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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 
New industrial revolution, called Industry 4.0, is based on the evolution of information and communication technology. It creates 
new challenges for the scientific and industrial community, but it also creates a specific challenge to demonstrate this new industrial 
platform in the learning factory environment. A significant and interesting topic for a demonstration of Industry 4.0 is to track the 
manufacturing execution by using the RFID (radio-frequency identification) system. Thus, creating a system called RFID-enabled 
Manufacturing Execution System (MES). RFID technology is interesting, because it enables, not just identification of some product 
like barcode technology, but also writing the data on the RFID tag attached to the product (data about process times, ERP product 
data, or similar). This kind of live tracking of manufacturing execution can significantly improve production planning, especially 
for the small-lot and single-item production. Learning factories are, in the most cases, oriented to this type of production. However, 
RFID technology has its limitations. In this research, a performance of the industrial RFID system has been experimentally tested. 
Presented results give guidelines for the design of the intelligent assembly line in the learning factory at University of Split, 
regarding the limitations of the RFID systems. 
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1. Introduction 

The introduction of the Information and Communication Technology with the Internet of Things and Services into 
the manufacturing environment has started the fourth industrial revolution, called Industry 4.0 [1]. This new type of 
industry is based on a Smart Factory model. The Smart Factory has a completely new approach to production based 
on Smart Products [2]. Furthermore, Smart Factories allow individual customer requirements to be met and make 
single-item production profitable. 

Smart Products are unique (single-item), therefore they need to be identifiable, may be located any time and know 
their own history, current status and alternative routes to achieving customer [2]. The technology that can enable these 
requirements is radio-frequency identification (RFID) technology [3]. This technology is based on RFID tags for 
storing data into their memory, and RFID antennas to read data from the tag or write data to the tag [4]. RFID 
technology is already well-known technology, therefore it could be implemented into Manufacturing Execution 
System (MES) with ease, thus creating RFID-enabled Manufacturing Execution System [5]. This kind of live tracking 
of manufacturing execution [6] connected with Enterprise Resource Planning (ERP) system can significantly improve 
production planning [7], especially for the small-lot and single-item production, making them more profitable [1]. 

The main aim of RFID-enabled Manufacturing Execution System is to have real-time manufacturing execution data 
[8], i.e. to have Real-time MES [9]. The main layers of the Real-time MES that create MES framework are [8]: shop-
floor layer with various hardware devices (RFID readers, RFID tags and other communication devices like Wi-Fi 
network, or similar); MES layer containing three core services (communication service, planning and scheduling 
service and visualization service); interface layer that aims at real-time intercommunicating with other enterprise 
systems (with ERP in general); and decision-making layer consisting of the information systems: ERP (Enterprise 
Resource Planning), PDM (Product Data Management) and CAPP (Computer-aided Process Planning). 

However, it represents a significant challenge to demonstrate RFID-enabled MES in the Learning factory 
environment [10]. 

2. Design of the intelligent assembly line in the Learning Factory 

As an answer on the challenges set by Industry 4.0, a new intelligent assembly line has been designed in the 'Lean 
Learning Factory @ FESB at the University of Split [11]. The main idea was to demonstrate all main aspects of the 
smart production, emphasizing vertical integration of production system. A special product, called 'Karet', was 
designed based on Design for Assembly. The industrial RFID system and Windows tablets have been installed on the 
workstations. The main aim was to connect MES and ERP, thus creating Pull-based production system (Figure 1). 

 

Fig. 1. Intelligent assembly line: a) Product ‘Karet’ for assembly; b) Production process with ERP and MES integration 
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The design of this intelligent assembly line represents a simple, yet realistic, demonstration of complete vertical 
integration of production system. However, since RFID technology has its technical limitations [12], a performance 
analysis [13] of the RFID-enabled Manufacturing Execution System has been made in this research. The results give 
guidelines for the design of the assembly line in the 'Lean Learning Factory @ FESB at the University of Split. 

3. Performance analysis of the RFID-enabled MES 

3.1. Methodology 

The aim of this research was to test the performance of the industrial RFID system (from TURCK Company) in a 
case of manual assembly workstation. Manual assembly is specific because worker and the part are out of the range 
of the RFID R/W-head antenna. Therefore, a worker needs to bring the RFID tag, attached to the part, near RFID R/W-
head to read or write some data on it. However, it takes some time to read or write data to the RFID tag, so the worker 
mustn’t do it too fast. The official TURCK Company’s RFID system simulator (Figure 2) was used to collect the data 
about the read/write speed (linear velocity of the RFID tag passing through the range of the RFID R/W-head antenna) 
possible and distance of the RFID R/W-head and RFID tags. One type (13,56 MHz) of the RFID R/W-head was used 
(TN-M30-H1147) and two types of RFID tags were used: EEPROM memory type (TW-R16-B128) with the capacity 
of 128 bytes and FRAM memory type (TW-R20-K2) with the capacity of 2048 bytes. Three different sets of 
experiments, made in this research. 

The first set of experiments was with EEPROM type RFID tag: the data quantity was constant (20 bytes) and six 
variations of the distance from R/W-head were used. EEPROM type has different read and write speed, therefore 
different maximal speeds (velocity of the RFID tag passing near R/W head) were determined: 1,09 m/s for reading the 
20 bytes of data was achieved on the 20 mm distance from the R/W-head, and 0,73 m/s for writing the 20 bytes of data 
on the same 20 mm distance. The second set of experiments was with FRAM type RFID tag: the data quantity was 
constant (20 bytes) and six variations of the distance from R/W-head were used. FRAM type has the same read and 
write speed, therefore the same maximal speeds were determined: 3,19 m/s for reading the 20 bytes of data was 
achieved on the 15 mm distance from the R/W-head. The third set of experiments was with FRAM type RFID tag: six 
variations of the data quantity and five variations of the distance from R/W-head were used. The maximum speed of 
0,60 m/s for reading the 250 bytes of data was achieved on the 40 mm distance from the R/W-head. 

The following step was to determine how fast worker could move the part (with RFID tag attached to it) over the 
RFID R/W-head. The aim of the measuring was to capture the normal speed of the worker that he/she will use to pass 
the part over the R/W-head. In order to calculate his/her speed, one meter marker was placed on the table and high 
frame rate video was captured. After that, it was easy to calculate the worker’s speed using the one meter marker and 
captured times. Two different workers made 30 movements each. The average speed of a worker was 0,95 m/s, the 
minimum was 0,67 m/s and the maximum was 1,23 m/s, the normal distribution perfectly fits the data. 

3.2. Results 

The final step to determine the performance of the RFID system was to compare the distribution of the worker’s 
speed with the range of reading speed of a RFID R/W-head, as it is presented in Figure 2.  

The results of this research have shown that for higher quantity of data an RFID could result in very bad 
performance, i.e. very small percentage of successful readings (Figure 2c). But, for the small quantity of data, like lot 
number or product ID only, a performance of the FRAM type RFID readers (Figure 2b) is better than the EEPROM 
type RFID readers (Figure 2a). 

However, it must be mentioned that unsatisfying performance of the RFID reader for higher quantity of the data is 
caused by the low range of the RFID R/W-head, thus decreasing the time that RFID tag will spend in the range of an 
R/W-head. Antennas used in this research (13,56 MHz) could have range up to 1000 mm, but they are limited to below 
100 mm, because of the fear that a long-range antenna could put a worker under the influence of its radiation. It is a 
non-ionizing type of radiation, but some researches show that it could have a negative impact on the human body in a 
long-term period. So, for the safety reasons, manufacturers of the RFID systems have limited the range of the RFID 
antennas used in their systems. 
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