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Abstract. Nowadays mass customization is a paradigm to laedewith increasing flexibility, and several Comjes
are already changing their process layout from sleal transfer line to cellular manufacturing arigXible
production. This change is generating a challengjated to the manufacturing support system, spigcial
manufacturing planning and control. Adding flexityilto a manufacturing process results in incregsitystem
complexity, which requires higher process visipiti deal with unexpected events and exceptions.pEper
proposes an auto-detecting exception state apprbaskd on Petri Net inside RFID distributed Datadasalled
PNRD, as a formal structure to determine unexpeetehts automatically. There are two main featimehis
approach: the use of RFID tags as product expedtgdbase, and the application of Petri Net analysigenerate an
auto-detection tool. These features allow RFID tagstore product flow and permits readers to idfgriag-related
activities through process flow. As a consequeibcgsnerates a network independent mechanism. Bas¢ldese
features, it is possible to structure RFID datatcep in order to automatically identify faults andn-expected events.
This approach to RFID reader data capture can lewed in Petri Net as a direct analysis of localdy a specific
transition in a specific product workflow.
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1. INTRODUCTION

Two centuries ago, the Industrial Revolution stirtehanging the power from landowners’ hands todgoo
producers’. After that, there was another revohutibat changed power from goods production to méttion, which
means to companies and people who have contrbleoihformation flow. Fig. (1) presents a schemegjaresentation
of the economic evolution and its relationship witie technological approach, summarized with meigation in
industrial revolution and automation developmetiiduced by Computers and Information Systems (1S).

After the Industrial Revolution, the populace stamigrating massively to the main cities, demandingre
industrialized products. This migration generatddva cost and high production rate from compangfittconsumers
demand. Such movements persist for several decediéshe years where computers and informationesys become
the basis to support the boom in mechanical auiomat

After the 1980s, the balance between supply andaddmvas strongly driven by the changing in consionpt
behaviors, and, in this direction, power changemmfrgoods production to information. The paradigmnedss
production shifted to mass customization (PineB®4)9 in which products must be customized accortiingustomers’
needs, and the challenge lies in maintaining magsigduction costs in more complex systems.

As a consequence, several Companies have changidptbcess layout from classic transfer line todero
industrial arrangements, such as cellular manufexgfu This change generates a pressure in the titraal
manufacturing support system, specially manufactuglanning and control integration demanding naeurate and
flexible information systems.

However, flexibility addition in a manufacturingquess also increases system complexity, which mesjtigher
process visibility to deal with unexpected evemid axceptions. Focusing on these requirementspdper proposes
an auto-detecting exception state approach baséteohNet within a RFID distributed Database, @lPNRD, as a
formal structure to determine unexpected eventsnaatically. There are two main features in thisrapph: the use of
RFID tags composing the distributed database, hadpplication of Petri Net analysis to generataato-detecting
tool.
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This approach to RFID reader data capture canéged in Petri Nets as a direct analysis of locdbtya specific
transition in a specific workflow (Tavares 2005 yv&eeset al. 2006 and Tavarest al. 2007). In this regard, this paper
shows how to integrate Elementary Petri Nets irfFiDRdetection system (integrating tags and readerseption of a
specific process).
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Figure 1. Economic Evolution (Tavarest Silva 2008)

This paper presents the RFID technology in secBomext, section 3 shows basic Petri Net defingiand
formalization. Section 4 introduces Petri Net witiRFID Database (PNRD) concepts and auto-deteetkogption
state calculus, while section 5 shows PNRD deplaym@NRD applied to Flexible Manufacturing SystenrMS -
Process example is presented in Section 6, folldwyediscussion and conclusion, acknowledgementgefiedences.

2. RFID TECHNOLOGY

RFID is composed by a tag or label and by readeicds. Readers can be connected to a networkeitpsected to
be possible to continuously trace and track physibgects marked by RFID tags. Thus it can be vibwae part of a
sensor network. A single overview of a typical REBistem is provided in Fig. (2).

Data Control
Base System

Network
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Reader/ Data
processing

RFID TAG

Figure 2. Schema of RFID System

Modern readers are pieces of equipment that haeenad microprocessor and memory, connected tot afse
antennas which recover the data stored in thettagsgh Radio Frequency data exchange, and thagfénathis data
from physical world to IS and databases. Theseemsathesides possessing simple filtering for reduthe amount of
collected data, can also write data (Cholethal. 2003).

