A Survey RFID on Tracking and Traceability System

Anuwat Jaidee

Department of Computer Science, Faculty of Science

Khon Kaen University

UNAAED--- LN TL LU NAN U IIMTNEET FuNUsanneuas

L’J‘*ﬁﬁmsﬁLkﬁta%ﬁlﬂi&ﬂﬂm‘lﬂﬁ mmimmmﬂaa@ﬁwaqamﬁﬁu

A @ A o o Ay a Y A Y o R’ R A v o
ﬂa'ﬂLﬂuﬁa@ﬁ’]ﬂmwHN@WLL@%@U?II]@@]EN@T%QQQ FEULFUEIUNAL

a K 1A A Y KR | (-3 o W A Y A ¥
LL@EW@]@]’INQGLLWQQWN’]TQQHHQTQJLﬂuﬂiu@uﬂ’mmwN”UCA—IJ_]@G]ENTHCS
v ¥ Y oa &R ¥ A P v & v LA A v A
@Q%uWﬂNaWQQW@GNiEUUﬂQUHa%ﬂﬁﬂﬂﬂ@]u(ﬂaLL‘WQGWN’]‘?JENGH@TW

Y A

a ¥ 1A ¥ v @ a 1
GULDINAGILLAS DN ARG ﬂ@flmmz‘unﬁauaauﬂam%gﬂﬂ@ﬂu

]

'
AAY o o

1% va A ¥ (% 1% ﬁl v U
memsianisanenidotedulifiszoudufaunduld Foloun
anmnglsd ansgawinmuazdiyn Wudu  nmsdeudounduiiu
darmuanilees European Union Wa¢ Food Safety Law Glumﬁ
iidhdudssiamems udiiissnnnsdamsdayayaluudazmiae
gonisldgUimupgshefinuanufings masuss uaztasmensia
o1& A 9 ) o
Sy SenesnasunanunsuanuAeudoya saalinenisys

P o , Py v & oMy A
anmsfayasznhanaldgumy meseufaunduievhldenn daiuds
° I Y G 1:!' A
hsnasguenass o snlfidueiasilelumssanuuuszunsou
v [ ] ] a v ‘ﬁ‘ v 1 v [
faunduluwirsldgumusasiud gsldun snasgumssaudiaundy
{ a €
(GS1 Traceability Standard) sn@IgIuMILANLLREWANMTAETE
Aa A 6 3
8idnmsafing (GS1 XML Standard) mmgmamawvlaﬁ (RFID) Wae
amilaensas EPCglobal Network Uaymsysnnmadayasznd o
Tggumu uagvh lmansnsaufiaunduuarsfefnmaunasnayans
fudnlenlan

% o . @ v o R
MIFULWNAY (Traceability) WuMsaputaunaung

I 1:!' a % a ¥ R A ¥ 1:!' =
wasisnzasiudlszinmanns audinuas yanlufeduiiduen
uazn anadaaniuresdSlnauaniudsiivaneszmel#
anudduarnnandnduliAagn annwyladldaanidu

dl | Yy A
ngusnesnnafiszuul3lu EU's Genaral Food Law Mijuaauazusls
, d

a Y VY A o
g‘ﬂm‘msmmzm%miwmmamauaammﬂ,@ Wallumansiasay

LAEMIMLANAMMWETMA MDA uvRsdu hltganumsnen

' '
Y Aaa A

% a a A A }% v 1 a a a
AUMFUMNNFUIDUULALFINTD L?Hﬂﬂ%ﬂ%ﬂﬂ@a eadlsyana

wasthelansnansaudounduiaunasfiainaasiuimisitym ey
matlasiulalliifady Zenalnftasyin Wieane ldhesasssuums

