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Abstract: New industrial revolution, called Industry 4.0, is based on the 
evolution of information-communication technology. One of significant 

possibilities is to track manufacturing execution by using the RFID (radio-

frequency identification) system, creating a system called RFID-enabled 

Manufacturing Execution System. RFID technology enables, not just 
identification of some product like bar-code technology, but it enables 

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. However, RFID 

technology has its limitations, also. In this research, a performance of the 

industrial RFID system has been experimentally tested regarding the speed 

of passing near antenna and the distance from the antenna. Presented results 
give guidelines for the design of the workplace, based on Industry 4.0 

principles, regarding the limitation of the RFID system. 

 

 

Znanstveni članak 

Sažetak: Nova industrijska revolucija, nazvana Industrija 4.0, utemeljena 

je na napretku informacijsko-komunikacijske tehnologije. Jedna od 

značajnih mogućnosti je praćenje proizvodnje pomoću RFID („radio-
frequency identification“) sustava, stvarajući sustav koji se naziva „RFID-

enabled Manufacturing Execution System“. RFID tehnologija omogućuje, 

ne samo očitavanje proizvoda kao kod „bar-kod“ tehnologije, već i 

zapisivanje podataka na „RFID tag“ koji se nalazi na proizvodu. Podataka 
kao što su vremena procesa, podaci o proizvodu iz ERP-a, i slično. Takvo 

praćenje proizvodnje „uživo“ može uvelike unaprijediti planiranje 

proizvodnje, pogotovo kod malo-serijske i jedno-komadne proizvodnje. 
Međutim, RFID tehnologija ima i svoja ograničenja. U ovom istraživanju 

eksperimentalno je testirana učinkovitost industrijskog RFID sustava s 

obzirom na brzinu prolaska kroz polje antene, kao i s obzirom na udaljenost 

od antene. Predstavljeni rezultati daju smjernice za dizajn radnog mjesta, 
utemeljenog na principima Industrije 4.0, s obzirom na ograničenja RFID 

sustava. 

 

 

1. Introduction 

1.1. Smart Factory 

The introduction of the Information-Communication 

Technology together with Internet of Things and 

Services into the manufacturing environment has started 

fourth industrial revolution (Figure 1), called Industry 4.0 

[1]. This new type of industry is based on Smart Factory 

model. The Smart Factory has a completely new 

approach to production: smart products are uniquely 

identifiable, may be located at all times and know their 

own history, current status and alternative routes to 

achieving their target state [1]. Smart Factories allow 

individual customer requirements to be met and makes 

single-item production profitable. To achieve this an 

enterprise must become ‘smart’, i.e. it must incorporate 

its machinery, warehousing systems and production 

facilities in the shape of Cyber-Physical System. 

The Cyber-Physical System of Smart Factory is crucial 

to support new business models for manufacturers called: 

Manufacturing-as-a-Service [2], Industrial Product-

Service Systems [3] [4], or similar. Idea of Industrial 

Product-Service Systems is extended product [3], i.e. 

product and service integrated into single product for 

delivering value in use to the customer during the whole 

life cycle of a product [5]. However, the idea of 

Manufacturing-as-a-Service is to transform manufacturer 

of product or part to manufacturing service provider. 

Both business models incorporate services into 

manufacturing enterprises [4], and both require usage of 

state-of-the-art ICT. Because of that these models can 
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only function around a Cloud computing service or 

Internet portal. 

 

 

Figure 1. The four stages of the Industrial Revolution [1] 

Slika 1. Četiri razdoblja industrijske revolucije [1] 

 

These new paradigms result with single-item production 

in most of the cases. Hence, the importance of ICT 

integration into enterprise’s processes and organization is 

crucial [7]. Products are unique (single-item), therefore 

they need to be identifiable, may be located at all times 

and know their own history, current status and alternative 

routes to achieving customer [1]. The technology that can 

enable these requirements is radio-frequency 

identification (RFID) technology. This technology is 

based on RFID tags for storing data in their memory, and 

RFID antennas to read data from the tag or write data to 

the tag. RFID technology is already well-known 

technology, therefore it could be implemented into 

Manufacturing Execution System (MES) with ease [8], 

thus creating RFID-enabled Manufacturing Execution 

System [9]. This kind of live tracking of manufacturing 

execution connected with Enterprise Resource Planning 

(ERP) system can significantly improve production 

planning, especially for the small-lot and single-item 

production, making them more profitable [1]. 

