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This study introduces an overall framework for RFID applications in product lifecycle management(PLM).
PLM is a new strategic approach to manage product related information efficiently over the whole product
lifecycle. Recently, with emerging technologies such as radio frequency identification(RFID), global
positioning system(GPS), and wireless communication, PLM provides a new environment that enables us
to gather and analyze product lifecycle information, and make decisions on several issues without spatial
and temporal constraints. However, a PLM system just provides us with new opportunities to gain the
competitiveness. To remove ineffectiveness within product lifecycle and maximize the advantage of the
PLM system, first and foremost, it is necessary to look into its overall framework in the viewpoint of
hardware, software, and business model. For this purpose, in this study, first, we introduce the technical
framework of the new PLM environment with the concept of extended RFID system, called product
embedded information device(PEID). Then, for each lifecycle phase such as beginning of life(BOL), middle
of life(MMOL), and end of life(EOL), we explore several research problems that become highlighted under
the new PLM environment.
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Figure 1. PEID architecture.
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Figure 2. Workflow framework for PEID application in PLM.
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A ol BUEE He ARES A3 AF tApeld
Q] AF] F42 s 9o 2944 5 Aok 71EAAE
FMEA(Failure Mode and Effect Analysis) S -3} A5 A4 A4 9] 4|4
S gpetetar o] 9 S B AF AR S #ste]
A2k FMEAS A #0] failure?} & W) 712 9] A %# degradation
A ARESS WA Foke @3S 7 Al &,
FMEA 9] RPNRisk Priority Number)©] & JHE & A F AL
73 wet oAGA AlF Feol TS HeAE & ol
A SFAIRE PEIDE 0] 8811 A degradation “F8] HH5-2
FHE 4 9L, o] 5 T3 RANS B} o] Q1= A2 A
T Utk N E RINS 53l A A =el Y vA=
ARJNEE Hoh A3 25 & 3loH, o] & AlF As
9faf o] &8 = Ak B3 DiX(Design for X) S A&, -4/
B oA 9 AAzE Y5 AXE S Dol A4 Al
A ARES 742 A7) AlE A YA 0N, design for maintenance,
design for disassembly, design for remanufacturing's-2- 93+ =8 3F
AG AEER 0|88 5 itk

ol% Faa7] s, FRE0IN Jug ez A
degradation 2B} & £ 4= Q)= degradation functionS- A 2]
at= Yol Bastitt o] F o] F= AHE EUWRE AF
Ozl /HAS S AXHESS 23, FU1S wAste]
s 25t7] 913 HHES st of gk B3 DIXE A88
o 9 AlF gholZ Abo]F HolH &S whsty] fls)A,
7t DX itk BQ 2 3= JHE v|E] J s}l o] o9
THE o] Abo]F HloJHEREH A& F USAE &Y
Holof gt} GlEo, o]3A sjA dojdl FEE o|¥A DX
£ A3 AAZH R AL & AeAd g A7} o] 7o
ZoF gt

S
=
al
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(2) Real time production planning and scheduling

WA 22 BEA 02 AZ 71%10] O] Sl
BAISE, 27149 23} 0719 B0l A4 B
AQEAEE o8 A £EH 0.2 MBS FAET o) 23
o] ZFoA 3tk AF7HA = vt E % DAS(Data Acquisition
System)9} 72L& A HA] S E3) shop floor’de] HO|HES
ANZROE QA o o] ol Fo}A ik AR, was
7} 2 A WEol, Be HolEES AgHoE £UY
% 9l B0 siTh 2k DASE 53] B8 5 Sl nELS
AR T2 A2 7705 7 Aele] BREER B} glom)
AET 7Aoo AL e BRE A717F 7Rk
upebA, Aak ol WA sk Z1H e AR SOl tiAs7]7) ol
Atk 22y A2 & S7Fstol M= Al 141 7]E2 shop floor
el AFE 71A A&k, shue] AlFolu FEEE
shop floor’d 2] A1 J&-& FHotd 5= 911, o] s} FAlell, 717
o) e FHE B} A1E3) Sofed = Qltk o] 2 ez 27
ol shop floor’d9] A4S 5fet & = QlofAf o] 4 S| o gt
W-E A7} 7oA Aok 3 AlE o) 5 3 A 4 T
of #3 JHE v o g v AL F = FoS
o] oS 5= 7 Wl o] & HR 2 AAIE A A Y

0 2AZ L 498 57 Ak
ol FHNY A, AN AAAY £ A B/
o we) 2 B wels AAL oloiAe} su, A

shop floor 2AE & #18) 53 &R o2 o 3= A
kel thek ZElEo] miA| o] Fojxof ). o]& HiEFoR
A3 71A, N2 2ho] AAeR JHES udetl 9
AEAE &5 le 22 EZ Y 29937} s o Aok
ot B AR AANA G B 2AEY S 5] oW o]
HES A5 DR SR=A7k 2AME o A of Tk

