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Multivariate Monitoring of the Metal Frame Process
in Mobile Device Manufacturing

Seong Hyeon Kang -

Seoung Bum Kim

Department of Industrial Management Engineering, Korea University

In mobile industry, using a metal frame of devices is rapidly increased for thin and stylish designs. However,
fabricating metal is one of the difficult processes because the sophisticated control of equipment is required
during the whole machining time. In this study, we present an efficient multivariate monitoring procedure for the
metal frame process in mobile device manufacturing. The effectiveness of the proposed procedure is demon-
strated by real data from the mobile plant in one of the leading mobile companies in South Korea.
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Figure 1. Overview of the Metal Frame Process
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Table 1. Data Format in the Metal Machining Process
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Figure 2. Illustration of Matching the Number of Input and Output Data
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Figure 3. Comparison of False Alarm Rates Between Bootstrap-based and F-Distribution-based Thresholds
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Table 2. Comparison of Three Control Charts in terms of ATS and ARL,

Process a Hotelling T? Chart MMA Chart MEWMA Chart

Categories (Type I Error Rate) | ATSe ATL, ATS seq) ATL; ATSseq) ATL,
0.01 4,807 160.237 46 1.543 39 1.298

0.02 853 28.430 40 1.344 38 1.276

0.03 137 4.568 41 1.354 37 1.227

Delayed process 0.04 78 2.616 41 1.356 37 1.217
Clamnos = 0.3, 0.05 61 2.020 39 1316 37 1.219
s = 26) 0.06 53 1.753 39 1311 36 1.207
0.07 47 1.565 39 1.287 36 1.208

0.08 43 1.425 38 1.267 36 1.189

0.09 41 1.376 38 1277 36 1.185

0.10 40 1.329 39 1.298 36 1215

0.01 1,121 37.352 468 15.615 1,067 35.572

0.02 832 27.741 274 9.133 848 28.272

0.03 859 28.623 236 7.860 656 21.883

Halted process 0.04 821 27.367 234 7.790 551 18.382
Ut = 0.6 0.05 671 22.361 238 7919 554 18.455
s = ) ’ 0.06 672 22.413 229 7.632 480 16.015
0.07 549 18315 212 7.080 485 16.152

0.08 545 18.161 190 6.348 454 15.121

0.09 402 13.401 183 6.108 476 15.854

0.10 426 14211 178 5.939 371 12.356




AN Au)dolel E§ &43 FAHE w2 =) FAY pHF R 401
<Table 2>= A AL HAE AT AT ot B2 o] Wo] B2 tolHrt SAHET. weba 5 Hefe b
FANE FE FLE oA e Uetlie ¢ olBE AHEske AN LS ol A3 9 HlolE R H 2
2UE N AR BRARYSE FUS AT 2N 3H UEY EAF BT F9lone Ad g4 A2l #
of A A2 & F Uk FIZMMA EMEWMA &) etk ih FH 3L 7Hs T Aoz Q8 A 4
T AL MG e AT ISR AT A4 AH Aol BER HolE S g7t uf g ATt o v W& W
253t <Table 2>5 AW EH WA A 34 A& H5 A9 BE AEstd oA SA4E A 349 vlolEE =
ol = MEWMA #2527 109A1Y Fo4E F Re BAd  UHY FAZ A HEH g S0 349 54 o] %3ty
A 7H SFP oY MMA #EE B 4% Aol2 v & SA0 AT wekA H2 SAE HolH Y 7tEA
S S-S BYTH B F5F005 O FAA AP AL T BAY FE ol 5HF WAT B B Aol 5
g BE #HYET IR ojUfol A o] 'AstE A0 R Bop o FA Y AE fElstth ol A 4 #eE R vt
T FAEG AA FHAA Y W o) FA FEHEE A $4d s B S IAE Eedd A9 34
AR £ Yt 3202 F 3 AEASAHNEMMA oM E MEWMA 3259 A= 0.3, MMA 38 59 o= 269
B/ 10R) BRAA M S5 5L BT DAY 2 9o B9 BAFL A4sE 4 50 45 1Y
AA FAHNA MEWMA #2]57F MMA #e| B2 o4 ¢ oo ibd, $9 FA A= A 0.6, o 52 F& B9 &4
T8 2475 B Ade 2For 9 FHAME MMA  FolA HFol F5& ¢ T AT
S/t GE BYERG ) o ME AB SN A <Figue SE F5F0] 019 9o 7 BIE mgolth
S 2 Yttt ek MMA #E 58 F AL WS 83 <Figure >0l A A A TG A2 A5 & 7222 uj)
o2 A28 5 YE Mol d A BUHY BPo g A WSS 24P Adoln], 02N FV FH L /IF0R 24
atazk gok gt A 3}o]t} Hotelling 77 #E| == wi/f i 47} Qo B2 sl
oj¢} o] AA FAH} F of 2=t 3T <Figure 5>l Al B o 2] 0] Hotelling
Foldt o EE FYHTY 7% B2 E& <Figure 5>(e) 9} Z0] o] 27} I & §HY & o]
Helot #do] A A ¥ ol FAY Tl YETt £ MEWMA 2 MMA &2+
§ R Phase | Phase | y Phase ||
7| —=— Normal 8 ]
8 || —&— Hated Process o
—x— Delayed Process| < 7
i o |
o | o~
(o]
< A T T T - T al T T T T
0 5000 10000 15000 0 5000 10000 15000
(a) Multivariate Moving Average Chart (w = 5) (b) Multivariate Moving Average Chart (w = 26)
3
~ Phase | y Phase Il | Phase | ¥ Phase |
2 | <8r ] 3
- 8 i
(o]
A T T S A T T | =
0 5000 10000 15000 0 5000 10000 15000
(c) Multivariate EWMA Chart with Mean Data (A = 0.6) (d) Multivariate EWMA Chart with Mean Data (A = 0.3)
Phase | Phase |
8 | X
2
o -