1.2. RFID-enabled Manufacturing Execution System 

Manufacturing data collection, or real-time tracking, was 

emerging in the era of Computer Integrated 

Manufacturing (CIM), mostly based on the bar-code 

technology.  In order to facilitate the real-time data 

collection, RFID technology has been proposed. Since 

RFID technology has lot of advantages over bar-code 

technology, like [10] longer reading distance, larger data 

storage, and possibility to write date instead of read-only 

data, the RFID-enabled Manufacturing Execution 

System were born. 

The main aim of RFID-enabled Manufacturing 

Execution System is to have real-time manufacturing 

execution data, i.e. to have Real-time MES. However, the 

MES must be seen as an extended framework, that goes 

beyond MES itself, consisting of a different layers 

(Figure 2) that are used to ensure information flow from 

the shop-floor to the production planning. Therefore, the 

main layers of the Real-time MES that create MES 

framework are [10]: 

 shop-floor layer, 

 MES layer, 

 interface layer, 

 decision-making layer. 

 

 

Figure 2. Real-time MES framework [10] 

Slika 2. Okvir „Real-time MES“ koncepta [10] 

 

The shop-floor layer includes various hardware devices: 

RFID readers, RFID tags, and other communication 

devices like WiFi network, or similar. MES layer 

contains three core services: communication service, 

planning and scheduling service, and visualization 

service. Interface layer is an interface service that is 

aiming at real-time intercommunicating with other 

enterprise systems, with ERP in general. At last, 

decision-making layer consist of the information 

systems: ERP, Resources Planning), PDM (Product Data 

Management), and CAPP (Computer-aided Process 

Planning). These information systems are used for 

decision-making in planning and scheduling. 

The Real-time MES framework forms a closed-loop by 

enabling information flow from down level, where  f 

RFID devices are used to collect real-time manufacturing 

data,  to the top level, i.e. to the ERP system. Furthermor, 

sometimes PDM, CAPP and other information systems 

are seen as a part of ERP. However, MES cannot be seen 

as a part of EPR, nor it is completely subordinated to 

EPR. MES is overlapping with ERP, because it gives an 

insight into real-time manufacturing execution. If the 

manufacturing plans are not executed as planned, it 

triggers replaning and decision-making affecting the 

changes in ERP and other information system. 

To conclude, RFID-enabled MES can serve as an very 

good ICT platform to support new manufacturing 

challenges drived by Industry 4.0. However, RFID 

tehcnology has its limitations, so in this research a 
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performance analysis of the RFID-enabled 

Manufacturing Execution System has been made and 

some conclusions and suggestions are proposed. 

2. Performance analysis of the RFID-

enabled MES 

2.1. 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 antenna. Therefore, worker 

needs to bring the RFID tag, attached to the part, near 

RFID antenna 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 must not do it too fast. 

So, the following methodology was proposed to analyze 

the performance of the RFID system: 

 collecting the data about the read/write speed and 

distance of the RFID antenna and RFID tags using 

the simulator (from TURCK Company); 

 measuring of how fast worker moves the RFID tag 

over the RFID antenna; 

 comparison of the worker’s data with the RFID 

antenna’s data. 

 

The official TURCK Company’s RFID system simulator 

was used to collect the data about the read/write speed 

and distance of the RFID antenna and RFID tags. One 

type (13,56 MHz) of the RFID antenna was used (TN-

M30-H1147) and two types of RFID tags were used: 

EEPROM memory type (TW-R16-B128) with capacity 

of 128 bytes and FRAM memory type (TW-R20-K2) 

with capacity of 2048 bytes. The RFID equipment is 

presented on Figure 3, and three different sets of 

experiments, made in this research, are presented on 

Figure 4. 

