files, which features can vary depending on the software used to
create them. In the event that the company does not have 3D rep-
resentations of its products, it is possible to search for them in free
repositories like 3D Warehouse,'> GrabCAD'® and traceparts,'” and
other paid ones such as Sketchfab'® where it can be found thousand
of 3D models divided by categories.
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If product CAD files are not available, they must be built using
a CAD software. For this purpose, there exist free alternatives for
desktop (e.g. FreeCAD'?) or web environments (e.g. Onshape,??
Autodesk Fusion 360,2! CMS IntelliCAD PE??). Some of the latter are
based on cloud processing, which introduces some key advantages
such as that there is no need to invest in computer resources for
processing, the latest version is always available, new features and
bug fixes are added automatically, can be accessed from anywhere
and can cost up to a third of the value of traditional software.?>

The next activity is to verify if an export/synchronization method
exists, in such a way that the changes made in the design are visual-
ized by the customer. Most CAD software provide a manual option
to export 3D models to local disk in different formats such as X3D,
STL, GLTF or OBJ. However, it must be established if there is an auto-
mated option in which 3D models can be transferred to the server
from where they will be rendered. If this option is not available, it
is necessary todesign and build a synchronization method. There are
manual and automated methods to carry out the synchronization.
The most basic one suggests that the designer export the modifica-
tion and load it into the repository used by the web application. This
method adds an extra burden to the designer’s work and is prone to
desynchronizations. Another approach suggests using CRON tasks
that run the synchronization process on a set schedule or at times of
low network traffic. It is also possible to synchronize using triggers
at the time the designer makes a modification or the client visual-
izes a product, for which it is necessary to develop a query method
to ask for recent modifications, either through an API in the client
application or in the selected design software.

Once the export/synchronization method has been defined, the
3D platform must be selected, that is, the technology in charge of
rendering the CAD models in the web environment. There are sev-
eral free libraries and frameworks based on WebGL (an OpenGL
based javascript library) for 3D rendering in web browsers2* such
as: Three.js,2> Babylon.js?6 and X3DOM.27 Selection of the most
appropriate should be carried out taking into account previous
experience, visualization needs and learning curve.

Next, the design and build of the rendering interface must be car-
ried out. This consists of not only being able to render 3D models on
screen, but also to offer the necessary navigation and exploration
tools to improve the customer experience. For this purpose, it is
necessary that the designed rendering interface allows, in addition
torendering the 3D models optimally and appropriately, modifying
the visualization to add relevant information as a result of the anno-
tations created in the ontology (name, model and characteristics of
parts, etc.). The final activity consists of performing communication
tests between the CAD software and the rendering interface using the
export/synchronization method in order to check the compatibility,
synchronization and visualization of the exported CAD models.

4.4. Architecture design

At this stage, the architecture that should support the
knowledge platform, the export/synchronization method and the
rendering interface must be defined. Moreover, as it is a solution

19 https://www.freecadweb.org/.

20 https://www.onshape.com/.

21 https://www.autodesk.es/products/fusion-360/subscribe.

22 nhttps://www.intellicadms.com/.

23 https://3dstartpoint.com/cloud-based-cad-software-101-how-it-works-and-
top-5-picks/.

24 Alisting of the available frameworks (free and paid) for creating 3D content can
be found at https://en.wikipedia.org/wiki/List_of_WebGL_frameworks.

25 https://threejs.org/.

26 https://www.babylonjs.com/.

27 https://www.x3dom.org/.
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oriented to the customer life cycle, it is necessary to define an archi-
tecture capable of supporting all the necessary services (customer
management, catalogue, search engine, technical support, etc.).

Before selecting the type of architecture to use, it is necessary
to identify the available computing resources as well as to estimate
the impact that the implementation of the new architecture will have
on the existing infrastructure. That is, to verify that the require-
ments for the inclusion of new technologies do not conflict with
the requirements for the correct execution of existing applications
(i.e. operating system and libraries versions) and that the current
computing resources are sufficient or it is necessary to incur in an
economic investment.

The next activity is to select the appropriate architecture type.
Among the architectures for distributed systems (Puder et al.,
2011) the best known are client/server, where clients contact the
server, which is responsible for handling requests; n-tier, where
(Web) clients interact with front-end services that then delegate
requests to their (database) back ends; peer-to-peer, where each
and every node can do both request and respond for the ser-
vices; and Service-Oriented (SOA), where services are provided
to the other components by application components, through a
communication protocol over a network. In the framework of the
Industry 4.0, several service-oriented architectures has been pro-
posed such as RAMI4.0 (Schweichhart, 2016), ARUM (Leitdo et al.,
2013), SOCRADES (Karnouskos et al., 2009), PERFoRM, IMPROVE
and BaSys4.0 (Trunzer et al., 2019). The selection of the architec-
ture type should be based on the previous two activities and on
the projections that the company has for its current infrastructure.
The definition of the architecture location also depends on the latter,
that is, if the architecture will be implemented in a client’s own
infrastructure or in the cloud. Currently, there are different cloud
service providers (e.g. Amazon AWS,%® Google Cloud,?® Microsoft
Azure®?) which allow the implementation of infrastructure in an
agile, configurable and secure way for a monthly cost, avoiding the
need to incur in a high immediate economic expense.

The next activity is to select the technologies that will be used in
the design of the architecture. Different technologies can be used for
communication from the client application to the database server,
such as web services or RESTful API's. The use of these technologies
is recommended since it facilitates scalability and maintenance in
the case of multiple client applications. Next, the architecture design
must be carried out, which is essential to develop and maintain
large-scale, long-living software systems. As stated in (Hasselbring,
2018), the architecture defines the system in terms of components
and connections among those components. Moreover, the archi-
tecture shows the correspondence between the requirements and
the constructed system, thereby providing some rationale for the
design decisions. The architecture must be designed keeping in
mind all the quality attribute requirements specified for the project,
such as performance and reliability.

The last two activities consist of configuring the architecture in the
selected location and testing the architecture. This last activity can be
performed by defining use cases that describe specific interactions
between the user of the system and the system itself, and testing
those use cases against the implemented architecture checking its
stability, performance, security and reliability.

4.5. Implementation and testing of customer services

In this stage, the implementation and testing of the services
defined in the Definition of objectives and goals stage is carried out.

