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Abstract: Today “Industry 4.0” becomes the key concept in a world where intelligent machines, systems and 
networks are capable of independently exchanging and responding to information to manage industrial production 
processes. The present research aims to evaluate the integration of RFID technology into existing SAP/ERP systems 
in combination of Industry 4.0 technologies as RFID technology is currently one of the most progressively growing 
identification technologies. The idea is to store information originating from a SAP/ERP system representing 
processes and time directly on the RFID tags. A real case study concerning an italian pilot project is presented. 
Results show an improvement of the efficiency and of the organizational management through an intelligent and 
digital process management. 
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1.Introduction 

During the past several decades, manufacturers and 
service providers improved the quality of industrial 
processes through the use of innovative technologies (Lee 
et al., 2015). In particular in recent years, industry is 
currently undergoing a transformation towards full 
digitalization and intelligentization of manufacturing 
processes to ensure high levels of efficiency (Erol et al., 
2016; Brettel et al., 2014; De Felice and Petrillo, 2012). A 
common agreement considers essential the 
implementation of new technologies and automation of 
industrial processes. These concepts are “drivers” of the 
so called Fourth Industrial Revolution which is commonly 
referred to as Industry 4.0 (Kolberg and Zuhlke, 2015). 
This fourth industrial revolution is developed in Germany, 
but it is expanding rapidly to other countries (Zhou et al., 
2015). The industry 4.0 is focused on an integrated, 
sustainable and intelligent production in an integrated 
system which manages the man-machine system (Gorecky 
et al., 2014). In the smart manufacturing the transfer of the 
information plays a vital role. Therefore, the digitization is 
essential to improve the information management, 
minimizing the time and the errors (Varghese and Tandur, 
2014). Industrie 4.0 assurances a fully comprehensive 
digitization of the factory, from the planning of the 
factory to the finished product. The companies must 
renovate their processes. In this context RFID as a key 
technology on the way to the smart factory is a key 
element of modern production. The paper describes the 

optimization of the warehouse logic processes in an 
Italian company that operates in the railway sector 
through the use of smart tools based on RFID 
technology. RFID has gathered new momentum because 
of Industry 4.0. As declared by Balog et al., (2016), RFID 
technology is currently one of the most progressively 
growing identification technologies. It represents the main 
basis for the concept of Industry 4.0. It allows to manage 
digital processes faster and with fewer errors. A RFID 
system is not only an important building block for the 
Internet of Things (IoT) but also a typical cyber-physical 
system because of its mainly functional and physical 
components. This involves new functionalities for 
enterprise resource planning (ERP) in order to connect all 
smart devices with higher decision making. Major 
technology firms from Intel to SAP are announcing 
significant investments in this area. The main purpose of 
the paper is to analyze the improvement process obtained 
through the introduction RFID application in a Cyber-
Physical System. The fundamental concept is to develop a 
model through which it is possible to manage information 
smartly and globally. The automotive industry has been 
among the first to perceive the opportunities of Industry 
4.0. The goal of the present paper is to present the 
digitization of the logistics process in an italian company 
that operates in raylway sector. It is important to note that 
since it is a pilot project, our aims is to present only the 
general approach of the project. The paper is organized as 
follows: Section 2 presents a review of literature about 
benefits of industry 4.0; section 3 describes the scenario 
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under sudy. In section 4 the application is analyzed. 
Finally, in section 5 conclusions are discussed. 

2. Benefits of industry 4.0 and smart 
manufacturing: a literature review 

The popularity of industry 4.0 and smart manufacturing 

mehods are growing and research shows an increasing 

interest. The aim of this section is to present a literature 

review aimed at identifying benefits in adopting smart 

manufacturing and industry 4.0 methods in industrial 

context. It is important to underline that the topic is new 

and relevant. Thus, the reference literature is evolving. All 

searches were executed by using Elsevier’s Scopus, the 

largest abstract and citation database of peer-reviewed 

literature. A selection criterion was performed considering 

“Industry 4.0 AND Smart manufacturing” in article title, 

abstract, and keywords. The search showed that 70 

documents were published between 2013 and 2016, 

distributed as follows: 2016 (34); 2015 (30); 2014 (5) and 

2013 (1). As we expected most of the papers were 

published in Germany (24 documents). Thus, it is 

confirmed that Industry 4.0 represents a “milestone” for 

German industries. It is also important to underline that  

documents are mainly conference papers (38), followed by 

articles (18), articles in Press (9), conference review (3) 

and review (2).  

