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Abstract. In the globalized economic scenario, the ability to adapt to the flexibility
of demand is crucial for the longevity of companies. In this context, industrial
logistics has a key function in production flexibility. To meet this urging need, the
concept of industry 4.0 brings along the use of IoT (Internet of things). Considering
the importance of industrial logistics on the flexibilization of production lines, this
present research presents a systematic literature review through the application of
the PROKNOW-C method (Knowledge Development Process — Constructivist)
aiming to understand the use of IoT (Internet of Things) in industrial logistics. The
findings can be summarized by four strategical elements that should be leveraged in
the decision making process by any company willing to implement IoT in industrial
logistics as key factors for implementation success: clear process definition,
implementation planning, people training and standardization.
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1. Introduction

Through the capability of flexibilizing productive processes, companies are able to
rapidly meet variability of customers needs (Mukherjee, 2017). This demands that
processes produce different product lines on the same physical structure composed of
machines and equipments (Pine I and Victor, 1993). Thus, to make sure flexibility is
achieved (Mukherjee, 2017) on production lines, industrial logistics plays a major role,
rapidly adapting to mix and products changes and reorganizing internal flows of
material and information aiming to supply various raw materials and components
needed for products or services, when they are requested, in the right quantity, in the
right place and under the lowest possible cost (Cooper, Lambert, and Pagh, 1997).

Inside the context of manufacturing, there are several logistics actitivities being
executed to guarantee the feeding of raw material to allow productive processes to run
smoothly. (Ellinger, 2000; Hofmann and Riisch, 2017). After the industrial revolution
and following the rise of the Toyota Production System (Ito, 2016; Kidd and Monden,
1995; Liker and Morgan, 2006; Spear and Bowen, 1999), logistics became a study
subject and was therefore subdivided in three main areas:
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e inbound logistics: loading and transportation of raw materials and
componentes from suppliers to customers, factories and/or receiving/unloading
locations;

e industrial logistics: material handling from its receiving in the unloading
locations to and throught the manufacturing processes where the material will
be transformed in finished goods; and

e outbound logistics: loading/collection of finisehd goods in units or batches
from the manufacturers and deliveries of such to the customers location/drop
points.

It is possible to find several articles that addresses the usage of Internet of
Things in logistics. In order to better understand the specifics of the available technology
and the applications in logistics, it is necessary to organize the papers and analyze them
in the general context of use and need.

This research presents a systematic literature review through the application of
the PROKNOW-C method (Ensslin et al., 2010), aiming to understand the use of the
Internet of Things in industrial logistics. In particular, the literature review aims at
clarifying the strategical elements and implementation factors that should be leveraged
in the decision-making process by any company willing to implement IoT in the
industrial logistics. Thus, Section 2 presents the selection of the bibliographic portfolio,
Section 3 the bibliometric analysis of selected works, and Section 4 the content analysis
of these works. Section 5 draws conclusions and makes remarks related to future works.

2. Selection of the bibliographic portfolio

The selection process of the article portfolio consists primarily of the selection of
publications that are considered relevant in the area of knowledge to the desired research
topic and fully aligned with the researcher's perception. This includes the raw
bibliographic portfolio and the filtering of this raw portfolio for the selection of the
articles that will compose the bibliographic portfolio to be analyzed.

2.1. Raw bibliographic portfolio formation

For the formation of the raw bibliographic portfolio, search terms and search period need
to be defined, as well as the reference databases in which works will be searched for with
these search terms.

Table 1 illustrates the search terms used, divided in two axes, one with terms related
to logistics and the other with terms related to the Internet of Things. It must be
highlighted that the process of establishing these search terms involved first scoping a
set of terms and, through an iterative process of searching in some of the selected
reference databases, refining them according to the quality of results that were obtained.



Table 1: Search axes and keywords.

