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Dynamic test methodology for long-working systems based
on Bayesian sequential test theory

HAN Xu', WANG Jian-yu', ZU Xian-feng®
(1. School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China;
2. First Aeronautical College of AirForce. Xinyang 464000, China)

Abstract; A test design methodology based on normal distribution Bayesian sequential test theory is pro-
posed. It provides the theoretical basis for the determination of test number of a small-sample-size dynamic test
for long-working systems with different types of technical specifications. It takes the conformity probabilities of
single sample test for the target system as statistical observed values, and assumes that the observed values se-
ries from different dynamic tests of target systems are conformed to normal distribution. Then the multi-specifi-
cation sequential test process of target systems can be designed by using Bayesian sequential posterior odd test
theory on normal distribution. And the detailed realization procedures on handling priori information, designing
the Bayesian sequential testing and sequential censor solution, calculating the upper bound of increased sequen-
tial censor risks, and valuating the overall conformity probability of each technical specification are given. Final-
ly, a simulation example by applying the approach is given, and the corresponding test results show that the ap-
proach is feasible.
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Bijo 1.344 279 4 19. 000 000 19. 000 000 19. 000 000 19. 000 000 19. 000 000 19. 000 000
0., 0.989 413 6 0.001 944 9 0.268 576 5 0.017 029 3 0. 000 000 0 0. 000 000 0 0. 000 002 9

G, ZE L5 FtERNE & R ik,
DIREE 1.6 I 1 %4 48 bR s & A % % Monte Carlo

AT PT LAAR B 5 9 W BT 5l il AR 06 06 i 7 6

W s B R R A S

ARG E R R 7 PR,

R7T FIRBayes FREHBELRAANKEE FRREEERBERITER
A0 fa b
EE 85 2 595 3 fEh5 4 HEH5 5 815 6 845 7

Aa; 0.011 533 1 0.058 469 0 0.038 710 5 0.042 740 8 0.003196 4  0.000 096 9 0.004 975 6
AR 0.011 016 1 0.032 7015 0.057 181 2 0.028 535 9 0.002 603 5 0.000 057 5 0.002 038 7

b 0.500 8778 0.868 008 9 0.605 676 3 0.778 212 0 0.999 971 2 0.999 028 2 0.984 686 2

Sy 0.000 562 2 0.045 784 4 0.020 937 5 0.044 291 5 0.000 414 4 0,003 485 8 0.017 639 2
T s 0.793 564 3 0.785 329 3 0.801 797 3 0.828 310 5 0.869 077 1 0.875 108 5 0.907 631 0

3o B J GRS 96 75 1 R AT A U AR 4 B A B 9 R G 0 S

FIHI A 26 ] 3 2R 4 3 5 B B Cn B A R 2
g LRI AL YO BB E #R S 2 T 2 LG IR R IT 0L R
EIG e 7 9 AR 2 R, LA S Y B A S A7 AE P DL
ARICHET Bayes J5 BURL U6 75 15 RO Bk 1% G205 15 T T A
A R TR R 3 2R R TR R G 1 Bl A 0 A E 4R
BT R ARKAE o AS SO TR E KR R 4L 3 A i 6 RO
7 5 VA B YA R A 36 5 AR A T I O A AR A X
BB B B AR SR E 9 BT S S e i
FATARAE BB I T R AR B 56 AR R O A
i HE R RIZ G AR IR IEZS 20 A0 BIRT . 53 4. 5 &
B 22 M Bayes J5 BT 5 77 15 AR XE7E 15X 56 5 At 9 e 3 Ak
V0 T 0 A A A 4 G O R AN Y [ AL AR ST R
Bayes J7* 5K 560 7 38 0 1 4 K 8l 25 128 56 U RO e/ 8l 25
12 6 YR T 8 24 TR A 5 I — E R EE B AT LR Kb 28 it
Bayes ¥ SR 48 U7 15 B9 2 o A SCIR S 45 1) T I Bayes

11 A7 B SG 1 25 SRR %5 R AT
S & Uk

[1] Xu T X, Dong Q. Zhang Y L. The research of flight reliability
evaluation of missile[ C]// Proc. of the International Con ference
on Quality . Reliability, Risk, Maintenance, and Safety Engi-
neering , 2011. 114 - 117.