Table 1 shows the basic features of the smart factory 

according to industry 4.0. 

Table 1: Main Smart Manufacturing Characteristics 

Characteristic 
 

Description 

Automation 
 Automated, integrated, monitored, 

and continuously evaluated  
 

Connection 
 Connecting the smart factory, smart 

machines, robots, advanced sensors 
via IIoTstandards   

 

Supply chain 
 Providing ubiquitous use of mined 

information throughout product 
value chain  

 

Communication 
 Communicating between people, 

equipment, and enterprise and 
operations management applications  

 

Digital data 

 Leveraging auto-identified 
componentswith tags (e.g. RFID, ) 
and smart products with product 
configuration 

 

 
 

The search highlighted that the key element of the 

Industry 4.0 system is the digitization process, in order to 

create an international network for the exchange 

information in real time and in different countries 

(Jackson et al., 2016). The intelligent factory must to adapt 

in real time to the continuous changing market demands 

(Azevedo and Almeida, 2011). The machines have to 

communicate with each other and the processes have to 

be maintained under control. Furthermore, in an 

intelligent factory it is necessary to optimize external 

relations, building long-term relationships with the 

suppliers and the customers (Shrouf et al., 2014). 

Regarding the opportunities and challenges of Industry 

4.0 it is important to underline that the European 

Commission announced an investment of 50 billion euro 

until 2020 for the Industry 4.0 program. Therefore, 

commitment and determination is required of each EU 

country. The attention towards themes connected to 

Industry 4.0 has been growing in recent months in Italy.  

However, the concept of “Industry 4.0” is still not very 

familiar within Italian companies. According to an 

analytical report carried out by the research center 

Staufen, in Italy only 20% of the Italian companies have 

started at least one project so far that engages in this new 

revolution, while 70% of surveyed companies admit not 

to have spent much attention to this topic. The report 

point out that, among the main benefits, the industrial 

internet will increase the efficiency within five years and 

the digitized products and services will generate 

approximately €110 billion of additional revenues per year 

for the European industry. 

3. The scenario 

In January 2016 the company, under study, announced the 
“IndY 4.0 Project”, a new strategy based on Industry 4.0. 
The motivation behind the project is the willingness of the 
company to build its first smart pilot factory in Italy. The 
smart pilot factory will serve both as a research platform 
and as a training platform for other plants. The main 
objectives of the “IndY 4.0 Project” are twofold: 

 Develop new models and new smart 
technologies; 

 Develop advanced training through workshops 
and semnars for staff. 

The scenario under study concerns the warehouse 
management. Figure 1 shows the company's plant. 

 

Figure 1: Case study: company’s plant 
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Company aimed to improve monitoring of its operational 
processes through the reengineering of the warehouse 
logic processes using an auto-identification systems, 
recognized as suitable tools to achieve greater control of 
operations and great efficiency in today’s competitive 
environments. RFID is an enabling technology, which 
means it doesn't provide much value on its own, but it 
enables companies to develop applications that create 
value. Its advantages are that it requires no human 
intervention, tags can usually be read even when a tag is 
not facing a reader antenna. The warehouse logic 
processes re-engineering was implemented in order to 
reduce waste and to maximize efficiency. To achieve this 
goal it was important to understand the key points in 
setting and running a warehouse and to define the best 
practices. In particular, a cyber-physical system was 
developed that permit the intelligent networking of 
resources, products and production in order to: 

 Deploy business best practices on all sites; 

 Increase global comfort with SAP; 

 Create a network of Logistics and Warehousing 
team leaders & Key user. 

 
An integrated model was developed, as shown in Figure 2. 

 

Figure 2: The integrated model 

4. A RFID application in a Cyber-Physical System: 
The Logistics & Warehousing optimization 

The main actions carried out are summarized as follows 
(see Figure 3): 

 Step#1: Problem analysis and structuring, 
solution development; 

 Step#2: Method, tool selection and use; 

 Step#3: Data analysis and interpretation; 

 Step#4: KPIs identification and monitoring.
 

