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A Study on RFID System Design and Expanded EPCIS Model

for Manufacturing Systems
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"Dept. of Industrial and System Engineering, Dongguk University

Abstract

In the recent vears, the companies have manually recorded a production status in a work diary or have
mainly used a bar code in order to collect each process’s progress status, production performance and quality
information in the production and logistics process in real time. But, it requires an additional work because the
worker’s record must be daly checked or the worker must read it with the bar code scamner. At this time,
data’s accuracy is decreased owing to the worker’s intention or mistake, and it causes the problem of the
system'’s rehability. Accordingly, in order to solve such problem, the companies have introduced RFID which
comes 1nto the spotlight in the latest automatic identification field.

In order to introduce the RFID technology, the process flow must be analyzed, but the ASME sign used by
most manufacturing companies has the difficult problemm when the aggregation event occurs. Hence, in this
study, the RFID logistic flow analysis Modeling Notation was proposed as the signature which can analyze the
manufacturing logistic flow amicably, and the manufacturing logistic flow by industry type was analyzed by
using the proposed RFID logistic flow analysis signature. Also, to momnitor real-time information through
EPCglobal network, EPCISEvent template by industry was proposed, and it was utilized as the benchmarking
case of companies for RFID introduction. This study suggested to ensure the decision-making on real-time
information through EPCglobal network.

This study is intended to suggest the Modeling Notation suitable for RFID characteristics, and the study is
intended to establish the business step and to present the vocabulary.

Keywords: RFID, MES, EPCIS, EPCglobal, Extend
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1.

Required

ol gate] AZELA

7158 HlojEl 7}

Material Received
Object Event
Received Hems, Cases & Pallets at Supplier A

------ fvent Time

— Record Time

------ EPC List — Item, Cases, and/or Pallet EPCs
- Action - "OBSERVE”

----- Biz Step -
- Insposiiion -
------ Read Point - GLN sub-location for Factory door X

- SSLT = 209, SSLTA = 414,S1te Sub Location
Extension = "door”

"fmcg:receiving”
"fmcg:active”

------ Biz Location - GLN sub-location for receiving area
- SSLT = 209

------ Lot Number - 456

- Expiration Date - 10/12/07

Temperature - 25

(1™ 6y EPCIS Event@ddoly &9

(% 3 2 FMCG(Fast Moving Customer Goods)
7l 1goll A o|WlE ©A|(Business Step) % AFE9
Aol el diste] el SHIAIRE Al el st
of F7HAo= A<talsic

picking sellable_accessible COldStOI’ age
- sell b S8l - |

shipping Efeldb]e*mtﬂcce%l 202 Storage Area 403 Shelf

shipped not_sellable 204 Staging Area 408 Point of Sale

arrived processing 205 Assembly 409 Security

receiving sold 207 Returns Area 410 Yard

received unknown 208 Production 413 Box Crusher

storing 209 Receiving Area 414 Dock / Door

stocking 210 Shipping Area 415 Conveyor Belt

destroved 299 Undefined 416 Pallet Wrapper

other 417 Portal Reader
418 Mobile Reader

Cutting Square_pb view 301 Cutting Area 501 Dead Roller

Adhesive Eﬁxre—pb not| 309 | Adhesive Area| 502 |On Truck

Boring Possible assemble 303 Boring Area

Painting decorate 304 Painting Area
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4.3.1 Object Event

YaLe} =319 AlojEoA dnkdo=r ol ukals)
= Object event”} GE 4> 9 22 339 AxE4
aAC|EA 2719 ElZE <1AgH -9 Object
Event= (& 5) ¢ #th

(& 4> Object EventZ73 o

T8 o|HE $AZEA
- AAdEE dzA A
Location |ID : urn @ epcglobal:fmcg:loc:0714141073468
GLN : 0714141073468
ID : urn
. epcglobal:fmcg:loc:0714141073468 RP-1
, GILN 0714141073468
Read Point o
SSLT : 209 (Receiving Area)
SSLTA : 414 (Door)
SSLE : Door 3
, ID : urn : epcglobalifmcg:loc:0714141073468.1
Business
_ GLN : 0714141073468
Location .
SSLT : 209 (Receiving Area)
, BizTransTypelD : urn:epcglobal:fmcg:btt:po
Business ,
, BizTransiD
Transaction _
urn-epcglobal:fmcg btiipo:0714141073468.123
Business _ _
urn:epcglobal:fmcg bizstep:receiving
Step
Disposition | urn:epcglobal:fmeg:dispprocessing
oA R urniepci%diSgt?n10714141.107340.1
urn-epc-d:sgtin:0714141.107340.2

