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Abstract: With the emergence of production systems chaiiaetérby Industry 4.0 technologies, asset tracegbili
problems have become more relevant at differen¢élenk of the supply chain. The management of igeeit assets
promoted by Industry 4.0 is considered as a protdess in addition to collecting information, allewracking and
ensuring the security of assets. This article sheavious technologies for traceability and assenitoang, from the
perspective of Industry 4.0. Through a case stadiieé metal mechanical industry, the solutionstzenkfits offered by
the implementation of technologies based on RFWD@RS were analysed. With this proposal, it wasiptesto respond
to the problem of the control and monitoring of éimf equipment inside and outside the company.utaraatic update
of the locations was also achieved, through theofi§&PS. The company estimates that with this impletation levels
of reliability in the inventory close to 99% can dlgtained, which would lead to guarantee the tigiigaof the assets.

1 Introduction relevant at different stages of the supply champacting

The incorporaton of new information andnot only in companies that traditionally perfornyttiy
communication technologies to transform aspecesael regulated operations such as the pharmaceuticakzsce
to the design of production systems, manufacturingnd automotive sector.
storage, and logistics are some of the currentdgren Asset management has become a critical activity in
Industry 4.0 and intelligent manufacturing. To aslei an Organizations that share assets between their own
advantage in the market and ensure an adequateofevecompanies or facilities, that is, a company that $everal
customer service, companies have used a set fafilities within a region can share equipmentanis to
technological tools to optimize different processesh as Pperform different production processes in different
production, human resources, finance, informatiolpcations. Mismanagement of assets, such as raerialat
management, research and development, sales a@l/or equipment, can hamper the quality of thelyrbor
logistics, maintenance, environment, security, glesi cause the loss or theft of equipment. However, thighuse
project management, and asset management [1].eln @f new technologies in Industry 4.0, these problearsbe
manufacturing sector, it is where technology-basegPlved, to manage assets efficiently and advara=dell
applications mainly allow companies to stay andtjpps s provide real-time data [4].

themselves in increasingly competitive marketsyijoling Technologies in Industry 4.0 play an important
innovative solutions to the different challengesyttiace character in handling the flow of products and &sse
throughout the supply chain. throughout the supply chain. Big data, the Interokt