Axle 1: Logistics Axle 2: Internet of Things
Logistics Internet Of Things
Industrial Logistics loT

Logistics Sensors Industrial loT

Logistics Devices

After the definition of the search terms and the scoping of some scientific reference
databases, three of them were selected to search for articles to compose the bibliographic
portfolio, namely: Scopus, ScienceDirect and Web of Science. The searching process
occurred between September 20" and October 2", 2019 with a date filter for articles
published between the years 2014 to 2019 as the search period. This resulted in a raw
total of 914 works related to the research topic. Search results related to each one of the
search terms are shown in Table 2:

Table 2: Search results by keyword combination.

Keyword Number of articles
IoT 33.520
Internet Of Things 11.020
Industrial IoT 3.571
Internet Of Things & Industrial IoT 2.542
Logistics Sensors 2.265
Logistics & Internet of Things 914

Finaly, an adherence test was used to check whether the keywords initially determined
for searching for publications in the scientific reference databases are the ones that best
align with the research theme. The Proknow-C method (Ensslin et al., 2010) suggests
that a random sample of two publications be selected from the portfolio among the 914
articles that make up the raw article bank. The presented test result showed a good
alignment.

2.2. Bibliographic portfolio filtering

After conductin the searches in the reference databases, articles need to be selected based
on their affinity to the research theme (use of IoT in industrial logistics) and relevance
in the research community. This filtering process includes:
a) Repeated articles filter: of the 914 articles, 172 were duplicated, resulting
in 742 unique works.
b) Title filter aligned with the research theme: titles of the works were read
to see if the aligned with the research theme. Only 104 papers out of the
742 unique works were aligned.
¢) Abstracts filter aligned with the research theme: in this step, all 104
articles had their abstracts read in full, and only 35 were selected for being
aligned with the research theme.



d) Scientific recognition filter: the number of citation of the selected papers
in Scopus was used as criteria. Only 23 articles were selected for having at
least 5 citations (selected baseline) or fewer than 5 citations but published
within the last 4 years in a journal with Journal Citation Ranking (JCR)
above 1.5.

e) Integral content alignment filter: in this stage, 5 articles were excluded
due to misalignment with the research theme, leaving 18 articles to be used
in this study. These articles are listed in Table 3.

Table 3: Articles selected to constitute the bibliographic portfolio.

# Author Articles title Year | JCR | Citations
1 Pawel Tadejko Applicaton of internet of things in logistics 2015 | 0.505 16
current challenges
2 T Stock, G Seliger Oppotunities of sustainable manufaturing in 2016 | 2.571 428
industry 4.0
3 Zhang, Y Guo, Z and Liu, Y A framework for smart production-logistics 2018 | 0.174 27
systems based on CPS and industrial [oT
4 Martin Wollschalaeger, Thilo 2017 | 0.174 408
Sauter and Jurgen Jasperneite The future of industrial communication
5 gz:tlstt;z:tzrrzsrls;’l\l/?ir;ﬂzzfistem How ilot 'Will change the design and operation 2014 0.174 21
of logistics systems
Hompel
6 Ethan Yun Yao Chen A new approach to integrate internet of things 2014 | 0.124 51
and software as a service model for logistics
systems: a case study
7 Mengru Tu An exploratiry study on internet of things in 2017 | 0.308 22
logistics and suppluy chain management
8 Chunling Sun Internet of things leads wisdom logistics 2018 1.946 0
9 Judti Nagy Judit Olah, Edina The role and impact of industry 4.0 and the 2018 | 0.124 41
Erdei, Dominican Mate and internet of things on the business strategy of
Jozsef Popp the value chain - the case of hungary
10 | Sasa Aksentujevic, David Krnjak, Logistics environment awareness system 2015 | 0.458 254
Edvard Tija prototype based on modular internet of things
platform
Christian Poss, Thomar Perceptionbased intelligent materialhandling 2019 | 3.033 10
Irrenhausers, Marco Pruelgmeier in industrial logistics environment
12 | Diogenes Marcelo Cassiano Modelo de gestdo da tecnologia e do 2017 | 0.447 12
Coriguazi, Alexandre Tadeu conhecimento para a integragéo de sistemas
Simon, Maria Rita Pontes fisico-cibernéticos (CPS) aos processos
Assumpgao logisticos das empresas
13 | Mengru Tu, Ming K Lim, Ming- IoT-based production logistics and supply 2018 | 0.308 10
fang Yang chain system- part 1: modeling lot-based
manufacturing supply chain
14 | Jian Liu, Shengsheg li and Yunlei Research on the dymamic relationship 2018 | 0.558 51
Zhou between industrial structure adjustment and
the development level of modern longistics
industry
15 | Andrei Bautu, Elena Bautu Quality control in logistics activites through 2016 | 3.198 0
internet of things technology
16 | Behzad Esmaeilian, Sara Behdad, The evolution and future of manufacturing: a 2016 | 2.571 282
Bem Wang review
17 | Lucas Santos Dalenogare, The expected contribution of industry 4.0 2018 | 2.571 60
Guilherm Brittes Benitez, Nestor techonologies for industrial performance
Fabian Ayala
18 | Somayya Madakam R. Internet of things (IoT): a literature review 2015 1.446 498
Ramaswamay, Siddharth Tripathi




