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Estimating Parameters of Field Lifetime Data
Distribution Using the Failure Reporting Probability

Young Bok Kim - Chang Hoon Lie

Department of Industrial Engineering, Seoul National University, Seoul 151-742

Estimating parameters of the lifetime distribution is investigated when field failure data are not completely
reported. To take into account the reality and the accuracy of the estimates in such a case, the failure reporting
probability is incorporated in estimating parameters. Firstly, method of maximum likelihood estimate (MLE) is
used to estimate parameters of the lifetime distribution when failure reporting probability is known. Secondly,
Expectation and Maximization (EM) algorithm is used to estimate the failure reporting probability and parame-
ters of the lifetime distribution simultaneously when failure reporting probability is unknown. For both cases,
procedures of estimation are illustrated for single Weibull distribution and mixed Weibull distribution. Simula-
tion results show that MLE obtained by the proposed method is more accurate than the conventional MLE.
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Table 3. MLEs and MSEs considering the unknown 7,

- Chang Hoon Lie

parameters MLFEs ~ ~ ~
= = = MSE (a,) MSE(3,) MSE(P,)
Y B, P, 4 By i
0.2 0.05218 2.99710 0.19958 0.00010 0.02909 0.00016
0.05 3.0 0.5 0.05254 2.96226 0.50048 0.00005 0.01162 0.00022
0.8 0.05184 2.98466 0.80129 0.00003 0.00675 0.00015
Table 4. MLEs and MSEs considering the unknown 7,, 7,
parameters MLEs
! By Py ) By L, ‘;1 @Al ﬁl C;z @AQ PAQ
0.2 0.2 0.05073 3.05539 0.19878 0.10071 3.00220 0.20070
0.05 3.0 0.5 0.1 3.0 0.5 0.04591 3.08136 0.49760 0.10195 3.01227 0.49975
0.8 0.8 0.04916 3.03031 0.79575 0.09918 3.00626 0.79847
o B, P, a | B P, | MSE(q) | MSE(B) | MSE(P) | MSE(a,) | MSE(3,) | MSE(P)
0.2 0.2 0.00035 0.11602 0.00038 0.00040 0.04107 0.00020
0.05 3.0 0.5 0.1 3.0 0.5 0.00014 0.04629 0.00053 0.00015 0.01554 0.00028
0.8 0.8 0.00007 0.02114 0.00023 0.00010 0.00871 0.00016
o 2. AR 7F S7hee wek MLEsE 98 Baet 238k
FAY 1A RIS 53 2-EF o] EREY MLEs o), AT Hola YA A7} Anks AL € 5 Utk HHe
B9 ay Gy B oy, 5% ay, 4,00 A AR BHE Azkg O RAARS AHUAK GE 1B HAES TS 2
UEM] T 9SS oF 2= 9) FY FHEE EFE A FAT Ade 1 Bilgo]
i) S e, Yoot v 23 MLESS Urehf 2L 3tk
=% A Hugo] AR @2 A+ a1 Hugol &
53 HE2H #7029 MLEsE vlastel B )3 248 Aol A5 1
2 AL RIS 20Bgs) B oojurzel Ao B HILEC] LA U WY MLETF HH 2 £ 1 LA
A RTSS TEEA Lo Ao 1A HULS T St AFE Roldl 3 1A BuE9 gho] 5713 et
43hg v $4a4a o)) S 14 g She me M TEEMIES DS BA Sries AR Lo A
ADE ARG SFHRze 72 243 Ags o}y o 4 <Table 6> oA %% MLEse] th MSEs 2
<Table 5>} 2t} = et 1 9o} <Table 6> MLEs®] MSEs gto] 13 B
<Table 5>& o 434d vhot o], 1% wagg nejay  LEO) SUIR WA HY AOAT FHS Hel T 2
B FolW ARV Z RFe| ST neF 2y AT ek L] 3 DA ES nEShA S-S A5 <] MSEs
A% 4Y BroE 9 5ol A%E Yein & A9 A £ A 4 AHE 4% 0,9 6,9 B9
Table 5. Comparison of MLEs considering with or without 7,
MLEs considering MLEs considering MLESs considering
parameters . . .
without 7 with unknown 2, with known P,
! By 5! 071 ﬂ: 071 /3?1 (;1 f@Al
0.1 1.01901 -0.44812 0.06419 2.82840 0.06407 2.83109
0.2 0.02757 1.31219 0.05707 2.90546 0.05686 2.91050
0.3 0.03988 1.38347 0.05459 2.91923 0.05424 2.92784
0.4 0.05279 1.44168 0.05560 2.90445 0.05514 2.91585
0.05 3 0.5 0.06443 1.51709 0.05528 2.91395 0.05474 2.92737
0.6 0.07426 1.61780 0.05429 2.93065 0.05366 2.94660
0.7 0.08160 1.74879 0.05409 2.92804 0.05329 2.94831
0.8 0.08675 1.91867 0.05522 2.91784 0.05427 2.94159
0.9 0.08224 2.21079 0.05525 2.91273 0.05405 2.94277
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Table 6. Comparison of MSEs considering with or without 2,

