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Abstract: This paper presents a case study which points out the way the radio frequency identification
RFID systems are integrated into automated production flows from an information flow viewpoint. For
the experimental research, we used an RFID system with a reader, a programmable logical controller for
storing the data in a common database and a computer numerical control machine. Thus, two objectives
were pursued: the presentation of the main types of architectures specific to radio frequency
identification systems in terms of their performances and the way of storing the information specific to the
processings performed by a computer numerical control machine for the workpieces or the workpieces to
be processed. This was possible by attaching an RFID tag to each palette on which a workpiece to be
processed was positioned. By means of the RFID system, we could identify the information on the
processings to be performed or we could write information about the processings performed for each
workpiece. In implementing and operating the radio frequency identification system, the positioning of
RFID readersin relation to the tag palettes on the structure of the tool machine was taken into account to

avoid potential interference.
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1. INTRODUCTION

RFID systems use radio frequency transmissio
identify objects whichhave tags attached [1].
simplest RFID system consists of a reader, a s, a
database on which informatiors stored and tag
respectively (Fig. 1).

The reader contains electronic componewhich
emit and receive a signal to and from the proxirtaty, a
microprocessor whiclthecks and decodes the recei
data and a memory which recortie data for a future
transmission if necessarythe reader has an anter
connected so that data can be resgiand transmitte.
The antenna can be integrated into the readerarassn
be separatedA tag contains an electronic chip as
main element that controls the communication wité
reader. Thisontains a memory section with the role
storing the dentification codes or other datwhich is
activatedwhen the communication is also active [2].

RFID systems are used in many areas of activil
the industry they can be used for product
managementWang et al. [3] used radio frequer
identification to supervise and control production fo
prototype manufacturing cell. Thea-time data taken
overfrom production through the RFID system cobe

" Corresponding author: Splaiuhdependentei 313, sector
Bucharest, 060042, Romania

Tel.: +40 21 402 9168;

E-mail addressegopescuadrian_c@yahoo.com (A. Popescu)

Reader
I_QT

1 Slgnal
}sz\-a

Fig. 1. General architecture of an RF system.
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storedby means of a programmable logical contr
and used for realme production plannir.

Within flexible production systems, the use the
RFID technology has become essential the proper
operationand also without flovblocks. Barenji et al. [4]
argue that the application che RFID technology in
manufacturing systems provides the basisdesigning
more flexible and agile systems through the of real-
time component information.

A major advantage ofsin¢ the radio frequency
identification technologies is presented by Sardrau
his paper [5] and consists of the possibility dégrating
the latest innovations in communication technolsde
real-time data collection In this approach, the
combination of the radio frequency identificatio
technologies, thglobal positioning systems (GPS) &
the General Packet Radio System (GPRS) technolc
can facilitate extremelynexpensiv solutions without a
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complex infrastructure and easyitoplemen in order to
identify materials, components anequipment. The
system presented in hggaper is fully automated ai
allows the localization, identification and tracliof 3
elemens, namely the production sites (off the enterg
site), route (transport) and produsti facilities in the
enterprise.

Similarly, Chen et al. [6] propose a system capalb
using theRFID technology to track the flow of mates
into production systems, automatically generatimgl
delivering VSM (value stream mamjith real time data
to users and then allowing them to remotely morthe
production system performance.

If properly implemented the radio frequency
identification technology ensures complete proi
history, traceability and tracking of componewhich
prevent production stopping so & remedy proces
defects and product withdrawals [7].

In warehouses th&FID tags can be attached
palettes pallets, containers or directlto the ceiling.
Seungwoo et al. [8] propose fahis purpose the
localizgion of goods in the warehouse using pas
RFID tags mounted on the ceiling. This reducestithe
to identify thegoods in the warehouse Ispotting the
necessary palette or pallet in real tifag

2. APPLICATION COMPONENTS

2.1. The RFID System
It contains the following compone:
* an RFID reader;
» aprogrammable logical controller;
* RFID tags;
» an Ethernet switch;
e avoltage source;
e connecting cables;
* aserver.

The RFID reader used in the application . 2) is
produced by OMRON and integrates into one compa
the controller, the amplifier and the ante.

Its main technical features are these
» dimensions: 7% 75% 40 mm;

e power supply voltage: 24 VDC;
e communication interface: Ethernet 10BA-T;
e communication protocol: Ethernet.

The reading and writing distance§the informatior
from and, respectively, on the tagvary depending on
tagsperformance and is between 0 and 10C.

