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Abstract Mixed-model assembly line has been widely used in automotive assembly industry to quickly respond the
diverse product demands. But, this model can lead to part confusion, which is a source for assembly errors when
parts are physically interchangeable in a mixed-model assembly line. With the recent application of new technologies
such as radio frequency identification (RFID) and ZigBee wireless sensor network (WSN) to the assembly process,
real-time information has become available in this manufacturing systems through IT infrastructures. At first, this
paper presents an RFID application for assembly processes, specifically, for a mixed-model assembly line. Thus, to
ensure that parts be picked accurately, each cockpit module on the assembly line is attached with a RFID tag and
the tag is scanned using a RFID reader and recognizes the vehicle, and each part of the cockpit module is attached
with a barcode and the barcode is scanned by a barcode reader and each part is identified correctly for the vehicle.
Second, this paper presents a ZigBee wireless sensor network (WSN) protocol-based application for a reconfigurable
mixed-model assembly line of cockpit module to reduce the assembly errors and the cost of the change/reconfiguration
on the assembly lines due to the various orders and new models from the motor company, avoiding the wiring efforts
and inconvenience by wiring between the several RFID devices and the IT server system. Finally, we presents the
operation results for several years using this RFID/ZigBee wireless sensor network (WSN) protocol-based cockpit
module assembly line.

Keywords : Assembly errors, Cockpit Module, reconfigurable mixed-model assembly line, RFID, ZigBee wireless
sensor network (WSN)

"Corresponding Author : Ja-Rok Koo(Univ. of Ulsan)

Tel: +82-52-259-2215 email: koorok@ulsan.ac.kr

Received September 14, 2015 Revised (1st November 9, 2015, 2nd November 18, 2015)
Accepted December 4, 2015 Published December 31, 2015

8940



RFID/ZigBee T2 E

M B

]_

shefeiele] 9]
LR EEREE

2o AREE=

Fod

9]

=5 Awshr] 9

¢}

ok o ArlellA i s

A= ol
H71ell o] 25tk

]

L
T

5t

7

How =

A ek Aw) AFS AN
Fol e A%

d

Ak 5
A

b
o

¥

=
LU

o

ek, AlA APl A o] A

ol

o] 7]

r‘so]:

= 4

Tl A

Kl

=]
g

=7

Az Aol o] FriLe] A

b 2R

9]

3k TPATEGS] AN AL

A

=4
[e]

b4l

ujohe

- s
4T

Aol

Ho

o

=2 oA

Al

Z]

|
=

(mixed-model assembly lines)o] Az AF¢ie]l

tod

|
i

s 7

o8 HFot F Al

i 7FA 2T 2].

o
=

Arkeol A el o %

)
=

Aol el m7e) o)

=
5]

oA A

BTN hF

R ECERIES

A4

S|

}o] RFIDS} ZigBee

Az 9%

%

%)
A
=]
Hr

el
™

Ho

] o}

g]

B

ato] Al

_Clg‘]

E

RFID 7]4F A|2=®lo] ZigBee F-1 Al Y

WAE 9%

Wtated, 2

~ElS
— =

B

ol A Hizpe] 2.5

/‘Kl-ﬂc]—)kl

ol we Arketdel ATt Aol

Mo

Jelg Al B Fa1, men,

z
4

7 Aprl el

el

il
7!

0

xr

gl
K

8941



F=As71Ee 8 =2 A A6l A2z, 2015

ol
o
ol
b
-
=0 g 24 N

iy fo

Ay

H 3 O

xd 55

o=
j8s

I
N
~
2
153

<@,
lo

o

AN
H w

Pt
s
ol
o
1>
rlo
2
k1
¥
oy &2

o

i

e,

Ir
o
>
b
>

2o oo 2o

for g

(oo X

w2 it

o g Mo
Q2 H

N

-

2 r
Y
e
pa i,

o
ol
o

R

il
L =P

2y

=
)
=
=
r>~1

ol
=

Toaf R

2.3 XISxt Lte| RFID 7|& E8Ate|
RFID(Radio Frequency Identification)= 22221 &
Zo| glo] RFID Bl1E F-2gk B9} RFID #]t]7] A
ol ARE HFst= 74 E4 7|solth RFID H
EAE HFHE stolg 5o R A5t
sHAl AHste s slo], EAES FH 8= de
53 Qiek. ofn] AFEA} Ak§iell A RFIDE AH&-afaL
gk ZHAYNAME ofx 2 zT|dA ot 25

gZ}o]&2, GM, Ford Motor Co., BMW, %Zn}73}

A

H

=
fu

=0 =3z

k!

