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Abstract; The safety analysis model of critical system is essentially a mixed model of both discrete variables and con-
tinuous variables. The traditional analysis methods can only deal with the system based on discrete distribution or exponential
distribution, so these methods are incapable of analyzing the safety of the hybrid system. To solve the problem, this paper
presents a novel safety analysis method of hybrid system on hybrid Bayesian network ( HBN) . First, by using the Dirac func-
tion and unit step function to represent the deterministic relation and timing sequence of nodes in DFT respectively , we con-
vert the DFT into a Bayesian network( BN). Second, The HBN with k-piece and n-degree polynomials is proposed to repre-
sent the DFT,in which the different failure distributions of nodes are fitted by piecewise polynomial functions. Finally, the
inference algorithm of HBN is proposed. The experimental results show that the presented method can effectively solve the
safety analysis of hybrid system.
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. Jii: R (h)
R N
/R 100 200 300 400 500 600 700 800 900 1000
HBN 0.0008 0.0013 0.0162 0.0567 0.1726 0.3679 0.6343 0.8559 0.9728 0.9942
AND AA 0.0001 0.0019 0.0144 0.0591 0.1697 0.3704 0.6321 0.8577 0.9702 0.9974
Error 0.0007 —-0.0006 | 0.0018 -0.0024 | 0.0029 -0.0025 | 0.0022 -0.0018 | 0.0026 -0.0032
HBN 0.3010 0.3012 0.3129 0.3378 0.4220 0.8090 0.8896 0.9544 0.9911 0.9992
OR AA 0.3000 0.3013 0.3100 0.3414 0.4188 0.8111 0. 8896 0.9573 0.9942 0.9959
Error 0.0010 -0.0002 | 0.0029 -0.0036 | 0.0032 -0.0021 | 0.0026 -0.0029 | 0.0031 -0.0033
HBN 0.0003 0.0005 0.0056 0.0156 0.0533 0.3692 0.6341 0.8555 0.9728 0.9945
PAND AA 0.0000 0. 0006 0.0043 0.0177 0.0509 0.3679 0.6343 0.8559 0.9728 0.9942
Error 0.0003 -0.0001 | 0.0013 -0.0021 | 0.0024 -0.0025 | 0.0022 -0.0018 | 0.0026 -0.0032
tions for dependability,risk analysis and maintenance areas
5 B&

LRRMARR LRI M B LR % IR BEIE
IBATERFEANN AR S5 N A H R . h T AN ) (9 41
(RGN € S PN & (TS BT 5 e o 6y
e b 3 — A 2 HOR 3% 2 e 0o A LA IR A R
G AR GEH T I ME LU TR R G2 e Hr i oK.
PIEA SCHR A | BE n IRE I HBN (YR & R %L
VRO T ik LU AR W AN SCHR Y A RE M A A it
TR & R GE% Ao i Bt 50 B2 W12 00 oA 07
ARSI IR AT AE— SR 22 Ak s PR v 4
PRIt LR 55 1R 1T R R Gk A REHEAT A &L AT
BRI T — LRI 1.

(1] BEER IR R B XU, 25 i A SHL BRI 2 2 1k o

Mrbmife 7k 2 THOEERIA [T ], 81k 4k, 2014, 25
(2).:200 -218.
HUANG ZQ,XU BF,KAN SL,et al. Survey on embedded
software safety analysis standards, methods and tools for
airborne system[ J]. Journal of Software,2014,25(2) :200
—218. (in Chinese)

(2] BRI, B BR, B4, 46, — FlotR 2 5 AR BB by 9 7
Y], B FE4R,2013,41(8) 11480 — 1486.

XU BF,HUANG ZQ,HU J,et al. A method for quantita-
tive analysis of state/ event fault tree[ J]. Acta Electronica
Sinica,2013,41(8) ;1480 - 1486. (in Chinese)

[3] LIU DX,MORRISSETTE BA, DUGAN JB. Combinatorial
reliability analysis of imperfect coverage systems subject to
functional dependencel[ J ]. IEEE Transactions on Reliabili-
ty,2014,63(1) ;367 —383.