{3 5> Object Event Query 23} o
<ObjectEvent>

<eventTime>2007-10-12T20:33.31.116+09:00</event Time>
<epcList>
<epc>urniepcidisgtin:(714141.107340.1</epc>
<epc>urn:epc:idisgtin:0714141.107340.2</epc>
</epcList>
<action>OBSERVE</action>

<bizStep>urn‘epcglobal::fmcg-bizstep:receiving </bizStep>

<disposition>urn.cpcglobal:fmeg:disp:processing </disposilion >
<readPoint>
<id>urn:epcglobal:fmcg:loc:0714141073468 RP-1</id>
</readPoint>
<bizLocation>
<id>urniepcglobal:fmeg:loc:0714141073468.1</id>
</bizLocation>
<bizTransactionlist>
<bizTransaction Type="urn:epcglobal:fmcg:btt:po”>
urn:epcglobal:fmcg btiipo:0714141073468.123
</bizTransaction>
</bizTransactionList>
</ObjectEvent>

4.3.2 Quantity Event

ofg] Hl=UA oA EPCo| =HHolHE Ha
2 & o 2WAS= Quantity Event’t (B 4) 9F &
2o Az Door3, YAAF(SSLT:209)9] Alo|&
(SSLTA:414) A EPCClass/7t
“urniepcidisgtin:0714141.10734 "<l A7 #A=E Tt
M Quantity Event~ (Gt 6) I 2t}

(3% 6) Quantity Event Query 23} o
<QuantityEvent>

<event Time>2007-10-12T20:33.31.116+09:00</event Time>
<epcClass> urn:epcid:sgtin:0714141.107340</epcClass>
<quantity >2</quantity >

<hizStep>urn:epcglobal::fmeg bizstep:receiving </bizStep>

<disposition >urm:cpcglobal fmceg:disp:processing </disposilion>
<readPoint>>

<id>urn:epcglobal:fmcg:loc:0714141073468 RP-1</id >

</readPoint>

<bizLocation>
<id>urn:epcglobal:fmcg:loc:0714141073468.1</id>

</bizLocation>

<bizTransactionlList>
<bizTransaction Type="urn'epcglobal:fmcg:btt:po”>

urn-epcglobal:fmceg btiipo:0714141073468.123

</bizTransaction>

</bizTransactionList>

</QuantityEvent>

4.3.3 Aggregation Event
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(£ 7> Aggregation Event37

oy ol E FH57

- A A

Location | ID : urn © epcglobal:fmcg:loc:0714141073468
GILN (0714141073468

ID @ um
. epcglobal:fmcg:loc:0714141073468 RP-2
Read GLN : 0714141073468
Point SSLT @ 255 (Picking Area)
SSLTA 415 (Convevor Belt)
SSLE © pick area 12

ID © urn

. epcglobal:fmcg:loc:0714141073468.2
Location | GILN @ 0714141073468
SSLT © 255 (Picking Area)

Business

Business |
BizTransTypelD : urn:epcglobal:fmcg:btt:po

BiZTransID : urn:epcglobal-fimegbtipo:0714141073463.123

Transacti

on

Business

urn-epcglobal:fmcg:bizstep:picking
Step

Disposition| urn:epcglobal:fmcg:disp:processing

urn:epcid:isgtini0714141.107349.100
urn-epc-id:sgtini0714141.107340.1
Bl 2B | urniepcid:isgtin:0714141.107340.2
urn‘epcidisgtin:0714141.107340.3
urn'epcidisgtin:0714141.107340.4

(& 8 Aggregation Event Query <]