(3) Efficient warehouse/inventory management

RFID tagE Aol F-2shd, 4ol #3 BRI} 254
o7 #ejA|=H o E017b] miEol|, AAEA Hdhe= 7ol
g AlF Aol A3 AS A=) g woll gerd A
ot &, Aol s o] A, 7, Eotee e A 353
T IO B = Ho|HE A2 07 gjotd 4 glom,
Fgh A1E A w02 Bl R otk AlFe] Bt
AR FAREA, AFS e AwWTA, oJw g AFol
drpt go] Z0]5 3= A shrinkage), B P17, - (out of stock)
HASAE 2, EEA AT 5 Atk o5 Bl Y= A
Ao} F A A4 a o] fFAQ ol ddHe A
EE, A2 9] AlaL Ago] A2F] FellA AA7Ro = gjot
= Jong A A FES AT g A Hoh

o|E FA3}7] YA AFE tis 3] F4& 7Fs3HA
she B A7) Largjgol /o Aok ok B9k %
LA He)e) a83tE fa), ARt A e R A A
A, gantry robot®] order picking =415 A AI S FA

e ox!

i
o

4.2 MOL(Middle of Life)

MOL2 AF&sh A NAFE LHAfelAZ R HES
L7) AA7EA 9 AF9] 2o L AbelE S YEhdt: =
AES] &, A B FAESFY] 2EE50] MOLY &3tk
& 5 Tk MOLY| A= REID7|& 0] AlE9] 75 2 AR W
£ 7183ket 29 F Utk A E S0, AF ALY BR
AZE AR 24, B WS, AR 715 S HolE e £
F At o] HolEEe] T AHE HARHAAA £4
HojAlaL, 24 7 E AR R AN E2 A AF 2] = Afo]
2ol 2A ofg] FEAM &89 B&3FE el o862 5 ATk
53], s 22 ol A & ik

J

(1) Efficient supply chain management

THE B2 FE-2 RAD7 | t S-8o] AL WA Al
12} & & itk A28 RFID7|%S o] &3] T334

#4948 282 34 93, |2 54
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oz Agsta w2l & 5 3k o= 712 T EY

7 A ZAG AR FE 0] FRIA], F item]E ]

AE7A, REID 752 o §3HE2 <8l 7|29 T3 del7}
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(2) Decision methods for efficient predictive maintenance/
service operation
N2E BstolA e, AR T AlFe] ta) dA7kA 9
A= 28] L A AR 273 A B(product mission profile) S £4 Al
o} 4 Qlck A% Soi, chk AIAIE Bl A1 Aol whe}
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A S 4= Q1= A5 A SKperformance degradation) 3748 w03k
T Atk E3 AlFo] ofm g Aol A 2o o1, AE AL
Ao FHE AHPEAE HolH FHE Tl B4 5 Sk
AF9) 35 Aske AF AH 874 ZEe B ARdA 7}
ASEE o5 7H] A FAE v OE 5 AR S0l A
JAE HsE dF T F UL AF failure7} Gojupr] Aol
olg] - 22 AL Ak 5, AFY AR (preventive
maintenance)©] P o] 2 B A (predictive maintenance)S- -3 & 4=
7F Siek ol= SE oM dAT AulTIhE Bk oy
Bdol] wlsf AT RUE RS Fal| Al failure7} 17] 21700
a3t HAZXAE Fole= F1YH e B defolgtal & < )tk

o|& FAst7] flalM e, AF e Adt BE} ALE 87
g5 Zboll relacionol] thal Al 2HA @k FAlEA 0] D5, o] &
HHEO 2 oS HAS 817] 93k Wuteo] HE reference H] 0]
B E F=3) o} st} T3 reference B ©]E &} A& AR 344

S WO AR AF s BEE A58 F 3e

&5 ek Zlo] Bastth o] 9 T o], A AlF
2lohs Aol HARJNAE 2A s JAbER darelEo )
Zasiet w3 g AlFol thgh o S BT ol g, Hlsgh
S B S Zhe AlE S W, 28802 o SAu)/
AMBIZE A 4 gl o] BhE ol Aok gtk &, B 7)Y
= 1A A G go] 1y Fte] FHTOENH,
=
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AEEl gt
AA BARE-E H A stehs WS 7R Eske Zo] B asi.

