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Abstract

A study of the reliability of a product with quality characteristics
(QC) degraded over time under some more severe stress conditions is
called an accelerated degradation test. In this test, the researchers
would like to know its p quantile failure time at which 100p% of products
would reach the threshold value of QC. When the QC varying over time
can be described as the Wiener or Gamma stochastic process, we employ
the Bayesian method to estimate the lower bound for the p quintile
failure time. In addition to a case analysis , we perform a simulation
study to investigate the performance of the propsesd Bayesian es-

timates.

Key word: Accelerated degradation test, p quantile failure time, Wiener

process, Gamma process
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RERHATIL A RTAF AL (PEVAVIR)A T 0 TR $2 70

EH

N
=H
b
E-D
e
&
B
fon

(R g s T (P)T % #ir s Lin(1)d THER g ST

AECLET S XS EEE S

FHEFREY O FZBARTEREY  AEF - BB T I B EREAFAER
RRGGE LA - B EApEOREFRER - C LT RS T ERDERTEE
AR e ¥ AR AEG 20 R (FHER)T 0 FI B E B S - BREAE IR -
i % @ (Missing value) » 3%/ (T F hfd iz BB 2 ELAREY > F15 HLLEM
Bt RERRIIGASSRTELE . A2 S SR R AR e RE D

T pofiche A B o

FAYRIAY () =Y +d(St +0Bt,) » H ¢ i=1,2,3 5 j=1,2,..,5 ;

k=1,2,..,n o 2 ¢ d(S)=exp[f+Bp(s)] - FMs? 5EAEGES) sy 5 & ¥ FTug
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B Sy EFZARRALR DR AER 0 s AKX FREES s E

BiEENVERIBHER -

LB R AL T 0 SR A AUEE R Gl R Ay o 1Y A
TEZFAFRYEAPNUGH L A E o LR RNZA R NG T T

oo ;j-&f—;;f;@%m % 0=(B,B.,0)ME 5 (—6.236,5.964,0.092) > %t fpeiip & =%
PP 2 MLE 5 001_11 884 %ﬁﬂ poEs fv"'\'l'tool g X 51,2000 FltE E L, o
B% e ig ™ K 5 9.909 WG 95k VU EEZA Sl ¥ € * 9 .909(F )

B aus L1 #E - 3 L%eha S¥m TR ol Kk -

d ALY % B ik ® e (Variance-Covariance matrix) & 7t By~ BA
H2Fenip b Ghlcs 0.9 gt - T A4 %;[%@(,Bo,ﬂl)‘ LA g M alc s 0
£-0.9 0 Bk AHAF PERA UL (B, 4) ~ BUN ((ﬂﬂo,uﬂl)t ,z) 2
o’ ~1Gamma(a, B) > A F #¥-aTAw fE FY > AuEFEHEARPHLEEATRETR

o

FW
tO.Ol,L
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(p=-0.9)
(p=0)
(p=-0.9)

(ﬂoiﬂl)t"BVN((—6.236,5.694)t’{0-225 0 D

0 0.247

o’ ~ IGamma(71.756,0.599)

0.225 -0.212

B ~BVN| (—6.236,5.694)',
(B 1) ( ) -0.212 0.247

o’ ~ IGamma(71.756,0.599)

J

(ﬁo’ﬂl)t~BVN((—6.236,5.694)‘,{2'245 0 D

0 2471

o’ ~ 1Gamma(8.976,0.068)

2.245 -2.120

B ~BVN| (-6.236,5.694)',
(B 1) ( ) 2.120 2.471

o’ ~ 1Gamma(8.976,0.068)
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d 4 1 g% @5 § Corr(f,,5)=—09p > # DIC & Corr(5,,5,)

T4 > F1E 5 - B RBF A R4 3R R o gt b o B g et
[l =11.884 o Fpt B X 3 F 2 T LA &enik?

.
Y

W »b
0.01

i Bé’%ﬁ:!l&i‘:é-‘?:’ [ P
MLE #7M iz e B i 28 - Bz “77 » 2
Corr (B, B,)=—0.9#8¥ 11 8 & f Lo # T 1ok

B = Corr (5, 8,)= Bl 5
gﬁg%’ag{@%ﬁmé% °
5 ~ a
\’\'\\\3
\\‘6
|
m 4 tiER '{’Hhﬁﬁ_r %ﬁ‘(ﬂﬂo’#ﬂl) b'-r}‘]‘)%rn? Y |-a_l.f(\,NOl
5.2 #IfiE AR

PR L g i AR S ERL T

FRIZEAER P DL E Ay - fI7 &
TEZRAREY B AWMl SRR AN REAS
B0 RPcIGEAED % ez(ﬁO’ﬂl' )

i feT BT
MLE 3
epF 2 MLE 3 €7 =14.699 - 454 =

(-1.179,3.142,5.435) » #t g shp A %
4ok (0 AR L 52,0420 B T F by, cH95%

i dE T R 5 10,6390 77 T 95%ehi o T OL R A & A

Hur 1.2 > §F WA FHE iz ET R

¥ 10.639 (F ] )
: }iéﬁﬁ?”""