a % 1 7 a A a % A‘ 1
nsvaefiudn and 4o lumasonAududuamansafiayae

Toruaumle

MAARY--- enLlaanTauazAmNY, STUfamaLarsoufaundy
, osionlad
o
1. YN
Tunszuawnskandudmemsineas Sufysunnans Gud
Usznnenuasaios masasuanslaonduasdudiin fom
G A Ay . & & , A o & A Y
\wFasfidasiiieloatoan midudonnduiounasianaasium
fia NMIAIAFDUMAUADYDILNSINAATUAIIW ] MINUEAUNAL
(Traceability) \udsfidrdnysiomausinadudmann mnnududzule
a 1:!' ] ] ° [ % a k% %
flnimemssashldgunu sufudasimanaaseudoundy
founasnaavsounasianaasiagiuiithande ialesziuazm

a

suguasilyminieinluduaanle 1w Radymiiagau

q

a [ [~ [} = v d‘
nszaumsnan medeniu navds Widu weudlauasmanasms
flastulalldAnmamaniadn wazdmninaanelealdfiszuuson

¥ v @ a 1 1% 1:!'1:{9./ v v v a A
aauﬂam%gm@ﬂumqmimmnﬂszmﬂwmamwﬂwmzwﬂu

¥ [y Y R ¥ 1 o a 1:!' [ ) ¥
founduld Goldun snamelsy avigendmuazdin udu ms
FAMULNAINTARIFUM (Tracking) 8 NTLLIUMIATIAFALNT
a % U a A U a v d: a @ A 1%
NILAEAUM NNUNAINEIVToUNAINTTNEEUM IaiFTanLiuaum
TunsdiemaseumuiiagAufivhinndn vionszuammandauge
a a Lﬁl a o v YA Y AR o G ¥ a
msndnditiym foafesusnetudislanled Ssdnfuacdosing
a A A 1% a :: [ lﬂ' 1% va % 1:!'1:! K A
Bondufuianzgamswaatiunay e llFudidiiymile

v

Y G Aa QIJ A 1?1{/ a 1% Z: 1:;' o &
an ’]LLﬁlﬁ@ﬂﬂ’]ﬂLﬂ@(51’3’1NN%ELG\;L%W]‘SLGE]WE@H%WM% ﬂd’?\]’ll,ﬂ%sl,%mi
A ¥ (% A L% Y A a v [ Kd‘ !
AUHAUNAY A NMIFITYAIAUIDIHNIATUNT UIIINUNNVURY

Ao ] A a A ;% a 1% U 1Y
AMUNAATINTDNAG LN Tﬂumimaaﬂm:ﬁuugwmagmzmnqm

[ 3: AR o G ¥ a 2 v Y b2 nll IE: ¥ o a 6
mumdmLﬂummmﬁa(ﬂmaﬂmwﬁﬂumﬂmwmum I(ﬂ HNBIANT



s lumsmvuasasg s HERU o llfiRnanuddausas
foya asdnsanande EAN (dosndia GS1) uaz UCC (Uniform
Code Council) Fensiniwh EANUCC Twlszmetlng fo sonifu
TWEENG SMgRENNIINIssEmelng (GS1 Thailand)
Thsnasyumsiadedayasendeiu wu m‘suamﬂé‘ﬁué’faaga
e RN m‘sa@@iaﬁ‘laaﬁﬁmzwdwéha'm%aajaﬁﬁwmw”n AN
Unaedszrdhomdayaiuudin szuzmslumssmdays anuis
Gluﬂﬁa'maﬁaajaslua'mmmﬁ@ﬁ(100-150 KHz) y'mmmf%qa(w%

MHz) EhuemMaigesnn(2.4 GHz)

ad
2, NYBHWWIN

2.1 nguangmsdaudaunavana
N. BEuropean Food Safety Authority ﬁmu@nawmammi
UaaniiaGo Regulation EC 178/2002 3% laelusnasgiu 18 409
a (7 1 o A ¥ (% % d‘ n‘
sudeudmnanimus Wimsesaseutaunduldmusannuiind
lumasowns 1 FLAUNNATOUITURATOU (one step up, one step

down)

