Barata, J., da Cunha, P.R., Gonnagar, A.S., Mendes, M. (2018). Product Traceability in Ceramic Industry 4.0: A
Design Approach and Cloud-Based MES Prototype. In: Paspallis, N., Raspopoulos, M., Barry, C., Lang, M., Linger,
H., Schneider, C. (eds) Advances in Information Systems Development. Lecture Notes in Information Systems and
Organisation, vol 26. Springer, Cham. The final authenticated publication is available online at
https://doi.org/10.1007/978-3-319-74817-7 12.

Product Traceability in Ceramic Industry 4.0: A
Design Approach and Cloud-based MES
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Mateus Mendes

Abstract. We propose a customer-focused approach to design product traceability for
Industry 4.0. Our design-science research includes a review of traceability technolo-
gies and participative enterprise modeling in the ceramic industry. We find benefits in
combining Business Process Modeling Notation and Goal-oriented Requirements
Language representations to (1) promote reflection by experts with different back-
grounds, (2) reach consensus with a solution that addresses the goals of multiple
stakeholders, and (3) ensure that customers’ needs are a priority in traceability design.
The resulting model combines technologies in different stages of the product lifecycle
and is implemented in a cloud-based MES (Manufacturing Execution System) proto-
type. Depending on each stage and strategic intention, the identification code can be

A prior version of this paper has been published in the ISD2017 Proceedings
(http://aisel.aisnet.org/isd2014/proceedings2017).

Jodo Barata (D<)
CTCV, ESTGOH, ISMT, and CISUC, University of Coimbra, Coimbra, Portugal
e-mail: barata@dei.uc.pt

Paulo Rupino da Cunha
University of Coimbra, Coimbra, Portugal
e-mail: rupino@dei.uc.pt

Anand Subhashchandra Gonnagar
ESTGOH, Polytechnic Institute of Coimbra, Oliveira do Hospital, Portugal
e-mail: mial 66901 @estgoh.ipc.pt

Mateus Mendes

ESTGOH, Polytechnic Institute of Coimbra, Oliveira do Hospital, Portugal
Institute of Systems and Robotics of the University of Coimbra, Portugal
e-mail: mmendes@estgoh.ipc.pt

© Springer International Publishing Switzerland 2018

N. Paspallis et al. (eds.), Information Systems Development Methods, Tools and Management
Lecture Notes in Information Systems and Organisation, XX

DOI XX XXXX/XXXXXXX



embedded in the product, transport, or package. Our contribution can assist managers
in the creation of cloud-based MES to support traceability integration at (1) techno-
logical, (2) vertical, and (3) horizontal levels that are required in the fourth industrial
revolution.

Keywords: Traceability - Ceramic Industry - BPM - GRL - Manufacturing Execution
System - Industry 4.0

1 Introduction

The fourth industrial revolution (or Industry 4.0) is changing the landscape of manu-
facturing at a global scale. Production flexibility and decentralization, resource effi-
ciency, and the emergence of new information systems have the “potential to turn
around the industrial practice comprehensively” [1].

Manufacturing execution systems (MES) is one type of plant information systems
that handles industry operations, process supervision and control [2, 3]. To take ad-
vantage of Industry 4.0 models and technologies, modern cloud-based MES have to
deal with product traceability in distributed manufacturing, for example “where work-
flows of multiple factories are coordinated centrally to provide plant managers with
real-time tracking, visibility, and control across several plants”. Cloud-based MES
have been proposed to address this challenge, integrating different information from
suppliers in the supply chain, order tracking, real-time data, materials tracking and
complete product information [4].

Product traceability is defined by ISO 8402 as “the ability to retrace the history, the
use or location of an article or an activity, or similar articles or activities, by means of
recorded identification” [5]. Current concerns of industrial managers include prevent-
ing errors in the supply chain (e.g. incorrect product selection, or misidentification of
customers’ requirements); managing risks of product use (e.g. identification of com-
ponents, origins of materials, and counterfeit products); obtaining efficiency in in-
spections; and improved control of quality, inventory, manufacturing, and logistics
[6]. The importance of traceability is also present in the popular quality management
standard ISO 9001:2015 [7], which highlights this requirement in Sections 8.5.2
(identification and traceability) and 8.6 (people responsibilities). Additionally, [6]
mentions the need to consider the goals of stakeholders that are internal and external
to the firm and distinct phases of product lifecycle. Namely, product development,
production, use, and disposal. Still, according to [8], it is necessary to consider differ-
ent traceability technologies in industry “because of changes in material properties
and various operations in process stages. Therefore, suitable traceability methods
need to be identified for different process sections”. Also, [9] suggests that it is neces-
sary to integrate various mechanisms for traceability, because each one has its
strengths and weaknesses. Despite all this, in some sectors of the economy, product
traceability is still in initial stages of development, for example, the millenarian pro-
duction of ceramics that is addressed in our study.

