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Abstract—Emerging technologies such as Internet of Things, 
big data and cloud computing are bringing new opportunities to 
manufacturing companies. Fourth industrial revolution, also 
referred as Industry 4.0 is becoming a reality, making 
manufacturing processes increasingly complicated, but also 
automated and sustainable. Vertical, horizontal and end-to-end 
integration is becoming a necessity for manufacturing companies 
in order to stay competitive. This paper is focused on vertical 
integration within the factory which can transform it into smart 
factory that is highly flexible and reconfigurable. This is a 
prerequisite for development of complex products based on 
costumers’ specification and manufacturing upon receipt of 
customers’ order in greater extent. We are going to investigate 
the influence of adoption of digitalization technologies on 
production and product characteristics in manufacturing 
companies from developing country. For this purpose, the data 
from European Manufacturing Survey which was conducted in 
Serbia in 2015 is going to be used. Based on the data gathered 
from 285 manufacturing companies from Serbia, it can be 
concluded that the adoption of digitalization technologies is on 
low level with potential for improvement in near future. 
Companies which are implementing digitalization technologies 
are performing better as regards the development of complex 
products based on costumers’ specification and manufacturing 
upon receipt of customers’ order compared to those companies 
that did not implement these technologies.  

Keywords—industry 4.0; european manufacturing survey; 
smart factory; technology; product characteristics 

I.  INTRODUCTION 
Industry is the part of an economy that produces material 

goods which are highly mechanized and automatized. Ever 
since the beginning of industrialization, technological leaps 
have led to paradigm shifts which are named industrial 
revolutions [1]. Since the first industrial revolution, 
subsequent revolutions have resulted in radical changes in 
manufacturing, from water and steam powered machines to 
electrical and digital automated production. The first industrial 
revolution was built in the 18th century as a result of the use 
of steam and coal. After that, electricity was invented and 
introduced in industry which was the reason for the second 
industrial revolution. It has brought mass production in 
industry. The third industrial revolution caused digitalization, 
information technology and automation of production. 
Recently, the emerging technologies (e.g., Internet of Things, 

wireless sensor networks, big data ,cloud computing, 
embedded system, and mobile Internet) are being introduced 
into the manufacturing environment, which ushers in a fourth 
industrial revolution [2]. Consequently, a strategic initiative 
called “Industry 4.0” was proposed and adopted as part of the 
“High-Tech Strategy 2020 Action Plan” of the German 
government [3]. The similar strategies were also proposed by 
other main industrial countries, for example, “Industrial 
Internet” [4] from USA, “Internet +” [5] from China, “High 
Value Manufacturing” [6] from United Kingdom, “Production 
2030” [6] from Sweden, “Smart Industry” [6] from 
Netherlands, “Industrie du Futur” [6] from France,  “Fabbrica 
Intelligente” [6] from Italy.  

With the fourth industrial revolution manufacturing 
processes have become increasingly complicated, but also 
automated and sustainable. Automation of processes enables 
machine operating in simple, efficient and persistent way [7]. 
Many European manufacturing studies emphasize that under 
Industry 4.0, manufacturing will consist of exchanged 
information and controlled machines and production units 
which are going to act autonomously and intelligently [8]. 
Industry 4.0 represents a new level of organization and control 
concerning the whole value creation chain over the entire life 
cycle of products. The life cycle becomes orientated towards 
the increasing individualism of customer requirements. The 
interconnection of human beings, objects and systems leads to 
dynamic real time optimized and self-organized inter-
company value creation systems which are evaluated and 
optimized using criteria such as costs, availability and 
resource efficiency [6]. 

