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Abstract: This paper proposes a new reliability estimation method for one-shot systems using quantal response data,
which is based on a parametric estimation method. The proposed method considers the time-variant failure ratio of the
quantal response data and it can overcome the problems in parametric estimation methods. Seven reliability estimation
methods in the literature were compared with the proposed method in terms of the accuracy of reliability estimation in
order to verify the proposed method. To compare the accuracy of reliability estimation, the SSEs (Sum of Squared
Error) of the reliability estimation results for the different estimation methods were evaluated according to the various
numbers of samples tested. The proposed method provided more accurate reliability estimation results than any of the
other methods from the results of the accuracy comparison.
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(b) Increasing number of failure over time
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Table 1 Classification of failure ratio over time

Type of failure ratio Classification
r(t.y) U r(t) U r(ti) Case 1
r(to1) > () < (i) Case 2
r(ti) > r(t) O r(ti) Case 3
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Table 2 Estimated reliability with true reliability (m(z;) =4)

t

Reliability estimation methods

T

N

C

P

D

O

B

NB

SB

11
12
13
14
15
16
17
18
19
20

0.90
0.89
0.88
0.87
0.86
0.85
0.84
0.83
0.82
0.81

0.75
0.75
1.00
1.00
1.00
1.00
0.75
0.75
1.00
1.00

0.75
0.75
0.83
0.88
0.90
0.92
0.89
0.88
0.89
0.90

0.93
0.92
0.91
0.91
0.90
0.89
0.88
0.88
0.87
0.86

0.90
0.89
0.88
0.87
0.86
0.85
0.84
0.83
0.82
0.81

0.75
0.75
0.83
0.88
0.90
0.92
0.75
0.75
0.83
0.88

0.67
0.70
0.79
0.83
0.86
0.88
0.87
0.85
0.87
0.88

0.79
0.78
0.78
0.80
0.81
0.83
0.82
0.82
0.83
0.84

0.67
0.51
0.42
0.35
0.29
0.24
0.19
0.15
0.13
0.11

Table 3 Estimated reliability with true reliability (m2(#;) = 10)

Reliability estimation methods

t

T

N

C

P

D

O

B NB SB

11 0.90 0.90
12 0.89 0.80
13 0.88 0.90
14 0.87 0.70
15 0.86 0.90
16 0.85 0.90
17 0.84 0.90
18 0.83 0.80
19 0.82 1.00
20 0.81 1.00

0.90
0.85
0.87
0.83
0.84
0.85
0.86
0.85
0.87
0.88

0.91 0.90 0.90

0.90
0.89
0.89
0.88

0.89
0.88
0.87
0.87

0.80
0.85
0.70
0.80

0.87 0.86 0.83

0.86

0.85

0.85

0.85 0.84 0.80

0.85
0.84

0.83
0.82

0.86
0.88

0.83 0.88
0.82 0.86
0.84 0.85
0.81 0.83
0.83 0.83
0.84 0.84
0.85 0.84
0.84 0.84
0.86 0.85
0.87 0.86

0.83
0.70
0.63
0.53
0.47
0.43
0.39
0.34
0.31
0.29
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Table 4 Reliability intervals in t-test over sample sizes

dlolElS o] &3 A% AH = =4 i

Sample size

pairs
2 8 20 80 200
N-C 0.643 0714 0074 0.097 -0.042 -0.031 -0.097 -0.092 -0.108 -0.105
N-P 0766 0.827 0.185 0200 0071 0.077 0017 0019 0007 0.007
N-B 0715 0779 0.091 0.113 -0.034 -0.024 -0.095 -0.090 -0.107 -0.104
N-NB 0758 0.825 0.067 0.088 -0.075 -0.063 -0.151 -0.144 -0.168 -0.163
N-SB -1.718 -1.658 -0.853 -0.812 -0.266 -0.247 -0.015 -0.012 0.001 0.001
N-O 0193 0225 0056 0066 0023 0.027 0.004 0005 0.001 0.001
N-D 0769 0.828 0.186 0.202 0.072 0.078 0017 0.019 0.007 0.007
C-p  0.101 0.134 0.100 0.114 0.106 0.115 0.110 0.115 0.112 0.114
C-B 0061 0.076 0015 0019 0.007 0008 0002 0002 0.001 0.001
C-NB 0.098 0.126 -0.012 -0.003 -0.036 -0.030 -0.055 -0.051 -0.061 -0.058
C-SB  -2.402 -2.332 -0.946 -0.891 -0.234 -0.206 0.077 0.084 0.106 0.109
C-0 -0.510 -0.430 -0.037 -0.012 0.055 0.067 0.097 0.102 0.106 0.109
C-D 0.100 0.139 0.101 0.116 0.107 0.116 0.110 0.115 0.112 0.114
P-B -0.063 -0.035 -0.097 -0.084 -0.108 -0.099 -0.113 -0.108 -0.114 -0.111
P-NB -0.019 0.008 -0.121 -0.108 -0.149 -0.138 -0.169 -0.162 -0.175 -0.170
P-SB  -2.519 -2.450 -1.048 -1.002 -0.341 -0.321 -0.033 -0.030 -0.006 -0.005
P-O -0.621 -0.554 -0.139 -0.124 -0.052 -0.047 -0.014 -0.013 -0.006 -0.005
P-D  -0.004 0.008 0.001 0.003 0.000 0.001 0.000 0.000 0.000 0.000
B-NB 0.033 0.055 -0.029 -0.020 -0.043 -0.037 -0.057 -0.053 -0.062 -0.059
B-SB -2.465 -2.406 -0.961 -0.909 -0.241 -0.214 0.075 0.082 0.105 0.108
B-O -0.576 -0.501 -0.053 -0.029 0.048 0.060 0.095 0.099 0.105 0.108
B-D 0035 0068 0085 0.099 0.100 0.108 0.108 0.113 0.111 0.114
NB-SB -2.514 -2.444 -0.937 -0.884 -0.202 -0.173 0.129 0.138 0.164 0.169
NB-O -0.621 -0.544 -0.028 -0.006 0.088 0.100 0.149 0.156 0.165 0.170
NB-D -0.008 0.023 0.110 0123 0139 0.149 0.162 0.169 0.170 0.175
SB-O 1.862 1932 0875 0913 0273 0290 0017 0020 0.000 0.001
SB-D 2453 2520 1.004 1.050 0.321 0.342 0.030 0.033 0.005 0.006
0-D 0560 0.620 0.126 0.141 0.048 0.053 0013 0.014 0.005 0.006
Table 5 Accuracy comparison results
Sample size Rank
2 SB<N<O<C<B<NB=P=D
4 SB<N<O<C<NB=B<P<D
8 SB<N<O<NB<C<B<P<D
10 SB<N<NB<C<B=0<P<D
20 SB<NB<C<B<N<O<P<D
40 NB<C=B=SB<N<O<P=D
80 NB<C<B<SB<N<O<P=D
100 NB<C<B<SB<N<O<P=D
200 NB<C<B<N<SB<O<P=D
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Fig. 4 SSE for each method over sample sizes
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