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Bayes feature fusion reliability evaluation model based on data migration
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Abstract: Based on the life data information from multiple test sources, using the mapping
relationship between different data sources, the multi-source data were migrated to the field data source to
form a mixed data source, which was used as the basis for the Bayesian statistical analysis of product
reliability. For the accelerated life data under different stresses, it was converted to the constant stress level
to determine the parameter distribution density function, which was used as the priori condition for the
product reliability Bayesian statistical analysis. By combining the Bayesian statistical model with the data
migration model, and fusing multi-source data while determining the parameter estimates at the same time,
the product density function and the product reliability analysis were obtained. The example showed that
this model can effectively achieve data migration by utilizing the mapping relationship between data
sources, and can accelerate the synchronous fusion of life data with other types of data sources. The
comprehensive evaluation of product reliability after fusing sample data was more comprehensive and

objective than that of a single life data source.
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Fig. 1 Product reliability evaluation flow chart
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Table2 Product reliability index after data fusion'”
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Table 3 Initial value of product electronic component test life data h
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Table 4 Constant voltage accelerated life test data
NS S =12 S,=15 S§3=19 §4=25 S§5=35
WA r =10 r =15 r3 =20 r4 =25 rs =30
4915.23 438.03 353.50 180.36 36.42
1060.47 412438 726.93 370.88 146.84
YR ] : : : : :
ta/h : : : : :
563.14 728.86 684.05 161.04 101.93
2380.15 58.44 705.74 279.40 27.98

41 HAATHEXRNELSHIBTIBAE

e, K AR B CEEIEREARIE T HEE,
3214 A BIBF S, sk s,

T ARFEARR R 104, BT, 4k
B R C R B FEA Y 10 44000, 4 B
PEREAR LS CIEFEA K A B 10 4007 500 5 5
A TEREHEREA T G 11 i AR U 64 T B X
FEA LT EUE W2 6 s .

FT SCHRE 1 1) A T X R A 1T 0 o 40
3 AL BERIRES AL C EE IR T LA 0] )5 pR 2L
W

v; =0.866x,;+660.288 j=1,2,---,n,
v =0.582xy +698.037  k=1,2,---,m;3

XF T R A eR AL, 43R AL B BRI E]
2 ] U pR B TR E R B ICN R, DL AL C B
I D TA) 22 P [T ) R BSOS R R AR IC MRS, 2T

x5 ZBEEAXIRFSITE

Table S Three-source sample order statistics h
BRIy A e
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C R 10.31,11.77, 15.9, 55.2, 68.98, 71.79, ---, 10 783.7, 11 256.8, 11 454.9, 13 073.3, 20 468.0
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Table 6 Three-source sample pairing table based on quantile h
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Table 7 B and C two source migration data table h
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Table 8 Conversion data table under different stress h
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Table 9 Parameter estimation table of the converted sample

of accelerated life test
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Table 10 Product reliability evaluation index results table

o i KA T

R (1) =¢0000422x ) (f) =0.000422 E(x) =6=2369.67

b ST R 6 50 A B B A5 (IR B RE AR,
454 DU ST ER e S T A A i D R i B
o AR R, SR A5 3 T A DU VRS 5 7 o A
WS HEAGTT %5 B sRBUFAT L R m] SEME L5 5 1T AN
FERas A

PR L 5 1 0 A7 %85 pRI B A S 45 1T S 1 DA
SRSl A2 B2, CJ. D REYE
1 12 50 B AT TR o0 A % B R AT SE AR
i HEAT X5 L4 #T

& 2 ) & H B A 5 0 7 i 75 A 2 T R
BOTT AT S5 A T I 77 A B R 25 R 22 8], AR
45 30T 0 7 73 i X 6 A 220 i 1 7 R R AR
WEBA T ASCRL A 7 Ik RE S A R Al A5 77 14 DU R
FEA K, FLASS RS ELA A 35t ol A5k o