The fourth industrial revolution concerns digital 
technology. It is the fruit of the convergence of two 
technological trends born at the same time as the internet. It 
combines dematerialization of a growing number of activities 
and the interconnection of absolutely everything, which allows 
the entire world to be converted into data. In other words, the 
digital revolution seeks to accommodate the current 
production systems with big data and connected objects in 
order to optimize the operation of industrial assets. The digital 
revolution is therefore a synonym for the fourth generation of 
industrial revolution [9]. In effect, it is continuous progress of 
information and communication technology in combination 
with an exponential growth of computing, transmission, and 
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storage capacity, which enables the emergence of increasingly 
powerful, interconnected new technological systems, also 
called Cyber-Physical-Systems (CPS). The German 
Committee of Experts on Industry 4.0 defines CPS as systems 
that directly link real (physical) objects and processes with 
information processing (virtual) objects and processes via 
open, partially global and always interconnected information 
networks [10]. CPS is introduced into companies as a 
fundamental step in the transition of operations to Industry 
4.0. The Industry 4.0 describes a production oriented CPS that 
integrate production facilities, warehousing systems, logistics, 
and even social requirements to establish the global value 
creation networks [11]. The essential innovation, which comes 
along with CPS, is the interconnection of objects and 
processes via open and global information networks – via the 
internet. The main technological driver for the emergence of 
CPS has hardware and software based origins. On the one 
hand, the technological infrastructure consistent of embedded 
systems and high-performance sensors, actuators, and 
communication interfaces provides the inevitable hardware 
capacities. On the other hand, the use of the business web, 
integration platforms, and services based on cloud solutions 
opens entirely new business opportunities [10]. Five essential 
dimensions of CPS, which build upon each other towards 
increasing openness, complexity, and smartness, are [12]: 

• Merging of the physical and virtual worlds 
• Systems of Systems with dynamically adaptive 

system boundaries  
• Context-adaptive systems with autonomous systems; 

Active real-time control  
• Cooperative systems with distributed and changing 

control 
• Extensive human-system cooperation 

With Industry 4.0, companies, departments, objects, 
people, functions, and capabilities will become much more 
cohesive, as cross-company, universal data-integration 
networks evolve and enable truly automated value chains [13]. 
In the process of introducing Industry 4.0 companies should 
make a minimum of three basic types of integration: 

• Horizontal integration through value networks to 
facilitate inter-corporation collaboration,  

• Vertical integration of hierarchical subsystems inside 
a factory to create flexible and reconfigurable 
manufacturing system, and  

• End-to-end engineering integration across the entire 
value chain to support product customization 

The main features of Industry 4.0 included in this paper, 
are focused on vertical integration of companies. A company 
owns several physical and informational subsystems, such as 
actuators and sensors, control, production management, 
manufacturing, and corporate planning. It is essential for 
companies to be vertically integrated in order to enable 
flexible and reconfigurable manufacturing system. By this 
integration, the smart machines form a self-organized system 

can be dynamically reconfigured to adapt to different product 
types. Also, the massive information can be collected and 
processed to make the production process transparent [2]. 

This paper is going to investigate the level of adoption of 
smart technologies in manufacturing companies in transitional 
economy. We are going to analyze the influence of smart 
technologies adoption on production characteristics in 
manufacturing companies. In order to do so, we will give 
answer to following research questions: 

RQ1: Which smart technologies are adopted in 
manufacturing companies in transitional economy and are 
companies planning to adopt smart technologies in the near 
future? 

RQ2: What is the influence of smart technology adoption 
on product development, manufacturing and product 
complexity? 

II. METHODOLOGY 
The methodology used in this paper is survey research, 

conducted under the international project European 
Manufacturing Survey (EMS) which is coordinated by the 
Fraunhofer Institute for Systems and Innovation Research. 
EMS investigates technological and non-technological 
innovations and performance indicators such as productivity, 
flexibility and quality in European manufacturing industry 
[14]. The survey is carried out on a triennial basis and targets a 
random sample of manufacturing companies with more than 20 
employees. Dataset that is going to be used in this paper is 
from 2015. It is gathered from manufacturing companies 
(NACE Rev 2 codes from 10 to 33) from Serbia. Total 
population of 2043 companies in Serbia meets above 
mentioned criteria. In order to obtain representative sample, 
828 companies evenly distributed across all sectors were 
contacted. Total number of companies that participated in this 
research is 285, representing a response rate of 34.4%. Share of 
companies which participated in the survey based on their size 
is presented in Table 1. 