A6 A

9. IFOAM \Dugfimunsnasyuiudinuasdniufsdunss
ghmasnasyusmsudaasougmnmand e g Tnai
913131y "PRINCIPLES FOR TRACEABILITY / PRODUCT
TRACING AS A TOOL WITHIN A FOOD INSPECTION AND
CERTIFICATION SYSTEM CAC/GL 60-2006"

2.2 S2UURAMNLIUNAUEING (GS1 Traceability Standard)
mM3Rufoundy (Traceability)  vanefls ANNENNTAlUMITEY
Houndufisemaifuan nasLaumavhoms wasanud Safendasiu
fisiarson ensddaasmsAufowndy de mnidududeme
mmszﬁmegﬁmgwmmmmﬁzymdnﬁ@%u o Sunaule dhuvmis
lovasinalggmu smtemsfiamaunasnszanedue Wodendu
SudiiAnaademne nunsinssnedud niusnneufiaiefia

fuslna

The global language of business
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Services: Global (GSMP, GEPIR, Global Registry, Training and Accreditation) & Local (e.g. Certification, Implementation, Training)
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WANMIYIMIR RFID Baandaiudoyarasiagueazan
adluthe uasfinthel3iuiag WedasmaBungdeyaasingiusi <
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2.3.3 N1522NWUY RFID Tags
mﬂ%mmymﬁa Gs1  finansudie axSuni

$11na17 EPC (Electronic Product Code)(EPCglobal, 2006) Lag)
naeuRasonaaslu RFID Tags 1 %uagﬁumm@ﬁﬂm RFID
Tags flaqiiuianuqfia 64, 96 Uy 128 bits Maddy Tum3lsk
SHERURLAaYTHALE Software SNANSTVIMIOT Encoding Wag
Decoding aNTWa360 (EAN Code) Wiiuatia EPC angnaehs
matiufinvsneias SGTIN mmgﬂLLUUﬁ@&

e wdaya

RFID Tag — RFID Reader = Decoding Software >
Middleware (ALE)



maldendaa

Middleware (ALE) = Encoding Software > Tag Encoder
(Reader Writer) = RFID Tag

MRORNUULMT 491 RFID Tags wiisoanidl 2 seauldun ml
FEEUN (Item Level : SGTIN-96) waem3lviaiaviiaeanas (SSCC-

96)

2.3.4 MSMURASHAGILSHHUMBLaNNsaRng (EPC)
n. 3aRue (ftem Level Identification) $47 lnanisnuén
N GTIN umsLstiasiarasdud (Product Type) el GTIN Agl

lsisnansnisuanfiofud,eTu (Product Ttem)
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ond even plant. Capecty for 268 milllon

compane

Hoadar - KentFios which vorsian
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1

IG]. . 0000A8% . 000LLF . 000369DCO

L

Object Class - identilies the urigue Sarial Muimber — uniquely identies
product family and lem. Copocity the spacific physical ftem being read
For 16 million cbiecs Copacity lor 68 billlon tarial numbeern

51t 4 losssomsiiudoyaly SGTIN lu RFID Tags™
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ermduly | o011 (Refer to (Refer to 999,999 — 9,999,999 274,877,906
1 0000 Table 5 Table 7 999,999,9 -9 943
(Binary for for 99,999 (Max. decimal (Max. decimal
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GTIN : )
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Digit Dagit
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Vv
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gﬂjﬁ' 5 dhaehemautlas GTIN luhfh SGTIN-96

203886

(31
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Extension Digit mﬁﬁwé’a Company Prefix ﬁ@gﬂ“ﬁ 6
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[ i el
| ($
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2.4 aailaenss) EPCglobal Network
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2.4.1 EPCglobal Network Architecture

Epcglobal Network Architecture (EPCglobal, 2007) i
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AILLIUMITNOIUIAESINT89 EPCglobal  Network  asNeanIwd
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LLamﬂaamazga%mElﬂmi]@mﬂ‘siw SOA  (Service Oriented
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Secure Internet
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Inlemal Systems (ERP, VIV, etc.)