T PR s RECELH T By B8 K2 Wendp b e s 0.9 B

— FHA 0 F (B, B) AT p M Al 0 X000 BRARKASF 2

t
’

(8,,5,) ~BVN ((ﬂﬂo,uﬂl) z) vz p~Gamma(a, B) AR E#H LT e B F P 0 A

4. o =2 5 st 2L §£6 JEN £G
BREFEH L B 2 AT ET Ay, o

* % 1(p=0)

: . [0.047 0
(B, ) BVN[(—1.179,3.142),{ . o.oasD

1 ~ Gamma (54.884,10.087)

(B B) ~BWN [(—1.179,3.142)‘ ,{0'047 '0-057D

-0.057 0.085

1 ~ Gamma (54.884,10.087)

: . [0.470 0
(B, ) BVN[(—1.179,3.142),{ . 0-850D

1 ~ Gamma(5.484,1.008)
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(B, B) ~BWN ((_1_179,3_1 42) {0.470 -0.570D
-0.570 0.850

n ~ Gamma (5.484,1.008)

d #2478 % @ § Corr(f,4)=-09F > 2 DIC & Corr(f,,8,) =01
A;TARG 0 F] R 5 - B REF AR e T P E A o v B, A
fy =14.609 « Tt » X2 2 THEESAEREFET e N HR o AT T 0 2
Bl 5 Corr(f),5,)=0% + B & Corr(f3,5)=-09 37 r1 {84 § Lo # il 3ol

BRORITRE St BB .

t ~
W5 ool EBERT L (1,00 ) HHRER R,
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$2% BHorLik e

Aawme bhd RRPELT 0 AHFROT TS T & hoIf S R AR
Tl ¥ % T &3 100p% HE S G PR ik hp A A kg F L 0 B
- B AR B RO R KR B RO ATET R R RESEE

i F

B AT Y o A BB E AT R R B e MR DA A RFERES A
gﬁﬁﬂxﬁzi\g%cm iE ﬁ?;;f;azi_—%}g‘h.’g =R SRV I 3 T N N

R R AL BRI A 0 X T R A C ok H bR A

ot

1

La

B i L BT RS 2 R

KFMEL 7Y Far e Ay 2 R oIl i E > 3 F Fa ey
PIE S AR Y A A F (S, 4) AR ML S PR v dp ot da B S -0, 9 el i i
BEEHFITRLFrTET N TR WIB I - BEEIEL 2L RATF o N2F

FHA4TY B4 g { - KLt BAF o B4R & #35 A #F (Cox, Chu, Schneider,

Munoz, 2007) = 2% % % %4 # (Xiea, Goha, Tangb, 2004) -

BHFHOSTHBEERER AR > L L 52 2 gl ¥

LA T EET UK TN SRR BAchBni RS MR Rt AT 2 B ik
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53

% - :

T T ERT DR L7
10 B hdk £, fone DIC
ARAT L g p=0 11. 701 10. 201 -447.8
% MLE &3+ p=-0.9 11. 760 10. 246 -447.5
S LEE 2 3 p=0 11. 653 9. 649 -446.0
MLE<+ 10 8 e3> p=-0.9 11. 667 9.678 -445.8
2 o B ERT AT AT
R E S >, fooiL DIC
Lok F BRI p=0 14. 928 10. 994 -193.9
MLE # 3+ p=-0.9 15. 063 10. 799 -194.2
ARASFREES p=0 14. 972 9.284 -192.0
MLE %+ 10 ® éhiz3> p=-0.9 15. 227 9.243 -191.8
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2Z:3REA RFFREBERLT  (FROBFFOILZIZEARTST R

7'“ Lﬁ&gﬁ-(tom _f0.0l,L B 'fff t0.01 _f0.01,|_)‘f“'?" [ f\?; -+ 7!‘ 2 Ef—?“

Model # of Item Method Bias MSE Distance Coverage
o =0.081 5 0.390 3.607 2.373 0.920
{ . ~15128 MLE . . . .