In this paper, we focus on the table and ornamental ware ceramic sub-group char-
acterized by concurrent production of many different products. For example, a table-



ware product line can include different models (e.g. cup, jar, and dish) with multiple
decorations. Product diversity, aggressive environmental conditions (e.g. kiln firing
temperatures above 1000°C; dusty production environments that make reading and
sensing difficult), and the multiple operations in the production line make product
traceability a major challenge in ceramics. The company participating in our research
is implementing a cloud-based MES for distributed manufacturing, which requires
extensive traceability requirements for the entire lifecycle of the ceramic product.

We posit that designing traceability systems can be addressed by enterprise model-
ing, “an activity where an integrated and commonly shared model describing differ-
ent aspects of an enterprise is created” [10]. It can be carried out with the participa-
tion of the system stakeholders to improve the quality of the proposed solution, obtain
consensus, and commitment from the users [10, 11]. The need to include traceability
in the agenda of ceramic production and the need to identify potential technologies
and implementation methods motivated us to formulate three research objectives:

1. Model ceramic product traceability systems involving multiple stakeholders;

2. Identify traceability technologies that can be used in table and ornamental ceramic
production;

3. Create a cloud-based MES prototype that implements the traceability model for
distributed manufacturing in ceramic industry.

The remainder of this paper is organized as follows. Section 2 introduces our de-
sign-science research approach, that involved a ceramic producer and a national tech-
nological center for ceramic and glass industries. Next, we explore studies addressing
traceability technologies and application cases in distinct sectors of the economy.
Section 4 details our traceability model. In Section 5, we present a cloud-based MES
prototype for the ceramic sector. Afterward, Section 6 discusses results and we con-
clude in Section 7, stating study limitations and opportunities for future work.

2 Method

Design-science has its foundations in the work of [12] and seeks to produce innova-
tions, and create and evaluate artifacts aiming to solve specific organizational prob-
lems [13]. In our research we adopt the broad definition of Information System (IS)
artifact suggested by [14] that integrates “information artifact”, “technology artifact”
and “social artifact”. According to the authors, “technology artifacts (such as hard-
ware and software), information artifacts (such as a message) and social artifacts
(such as a charitable act) are different kinds of artifacts that together interact in order
to form the IS artifact” [14].

Our research follows the phases proposed by [15] namely, (1) problem identifica-
tion and motivation, (2) definition of the objectives for a solution, (3) design and de-
velopment, (4) demonstration, (5) evaluation, and (6) communication.

The motivation to study traceability in table and ornamental ware emerged in a
technological center with the mission to support ceramic industry development in
Portugal. This country is one of the top exporters of these products: the first in the



European Union and the second worldwide [16]. Consequently, public and private
organizations are joining efforts to evolve the ceramic IS support and achieve compet-
itive advantages towards Industry 4.0. First, we conducted a review of relevant litera-
ture, presented in Section 3. Based on the identified cases and technologies and in
contacts with ceramic experts, we constructed a holistic model for traceability in table
and ornamental ware production that implements a manufacturing execution system
and, to external stakeholders, provides real time information (e.g. results from quality
tests during production of ceramic products). Design and development (step 3, ac-
cording to [15]) was inspired by participative approaches to modeling in Information
System Development (ISD) [10, 11].

The preliminary results of our research (regarding objectives 1 and 2) were pre-
sented and discussed at the ISD 2017 conference that was held in Larnaca, Cyprus. In
this revised and extended version of the paper we present the recently developed
cloud-based MES prototype that implements our product traceability model. This
software is being deployed in a Portuguese ceramic company, that provided positive
feedback. We concluded our design research with a joint assessment of the results by
researchers and practitioners, documenting and publishing the findings.

3 Literature Review

In Section 3.1 we describe the concept of traceability design and the opportunities to
advance in this area. Section 3.2 summarizes the most relevant technologies for prod-
uct identification and traceability in industry. In Section 3.3., we discuss the imple-
mentation of these technologies in different sectors of the economy.

3.1 Traceability Design

Product traceability can have a strategic purpose, going beyond the mere identifica-
tion of where products are [17]. There are also design principles to build traceability
systems that suggest considering multiple actors and elements of the supply chain
[18]. Other researchers have proposed different solution for traceability design. For
example, [19] proposes a mathematical model for product recall. Other authors, for
example [20] addressed graphical solutions to model traceability in manufacturing
using graphs. According to these authors, a “gozinto graph represents a graphical
listing of raw materials, parts, intermediates and subassemblies, which a process
transforms into an end product, through a sequence of operations” [20]. The study
presented by [21] adapts the axiomatic design method combining both modeling tech-
niques: graphical and mathematical. The authors start by the identification of tracea-
bility functional requirements and graphically map them to the physical processes.
Their proposal extends traceability design to different areas of the supply chain.