RF LINK/ACT
RUN |\ NORM/ERR
\
BLLLI ARG
- ]
NORM/ERR < NORM/ERR
NORM/ERR ];—jI
158
a 0]

Fig. 2. RFID reader - V680S-HMDG6&P: a — model;
b — indicators status.

The programmabléogical controller (Fi. 3) is used
in the application to store theformatior retrieved/taken
over from the RFID reader and to control the flow
information.Its main features a the following:

e number ofdigital inputs / outputs: I (18 inputs — 24

VDC, 12 relay outputs 2 A);

* number of analog inputs;

e program capacitylO k steps

e data memory capacity 0 k words
e power supply voltage24 VDC;

e communication: Etherngiori;

The RFID tags used in the dication (Fig,re 4) have
a capacity of 1 kbyteThe reaing/writing distance for
these tags using the RFNZB80S reader is between—
47 mm for reading thnformation on them and betwe
0 - 42 mm for writing thénformation on thelr.

The Ethernet switch (Figp) is used to interconnect
the elements of the RFID system. It has 5 Etheppets
and the following technical featur:

e power supply voltage24 VDC;

e switching capacity: 700 Mby.

e throughput: 148800 pps;

e setting methodsettings are made in the Switchi

Hub.

Fig. 3. CP1L-EM30DR-DProgrammable Logical Controlle
a — model;b — overalland mounting dimensio.

4-R4,

34 32

Fig. 4. RFID Tag - V680D1KP661. a — model;
b — overalland mounting dimensio.

Fig. 5. Ethernet Switch W4S1-05B: a — model;
b — overalland mounting dimensio.
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2.2. The CNC Machine

The CNC machine used in the proposed application
has 3 numerically controlled axes and the following

technical features:

» Length of stroke on each axis:
- axis X: 550 mm;
- axis Y: 300 mm;
- axis Z: 150 mm;

» Nominal torque for the engines on the X and Y axes:
1.85 Nm, rated torque for the Z-axis engine: 1.25

Nm;

» Maximum number of rotations for the milling engine:

29000 rpm;

The machine controller can command 4 CN axes and

has in its structure inputs for specific commarateived
from external command systems.

3. MODELSOF ARCHITECTURESSPECIFICTO
RFID SYSTEM S

Connecting components in the RFID system can be
done in many ways depending on the application's

specificity [10]. The general architecture for centing

the system components when using a single RFIDeread
is shown in Fig. 6. The switch allows the connattio HeaderfWrite:/“».i

between the programmable logical controller

the switch should not be more than 100 m.

The connection of the reader is made through a

special connector that allows both the connectithée

Ethernet switch as well as to the voltage powempbup

via special connectors.

with
Ethernet communication, the reader and the compute
through which the communication results are moaior
The length of the Ethernet cable between the reader

Slave

Workpigca Reader/Writer
RFTag ™ g;

Master

Switching Hub
Reader/Writer =

Slave
Reader/Writer |

Slave
Reader/Writer

Effectively expanded communications field

Fig. 7. Architecture specific to an RFID system allowing th
identification field extension.
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Below we present two possible connection variants Fig. 8. Architecture specific to an RFID system allowing to

that can be used in production cells, flexible peitbn
systems, and in logistics flows.

The extension of the identification field is mafiéhie
tagged items do not have the same size and thénsags
different orientations. This is done by positionh&FID
readers on both sides of the detectable item, @srsin
Fig. 7 and also by using Field Extension Mode.

Reader/Writer
[ |G
3

Computer

Ethernet Cable |]
\

Ethemet Cable

power supply

N e
Power Cable
Fig. 6. Architecture specific to an RFID system with one

reader.

reduce the time for information reading/writing.

If tagged goods are conveyed on high-speed flows,
four readers can be used to allow each the reaafireg
data set separately which is then stored in a mynita
manner by means of the High-Speed Traveling Mode,
Fig 8.

5. CONFIGURING THE NETWORK SPECIFIC
TO THE RFID SYSTEM

In the RFID system, the programmable logical
controller controls all the actions to be transeditto the
reader. It reads and writes the information ontégs and
then sends a response to the programmable logical
controller.

The block diagram of the communication between the
programmable logical controller and the RFID reader
relative to the type of actions that are done Bs¢htwo
components of the RFID system, is shown in Figure 9

The exchange of information between the reader and
the programmable logical controller is done throwagh
Ethernet / IP protocol. The information to be traitsed
from the programmable logical controller to the dea
will be stored in memory areas different from the
information that is transmitted from the readerthe
programmable logical controller. This is shown iig.F
10 by specifying the two D100 and D200 memory
addresses [10].
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Fig. 9. The block diagram for communication RFID rea

and PLC.
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Fig. 10. Ethernet/IP protocol for information exchange betm
the RFID reader and PI.