 

 
Figure 3. RFID equipment used in the experiments 

Slika 3. RFID oprema korištena u eksperimentima 

 

 

Figure 4. Simulation of the RFID antenna performance for three different sets of experiments: 

a) EEPROM type RFID tag experiments with constant data quantity and variable distance from the antenna 

b) FRAM type RFID tag experiments with constant data quantity and variable distance from the antenna 
c) FRAM type RFID tag experiments with variable data quantity and variable distance from the antenna 

Slika 4. Simulacija učinkovitosti RFID antene za tri različita skupa eksperimenata: 

a) Eksperimenti EEPROM vrste RFID tag-a s konstantnom količinom podataka i varijabilnom udaljenošću od antene  
b) Eksperimenti FRAM vrste RFID tag-a s konstantnom količinom podataka i varijabilnom udaljenošću od antene 

c) Eksperimenti FRAM vrste RFID tag-a s varijabilnom količinom podataka i varijabilnom udaljenošću od antene 

 

First set of experiments was with EEPROM type RFID 

tag: the data quantity was constant (20 bytes) and six 

variations of the distance from antenna were used. 

EEPROM type has different read and write speed, 

therefore different maximal speeds were determined 

(Figure 5). The maximum speed of 1,09 m/s for reading 

the 20 bytes of data was achieved on the 20 mm distance 

from the antenna. However, the maximum speed for 

writing the 20 bytes of data on the same 20 mm distance 

is 0,73 m/s. 

Second set of experiments was with FRAM type RFID 

tag: the data quantity was constant (20 bytes) and six 

variations of the distance from antenna were used. 

FRAM type has the same read and write speed, therefore 

the same maximal speeds were determined (Figure 6). 

The maximum speed of 3,19 m/s for reading the 20 bytes 

of data was achieved on the 15 mm distance from the 

antenna. 

 

 



MTSM2017 International conference “Mechanical Technologies and Structural Materials”Split, 21-22.09.2017 

  

 

 
Figure 5. Maximum speed of read/write vs. distance for 

EEPROM type RFID tag 

Slika 5. Najveća brzina čitanja/zapisivanja u usporedbi s 

udaljenošću za EEPROM vrstu RFID tag-a 

 

 
Figure 6. Maximum speed of read/write vs. distance for 

FRAM type RFID tag 

Slika 6. Najveća brzina čitanja/zapisivanja u usporedbi s 

udaljenošću za FRAM vrstu RFID tag-a 

 

Third set of experiments was with FRAM type RFID tag: 

six variations of the data quantity and five variations of 

the distance from antenna were used (Figure 7).  

 

 
Figure 7. Maximum speed of read/write vs. different 

combination of the data quantity and the distance 
for FRAM type RFID tag 

Slika 7. Najveća brzina čitanja/zapisivanja u usporedbi s 

različitim kombinacijama količine podataka i 

udaljenosti za FRAM vrstu RFID tag-a 

 

The analysis resulted with the 3D chart which represents 

different maximal read/write speeds for different 

combinations of the distance from the antenna and data 

quantity. The maximum speed of 0,60 m/s for reading the 

250 bytes of data was achieved on the 40 mm distance 

from the antenna. 

In the first two sets of experiments, 20 bytes of data was 

used and it can to store only 20 characters, aproximately. 

It means that it can store only the lot number and part ID 

number, or similar. However, to store more data about 

the part or product, more memory must be used, like in 

this third set of experiments. 

The following step was to determine how fast worker 

could move the part (with RFID tag attached on it) over 

the RFID antenna. In Figure 8, measuring of the worker’s 

times is presented. 

 

 
 
Figure 8. Measuring of the worker’s speed 

Slika 8. Mjerenje brzine operatera 

 

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 antenna. 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 data of the workers’ speed is presented in the 

following table and figure (Table 1 and Figure 9). 