28 Nhttps://aws.amazon.com/.
29 https://cloud.google.com/.
30 https://azure.microsoft.com/.
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These services must be aimed at guaranteeing an improvement in
the customer life cycle through the incorporation of the technolo-
gies selected in the previous stages.

At first, it is important to consider similar services to those to
be implemented, so that ideas can be obtained on how to add fea-
tures and avoid design problems. That is, if one of the services to be
created is a product catalogue, it is advisable to review industrial
catalogues, such as Schneider EZList?>! and Siemens Industry Mall,>2
and popular online stores such as Amazon, AliExpress and eBay,
looking for insights about the distribution of the sections on screen
or, if a search service is included, services like Google or Yahoo can
be checked to identify important functionalities (e.g. autocomplete,
suggestions).

Next, the design of user interfaces for the selected services must
be done. This process is not trivial as, in multiple times, users have
to deal with frustration, fear and failure when faced with overly
complex menus, incomprehensible terminology or chaotic navi-
gation routes. To address this, interfaces should reduce anxiety
and fear of use (embarrassing mistakes, privacy breaches, fear of
scams), allow a smooth evolution (transition from novice to expert),
allow compatibility with different input devices (keyboard, mouse,
multi-touch displays, gestural input, haptic devices, VR devices),
provide online help (text, video tutorials), improve the exploration
of information (filter, select, navigate with minimum effort and
without fear of getting lost). Designers should start by: (1) deter-
mining user needs: a thoroughly documented set of user needs
clarifies the design process; (2) generating multiple design alter-
natives: rethinking interface designs for different situations often
results in a better product for all users; and (3) carrying out exten-
sive evaluations: which can be done before fully programming the
functionality of the interfaces using sketches. Low-fidelity paper
sketches are helpful, but online high-fidelity prototypes create a
more realistic environment for expert review (Shneiderman et al.,
2016).

The next activity consists of code writing the services using the
designed interfaces followed by an usability analysis. This activity
must be carried out using the software tools and programming lan-
guages preferred by each company according to its infrastructure
and experience. This task should be modest if the interface design
is complete and accurate. The usability analysis must be designed
to find flaws in the developed services taking into account various
evaluation criteria such as: time to learn, speed of performance, rate
of errors by users, retention over time and subjective satisfaction.
The language and expressions used in the developed services must
also be taken into account. If the company operates internationally,
translation into multiple languages is necessary, otherwise it must
be adapted to the local culture. In (Bevan et al., 2016) several ISO
standards related to usability are presented that serve as a guide to
carry out this analysis: definition and concepts, evaluation reports,
quality metrics, etc.

Finally, it must proceed with the functionality, integration,
interoperability and acceptance tests. Those tests certify that the
developed services meets the goals of designers and customers,
moreover, a carefully tested prototype generates little change dur-
ing deployment, avoiding costly upgrades. In those tests, a set of
use cases for the services must be specified, with defined require-
ments such as the minimum response time for the combination of
software and hardware or the degree of user acceptance measured
through satisfaction surveys. If the services fail to meet these cri-
teria, the services must be reworked. This testing activity usually
results in a large number of bugs to be fixed which demands the
use of many human resources, making the bug fixing a disorganized,

31 https://ezlist.schneider-electric.com/.
32 https://mall.industry.siemens.com/.
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chaotic and time-consuming process. The use of bug-tracking sys-
tems (e.g. Monday,?? Airbrake,?* Backlog,>®> Bugzilla,>® Mantis>”)
facilitates this activity, assigning a state to each detected bug, man-
aging the available resources and maintaining a traceability over
the process.

4.6. Deployment in production and maintenance

In this last stage, the developed services are installed and con-
figured in the production environment. It is recommended to use a
version control in such a way that from now on all the changes
made have a traceability. Version control helps teams keep track
of all individual changes and prevent concurrent work from con-
flicting. In (Rao and Sekharaiah, 2016), a comparison of different
version control systems can be found, which can help to select the
one that best suits the needs of the company.

Once the services have been installed and configured, a verifica-
tion of their functionality must be carried out to ensure that there
are no incompatibilities with the infrastructure available in produc-
tion. Furthermore, a demo with real users must be carried out in order
to certify that the services behave the way they were designed. If
there are errors detected in the production environment, they must
be corrected and updates to the libraries and packages that are out
of date in this environment, must be performed. Once the operation
of the services is validated and approved, the maintenance period
begins. During this period, the functionality of the services must be
constantly monitored and statistics on their use must be generated, in
order to assess whether the services positively affected customers
throughout their life cycle.

5. Case study

In this section we present a case study in which the methodol-
ogy described in the previous section has been applied to develop
three services that allow to improve the customer life cycle in areal
manufacturing company: Urola Solutions. That company devel-
ops advanced solutions for the packaging manufacture using blow
moulding technology. Among the products they offer, there are dif-
ferent types of extruders depending on their production capacity
and the types of plastic they use for packaging.

As stated in the first stage of the proposed methodology, first of
all an analysis of the type of interaction between the company and
its customers must be carried out in order to detect those faults
that can be solved with the deployment of new services.

5.1. Definition of objectives and goals

Urola Solutions has a fairly solid range of clients and the acqui-
sition of new clients is mainly based on the reputation achieved
over time and the good references obtained as a result of these
consolidated relationships. However, regarding potential new cus-
tomers who browse through its website, currently they only see a
general description of the products and services offered, in addi-
tion to the form and the telephone numbers of the contact section.
As a consequence, requests for information are very common, and
thus a personalized attention at the first contact between the future
customer and the sales representative is an excessive burden for
the company. A similar situation occurs with the customer ser-
vice provided, where for a remote assistance an initial survey must

33 https://monday.com/s/bug-tracking-software/.

34 https://airbrake.io/.
https://backlog.com/bug-tracking-software/.

36 https://www.bugzilla.org/about/.

37 https://www.mantisbt.org.
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Table 2

Duration of stages for the proposed scenario.
Stage # of Weeks
Build of semantic descriptions 4
Build of the 3D visualization 6
Architecture design 2
Implementation of customer services 10
Deployment in production 2

be carried out before being redirected to the suitable specialist,
increasing occupation times of customer service representatives
and congestion on the lines.