<AggregationEvent>
<eventTime>2007-10~12T20:33.31.116+09:00</event Time>

<parrentlD>urn:epciidisgtin:0714141.107349.100</parentID >

<epcList>
<epc>urnepcidisgtin:0714141.107340.1 </epc>
<epc>urniepcidisgtin:(0714141.107340.2</epc>>
<epcrurn-epcidisgtin:0714141.107340.3</epc>
<epc>urn-epcid:sgtin:0714141.107340.4</epc>
</epcList>
<action>ADD</action>
<bizStep>urn:epcglobal::fmcg:bizstep:picking </bizStep>>

<disposition>urn:cpeglobal:fmeg:disp:processing </disposilion>
<readPoint>
<d>urn:epcglobal:fmecg:loc:0714141073468 RP-2</id>
</readPoint>
<bizLocation>>
<id>urniepcglobal:fmeg:loc:0714141073468.2</id>
</bizLocation>
<bizTransactionList>
<bizTransaction Tvpe="urn:epcglobal:fmcg:btt:po”>
urn:epcglobal:fmcg bti:po:0714141073468.123
</bizTransaction>
</bizTransactionList>
</AggregationFvent >

4.3.4 Transaction Event

| zuzel 4 AWE Ak AMEShs ol
HMEZA wEs H3l e sk 45, isd=
7 AHeHEE oA wle) 22 vzU s A8l A
HAlsl=Y] oWEE  EdAA oWl E(Transaction
Event)2} alH  (E 9 & 22 279 Aol
SSCCHEZ 71 AE AW7F Alzs7d A= F6el A
AAslz oMlEZE WAlElE T, EXAA oWE

1

(Transaction Event)~ {3 10> & At}

(% 9> Transaction Event -4 <

oWE #7327

-/
ghr

P

b

- AxEH A
Location | ID @ urn : epcglobal:ifmcg:loc:0714141073468
GLN : 0714141073468

ID : wn : epcglobalifmeg:loc:0714141073468. RP-3
GLN 0714141073468

Read _ L
_ SSLT : 210 (Shipping Area)
Point |
SSLTA : 414 (Door)
SSLE : Door
_ D : wmn : epcglobalifmeg:iloc:0714141073468.3
Business
. GILN © 0714141073468
Location ‘ .
SSLLT : 210 (shipping Area)
1.BizTransTvpelD : urn:epcglobal:fmcg:btt:po
Business BizTransID : umiepcglobal:fmeg:ba:po:071414 073463123

Transaction|2.Biz TransTypelD © urn‘epcglobal:fmcg:btt:hol
Biz TranslD : umiepcglobal-fimegibtibol:0714141073463 A

Business

. urn:epcglobal:fmcg:bizstep:shipping
Step

Disposition| urn:epcglobal:fmeg:disp-sellable_available

| E: urniepcidissce:0714141.0000000001

A urniepeiidisgtin:0714141.107340.1
urn:epciid:sgtin:0714141.107340.2
urn-epcid:sgtin:0714141.107340.3
urn:epc:id:sgtin:0714141.107340.4

EREN
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(3 10y Transaction Event Query <

<TransactionEvent>

<eventTime>2007-10-12T20:33.31.116+09:00</event Time>
<bizTransactionList>
<bizTransaction Type="urn:epcglobal:fmcg:btt:po”>
urn-epcglobal:fmcg:bti:po:0714141073468.123
</bizTransaction>>
<bizTransaction Type="urn'epcglobal:fmcg:btt:bol”>
urn:epcglobal:fmcg:bti'po:0714141073468.A
</bizTransaction>
</bizTransactionlList>

<parrentID>urn:epciidisscc:0714141.0000000001 </parentID >

<epcList>
<epcrurniepcidisgtini0714141.107340.1</epc>
<epc>um:epciid:sgtin:0714141.107340.2</epc>
<epcrurniepcid:sgtini0714141.107340.3</epc>>
<epc>urniepcidisgtin:(0714141.107340.4</epc>
<epc>urniepcidisscc:(714141.0000000001 </epc>

</epcList>

<action>ADD</action>

<bizotep>urniepcglobal::fmcg:bizstep:shipping </hizStep>
<disposition>urn:cpcglobal:fmcg:disp:sellable_avaiable
</disposilion>
<readPoint>