Since 2001, there is an initiative to dissemina®Ralong Supply Chain, called EPC NetwbrKhere have been a
lot of new applications related with RFID trying pwesent its benefits and advantages (Zaharatial. 2002 and

L www.epcglobalinc.org
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Hardgraveet al 2005); although, based on the high expectatioh@amn implementation rate that follows this progets
is evident that this technology has not generatedigh from expected value (Tellkamp 2006). On the lband, there
is direct a consideration from more mature companiehich aim to solve their troubles instead ofeguting a new
fashion technology - that RFID should not be mari¢éable than the cheaper and very well known baecéiowever,
RFID must be applied in a different way, that i&IR can be structured as a real-time Physical Distied Database
since it is able to read and modify product statermation data synchronously with process workflow

2.1. EPC Network

EPC Network is a suggestion for a Supply Chain fRelahip Standard by EPC GlohaFigure (3) presents the
EPC Network architecture. This architecture is cosgul by tags that are stimulated electromagnetibglreaders and
transmits a single number called EPC — Electromadé&ct Code. According the EPC Global specificatieach tag
stores only a key reference (Header Id, ManufactiaheProduct Id and Product Serial Number), withany extra data
(EPCTagData 2008). Fig. (4) presents EPC standarctsre with 96 bits. Each “X” in Fig. (4) indie 8 bits.
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Figure 3. EPC Network Architecture (Cheonget Kim 2005)
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Figure 4. 96 Bits Electronic Product Code StructureGID-96 (EPCTagData 2008)

EPC Network suggests readers must be controlleBRy Business Logic Management and Provisioningchvhi
interacts with other applications. EPC Data fromders must follow a protocol and there is a neediltering and
local storage provided by EPC Middleware or Savdter this first data treatment, data amount idueed by
Application Level Events - ALE (EPCIS 2007). ALEgwides interfaces with control filters and datalectied
exchange applications. EPC Information Service @apg Application supervises low-level applicatiorasd
contextualizes business information by integratals related with business process (Cheeti§im 2005).

EPCIS has a special feature called EPCIS Event€IERO007) which specifies each type of activityatetl with
reader data capture within EPCIS. Contextualizéarination goes to EPCIS that is a product repogittatabase, and
assists product data exchanged with partners binétaAccessing Application. EPCIS has interfaceth vadther
applications and with data search mechanisms. Tiede®C Discovery Service, which certifies datasfars, and the
Object Name Service (ONS) — that is a Domain Nagmei€e (DNS) — for products.

From an external point of view, EPC Network intetolsntegrate Companies with electronic messag&ange.
Traubet al. (2005) present an Extended EPC Network as showfign(5). It can be noticed that Communication
Network is based on standard messages such as EMNEE@n EPC Discovery Service, which is vital towgtture the
collaborative network, as well as a data certifaasystem, expected to be reached by GS1 GlotgisRe— GDS.

There are many references which extend Supply Q%) as Guidet al. (1997), Aitkenet al (2003) and PLM
(2003) as presented in Fig. (6) which starts wigmwRMaterial Production, followed by manufacturedtpaand
products. These approaches extend product use arsdiroption by customers and introduce repair, refaature,
recycle and disposal activities to generate a cytl¢he SC. In this context, the challenge is mdato product
termination data management, that is, the entirdl € must present not only the material and infation flow up to

2 www.gs1.org
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Customer use and consumption, but also the redoleemoduct flow with a specific goal, to reducepbsal rate.
Without suitable information, disposal rate growsagll as environmental impact.

Disposal rate reduction could be assisted by EP&vdtk information. Although, Gen2 Standardtroduces a
function called “kill tag” to hinder tag informatiodata capture after Customer acquisition in otdeavoid Customer
Identification. This assists Customer privacy bah @lso make EPC Network unusable to reach praductination
process management requirements. However, the \R&y letwork is structured, there is not a suitabtegration
between product and process information, and @&t@fe product termination management is still paroproblem.