i 3 AT A B LA 7 T R A
F VLR R G IR AN A BN VR 25 R 22 1, )
T S EAS Y (A 855 AT AT o 12 I R S Bl

0.0005  + o B A o PR
0.0004 L % + BEURIR ) T A7 PR A

: CHHR ™ 5 56 5 PR B
% 0.0003 F *  DEETR = i 5 v B pR R
= 0.0002 - — B R A T i R R

0.0001

0 C 1 1 1 1 1 1
0 2000 4000 6000 8000 10000
A A]/h

B2 =i An RO LR

Fig.2 Comparison chart of product life distribution function

1.0F - A VR T i T B e R
0.8 + B;&ﬁ;‘/}?}i’:uuﬁi&‘@z&
CHHRIR ™ 5 T 5E 1 ML
i 0.6 = DR 5 v SRR s
ﬁ(M — O 27 TSR PR
0.2
(U ! ! ) ! ! 1
0 2000 4000 6000 8000 10000
A il /h

B3 7 AT AR B pR I LRI

Fig. 3 Product reliability function comparison chart

et FH BT 0 A 348 om0 i 20, 7 A R R
8000 h Z J&, ' i A & B 5k O B M N B 423 0.

H & 4 a1 %0 SRR R, B
(G575 S8

Pt SCHR [13] T AMELIR & L R PTiR Oy — FE TR
7R AT SRR A AT S A Ak, AR
DL X B, C. D 28404 #2240 21, 43 590 7
5 A ZEBHRIE R NEOC R AT E A AR
o, 9 B SR BOIR & 808E 1 S b, A=
0.000 546, LA J5 7 i 745t %5 pR A BT«

F(x, ) =0.000 546¢ 000540
7 b A ] A R PR T

R(f) — e—0.000546x

DL, B AR S i i O vk 5 Sk [13] H TR
I7 ik, #EATEUE L, WAl 5 R o

SiA IS R4 JS RS I T A, AR S
il Ty vk BE T Bl A 2 A E, B S S B
YAt B s 22 BE T /N, G A A

& 6 IR AT &t A SC AT iR E s il vk il
RS B 7 i B3 7 A B I RO AR R ) —
ik

20210558-7



IR DA

%39 %

=== AR it R R

+ BRI i AR PR AR
CHRARIE™ il AR R

* DRI i RACR PR

— Blmm & )5 i SR R AL

0.00050
0.00048
0.00046 - - .

¥ 0.00044

& 0.00042

iK .
0.00040
0.00038
0.00036

0 2000 4000 6000 8000 10000
i1l /h

B4 7R LR

Fig. 4 Product failure rate comparison chart

T AR i A B PR

0.0005 F + ) - - "
L ASCHRI AR AT B
0.0004 1 N\ + BT it 5 fr i L A

>+
)

- 0.0003
N

0.0002

0.0001

++
Ty =

0 2000 4000 6000 8000 10000
Fsf [ /h

Bl 5 OR[RIR G T vk i A5 i 43 A1 RO LL IR
Fig. 5 Comparison of product life distribution functions with

different fusion methods

1LoF e BB TR R
sl N ACCBORL SR T
‘ b SR T i R R

0 2000 4000 6000 8000 10000
I} E] /b
6 N[l 5 i i A i A BRI LE IR
Fig. 6 Comparison of product life distribution functions with

different fusion methods
5 & i

] 3 2 R Rl PR 5 R AR PR R 1Y
Bl (e B9 B R Bs AT Rl , DL &
ity AT SEVEDPAG A ROPEFIRS v B o A SOR Kt
i # JEAE S DL S BE AR 45 45, S T RES RN
B 22 b 2 a6 R dh ) K it S A RS R, T a0y

FLFFE 4 R R

1) AN ] R0 DL ) ) IR A3 % 2% e A AHs
w5 BUSe 77 i B T B = B K R B diE
/Sl

2) T RO B B A IR B 5 2 i
Bl P il S 2 B 5 o A R AT DL ST L S
A SRR T i R A 25 S R R TR A
R B TR, A 25 SR A T AR ) A 2 A
AT