Obtaining  real-time  information  generatedThings, and tag-based technologies for Radio Frexyue
systematically through technologies for traceabilias Identification (RFID) allow us to share informatiam
been one of the key factors for the digital transtation of inventory levels, order policies, and forecastsfuifire
the industry, boosting global competition and ination of demands, thus effectively communicating requirement
supply chains [2,3]. Due to the emergence of highffiroughout the supply chain. These internet-based
automated production processes and cyber-physidgfhnologies, connected with physical environments
production systems in manufacturing operations iffmachinery, equipment, mechanisms, among others),
Industry 4.0, asset traceability problems have imecmore ~ generate the so-called cyber-physical systems (@Rish
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are the main foundation of Industry 4.0. Fernandezalled “intelligent asset management”, with thepgase of
Carames et al. [5] also mention that these tecigiedo monitoring and tracking physical assets anywhese, b
promote horizontal integration of the supply chainincluding technologies such as RFID or GPS tags to
dynamically determining supply needs efficientlydan transform assets physicists in "intelligent asséig! and
real-time, mainly between suppliers and manufacsure Jooste [12] indicate that intelligent asset managegm
The objective of this article is to show some tegbgies emphasizes the notion of technological processes to
for asset traceability, from the perspective ofuistdy 4.0. improve the collection and processing of informatim
Through a case study in the metal mechanical inguse  support of strategic decision making. The digittiian of
solutions and benefits offered by the implementattd the assets allows, in turn, the increase of theevaf these
technologies based on RFID and GPS were analy$ed. Tor the organization. In the research carried guibl and
hypothesis for this study was that with the implaragon Jooste [12], they point out that intelligent asset
of technologies for traceability it is possiblestgnificantly management is the integration between physicabiigl
improve the levels of inventory reliability. media that organizations use innovatively, to imprthe
management of their assets.
1.1 Asset Administration
Pittman and Atwater [6] through the APICS dictignar 1.2  Traceability in Industry 4.0
defines an asset as: “any resource owned by a egympa The growing demand for highly customized produsts i
whether tangible (cash, machinery, equipment, arafactor present in the fourth industrial revolatidirectly
inventories) or intangible (patents, software oefises)”. impacting the different stages of the supply chaihich
The I1SO 55000 standard generalizes an asset as famplies more flexible production systems and shorte
element, a thing or entity that has potential af value for product life cycles. To meet these requirementsS @GP
an organization”. On the other hand, the Britishn8ard applied to interconnect and self-manage production
Institute defines in BSI PAS 55-1, the term "acties processes in an “intelligent factory” environmehatt
"machinery, property, buildings, vehicles and otitems, incorporates external and internal conditions for
and related systems that have a different and djadté  autonomous adaptation for the benefit of optimizimgse
commercial function or service" [7]. processes [13]. In the intelligent factory, thewflof
Asset management is described as a set of adtititie bidirectional information between all componentstsas
achieve a specific business or organizational ¢liec machines, products, control programs, and assets is
which includes the identification, maintenance, andnderstood through traceability.
renewal of assets [8]. The British Standards ntstit Technology and systems for traceability are thenmai
defines asset management as “the systematic asupport for monitoring products within Industry 4Xhe
coordinated activities and practices through whash concept of traceability according to ISO 8402 aB®|
organization optimally and sustainably manageassets, 9000 refers to the ability to track the historyplgation or
its performance, risks, and associated expensasghout location of an entity through registered identifioas.
its life cycle with to achieve its strategic orgaational Bougdira et al. [14] also mentions that due todtaperties
plan” [7]. Maleté et. al [9] points out that assetand characteristics of Industry 4.0, traceabilttpidd be
management is also essential, especially for companconsidered as an intelligent process to registentify and
where their assets are the basis of their sucdessrding collect data in the different processes throughwisupply
to Hastings [10], asset management also involvesiie chain to recover the information, not only to trdck also
of information technology-based systems to offéicieit  to ensure the security of the (active) objects witheir
visibility and control for the identification of egpment, environment. The information provided by the tedbgy
locations, and monitoring of activities throughatiie for traceability may include location, speed, aecaion,
organization. Inventory management, sourcing ar@mperature, humidity, product information (price,
purchasing, cost estimation, maintenance routinedimensional information, physical characterist@sjong
financial reports, and work processes are somieeafiain  others), as well as physical and physical condition
applications of information systems for asset manant. characteristics of the means of transport usetbfpstics
Lima and Costa [11] mentions that asset managemd8j.
is based on four fundamentals or principles trerisiate Bar codes and global positioning systems (GPS) are
into continuous actions such as 1) focus on theevilat some of the first technologies used for traceabgind
the asset can deliver to the organization (vali®); tracking. According to Halawa et. at [15], other
transform strategic decisions into technical, ecgiccand technologies that are commonly used for tracking an
financial decisions (alignment); 3) strengthen théocation are Ultra Wide Band, radio frequency
implementation, operation and improvement of assealentification systems, and Wi-Fi vision and tedogy
management within the organization (leadershipdt 4n systems.
be confident that the assets will achieve theieweisal With the development of information systems and new
objective (assurance). In the environment of Inguét0, concepts on CPS combined with the Internet of Téing
the transformation has been promoted towards the €toT) and cloud computing, innovative technolodiese
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been promoted for traceability among which areeless
networks, identification by radiofrequency and sntags.
In general, these technologies aim to provide tigs-
information for traceability and product trackind].|

construction, medical equipment, and the educatémtor
[16-19]. RFID, GPS, IoT, Cloud Computing, and Bigt®

are common technologies for asset management and
identification.

Table 1 shows some technologies for traceability an

applications of these

in different sectors such as

Table 1 Traceabhility technologies

Sourct Technology for traceabili Application / Tracked Obje
[16] RFID Construction secti
Cloud computing
[14] Big data Not specified
GP<
[4] Internet of thing Health sectc
[17] RFID .
Internet of thing Educational secti
[15] RFID Not specifie
[18] RFID Health sectc
[19] GPS senso Construction secti

In the review of concepts and trends in Industéybi;

Other technologies used by logistics companied) wit

the authors Ben-Daya et al. [20], also indicate asformation and data flow processes, are Real-Time

technologies related to traceability to RFID, laTdaBig
Data tags. The IoT applied to traceability in they

Location Systems (RTLS). RTLS has properties fgectb
identification, like those offered by RFID systerblike

chain, arose from the evolution of information andRFID, RTLS enables continuous label localizationain

communication technologies that have been usezbjert
tracking.

