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Prediction Model on Delivery Time in Display FAB Using
Survival Analysis

Paul Han

- Jun Geol Baek

School of Industrial Management Engineering, Korea University

In the flat panel display industry, to meet production target quantities and the deadline of production, the sche-
duler and dispatching systems are major production management systems which control the order of facility
production and the distribution of WIP (Work In Process). Especially the delivery time is a key factor of the
dispatching system for the time when a lot can be supplied to the facility. In this paper, we use survival analysis
methods to identify main factors of the delivery time and to build the delivery time forecasting model. To select
important explanatory variables, the cox proportional hazard model is used to. To make a prediction model, the
accelerated failure time (AFT) model was used. Performance comparisons were conducted with two other
models, which are the technical statistics model based on transfer history and the linear regression model using
same explanatory variables with AFT model. As a result, the mean square error (MSE) criteria, the AFT model
decreased by 33.8% compared to the statistics prediction model, decreased by 5.3% compared to the linear
regression model. This survival analysis approach is applicable to implementing the delivery time estimator in
display manufacturing. And it can contribute to improve the productivity and reliability of production mana-

gement systen.
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Figure 1. AGV layout vs. Stocker layout
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Figure 2. Detailed lead time of one production step
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Figure 3. Process of prediction model using the survival analysis
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Figure 4. Distribution of delivery time residual
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Table 1. Survival and hazard function of distributions

Distribution ft) S(t) h(t)
Exponential Xexp(—At) exp(—At) A
Weibull Apt? " Lexp(—At?) | exp(—At") AptP !
. Apt?P ! 1 Apt? !

Log-logistic —(1+)\t”)2 TAg? Y
A=exp(87z).

AE7I1ZEE 537 Yl E Cox HIHHE B89 B
2 71 AFT 28 & AH8-3Hth(Lin and Wei, 1992). 244 W
M e 2837 A Cox WAT 2R AAY T4
ho(t)oll et 54 FEjYf 4 Z¥oy 22 S 7Ite

Jun Geol Baek

7Fg o] 83|, <Table 1> AEEA A FZ ALEH = &
T2 FEHSFL(), EFTS0), ARFT r(t)E HE
W th(Jenkins, 2005).

AE FAGE AN ArdrE 293 dAot 34
A e F45 Al H o557 (maximum likelihood esti-
mate;MLE)S ARS8, HEAL FAXNE AETTY 5%
7 S(t) =054 2] Azt ¢ ol THQi, 2009). 9 Z E0] A&
Fo A AEAT AL A (99 2Tt

=05 =t = —1og(05) _ *log(%g‘)
’ A exp(B7z)

S(t)

—~
O
~—~

o] o 34 o o HEAT S
Red 27 AAE 7HA AL AT
= Cox H] #9d g2 o] %’3}01 oA
8 , TR X sl 47 AFT =

] AIC(Akaike I nformatlon Crlterlon)%k S 7|Eo R 01]%"3 3
Huste]l HF 2y AATT AICH A &2 4%
ol A A gt}

3.COX.1. ]

2 AFdME ZOxgyo] A F8 At FA F ﬁ

&8 3 3R kg oY & R o2 MASAY &
2 %6,577711(73:%1:2,498,73&2 1,581, A& 3 : 2498)01Eﬂ,
A dlolE 9} & B5 BIHE 9

E QoA eolTh 3709
f'%]EH% <F1gure 5>«l glojolx 2o, dhd Au) 9
IETE A3 T2 $3HZ qhE, Wk A7k