Taking into account the aforementioned faults and a previous
meeting where the phases of the customer life cycle and Indus-
try 4.0 implementation advantages were exposed, the main goal
of this case study was oriented to improve customers experience
in two phases of the customer life cycle, Discover & Shop and Use
& Service, through the development of three services: catalogue,
searching module and virtual technician. For this purpose, the fol-
lowing general objectives were defined:

e Discover & Shop
—Creation of a searching module with questions in natural lan-
guage that allows customers to find the right product according
to their production needs in a simple and efficient way.
—Creation of an improved catalogue of the company’s prod-
ucts, with 3D visualization and advanced navigation options
that allows customers to see those products in detail.

e Use & Service
—Creation of a virtual technician, which will try to solve the
needs in terms of requesting spare parts and will only redirect
the most complex cases to the appropriate specialist.

A feasibility study was conducted to determine if the com-
pany had the necessary staff, technical resources and capital to
develop the project®?, and as a result some guidelines were estab-
lished: the project duration could not be longer that 8 months and
no more than 3 company employees should be involved with a
weekly dedication of 32 h each as a maximum. Considering those
guidelines, a team of 6 members was assembled as follow: two soft-
ware engineers, one for the backend (API, Database) and another
for the frontend (Application, Users management), with previous
experience for the necessary programming and the R&D manager
(with direction role) regarding company employees; and the three
authors of this paper with guidance and support roles. The design
of service interfaces was supported by a company designer with no
direct commitment to the project.

The duration of stages in Table 2 was estimated for a period
of 6 months taking into account the next stages of the proposed
methodology. Moreover, in Fig. 2 an excerpt of the project roadmap
defined at that time using the activities indicated in the proposed
methodology is shown.

5.2. Build of semantic descriptions

Given that the main products marketed by Urola Solutions are
extruders, an ontology should be found that correctly describes this
type of industrial machines. For this, it is necessary to define compe-
tency questions that describe this type of machines and represent
the questions that customers can ask about them when using the
new services. Below, some of the competency questions defined

38 The details of the feasibility study are not available due to the company’s data
privacy policies.
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and categorized according to the service to which they correspond
are presented.

1. Catalogue
(a) How many models of extruders does the company offer?
(b) What kind of product do these extruders make?
(c¢) What are the characteristics of the products manufactured
by the extruders?
(d) Is there a 3D model of the extruder that can be visualized?
(e) What is the production (batch size) of a specific extruder
model?
2. Searching module
(a) What is the volume of the bottle that an extruder produces?
(b) What is the size of the bottle?
(c) How many bottles per hour does an extruder produce?
(d) What is the necessary space to house an extruder?
3. Virtual technician
(a) What are the possible solutions for a problem with the
motor?
(b) Where is the screw located?
(c) Which supplier has a compatible replacement fan?
(d) The extruder has stopped suddenly, what are the steps to
follow?

After defining the competency questions, it proceeded to look
for an ontology that would describe this type of industrial machines
(extruders) in the repositories indicated in the methodology. How-
ever, the search in these repositories did not give a favorable result,
so a search was made with the words “Extruder ontology” using
google scholar. This search returned our scientific paper (Ramirez-
Duran et al., 2020) with the description of an ontology named
ExtruOnt.

As mentioned in Ramirez-Duran et al. (2020), the ExtruOnt
ontology>? is the one that describes extruders most thoroughly. The
ExtruOnt ontology represents different aspects related to extrusion
machines. It includes terms to describe (1) the main components
of an extruder (e.g. the drive system), (2) the spatial connections
between the extruder components (e.g. the filter is externally con-
nected to the barrel), (3) the different features of the components
(e.g. the power consumption of the motor is 40.5 kWh), (4) the 3D
description of the position of the components (e.g. the feed hop-
per is located at point q(0,0,—1) in a 3D canvas), and, (5) the sensors
that need to be used to capture indicators about the performance of
that extruder (e.g. the temperature sensor that captures the melting
temperature of the polymer). This ontology has been implemented
using OWL 240 and the Protégé*! development environment. More-
over, if an adequate ontology for another manufacturing scenario is
not found, the detailed semantic description of the extruder that is
made in the ExtruOnt ontology can serve as a model when making
semantic descriptions of other products.

Next, the ExtruOnt ontology was evaluated against the compe-
tency questions. Based on the classes (concepts) and relationships
described in the ontology, the competency questions were rep-
resented using the SPARQL language, dummy individuals were
created and the questions were executed, verifying that the
obtained result was equal to the expected result. Thus, it was possi-
ble to validate that the extruder models offered by Urola Solutions
could be correctly described using the ExtruOnt ontology and the
competency questions could be fully answered. As an example, the
SPARQL query for the competency question 1(e) is presented as
follows:

39 http://bdi.si.ehu.es/bdi/ontologies/ExtruOnt.
40 https://www.w3.org/TR/owl2-overview/.
41 https://protege.stanford.edu/.
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ROADMAP
Lea iRy 4.0 CLC SERVICES (€l YZVNANNT Y UROLA SOLUTIONS
o A o)
NlY'::ER ACTIVITYTITLE Aé‘w\'/‘gg 5;:_':;' SE:E PURATION Pczg:‘:fggw M| T|W R|F|M/ T W/ R F|/M T WR F M TWRF MTWRFM

1 Definition of objectives and goals

Familiarization with Industry 4.0 and
s Customer Life Cycle R&D Manager |2019-11-18 | 2019-11-19 1

Identify how the company interacts with
2] customers R&D Manager |2019-11-18 | 2019-11-19 1

Selecting those faults that can be solved
13 with the deployment of new services R&D Manager | 2019-11-19 | 2019-11-20 1
A Establish the new services R&D Manager |2019-11-20 | 2019-11-21 L ¥
15 Define the objectives and goals R&D Manager |2019-11-20 | 2019-11-21 2
16 Conduct a feasibility study R&D Manager |2019-11-21 | 2019-11-23 2

Designate the project team and the human
17 and material resources involved R&D Manager | 2019-11-25 | 2019-11-26 1
1.8 Create a schedule of activities R&D Manager |2019-11-25 | 2019-11-26 1
2 Build of semantic descriptions
2 Define competency questions Author 1 2019-11-26 | 2019-11-27 1 0%
2.2 Search Ontology Author 1 2019-11-27 | 2019-12-11 14 o%
22k Design of ontology Author 72019—11—27 72019—12—04 I 7 0% N
2220 Build of ontology Author 1 2019-12-04 | 2019-12-11 7 0%