3. Bilbiometric Analysis

With the selection of the bibliographic portolio concluded, the set of 18 selected articles
was quantitatively analyzed according to the procedures presented by Azevedo et al.
(2014), de Oliveira et al. (2016) and Waiczyk and Ensslin (2013). Two representations
are shown here, the estimation of the degree of relevance of journals and the estimation
of the scientific recognition of articles.

3.1. Estimation of the degree of relevance of journals

All journals in which the selected articles were published were searched for their amount
of citations in the Journal Citations Report (JCR). This is shown in Figure 1. The highest
scoring journal was the Journal of Manufacturing Systems, as shown in Graph 1, with

710 citations:

Figure 1: Index of journals in the JCR
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Source: Web of Science.

3.2. Estimatio of scientific recognition of articles

The scientific recognition of articles consists of researching for the number of times the
article was cited (Figure 2). The Scopus platform was used as a basis. The article with
the most citations was: “Internet of Things (IoT) a literature review”, with 498 citations.
It is possible to notice that recent publications may have a lower number of citations, but
still they present a high relevance to the research theme, according to what was
previously discussed.

Figure 2: Number of citations received by the selected articles.
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4. Content analysis

The objective of this section is to provide a conceptual basis built on the knowledge
acquired from reading the articles of the bibliographic portfolio.

Wollschlaeger et al. (2017) present a review of technological trends and their impact
on industrial communications. The authors state that sustainability of a company's
competitive advantage lies in being able to adapt quickly to the variation in demand and,
in this framework, all decisions must be deployed to the level of activities, both in
industrial logistics and in production. These decisions happen simultaneously all the time,
leading to the principle of optimizing processes and products. Still according to the
authors, there are two topics that need to be considered for the successful implementation
of cyber physical systems (CPS) such as IoT-based logistic systems:

a) Intelligence modeling layers: CPS deployment must be done at the activity
level to ensure that the change in orders coming from the customer permeates
the initial activity, avoiding an opposite effect, which, as a consequence, can
generate large inventories throughout the manufacturing structure and between
processes.

b) Intelligent auto configuration of services: when implementing a CPS, it is
necessary to ensure that all internal logistics services and activities are fully
adaptable and reprogrammable.

Li et al. (2018) corroborates these points by stating that the evolution of the industry
is only achieved with a good level of development of the communication interfaces
between the manufacturing processes and the logistical systems.

In the work of Tadejko (2015) a review of the concept of IoT is made, discussing its
emergence and evolution until the moment in which we live, and the changes and
improvements that are perceived over the years. The author also comments that for a
complete and wide diffusion of the concept and application of IoT in the most diverse
segments, many years will be necessary, but the speed of expansion in recent years is
impressively greater than in the last decades, all this promoted by the cheapening of
sensors and connection technologies. The greatest concern presented by the author is the
information security in using these devices. Among the benefits presented by the authors
of using IoT in logistics are:

a) Flexibility: provide local intelligence to the decision point. According to the
author, flexibility can be translated as interchangeability at the physical level
(machines and equipment). This concept of interchangeability is directly linked
to the concept of, when receiving an order change, having the ability and
autonomy to quickly adapt, change functionality, execute new solutions or
supply different products. It also points out that at the operational level, this
type of application can foster changes in the level of perceived performance and
the unit flow (One Piece Flow) will be allowed and promoted.

b) Robustness: the author defines robustness as intensity against interruption and
operational errors. The time between failure and recovery makes it possible to
measure the robustness of the process. In this way it is suggested that MTBF i
(Mean time between failures) is monitored, to show the time between the
detected failure and the recovery of operations.