3) pH ™ AR R FE P L B R R R L TR
AR, Bl AR AR T R AT AR R LR S VA L
B — TR B IR A 7 T SRR B A A

7 JE R R e i B4 B A% 5 VA AT IH %
Tt J2 1 Xk 3 70 R YR E AT — R PUAR B, S A5 fiE
B 2 UK B B AR i 5 7 vk BE A TR I Ak BT R 7Y
AR IR, 38 A T IR BT

eSS ¥

[1] SCHREIBER-EHLE S, KOCH W. The JDL model of data fusion
applied to cyber-defence—a review paper[C]//2012 Workshop on
Sensor Data Fusion: Trends, Solutions, Applications. Piscataway,
US: IEEE, 2012: 116-119.

[2] BRI, BB T80 mh & /Y B AR A I 07 2 285 (1], 324
Hyki, 2020, 35(1): 1-15.

LUO Junhai, YANG Yang. An overview of target detection meth-
ods based on data fusion[J]. Control and Decision, 2020, 35(1): 1-
15. (in Chinese)

[3] WK, LT EE, %98, 55 B AL A B 2R 19 T8 R BUMEAR
A 7R AT HE R VR AR (3], W25 3 F1 2E 4z, 2020, 35(9): 1977-1987.
XU Lingtian, SHEN Xuejin, JIANG Shuang, et al. Reliability as-
sessment of bearings with incomplete performance degradation da-
ta under small and non-failure samples[J]. Journal of Aerospace
Power, 2020, 35(9): 1977-1987. (in Chinese)

(4] fr55E, i 56 Tk 00 B 5 0 ] B8 Al 79 7 7 i
AL EE RS B Oy vE ). A TR UERE, 2015, 6(2): 205-210, 216.
HE Yuting, GAO Chao. Method of reliability life analysis for prod-
uct based on the fusion of test data and usage data[J]. Advances in
Aeronautical Science and Engineering, 2015, 6(2): 205-210, 216.
(in Chinese)

[5]1 WEI Yupeng, WU Dazhong, TERPENNY J. Robust incipient fault
detection of complex systems using data fusion[J]. IEEE Transac-
tions on Instrumentation and Measurement, 2020, 69(12): 9526-
9534.

[6] ZHANG Weibin, QI Yong, ZHOU Zhuping, et al. Method of
speed data fusion based on Bayesian combination algorithm and
high-order multi-variable Markov model[J]. IET Intelligent Trans-
port Systems, 2018, 12(10): 1312-1321.

[7] F&2F, KOG4, B 5. £ B3 8 80 fml & 1) Bayes 1]
SR VP AR 0], L TR, 2012, 38(9): 265-267.

WEI Jinfen, SONG Baowei, MAO Zhaoyong. Bayes reliability
evaluation model of multistage experimental data fusion[J]. Com-
puter Engineering, 2012, 38(9): 265-267. (in Chinese)

[8] RHf. 2 &4 Bl @l & SRk UE T (D). P4 % P9 2 s T}

20210558-8


https://doi.org/10.13195/j.kzyjc.2019.0649
https://doi.org/10.13195/j.kzyjc.2019.0649
https://doi.org/10.13195/j.kzyjc.2019.0649
https://doi.org/10.13224/j.cnki.jasp.2020.09.020
https://doi.org/10.13224/j.cnki.jasp.2020.09.020
https://doi.org/10.13224/j.cnki.jasp.2020.09.020
https://doi.org/10.3969/j.issn.1674-8190.2015.02.012
https://doi.org/10.3969/j.issn.1674-8190.2015.02.012
https://doi.org/10.3969/j.issn.1674-8190.2015.02.012
https://doi.org/10.1109/TIM.2020.3003359
https://doi.org/10.1109/TIM.2020.3003359
https://doi.org/10.1109/TIM.2020.3003359
https://doi.org/10.1049/iet-its.2018.5020
https://doi.org/10.1049/iet-its.2018.5020
https://doi.org/10.1049/iet-its.2018.5020
https://doi.org/10.3969/j.issn.1000-3428.2012.09.081
https://doi.org/10.3969/j.issn.1000-3428.2012.09.081
https://doi.org/10.3969/j.issn.1000-3428.2012.09.081

533

TRBETE % S FHERTER T Bayes RRAERG A5 B T A4 A A

(9]

[10]

(1]

[12]

[13]

[14]

[15]

R4, 2003.