[4] GE DC,LIN M, YANG YH, et al. Quantitative analysis of
dynamic fault trees using improved sequential binary deci-
sion diagrams [ J ]. Reliability Engineering and System
Safety,2015,142(10) ;289 -299.

[5] WEBER P, et al. Overview on Bayesian networks applica-

[J]. Engineering Applications of Artificial Intelligence,
2012,25(4) 671 - 682.

[6] LI XP,AO N, WU LL. The refining reliability modeling
method for the satellite system [ A ]. Proceedings of the
10th International Conference on Reliability Maintainability
and Safety[ C]. Piscataway : IEEE ,2014. 484 —488.

[7] LI MY, LIU J,LI J, et al. Bayesian modeling of multi -
state hierarchical systems with multi — level information ag-
gregation| J ]. Reliability Engineering and System Safety,
2014,124(124) 158 - 164.

[8] BOUDALI H,DUGAN JB. A discrete — time Bayesian net-
work reliability modeling and analysis framework[ J . Reli-
ability Engineering and System Safety, 2005,87 (3) ;337
—-349.

[9] KHAKZAD N, KHAN F. Risk - based design of process
systems using discrete — time Bayesian networks[ J]. Relia-
bility Engineering and System Safety, 2013, 109 (2):5
-17.

[10] BrNZF, G EK, 2255, 4. T DL 30y 0 24 1) 52 2% R 48

BB E B [T ] 7241, 2016,44(5)
1234 - 1239.

FANG BW ,HUANG ZQ, LI Y, et al. Quantitative analy-
sis method of dynamic fault tree of complex system using
Bayesian network [ J ]. Acta Electronica Sinica, 2016, 44
(5) :1234 — 1239. (in Chinese)

[11] MORI J,MAHALEC V. Inference in hybrid Bayesian net-
works with large discrete and continuous domains[ J]. Ex-
pert Systems with Applications,2016 ,(49):1 - 19.

[12] MARQUEZ D,NEIL M,FENTON N. Improved reliability
modeling using Bayesian networks and dynamic discreti-
zation [ J ]. Reliability Engineering and System Safety,
2010,95 (4) :412 —425.

[13] MONTANI S,PORTINALE L,BOBBIO A, et al. RADY-
BAN:a tool for reliability analysis of dynamic fault trees
through conversion into dynamic Bayesian networks[ J].
Reliability Engineering and System Safety,2008,93(7) .



2902 W

EE ¢ 2017 4

922 -932.

[14] BOUDALI H,DUGAN JB. A continuous — time Bayesian
network reliability modeling and analysis framework[ J].
IEEE Transactions on Reliability ,2006,55(1) :86 —97.

[15] LI YF,HUANG HZ,LIU Y,et al. A novel dynamic fault
tree analysis method [ A ]. International Conference on
Quality, Reliability , Risk,, Maintenance, and Safety Engi-
neering[ C]. Piscatawa; IEEE,2013. 81 —84.

[16] DANIELE CR,PORTINALE L. Modeling and analysis of
dependable systems through generalized continuous time
Bayesian networks [ A ]. Reliability and Maintainability

EE R
BRF  5,1974 R TRBCEK. WA
B AL MR AR S5 EOR B 1 1
WHFEA: , BB, ESERE 5T 7 1) e e
RGLL T
E — mail ; bingwufang@ 163. com

Symposium[ C]. Piscataway ; IEEE,2015. 1 - 6.

[17] SHENOY PP. Two issues in using mixtures of polynomi-
als for inference in hybrid [ J ]. International Journal of
Approximate Reasoning,2012,53(5) ;847 - 866.

[18] KOLLER D,FRIEDMAN N. Probabilistic graphical mod-
els: principles and techniques[ M ]. Cambridge , Massachu-
setts London ; MIT Press,2009. 345 —378.

[19] NI J,TANG WC,XING Y. A simple algebra for fault tree
analysis of static and dynamic systems[ J]. IEEE Transac-
tions on Reliability,2013,62(4) ;856 —872.

BRI (EFEE)  J5,1965 4 T
Rt BN P O 2SR R 2 B, A
Uili, CCF Gt 25 5. 32 BE0F 505 1) Dy 00k TR
TS5 KA M S HE.

E — mail ; zqhuang@ nuaa. edu. cn