These studies give important contributions for traceability design in industrial con-
texts. However, mathematical models have limited use in the initial stages of tracea-
bility design, involving multiple experts in the process. The graphical approach sug-
gested by [20] provides detailed information of the operations and the elements in-



volved. Yet, existing models do not address strategic aspects of traceability, namely,
(1) the contrasting perspective of multiple stakeholders, (2) the list of possible tech-
nologies and the priorities of their implementation, and (3) the participative approach
to modeling. There are opportunities to test different modeling techniques to design
product traceability in industries.

3.2 Technologies for Traceability

There are multiple technologies available to implement traceability in industrial pro-
cesses. Examples of popular identification technologies include barcode, Quick Re-
sponse (QR) code, and Radio Frequency Identification (RFID). Their main purpose is
to identify a specific product or group of products (e.g. production lot), but many
other technologies can be used individually or even combined for traceability.

Linear barcodes, namely the Universal Product Code (UPC) and European Article
Number (EAN) variants, are amongst the most used identification technologies, for
example, in the food sector [22]. Barcodes encode product data such as part number,
serial numbers, supplier numbers, and more. Barcode scanners allow accurate reading
and enable companies to track product information in multiple phases of the supply
chain, reducing human errors that are common in manual data entry. Barcodes are a
popular way of identification affixed in most products available in supermarkets, but
they also suffer from limitations of applicability in industry due to the nature of the
materials typically used. For example, in the wood industry the “barcode traceability
system is simple and low cost, however, it is difficult to be massively applied in wood
trade and traceability, because of the nature of wood” [23].

QR codes are two-dimensional codes that provide high speed reading [24]. Its
graphical image stores information vertically and horizontally, thus providing a higher
data density when compared to linear barcodes. One of the possible uses of QR codes
is to protect consumers and retailers from counterfeit products and they can contain
Uniform Resource Locators (URLS), texts, and geo co-ordinates, among other possi-
bilities. Examples of QR code use include advertising campaigns, linking to company
websites and contest sign-up pages. More recently, QR codes are being tested in the
metalworking industry to identify metal parts [25]. According to the authors, QR
codes can be engraved in the products overcoming the problems of detaching that are
common in labels.

RFID is another popular identification solution, having its foundations in the work
of the physicist Léon Theremin during the last century. It was developed and used by
the military to identify and differentiate friendly and foe aircrafts. Since then, it has
been used also in commercial airplanes, as well as in many other industry sectors.
Nowadays, RFID's are used in laptops, mobiles, building access systems, passports,
car keys, and ID cards. An RFID tag can store more information when compared to
linear barcodes, for example, adding the production date or the expire date to the
product identification code [26]. Another advantage is that it does not require line-of-
sight scanning because it uses radio waves to communicate with the reader. The RFID
tags are classified as active (using battery to emit radio waves, readable from larger



distances) and passive (generating the required power from the scanner’s interrogat-
ing radio waves) as per the need in the business.

The list of traceability technologies is vast and includes many other options, some
of them associated with the emerging topic of Industry 4.0, a priority for Europe and
for the entire globe [27]. Wireless solutions, communication technologies such as
4G/5G, mobile devices including smartphones/PDAs/Tablets, Near Field Communi-
cations (NFC), Indoor/Outdoor GPS and Cloud platforms are now available to tackle
the challenges of traceability in modern supply chains [28]. In fact, Industry 4.0 de-
sign principles of interconnection, decentralized decisions, and information transpar-
ency [29] require real-time identification of products and their production stages. The
priority to reduce lot sizes, individualize production [30], and ensure individualized
trace data, call for a combination of technologies and new competencies for the indus-
try [31].

Popular as they are, there are common limitations to traceability tags such as
RFID, barcodes, and QR codes, for example, in highly adverse environments such as
the case of high temperature processes. Exposures to temperatures of around 1000°C
require solutions that do not require direct contact with the product. Possibilities in-
clude computer vision to count/identify specific products. However, in spite of the
potential of this technology in quality inspection of defects [32], these types of sys-
tems have not yet been tested in the table and ornamental ware ceramic sector, where
there are significant challenges posed by the hundreds or even thousands of possible
product formats.

3.3  Application Cases: Solutions and Opportunities

Multinational companies are investing in traceability solutions. For example, Hitachi
provides solutions targeting the beef and the steel industries [33]. Examples of inter-
nal and external traceability solutions in construction, food, and manufacturing are
described by [6], accounting for backward and forward traceability. The former
providing information about product history and production details (e.g. responsibili-
ties), with the latter describing what will happen to the product in the supply chain
[6].

Traceability in the wood industry can use a combination of techniques such as
punching, painting, barcodes, QR Codes, micro-wave sensors, DNA-fingerprinting,
and RFID [23]. On one hand, the sector is evolving from traditional punching and
barcodes to digital systems that involve QR Codes and genetic technologies. On the
other hand, some authors identify that “few countries in the forest sector and general-
ly the wood industry are using IT methods of wood traceability” [23], and it would be
interesting to develop a standard traceability method to assist this traditional sector of
the economy.