To configure the network specifio theRFID system
with Omron components, the nektese stey should be
followed:

» connecting the reader, the programmablogical
controllerand the computer via the swi;
» setting the IPshrough the web brows (Fig. 11) in

correspondence with the valsiin Table .

http:// (IP_address)

V680§ REID Read er/l

viter - Windows Internet Explorer

192.168.1.200

{4

Favorites & V6805 - RFID Reader[Writer ki~

Status Network settings

O Fixed setting

IP address  192.168.1.200

Gommunication
settines

Network settings ‘
|
‘ Subnet mask 265255 2550

192.168.1.254

Gateway address

Obtain from BOOTP server

Multi Reader/\ikiter
setting

RF Tae
communications

Fix at the IP address which is obtained from BOOTP server

‘Web port 7080

Log view
Web password

Device name

Noise monitor ‘
RF Analyzer ‘

Reboot |

Fig. 11. Network interface for the I setting.

Table1
Default | P address of the Reader/Writer
Setting Default setting
IP address 192.168.1.200 (fixed settir

Subnet mask 255.255.255.0fixed setting)
Default gateway| 192.168.1.25 (fixed setting)

After selecting thdPs, the communication is set
and commands from the programmalogical controller
to the RFID readetan be launche

The most important actions that can be done thri
commands are these: tapeific ID reading, tag data
reading, tag data writindplockingof writing information
on the tag, rewriting tag information, restoringtal.
copying data fromone tag on another (in this case, 1
RFID readers are required), initialization, comnaation
type setting and operationode settin.

6. CASE STUDY

Integrating the RFID system into a manufactul
cell allows for more efficient management of infa@tion
about the actions taken within that . In order to show
how this can be done, axperimental stand conting
of the following equipmenfFig. 12) was used: the RFID
system (reader, PLC, router, RFID tag), the C
machine (including its controller) and the compi
(server) that allows interfacing betweethe CNC
machine control applications anthe applications
specific to the RFID system.

The positioning of the reader relative to the
attached to the palette had todone in such a way that
it corresponds to the parameters specified in
technical data sheet (Fig. 1t8) work properly Thus, the
angle 6 between the tag and the reader, the distiY
between the reader and the tag, and the distD
between the tag and the metal object behind itrtibtal
palette), were used for the experimental rrch
according to Table 2.

Tag CNC

Controller

Computer

Router

Fig. 12. The components of the experimental stand an
connections between th,

Table2
Specific valuesfor positioning distances
No. | 0[]/ Y [mm] D [mm]/
communications communications
range[%] range[%]
1 0-10/0 0-42 20/90
2 0-10/0 0-42 30/94
3 0-10/0 0-42 40/ 97
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Metallic material — Readerriter  Metal on back Table5
- 9 HF;’ag The coderead from the tag attached to the second palette
1H e s I y— = ;stsr Bit15-12 Bit11-8 Bit7-4 Bit3-0
Communications ress
— range 1200hex 0 0 2 D
Metal
B Table6
. —+ D= The coderead from the tag attached to the third palette
Reader/Writer Non-metallic material User
Non-metallic material address Bit15-12 Bit11-8 Bit7-4 Bit3-0
Fig. 13. Reader positioning distances relative 1300hex 0 0 S A
to the RFID tag.
Table7

. Information / IDswritten on tags
For example, 3 numerical control programs were 9

used. Each program allowed the processing to obtainParameter Name Tagl Tag2 Tag3

three different workpieces, having different praieg Processing Time 10 min 25 min 8 min

characteristics. Since the emphasis was not orCtile | Processing Date 29.09 29.09 29.09
Semi-finished Plastic | Aluminum Wood

program, but on how to identify it and how to writee

information about the processing on the tags attdb Material _ 19 11 39
the workpieces, simple CN programs were used CN Machine Xyz Xyz Yax
! ' Operator 1 1 4

Each workpieces item was positioned on an attached
RFID tag palette.

