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Estimation of Product Reliability with Incomplete
Field Warranty Data
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As more companies are equipped with data aquisition systems for their products, huge amount of field warranty
data has been accumulated. We focus on the case when the field data for a given product comprise with the
number of sales and the number of the first failures for each period. The number of censored items and their ages
are assumed to be given. This type of data are incomplete in the sense that the age of a failed item is unknown.
We construct a model for this type of data and propose an algorithm for nonparametric maximum likelihood
estimation of the product reliability. Unlike the nonhomogeneous Poisson process(NHPP) model, our method
can handle the data with censored items as well as those with small population. A few examples are investigated
to characterize our model, and a real field warranty data set is analyzed by the method.
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ho hl h2 h3 h4

TRUE | 0.0100 | 0.0071 | 0.0058 | 0.0050 | 0.0045

Ht 0.0099 | 0.0073 | 0.0054 | 0.0049 | 0.0056 sl 0.0008 | 0.0015 | 0.0027 | 0.0041 0.0058

112 0.0100 | 0.0073 | 0.0053 | 0.0050 | 0.005% s112 0.0008 | 0.0015 | 0.0026 | 0.0040 | 0.006!

13 0.0099 | 0.0074 | 0.0053 | 0.0049 | 0.0067 s113 0.0008 | 0.00i4 | 0.0026 | 0.0044 | 0.0076

114 0.0099 | 0.0075 | 0.0049 | 0.0049 | 0.0097 st14 0.0008 | 0.0013 | 0.0025 | 0.0049 | 0.0125

Ul 0.0112 | 0.0098 | 0.0097 | 0.01t6 | 0.0151 bll1l 0.61% | 390% | 6.94% 141% | 25.21%

U112 0.0113 | 0.0097 | 0.0096 | 0.0116 | 0.0160 bl112 0.01% 3.55% 8.38% 0.40% | 31.78%

Ul13 0.0113 | 0.0097 | 0.0095 | 0.0121 0.0192 b113 0.74% | 4.62% 8.73% 2.68% | 50.11%

U114 0.0112 | 0.0096 | 0.0091 0.0129 | 0.0303 bl14 0.59% 6.03% | 1428% | 2.14% | 117.12%

L1l 0.0087 | 0.0049 | 0.0010 | 0.0000 | 0.0000 evlll 0.0786 | 0.2011 0.4934 | 0.8256 1.0333

L112 0.0087 | 0.0049 | 0.0010 | 0.0000 | 0.0000 evll2 0.0770 | 0.2002 | 04903 | 0.8126 1.0421

L113 0.0086 | 0.0051 0.0010 | 0.0000 | 0.0000 cvlil3 0.0817 | 0.1857 | 0.4884 | 0.9020 1.1284

L114 0.0087 | 0.0054 | 0.0008 | 0.0000 | 0.0000 cvll4 0.0773 | 0.1733 | 0.5144 | 0.9923 1.2878

TRUE | 0.0100 | 0.0100 | 0.0100 | 0.0100 | 0.0100

211 0.009% | 0.0102 | 0.0099 | 0.0096 | 0.0106 s211 0.0009 | 0.0019 | 0.0031 0.0053 | 0.0081

212 0.0100 | 0.0102 | 0.0097 | 0.0100 | 0.0109 s212 0.0009 | 0.0018 | 0.0032 | 0.0056 | 0.0085

213 0.0099 | 0.0103 | 0.0098 | 0.0094 | 0.0119 s213 0.0009 | 0.0018 | 0.0031 | 0.0057 | 0.0107

214 0.0100 | 0.0103 | 00095 | 0.009 | 0.0145 s214 0.0008 | 0.0016 | 0.0033 | 0.0068 | 0.0166

U211 0.0114 | 0.0133 0.0151 0.0183 0.0239 b211 0.54% 1.52% 0.56% 3.67% 6.19%

U212 0.0115 | 0.0132 | 0.0150 | 0.0192 | 0.0249 b212 0.15% 1.74% 2.98% 0.23% 9.09%