The food industry is one of the most critical for human safety and, consequently,
for traceability requirements: procedures and systems for the identification of out-
sourced production; product identification; producer data; and destination of all sup-
plied products. The importance of tracking technologies using carriers tags (e.g. RFID
and barcode) in food manufacturing is explained in [34]. However, the authors also



state that “data carriers alone do not establish traceability. The use of RFID facilitates
chain information management because it eases the automated data capture process,
but it does not establish traceability itself. Traceability requires association of identi-
fiers with locations and processes, and following such identifiers through the chain
from their emergence until their obliteration” [34].

The healthcare sector is making important investments in mobile technologies and
the use of QR codes, for example, for medicine prescriptions [35]. Moreover, bar-
codes are commonly used in pharmaceutical products. The initiatives for mobile
health using remote monitoring are creating opportunities for the use of healthcare
applications with mobile devices.

Benefits of product traceability in the cases described are extensive, including the
possibility of obtaining complete information for the customer, trace suppliers’ pro-
duction and logistics, identify quality issues, enhance product visibility, inventory
control, certification, counterfeit goods protection, or ethical and legal responsibilities
[6, 25, 36]. But in spite of the many existing applications, applications in ceramic
industry are scarce. In fact, a Google Scholar search with the keyword combination
“product traceability” AND “ceramic manufacturing” returns a single result about
current trends in ceramic. Extending the scope of our search criteria (e.g. “traceabil-
ity” AND “ceramic” AND “RFID”) we found a master thesis directly related to sani-
taryware traceability [37]. Sivers and Sjogren [37] compared different technologies
and suggested the use of (product engraved) Datamatrix 2D codes, consisting of black
and white modules, usually arranged in a square pattern, which are similar to QR
codes but more usual in industrial settings. However, the author focused on internal
traceability techniques, not addressing the design method and external stakeholders’
involvement in the system design, such as end customers’ goals.

The lack of solutions for our target ceramic sub-group and the possible benefits of
combining technologies reinforced our decision to continue the research with partici-
pative enterprise modeling, as described in Section 4.

4 Modeling Product Traceability in Table and Ornamental
Ceramic Industry

Our participative approach involved experts in ceramics, IT, and electronics. After
reviewing potential traceability technologies, we visited a ceramic company and in-
terviewed an expert in the ceramic process from a private research and development
institute. The simplified process of table and ornamental ceramic production is pre-
sented in Figure 1, using Business Process Modeling and Notation (BPMN).
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Fig. 1. Ceramic production model (adapted from [38]).
The sequence of activities in the ceramic process and the simultaneous production of

multiple product references pose specific challenges for traceability design, as illus-
trated in Figure 2.

Fig. 2. Ceramic product mix: a complex scenario for traceability design.

Figure 2 shows the several references in the production line. The fragile consisten-
cy of the ceramic material in all the production stages and the low cost of each unit
limits the use of some traceability options, such as (proportionately expensive) RFID
tags. Moreover, this case revealed a highly manual process that is mostly supported
by paper records. Process participants may be internal (e.g. customer service, sales,
marketing, production) or external to the company (e.g. the customers, partners, and
material suppliers), each one demanding an analysis of the most applicable traceabil-
ity technology. Figure 3 presents a mapping of selected traceability technologies ac-
cording to the manufacturing process activity.
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Fig. 3. Business process model for traceability identification (extract for production activities).

We highlight (1) QR codes, barcodes, or 2D Datamatrix embedded in the ceramic
product at conformation stage, (2) high temperature ink to make the codes readable
during/after firing above 1000°C (there are multiple intrusive/non-intrusive marking
techniques available that are out of the scope of our paper, such as laser marking, dot
pen or ink jet), and the possible use of computer vision for automatic product count in
areas of difficult access. The automatic reading of trays before and after the firing
process will allow real time identification of the product under fire and ready for the
finishing activity.

The process model of Figure 3 is useful, but does not explain why the technology
was needed or used in each activity. Therefore, we could not establish priorities and
clarify the comparative interest of the specific technology. For example, if an activity
could use barcode and QR code, which one was the best for that activity and for the
overall traceability purpose? So, in a second stage, we created goal models with the
jUCMNav Eclipse plug-in [39] to understand the needs of each stakeholder of the
traceability system.