<1d>urniepcglobal:fmeg:loc:0714141073468 RP-3</id>
</readPoint>
<bizLocation>
<id>urn‘epcglobal:fmcg:loc:0714141073468.3</id>
</bizLocation>
</TransactionEvent>

AxY U-MES#-&
5.1 ZZA2AA

RFIDE 7|Hte 2 EPCglobal | ES] A oA o=
HAHE AAsta AH|2E AFshs EPCISE 53
3 A~ X*E-% HUHHsE] Hete] A HAz AR
¥ RFIDA E73F &4 7|58 AHE-3te] RFID7|RE
5 _C_’-‘E‘E—g (a9 7 o] HAdsit (aH
7> oA Hiznle} o] ZZ A f&ﬁﬂ% Bjorikey, €

o, HAlodE & dRle 7 )
1:}~oﬂ EPCISEvent & dlo]g] RdlS A|A]s}7]

11> 5 o] RFIDZINE 34 shepdle} o=
& =gk

Fd

A9 G
SN

(3£ 11> RFID &4 depuiel slegsn

F8 | 24 serde Event
Al I Quantity
Ea R St Object

L AA e Object
7} = Object
= A L &K Object
3£ A} T Aggregation
A} Z3 i A= Quantity

5.2 EPCISE A

RFID7)¥ &7 &

= L
g 75

R T ko] AAEI

Fieoh sgueiEr mEE s
S % EPCISEvent 2 HiolH Ed&

S
1

Objet! Event
Receped Bams, Casesk
Palists

+ Eyert Time

» Hacned Time

« EBC List - EPC foreachunit
then for eact Pallets.

» ftion - "OBSERVE'

+ Tagth- [Ohumed into EPCtag
fir each unit

+ iz Step - "aou: receiving”

+ Bisposition - "yagusouare”

+ Rear Paing - GLN sub-location
far Receiving Area - 55LT =
208, 5L TA= 502, Site Sub
Location Ext= "0n Truckt”

+ Biz Location - GLN sub-
ncation far Recebing Area -
54LT=1209, 55LTA =501

« Lot Nombay - 07101201

+ Fypiration Date 101207

s Quanty - 1000

Quantity Fvent
I cipthing Line BB cutting

Qbject Event
Yiry! athesive 2t Side panal
#edae

+ Fyent Time
« Rezord Thme + Event Tine
» FCLISt-EPC forsachunil,  + Reeopd Tome

then for each b

+ fetien - '0BSERVR

Tag i - 10 burned intg EPC tag
far gach unit
» Bz Sieq - "0agucutting'

+ [isposition - "gagu:square ph

Vi

+ Heat Patrg - GLN sub-location

far cutting line - 5507 = 301,
SSLTA= 414 Site Sub Location
Ext = "canveyar het"

» Hiz Lacation - GLN sub-

[ocation for cutting line - SSLT =
01, 88LTA=415

+ Lot Narsher - 07101201

v Fuplration Date - 100207
+ RPM- 26000

+ Parent ERC - Case EPC

s Chilé EPC List-UnitEPCsin
nang

« Artign -"ADD"

+ Riz Sep - "naguadhesive’

+ Dispostlisn -
"nagusdare_nhotView'

s Head Paint - GLN subocation
for Adhesive line- S8LT =302,
85LTA= 415, 51te Sub
Location Exd="canveyor belt

+ Biz { peation - GLN sub-
Incation for Adhesive ling -
53LT=202 88LTA= 414

+ Ldhesive Temperalure 10

Aggreqation Evend

Pk in Carton boy

+ Fyasg Vine
s Rooerd Thue
» Parpnt EPCLst-Paliet or

Carton Box EPC

« Child FRT {ist Carton Box

EPC

« Action." delette”
+ Biz Step -"gagu-

packaging”

+ Biz Steg = "hls:shinping"
+ Disgesiinn - "gaguch hoy'

-

Reatd Palsd - GLM sub-
Incation for storage area -
85LT=202 S5LTA =415,
Site Sub Location Extension
= "pallef Wyapper 2

