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Abstract; In order to implement the automatic generation of binary decision diagram ( BDD) for phased mission system reliability analysis, a

universal approach for establishing BDD reliability model was proposed. A nested BDD data structure named BDD_Element was defined, and the

approaches of BDD description and storage were given. Algorithms for transforming AND Gate, OR Gate and k/n Gate into BDD models were

proposed. The BDD model for reliability analysis of phased mission system was constructed in 2 steps: based on the logic gate transforming

algorithms , structure functions of the component logic relationship were transformed into phase BDD models; based on the BDD manipulation rules,

phase BDD models were integrated together. By analyzing the reliability of satellite attitude adjustment mission, it shows that this approach can be

effectually applied in the reliability analysis of phased mission system.
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Fig.1 BDD data structure based on index
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Alg. 1 Definition of BDD_Element

structure BDD_Element |
BDD_Element root;
BDD_Element high;
BDD_Element low;
int component ;
int phase;

double value;
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Alg.2  Description of F* based on XML

< BDD_Element root ="al” high ="b1” low ="c¢1” component ="1" phase ="1" value =" - 1" >

< BDD_Element root = "b1” high ="1" low ="c1” component = "2" phase ="1" value =" - 1" >

< BDD_Element root =" high ="" low =" " component ="0" phase ="0" value ="1"/ >

< BDD_Element root ="c1” high ="1" low ="0" component ="3" phase ="1" value =" -1"/ >

</BDD_Element >

[/

<BDD_Element root ="c1” high ="1" low ="0" component ="3" phase ="1" value =" -1"/ >

</BDD_Element >
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Fig.4 BDD models of AND Gates
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temp = BDD_Element (x, y, ZERO, x.component, x.phase, x.value)

@E% R = temp
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v
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R =AND_Gate (E_List)
v
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A

K5 5170 BDD A AL AL 51
Fig.5 Algorithm for transforming AND Gate to BDD model
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BDD i R A ERN , $2 1 1 F] BDD_Element ¢
H 5 1 ANE T e o T LR A A D BDD A
RIS, QK 6 FiR .

BAEA 3 M MAZSECF MG AT
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=2 Fry G R B TERIC
% R=op(F, G)

o

v
’ Wi EF GHTRAS & Frop~ Gtop

LtopR- G HFAERT]

B &=
J Glop T HFTERL %1
R.top = Ftop R.top = Ftop

R.high=BDD_M(op, F.high, G) |/ | R-high=BDD_M (op, F.high, G.high)
R.low=BDD_M(op, F.low, G) R.low=BDD_M(op, F.low, G.low)

R.top = Gtop
R.high=BDD_M(op, F, G.high)
R.low=BDD_M(op, F, G.low)

R.component = R.top.component
R.phase = R.top.phase
R.value = R.top.value

RIigh5Rlow A IR £
R =Ruhigh

%

v

fi: R
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Fig. 6 Algorithm for BDD Boolean manipulation
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FMEZ—E ind(F) <ind(G)

1) F. component < G. component ;

2) F. component = G. component , % H. F. phase <
G. phase.
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Fig.7 Decomposing process of k/n Gate
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K] 2 NTF-RIER G AT LU ALk BDD B
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E_Listh B — MR &L Ex

R.root=x

#xME Listh B

> Rhigh=ONE

7

v
R.high =K/N_Gate (k-1, E_List)

R.low =K/N_Gate (k, E_List)
R.component = x.component
R.phase = x.phase
R.value = x.value

v
#i: R

K18  k/n M1 BDD B LT %

Fig. 8 Algorithm for transforming k/n Gate to BDD model
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Fig.9 BDD construction process for a phased mission
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Fig. 10  Phase BDD models of PMS X
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BRL17 1Y Petri (7575, TR AR S A 3

Mission BDD model
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Tab. 1 Failure rate of each component
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Fig. 13 Satellite attitude adjustment mission
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Tab.3 Phase configuration of satellite attitude adjustment mission
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Fig. 14 Algorithm for evaluating mission reliability
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Tab.4 Duration of each phase

A A A A P S A

BfZl/s 0 10 50 120 280 350 410 420
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25 Reliability parameters of each component

¢ L L Ly R

MTBF®/h 2000 200 200 200 100

R, R, S PS

MTBF/h 100 100 1000 50

7 : MTBF 24 Mean time between failure , -4 5% 5] i B 7] .
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