Another key point is the fact that nowadays coltation among Companies is treated confidentialhgl & is quite
difficult to believe that Companies are going tease product information without any kind of regjidn or restriction
to other Companies.
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Figure 5. Extended EPC Network (Traubet al. 2005)
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Figure 6. Extended Supply Chain Environment basedm(Guide et al. 1997)

3. PETRINET DEFINITION

Petri Nets (PN) (Murata 1989) have quite usefulregpive power for modeling (graphically or mathdozdly) the
manufacturing process, as well as a great capaxityrmally verify the properties of the modeledstym (Liu et al.,
1994; Santos Filhet Miyagi, 1995; Silveet Miyagi 1996; Zhou, 1995; and Rozirettvan der Aalst, 2006).

Fig. (7) shows a Petri Net representation and dtsespondent matrix equation or incident ma#ix These PN
characteristics allow the transformation of suclcpsses into computable sequences that modelsrdueigtive
processes.

A prescription commonly adopted for the modelinggfroductive system using a PN representatiorbean

» Identification of resources, operations or ating in the system;

« Establishment of sequences of the activitiesarhestep;

% www.epcglobalinc.org
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* Representation of the product states, generallyPfaces that are connected by Arcs to Transitiaméch
indicates the beginning and ending of activitielbging to the process;

« Definition of the resource through Places andrtbennection to the beginning and ending of eagbration
represented by Transitions;

* The specification of the initial MARKING.

P3

-1 0 0 0 0]
1 -1 0 0 O
1 0 -1-10
=0 1 0 0 O
0 0 1 0 -1
0 0 0 1 -1
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Figure 7: Graphic and algebraic representation of groductive process in Petri Net
3.1. Incident Matrix and State Equation

According to Murata (1989), for a Petri Néwith n transitions andn places, the incident matrix' =[a;] is ann x
m matrix of integers and its typical entry is givenEq. (1).

a =a -a (1)

wherea;” = w(i,j) is the weight of the arc from transitioto its output placg and g = w(j,i) is the weight of the
arc to transition from its input placg.

In writing matrix equation, markiniyl, is anm x 1column vector. Th@¢" entry ofM, denotes the number of tokens
in place j immediately after thd" firing in some firing sequence. Tk firing or control vectow, is ann x 1 column
vector ofn — 10's and one nonzero entry, a 1 in theosition indicating that transitidrfires at the<" firing. Since the
i™ row of the incident matrixA denotes the change of the marking as a resuitiog transitioni, it is possible to write
state equation for a Petri Net as Eq. (2).

M= M+ ATug k=1, 2, ... 2)
4. PETRINET INSIDE RFID DATABASE — PNRD

PNRD is an evolution of Tag Extended Petri Netsvéraset Silva 2008). In practical terms, Tag Extended iPetr
Nets (TEPN) can be viewed as a Petri Net where Ridfa is a tagged token, and the RFID reading iacts/related
to a transition that connects product or object @me post conditions. This approach is necessamyeterate an
Architecture which checks pre-conditions and changeoduct actual state automatically, adding infoiom inside
tags (Tavarest al. 2006). Fig. (8) represents a TEPN schema of Redtleelated with Transitionl and its pre (State
1) and post states (State 2) concerning EPC Nufntér11.01.

Reader: X1
EPC Number: 1.10.11.01
Object State: State 1
Expected State: State2

® >0

State 1 Transition 1 State 2
Figure 8: Example of TEPN Schema (Tavarest Silva 2008)

PNRD proposes Elementary Petri Net (EPN) as thmdbrepresentation that fits automatic unexpectezhis
identification of each individualized tagged objectproduct. Tag reading is as a single observaifoa stimulus for
the reader to capture a set of tags, which, aifterihg, can be perceived as a string of numb®msilarly, the writing
action is a stimulus for the reader to change theeat information in the tag, after a correspogdittering.
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For instance, from the tag point of view, readitgs be modeled by an Elementary Petri Net, as aesee of
transitions for each multiple tagged token. In thader point of view, each transition is a stimutusead (and write)
information from the tags and evaluate if it hashange the information state.

As each transition can be related with redundantgption point, it is necessary to define two distitypes of
transitions: perceived and non-perceived. For exangshipment process of 30 free units properdniified can be
viewed as a Petri Net with three distinct transisioload, transport and delivery; and four plade=e unit, loaded unit,
transported unit, and delivered unit. This exanpkhown in Fig. (9).

