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Abstract: The aim of this post is to point out the use ofRFobots in the management of logistics procesR&$D
technology is defined first. RFID technology rems identification using radio frequency wavese Phinciple is to
store the necessary data in radio frequency mentopg and then repeatedly read or write the dateyusreader. We
divide RFID chips into active and passive. ActiielR chips use energy from a battery, while pasBi#D chips are a
technology without an internal power source. Pa&s8¥ID is the most common form of RFID in wareh®,sesing
which inventory is taken using RFID robots or hdmedd RFID readers. Nowadays, many RFID robots fdifierent
manufacturers are available on the market. Wheosthg, | must consider where we want to use theDRBbot and
choose the one that suits us based on its spekdiacteristics. The RFID robot is a mobile andaoinmous RFID system
that performs an inventory of the given space basenlr initial setup. The RFID robot locates eidefm in 2 dimensions
(x and y). Most robots can move in all directioesduse they can rotate without shifting. The acyucd the inventory
using the RFID robot ranges from 95-99%, whileabeuracy of the inventory performed by employeésgusandheld
RFID readers ranges from 85-95%. As for speed,dniaverage 10 times faster compared to manu® Rielders.

1 Introduction 11 Internet of Things (loT)

We live in a world full of smart devices. We have The term "Internet of Things" (IoT) was first usied
smartphones, smart home appliances, smart serasats, 1999 by British technology pioneer Kevin Ashton to
many others. We could write this list for a verpdotime ~ denote a system in which objects in the physicalldvo
and will probably continue to increase. It is thauté the could connect to the Internet using sensors. Astoamed
engineers who design equipment using informatioiie term to illustrate the power of attachment adio
technology. New electromechanical components ney thfrequency identification tags (RFID) used in cogder
can quickly process and calculate large amountatdf. supply chains to the Internet to count and trackdgo
Products made using this technology can not orlfyl fu without the need for human intervention [1].
their original role but can also do much more. By The Internet of Things (IoT) is a global network
interconnecting smart devices, the world has becoime  infrastructure that connects physical and virtubjeots
accessible. Smart devices are used almost evergwhersing data collection and communication capabdlif2].
making the Internet of Things popular with busimssand It will offer specific object identification, sensoand
services in all industries. One of these techne®ig radio connectivity options as a basis for the independent
frequency identification (RFID). development of cooperative services and application

We have divided this article into two parts. Thestfi They will be characterized by a high degree of aotay
part is devoted to the definition of RFID technaésgand in data capture, event transmission, network cdivige
the classification of RFID tags and their advansaged and interoperability [3].
disadvantages. The second and main part is detmtbd
use of RFID robots in the management of logistystesns. 1.2  RFID technology

In this section, you will also get information ohet RFID is an abbreviation of the English word Radio
advantages and disadvantages of using RFID rabbish  Frequency Identification, so it is about radio-fregcy
are then explained in the conclusion. identifiers working in the high-frequency band. éwe of

the main areas of possible use, during the intrinluof
RFID technology, use as an alternative to the lobragas
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considered. Compared to the RFID barcode, tHeequencies (UHF). Microwave RFID is also available
technology offers higher scanning speed and easierequencies vary widely depending on the county an
deployment in automated systems. RFID elements anegion [7].

systems are most often divided according to: + Low-frequency RFID systems. These range from
* Frequency band. 30 kHz to 500 kHz, though typically the
* Type of identification element. frequency is 125 kHz. LF RFID has short
* RFID application. transmission ranges, in general from a few

centimetres to approximately 1 meter.
Radiofrequency identification (RFID) - is used for ¢ High-frequency RFID system. These range from

automatic object identification and capturing datsout 3 MHz to 30 MHz, while the typical HF frequency

that object that is stored in a small microchip tagl is 13.56 MHz the standard range is less than 2

attached to the object. The RFID tag has a buétAtenna meters.

that communicates with the sensor a device thalsrdee * UHF RFID systems. These range from 300 MHz

data remotely. The data is then transmitted from th to 960 MHz, with a typical with a frequency of

sensing device to the enterprise application soéwa 433 MHz and can generally be read from more

which they are stored. Each RFID tag has its owgquén than 7.5 meters.

identification number [4]. »  Microwave RFID systems. These run at 2.45 GHz
RFID can be used to record and control the movement and can be read at more than 9 meters.

of assets and employees. Tags You've probablyREHN
on the back of library books or even new books lesim 2.1  Advantages of RFID technology in logistics

passports [5]. One of the most significant advantages of this
_ technology is the possibility to assign a uniqumhber for
1.3 PassiveRFID a specific assortment of items, which can be usefidur

A technology without an internal power source thavarehouse receives and stores goods from several
uses radio to send the signal waves created biREt® suppliers at the same time [8].

reader. Passive RFID is the most common form oDRF| In addition to a more accurate view of inventoptuss,
warehouses. In Table 1 we can see the advantages RFID technology allows you to track average deiljver
disadvantages of passive RFID [6]. times and track inventory in and out in real-timdiich

will help ensure the correct shipment of the iterd seeduce
Table 1 Advantages and disadvantages of passi@ RFI  the number of product returns [10].