IoT refers to global networks in which several ckge
are integrated with electronic sensors, actuatorgther
digital devices to collect and exchange data [B&h-Daya
et al. [20] also mention that 0T is a network biypical
objects that are digitally connected to identifiack, and
interact within a company and its supply chainpwlhg
visibility, monitoring, and information exchangehdmain
characteristics of the 10T that favour traceabilitythe
supply chain are: (1) intelligent manufacturingteyss, (2)
real-time data acquisition, and (3) real-time \ilgip of

space with an accuracy of up to 15 cm in supenaseds
[24].

In this context, RFID technology is a key elemant f
asset management due to its ability to integrat&s,CP
connecting objects in the physical world with their
representations in information systems [12]. Faneple,
among the applications of this technology for teduikity,
Bisio et al. [16] propose an original architectdesigned
to manage and track assets within constructios, sitbere
they integrate a classic radio frequency (RFID}kitag
solution, Bluetooth low energy tags and smartphones

Finally, the preponderant technologies for tradégbi

production processes. Lee and Lee [22] identify, loTis Big data. Big data is a term that refers torgdaamount
wireless sensor networks (WSN), cloud computingl arof data, which exceeds the capacity of conventional

RFID, as key technologies for I0T.

software. In the context of Industry 4.0, dataexibn is

Besides, RFID tags are also considered as oneeof the first step towards a comprehensive analysismadrt

most advanced technologies for supply chain trakgab
influencing most of the industry, specifically ingbiag

asset management. For example, in the manufacturing
sector, Big data is used to obtain informationriderstand

manufacturing sectors. Unlike barcode scannersDRFEtustomer requirements and improve the user expErien

generated data can be read at a distance of wgvévas

[25]. In asset management, Big Data in conjunctidth

meters [18]. RFID technology is widely used in thdoT offer great opportunities, but also great airadles, for

intelligent identification of assets so that they @connect
and interact with each other through specific forofis
interconnectivity [21]. RFID identification deviceare
labels or bar codes that are increasingly assatciatth

example, in terms of data exchange [8, 26].

2 Methodology
The company in which this case study was conducted

systems for asset management. Systems for asge4 company inthe mechanical metal sector focasetle

management based on architectures such as loT
developed to track the products attached with dfelk,

which contain all the necessary information focé@bility

[15, 23].

MBnufacture of mass cargo transportation for tieag
industry, which has manufacturing centres located i
Mexico and different countries. At the internatiblesvel,
the railway industry is characterized by technical,
organizational, and operational complexity. Tecbgalal
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progress for rolling stock, as well as infrastruet@and A welding equipment consists of two basic elements:
increased capacity utilization, are some of thdlehges (1) a source, which has the function of generatingrgy,
facing the railway industry [27]. and (2) a feeder, which is used to initiate andntadi the

In Mexico, the supply chain of this company corssistarc between the wire and the base metal. The compan
of national and international suppliers that deldifferent owns about 1,000 welding equipment, with an avecage
inputs and materials (steels, welding, and speeigk) for per team of USD 6,000, which presents a considerabl
production. Some of the assemblies that are redjuiithin  investment in this type of assets. Welding equipnmgn
their production process, due to capacity andistributed in two types of locations depending the
manufacturing times, are made outside the company. manufacturing processes, (1) internal locations,