TABLE I.  DISTRIBUTION OF COMPANIES BY SIZE 

Company size N Share [%] 

Small (20 to 49 employees) 118 41.4 

Medium (50 to 249 employees) 137 48.0 

Large (over 250 employees) 30 10.6 

Total 285 100.0 

 

In order to answer on research questions, investigation 
about the impact of innovative technological concepts on 
product characteristics in manufacturing companies from 
Serbia is going to be performed. Focus of this paper is on 
technologies that are contributing to digitalization of 
companies and characteristics of products which are defining 
the type of product development and manufacturing and level 
of product complexity. Technologies that are related to 
digitalization of manufacturing companies are: 
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• Digital solutions for providing drawings, work 
schedules or work instructions directly on the shop floor 
(e.g. tablets, smartphones) 

• Technologies for safe human-machine interaction (e.g. 
cooperative robotics, "fence-free" stations) 

• Product-Lifecycle-Management-System (PLM) or 
Product/Process Data Management 

• Mobile/wireless devices for programming and operation 
of equipment and machinery (e.g. tablets) 

• Systems for automation and management of internal 
logistics (e.g. RFID, warehouse management systems) 

• Digital exchange of product/process data with 
suppliers/customers (Supply Chain Management) 

• Near real-time production control system (e.g. systems 
of centralized operating and machine data acquisition) 

• Software for production planning and scheduling (e.g. 
ERP system) 

Companies were asked if they are using any of the 
proposed technological concepts and if not, whether they plan 
to use them until 2018. They were also asked about the type of 
product development and manufacturing and level of product 
complexity. Product development can be according to 
customers’ specification, standardized basic program into 
which customer specific options are implemented and standard 
program from which the customer can select. Products can be 
manufactured upon receipt of customer’s order, assembled 
upon receipt of customer’s order or produced to stock. Also, 
products can be simple, medium complex or complex. Analysis 
in this paper are focused on development of complex product 
based on costumers’ specification and manufacturing upon 
receipt of customers’ order, since these are the characteristics 
that are best describing tendencies of Industry 4.0. The idea 
was to find out if there is an increase of production that 
corresponds to product characteristics mentioned above in 
companies which are using proposed technological concepts, 
compared to those that do not. The results are presented with 
the use of descriptive statistics.  

III. RESULTS AND DISCUSSION 
First, we will present general information about the use of 

technological concepts which are contributing to digitalization 
of companies. Number of companies that are using these 

technologies is presented in Table 2. The share of companies 
which are using digitalization technologies is relatively low. 
That was expected, since companies from developing countries 
do not have enough resources to implement advanced 
technologies at higher level. However, it can be concluded 
from Table 1 that the share of companies which are using 
digitalization technologies will increase in recent future. It 
seems that companies from manufacturing sector in Serbia are 
aware of necessity of using advanced technologies. They are 
trying to adapt to new rules caused by globalization in order to 
be more competitive. The most used technologies are 
implementation of software for production planning and 
scheduling, near real time production control systems, digital 
exchange of product/process data with suppliers/customers and 
systems for automation and management of internal logistics. 

TABLE II.  USE OF TECHNOLOGIES IN MANUFACTURING COMPANIES 

Technology 
Implementation Use planned 

until 2018 

N Share 
[%] N Share 

[%] 
Digital solutions for providing 
drawings, work schedules or work 
instructions directly on the shop floor 

34 11.9 28 9.8 

Technologies for safe human-machine 
interaction 32 11.2 13 4.6 

Product-Lifecycle-Management-System 
or Product/Process Data Management 25 8.8 23 8.1 

Mobile/wireless devices for 
programming and operation of 
equipment and machinery 

20 7.0 26 9.1 

Systems for automation and 
management of internal logistics 52 18.2 29 10.2 

Digital exchange of product/process 
data with suppliers/customers 59 20.7 27 9.5 

Near real-time production control 
system 73 25.6 44 15.4 

Software for production planning and 
scheduling 90 31.6 31 10.9 

 

Second, we will present the share of companies which are 
using digitalization technologies and producing complex 
products based on costumers’ specification upon receipt of 
customers’ order compared to those companies that have the 
same production types but do not use digitalization 
technologies. 

Fig. 1 presents the share of companies which are 
developing products based on costumers’ specification 
depending on the use of digitalization technologies.  