(ERP,WMS, etc,)

'EPC Readers

U 7 snilaenssn EPCglobal Network
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1. Application Level Events (ALE) eua1@3g1% The
Application Level Events (ALE) Specification Version 1.0
(September 15, 2005) ToeHi3ansiasening RFID Reader fustUy
Wiosudayaain RFD  Reader  loenfudaunitovas EPCglobal
Network Architecture LﬁaL‘ﬁmmwNmmiﬂum%udﬁasjmgwm
RFID Wa¢ Application Lﬁﬂﬁﬂﬁaajaﬁmm@wq'ﬂumsﬁmu ol
SaseiudWannlunsld ALE Tudumislawes Process Al 1w

wen Interface aaﬂNWL‘ﬂ%ﬁﬂIﬂﬁLmiN%ﬁﬂ (Middleware) BeusNniy

Tsunssease s RFID vi3aueniden nterface W3y Client 14
lumsdams Filtering, Counting dasafianansavile Toewily ALE
Fuldsunsuildvhoutaniu Bpcis (Fofudiuniinas
snilaenysn EPCglobal Network)

2. EPC Information Service (EPCIS) dmaan@33 % EPC
Information Service (EPCIS) Version 1.0 (April 12, 2007) GL%L%E]N
MIMNUIENIN RFID Middleware, Internal ERP i8¢ EPCglobal
Network ﬁmﬁwﬁiumsﬁ@maﬁmﬂaLﬁ‘aﬁwmsé’mﬁu (Capture
Interface) uasAumMTayalicasma (Query Interface) wAzoBNTIENTA
@19 5] (Report Interface)

3. Object Name Services MuN1§193713% EPCglobal
Object Name Services (ONS) 1.0 (15 April, 2004) Wumsueasswia
GIN I¥nanenfu Domain Name v3a TP Address fin $@nsiolsh
EPC-IS Gufluumaafiudoyarasiudiidams

4. EPC Discovery Services Luwasdududayaraddum
uaw EPCIS filldudaiamaddudniuangey Jayadildnduan da
Ausitle doln Tnedayafidislalléuan EPCDS Ao meauidun

1:1 v A ¥ v A 1% 1 A
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massloyadue g EPCglobal Network aziieaunnase

Asimeswioiduudeyaaslu EPC RFID Tags laadayafidaifiuly

EPCIS  azUsenau@ie Action,  Bizlocation,  BizStep,

BizTransactionList, ChildEPCs, Disposition, epcClass, epcList,

EventTime, ParentID, Quantity, ReadPoint i8¢ RecordTime
2.4.2 Application Level Events (ALE)

MN:§331% The Application Level Events (ALE)
Specification Version 1.0 (15 September 2005) (EPCglobal, 2005)
Toe\#\Tonsiasening REID Reader fussuy ilasudoyaen RFID
Reader I@mﬂud’awﬁwm EPCglobal Network Architecture L‘ﬁla
LﬁlmmwNamﬁﬂum‘ﬁuﬁﬁaga‘sswdn RFID uae Application
e liayadenubomgulunmiem Toeliaassiudiamlumsld
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Examples of RFID Read Points as a Tagged Object Flows Through a Supply Chain

Intand Ocean
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Manutacturer Carrier | Consoll- Carrier Ty EPC-DS
dator ndator
1 t T

1 f Iniand
- Carrier
Inland /L .
I Carier /J\ T —

‘ ‘ (F o - “| just created a lifecycle event for object inkaaded ( Loaded
. . e/ \ 7% 1 21.47C3A92.D23AC6.4DETAEO3C. Please s e
Leaded nload: Leaded ‘Unioad Loaded -