Free Unit Loaded Unit Transported Unit Delivered Unit

Lo Transport Delivery

Figure 9: Petri Net Shipment Process of 30 Free Ui

If only Load transition is perceived with RFID read, transport and delivery transitions are nomcgiged ones. In
this direction, there is a simplified perceivedrPHliet, which only presents perceived transitidnsthis example, Fig.
(10) presents correspondent simplified perceivetti Aéet. Usually, other transitions are perceivat achecked
manually or the whole process is intended to bedeoted after truckload. Nevertheless, the larger ibmber of
readers inside the process, the more perceivesdctans it has.

Free Unit Loaded Unit
Load
(o= ——( )
Perceived
Reader # ABC

Figure 10: Simplified Perceived Petri Net of Shipmet Process
4.1. PNRD Formalism

The PNRD approach aims to verify, validate and poirt refinement requirements to Perceived Petts Ngstem
models based on RFID data capture. So as to #tigipurpose, PNRD distributes Petri Net systemehadthin RFID
components, that is, in the tag and in the reagternal memory, adding an enabler of automaticetieig exception
state.

Each tag holds more than a single Id, as predisyeHPC Global (EPCTagData 2006) but store the reduand
some alternative processes the product has toFacmally, the extra information is composed by piheduct incident
matrix A" (expected product process flow), and the productedstateM,. Optionally, product timestamp or a specific
date such as expiration date is included withinpiteeluct RFID tag. Each reader receives a tabtmofrol vectoruy in
advance for each product id, product actual statd timestamp.

It is possible to formalize RFID Perception as aacfereader/antenna id, tag id, timestamp, pre ost-state, as
presented in Eqg. (3).

RFID Perception = {tag, readey, timestamp, prg pos}, 3)

wheretagy /7T, Tag Id setreadery /7R, Reader/Antenna Id sgires /7PreS Pre-state set; aqbs; /7/Pos$S Post-
state set.

Reader processor has a special duty: to calcuilateay next statel,., based on Eg. (2). Part of the data is gathered
from the tag memory after an initial reading (irexil Matrix, actual state mark and timestamp). Aeotbart comes
from reader antenna transaction relationship, dantrol vectoru, for each product id, product actual state, and
timestamp stored within the reader memadwl., state is calculated. If this calculus has a uyitatate Vector as a
result, it is suitable and this datum can be sta®ad nevM, within the tag memory. IM,.; calculus results in a non-
unitary state vector, it is unsuitable and, asraafliconsequence, it is possible to automaticatiplight an exception
state related with previous expected process wmskflAlthough PNRD identifies an exception stateddétes not
distinguish the cause of this effect.

Nevertheless, a single reader antenna can bedeidtie more than one perceived transition, depemndin the tag
id, time, pre and post state. For instance, ifg¢hsronly one reader antenna at the warehousenestrand material
management is based on this reader antenna permetiiere are two activities related with it: matkentry and
departure. In the same direction, if there is arpiration date, within product RFID data, it is pide to identify
unsuitable products to be disposed, depending axing timestamp. Conflicts arise when the sameereadtenna is
related to more than one transition concerningsdrae tag id pre-state. In this case, it is necedsaapply a decision
algorithm to define which transition must be chosHrmis paper will not deal with the decision makprgcess.

Figure (11a) shows an example of Petri Net equadistributed along tag and reader related with g post
states before reading. Figure (11b) represents PafRDreading the tag attributes.
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Figure (11a) presents tagObj as Tag class objahttive following attributes: tag Id 1.2.1.1010, [1,0] (related
with P0),AT, and timestamp timel. readerT1 is a Reader clijgstowithuy [1] related with tag Id 1.2.1.X, where X
means all tag Ids which start with 1.2.1, and sshe&rhemas t¥,.; calculus. After the reading process, it is possibl
notice a nevM, ([0,1]) related with P1, and a new Timestamp timé&turally,A’ remains the same.

However, there are some requirements to be fitrbeteeM,.; calculus. These requirements are presented in the
next section, PNRD deployment.