U213 0.0114 | 0.0132 | 0.0149 | 0.0188 | 0.0296 b213 0.89% 2.73% 1.91% 597% | 18.87%

U214 0.0113 | 0.0130 | 0.0150 | 0.0209 | 0.0418 b214 0.50% 3.28% 5.44% 3.95% | 44.85%

L211 0.0085 | 0.0070 | 0.0048 | 0.0010 | 0.0000 cv2il 0.0913 | 0.1862 | 03156 | 0.5456 | 0.7606

L212 0.0085 | 0.0071 0.0044 | 0.0008 | 0.0000 cv212 0.0918 | 0.1813 | 0.3296 | 0.5595 | 0.7787

L213 0.0085 | 0.0073 0.0047 | 0.0000 | 0.0000 cv2i3 0.0895 | 0.1747 | 03158 | 0.6106 | 0.9034

L214 0.0086 | 0.0077 | 0.0039 | 0.0000 | 0.0000 cv2i4 0.0838 | 0.1561 0.3540 | 0.7128 1.1458

TRUE | 0.0100 | 0.0200 | 00300 | 0.0400 } 0.0500

311 0.0100 | 0.0200 | 0.0299 | 0.0400 | 0.0500 s311 0.0010 | 0.0024 | 0.0043 | 0.0074 | 00132

312 0.0101 0.0198 | 0.0300 | 0.0403 | 0.0494 s312 0.0010 | 0.0023 | 0.0041 0.0074 | 0.0139

313 0.0100 | 0.0199 | 0.0300 | 0.0403 | 0.049] s313 0.0010 | 00025 | 0.0043 | 0.0087 | 0.0188

314 0.0100 | 0.0201 0.0299 | 0.0393 | 0.0518 s314 0.0010 | 0.0023 | 0.0045 | 0.0104 | 0.0322

U3li 0.0117 | 0.0241 0.0369 | 0.0522 | 0.0718 b311 0.32% 0.22% 0.46% 0.00% 0.01%

U312 0.0117 | 0.0237 | 0.0369 | 0.0524 | 0.0723 b312 0.59% 0.85% 0.15% 0.65% 1.11%

U313 0.0117 | 0.0240 | 0.0371 0.0546 | 0.0800 b313 0.24% 0.29% 0.12% 0.82% 1.86%

U314 0.0115 | 0.0239 | 0.0374 | 0.0564 | 0.1047 b314 0.42% 0.66% 0.20% 1.77% 3.59%

L311 0.0084 | 0.0160 | 0.0228 | 0.0278 | 0.0282 cv3ll 0.0985 | 0.1220 | 0.1434 | 0.1859 | 0.2648

L312 0.0084 | 0.0160 | 0.0232 | 0.0281] 0.0266 cv3l12 0.0995 | 0.1184 | 0.1377 0.1830 | 0.2813

L313 0.0083 0.0159 | 0.0229 | 0.026] 0.0182 cv313 0.1029 | 0.1241 0.1439 | 0.2151 0.3825

L314 0.0084 | 0.0164 | 0.0225 0.0222 | 0.0000 cv3l4 0.0971 0.1135 0.1510 | 0.2651 0.6208
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ho hl h2 h3 h4
TRUE | 00100 | 00200 | 0.0300 | 0.0400 | 0.0500
312 0.0101 0.0198 | 0.0300 | 0.0403 | 0.0494 s312 0.0010 | 00023 | 0.0041 | 0.0074 | 0.0139
U312 0.0117 | 0.0237 | 0.0369 | 0.0524 | 00723 b312 0.59% 0.85% 0.15% 0.65% 1.11%
L312 0.0084 | 00160 | 0.0232 | 0.0281 | 0.0266 cv312 0.0995 | 01184 | 0.1377 | 0.1830 | 0.2813
TRUE | 0.0010 | 0.0020 | 0.0030 | 0.0040 | 0.0050
322 0.0010 | 00020 | 0.0030 | 0.0039 | 0.0053 8322 0.0003 | 0.0007 | 0.0013 | 00021 | 0.0036
U322 0.0015 | 0.0032 | 0.0051 | 0.0073 | 0.0113 b322 0.16% 0.90% 0.46% 331% 5.97%
L322 0.0005 | 0.0009 | 0.0009 | 0.0004 | 0.0000 | c¢v322 0.3034 | 03509 | 04322 | 0.5463 | 0.6851
TRUE | 0.0001 | 0.0002 | 0.0003 | 0.0004 | 0.0005
332 0.0001 | 0.0002 | 0.0003 | 0.0004 | 0.0006 s332 0.0001 | 0.0002 | 0.0002 | 0.0004 | 0,0007
U332 0.0002 { 0.0005 | 00007 | 0.0011 | 0.0017 b332 11.94% | 857% | 10.27% | 3.85% | 17.84%
1332 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 cv332 0.9209 | 0.7407 | 0.9217 1.0287 | 1.1173
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0.00000 | 0.02908 | 0.15585 | 0.19931 | 0.01565