WU Yan. Study of multisensor data fusion algorithms[D]. Xi’an:
Xidian University, 2003. (in Chinese)

JA R E, AT T, AR . — b R T IR SR Al 0 AT S A
S SR VR 7 (0], R DR B 5 S0, 2018, 38(11):
2979-2986.

ZHOU Rongxi, CUI Qingde, HAO Jingyu. A reliability evaluation
method of high reliability products based on evidence fusion[J].
Systems Engineering-Theory & Practice, 2018, 38(11): 2979-2986.
(in Chinese)

OSMAN A, KAFTANDIJIAN V, HASSLER U. Improvement of
X-ray castings inspection reliability by using Dempster-Shafer data
fusion theory[J]. Pattern Recognition Letters, 2011, 32(2): 168-180.
BAE, B, ¥ L TF B0 A1 Bayes BB Y R AT HEPE
P AR PR IEAR 0], RS TR LS 5 92ER, 2020, 40(7): 1918-
1926.

JIA Xiang, CHENG Zhijun, GUO Bo. Reliability evaluation for
products based on entropy and Bayes theory[J]. Systems Engineer-
ing-Theory & Practice, 2020, 40(7): 1918-1926. (in Chinese)

SUN Wei, CHEN Tao, WEI Jing. Dynamic reliability of gears in a
wind turbine gearbox under the conditions of variable wind speed
and small samples[J]. Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Science,
2012, 226(12): 3032-3042.

INBLUE , 15 DI . T R B i 1] ) A B i — 2D Y
[J]. i & 5 AT AE i, 2010(5): 18-21.

SUN Zhuling, BAI Jixiao. Further study on regression conversion
method of reliability data[J]. Quality and Reliability, 2010(5): 18-
21. (in Chinese)

A 5E, W . — i B o S 38 B A # R S A
Tr k). RGRLE S HECF, 2016, 36(8): 1138-1149.

ZHAO Liang, YANG Zhanping. An approach of quantification of
margins and uncertainties for test data[J]. Journal of Systems Sci-
ence and Mathematical Sciences, 2016, 36(8): 1138-1149. (in Chi-
nese)

22, TP 4L s WAL T Fe 3R (7] K0 9 B2 41, 2006,
26(1): 9-14.

GUO Kui, YU Dan. Sampling method by allocating random order
to percentiles[J]. Acta Mathematica Scientia, 2006, 26(1): 9-14. (in
Chinese)

[16]

[17]

(18]

[19]

(20]

(21]

[22]

20210558-9

P, /ML, XVR. OB UE R AE B — B
5k [0 it s 8h 1244, 2008, 23(9): 1637-1640.

MA Limei, WU Xiaoyue, LIU Qi. Consistency test method for sin-
gle expert’s information described by fractiles[J]. Journal of
Aerospace Power, 2008, 23(9): 1637-1640. (in Chinese)

T3 B, W AL 3 T SRR ) & [F 9 5 Bayesian B g (4 1
AEAR AL 7 T 58 1 23 A7 [J]. B B0 2 4l (B SR FE7), 2019,
55(2): 161-169.

FENG Hailin, WANG Yuwei. Reliability analysis of performance
degradation product based on support vector regression and
Bayesian theory[J]. Journal of Nanjing University (Natural Science),
2019, 55(2): 161-169. (in Chinese)

b, W nk & . B T Bayes B ie i) U 2 M B 4 il T Al BOR
1. &k J1 5454, 2017, 42(8): 183-185.