(@) pu > ) pu— »o) | t2a0k Tog
tagOhj: Tag readerT1: Reader Attributes:
Tag#: 1.2.1.1010
Attributes: Attributes: My [0,1] (P1)
Tag# 1.2.1.1010 Reader#: 1.2.1.090 AT -1
Mh: [1,0] (POY u, from Tagh 1.2. 1L.X: [1] 1 -
AT |1 ‘ u; from Tag# 1.2.2.3: [0,1] Timestarmp (time2)
1
Timestamp (timel) Schema:
Schema: .
) read (Tag # My, AT)
Schema: get (1, Tag#)
time (T)

Mooy = M+ AT 1y
write (Tag #, My, 4. T)

Figure 11a: PNRD Representation Before Reading  Figa 11b: PNRD Representation After Reading

5. PNRD DEPLOYMENT
5.1. PNRD Methodology

PNRD application has some mandatory requirementd s to map the process flow in advance, including
knowing undesirable events; plan expected percagtidetermine and identify perception points; indég reading
events with system model perception points, andDRfeéchnical issues, such as physical barriers;ugaqy, tag
position, and tag type (active or passive) defimiti

The PNRD methodology is separated into two paesigh (expected states definition), and execu@malysis of
actual states). PNRD data requirement for eachiparesented as follows:

a) Design (expected states definition)

a. Process Mapped in Petri Nets, including expeexeéptions (Basic High Level Petri Net - BHLPN);
b. Definition of each specific product process (Bdamtary Petri Net - EPN);
c. Identification of each reader (perception poinsjde this EPN (transition identification);
d. Definition of each product tag incident matridanitial marking and reader control vector;
e. RFID technical issues resolution.
b) Execution (actual states analysis)
a. RFID HW and SW deployment;
b. Auto-detecting exception based on PNRD approach;
C. Data consolidation from expected execution.
Unexpected exception treatment is not includedNRB methodology.

5.2. PNRD Implementation

Following EPC UHF RFID Protocol (2005), tag memahall be logically separated into four distinct k&nA
logical memory map is shown in Fig. (12). Memorykaare:

» Reserved memory shall contain the kill and andéoeas passwords, if passwords are implementedediagh

« EPC memory shall contain a CRC-16 (Check-Digitht&col-Control (PC) bits, and a code (such as a@,EP

or hereafter referred as an EPC) that identifiesotbject to which the tag is or will be associated;

* TID memory shall contain an 8-bit ISO/IEC 15963adtion class identifier;

» User memory allows user-specific data storagepaoptiy.

PNRD additional data is stored at User memory bpréferentially.

6. PNRD APPLIED TO FMS PROCESS
Flexible Manufacturing System — FMS — process plagnhas alternative or flexible flows as a spefgature.

When this kind of process is modeled by Petri N#iste is a conflict concerning control system wihie closed
related with alternative definition. Figure (13)epent schematic Petri Net for an alternative floont place P1 (for
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instance a raw material) to place P4 (e.g. finishemtuct) and its correspondent incident matrixchE&ransaction
represents a piece of equipment and is linkedsioeaific reader antenna.

ms8 LsB
10, TID [15:0] 1F
00, TID [31:16] oFn
Bank 11 USER
ms8 LsB
Bank 10 TID EPC [15:0]
Bank 01 EPC
20, EPC [N:N-15] 2"
Bank 00 RESERVED 10, PC [15:0] 1Fn
00, CRC-16 [15:0] OF,,
Msa LsB
30n Access Passwd [15:0] 3Fn
20, Access Passwd [31:16] 2F,
10, Kill Passwd [15:0] 1Fn
00, Kill Passwd [31:16] OFy,

Figure 12: Tag Memory Banks (EPCUHFRFID 2005)

Equipment 1 Equipment 2 Equipment 4
M4-Antenna M4-Antenna2 M4-Antenna4
T P2 T2 Ps T3 r_ 1 O O _1 O B
1 -1 0 0 0
- P4 A=l0 1 -1 0 O
O 0 1 0 1
iy ff\ 15 0O 0 0 1 -1
() L |

M4-Antenna3 M4-Antenna4

Equipment 3 Equipment 4

Figure 13: Petri Net Model Related With one Alterndive Flow and Corresponding Incident Matrix

PNRD was implemented in Java and the software nserted as part of a Design Lab project called DEMI
Distributed Environment Manufacturing Informatiogsgm. It was integrated with one M-4 ThinkMagicaRer with
4 antennas and one M-5 ThinkMagic Reader with Zrams. It has two configuration files, called Cgndinl,
identifying valid reader/ antenna to perceived pss; and Context.xml which defines reader trarmactlationship,
presented in Fig. (14).