One of the improvement issues that this manufarjuri corresponding to the work positions along the défife:
company has is the proper management of its a§g®ts. production lines, and (2) external locations cqreesling
reliability and traceability of assets are deteiingrfactors to warehouses both own and suppliers, where special
for the company's performance indicators. Becah& t manufacturing processes are performed.
company is under a projected organization, that is, Due to outsourcing operations and in compliancé wit
production plans and programs are executed based tbhe quality requirements in the processes, the aomnpas
projects; Asset reliability levels are a vital elsmh to  31% of its welding equipment outside its facilitiéfzat is,
ensure the proper administration and planning afh external locations. Thus, the fact that the &saee in
inventories and assets that are required for thewgion of  different internal and external locations, has edus
a specific project. Particularly, welding equipmaséed in  problems for the traceability of inventories in sthi
most production processes is one of the assetsthéth company. As shown in Figure 1, the process in wttieh
highest economic and strategic value for the bgsirEhe welding equipment interacts starts at the requéshe
welding processes that are carried out with theseta manufacturing department, which makes a requisfiion
represent 90% of the total production operationshan the movement of the welding equipment to the prestio
company, being the most relevant processes exewitted planned external or internal locations.

MIG (Metal Inert Gas) welding.

Install

Validate and Check
request equipment
q Update
information in
TAM
Manufacturing Engineering Maintenance
department department department

Figure 1 Welding equipment application process

Subsequently, the welding engineering departmeetjuipment. This application allows to manage anawhkn
validates that said equipment has the necessamitet the traceability, as well as the amount of toolgl an
characteristics for the assigned process and simadusly equipment that the company has, in addition toihglfo
generates the service request with which the maanize  determine the status of the same (new, in use failtires,
department performs the corresponding installat@mce in repair, obsolete, with report of theft, in cadibon,
the installation of the equipment is completed, $hene among others). The information collected by the TAM
maintenance area updates the location of saidtiiseagh serves as a support in the decision-making prdoeske
the Tool & Asset Manager (TAM) application. The TAMacquisition of equipment and tools for future petge
is an asset management tool, which allows the dise @ptimizing current resources. One of the restniof the
barcode readers and RFID tags, to identify anetadaitity TAM, is that the information mainly obtained from
of company assets [28]. external locations, involves manually updating the

The main function of the TAM in the company is thedatabases by company personnel. In addition tatibge,
control of assets, such as tools, hydraulic equipme the continuous change of location of the assetstankhck
communication equipment, power tools, and weldingf traceability in the external locations causeat th some
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projects there were more welding equipment thasoftware applied to inventory traceability. Howewbiese

necessary, while in other projects they would bableto

strategies proved to be ineffective, mainly duethe

comply with the production due to the lack of sucluncertainty in updating databases in external iooat

equipment.

Subsequently, the company evaluated alternativiés wi

As a sequence of this problem, the loss and loss loidustry 4.0 technologies. RFID was the initial gsal

welding equipment, positioned the company at a lexs
of reliability in its inventories. Also, the econaimpact

because this technology is one of the most profiic
traceability in the supply chain. However, due te t

was estimated, contrasting the theoretical invéggor movements of assets in locations outside the coynpan

declared in the TAM system and the physical inveesp
obtaining losses calculated for about 1.4 millioHats.

3 Result and discussion

GPS technology was also evaluated, which is sitabl
external environments.

The alternatives with RFID and GPS were evaluated,
considering in each case the positive and negative

The company evaluated different solutions for asséttributes, as shown in Table 2.

control based on strategies for identifying procedwand

Table 2 Attributes of the technologies analysed

RFID

Passiv Active GPS
Indoor operatio Yes Yes No
Visibility in areas outside the No No Yes
compan'
Two-way communicatio No Yes No
Tag siz 3 mm- 50 mn 50 mm- 150 mn 50mm - 150 mn
Reading rang Om-3m 0-30m 0 m- 20,500 kn
Battery life - Long Long
Infrastructure co: Mediurr High Mediunr
Maintenance co Low Mediunr Mediunr
Operating co: Low Mediurr Low
Operating frequent 50 Khz- 2.5 GH: 1.E Ghz-2.7 Gh:

Specifically, in the configuration of the traceityil
information system, the organization followed agamaure
based on (1) selection of network technology adogrtb
the needs of the company, (2) the development
engineering for its operation, which included aspscch

facilitates the management of their performancethsce
is a need to create technological platforms thiiwal
obtaining consistent and real-time informationrtfmtmed
decision making. By implementing the proposal vidAS
systems for external locations, the control anditoang

as the placement of devices and sensors in weldio§ the company's welding equipment were improved.

equipment subject to traceability and (3) the eatadun of

Automatic updating of locations was also achieved,

the development necessary for the data managemémbugh the use of this technology. The compariynests

system,
infrastructure and interface of users. This stuslysidered
factors such as accuracy, accessibility, line afhtsi
wireless communication, data storage, and poweplgup

Finally, after an agreed analysis and considerg t

need for visibility of assets in external locatioas

including aspects such as communicatidhat with this implementation you can obtain levefs

reliability in the inventory close to 99%, which uld lead
to decrease equipment losses, generating savingsion
annual average of 553, 634 USD.