Validation of ontology against competency
28 questions Author 1 2019-12-11 | 2019-12-12 1 0%
24 Selection of knowledge platform Author 2 2019-12-22 | 2019-12-17 5 o%
2.5 Load ontology into knowledge platform Author 2 2019-12-17 | 2019-12-19 2 0%
2.6 Test knowledge platform performance Author 2 2019-12-19 [2019-12-24 5 0% ‘ ‘ ‘

Fig. 2. Excerpt of the project roadmap.
PREFIX: < an open-source version and a SPARQL*? endpoint for connection

http://bdi.si.ehu.es/bdi/ontologies/ExtruOnt/Extruder0l#>
PREFIX rdf: < http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: < http://www.w3.0rg/2002/07/owl#>
PREFIX sd4inma: < https://w3id.org/def/sarefdinma#>
PREFIX om: < http://www.ontology-of-units-of-measure.org/
resource/om-2/>
PREFIX dcterms: < http://purl.org/dc/terms/>
SELECT ?batch ?size ?phenomenon ?description ?value
WHERE { :E01 a ?restriction.
?restriction a owl:Restriction;
owl:onProperty ?property;
owl:allValuesFrom ?allvValues.
?property owl:inverseOf sdinma:needsEquipment.
?allvValues owl:intersectionOf ?intersection.
?intersection rdf:first ?batch;
rdf:rest*/rdf:first ?node.
?batch rdfs:subClassOf s4inma:ItemBatch.
?node owl:hasValue ?size.
?size om:hasPhenomenon ?phenomenon.
?phenomenon dcterms:description ?description;
om:hasNumericalValue ?value.
}

After selecting the ontology, it proceeded to choose the knowl-
edge platform. Due to the fact that the project deadlines were quite
tight, it was decided to support the selection activity in evalua-
tions that have already been carried out. Therefore, three different
RDF stores were selected taking into account the evaluation carried
out in Addlesee (2019a) and Addlesee (2019b): Virtuoso, Stardog
and RDFox. For the evaluation of these RDF stores, the SPARQL
queries resulting from the competency questions in the previous
stage were used. Although these three RDF stores provide simi-
lar response times for most of the queries, Stardog presents too
high response times for specific types of queries and does not offer
a free version, reasons why it was discarded. On the other hand,
RDFox is an in-memory RDF store, which presents a great disad-
vantage in terms of data persistence, that is, if there is a crash or
a system restart, the modifications made would be lost. The use
of this RDF store involves creating and maintaining a backup sys-
tem, which must respond to any eventuality. This, added to the fact
that neither it offers a free version, has made this option be ruled
out. Finally, Virtuoso is a hybrid database engine that combines the
functionality of different types of databases in a single system. Vir-
tuoso has fairly low response times (<500 ms). Moreover, it offers

from external systems, therefore it was the RDF store selected.

Finally, an instance of Virtuoso Open-Source edition version
7.2.5 was installed in a Google Cloud virtual machine, in which the
ExtruOnt ontology was loaded and the necessary namespaces and
prefixes were defined. In addition, the operation of the endpoint
was checked and the firewall rules for accepting requests were
added. Furthermore, the SPARQL queries were executed again to
check the correct functionality and performance of the knowledge
platform.

5.3. Build of the 3D visualization

As a product manufacturer, Urola Solutions owns their CAD
models. These models were created using a desktop CAD applica-
tion, whose license is quite expensive and for which the period of
free updates had already expired, and in addition it does not sup-
port an export method other than saving these models on the local
disk. Within the objectives of this phase it was decided to look for
an alternative CAD application that offered additional advantages
with respect to the current CAD application as well as an export
method according to the needs of the project.

Among the different CAD packages found for exporting CAD
models, those based on cloud processing (Onshape, Autodesk
Fusion 360, etc.) caught our attention for the reasons explained
in Section 4.3. Among those options, it was decided to use Onshape
since it has a free plan with which all the functionalities can be
tested without incurring in any cost, it also allows collaboration
between teams from mobile and desktop devices and has an API
which can be used for exporting CAD models to the user application.

Using two CAD models of extruders provided by Urola solutions,
it was verified that these models were fully customizable within
the Onshape application and that the connection to the Onshape
API for the export will work correctly. It should be noted that
Onshape provides a client repository for its API*3 in different pro-

42 https://www.w3.org/TR/sparql11-overview/.
43 https://github.com/onshape-public.
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Fig. 3. 3D extruder visualization on the rendering interface.

gramming languages and runtime environments, one of them for
Node]JS, which was the one used considering that the software engi-
neers involved in the project had previous experience developing
on it.

The fact that the new services would be available to the client
through web browsers constituted a compelling reason for the
selection of the 3D platform, for this reason it was necessary to
look for frameworks or libraries that would support the rendering
of CAD models through this medium. There are different open-
source frameworks based on WebGL (an OpenGL based javascript
library) for 3D rendering in web browsers. Among these, XML3D,
X3DOM and Three.js stand out (Evans et al., 2014). The later one
was selected because it has a simple learning curve, extensive doc-
umentation, lots of tutorials, and a powerful community. Using the
selected 3D rendering framework, an interface was designed and
built for the visualization of the extruder CAD models. The inter-
face allows to visualize and interact with the CAD models of the
extruders using actions controlled with the mouse and keyboard,
this includes moving, rotating, zooming in, zooming out, select-
ing, making cuts to the model, etc. Fig. 3 shows an example of the
visualization of an extruder with a vertical cut in the rendering
interface.

The last activity was to perform communication tests between
the Onshape API and a test application that incorporated the
rendering interface in order to check the compatibility, synchro-
nization and visualization of CAD models exported from Onshape.
Those tests gave satisfactory results.

5.4. Architecture design

Following the methodology activities for this stage, the hard-
ware resources available to configure the architecture were
identified. Urola Solutions has outsourced its infrastructure, so any
inclusion of resources to this infrastructure would generate an
impact on the budgeted expense. For this reason, the company has a
development environment on Google Cloud for the proof of concept
ofits new projects, which includes more than 20 free products (with
amonthly usage limit) such as: Firebase, Firestore, Compute Engine,
Cloud Storage, App Engine, among others. Therefore, it was decided
to deploy the architecture on this development environment.