 
Figure 3: The methodological approach 

 

4.1 Step#1: Problem analysis and structuring, 
solution development 

Step#1 aimed to analyze the processes flowchart in order 
to define weaknesses and strengths. Figure 4 shows an 
example of process flowchart. 

Similarly the other flowcharts were defined and analysed. 
 

 
Figure 4: Example of goods receipt process flowchart 
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In order to define the weaknesses of the process, the 
operator’s efficiency was investigated, according to the 
following mathematical model. In detail, the normal time 
is considered as a function of the detected time (Tr), the 
measured efficiency (Er) and the number of 
measurements (n) (Eq. 1): 
 

Tn = ∑ n
 i=1 [(Tri * Eri) / (n*100)]     (1) 

 
The normal time is increased to account operator fatigue, 
considering the factor (c) that included (see Eq. 2): 
 

T = Tn * c   (2) 
 
Table 2 shows an example of time analysis. 
The analysis refers to a kanban system but similarly the 
other processes were analysed. 

 

Table 2: Time analysis  

Action Tn c T 

Check Kanban 45 1,2 54 

Require Components 15 1,1 16,5 

Supply Kanban 60 1,2 72 

 

4.2 Step#3: Method, tool selection and use 

The model manages the real-time tracking of the entire 
logistical flow of goods from acceptance to delivery, 
overseeing the resources and the workload of the 
operators, supported by different technologies (barcode 
scanners, wireless terminals, Voice-picking, pick / put -to-
light, RFID, Mobile) and integrated with automatic 
handling and storage systems. The new planning control is 
integrated in a global communication system (Figure 5) 
that allows to manage the process more quickly and 
efficiently, minimizing the human error. 

 

Figure 5: Implementation of the “smart system” 

In Figure 6 an example of user interface is shown. 

 
 

Figure 6: User interface for real-time access 

4.3 Step#2: Data analysis and interpretation 

The new smart system allows to manage warehouse and 
transitions of materials by minimizing manual data entry.  

Table 3 shows an example of time analysis after the 
implementation of the smart system. 

Table 3: Time analysis post-optimization 

Action Tn c T 

Check Kanban 40 1,2 48 

Require 
Components 

2 1,1 2,2 

Supply Kanban 60 1,2 72 

 

4.4 Step#4: KPIs identification and monitoring 

The innovative tool allows a variety of reports to be made 
in order to monitor KPIs such as inventory accuracy, 
number of receipt and issues done. There are numbers of 
different reports to be used. For a same activity 
monitoring, different kind of queries can be used 
according to the sites where the KPI is generated. 
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KPIs show: 1) Reduction of stocks of 60 %; 2) inventory 
accuracy of between 95 %; 3) halving of shipping times (-
50%); 4) control of packages faster (+ 70%); 5)reduction 
of inventory costs of 40%, and 6) increase in sales of 18% 
due to the reduction of out of stock. 
Furthermore, the introduction of the new tool ensures an 
average saving = 48 €/day. It means that there will a 
saving of € 11,520/year. 
 
Figure 7 shows an example of SAP report & KPIs. 
 

 
 

Figure 7: SAP report & KPIs 

While, Figure 8 shows an example of materials 
management. 

 

Figure 8: Using visual flag and barcode 

5. Conclusion 

In this paper the digitization of the warehouse process 
through smart technology tools is analyzed. The 
introduction of the automatic identification of a product 
improves the efficiency of the supply chain, eliminating 
the out-of-stock and warehouse inefficiencies, reducing 
administrative workloads. It provides innovative supply 
chain solutions including e-Invoicing, scan pack and 
warehouse solutions and tailored procurement systems. 
Furthermore, the human error and the time activity are 
decremented. Our findings contribute to cover the gap 
between theory and practice against the background of the 
implementation of RFID processes. But, it is worthy to 
note that the present paper is the first result of pilot 
project developed in an Italian company following 
Industry 4.0 principles. Future research aims to investigate 
and to invest more resources in this field according to the 
Italian program on Industry 4.0 and to HORIZON 2020 
program. In detail, the company intends to investigate the 
application of smart technologies in a complete “IndY 4.0 

Platform” and to train operators in order to acquire 
specific skills to manage smart complex systems. 
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