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This paper shows accuracy comparison results of reliability estimation methods for one-shot systems with res-
pect to sample sizes. To compare accuracy in reliability estimation methods, quantal-response data, characte-
rizing one-shot systems, were simulated using failure times of LED obtained through the accelerated life test,
and then the true reliability over time was evaluated using the failure times. The simulated quantal-response data
were used to estimate the true reliability through applying reliability estimation methods in open literature.
Accuracy of each reliability estimation method was compared in terms of both SSE (Sum of Squared Error) and
MSE (Mean Squared Error), and then estimation trend for each method is found. Feasible bounds which true
reliability would exist within were estimated through applying the found trends to quantal-response data set of a

real weapon system.
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SSE : Sum of Squared Error

MSE : Mean Squared Error
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Figure 1. True reliability and the probability of success for

different sample sizes
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Figure 2. LED accelerated life test
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Table 1. Simulated quantal-response data using LED failure

times

Time | Failure times Success Fail m(ti), n(ti)
1003 1 0

640 1086 1 0 3,0
996 1 0
1006 1 0

704 1062 1 0 3,0
1295 1 0
1003 0 1

1152 1003 0 1 3,3
996 0 1
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Table 2. Mean and variance of SSE

sample Estimation methods
size N C P B NB SB
I 0.7857 1.1655 0.2749 1.1846 12949  3.4094
(0.2073) (0.1152) (0.0632) (0.0586) (0.0046) (0.0057)
) 0.3974 1.1426  0.1854 1.1276  1.2841 2.5139
(0.0640) (0.0567) (0.0176) (0.0396) (0.0053) (0.0071)
4 0.1956  1.1366  0.1369 1.1100 1.3113  1.4606
(0.0163) (0.0276) (0.0046) (0.0228) (0.0046) (0.0059)
8 0.0967 1.1309 0.1161 1.1083 1.4057  0.6430
(0.0042) (0.0138) (0.0015) (0.0125) (0.0034) (0.0033)
10 0.0774  1.1301 0.1115 1.1099 1.4502 0.4755
(0.0028) (0.0110) (0.0010) (0.0101) (0.0031) (0.0022)
20 0.0375 1.1280 0.1030 1.1153 1.6025 0.1708
(0.0006) (0.0051) (0.0004) (0.0049) (0.0022) (0.0005)
40 0.0182 1.1269 0.0992 1.1197 1.7394  0.0565

(0.0002) (0.0023) (0.0001) (0.0023) (0.0015) (0.0001)

Table 3. Confidence intervals for different sample sizes

sample size

1 10 40
N, C -0.39  -037 -1.06 -1.05 -1.11  -1.11
N, P 0.50 052  -0.04 -003 -0.08 -0.08
N, B -041  -039 -1.03 -1.03 -1.10 -1.10
N,NB -052 -050 -1.37 -137 -1.72  -1.72
N, SB  -2.63 -2.61 -040 -040 -0.04 -0.04
C, P 0.88 0.90 1.02 1.02 1.03 1.03
C, B -0.02  -0.02 0.02 0.02 0.01 0.01
C,NB -0.14 -0.12 -032 -032 -0.61 -0.61
C,SB 225 224 0.65 0.66 1.07 1.07
P, B -092  -090 -1.00 -1.00 -1.02  -1.02
P, NB -1.03 -1.01 -1.34 -134 -1.64 -1.64
P, SB  -3.14 313 -037 -036  0.04 0.04
B,NB -0.11 -0.11 -034 -034 -062 -0.62
B, SB  -223 -222 0.63 0.64 1.06 1.06
B, SB 2,12 -2.11 0.97 0.98 1.68 1.68




216 297 -

<Table 3> AAE BE A1) F3tel A 05 2E3te 73t
o] lou 2 g7 FAWHEY AHZ Ao 2}o]7} 9T} <Table
3ol A A Z 5= 400l thEted SSEQ] 2715 MY E Y datd
NB>C>B>P>SB>Nwoth HHE-471 15,0009 4%, o
F A g Wt 2 SS E FME <Table 4> YEFARL
. o] 2] 8k SSE A & HHE4 H slof| ettt
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sample size
SSE
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Figure 3. Bias and standard deviation over time for each estimation method
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Figure 4. Reliability estimation results for quantal-response data

(sample size = 10)
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Table 5. Quantal-response data for a weapon system

(Back et al., 2009)

Storage time [day] m(t;) n(t)
0 12 0
8 19 0
16 19 0
24 19 2
32 19 2
39 19 2
46 19 8
53 19 7
102 19 10
109 19 15
116 19 18
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