From the different types of architecture considered, the 3-Tier
architecture type was the one that best suited the needs of the
project, since in the future a native client for mobile devices could
be developed, so it was necessary to separate the presentation tier
from the application tier.

For the presentation tier of the selected architecture it was
decided to use React,** a javascript library created by Facebook for
the construction of user interfaces, with which the software engi-
neers of the project had experience enough which would shorten

44 https:/[reactjs.org/.
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programming times. In addition, FireBase*> was used as hosting
service since it has tools that facilitate administration, user man-
agement and online testing. FireBase also provides a free version
(Spark plan) with more than enough resources for the development
of the application, such as 1 GB of database storage in Cloud Fire-
store, 10 GB of hosting storage, custom domains and SSL security.

For the application tier, a REST API in charge of the functional
business logic and the communication between the presentation
tier and the data tier was developed using Node]S,*® an execu-
tion environment that allows to use javascript code in server; and
Express]S,*” a web application framework for Node]S designed for
the creation of APIs among others.

For the data tier, a virtual machine instance was created in the
Google Cloud Compute Engine, specifically of type n1-standard-1 (1
virtual CPU, 3.75 GB of memory) with a hard disk of 30 GB, in which
the knowledge platform was deployed. It was also decided to use
the same virtual machine instance to host the API (application tier),
in order to emulate the production deployment of the project since
they would share the same server. Fig. 4 shows the main blocks of
the designed architecture. The architecture was tested configuring
one user in the Cloud Firestore database and making calls to the
API, using a demo React app, to query the available extruders in
the knowledge platform. Security configurations were applied to
the virtual machine instance (application and data tiers) in order
to only accept incoming requests from the React App deployed in
Firebase (presentation tier).

5.5. Implementation of customer services

Three services that guarantee an improvement in the customer
life cycle and that integrate the technologies selected in the pre-
vious stages have been implemented. These are a catalogue, a
searching module and a virtual technician. The first two services
are related to the Discover & Shop phase and the last one is related
to the Use & Service phase of the customer life cycle.

Before proceeding with the design of the services, an analysis
of similar services was made as stated in the methodology. The
development of this activity gave us important guidelines on how
the new services should be approached taking into account the
characteristics, advantages and shortcomings of the service types
analyzed, which are presented next.

Regarding the catalogues, on the one hand, different types of cat-
alogues are used on e-commerce platforms (Business-to-Costumer
(B2C) model). They are developed to improve the end customer
shopping experience by offering intuitive visualizations and a
recommendation system based on previous search and purchase
preferences. On the other hand, in the Industry 4.0 environment,
most of the companies provide their customers with a generic phys-
ical or digital brochure with a lack of depth description of the goods
or services offered. Taking into account that many times their cus-
tomers are other businesses, i.e. Business-to-Business (B2B) model,
those brochures are insufficient because they do not incorporate
many technical details and thus, the purchasing processes are car-
ried out in extensive meetings between the purchasing and sales
departments of each company, taking more time than actually nec-
essary. A great advance in this aspect is introduced with the use
of an online 3D rendering technology in the developed catalogue.
Thus, a customer can see first-hand what the desired product looks
like and moreover, the visualization is enriched with relevant infor-
mation in such a way that the user experience is greatly improved.

45 https://firebase.google.com/.
46 https://nodejs.org/.
47 https://expressjs.com/.


https://reactjs.org/
https://reactjs.org/
https://reactjs.org/
https://reactjs.org/
https://firebase.google.com/
https://firebase.google.com/
https://firebase.google.com/
https://firebase.google.com/
https://firebase.google.com/
https://nodejs.org/
https://nodejs.org/
https://nodejs.org/
https://nodejs.org/
https://expressjs.com/
https://expressjs.com/
https://expressjs.com/
https://expressjs.com/

V.J. Ramirez-Durdn, I. Berges and A. lllarramendi

Computers in Industry 126 (2021) 103403

- N\ - )
Client Server
( REST API \ RDF S
; tore
Client App HTTP |
‘ 6 RequeSt S
Firebase . + NodeJS < i Compute
. Cloud |g|JSON + Virtuoso Engine
Firestore | Response I -
\ : L JS /
. 4 . _

Fig. 4. Architecture.

= Urola Client App - Demo

My extruders

Client

v
> 4

Admin Zone

Admin
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Fig. 6. Main screen of administration module.

Regarding the search modules, most of them are inserted into
the catalogues and its operation is based on keywords, which can
be a great challenge for novice users who do not know the cor-
rect terminology to perform a search (i.e. exact name, model, serial
number, functionality, etc.). To avoid this limitation, the search
module developed is initially based on a battery of simple questions
that guide the customer in the selection process.

Regarding post-purchase services, the most common way of
providing a post-purchase service that includes repair, mainte-
nance and support is through the customer service lines. However,
this solution presents different problems such as fixed service
hours, congestion on the lines, relatively long waiting times and
the high possibility of not finding an immediate solution. Those
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problems can generate high customer discomfort creating an effect
contrary to the desired loyalty. The effect is much more damaging
in the manufacturing industry, where enormous economic loss can
be generated by not having the requested spare part or not having
carried out preventive and corrective maintenance on time. In order
to avoid those problems the developed service (virtual technician)
provides a troubleshooting module available 24 h a day with the
possibility of requesting spare parts directly from the main supplier
or from other suppliers.

With the information resulting from the analysis of similar ser-
vices, we proceeded to the design and code writing of the new
services. However, before building those services, the REST API
and the user application where the services will be hosted must
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Fig. 7. Annotations generated when describing motor features.

be developed. Regarding the user application, it must contain an
administration module (Admin Zone in Fig. 5) in which the infor-
mation that will be available for the services will be managed. Fig. 5
shows the home screen of the user application with the adminis-
tration module and the available services, as well as the roles that
can access them.

In the administration module, the necessary annotations are
generated, using the descriptions of the ExtruOnt ontology, to store
the information of the extruder models in the knowledge platform.
This module is accessible only to users with an administrator role.
The first screen of this module (Fig. 6) presents a list of the extruder
models already loaded, with the option to edit or disable their dis-
play, and a button to access a sub-module where a new extruder
model can be created. This sub-module presents a dynamic form
where the main characteristics of an extruder model (name, man-
ufacturer, description, etc.) can be specified, in addition to the list of
its components and their characteristics. It should be noted that the
necessary information to create the form was completely extracted
from the descriptions present in the ontology, with which the gen-
eration of a database schema from scratch was not necessary, being
this one of the advantages of ontologies.