au
[e]
=
& A

>~

]_

A

Hu

8942

2o e AFAp A ZA] A RFID Al2~EE o]u] A}
st AV HAEES sta Qlth

GM< RFID 7|4S AMg-3)
Apdatal gdatm, gt
A, o)z e} 7|EF 2HEE
s 2HE4 Y
A gt

Ford Motor Co.i= A
AhERRlel Al o] Aol #4
2HS AF3H oz sk,
A7) & 5 (Just-In-Time: JIT) A}
o], g oje] Apge] ALt
22 o)HZ dH S

2

ASE F

i
KN
=

e [e)
IHE A

o)
=

o 2H 2zt
EZ F g s

BMW+ 24 % A3g giged Aitetr] 99
stk BMWe] AAbd
of 7|uke Fa gtk
A, <zl
4= 9lolAM, BMW Z¥&}
2 A7t EAE. )

T8 slo] 4 LA dHlol

i
e
2
=

o e

A

2

=
2=

=

M

#4 =3 vktt RFID
AR olFA FozM o A5
hQlell A Ak nHEE| e 4 QleH9).

=

o
e

2.4 ZigBee SMMIMUIEL|T(Wireless Sensor
Networks) 7|&

ZigBee FAAMUESZE AMtsdst
83 AT TS e TR AFY FAER 7Y
o] gl3, tloJEl2 ARk shute] HiE R 1dE A}
|8 Aer AAY Ao, AR FHAW 30m ©]
upel vES A Age JiAYPY v ES] A(Personal
Area Network)®] 7482 7]solth AX == i

=}

54l

et

©
=

Q]

RS



RFID/ZigBee ZR2EZS 83 7M1z 238 Y ZREE P4 A28
HEA G Eo FEdl, BFAA A= 7] AN AR AU BYE TR JAEEFUE ddoe &4
rEE T SFo2RE dojE(d, &%, Fk, 48 of 8 A=) ARG A} AN 5 A= AF
ZEa Yoy ¥y E 3, Agste] dEshe g ) o] Aigke] AAEo] XUl AH S #ES 9% Wik
o] AAawsg AAH HF AREAA A "ok 7] g A =dEo] AFE oI, YR ES Q2
FAMAES A $&2] AT AAFH(d, e EFUE 37 o) Fue o FAE5 2HS
g, =g 18a Z2AA), SARDT S8 eFA 98] pAFoR hgntet vt o] BeplE b
of vl Mgek ek Lk FABANA, ANEe 3 dES vE Ags Ha, o5 98 skt e
< Aol Agel wste] Aashedl, M=ot A F s FE7I(Fig 19 1)E o8-8l AT A
AxE Alelo] FAlo] slfe] @ FoR o|HXIthH,  FPApt AT oY FEES ZHIIEE st 3&
HES A AR wgte] 7Fsar] 98] Alse] 4w 7)o A A9 EES 7Auo]oi(Fig. 1] 12, Fig. 2)
& zAsokd "Wart ) ojgfd AL HAY 2RF 5 ule} ol FsluA Qi osl 2HF-EFE0| FEE
S SVMA MESAY FHE dE5AZL 5 Atk of Aste] gknE=w, A= Alolo]E w) o]F
she AN U & 54 AlEste], 2 el | 387 A9 ANEES §etoz Akl 2l
T =EE0] MAA] FAIX 9} B Alo]o] maEFd  uwlE 2YPFES HEste] 2yeit)y Ed A9 EEC]
& SHeE sh= Alolth ey B3el ZigBee MM AstERldlE Ya, 29, A 9 Fale] 3 Fo
HE A= ket w=50] " flE dojee] & ==, oju 7} 388 9 AdA7F AdA L A
53 AEE A5 TN E FEH @] dtk olg] ARt RS 2] 71| wef Adolstal, 7} 7]
o e AHARGES w9 vAA R wted, o Fekth 2HREY UL 4] werng Zh Al
YA E doFsh= shvhe] 71 dlofE] Bjolth F, A1 At AFR Qe BaEe] TS ALY Q. B
2 02 SAXERE oF dolHE s ddw ) ARHE 59 o7vF dAw
dloJe]e] F5& A Ast] dojeo] AEHE YR upeb o2 3t EAHE, REWE E o]FUAE A
A Al|z & Aksu10]. 23}7] 943 RFID 7|49k £33 e s 2HAL
of# 2 %7] WAl F T AEatel] wiA == Al A|2EE EYSHA HolwE, A Ak ASEES
o] 7} kel weh Ao ok i gde]  2dstr] 943 RFID Bl1E F87|(Fig. 19] 11)el A4
ZigBee FAAMUES A 7|&S Fdsh=d #e] & shal, AX ¥ RFID ElTI25H RFID 435 F213817]
=2 gtk B3 2AFeAF ALLE 20-30% Y e 1% RFID FAlRE Auo]oje] A4 §)X]e] 3]s},
ZigBee TAAMUES A 7|uke] A58 44 Bl Z9EE i, 23, dA 2 1 A 34 A 7
2dlof A v 887y} Al ket FAMESZ 5 AelA RFID A5 5 FAlste] AR5 3d X142
A& g3t AR opye), AHEAk el A A4 EAEERE] AR olFH dd WE)E gl 7ha
A AR s BUEH I AloE g YESZ A ZHAN 3FE FAs F, A ARRE W
TZAN =28 A8 $13 ZigBee FAAMAUES & ARAAAIA 9] Abat 2 FF] Aol UA|B=A]
A 7%l digk A57F A= AT11-13] gRlst] flate], B oy 7} A s 43
g REE] vs=e} R E| RFID Bl ARE A}
g3to] 7t FANAM LFHALE sz, olW /I %
3. 22 e AP0z SHEAS ARiA A LEle 5 =
HEES A 2] f18 A3nsE iAo &
3.1 RFID 7|8t =gt 2H Zidlgas XM % 2 3 39S A7, 14]. Fig. 2& o]9 22 v}
ARA|AE] =9} RFID 7]4ke] &3t Rdd 9 RE ZHAYAA
DAHE AR Ak 2Ee) AwEe Adete 4 28 A TAES RejEn
& Rzelygoln). dnkdow Zh R E(Fig 19 10)S
Akl AN 244E sk, AXE T4l