Bayes(p=0) -0.041 3.257 2.700 0.953

Bayes(p=-0.9) -0.048 3.277 2.713 0. 953

10 MLE 0.130 1.647 1.806 0.938
Bayes(p=0) -0.098 1.594 2.023 0. 959

Bayes(p=-0.9) -0.104 1.595 2.031 0. 960

o =0.092
{,, ~11.884 5 MLE 0.319 2.269 1.873 0.921
Bayes(p=0) -0.012 2.045 2.090 0. 952
Bayes(p=-0.9) -0.019 2.029 2.078 0. 955
10 MLE 0.111 1.034 1.424 0.937
Bayes(p=0) -0.067 0.999 1.580 0. 958
Bayes(p=-0.9) -0.067 0.996 1.580 0.958

o0 =0.103
{, ~9581 5 MLE 0.254 1.487 1.524 0.923

Bayes(p=0) -0.001 1.334 1.648 0. 948

Bayes(p=-0.9) -0.007 1.331 1.658 0. 950

10 MLE 0.085 0.677 1.160 0.938
Bayes(p=0) -0.055 0.650 1.266 0.996

Bayes(p=-0.9) -0.058 0.6564 1.270 0. 955
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2 2 B4 CRFFREBERLT  (FROBFEIOILAZIZEARFLETET

? 2 g ( looy _f0.0l,L & 'fff toon _fo.01,|_ )‘f"?" Fev 7 Rha Ei—‘?
Model # of Item Method Bias MSE Distance Coverage
o =0.081 5 0.482 7.963 3.409 0.922
t,o, =15.128 MLE ) ’ ) )
Bayes(p=0) -0.252 6.306 3.669 0.956
Bayes(p=-0.9) -0.232 6.302 3.694 0. 960
10 MLE 0.122 3.536 2.645 0.930
Bayes(p=0) -0.210 3.275 2.708 0.963
Bayes(p=-0.9) -0.180 3.238 2.765 0. 960
o =0.092
{,, ~11.884 5} MLE 0.374 4.751 2.648 0.925
Bayes(p=0) -0.210 3.275 2.708 0.963
Bayes(p=-0.9) -0.180 3.238 2.765 0. 960
10 MLE 0.094 2.045 2.045 0.937
Bayes(p=0) -0.167 1.952 2.138 0.963
Bayes(p=-0.9) -0.148 1.915 2.139 0.962
o =0.103
{, ~9581 5 MLE 0.291 3.001 2.123 0.930

Bayes(p=0) -0.131 2.407 2.180 0. 955

Bayes(p=-0.9) -0.115 2.390 2.190 0.949

10 MLE 0.066 1.315 1.638 0.938
Bayes(p=0) -0.131 1.219 1.687 0.963

Bayes(p=-0.9) -0.119 1.217 1.688 0. 963
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27 3B KA REMEEBERLT L FRDRFHILAZILIEARTESTRT

b ’*E-E—'gp"(tom _f0.0l,L & 'fff toon _fo.m,L )‘f"?" Fav ™ ha Ef:

Model # of Item Method Bias MSE Distance Coverage
f=0873 0.681 32.183 7.128 0. 962
. =20.908 MLE . . . .

Bayes(p=0) 1.024 33.563 6.517 0.942

Bayes(p=-0.9) 1.122 34.198 6.560 0.941

10 MLE 0.406 15.431 5.209 0. 946
Bayes(p=0) 0.629 15.957 4.944 0. 937

Bayes(p=-0.9) 0.668 16.102 4.965 0. 940

B =5.437
t ., =14.701 MLE 0.526 17.000 5.114 0.962
Bayes(p=0) 0.748 17.653 4.756 0.941
Bayes(p=-0.9) 0.819 17.957 4.770 0. 945
10 MLE 0.313 8.116 3. 741 0. 945
Bayes(p=0) 0.452 8.358 3.594 0.938
Bayes(p=-0.9) 0.482 8.433 3. 603 0. 940

5 =3.996
{, ~8.962 MLE 0.356 7.022 3.234 0. 956

Bayes(p=0) 0.486 7.292  3.059 0. 945

Bayes(p=-09) 0.225 7.357  3.060 0.945

10 MLE 0.203 3.323 2.374 0.942
Bayes(p=0) 0.288 3.423  2.306 0. 940

Bayes(p=-0.9) 0.301 3.440  2.3l11 0. 940
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27 3RS RFFEEBERLT  (FROBFIOILZZEARFLETET