The left side of Fig. 7 presents an example of the form for describ-
ing a component of an extruder, more precisely its motor. The field
Component Type links this instance of motor to the class Motor in
ExtruOnt. Thanks to the information available in ExtruOnt about
Motors, the Features section of the form is dynamically personal-
ized to allow only for measure types that can be applied to motors
(e.g. Electric potential, Frequency). In the same way, once a mea-
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sure type is selected (e.g. Electric potential) the field Unit is filled
with appropriate units for that type of measure with regard to the
information in ExtruOnt. The user can add as many as features as
they want about the selected component (e.g. a frequency of 60 Hz,
a minimum voltage of 230V, a maximum voltage of 460V), and
then this information is internally transformed into a set of RDF
triples annotated with the classes and properties of ExtruOnt, as
can be seen in the right side of Fig. 7. Moreover, apart from the
triples generated from the information available in the form, new
triples that link the instance with additional relevant information
inherited from the type of the component are generated. One exam-
ple of additional information is the International Registration Data
Identifier (IRDI) code of the type of component, whose semantic
representation is available through the eClassOWL ontology.*3 This
ontology models eCl@ss,* a classification standard for products,
and is used to facilitate interoperability.

Additionally, this sub-module also includes a section where CAD
models can be imported from the Onshape API and whose informa-
tion is annotated in the knowledge platform using the descriptions
of the 3D module from ExtruOnt. Figs. 8 and 9 show an example
of the implemented import system and the generated annotations
respectively. In the following the functionality of each of the ser-
vices is described.

48 http://www.heppnetz.de/projects/eclassowl/.
49 https://www.eclass.eu.
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Fig. 8. Import system.

5.5.1. Catalogue

Algorithm 1. Get all extruders with their components
Input: ¢
Output: R: Object list with extruders, components, properties and
3D models.
Variables: £: Object list containing extruders with their main
properties.

P: Object list containing extruder components.
C: Object list containing extruder components
with their properties and 3D models.

1: function GetAllExtruders

2: R «—{}

3: & «— getDataS(“allExtrudersList”) [/ Run SPARQL query named
“allExtruderList”

4 foreache ¢ £do

5 if ey;sipe = true then // Only visible extruders

6: eparts <— partsByld(e;q) [/ Inject the extruder components

7 append (e) to R [/ Append extruder to list

8: return R

9: function partsBylde;d

10: C«—{}

11: P «— getDataS(“partsByExtruderld”)

12: for eachp € Pdo

13: Pproperties <— propertiesByld(piq) [/ Inject the component
properties

14: Pmodel <— modelsByld(p;4) [/ Inject the component 3D models

15: append (p) to C /| Append component to list

16: return C

The developed catalogue (Fig. 10) is made up of a list of the
different extruder models available together with the information
corresponding to each model, manufacturer and production, as well
as a navigation button which leads to 3D visualization. Algorithm 1
describes the process to obtain all extruders with their components,
properties and 3D models inside the catalogue load workflow. This
information is obtained from the annotated data in the knowledge
platform managed by the administration module and rendered in
a canvas using the Three.js framework (Fig. 11). The interaction
with visualization and navigation is carried out using the mouse to
control the events of the scene, in this way it is possible to zoom
in, zoom out and rotate the 3D model. It is also possible to make
cuts to the model in the three dimensional axes using the sliders
in the upper left corner of the screen, allowing to view and select
components that were hidden. The selection of the components
of the extruder displays relevant information for the user related
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to that component such as type, model and brand. There is also a
button to request more information, with which a contact form is
displayed. Its information contains, in addition to the data filled
in by the potential client, the information of the extruder model
displayed, helping the sales representative to better guide the first
contact with the user in order to make them a future customer.

5.5.2. Searching module

The searching module presents two types of interfaces: sim-
ple and advanced. For the simple type, five general questions are
presented, focused on the production and dimension of the extrud-
ers, which help customers to find the ideal product according
to their requirements. Based on the answers to the questions, a
SPARQL query will be formulated, which will be executed against
the annotated information about the different extruder models.
These questions are:

e What is the volume of the bottle that you want to produce?

e What is the size of the bottle?

¢ How many bottles would you like to produce?

e How many hours does your company work per day?

e What is the available space (in meters) that you have for your
new extruder? (see Fig. 12)

Algorithm 2 describes the procedure carried out when running
a basic search.

Algorithm 2. Get all extruders with basic search parameters

Input: P,,;: Volume of the bottle.

Pyhr: Object with width and height of the bottle.

Pprod: Quantity of bottles to produce in a day.

Phrpa: Working hours per day.

Pesize: Object with width, height and length of the
extruder.
Output: R: Object list with extruders, components, properties and
3D models.
Variables: £: Object list containing extruders with their main
properties.

F: String with filter options.
function GetAllExtrudersByParamsPyo;, Puwh» Pprods Phpd» Pesize
2: R «— {}
: Qsparq <— getQuery(“BasicSearchQuery”) || Return query
template for basic search

—_
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:_Motor3DGroup@l ;

:_Motor3DGroup®@l rdf:type owl:NamedIndividual ,

x3d:X3DGroupingNode ;
x3d:children :_|
:_MotorTransforme2 .

MotorTransformol ,

:_MotorTransformol rdf:type owl:NamedIndividual ,
x3d:Transform ;

x3d:children

x3d:rotation

MT_M2BA250SMA_1 @

x3d:translation

:_MotorModelel ;

' 006 0" ;

'0 0 0"

:_MotorModel@l rdf:type owl:NamedIndividual ,

x3d:metadata

K>

125D30_1

x3d:url

x3d:Inline ;
x3d :mapDEFToID "
SN
x3d:nameSpaceName "
'./parts/
dc:identifier "
rdfs:label "MT I

‘~*xsd:boolean ;
r\ lue\":

0,\"red\":

0,\"green\": 255}}" ;

- :_MotorTransform02 rdf:type owl:NamedIndividual ,
x3d:Transform ;

x3d:children

x3d:rotation

x3d:translation

:_MotorModelo2 ;

90 00" ;

'0 0 0" .