[2

[}

Shao Z J, Zhang Q Z, Li Y P, et al. Storage reliability assessment

for missile-borne electronic products with small sampling based on

Bayes theorem[ C] // Proc. of the 6th IEEE Conference on Indu-

strial Electronics and Applications, 2011; 2605 — 2609.

[3] Hu Z H, Luo J X. Research on Bayesian evaluation method of
missile hit accuracy[ C]J// Proc. of the 4th International Sympo-
sium on Computational Intelligence and Design, 2011. 114
-117.

[4] Huang X Y., Peng D L. The sequential likelihood ratio test

VSMM algorithm for maneuvering target tracking[ C]J // Proc.



%91 B 4E . JEF Bayes J¥ e

LA R R Bt B R EOS R T RS

+ 1965 -

of the 8th World Congress on Intelligent Control and Automa-
tion, 2010. 6864 —6867.

[5] Liu Q, Zhou J L, Jin G, et al. Bayesian sequential demonstra-
tion based on performance reliability for long life aerospace pro-
duct[ C]J // Proc. of the 2nd International Conference on Com-
puter Modeling and Simulation, 2010. 445 —449,

[6] Gong Y X, Yang H W, Hu W D, et al. An efficient particle fil-
ter based distributed track-before-detect algorithm for weak tar-
gets [ C] // Proc. of the International Radar Conference,
2009:1-6.

[7] Candy ] V., Chambers D H. Physics-based detection of radioac-
tive contraband: a sequential Bayesian approach [J]. Nuclear
Science, 2009, 56(6):3694 —3711.

[8] ISO 2859 — 5:2005. Sampling procedures for inspection by at-
tributes-part 5: system of sequential sampling plans indexed by
acceptance quantity limit ( AQL) for lot-by-lot inspection[ S].
London: British Standard Institution, 2006.

[9] GB/T 8051 -2008. 347 BT HAE T 2 0ST. dbat . o [E 45 i th i
#.2008. (GB/T 8051 —2008. Sequential sampling plans for in-
spection by attributes[ S]. Beijing: China Standard Press, 2008.)

[10] Kulldorff M, Davis R L, Kolczak M, et al. A maximized se-

quential probability ratio test for drug and vaccine safety sur-

veillance [J]. Sequential Analysis, 2011, 30(1) ;58 —78.

[11] Guo B, Jiang P, Xing Y Y. A censored sequential posterior odd test
(SPOT) method for verification of the mean time to repair[ J].
Reliability, 2008, 57(2); 243 — 247.

[12] Lynch S M. Introductionto applied Bayesian statistics and es-
timation for social scientists| M]. New York: Springer, 2007.

[13] kG M. ZITIES BN ZH Bayes [T 555 AU 5 &
fEAHLT]. RAT AR 40,2002, 21(4) : 65 -69. (Zhang J H.
Bayesian sequential posterior odd test and evaluation on the
multi-parameter normal population distribution[J]. Journal of
Spacecraft TT & C Technology, 2002, 21(4); 65 —69.)

[14] whfu, £ a5 A0S s, He T (] )y 1) 62 70 14 % 456 o K AR 468 B 1T
L] ARG TS T H R, 2012, 34 (4): 839 - 845,
(Han X, Wang J Y, Zu X F. System maximum-error specification
oriented testing methodology basing on timing series model [ J].
Systems Engineering and Electronics » 2012, 34(4) ;839 — 845.)

[15] i, £ A e i, e TR IR 1Y R S8 iR RAE I8 bR W E 7
B RETE S T AR, 2012, 34 (5): 1073 - 1084,
(Han X, Wang ] Y, Zu X F. System maximum-error specifica-
tion oriented testing methodology basing on extreme value the-
ory[J]. Systems Engineering and Electronics, 2012, 34(5);
1073 -1084.)