« Biz Lacation - GLN sub-

|ocation for Storage Area -
85LT= 202, 38LTA=418

+ Ouandity - 1568

(12 8 EPCISEH4 dlo|e el



ZCELE R

Al 9@ A 6 = 20073 124

5.3 MESZH&

EPCICEvent ¢ do|g] Rdlo]] <tA3}o EPCglobal
HESR|Z/goA oHEAHNE HASIL AH|Ada=
EPCIS=E Ea—ﬁ aj;ﬂx}}ﬂ{q ]E’ﬂZ%E(}“El /_‘;1:, :HRLQ
%, £45E UG @ 5 otk g 9 & 8
4 EPCISY] 7PExeE vehdl AHolh

iuery Iterface

SEEERIRITRL

Repository

Yocabulary Event

e et R e s
i

are Interfao=

2, Pepcsitarydl HENE

| Resding

Adminisiraiur

<2¥ 9>

=

T

6. 4

A EPCglobal®] RFID %%+ Gen27} A5
Hl=re] grtEe} o] akie] HAAET g 0]T§]'
AAl aRal gAY Y v AR RFID =
A A SO E Qldte] Gen 2 X RFID A% & 19Jr
Heo] FEAAET okl AxdAe] At RFID
=Qlo] s A HoR dliE ol

webA Aol WH RFID7|& =94 29

FEol A 3 T el ol27] 742 RFID
7Nk 22 AE AE U% RFID7[{E 273224
=5 E""“’}#Eﬂ A 1 7127) AAE A ol A

FARA7) 52 ASMEA EA17]3

5 Hgste] gt

vant w4 ?

;lt(code AR
oA
S 99 ME AREE VSIS BAE

fulo

SRUB BB B LB R

ONE Ragletar E

ONE Quary

<aféa Flla

By pmus s nES Sy

I EEEELEL N

g2k EPCIS 7d %

a8y ASMEA EA7|ERFe 2= EEA| oA g
At EE oMIEE xdHsb=d HAIZE Q179
RFID7]8F B/ 2AM 2 7|55 Abslsith

S gloelet A7k
AR 2= EPCglobal | ES Ao\ EPCEYE F12
oy g o AT 7)EAT HolHE ETS=
747 opHE BRgiell ofgt EPCAHRE n$Hit) o
REID7|§F Alz=Z2 A28 B 7150 &o&
rapoRrt
drlzt @A) 719l MESE %93l 283

ot} AAZE AH el RAZ Qlalod oA

133

O, 4o, X

a2 3}

FAA ] o



134 A X A|2=9] RFID System A A 9 EPCIS 8453 4 H Y L&-0 F H

O

= Al JdorZ EPCglobals Est] AZ3A4 =}
atelete] RuEgo] Fhssies staixt ARIa-Ed
le\g oWMEZ A sty ZAo) A A gl el
= Aetal AAEe] MESOIA ] #A1HS saste
be Al
EPCglobal W E#]=1o A FARUE o] A7tz
AANETZ] fEide AdEoor & Aol 7ellA
RFID7[es =fishkstl §7]Fo7F H%s 7oA
Al A g aFojoF & Zlolt. |
> ?_?L 2 EPCISTHA ] 2007l AA-E S 7]
%‘ 8 *}Eﬂll 04?7} AR H ook ﬂﬂ% =

o.flz m1

°oF & Zie),
ok Bt AN E

st EPCglobal WESIA
PCISl| A ,Lﬁlﬂ Al #A o]
‘/’\17JQE ?‘J’ﬂgi AT g e Wkl o

1] Be)E, 4

AF TFAL Rulge 23 way oW

A8 8E+E] A, vol 19, No2, pp.124-132, 2006.

(2] &R, “u-SCMste] AF FHF718E] Al=d A

gL 157, F skl AR, 2006,

[3] #AxR5- “RFIDZ 7—‘4%6& A aEol] 1A €]
OPEN EDI @l #3h A+, FHAdugsty,
Al /\]_SLH l-:_ﬂ:’ 20056,

[4] w8, “FHlEEA AFEE 283 SHERAHIA
2dslel] w3k o7, H=thehy, HARRIEE, 2006,

[5] ¥, “RFIDE o83 A3t 2
A ;ltﬂalﬁ A A].aqu&.:% 2005,

[6] M2 “RFID jAbAA s 8ol tigh A5
AlE TR, AAFERR] =, 2006.