After positioning the palette on the tool table, by
means of the RFID system, the program-specific ¢ode
be used for processing could be identified. The
correspondence between the codes written on th® RFI

) , ro
tags and the CN programs on the basis of which th(—P Table 7 lists the information that was written acle

processlng was car'rlled out are presented be[ow. of the 3 tags or the IDs in the database storedhen
The "Read Data" command was used which allows to

. . PO , server.
][.e?(? tgel;ﬂfojgﬁt'ontgfom the tag d'f.th'j IS 'nbmﬁdg;o To write the information on the tag the "Write Data
r:(eex ;‘unitiglr? Wili?:% halz ;Z?;;ngp 5 kl)?/te(s)ne y command was used, which allows the tag to be wrifte
To the tag attached to the first workpiece, theQ110 it is in the reader's field. Using this commandidame by

) the 0003 hex function, which has a size of 16 bits.
hex code was assigned stored on 2 bytes. Therdiwre, In correspondence with the assigned codes for each

final form of the command that allows reading thg t
) ; . tag attached to the pallets (1100 hex, 1200 hex1800
attached to the palette which has the workpieshasvn hegx respectively), ?he finE';ll form of the commands

in Table 3 . i . .
L allowing the writing of the information in Tableoh the
The last line in the table corresponds to the alied 3 tags is presented in Tables 8, 9 and 10.

data memory and can be preset. In this case, thaome
was preset at the value of a data word and car 266
identification IDs specific to CN programs.

Similarly, for the other two tags attached to the
palettes, the 1200 hex and 1300 hex codes, regphrcti

After the processing performed for each workpiece,
information regarding the processing time, the détine
processing, the workpieces the material and theenafm
the operator who assisted the CN machine during the
cessing were written on the attached tags.

Table 8
Hexadecimal code which allowswriting information
on thetag attached to thefirst palette having the wor kpiece

were assigned. Therefore, considering the IDs fopDataname Bit5-12 | Bitll8 | Bit7-4 | Bit3-0
identifying the CN programs used to process theehr | CmdCode 0 0 0 3
semi-finished products positioned on the tag pedetas | CmdParaml 1 1 0 0
34, 45, and 90, respectively, in Tables 4, 5 anthe, | CmdParam2 0 0 0 4
codes read from their memory are also presented. CmdData[0-1] 0 0 0 A
CmdData[2-3] 2 9 0 9
Table 3 CmdData[4-5] 0 0 1 3
Hexadecimal code which allows reading infor mation CmdData[6-7] 0 0 0 1
on thetag attached to thefirst palette having the workpiece
Table9
Bi?;gg;; Bit5-12 | Bitll-8 Bit7-4 Bit3-0 Hexadecimal code which allowswriting information
CmdCode 0 0 0 2 on thetag attached to thefirst palette having the workpiece
CmdParaml 1 1 0 0 Data name Bit5-12 [ Bit11-8 | Bit7-4 | Bit3-0
CmdParam2 0 0 0 1 CmdCode 0 0 0 3
CmdParaml 1 1 0 0
Table4 CmdParam2 0 0 0 4
The coderead from the tag attached to thefirst palette CmdData[0-1] 0 0 1 9
User _ ] _ _ CmdData[2-3] 2 9 0 9
address Bit15-12 Bit11-8 Bit7-4 Bit3-0 CmdData[4-5] 0 0 0 B
1100hex 0 0 2 2 CmdData[6-7] 0 0 0 1
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Table 10
Hexadecimal code which allowswriting infor mation
on thetag attached to thefirst palette having the workpiece
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CmdParaml 1 1 0 0

CmdParam?2 0 0 0 4 REFERENCES
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(2]

The last 4 lines in each table represent thel3]
information written on the RFID tags.

Both for tag reading and, the identification codtas
the specified parameters have been compared on taket4]
from a database found on the server.

7. CONCLUSIONS

Radio frequency identification systems allow foe th 5]
management of large amounts of information, andt rea
time information access by all the information syss of
the applications.

Within production systems, access to real-time[6]
information is very important, and therefore the
implementation and use of RFID systems allow for
increased automation.

The proper exploitation is closely related to the [
proper implementation of the RFID equipment. Thaos,
the experimental research presented in this paper,
three cases mentioned in Table 2 regarding the
positioning of the readers with respect to the tagd, [g]
also, the positioning of the tags in relation tce th
surrounding metals were tested. Similar result®hsaen
obtained, the system functioning correctly, without [9]
reading or writing errors.

To read and write the tags, a very small number of
parameters was used for the CN programs
documentation. That is why in the future resealicls i
desired that the number of stored information reigar
the CN-specific parameters be much higher and the
exploitation conditions be more diversified.
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