Figure 4 presents an extract of the GRL model we developed for the customers.
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Goal models can be useful for communication in the initial modeling process, identi-
fying requirements and the main goals of the system actors. There are recent studies
adopting GRL in participative enterprise modeling [40]. Figure 4 includes two main
traceability technologies that the design team found more valuable for the customer of
table and ornamental ware: barcode and QR code (represented as GRL resources in
the bottom-left of Figure 4). The modeling team connected the resources with the
goals of the actors and considered barcodes useful for only two goals (two contribu-
tion arrows — to “Have a product traceability code” and to support “Complains to
supplier”). QR codes could address eight goals and/or soft goals of the customers,
which suggests that it was preferable to the actors in this scenario. After completing
our models we established the most important traceability technologies for each actor
and process activity (represented as tasks in the bottom-right of Figure 4). In our goal
model, resources (traceability technologies) are connected with goals, not tasks, but
we can identify the link of resources and tasks via contribution arrows. Moreover, in
this model we can identify why the technologies are used (e.g. in support of the iden-
tified goals of the actors), thus adding information that was not available in the
BPMN model.
Figure 5 shows the traceability landscape for table and ornamental ceramic.
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Fig. 5. Product traceability landscape: model for table and ornamental ceramic.

This model suggests that QR codes are strategic for internal processes and to custom-
er use. For example, the end customer (reseller or end user) can access a web page to
see a video about the product or the production. However, external partners such as
suppliers and vendors/retailers need barcodes for lot checking and sales process (e.g.
in supermarket points-of-sale). Due to its higher cost, RFID is an option for high-
value products only, for example, with intensive manual finishing or historical value,
but it can be used in the future to track transport cars. For this classification of tracea-

bility technologies, we got our inspiration in the McFarlan strategic grid [41], detailed
in Figure 6, for the ceramic production stage.
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The grid presented in Figure 6 is created for each actor of the system — the example
is for ceramic production, but it can be extended to the end user, vendors, and other
actors. According to [41], strategic solutions (on the top left of Figure 6) are im-
portant to the company future; critical solutions (bottom left) are important to the
present; and high potential solutions (top right) may be important to the future, but it
is uncertain. The design team considered QR codes as strategic to provide increased
value to the customer and contextualized information during production stages, RFID
as strategic to identify transport cars location in the factory, and computer vision as
high potential for product traceability that requires additional field testing. We also
found an opportunity to identify product moulds with barcodes to improve traceability
of the tools used in the process (e.g. how many products were made by each ceramic
mould).

We discussed our approach with a medium sized ceramic company that agreed to
participate in a European Union co-funded project to develop and validate the inte-
grated traceability system in a new cloud-based MES. According to the company
manager, this model can provide the foundations to build a comprehensive cloud-
based MES for table and ornamental ceramic, supported by traceability technologies,
and integrating multiple actors of the ceramic production supply chain, particularly
useful in distributed manufacturing scenarios that occur in the company. The manager
stated that “nowadays, (...) product traceability is needed for different parts of the
supply chain (...). The product history is as important as the price tag [...and] infor-
mation must be available at all stages of cradle-to-cradle or cradle-to-grave design”.

The next section describes the cloud-based MES prototype that we developed us-
ing the proposed model for traceability.



5 Cloud-based MES Prototype for the Ceramic Sector

The cloud-based MES aims to support the entire lifecycle of table and ornamental
ceramic production, including requirements of distributed manufacturing and integra-
tion with three traceability technologies: barcode, QR code, and RFID (computer
vision will be integrated in a future research project). The requirements include the
use of mobile information systems [42] to support the company workers via tablets
and smartphones. Figure 7 presents screenshots of the cloud-based MES dashboard.
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Fig. 7. Cloud-based MES prototype — Dashboard

The cloud-based MES was designed for mobile devices, allowing the production
team, production managers, and the external partners to share data about each produc-
tion order, product characteristics, and responsibilities in the process. Traceability
data is critical in the cloud-based MES for (1) automatic data input, (2) data quality
check, and (3) output generation (e.g. QR code labels) tailored for each stakeholder in
the process. Inputs include data obtained by barcode readers (e.g. suppliers’ material)
and product logistics in the plant area - provided by the RFID system. The data ob-
tained by sensors is then compared with the data directly inserted via tab-
lets/smartphones in each process phase (e.g. good / bad parts and rework) to show
discrepancies to the production manager. Finally, the cloud-based MES also prints the
required barcode and QR code labels to use in the different stages of the product
lifecycle, for example, the final packaging QR code and the dynamically generated
webpage for the product information (accessible via QR code to the end customer).
Another area of our prototype is presented in Figure 8 — material traceability reports.
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The solution developed for the ceramic company enables tracing the final products,
product parts, and materials. Figure 8 presents an example of production report with
multiple criteria, providing a traceability analysis for each product stage, material
used, or product part. The traceability components of RFID, barcodes, and QR codes
provide inputs to the cloud-based MES (e.g. stock movement) but also a complemen-
tary confirmation of data quality. For example, contrasting product stock levels rec-
orded in each department with the information obtained by the RFID readers enables
the identification of potential problems in the process flow (e.g. wrong quantity input,
defects, rework, delays in specific departments) and more precise identification of the
stage of each product in the required production plant/line. Figure 9 present the main
modules of the cloud-based MES.
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Fig. 9. Cloud-based MES prototype — Modules