:_MotorModel02| rdf:type owl:NamedIndividual ,

_wvmes & 134 mapDEFTorD

x3d:metadata

0
x3d: nameSpaceName "

x3d:url "./par
dc:identifier

rdfs:label "9331M3

T

x3d:Inline ;
rue"~*xsd:boolean ;

{\"blue\": 0,\"red\": ©,\"green\":

Fig. 9. Annotations generated when describing motor 3D models.
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Extruder Catalogue
Extruder Thumbnail

Model

extruder_02 Urola

_Extruder_1071A Urola
extruder_01 Urola
Urola

_Extruder_1071B

_Extruder_1071 Urola

FEEEE

Manufacturer

Production Type Max Capacity (L) Explore
plastic bottles 2 \35\
plastic bottles 15 \35\
plastic bottles 0s @
plastic bottles 075 es\

plastic bottles 1 \25\

Fig. 10. Main screen of the catalogue.

»

F «— ValidateFilters(Pyol, Pwh» Pprods Phpd» Pesize) /| Return filter
options
append (F) to Qg,qrqi // Append filter options to query
€ «— getDataQ(Qgparqt) /| Run SPARQL query with filter options
for eache € £do
if e;sine = true then // Only visible extruders
eparts <— partsByld(e;q) [/ Inject the extruder components
append (e) to R /| Append extruder to list
return R
The advanced interface complements the previous one, allow-
ing searches based on the components of the extruders, and taking
advantage of the inheritance characteristics of the Web Ontology
Language (OWL) with which the ExtruOnt ontology was built. More
precisely, it allows to indicate the specific class to which a compo-
nent must belong. This advanced search engine is activated in the
option Add advanced condition that is displayed after answering the

SN w

0:
1:
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questions of the simple search engine and consists of two sections.
First, it shows the component tree of an extruder (Fig. 13A), whichis
generated from the parthood relationships present in the ontology
(Fig. 13D). Selecting a component will display the specializations
of that component (subclasses), allowing further refinement of the
search (Fig. 13B). Moreover, properties related to the selected spe-
cialization will be shown (Fig. 13C). Each of the properties will serve
for one of the following two purposes: information or refinement.
On the one hand, properties for information purposes are those
that according to ExtruOnt are either associated to the selected
specialization or inherited from its superclasses. These properties
will have a fixed value for that component. In the example shown
in Fig. 13, due to the description of the class ExtrusionHeadFor-
Profiles in ExtruOnt (Fig. 13E), the property has type of extrudate
has been assigned the fixed value Profile. On the other hand, as
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Fig. 11. 3D extruder rendered in a canvas.
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©

Capacity

-

Size

Space

©

Production

©

Production Time Space

5. What is the available space (in meters) that you have for your

new extruder?

Width 0 m

Height 0 m

Length 0 m

BACK

Fig. 12. Example of a question in the searching module.

their name indicate, properties for refinement will help refine the
search by allowing the user to provide values for them. More pre-
cisely, they will be those properties in ExtruOnt appearing in the
restrictions of the subclasses of the selected specialization. In the
example, a restriction exists in classes ExtrusionHeadForCir-
cularProfiles and ExtrusionHeadForNonCircularProfiles
which states values of Circular and Non-circular respectively
for property hasShapeOfProfile. Thus, those two values will
appear for refinement in the property has shape of profile of the
form. Although the related annotations are not shown for space
matters, the same applies for the property has quantity of plates.

Once the search has been carried out, simple or advanced, a list
of those extruders that meet the indicated conditions are displayed
using the same format and functionality of the catalogue. It is worth
mentioning that when the form to request more information is used
on an extruder obtained through the search module instead of the
catalogue, the search parameters are included in the information
sent to the sales representative.

5.5.3. Virtual technician

Using this service, customers can see the list of their extruders
bought or rented (B2C or B2B model, respectively) with the same
format used for the catalogue and with the same interaction capac-

ity in the 3D visualization (Fig. 14). Technically it is supported by
two modules: (1) A library of solutions for the most common prob-
lems generated by the manipulation of extruders created by Urola
Solutions from the experience gained over the years. This library
is annotated in the knowledge platform and associated with the
extruder components through the custom property “related to”
whose domain and range are a problem and a component, respec-
tively. The system loads the library by filtering through the extruder
component that is selected in the 3D visualization, avoiding show-
ing irrelevant information and guiding the user step by step in
solving the problem. If there is no solution, a support ticket is
opened with which the technician will receive the history of previ-
ous actions, so that the client does not have to explain the problem
from scratch. (2) A module for requesting spare parts in which indi-
vidual parts can be requested from the main supplier. In case of not
having a stock of parts, other suppliers where stock is available
are suggested. The query of the available stock and other suppli-
ers is done through the already-existing internal company service
using its own codes for the components. However, when needed,
IRDI codes in the annotations of the components could be used to
broaden the search to other components classified under the same
IRDI code. Algorithm 3 describes the procedure carried out when a
spare part is requested.
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v Extruder A. B. C.
Control system
Drive system v Extrusion head farbrpe of afinlite
Feed system Extrusion head for blow moulding Profile v
v Head and die assembly Extrusion head for foaming has shape of profile
Breaker plate > Extrusion head for profiles iculae v

Extrusion head Extrusion head for pelletizing has quantity of plates

Di Select... v
ie

Filter

Screw, barrel and heating system

:ExtrusionHead rdf:type owl:Class ; D.
rdfs:subClass0f [ rdf:type owl:Restriction ;
owl:onProperty :isHeadof ;
owl:someValuesFrom :HeadAndDieAssembly

1;
rdfs:label "Extrusion head"@en .

:HeadAndDieAssembly rdf:type owl:Class ;
owl:equivalentClass [ owl:intersectionOf ( [ rdf:type owl:Restriction ;
owl:onProperty :isHeadAndDieAssemblyOf ;
owl:someValuesFrom :Extruder

1

Vi
rdf:type owl:Class

rdfs:label "Head and die assembly"@en .

:isHead0f rdf:type owl:0bjectProperty ;
rdfs:subProperty0f <http://www.ontologydesignpatterns.org/cp/owl/partof.owl#isPartof> ;
rdfs:domain :ExtrusionHead ;
rdfs:range :HeadAndDieAssembly ;
rdfs:label "is head of"@en .