0 5000 10000 15000
(e) Hotelling T2 Chart

Figure 5. Three Control Charts with the Best Parameters



402

Seong Hyeon Kang + Seoung Bum Kim

Table 3. Decomposition Results of the Multivariate Moving Average Chart

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 XI11 X12 X13
Delayed process 7.6 9.0 11.3 11.3 6.9 3.8 34 11.5 8.1 2.9 73 52 2.6
Halted process 7.6 8.3 9.6 8.5 8.1 3.8 7.0 12.4 4.5 5.0 7.0 4.8 4.5
FAF8HA| <Figure 5>(c), <Figure 5>(d)I A A A AE 5 EAE 53] Y3l 7FeAE 243 doly 74 Wi s
go] B 535 & 4 ok I <Figure 5>(a), <Figure  AWA o A EEE MEA ¥ HolHY EAS 1Y
5>(c)9] A MEWMA thHl MMA #E| 57} 8 349 dto] FE2E 7S S83 vy #dA A4 &
Az dUH o2 Fe3& AdH o2 898 4 9l AMEt ATt E=3, thoFet visehien 2 A 7|ike] o
HYE A Aes vnT o fE A M A B
4.2 o1 54 Azt UHE P Zﬂ/_\lé‘}ix} 3}21?. a1 Az A4 %{éﬂr_%“dr
T EFo M AE Awol 4% MMA #EEE FE
upA gk A 2 o) Hlo|H & d|Asly] Y3 MMA #EE B ZHY T BYEY WO Atstt npA o
O BUHH AHE QFOZ EAE T F A -FE A o)A 9 a4 el 7288 7S B A 24 ~9
HEQT <Table 3>2 ¢, & 4H&3l ¢£HE W7 $ o829 & BH, 3@ T4 235 BE7L F o]} AU S Il
& Aotk =8 5|4 ARE Ad ZAHU AL a2 B AT AAE A 29 T IHOERH T volH
ol AR FRatA] 7w BN FYe WEE 0] B4E T LdHUH, A Yol AH e thF =Tt
W3R =6 712 #E A S dolE 7uky #e] Aoz )
<Table 3>& AW HW HAN WF = A ZA sldst AFo=N thifE A #e] 283t 2 A4, 4 &
22570 3 F 2UE B L5/ BT £9 248 FY9 AV AS AL Z 7Y
ALt Mg gon 108 0RE7E BE £571298 = 5 A7 FAZE 71 A S 71| Gl MF 7 7] (one-
o yE £YE V1289t s, F ZAo) s gsts 87 class classification) & &8 U F ZUHT 71W-& A3}
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gtom I ggogE ~9E 259 vE Y 257 P o Mg @A W AV AT 18y TEE A4S A
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A2t ZA RN B2 &2 ABFo] 7|E g A% Sy s 2de Sl i E #YREY
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