8943



FFAS &5 =R A6 A125, 2015

Fig. 1. Cockpit Module
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Fig. 2. System Configuration(Barcode/RFID)
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3.2.1 ZigBee PMMIALIEL]T(Wireless Sensor
Networks) EH| HAE

A, ZigBee AH|(Table 1) HIAEE $]5t0] DAL
slue] ZHARE 2YFHA, ID Information System
AL ZigBee ATIU|O]E] ZC1000A F7]4 02 wj7lS
AMEERl ZD110o]  2lE A
RSSI(Received Signal Strength Indication: =141 5
71) #3} SEQ(Sequence: HZATANE 212 A3},
A7 Zo19] RSSI #k7} SEQE #4135t A7t e}
A7 ret Age A=sqn.

I~ =)
FAlska,

=

Table 1. ZigBee Test Devices

ii[go]?izlc Hardware Radio
+ Compliant to IEEE
+ Data Connection: 802.15.4 & ZigBee
TCP/IP, RS232 Standard
+ RS232 Data Rate * RF Freq. Range:
ZC100 1200~115200 bps 2.4 GHz
(ZigBee | - Three LED: * RF Channel:
Coordin- Power/Link/Data 11~26Channel
ator) + Operating Temp.: (2405~2480MHz)
-40 to 85° C * RF Data Rate:
+ Power Volt.: 250Kbps
DC 5V(Max 15V) + Distance:Indoor 30m
/Outdoor 100m
- GPIO Port: DI(4)/ 'C;(;;pll‘sazt; zlgaie
DO(4)/ADC(3)/ o
Count(2) Rit a; f:crld Range:
o1 | R;i xjﬁ? jf‘ 24GHz
(Z.l gBee + Three LED: Power " RF Channel:
Wireless /Link/Data 11~26Channel
Device) . Operating Temp.: (2405~2480MHz)
- RF Data Rate:
-40 to 85°C
250Kbps
’ PODzerS\\// (1)\1;: 15V - Distance:Indoor 30m
(Max ) /Outdoor 100m

3.2.2 HAE Zu}
ZigBee Y] B|~E A= THE Table 29 ZTh

Table 2. ZigBee Test Results

IEEE 802.15.4 Results
Receiver average:
sensitivity -85 dBm above -73 dBm # of test packets:
0,000
Pagkcts 0 0 90,
omitted

H2E A3} 205 sjA 9] H3t RSSI 442 -73 dBm
©= [EEE 802.15.4 ¥x 29| AAHo] 9= -85
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Fig. 3. ZigBee wireless sensor network based reconfigurable
cockpit module production system
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Table 3. Errors Occurred in the Mixed-Model Assembly

Line
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