0.10559

0.15039 | 0.49201 | 0.00000 | 0.21759 | 0.68731 | 1.13021

0.00000 | 0.02908 | 0.15585 | 0.19927 | 0.01564

0.10555

0.15032 | 0.49168 | 0.00000 | 0.21734 | 0.68637 | 1.12789

1.00000 | 0.99997 | 0.99982 | 0.99962 | 0.99%6

0.99950

0.99934 | 0.99885 | 0.99885 | 0.9986 | 0.99795 | 0.99682

0.00000 | 0.02911 | 0.15616 | 0.19991 | 0.01571

0.10612

0.15130 | 0.49548 | 0.00000 | 0.21957 | 0.69426 | 1.14281

0.00000 | 0.02911 | 0.15616 | 0.19987 | 0.01570

0.10608

0.15123 | 0.49515 | 0.00000 | 0.21931 | 0.69331 | 1.14044

1.00000 | 0.99997 | 0.99982 | 0.99962 | 0.99960

0.99949

0.99934 | 0.99885 | 0.99885 | 0.99863 | 0.99793 [ 0.99679

0.00000 | 0.02937 | 0.15903 | 0.20548 | 0.01630

0.11115

0.16000 | 0.52907 | 0.00000 { 0.23913 | 0.76379 | 1.27022

0.00000 | 0.02937 | 0.15903 | 0.20544 | 0.01629

0.11111

0.15992 | 0.52871 | 0.00000 | 0.23884 | 0.76268 | 1.26741

1.00000 | 0.99997 | 0.99981 | 0.99961 | 0.99959

0.99948

0.99932 | 0.99879 | 0.99879 | 0.99855 | 0.99779 | 0.99652

0.00000 | 0.03061 | 0.17317 | 0.23449 | 0.01956

0.14081

0.21490 | 0.75720 | 0.00000 | 0.39598 | 1.37649 | 2.51793

0.00000 | 0.03061 | 0.17316 | 0.23444 | 0.01955

0.14074

0.21477 | 0.75659 | 0.00000 | 0.39536 | 1.37379 | 2.50952

1.00000 | 0.99997 | 0.99980 | 0.99956 | 0.99954

0.99940

0.99919 | 0.99843 | 0.99843 | 0.99804 | 0.99666 | 0.99415
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0.16546 | 0.57216 | 0.00000 | 0.30445 | 1.11853 | 2.29271

0.00000 | 0.02911 | 0.15663 | 0.20210 | 0.01612

0.11169

0.16537 | 0.57177 | 0.00000 | 0.30407 | 1.11679 | 2.28659

1.00000 | 0.99997 | 0.99981 | 0.99961 | 0.99960

0.99948

0.99932 | 0.99875 | 0.99875 | 0.99844 | 0.99733 | 0.99504

0.00000 | 0.02943 | 0.15952 | 0.20611 | 0.01633
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0.99932 | 0.99879 | 0.99879 | 0.99856 | 0.99782 | 0.99660

0.00000 | 0.03397 | 0.21204 | 0.31391 | 0.02825
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0.21545

0.34098 | 1.21462 | 0.00000 | 0.59755 | 1.93515 | 3.21649
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