 
Table 1. Grouped workers’ speed data 

Tablica 1. Grupirani podaci o brzini radnika 

Group 
Lower limit 

(speed in m/s) 

Upper limit 

(speed in m/s) Frequency 

1 0,67 0,75 5 

2 0,75 0,83 7 

3 0,83 0,91 9 
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4 0,91 0,99 16 

5 0,99 1,07 11 

6 1,07 1,15 8 

7 1,15 1,23 3 

8 1,23 1,31 1 

 Σ = 60 

 

 
 
Figure 9. Histogram and normal distribution of the workers’ 

speed 

Slika 9. Histogram i normalna razdioba brzine radnika 

 

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 (Figure 9). 

2.2. Results 

The final step to determine the performance of the RFID 

system was to compare distribution of the worker’s speed 

with the range of reading speed of a RFID antenna. 

For each of three sets of experiments, the experiment 

with highest percentage of successful readings is 

presented (Figure 10): 

 from the first set of experiment (EEPROM type 

RFID tag), maximal speed was 1,09 m/s for 

reading the 20 bytes on the 20 mm distance; 

 from the second set of experiment (FRAM type 

RFID tag), maximal speed was 3,19 m/s for 

reading the 20 bytes on the 15 mm distance; 

 from the third set of experiment (FRAM type 

RFID tag), maximal speed was 0,60 m/s for 

reading the 250 bytes on the 40 mm distance. 

 

 

Figure 10. Presentation of the most successful readings of the RFID tags for each of three sets of experiments: 
a) Percentage of the successful readings of the 20 bytes from EEPROM type RFID tag on 20 mm of distance 

b) Percentage of the successful readings of the 20 bytes from FRAM type RFID tag on 15 mm of distance 

c) Percentage of the successful readings of the 250 bytes from FRAM type RFID tag on 40 mm of distance 
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Slika 10. Prikaz najuspješnijih očitavanja RFID tag-ova za svaki od tri skupa eksperimenata: 

a) Postotak uspješnih očitavanja 20 byte-ova s EEPROM vrste RFID tag-a na udaljenosti od 20 mm  

b) Postotak uspješnih očitavanja 20 byte-ova s FRAM vrste RFID tag-a na udaljenosti od 15 mm 
c) Postotak uspješnih očitavanja 250 byte-ova s FRAM vrste RFID tag-a na udaljenosti od 40 mm 

 

3. Discussion 
The results of this research have showed that for higher 

quantity of data an RFID could result with very bad 

performance, with very small percentage of successful 

readings (Figure 10c). However, for the small quantity of 

data, like lot number or product ID, a performance of the 

FRAM type RFID readers (Figure 10b) is better than the 

EEPROM type RFID readers (Figure 10a). 

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 antenna, thus 

decreasing the time that RFID tag will spend in the range 

of an antenna. 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 [11, 12]. 

So, for the safety reasons, manufacturers of the RFID 

systems have limited the range of the RFID antennas 

used in their systems. 

4. Conclusion 
Although the RFID technology was seen as a platform 

that enables real-time tracking of the manufacturing 

execution, the industrial RFID system analyzed in this 

research showed limited performances. The read/write 

range of the 13,56 MHz RFID antennas is below 100 mm 

and it takes more than few seconds to read or write some 

data in some cases. However, these antennas could have 

range up to 1000 mm, but that would put workers under 

the influence of the radiation of the RFID antenna, 

especially in the manual assembly processes. Since some 

researches show that RFID radiation could have a 

negative impact on the human body in a long-term 

period, manufacturers of the RFID systems are designing 

the systems with small range antennas, thus avoiding 

negative influence on the workers. So, it is very 

important to take into account limited performance of the 

RFID antennas when designing a workstation for manual 

assembly. An extra training of the workers is probably 

needed to ensure that they are aware that it takes up to 

few seconds until the data is read on the RFID. 
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