:isHeadAndDieAssemblyOf rdf:type owl:0ObjectProperty ;
rdfs:subProperty0f <http://www.ontologydesignpatterns.org/cp/owl/partof.owl#isPartof> ;
rdfs:domain :HeadAndDieAssembly ;
rdfs:range :Extruder ;|
rdfs:label "is head and die assembly of"@en .

:ExtrusionHeadForProfiles rdf:type owl:Class ; E
owl:equivalentClass [ -
owl:intersectionOf ( :ExtrusionHead
[ rdf:type owl:Restriction ;
owl:onProperty :hasTypeOfExtrudate ;
owl:hasvalue :Profile
1
)
rdf:type owl:Class

H
rdfs:comment "The extrusion heads of this type are used for pipes ..."@en ;
rdfs:label "Extrusion head for profiles"@en .

:ExtrusionHeadForCircularProfiles rdf:type owl:Class ;
owl:equivalentClass [ owl:intersectionOf ( :ExtrusionHeadForProfiles
[ rdf:type owl:Restriction ;
owl:onProperty :hasShapeOfProfile ;
owl:hasValue :Circular
]
)
rdf:type owl:Class
rdfs:comment "Extrusion head for a circular shape of profile."@en ;
rdfs:1label "Extrusion head for circular profiles"@en .

:ExtrusionHeadForNonCircularProfiles rdf:type owl:Class ;
owl:equivalentClass [ owl:intersectionOf ( :ExtrusionHeadForProfiles
[ rdf:type owl:Restriction ;
owl:onProperty :hasShapeOfProfile ;
owl:hasValue :Non-circular
]
)
rdf:type owl:Class
1;
rdfs:comment "Extrusion head for a non-circular shape of profile."@en ;
rdfs:label trusion head for non-circular profiles"@en .

Fig. 13. Example of annotations used to construct the advanced interface of the searching module.
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Y —eY

Y —eZ

’ Gearbox01
e «

e Component Features v

Parts

MRO_MZPE2_55_02
CE ®

Requesting spare parts 4/

Library of solutions

Fig. 14. Virtual technician: customer options after selecting an extruder component.

Table 3
Average response times for system evaluation (in seconds).

Action Avg. response time (s)
Catalogue loading 0.938
Extruder insertion 2.457
Loading the 3D rendering of an extruder 9.631
3D models data import from OnShape 2.736
Loading the library of solutions 1.428

Algorithm 3. Requesting spare part to available provider

Input: Ciy: Component identifier.
‘Piq: Provider identifier.
Output: R: Response object with provider list or order status.
Variables: A: Part availability.
L: List of alternative providers.
O: Order status.

1: function RequestSparePartC;y, Pig

2: R «—{}

3: A < partAvailablelnWarehouse(C;q) || Always check availability
in warehouse first

4: if A = true then

5: O «— requestPartToWarehouse(Ciq)

6: R «— (“Order”, O) || Return order status

7: els if A = falseandP;y = ¢ then

8: L «— GetProvidersByPartld(C;q) || Get list of alternative
providers or NULL

9: R «— (“Providers”, £) [/ Return available providers

10: else

11: L «— GetProvidersByPartld(Ciq)

12: if P,y included in £ then

13: O «— requestPartToProvider(Ciq, Piq)

14: R «— (“Order”, O)

15: else

16: R <— (“Providers”, L)

17: return R

At the time of writing this paper, the activities of usability anal-
ysis and testing of functionality, integration, interoperability and
user acceptance are being carried out by Urola Solutions. How-
ever, the feedback of the customers that are trying the system is
encouraging. They really value the possibilities it offers in relation
to product exploration, training of employees and recommenda-
tions regarding spare parts. Moreover, the results regarding the
evaluation of the system response times carried out in each of the
developed services in those real manufacturing scenarios, varying
the information load, can be seen in Table 3 (it shows the average
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times obtained for the most relevant tests). As can be observed,
most actions are below the recommended average time of 4.7 s for
loading web pages>? even using the limited deployment environ-
ment that was available.

5.6. Deployment in production and maintenance

This stage and its activities will be addressed once the last activ-
ities of the previous stage have been completed.

6. Conclusions and future work

This paper presents a novel approach focused on the customer
life cycle to facilitate the implementation of Industry 4.0 in those
Small and Medium Enterprises belonging to traditional manufac-
turing sectors, whose limited resources and the high degree of
complexity that this entails, make them desist from starting this
process.

The main contribution of this paper is a methodology that
describes a series of well defined stages and activities, easy to
understand and execute, with which this transition can be car-
ried out using minimal economic resources and taking advantage
of new technologies that were not previously easily accessible. This
methodology is mainly based on the use of semantic technolo-
gies and 3D visualization, which have been extensively explored
individually, but to the best of our knowledge, they have not been
used together. On the one hand, semantic technologies, in this case
ontologies, provide a high degree of flexibility for the description of
knowledge, in addition to allowing inference and reasoning capa-
bilities that are difficult to achieve by traditional databases. On the
other hand, 3D rendering technologies offer an enhanced visual
representation that includes better graphics and navigation con-
trols, allowing the user an interactive and improved experience. All
these benefits focused on a particular type of user, the customer,
throughout their life cycle will improve the relationship between
the customer and the enterprise, achieving a high degree of loyalty.

50 https://www.machmetrics.com/speed-blog/average-page-load-times-for-
2020.
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The second contribution is a system, developed as a proof of con-
cept in a real manufacturing enterprise, in which the introduced
methodology has been followed step by step and the previously
described technologies have been used to generate a series of ser-
vices that positively affect the relationship with the customer in
two of the three phases of the customer life cycle. This system has
an underlying ontology that allows to describe extrusion machines
in areliable and flexible way, making the proposal easily extensible
to any company that works with this type of machine. Furthermore,
the ontology can be modified to describe any other type of product
(e.g. toys, furniture) and the system can be adapted to be used by
other manufacturing enterprises. The development of this system,
currently in the last stage of testing before being put into pro-
duction, serves as an example of the effectiveness of the proposed
methodology.

Future work contemplates the creation of a native application
for mobile devices, improving the scope of the system. It is also
important to explore the improvements that can be obtained in the
second phase of the customer life cycle, i.e. Buy & Install, eventually
expanding the number of services offered with services related to
channel partners (e.g. dealers or distributors), such as visualizing
and analyzing real-time data from these partners for optimizing
delivery, predicting issues and making better operational decisions.
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