The Products module includes all the information required for each product, such as
parts, materials, production time (adjusted automatically), and partners information.
The Orders module is where the production cycle begins, providing the data for work
order generation (for each factory). The Production control module includes a mobile
interface and support for automatic data input from the traceability layer (e.g. RFID
readers). Our cloud-based MES also includes a Stock management module, the After
Sales module, that dynamically generates the web pages for vendors and end custom-
ers (via QR code) and the Analytics module. Other modules, under development,
were omitted for sake of simplicity, such as ERP integration, maintenance manage-
ment, and energy management. For each module, in figure 9 we represent the most
relevant traceability technology (e.g. QR code for the after sales module).

6 Discussion

In spite of the different options available for product traceability in ceramic produc-
tion we did not find a single technology that could be used throughout the entire
product lifecycle and address the needs of internal and external stakeholders. QR
codes are interesting for consumer information, while linear barcodes are low-cost
and efficient for tray identification during a production process. RFID can also be
used for transport cars identification and for more expensive products, but has several
limitations for use during production in aggressive environments such as those we can
find in the ceramic industry.

To deal with the problem of selecting a suitable mix of traceability technologies for
the particular industry in our study, we found benefits in using multiple representa-
tions of the production system with participative enterprise modeling. First, the con-
trast of different models — BPMN and GRL — improved the reflection about traceabil-
ity challenges amongst experts of different domains. BPMN clarifies the sequence,
interactions, and elements of the supply chain, while GRL explores the “why” of the
system actors, their requirements, beliefs, goals, and resources. Second, it helped in
the construction of a consensual perspective for the next steps that includes sourcing
the traceability system aligned with the company strategy. On one hand, RFID has
several advantages for storing data and reading at a distance, but it was not compati-
ble with high temperatures, and it is proportionately expensive when compared to the
low average price of ceramic products. Also, it is not practical to provide extra fea-
tures to the end consumer. On the other hand, QR codes provided advantages for mul-
tiple goals of stakeholders (e.g. consumer) and to develop online web services (thanks
to the ability to encode full URLs), but we can’t simply eliminate linear barcodes
because retailers need them (e.g. in point-of-sales in supermarkets).

The use of multiple modeling techniques helped us move the focus from technolo-
gy to the requirements for our cloud-based MES platform. When the team started this
project, the goal was to identify candidate technologies for product traceability. Then
we shifted our attention to the goals of the different stakeholders included in BPMN
and GRL models. We agree with [43] in that the operational backbone of the organi-
zational IS must be complemented with digital services targeting different stakehold-



ers. Traceability in the context of Industry 4.0 requires supply chain integration in-
creasing the need to use multiple models, accessible to different experts and ensuring
a strategic focus [41].

Cloud, wireless, and mobile can provide “the glue” for traceability information in
cloud-based MES for distributed manufacturing. The information traced in the prod-
uct line can be available to customers or to specific partners/suppliers to plan deliver-
ables of raw material and final product components according to the plan. The use of
smartphones in the production line also opens possibilities for future research, taking
advantage of QR/ barcodes in products, and trays. For example, for quality control,
embedded QR codes can simplify product recall (e.g. the same product model can
have problems in a single production lot while the others conform to specifications).

According to the company managers, the cloud-based MES prototype was able to
integrate traceability requirements from multiple stakeholders, rather than staying
restricted to those of internal operations. This benefit is particularly relevant for small
and medium sized companies that struggle with (1) the lack of human resources for
production control tasks, (2) the need to share information between multiple elements
of the supply chain, and (3) the flexibility needed for constant changes in the produc-
tion plan and real-time information requested by their partners and end-customers.

7 Conclusions

We presented an approach to model product traceability that integrates multiple tech-
nologies and stakeholders’ viewpoints. The ceramic industry provided the setting that
includes adverse environmental conditions for traceability technologies. An overall
model for product traceability landscape is proposed, inspired by the classification of
[41] and a prototype for cloud-based MES implementing the model was created. Our
results suggest that a multi-model approach has the potential to contribute to team
learning and creativity in complex scenarios that involve distributed manufacturing
and require the participation of multiple stakeholders in ISD. We confirmed previous
studies pointing to the benefits of enterprise modeling for achieving consensus in ISD
[10] and found new opportunities to use traceability technologies and promoted de-
bate amongst team participants using the models. Our approach extends the work of
[4] by (1) proposing an approach to model traceability requirements and (2) imple-
ment a sectorial cloud-based MES prototype.