Z BEMTSTCortrol EEE o T — i
Arquivo  Editar  Exibir Inserir Formatar Ajuda Arquivo  Editar  Exibir Inserir  Formatar Ajuda
D@l SR ol xlel | =] FEER )
<CONFIG DENLS_iD='DENL' READTINE=30'> <canTERT>
21~ Each I must be unique and contain no spaces - CANTENNA o1 10s
<= Farcal --> <1-2 Snorcer sxceptious Tirst -->
<READER ID='H4_1' PROTOCOL='RQL' IP='192.165.4.40' PORT='G080'> <TAG STATE='ANY' TRANSITION='1'>0i</TAG>
<ANTENNL ID='1'> </ ANTENN &>
<TRIGGER>TRUE</TRIGGER> <ANTENNL ID='Z'>
</ ANTENNA> <TAG STATE='ANY' TRANSITION='2'>0x</TAG>
<ANTEMNL ID='2'> </ ANTENNL>
<TRIGGER>TRUE</TRIGGER> <ANTENNL ID='3'>
</ ANTENNA> <TAG STATE='ANY' TRANSITION='4'>0x</TAG>
<ANTEMNL ID='3'> </ ANTENNL>
<TRIGGER>TRUE</ TRIGGER> <ANTENNL ID='4'>
</ ANTENNA> <TAG STATE='ANY' TRANSITION='3'»0x</TAG»
<ANTENNA ID='4'> <TAG STATE='00001' TRANSITION='S5'>0Ox</TAG>
<TRIGGER>TRUE</ TRIGGER> </ ANTENNL>
</ ANTENNA> </ CONTEXT>
Host  [localhost | Port [zoBL | </READER>
READER ID='Hs_1! PROTOCOL='RQL! IP='192.168.4.50' PORT='8080'>
Query [SELECT read_count, protocol_id, antenna_id, id from tag_id; | i —
</ ANTENNA>
<ANTENNA b= 6'>
<TRIGGER>FALSE</TRIGGER>
</ ANTENNL>
</READER>
</ CONFIG>
140 Read Data Initialization Ideia CORE Exit
Para obter ajuda, pressione F1 [ [/ Paraobter ajuda, pressione F1 T

Figure 14: DEMIS Front End, Config.xml and Contextxml files

M4-Antenna 4 is associated with two distinct tramiges, T3 for alternative flow (T1-T2-T3) and Torf
alternative flow (T4-T5). In this sense, if Antednare-condition is P5, then it is linked with TStherwise, it is
associated with T3, as shown in Context.xml in Flg.). For this reason, M4-Antenna4 is not a cohfld PNRD.

P1 is a state in conflict for control system andr¢his a need to choose one of these alternativgsdaluction
schedule. Concerning P1 Conflict, PNRD gets progesseption, and thus perceives the conflict alyesolved,
getting tag data of antenna M4-Antennal or M4-Angshand verifies if tag flow complies with the dgmd or
predicted workflow.
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Applying these configuration files (Config.xml af@bntext.xml) and adding additional data to tag X0@.2, this
tag went through Equipment 1 and Equipment 4, wspdy. Figure (15) shows some fragments of DENt& txt file.

XML: Doc Config.xml Root Element is CONFIG

[2008/08/28 16:20:39.540] DEMIS_ID DEML1: 6 antenoas2 readers, 30s new read timeout.
[2008/08/28 16:20:39.557] Reader O ID M4_1: 4 anéex)

[2008/08/28 16:20:39.560] (0) -- antenna 0O, gldBal, trigger:true
[2008/08/28 16:20:39.561] (1) -- antenna 1, gldBa®, trigger:true
[2008/08/28 16:20:39.566] (2) -- antenna 2, gldbe8, trigger:true
[2008/08/28 16:20:39.567] (3) -- antenna 3, gldbed, trigger:true
[2008/08/28 16:20:39.568] Reader 1 ID M5_1: 2 anéen)

[2008/08/28 16:20:39.569] (4) -- antenna 0, gldbab, trigger:false
[2008/08/28 16:20:39.571] (5) -- antenna 1, gldba6, trigger:false
XML: Doc Context.xml Root Element is CONTEXT

[2008/08/28 16:20:39.597] :. Antenna 1 configumatie> 1 exceptions .:

[2008/08/28 16:20:39.618] "--- tag Ox eptien on pass ANY, control vector is 1
[2008/08/28 16:20:39.620] :. Antenna 2 configumatie> 1 exceptions .:

[2008/08/28 16:20:39.621] "--- tag Ox eptien on pass ANY, control vector is 2
[2008/08/28 16:20:39.622] :. Antenna 3 configumatie> 1 exceptions .:

[2008/08/28 16:20:39.624] "--- tag Ox eptien on pass ANY, control vector is 4
[2008/08/28 16:20:39.630] :. Antenna 4 configunatie> 2 exceptions .:

[2008/08/28 16:20:39.631] "--- tag Ox epti@n on pass ANY, control vector is 3
[2008/08/28 16:20:39.633] "--- tag Ox epti@n on pass 00001, control vector is 5

[2008/08/28 16:20:39.956] /192.168.4.40:8080<--guel'SELECT antenna_id, id from tag_id WHERE rool_id='GEN2';"

2008/08/28 16:20:40.251] /192.168.4.40:8080--rages> "1|0x0012CC8F"

[2008/08/28 16:20:40.372] /192.168.4.40:8080<--gysel'SELECT data FROM tag_data WHERE id=0x0012 ANiDtocol_id="GEN2'
AND antenna_id=1 AND mem_bank=1 AND block_numbe/&#8D block_count=5;"
[2008/08/28 16:20:40.489] /192.168.4.40:8080--mgssa "0x8236006004406E000000"

[2008/08/28 16:20:40.784] [3] Tag 0x0012 antenmald: Ox, State: ANY--> Transition: 1
[2008/08/28 16:20:40.784] [4] Writing Tag 0X0012...

[2008/08/28 16:20:41.197] [5] Tag 0x0012 updatedx8236006004406D000000
Old State: 10000
Current State: 01000

-1 00-10
1-1000
01100
00101
0001-1

t5008/08/28 16:21:18.563] /192.168.4.40:8080--mgssa "4|0x0012CC8F"

[2008/08/28 16:21:19.084] [3] Tag 0x0012 antenmald: Ox, State: ANY--> Transition: 3
[2008/08/28 16:21:19.084] [4] Tag 0x0012 workflowception! ****

Figure 15: Fragments of DEMIS log.txt file

From “2008/08/28 16:20:39.540” to “2008/08/28 1638633" Config.xml and Context.xml were interpikte
“2008/08/28 16:20:39.956” was the reader query ofedld by its answer at “2008/08/28 16:20:40.251":
“1|0x0012CC8F”, meaning that Antenna 1 read “OxDC3F" data string, where “CC8F” is 16bits CRC readcheck
valid digits from 0012 tag Id. Additional data inREMIS format “0x82360060044@®H00000” was gotten after
another query at “2008/08/28 16:20:40.372".

DEMIS found tag Id 0012 transition relationship*2008/08/28 16:20:40.784", and updated Tag additialata to
“0x823600600440B6000000". In other words, current state was charget?008/08/28 16:20:41.197” from 10000
(P1) to 01000 (P2) and Incident Matrix remainedgame.

At “2008/08/28 16:21:18.563” tag Id “Ox0012CC8F” svaead by Antenna 4, related with Transition 3.
Automatically, DEMIS presented “workflow exceptidmrror at “2008/08/28 16:21:19.084".

7. DISCUSSION AND CONCLUSION

This paper presented the PNRD approach and a Fit®gs example, as PNRD conceptual proof. PNRDléstab
auto-detect exception states based on Petri NéisnwWRFID Database, although it does not distiniguiee cause from
this effect. PNRD can be viewed as more than RHiBck digit related to process; it is an automaystesm model
compliance tool. The Unique Id based on networkreated database has huge problems with informatioount,
parallelism of data process when applied to systerdel compliance, and dependency of external nétemnnection.
However, part of this problem will be solved by tharent tendency to provide tags with more menaory therefore
more possibilities for combine data.

PNRD focused on network independence requisitét splits system model into several EPN. It is resesy to
study how to integrate several EPN to a HLPN camogrthe whole process. In the same way, Contrete3y and
PNRD must be investigated and suitably integrateukiclering that PNRD conflict is different from thaf control
system. To avoid PNRD conflicts there must be diffeé antennas related with different transactiamstie same pre-
state in conflict. PNRD must be applied to real Fp8cess to be proved in practice.
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