MA Tao, JU Chengyu. A data fusion method for testability evalua-
tion based on Bayes theorem[J]. Fire Control & Command Con-
trol, 2017, 42(8): 183-185. (in Chinese)

LM, W5 L, S, S RS B R A Y T SR
Y 7 3 (0], b BT S AR R 2 2R, 2016, 42(1):
101-111.

HAO Zhipeng, ZENG Shengkui, GUO lJianbin, et al. Integrated
method of knowledge and data for quantitative reliability modeling
[7]. Journal of Beijing University of Aeronautics and Astronautics,
2016, 42(1): 101-111. (in Chinese)

230, kel AR, L TR RS B e )
il Bt Sk DU 3T BT R T AR (D). BLAR TR 2 4R, 2014, 50(6):
185-191.

PENG Weiwen, HUANG Hongzhong, LI Yanfeng, et al. Bayesian
information fusion method for reliability assessment of milling head
[J]. Journal of Mechanical Engineering, 2014, 50(6): 185-191. (in
Chinese)

AR, ZEAR T, ST A TTBR ]S ) 5 A
DU 57 53 /(90 P91 R 2 2 4 (A 48 B 27 i), 2016, 53(4):
748-752.

ZHAO Chao, LI Dongfang, TANG Yayong. Bayesian analysis of
quantile regression estimation of threshold autoregressive time se-
ries models[J]. Journal of Sichuan University (Natural Science Edi-
tion), 2016, 53(4): 748-752. (in Chinese)

AT AT AR PERCHE 43 B (M. 3 5T BB Tl AR AL, 2011,

(¥ K F)


https://doi.org/10.12011/1000-6788(2018)11-2979-08
https://doi.org/10.12011/1000-6788(2018)11-2979-08
https://doi.org/10.12011/1000-6788(2018)11-2979-08
https://doi.org/10.12011/1000-6788(2018)11-2979-08
https://doi.org/10.1016/j.patrec.2010.10.004
https://doi.org/10.12011/1000-6788-2019-1306-09
https://doi.org/10.12011/1000-6788-2019-1306-09
https://doi.org/10.12011/1000-6788-2019-1306-09
https://doi.org/10.12011/1000-6788-2019-1306-09
https://doi.org/10.12011/1000-6788-2019-1306-09
https://doi.org/10.12011/1000-6788-2019-1306-09
https://doi.org/10.12341/jssms12855
https://doi.org/10.12341/jssms12855
https://doi.org/10.12341/jssms12855
https://doi.org/10.12341/jssms12855
https://doi.org/10.3321/j.issn:1003-3998.2006.01.002
https://doi.org/10.3321/j.issn:1003-3998.2006.01.002
https://doi.org/10.13224/j.cnki.jasp.2008.09.003
https://doi.org/10.13224/j.cnki.jasp.2008.09.003
https://doi.org/10.13224/j.cnki.jasp.2008.09.003
https://doi.org/10.3969/j.issn.1002-0640.2017.08.041
https://doi.org/10.3969/j.issn.1002-0640.2017.08.041
https://doi.org/10.3969/j.issn.1002-0640.2017.08.041
https://doi.org/10.3969/j.issn.1002-0640.2017.08.041
https://doi.org/10.13700/j.bh.1001-5965.2015.0029
https://doi.org/10.13700/j.bh.1001-5965.2015.0029
https://doi.org/10.3901/JME.2014.06.185
https://doi.org/10.3901/JME.2014.06.185

	1 基于分位点的多源数据映射关系建模
	2 基于多源数据融合和Bayes理论的可靠性分析
	2.1 加速寿命试验数据的预处理
	2.2 基于贝叶斯理论的数据融合建模

	3 可靠性综合验证方法
	4 仿真分析
	4.1 分位点下映射关系的建立与数据迁移处理
	4.2 贝叶斯理论下四源数据融合建模

	5 结　论
	参考文献