As for limitations, first, the technologies and application cases identified in our lit-
erature review are restricted to those found in the consulted literature databases. Sec-
ond, we restricted the modeling artifacts to BPMN and GRL models, because the
design team was already familiar with BPMN tools and recent research suggested
benefits of GRL for participative enterprise modeling [40]; other modeling methods
and languages can be used. Third, in spite of our participative approach to enterprise
modeling, traceability in ceramic production is highly complex and the environmental
conditions (e.g. temperature and dust) present challenges to system implementation
that require additional research. Nevertheless, our project identified opportunities to
use mobile devices and automatic tracking in traditional product lines, including



product, transport, and package identification codes. Fourth, although we already
found a company that validated our initial model with a cloud-based MES prototype,
the system is still under development and we do not have experimental evidence of
the benefits for efficiency and effectiveness in the production. These are opportunities
to address in upcoming phases of our research that may be extended to other sectors
of the economy.

Currently, we are implementing the cloud-based MES in the company and testing
the distributed manufacturing of products combining ceramic and cork - a specific
model of lamp that is produced in parallel by two distinct companies, one responsible
for the cork parts and the other for the ceramic parts, assembly, and packaging. The
main contribution of the present project is a graphical approach to design traceability
integrating multiple stakeholders’ viewpoints in cloud-based MES with requirements
of distributed manufacturing. Moreover, our design-science research evaluates exist-
ing artifacts (BPMN and GRL) concluding for their positive synergy in the develop-
ment of product traceability. For managers, we identify traceability technologies and
suggest digital innovations in the context of table and ornamental ceramic.

Acknowledgements. This work has been partially supported by Portugal 2020 and
European Union, European Regional Development Fund (ERDF), POCI-01-0247-
FEDER-024541.

References

1. Lasi, H., Fettke, P., Kemper, H.G., Feld, T., Hoffmann, M.: Industry 4.0. Business &
Information Systems Engineering. 6, 239-242 (2014).

2. Valckenaers, P., Van Brussel, H.: Holonic manufacturing execution systems. Cirp
Annals-Manufacturing Technology. 54, 427-432 (2005).

3. Banker, R.D., Bardhan, L.R., Chang, H., Lin, S.: Plant information systems,
manufacturing capabilities, and plant performance. MIS Quarterly. 30, 315-337 (2006).

4. Helo, P., Suorsa, M., Hao, Y., Anussornnitisarn, P.: Toward a cloud-based manufacturing
execution system for distributed manufacturing. Computers in Industry. 65, 646656
(2014).

5. ISO: ISO 8402:1994 Quality management and quality assurance - Vocabulary.
International Organization for Standardization, Geneva (1994).

6. Terzi, S., Panetto, H., Morel, G., Garetti, M.: A holonic metamodel for product
traceability in Product Lifecycle Management. International Journal of Product Lifecycle
Management. 2, 253 (2007).

7. ISO: ISO 9001:2015 Quality management system — Requirements. International
Organization for Standardization, Geneva (2015).

8. Zhang, J., Feng, P., Wu, Z., Yu, D.: Automatic identification-enabled traceability in
supply chain management. In: WiCOM’08. 4th International Conference on Wireless
Communications, Networking and Mobile Computing. IEEE (2008).

9. Zhang, X., Zhang, J., Liu, F., Fu, Z., Mu, W.: Strengths and limitations on the operating
mechanisms of traceability system in agro food, China. Food Control. 21, 825-829
(2010).



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Stirna, J., Persson, A., Sandkuhl, K.: Participative enterprise modeling: Experiences and
recommendations. In: Advanced Information Systems Engineering. pp. 546-560.
Springer (2007).

Pankowska, M.: User Participation in Information System Development. International
Conference on Information Society (i-Society). 396401 (2012).

Simon, H.: The sciences of the artificial, (third edition). MIT Press (1996).

Hevner, A.R., March, S.T., Park, J.: Design Science in Information Systems Research.
MIS Quarterly. 28, 75-105 (2004).

Lee, A.S., Thomas, M., Baskerville, R.L.: Going back to basics in design science: from
the information technology artifact to the information systems artifact. Information
Systems Journal. 25, 5-21 (2015).

Peffers, K., Tuunanen, T., Rothenberger, M.A., Chatterjee, S.: A Design Science
Research Methodology for Information Systems Research. Journal of Management
Information Systems. 24, 45—78 (2007).

APICER: Ceramic Tableware, http://www.ceramica.pt/en/setor.php?s=decorativa
[08/11/2017].

Alfaro, J.A., Rabade, L.A.: Traceability as a strategic tool to improve inventory
management: A case study in the food industry. International Journal of Production
Economics. 118, 104-110 (2009).

Ngai, E.: Building Traceability Systems: A Design Science Approach. In: Processings of
the 16th Americas Conference on Information Systems (2010).

Dai, H., Tseng, M.M., Zipkin, P.H.: Design of traceability systems for product recall.
International Journal of Production Research. 53, 511-531 (2015).