In the view of Mayer and Schneegass (2017), the application of IoT in industrial
logistics can be described as an evolution from “monitoring” the material flow to “self-
controlling” this flow, obtained by autonomous behaviors by logistic objects within the
supply chain.



In the work of Chen et al. (2014) there are examples of improvements in logistics
processes with the use of IoT, such as:

a)

b)

c)

The replacement of labels with bar codes by RFID sensors (Radio Frequency
Identification) would allow a process of receiving materials and dispatching
them much faster (Want, 2006).

The use of reusable container with GPS (Global Positioning System) locks (Xu,
2007), highlighting the advantage of monitoring loads 24 hours a day and the
benefit of reducing environmental impact, due to reuse.

The use of GPS locators (Aughey, 2011) allows real-time monitoring of the
material flow and packaging and material inventory, both within the factory, in
transit and in the possession of suppliers or customers.

5. Conclusions

Using the Proknow-C method (Afonso et al. 2012; L. Ensslin et al. 2010; Linhares et al.
2019; Vilela, 2014; Isasi et al., 2015) it was possible to identify a solid base of works
closely aligned with the research theme.). The use of the method is highly recommended
to obtain a useful knowledge base that will permeate the future works and will foster
academic and industrial development.

As an overview of the use of IoT in industrial logistics, based on the knowledge
acquired from the reviewed material, it can be said that the success of a digital
transformation is directly related to four main factors:

a)

b)

©)

d)

Clear process definition: digital transformation is only recommended after the
maturation of current industrial logistics processes, since investment in not well
defined processes can create operational barriers that, instead of benefits, will
become operational difficulties, negatively impacting the performance of
logistic processes, which must be seen as services to customers (internal and
external), and consequently, the results of the industry. According to Mayer and
Schneegass (2017) the robustness of a cyber-physical logistics system (CPLS)
is mandatory and can be defined as the insensitivity to interruptions and errors
during the operation, that is, a failure-proof process.

Implementation: in many cases, the IoT implementation process ends up being
executed without a clear definition of the steps that must be followed and the
necessary prerequisites for the CPLS to function properly. This implementation
flow, non-existing or incompletely defined, ends up being accomplished in
different ways and methods. For this digital transformation, some references are
mentioned as models (frameworks), such as Bautu and Bautu (2016), Li et al.
(2018) and Pomorstvo et al. (2015). These works highlight the recommendation
that the transformation be well oriented, with rigor, method and speed,
combining industrial logistic processes with manufacturing management
processes and cyber-physical processes (Basco et al. 2018) to be successful.
People training: a large part of the good results that can be obtained with the
implementation of [oT in industrial logistic processes and the creation of CPLS
is directly related to the training of the people involved (Costa, 2017), since
eventually these new processes will be implemented and managed by people.
Standardization: this is an important phase of the IoT implementation process
in logistics and manufacturing processes, since non-standard processes tend to
create shortcuts and sub-processes that, if not mapped, can generate many



complications and ultimately lead to the failure of digital transformation (CNI
2016; Comissio6 Industria 4.0 2016; Ministero dello Sviluppo Economico 2017;
Vaidya et al., 2018).

As suggestion for future works, this work recommends that the following be
addressed: the definition of a CPLS design and implementation process that is flexible
and takes into account the different factors that were mentioned in this work; the
definition of a CPLS architecture to be used in this process to accelerate CPLS
implementation, that highlights information exchange; the mapping of standardization
needs within the different logistics perspectives, for a better communication among
companies in a supply chain to occur.
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