Advantages Disadvantages

Low cost (~ €0.10 per Expensive RFID signal 22 RFEID robot

label readers are requir The fields of artificial intelligence, automatioand
Small dimensions anfdThere is a short-range robotics scored in the last decades of tremendomstly
weight and innovation. RFID inventory accuracy with hardhe
Use up to 20 yes Unable to save memc RFID readers could exceed 98%, but flawed procedure

and human error reduce this accuracy to 85 - 9586. T

14 ActiveRFID RFID robot is a mobile and autonomous RFID systeah t

Technology that uses battery power to continuousigutomatically performs the inventory of a givencspédor
broadcast a unique identifier label into the giveader. example, a retail store or a warehouse, which pesvi
Active RFID is not as common in warehouses as passihigher RFID inventory accuracy than handheld remder
RFID. In Table 2 we can see the advantages ataventory accuracy ranges from 95 - 99%. It works
disadvantages of active RFID [7]. completely autonomously: the user specifies when th

inventory should be performed, and the bot stattsnit
Table 2 Advantages and disadvantages of active RFID is scheduled. RFID the robot also locates each ealdtem

Advantages Disadvantages in 2 dimensions (x and y) [12]. This informationgien
Long reading range Higher costs (~ €20 perto process to create a planogram of items insiglespace.
label Information-generated RFID robots can be used tp he
Readers with  lowef Battery life 3-5 years employees detect wrongdoing placed items, to sppéide
performanc management of picking and returning goods, and for
They can have bothLarger size and weight purposes of money mapping and other operational
sensors and data stor. processes [13]. Most RFID robots can already moali
directions because they can rotate without shifting
2 Typesof RFID systems Therefore, it can easily move around any spaceedse

logynchronized with tag reading to maximize readipees!.

There are three main types of RFID systems: . . ;
hl he RFID robot contains: - an RFID system with daie

frequency (LF), high frequency (HF), and ultra-hig
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number of antennas, which depends on the sizegfitlen
RFID robot. Currently, there are several compafses

4. After it completes its inventory, it navigates back
to its docking station to recharge.

Table 3) that are dedicated to the production aadigion

of RFID robots.

Table 3 Producer and brand of RFID robot

2.3 Useof RFID robot in logistics
Poor inventory management is one of the distrilolgio
biggest nightmares because it has a negative ingratt

Producer Brand of RFID robot means losses for the company due to incorrect alata
keonr Robir-20C™ stock and errors during transportation [19]. UsRigIiD
MetraLab: TORY RFIC robots allows us to get an overview of where itears

PAL Robotic: StockBo located and how much stock is available to avoig- pr
fetch robotic TagSurveyc stocking and insufficient supply due to possibledurct
Simbe Robotic Tally RFID losses. The use of RFID robots helps reduce thdauvof

human errors that can have a significant impact on

In Figure 1, we can see RFID robots from PAlwarehouse management. That also helps free up gegsio

Robotics, Simbe Robotics, and fetch robotics.

to work on higher-value tasks, such as optimizing
warehouse management and providing better customer
service.

The use of RFID robots in logistics brings many
advantages, but also disadvantages, which are shrown
Table 4.

Table 4 Advantages and disadvantages of using R&WDBt

- Advantages Disadvantages
© High accurac High entry cos!
- High spee Interferenc

Multiple scannini
Many format
Costreductior

Data protection issu

It is clear from the table that the use of RFIDaish
brings us more advantages than disadvantages. Ftiz R

Figure 1 RFID robots

Each of the listed RFID robots (see Table 3) hasbot can recognize and capture 98% of all products

specific properties that distinguish it from othefihe

marked with an RFID label. As for speed, it is eBrage

biggest difference is how high it can scan RFIDstag10 times faster compared to manual addition supplie

Among others,

the differences include autonomougan also scan many more items at once compared to

navigation and obstacle avoidance, the possibitify handheld RFID scanners. All scanned data is staned

autonomous docking and charging, the possibilitplém
to scan routes, uploading data to the server cu@stam
various formats, and many others [14].

sent to corporate information systems companies.déita
is stored in various formats so that we can u$eriber.
Since The RFID robot works autonomously, thus we ca

Most RFID robots work on the same principle. We careduce labour costs.

summarize these principles in four points [16,17].
1.