4.3 EOL(End of Life)

EOL2 ARS7HAIE 838 Al] | RGollection), 34| (Disassembly),
A} 2 B F(Inspection and sorting), 4=E](Reconditioning), A 23
(Reassembly) S 53 2]Ato] 2 B AARE: Hoj A A 7] A
sofAE BAlZt & 4 Slnk 2 S0, Aok AF AR 1,
SAEA T #A e S7h A E ] e A & 22la
#71& ek 7199 AH3] A, MA Q] Ae) EAu &, AL
# 0 2 EOL #ejol| tigk #alo] S7hE oA AL stk o]l o
3k, olAlE A% 7190l EOL B S 7149 o Fahe B4
oM HZelr] B, 7199 +9S SHAE e = HE
Bd g 7hpsr] Al Ao

N 28 8733k A= BOLY A|lF AMF 2 A 24 B9} MOL
GA XS] AFE AR B HRE vl o=, EOL THA 9
AFEY 7HXE &2 A1E 5 QA H Uk o] & A3l
Ot 22 F 71 ol e & 5 Aok

(1) EOL product recovery optimization

A AFE 2ol Z Afo] 2ol 49| REID7]& 9] 3-8 A&
o] A (materia) 2 7 2Jaf o GA wHEojF o, of™
B2E Tl ofFA AREH A Aol i HolHES 2=
& % Q7 BHET, 0|7 Hlo]E) 52 WEko.2, 545 o]7] EOL
AFE AH7HIE 8402 AT 5 30 5, A4 AlE

J ARETIAE Hkete, 7 AlF 52 FEEY Al gt
2 9] A AAS E3), EOL BA| 9] A EEQ 71X S Juj3}
& 4= Qi) o & S0, Az 98 gMe] A7k T&
AR g ol FH 7k F& A $ A&-Eat=rb
olW viZ #7|et=7k 5o AF AR Aol w3t FAE
S AFE el MA B vlE E oo A ARES 117
3te] 71949] o]9jo] At} B = o 7 Fojof gt

o]2 M FRTE WA, EOL AlF9] ALE 7HX S
F74E 4 Qe BElo] 7 aE o zjof itk o] & ulg o 2 A
o]olS Au)a}l & 2= Q)= EOL A E 2Y A A3 98 oA}
AR FA7E B 7L Hojx oF af L s A A o] A w o)A of
gtk AT EE 7 ARA @Al E9, AAHE, #H71%)
of gt o] & & S ZlolH, A okA 0 2 &, ZH EOL AL
A FAEY A 52 A& Fol tig A<, 12ja 84
2 E2o| )3t A FES o] EA o 13 B UL Aotk

(2) EOL reverse logistics optimization

o & F(reverse logistics)&, A|F9] AFS-7FA]7F §lo A& o,
a0 ZHY o)A = AHRE AA A, AEAY 2
AAZ Foll AAAA A kAU #1715 71744 ¢ -5
HA S dete glolnh. AAl, AT ERE DrivrEe AFE
o] 3]E]oj A 11, o]H EOL HA (A& 59, FAteol &4, A
AR, H7DE A=Yl el EfHdo] S A7) wE]
A FEF LS Hashe o e AEg gAbEgol e
sttt & 4 ATE Z1EAE A FE ARE e o] gk A o]
AFE FAN) el e o] FAAA] RPOBE, A&7l theh
FEAY AGE AS717L o H sl AR A 2E st
AME, plE] AF-S FAHH] Holl, AF A E A5 5 A7)
o, o] & niEo s &4 9=F{ AYS FHE 7t
AT Z, AlE el gk o 53 vl o2, gjAte| 24, Ak
2 g7 LS A AF 35 =9 v dS5E 5 Atk
wrEbA A Az QA H 7| 9AR T B AlE S
gt Aol Ed, AL, B #H 7] el it o s
ATHH, A=/ A8s HA3e < s Aotk

ol HalM e HA JEF H&-S Hrsshe dEF AY
of &gk FA7F Ao e ol Ao} gt o] #A¢ ARHUFREE,
T % A EA Y 2 E AR R FF AR 55 a1 =
& AS Aot} &3k, 37 Ao T3 AL, ol E S0, A
#7] AEHlES Aok o2 nEs) & o vk HA A A
of| A= 2ol A A A) 3 EOL product recovery optimization 4| 2}
o] BrEE A o] FA|E A7 of gt

A F7HA REID7 )& AlF o] Z Ato] 2 At 24 3-&
317] 918t st=go], AZES o Y U9 L 22~ RY
of] &l A Htth <3 1> PEID E}$S- sensor, passive RFID
tag, active RFID tag, ~12] 1L on board computer®] %30 & H573)
F& Aot} Type 13 2= RFID tag EFY 9] PEIDE LR,
AFob e AL A7) AlFET 2HA 2 A=Y, HFE, @
gz, oYL 77le 22 78 JdHERIYE AFE

HJEZ _hI
e
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Table 1. Type of PEID
Classification Sensor Passive RFID tag Active RFID tag On board computer Example of application data
Type 1 . Small-sized products,
Consumer goods,
Type 2 ° Brown goods
Type 3 °
Brown goods,
Type 4 * * White goods
Type 5 . .
Type 6 . .
White goods,
Type 7 * * Machinery
Type 8 U U]
Type 9 . ° ° Machinery,
Type 10 ° ° ° Vehicle