Jansen-Vullers, M.H., Van Dorp, C.A., Beulens, A.J.M.: Managing traceability
information in manufacture. International Journal of Information Management. 23, 395—
413 (2003).

Dai, H., Ge, L., Zhou, W.: A design method for supply chain traceability systems with
aligned interests. International Journal of Production Economics. 170, 14-24 (2015).
Lehmann, R.J., Reiche, R., Schiefer, G.: Future internet and the agri-food sector: State-
of-the-art in literature and research. Computers and Electronics in Agriculture. 89, 158—
174 (2012).

Tzoulis, 1., Andreopoulou, Z.: Emerging Traceability Technologies as a Tool for Quality
Wood Trade. Procedia Technology. 8, 606—611 (2013).

Soon, T.J.: QR Code. Synthesis Journal. 59-78 (2008).

Ventura, C.E.H., Aroca, R.V., Antonialli, A.I.S., Abrdo, A.M., Rubio, J.C.C., Camara,
M.A.: Towards Part Lifetime Traceability Using Machined Quick Response Codes.
Procedia Technology. 26, 89-96 (2016).

Prater, E., Frazier, G. V., Reyes, P.M.: Future impacts of RFID on e-supply chains in
grocery retailing. Supply Chain Management: An International Journal. 10, 134-142
(2005).

Smit, J., Kreutzer, S., Moeller, C., Carlberg, M.: Industry 4.0 - Study for the ITRE
Committee. (2016).

Barata, J., Cunha, P.R.: Mobile Supply Chain Management: Moving Where? In:
Proceedings of the 13th European, Mediterranean and Middle Eastern Conference on
Information Systems (EMCIS). pp. 1-13. Krakow, Poland (2016).

Hermann, M., Pentek, T., Otto, B.: Design Principles for Industrie 4.0 Scenarios. In:
Proceedings of the 49th Hawaii International Conference on System Sciences (HICSS).
pp- 3928-3937. Grand Hyatt, Kauai (2016).



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Brettel, M., Friederichsen, N.: How virtualization, decentralization and network building
change the manufacturing landscape: An Industry 4.0 Perspective. International Journal
of Mechanical, Aerospace, Industrial, Mechatronic and Manufacturing Engineering. 8,
37-44 (2014).

Prifti, L., Knigge, M., Kienegger, H., Krcmar, H.: A Competency Model for “Industrie
4.0” Employees. In: 13th International Conference on Wirtschaftsinformatik. pp. 46-60.
St. Gallen, Switzerland (2017).

Cubero, S., Lee, W.S., Aleixos, N., Albert, F., Blasco, J.: Automated Systems Based on
Machine Vision for Inspecting Citrus Fruits from the Field to Postharvest—a Review.
Food and Bioprocess Technology. 9, 1623-1639 (2016).

Moriyama, S., Tanabe, H.: Traceability and Identification Solutions for Secure and
Comfortable Society. Hitachi Review. 50-54 (2004).

UNESCAP: Information management in Agrifood Chains: Towards an Integrated
Paperless Framework for Agrifood Trade Facilitation. United Nations (2015).

Mira, J.J., Guilabert, M., Carrillo, 1., Fernandez, C., Vicente, M.A., Orozco-Beltran, D.,
Gil-Guillen, V.F.: Use of QR and EAN-13 codes by older patients taking multiple
medications for a safer use of medication. International journal of medical informatics.
84,406-12 (2015).

Zarei, S.: RFID In Mobile Supply Chain Management Usage. International Journal of
Computer Science & Technology. 1, 11-20 (2010).

Sivers, R. von, Sjogren, A.: Traceability in a Sanitary Ware Production System—A Case
Study at Ifo Sanitér, (2013).

Quinteiro, P., Almeida, M., Dias, A.C., Aratijo, A., Arroja, L.: The Carbon Footprint of
Ceramic Products. In: Assessment of Carbon Footprint in Different Industrial Sectors. pp.
113-150. Springer Singapore (2014).

Amyot, D., Rashidi-Tabrizi, R., Mussbacher, G.: Improved GRL Modeling and Analysis
with jJUCMNav 5. In: Proceedings of the 6th International i* Workshop (iStar 2013),
CEUR Vol-978. pp. 137-139 (2013).

Barata, J., Cunha, P.R.: Mending the patchwork of requirements from multiple standards
using participative goal modelling: a case in the food industry. Requirements
Engineering. (in press), 1-17 (2017).

McFarlan, F.W.: Information Technology Changes the way you Compete. Harvard
Business Review. May-June, 98—103 (1984).

Barata, J., Cunha, P.R., Stal, J.: Mobile supply chain management in the industry 4.0 era:
An annotated bibliography and guide for future research. Journal of Enterprise
Information Management. (in press), 1-19 (2017).

Andersen, P., Ross, J.W.: Transforming the LEGO Group for the Digital Economy. In:
ICIS 2016 Proceedings. Dublin, Ireland (2016).