b ol g E AetAtt. & 1S M EE A%
1_‘?}94 M7t E‘:‘”\Eﬂg} El}iiﬂ k2 AolE

Mr e o o o

o fT O Z it ofy ok 2
O

fru

Step2

Step3
Equipment
13 Path3 |-
\ 4
_ H___ -

‘ STK4

Floor#2

Floor#l

7
Stepl
Equipment

Previous Siep
Equipment

Figure 5. Experiment line layout and delivery path

TR ARG F27F ol st7] W Z ol vk Az

=
B



Prediction Model on Delivery Time in Display FAB Using Survival Analysis 287
Table 2. Definition of variables
R A doly 3
Jzag A=TIN ARHE BEe AFEE
e Fe5% dEeAEm A9
SUAXEA d71HE(X2) e St B e A P e 30, 1, 2, )
FEHAZEA t7]HHE(X3) EHA 2EAY W A A o] Q) g A0, 1,2, )
- FUA 2EA AR7ks 87 % ANESL AGH0] A ug
=9 S ;(]. == o o 2] 2= .
SLAN=EA AEXY FHIE /A% 715 AuR)x100 870, 1, -, 100)
247 257 A4V $3 5 FHETL AgHe] Gl W
EA R 2~ =] o P .
AA~EFA AZE(XS) GHIE 2% 75 Au2x100 4450, 1, -+, 100)
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ZAuo]o] FHAE N ) 2=
Melel AAExe) (@Wole] | ZEAT QAkE DIF ER A 370, 1.2 )
Glass A7) 4=(X7) 7]-/‘%]‘501] 2@AJ= Glass w5 A0, 1, -, 20)
AAEE 2ASHANM IH M-S 57 Fe AR
ENRE1 BN
el BE WY (15 AR-EAD o
Zlolo] th71¥kE4~(X9) SUA2EA t7] 9F T FAFEHAT}E Auo]ofl kg4 8490, 1, 2, =)
SUA2EA ¥ A8 9
SLALET] Wk (X10) NE 1 AEE 2255 A1, 2, )
71E 2 V=T 2 BY d7INRte] A4S
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(Database)°l A& tt. StaL o A= 204 5 FET Hee Y8R} 0.89¢
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Table 3. Variable selection in each paths

& ¢k v ¥ 4(Dummy Varlable) M85 A] kT

32 F QS AR

Cox HIEIH R BN F8¥TE FZ517] s 717
F92 AIC(Akaike Information Criterion)& 2 83l= ©A A
A1 B ¥ (Stepwise method)S AH&3F T <Table 3> HEZHZ
Aele W49l 9= p-values}t 91 @ W& YERATH

AN} | o) ol W Fho] F74e winith %aﬁlﬂ
Z7ke AR, AT B oA & BEAIe] 2o F
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(X7), Zrejukgd 7] AZh(X8)ol 3 FH o' "R o] Hl
o 53 AN E Foll B S (X1)7t HEEA T 1 2

A= 1 A= 2 A= 3

e p [HAFE] p | HAFH | p | AFY
X1 0.00 1.16 0.00 1.12 0.04 1.06
X2 0.00 | 0.97 - - - -
X3 - 0.00 0.97 0.00 0.97
X4 - - 0.04 0.99 0.00 0.99
X5 0.05 | 0.99 - - -
X6 - - - - 0.09 0.95
X7 0.03 | 098 | 0.01 0.97 0.01 0.98
X8 0.00 | 0.99 | 0.00 0.99 0.01 0.99
X9 - 0.00 0.89 0.00 0.96
X10 - 0.00 0.93 0.00 0.97
X11 - - 0.02 0.96 - -
X12 0.03 | 0.94 - 0.01 0.93
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Table 4. LR Test of Cox regression

A=Z | AR 2 AE 3
Likelihood Ratio 540 223 319
p-value < 0.001 < 0.001 < 0.001
4, AFT B¥ & o] &3 uk5A) 7} o &
41528 XA
A 37 A Cox B & T3 AZHE FAWHSFE Y5
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Table 5. AIC each models

=E AZ 1 A= 2 HAZ 3
exponential 8885.4 5040.2 8557.1
Weibull 7539.9 42273 7175.0
log-logistic 7366.1 4105.7 7072.2
log-normal 7353.0 4092.6 7058.7
HHEAZHS FA8E 2O EE AFT 289 34 &
21 (11)~2) (13)3 2t}
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V)
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Table 6. Performance comparison(MSE)

AFT 28X 23 |gd =8
MSE MSE MSE
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=@ | 2o
Bak | pas

AZ 1| 3093 32.98 54.62

=
6.2% 43.4%

AZ 2| 15.01 16.04 24.24
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Table 7. p-values of t-test on AFT with other models
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