A big disadvantage when implementing RFID
During the first operation in a new space, théechnology and buying an RFID robot is that theg ar
RFID robot mostly moves around the space usingxpensive entry costs, which will be returned toousr
the interface application. In this step, the RFIDime. Another of disadvantage of using RFID in thbot
subsystem does not work. may be the inaccuracy of the scanned data becausénc
This user-guided navigation allows you tomaterials such as heavy metals and radio wave s®aen
automatically generate a map space. Thisterfere with data transmission. The use of RFID
mapping process needs to be repeated only if witchnology and RFID robots can pose a data protecti
significantly change the layout of the space. risk. These data will prove to us to be hacked dgkbrs.
The user plans when the RFID robot shouldFor this reason, it is very important to have veeltured
perform inventories. For example, every day atata and invest in security software [20].

22:00. At the indicated time, the robot will begin

to move autonomously around the space, readir®y Conclusions

and locating RFID tags and storing this The main contribution of the article is definingeth
information. advantages and disadvantages of using RFID robatei
management of logistics processes. Currently, theee
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many companies dedicated to the production of RFI[3] STRAKA, M., SPIRKOVA, D., FILLA, M.: Improved

robots. Among the most famous companies that are efficiency of manufacturing

engaged in the production of RFID robots are Medts,

PAL Robotics, Simbe Robodics and many others. Baeh

of the manufacturers specifies a certain type dERBbot,
according to its use. We can use them in retaitaijmns,
but also in large logistics warehouses. Each RBlidtrhas
its own specific characteristics that distinguisfrom the
others. The main differences include the size efRIFID
robot itself, the number of RFID antennas, the dpafe

logistics by using
computer simulation, International Journal of

Simulation Modelling Vol. 20, No. 3, pp. 501-512,
2021. https://doi.org/10.2507/13SIMM20-3-567

[4] FEDORKO, G., VASIL, M., BARTOSOVA, M.: Use

of simulation model for measurement of MilkRun
system performanc&pen Engineeringvol. 9, No. 1,
pp. 600-605, 2019.
https://doi.org/10.1515/eng-2019-0067

movement, the speed of scanning RFID tags, theracgu [5] KOVAL CIK, J., BALOG, M.: Automatic identification
of scanning RFID tags, autonomous navigation and systems for management - material flow control and

obstacle avoidance, the possibility of planningtestand
several data storage formats.

stock statusActa logistica,Vol. 8, No. 1, pp. 55-64,
2021. https://doi.org/10.22306/al.v8i1.202

The RFID robot is a mobile and autonomous RFI[6] ZUPANCIC, D., BUCHMEISTER, B., ALJAZ, T.:

system that performs an inventory of the given sjsed
on our initial setting, which we can adjust accogdio
needs. During the inventory, the RFID robot locaash
item in 2 dimensions (x and y), while all the infation is
stored and then we can use it for further procgssihe

accuracy of the inventory using the RFID robot esg [7] DURICA, L.,

Reducing the Time of Task Execution with Existing
Resources — Comparison of Approachetgrnational
Journal of Simulation Modellingvol. 16, No. 3, pp.
484-496, 2017.
https://doi.org/10.2507/13SIMM16(3)10.394
GREGOR, M., VAVRIK, V.,

from 95-99%, while when inventorying by employees
using manual RFID readers it ranges from 85-95%s Th
accuracy is lower mainly due to human errors oute of
faulty procedures. Another great advantage of using Applied Sciences, Vol. 9, No. 21, pp. 1-20, 2019.
RFID robot is the speed of scanning RFID tags, abs https://doi.org/10.3390/app9214515

the speed of taking inventory. As for the scansipged of [8] HRICOVA, R., BALOG, M.: Introduction of RFID

MARSCHALL, M., GRZNAR, P., MOZOL, S.: A
Route Planner Using a Delegate Multi-Agent System
for a Modular Manufacturing Line: Proof of Concept,

RFID tags, it is 10 times faster compared to maRkD
scanners. Other benefits include multiple scanrsaging
data in different formats, and cost reduction deshigh

System into Transport and Defining its Model of
Return on Investment,International journal of
engineering research in Africad/ol. 18, pp. 130-135,

2015.

https://doi.org/10.4028/www.scientific.net/jera 180
[9] MORAVEC, M., BADIDA, M., MIKUSOVA, N.,
SOBOTOVA, L., SVAILENKA, J., DZURO, T.
Proposed Options for Noise Reduction from a

input costs is very important.
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