(brown goods)ol] 22 4= 1T} Type 32 on board computer E}F$] 2]
PEIDE YERN ), Type 49+ 5= Al 49} RFID tag®] Z 32 PEID
£ Uehdth o5 B9l ¢ PEIDE 7188 BB E Al FE
& 78 A, 7, AT 7I71ER 2 AlE S(whice
goods)ol] =2 2 Y 4= 9lt} 18] 3L Type 6 on board computer

22 white goodso| L} FA7|AS} e A, B 7AF AE
E(machinery products)e]] 2]-8-%0}d 4= 91-& Ao|th 12|al v}
A2O Z Type 99F 102 AA], RFID tag Zon-board computer 23t
9] PEIDE YR 2 © 2, machinery productsS ¥ 33| A 253},
712}, 78] 7| A9 22 K} 2 Alo] 28] AlFEdl| A-&-5 o

DR RE

o] el
=

Yehd Ao Type 73 82 RFID tag®}
on-board computer Z3+9] PEIDE 7}2] 71t} o] & €14 9] PEIDE

Table 2. PEID application area and necessary information in PLM

Product lifecycle

Business application area

Necessary information

Design improvement

Product mission profile, maintenance/service and failure information
BOM and updated BOM by repair and replace
Product/Part/Component specification and life time

Dismantling information

Recycling/reuse rate of each component

Environmental effect information

BOL . .
. . . - BOM information
Real-time production planning . . .
. - Product order, sales, and inventory information
and scheduling . L .
- Manufacturing system layout and machine information
. - Production planning information
Efficient warehouse and P 5 . . . . .
. - Product order, sales, production planning, and inventory information
inventory management o O .
- Facility location information
Efficient supply chain L . . .
PPl - Product order, production, inventory, logistics, and sales information
management
MOL Decision methods for efficient - BOM information
predictive maintenance/service - Product mission profile and product performance information
operation - Maintenance/service instructions and spare part information
- Production and disassembly information
- BOM and updated BOM by repair and replace
EOL product recovery - Product/Part/Component specification
optimization - Product performance information
- Ratio of EOL options (e.g. cost for reuse or remanufacturing)
EOL - Cost and benefit of EOL options

EOL reverse logistics
optimization

Logistics information for each EOL process
(collection, remanufacturing, recycle, reuse, disposal)
* Frequency of collecting

* Volume of collecting

* Logistics cost

25912 RITk <E2>E 1A QI vz RS
o)) ¢4 B B ARl el Bela) L Aolth
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5. 2 &

RFID 7]%&-& & A product identification 7]%&2] S 4 0 2 M Z
E0] ozl Aikdrtel B4 Bl 71EETe] 5 B,
58 WL A Aoz F43] SdjE]a Q). 19
©30] RFID 7|& %, B3 REID tagdl] T3 Ao A, B}
Tdek Al B E Hrlo] A(PEID)E S AR § ﬁﬂﬂ“h
Foltk. o]y gk F Ao Whgtao] A 2719 BAES A
717] fleA = FARHE, RED 7|&S HA AF o] = A
ojFo AN $&T & gl=Aof tigt A7t $41 FHolA
of sttt 3pA|TH Bl FH-2 AF 914 714 2 PLMO] AL o
woll, ol tigt B2 A7} K=o x| FUH Ao A
ojt}. o]t FAH & S As}7] A3 & ATl A = PLMC A
PEIDE oJ9A| 3-8&& = d=A ol tate] st=gofet AZE
glo} #H 9 71& A =Y AP A9} vlzY 2 Bd I o A]
A ESITE E A7 o2 e & A o] E Alo]F &
o] HAglE st oY ATFEH 7195 4T HJAPIM EY
m%ﬁﬂmﬂeﬂ T Ao Aztgi

AT TA 25, WA, BOL, MOL, ZL2] 1 EOL &A| ol A
ﬂHHOﬁ TASS 8202 s As}y] 3k Weto] 44
SHAl AlA|H of A of & Aot} H=3h PEID =Y 0.2 Q15 9
23 FAo] HlzY 2 Bdl M2 o] Ro]d 4 9l S Flo|t} o
Bl Al Ffoll Wb, Al go] Z Alo] g 2 A 201 F R
o] 355 gotely] A5k Fx mdEo] frEoj ol & Aotk

71629 ZH A= PEIDY] PLM 24 29 A& Ao 4kl
34 9= A E AR KBold s &
Aolth

A7} B3] ol Afof &

A%
QA St &85 A Sk St
d=aele e Al E skt At
F=atshr 1&g AT e aAL
A : 2912 A 23 ] (EPFL) A4l

FAEof: PLM, RFID, 2E £ |, Predictive

maintenance
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