 
Fig. 1. Share of companies which are developing products based on costumers’ specification depending on the use of digitalization technologies 
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We can see that the share of companies which are 
developing products based on costumers’ specification is 
higher if digitalization technologies are implemented, except 
for the technology that refers to usage of mobile/wireless 
devices for programming and operation of equipment and 
machinery. The highest difference is noticed when companies 
implement software for production planning and scheduling 
e.g. ERP system. This is the technology that was implemented 
by the most of companies compared to other digitalization 
technologies. Another 10.9% of companies are planning to 
implement this technology until 2018. ERP system is 
considered as a backbone of Industry 4.0 because of its role in 
vertical integration of companies [15]. Implementation of ERP 
systems is contributing more than other digitalization 
technologies in manufacturing companies to the possibility of 
product development based on costumers’ specification. Also, 
there is noticeable difference in the share of companies which 
are developing products based on costumers’ specification 
when they implement technologies related to digital solutions 
for providing drawings, work schedules or work instructions 
directly on the shop floor and technologies for safe human-
machine interaction. Other technologies are also contributing in 
lesser extent. In that sense, they should also be considered by 
companies that are strategically moving toward concepts of 
Industry 4.0.  

Fig. 2 presents the share of companies which are 
manufacturing products upon costumers’ order depending on 
the use of digitalization technologies. We can see that the share 
of companies which are manufacturing products upon 
costumers’ order is higher if digitalization technologies are 
implemented, except for technologies that refer to usage of 
digital solutions for providing drawings, work schedules or 
work instructions directly on the shop floor and the usage of 
mobile/wireless devices for programming and operation of 
equipment and machinery. The highest difference is noticed 
when companies implement technologies for safe human-
machine interaction, Product-Lifecycle-Management-System 
(PLM) or Product/Process Data Management and ERP system. 
CPS is extending human-machine collaboration. Workers are 
the most flexible entity in CPS. Full potential of workers can 
be achieved only with the save human-machine interaction 
[16]. In that way they can adopt to the role of flexible problem-
solvers. PLM can address issues related to higher level of 
interoperability in the process of designing products which is a 
requirement of Industry 4.0 [17]. PLM supports flexibility in 
production processes which is contributing to possibility of 
manufacturing upon customers’ order. As it has been 
mentioned before, ERP is an important technology in modern 
industry which can positively affect manufacturing upon 
customers’ order.  

 
Fig. 2. Share of companies which are manufacturing upon receipt of costumers’ order depending on the use of digitalization technologies 

Fig. 3 presents the share of companies which are producing 
complex products depending on the use of digitalization 
technologies. We can see that the share of companies which are 
producing complex products is higher for any of the 
digitalization technologies implemented. It is important for 
companies to be able to produce complex products since 

customers are becoming more demanding. Use of digital 
technologies could be found as a competitive advantage in this 
sense. The highest difference is noticed when companies 
implement technologies for digital exchange of product/process 
data with suppliers/customers and PLM. 

 
Fig. 3. Share of companies which are producing complex products depending on the use of digitalization technologies 
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IV. CONCLUSION 
Fourth industrial revolution has brought new ways of doing 

business. All types of integration are becoming an important 
factor for companies in order to stay competitive on the 
globalized market. Industry 4.0 introduces advanced 
technologies which present one of the key elements of open, 
complex and smart industry. Manufacturing companies are 
trying to adapt to these market changes by introducing 
customized and complex products. However, companies from 
developing countries are not able to embrace full potential of 
these changes because of their economic position. In this paper 
we have presented the current state in manufacturing 
companies from Serbia regarding implementation of 
digitalization technologies and their influence on production 
and product characteristics. Adoption of new technologies is on 
low level at the moment, but there is a potential for 
improvement in near future. Nevertheless, companies that are 
implementing digitalization technologies have better 
performance in terms of producing complex products based on 
costumers’ specification which are manufactured upon receipt 
of customers’ order. This type of production is the most present 
within companies which have implemented ERP system. ERP 
is also the most used technology in manufacturing companies 
from Serbia. This paper is showing that manufacturing 
companies in transitional economy are moving towards 
digitalization of processes. However, there is a lot more room 
for improvement. 

This research is based on descriptive statistics and 
considers only digitalization technologies and their influence 
on production and product characteristics. Future research 
should take into consideration other advanced manufacturing 
technologies and their impact on company performance. 
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