On Frem Onto From on
PP eE

Prayage Truck
store a pointer for information on this event.
& Intand %,
Inland Retall Store Cerier I Distribution Center
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Retail Store Distribution Center

Middieware

.
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1 i 1 t 1 1 I L
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‘ ‘ Shet Bacistore/ \_ Track Truck
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o Trusk Trugk.
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§

co Chaindir

Sotirce’ Chanlink Ressarch

o \ 517 10 d5UnIELIMMIYNUYas EPC-DS
514 8 SUnsrLammMIThauYes ALE b :

2.4.5 EPCglobal Object Name Service (ONS)

Object Name Services (EPCglobal, 2006) Mu:1a331h

243 EPC Information Services (EPC-IS) . EPCglobal Object Name Service (ONS) 1.0 (15 April 2004) 1fiu

EPCIS (EPCglobal, 2007) il database vasiufifioty wisauLassis GLN Wnaneid Domain Name ¥3a P Address
lunszwamnseha ¢ 999 Business Process #offalflsnmsguaanan

o incia it EPC-IS Fafhumaafiudosauesdudiidosms
3095 udfmwnelvg Ao IBM uasvinduatres MIT |emanassns
EPC-IS 210 Draft 289 EPCglobal Network

_\\\
Querying )
Application

“Tell me about object
21.47C3A92.D23ACE 4DE7AEQ3C”

(21.47C3A92.D23AC6.4DETAED3C" is a 16 oz. bottie \
of XYZ Brand Shampoo, in package type 124-ABC. ONS
It was manufactured on 5/25/05 as part of baich 4168,

Querying
Application

Where can | find the EPC-IS repository
for 21.47C3A92.D23AC6 4DETAEQ3C?" ‘Go to www.acme.com\EPC-IS\47C3A92"

[ EPC-IS Interface |

Source: ChainLink Research
‘ PLM System ‘ \ ERP System ‘

U1 11 §7LNIELUMTIOUYDI ONS

Product MES

Database Database

dqUinsELIMMIYheIaes EPCglobal Network ¢iafilénan
vE oY ve d
AuAWiaaetii SssausadlFdeg 12

Source: Chainlink Research

51Ul 9 aqnssuaumavhnuaas EPC-IS

2.4.4 EPC Discovery Services (EPC-DS)
EPC Discovery Services (EPCglobal, 2008) \uumad
Audulaymadiuduay EPCIS 7iflAud tiauadudrhanngay
Soyafilosundan Ao Awdwnidtlaante o Swoatle shu

nssumale leedeyafdiolalldsan EPCDS Ao Twauiden
;1' v A 1% v =) 1% 1 dl
Renfufiu lnedasiudusiaf EPC-IS



Root ONS

1. Root ONS points to
the Local ONS for
each Manager Code

Acme Manufacturi 2. Local ONS points to
Local ONS the Local EPC-IS
and EPC-DS for
EPC-IS each Manager Code
(Core Product
Info)*
3. EPC-DS points to each
EPC-IS EPC-IS EPC-DS*™ EPC-IS containing
{Manufacturing (Lifecycle (Lifecycle lifecycle events for each
Time Info) Events) Events / Info N unique object (Manager
/ N\ Code/Serial #)"*
1%
BiggerBox Retailer // Mr. Reijable Carrjer 'ock’em Distributor
EPC-IS EPC-IS EPC-IS
(Lifecycle (Lifecycle (Lifecycle
Events) Events) Events)

Source: ChainLink Research
*Core product data might typically be stored in a catalog and accessed through GOSN {Global Data
Synchronization Network) which is related to, but not part of the EPC Network architecture
**EPC-DS is still being defined. The i that is ly approved may differ from what is illustrated
here, For example, EPC-DS may reside as a service outside of the enterprise, similar to the Root ONS,

Ul 12 sLnssLMMIMivae9as EPCglobal Network
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2.5 N0 UATUANNTTNTY RFID
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