[7] 43, “Addrzgexe] ZAE s 98 5
A7 e AR, Ik, AMAREY] =, 2004,

[8] ol 4=, “AxsAe] MESAI~E dA 2 =" A
1-4—1_’}]61—57_ /1-]/?\].6]-_',]1__?_-, 2006.

g
-
@
5
;a.r
rg, O

<]
&
2
E

1.

Aol g A7, AAehela, AR, 2006,

[10] o)A, “RFID A 3438 Al AdA 2

[11] o] &, “FuIHAHAE o] &3t tiste] Ahkake] Al
28l 5l A7 e, BRARS e, 2004,

[12] 2-%°], “RFID7|s 7|5 =A2) Alz=d 7Y
W g el AR =, 2004,

[13] 94174, “E342) RFID A28 758 9% W
B4 R/, F=diekal, viARehe] =, 2007

[14] A-&7], “Aaae] SHelre] RFID E3EA"

[15] AZnl, “AF o]z /‘}Olf’“ erﬂoﬂf\i RFID 2§
of 3t A", IE Interfaces, Vol. 19, No. 3, pp.
181-189, 2006.

[16] SFe=7ed, RFID/EPCEYY

[17] 39, “e-MES AA 2 F-doll 33
I;Hzﬂi]_ A /\],6]-_’/].&: 2004,

[18] Accenture, "Radio Frequency Identification”, 2001

[19} EPCglobal, The EPCglobal Architecture Framework
HCgldal Final Version 1.2 Apoved 10 Seterrber 207,

[20] EPCglobal, EPCglobal Certificate Profile Ratified
Specification 1.0 March 8, 2006.

[21] EPCglobal, Pedigree Ratified Standard Version
1.0 as of January 5th, 2007.

[22] EPCglobal, Object Naming Service(ONS) Version
1.0, EPCglobal Ratified Specification Version of
October 4, 2000.

[23] EPCglobal, EPC Information Services(EPCIS)
Version 1.0, Specification Ratified Standard
Aprial 12, 2007.

[24] EPCglobal, The Application Level Events(ALE)
Specification, Version 1.0, EPCglobal Ratified
Specification Version of September 15, 2000.

25] EPCglobal, Reader Managerment 1.0.1, May 31, 2007.

[(26] EPCglobal, Tow Level Reader Protocol(LLRP),
Version 1.0.1, Retified Standard with Approved
Fixed Errata August 13, 2007.

[27] EPCglobal, Reader Protocol Standard, Version
1.1, Ratified Standard June 21, 2006.

[28] FPCglobal, FRCTM Radio-Frequency Identity Protocols
(Jass-1 Generation2 UHEF REFID, Protocol for
Communications at 80 MHz-990Mhz Version 1.09

[29] EPCglobal, Tag Data Standards Version 1.3,
Ratified Specification March &, 2006.

[30] EPCglobal, Tag data Translation(TDT)1.0, Ratified

), 2006.

?? _;f‘_ﬁ

b

==
oA



Al 9H A 6 = 20073 12¢

135

Standard Specification January 21, 2006.
[31] MESA International, Collaborative Manufacturing
Explained, MESA International whitepaper, 2004.
[32] Wil MP. Vander Aalst, Marlon Dumas, Arthur
HM. ter Hofastede, B. Kiepuszewski, A.P.
Barros, "Workflow Patterns”, DPD, 2003.

A & A A

1987 29 ¢ skl Akl
T3t (FEAY
1903 29 . skek

O
G@AHEOR 1 MES, QMIS, #H]#El2: 2 RFIDA] 28]
2 % FT 2B 1 SRS AsgEn

1981 2¢ 1 gl Ak
ey} (FShAh

- 198313 2¢ @ KAIST AF3-#
a3} (FaHAAD

- 1990 2¢ : U.C Berkeley 2F
A skt (FshabAl)

1992y 3¢ T A - FdiEh
. DR PARRCE R PN
GHAlEeR 0 SCM, CRM, fH#HE 2 2 RFIDA
gl Neural Network

T Mg T HF 37126 T