T2 g (ty, _f0.0l,L £ ;ﬁ toon _fo.01,|_ )'f“'?" v TR RESF
Model # of Item Method Bias MSE Distance Coverage
B=6.873
., =20.908 5} MLE 1.282 49.125 8.048 0.958
Bayes(p=0) 1.508 51.242 7.094 0.924
Bayes(p=-0.9) 1.644 52.195 7.041 0. 926
10 MLE 0.734 23.095 5.882 0.947
Bayes(p=0) 0.889 23.696 5.625 0. 931
Bayes(p=-0.9) 0.930 23.931 5.588 0.929
B =5.437
t ., =14701 5} MLE 0.987 26.575 5.811 0. 956
Bayes(p=0) 1.199 27.853 5.244 0.932
Bayes(p=-0.9) 1.102 27.336 5.321 0.933
10 MLE 0.564 12.428 4.263 0. 946
Bayes(p=0) 0.660 12.700 4.161 0. 936
Bayes(p=-0.9) 0.690 12.822 4.124 0.932
5 =3.996
. ~8962 5 MLE 0.676 11.374 3.707 0. 957

Bayes(p=0) 0.726 11.538 3.520 0. 943

Bayes(p=-09) 0.796 11.829  3.447 0.937

10 MLE 0.246 5.059  2.827 0.951
Bayes(p=0)  0.427 5.346  2.729 0. 936

Bayes(p=-0.9) 0.448 5.396  2.698 0. 937
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23RS CRFFEEBERLT  (FROBFIOILZIZEARFLETRT

P 2 sE 3 ( looy _f0.0l,L & 'fff toon _fo.01,|_ )‘f"?" Fav TR E.

ot

:_‘%:

Model # of Item Method Median Bias Median SE Distance Coverage

5 =6.873

., =20.908 b MLE 0. 681 32.183 7.128 0. 962
Bayes(p =0) 0. 422 31.103 6.517 0.942
Bayes( p =-0.9) 0.485 31. 368 6. 560 0. 941
10 MLE 0.406 15. 431 5.209 0. 946
Bayes( p =0) 0.305 15. 211 4. 944 0.937
Bayes( p =-0.9) 0.333 15. 288 4. 965 0.940
B =5.437
t ., =14701 5} MLE 0.526 17.000 5. 114 0. 962
Bayes( p =0) 0.306 16. 278 4.756 0.941
Bayes( p =-0.9) 0. 351 16. 463 4.770 0.945
10 MLE 0.313 8.116 3. 741 0. 945
Bayes( o =0) 0.212 7.953 3.594 0. 938
Bayes(,0=-0.9) 0.237 7.995 3.603 0.940
£ =3.996
. ~8962 5 MLE 0. 356 7.022 3.234 0. 956
Bayes( p =0) 0.194 6. 712 3. 059 0.945
Bayes(p =-0.9) 0.217 6. 714 3. 060 0.945
10 MLE 0.203 3. 323 2.374 0.942
Bayes( p =0) 0.132 3. 257 2. 306 0.940

Bayes(p=-0.9) 0. 142 3. 265 2.311 0. 940
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23RS CRFFEEBERLT  (FROBFIOILAZZEARFLETET

P 2 sE 3 ( looy _f0.0l,L & 'fff toon _fo.01,|_ )‘f"?" Fav TR E.

ot

:_‘%:

Model # of Item Method Median Bias Median SE Distance Coverage

5 =6.873

., =20.908 b MLE 1.282 49.125 8. 048 0. 958
Bayes(p =0) 0.784 46. 656 7.094 0.924
Bayes( p =-0.9) 0. 882 47. 209 7.041 0.926
10 MLE 0.734 23.095 5. 882 0.947
Bayes( p =0) 0.492 22.402 5. 625 0.931
Bayes( p =-0.9) 0.522 22.518 5. 588 0.929
B =5.437
t ., =14701 5} MLE 0. 987 26. 575 5. 811 0. 956
Bayes( p =0) 0.625 25.058 5. 244 0. 932
Bayes( p =-0.9) 0.555 24.749 5. 321 0. 933
10 MLE 0.564 12.428 4. 263 0. 946
Bayes( p =0) 0. 362 11.957 4. 161 0.936
Bayes(,0=-0.9) 0. 381 12. 038 4. 124 0.932
£ =3.996
. ~8962 5 MLE 0.676 11.374 3.707 0.957
Bayes( p =0) 0. 356 10. 415 3. 520 0.943
Bayes(p =-0.9) 0.409 10.573 3. 447 0.937
10 MLE 0. 246 5. 059 2.827 0. 951
Bayes( p =0) 0.226 5. 028 2.729 0. 936

Bayes(,0=-0.9) 0.241 5. 007 2.698 0.937
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