Other particular benefits achieved with this pr@os
were: (1) improvement in the efficiency for datdlection

preponderant, the company selected GPS technokgy aof equipment (quantity and location), (2) increasehe
solution proposal. The proposal included a GPS nodeliability of the inventory of welding equipmentdé (3)
with the company's operating requirements, under thimprovements in access of the complete historyhef t

following characteristics: (1) two GPS check-In plavy,
(2) LTE-M connectivity, (3) offline storage, (4) BS
protected Internet connectivity with 256-bit
encryption and (5) 5-year battery life.

movements of the teams, such as dates, timesjdosat
among others.

AES The integration of GPS technology with the RFID-

based TAM system allows traceability in locationside
and outside the company, in addition to ensuriadytiene

The implementation of these GPS-based technologigwentory reliability. Keeping asset locations umpdhwas
confirms that smart technologies have high poténtiaalso one of the benefits achieved through this gsap

mainly for asset management. According to Nel arusbte
[12], it has been shown that the use of assetatabysis
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4  Conclusions

Considering that "it can only be understood, waat c
be measured”, technology-based traceability isyatdel
that supports and provides a global vision througltioe
processes of the supply chain. Currently, Indugt
demands a higher priority for traceability even amthe
most conventional companies. CPS in industrial afears
requires innovative technologies that allow effitie
production, in a sustained supply chain, and cotelyle
connected to its different processes, from supplyhe
final customer.

Industry 4.0 also requires the identificati@amd
location of assets within the supply chain instaatasly

[5] FERNANDEZ-CARAMES.,

for 10T Application with Asset Managementhird
Inter national Conference on Electronics,
Communication, and Aerospace Technology (ICECA),
pp. 920-925, 2019.

T.M,, BLANCO-
NOVOA, O., SUAREZ-ALBELA, M., FRAGA-
LAMAS, P.: A UAV and Blockchain-Based System for
Industry 4.0. Inventory and Traceability Applicat
Proceedings (International Electronic Conference on
Sensors  and  Applications), pp. 1-7, 2019.
doi:10.3390/ecsa-5-05758

[6] PITTMAN, P., ATWATER, Y.: APICS Dictionary,

15th Edition, APICS, Chicago. 2016.

to obtain information on their origin, storagend status. [7] BSI. British Standards Institute, PAS55:2002a08:

Monitoring the current status of an asset through
traceability technology allowss to provide the necessary
tools for operational analysis, proposing more cedfit
routes and production processEse balance in the use of
technologies, for the traceability with the systewfs

Soecification for the optimized management of physical
assets. 2008.

[8] METSO, L., KANS, M.: An ecosystem perspective o

asset management informati&@npceedings of MPMM
2016. Sweden, 2017. doi:10.1515/mspe-2017-0022

administration of supplies, inventoriesaind finished [91 MALETIC, D., MALETIC, M., AL-NAJJAR, B.,
products, ariseas a response to the constant variations in GOMISCEK, B.: Development of a Model Linking

customer demands. RFID, GP&hd RTLS are tools that

are used in logistics, affecting the improvement in
visibility, security and risk reduction throughout the

supply chain.

Physical Asset Management to Sustainability
Performance: An Empirical Researcystainability,
Vol. 10, No. 12, pp. 1-20, 2018.
doi:10.3390/su10124759

As was shown in the case study studied in thislarti [10] HASTINGS, N.A.: Physical asset management.

through the implementation of traceability techiggisuch
as GPS, it is possible to ensure the reliabilitingéntories
and at the same time reduce the losses associdtethes
lack of visibility of assets along the supply chaiihe use
of massive data of GPS positions, in the assetthef
company, also allowed to detect bottlenecks, aahgev
greater efficiency in logistics operations.
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