MSEs considering MSESs considering MSEs considering
parameters without 7, with unknown 2, with known P,
! By Py O71 [)?1 (;1 51 6;1 /3A1
0.1 2.76706 11.88980 0.00048 0.07931 0.00047 0.07776
0.2 1.82859 2.84884 0.00018 0.03805 0.00018 0.03650
0.3 1.82819 2.61326 0.00011 0.02718 0.00010 0.02521
0.4 1.82809 2.42842 0.00009 0.02350 0.00009 0.02087
0.05 3 0.5 1.82829 2.19907 0.00008 0.01893 0.00007 0.01628
0.6 1.82867 1.91050 0.00005 0.01362 0.00005 0.01111
0.7 1.82908 1.56555 0.00005 0.01312 0.00004 0.00997
0.8 1.82943 1.16931 0.00006 0.01367 0.00005 0.00966
0.9 1.82912 0.62288 0.00005 0.01374 0.00004 0.00873
a2 =2 Jepfd 059 <Figure 1>3} <Figure 2>} 2t b ot nA Higo] dHA A dHztE & A7 By
Efue vheh o] 34 Bu S 1EehA e MSES 1% A LdugES o §¥HE AAY 7t MLES 78 F
B I MSEY Zol 1A Hiugo] Fuhgtel wheh A LEl uA HuEg o &t MLES TIUHE HE
A3 ZAolg HYS L 5 Ak JG=7 S7h R A%k e 7T s S & ek Al
MSE(a)
10.00000
1.00000 i 6 ?‘:’_ %
B =RdAE 4 AAE £F9 14 A7 £3 A2
o] 24 237} et 444 D88 o] RE
0.00100 14 A I Hugs o] 83 BFFA g s A
T~ Atk ANE E5EH PUEL 14 BIEL 0| 4T 1)
T oe—w——% = | AwlrRdAss Fhagets aRE HHoEH BE
0.00001 01 02 03 04 05 06 07 08 09 o U MLEY] AT E F7IMA7]= 4 WHEo|th =8
2uaae) $E0 14 Bugo] Feld AW ohieh 14 BT g0l
— Z’:Eilﬂll‘*j:f e dHA A B2 Aol A= EM ¢ E3 MLES 7] %
o e &34 A0S B LW HUES 2T FA &
HELY B4 2R3 AAE AN 55 $EY
Figure 1. MSE(a,) with the increasing 7, 14 A PR} efo| B ¥Rl Ao AR} 8}
) Ul Rk oy et of2iQl Aol s 1 A 1A
B UL 2ET ol BRTo| 443 AP E Fatel A
AE R E B S A Este] Boktt
omom [P 2 o] Aok Fold 3YARS 1Y B3 8L 23}
1.00000 e S — o 45 FAsH MLEZF A A 9 X819 2L 3 B al89]
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0.01000 w Y AFEE S 28 1 YedE tUE gy o FYET
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Figure 2. MSE(3,) with the increasing 7, s,  a, S
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