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Evidence reconstruction for
information fault-tolerance in fusion diagnosis
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Abstract: In the fusion fault diagnosis based on evidence theory, the abnormal information may cause missed diagnosis

of faults. To solve the fault-tolerance problem, we propose an evidence reconstruction method. On the basis of the existing

frame of fault diagnosis discernment, the variances of multisensor signals are employed to calculate the signal relative

reliability, from which new basic probability assignment functions are formed accordingly. The fused evidences are redis-

tributed and the effect of abnormal information is reduced. Principles for selecting the adjustable parameter in this method

are theoretically analyzed. Experiments have been carried out on a hardware experimental platform for vibration isolator.

The vibration divergence fault is diagnosed by the fusion diagnosis system. Disconnection of the major acceleration signal

is considered as the fault-tolerance problem. Finally, result analysis of the comparative experiment shows that the vibration

divergence fault can be diagnosed in time in the occurrence of one-channel abnormal signal. The fault-tolerance of the

fusion diagnosis system is improved.
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2 (Fusion diagnosis theo-

retical basis)
2.1 (Evidence theory)

Dempster 1967 ,

Shafer , 1976 [13].

Θ , Θ

Θ , Ω (Θ). m : Ω(Θ)→ [0, 1], :

1) m(A) � 0, ∀A∈Ω; 2) m(φ) = 0; 3)
∑

A⊆Ω

m(A) =

1, m (basic probability assign-

ment, BPA) , , .

m(A) A .

,

. m1 m2 Θ

. :

K =
∑

A∩B=φ

m1(A)m2(B). (1)

Dempster

:

mD(C) =

⎧⎪⎪⎨
⎪⎪⎩

1
1 − K

∑
A∩B=C

m1(A)m2(B),

∀C ⊆ Ω,C �= φ,

0, C = φ.

(2)

,

, .

2.2 (Fault diagnosis

based on evidence theory)

, ,

, ,

.

, , .
[4],

.

P , Q . Sk k

, Sk = [sk1 sk2 · · · skpk
], k = 1, 2,

· · · , P . ski Sk i ; pk k

,
P∑

k=1

pk = q.

H =

⎡
⎢⎢⎢⎢⎣

X1

X2

...

XQ

⎤
⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎣

x11 x12 · · · x1q

x21 x22 · · · x2q

...
...

...

xQ1 xQ2 · · · xQq

⎤
⎥⎥⎥⎥⎦

, (3)

: Xj j , xji j

i , xj1, · · · , xjp1 1

j ,

x
j(1+

k−1
Σ

l=1
pl)

, · · · , x
j(pk+

k−1
Σ

l=1
pl)

k

j , i = 1, 2, · · · , n,

j = 1, 2, · · · , Q, k = 2, 3, · · · , P .

Sk Xj

dkj =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

[
pk∑
i=1

(
ski − xji

xji

)
α

] 1
α , k = 1,

[
pk∑
i=1

(

ski−x
j(i+

k−1
Σ

l=1
pl)

x
j(i+

k−1
Σ

l=1
pl)

)α] 1
α , k=2, 3, · · · , P,

(4)

: α , j = 1, 2, · · · , Q.

S X

D =

⎡
⎢⎢⎢⎢⎣

d11 d12 · · · d1Q

d21 d22 · · · d2Q

...
...

...

dP1 dP2 · · · dPQ

⎤
⎥⎥⎥⎥⎦

. (5)

, dkj , k

j .

m0
kj = 1/dkj , :

Q∑
j=1

mkj = 1,

m =

⎡
⎢⎢⎢⎢⎣

m11 m12 · · · m1Q

m21 m22 · · · m2Q

...
...

...

mP1 mP2 · · · mPQ

⎤
⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎣

m1

m2

...

mP

⎤
⎥⎥⎥⎥⎦

, (6)

mk = [mk1 mk2 · · · mkQ ](k = 1, 2, · · · , P )
k .

, (1) ,

(2), ,

.

3 (Diagnosis of vibra-

tion divergence fault)
3.1 (Selection of characteristic

parameters)
,

. ,

.

, ,

,

. :

1) t Δt

VarA;
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2) t− 2Δt t−Δt

VarB;

3)

s = VarA/VarB. (7)

s . , s ≈ 1;

, s > 1. s 1 ,

.

3.2 (Vibration divergence

fault of vibration isolator)
,

.

,

.

( 1),
[14].

, , ,

,

,

1000 Hz.

, , ,

. ,

, , .

, ,

.

1

Fig. 1 Schematic diagram of vibration isolation system

2 20 Hz :

, ; 900 s ,

, ; 913 s ,

, ,

.

2

Fig. 2 Multisensor data in a vibration divergence fault

3.3 (Diagnosis of vibration di-

vergence fault)
P = 3, 1

,
p1 = p2 = p3 = 1,

Q = 2,

. 2.2 , Dempster

.

3 .

3 , 3

, 3

,

.
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3

Fig. 3 BPA curves during diagnosis of vibration divergence

fault

1/Q = 0.5.

, 901 s

.

4 (Requirement of diagnosis

fault-tolerance)
,
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,

, ,

, . ,

.

,

.

, ,

, ,

. 4 5

7 Hz

, ,

6 . 4 3 .

4

Fig. 4 BPA curves during diagnosis with disconnection of

base acceleration signal

5

Fig. 5 Multisensor data in a vibration divergence fault
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6

Fig. 6 Disconnection noise signal

5 4 s

.

4 , ,

0. , ,

0,

, .

.

5 (Evidence reconstruction)
, :

,

, . ,

, ,

. ,

.

, ( )

. ,

,

,

.

5.1 (Reconstruction principle)

,

:

1)

.

2) ( )

,

. ,

0.5.

3) ( )

.

4) ( )

0.5( ); (

) .

5.2 (Reconstruction function)

r . ,

Vari ti(i = 1, 2, · · · ,

r).
, 0.

, ,

, .

, ti :

t∗i =
√

Vari

AbsMeani
, (8)

ti =
t∗i

r∑
i=1

t∗i
, (9)

: AbsMeani i

, i = 1, 2, · · · , r.

ti :

1) (8) , ti Vari

, .

2) (9) .

,

,

.

, ,

t = u
√

ti, (10)

u . (4), u

u � 1.

,

, :

m∗
i =

1
2
(2mi)

t. (11)

u , u

mi ti

. u 1, 2, 4, 8 ,

(11) u :

7 (11) :

1) ti , m∗
i

0.5; ti , m∗
i mi;

2) u , m∗
i mi.

2), ti (ti > 1/r) ;

, ti (ti ≈ 0) , 2) ,

m∗
i ≈ 0.5.

, (11) .

, u

.
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7 u

Fig. 7 Effect of u to the power function

6 (Experiment result)

. ,

, u = 4.

, 4∼6 .

8 ,

, , 3

, 3

.

9

,

, 8 .

4, 8, 9 , :

1) ,

;

2) ,

, ;

3)

.

,

, .

8

Fig. 8 BPA curves during diagnosis using evidence

reconstruction with signal disconnection
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9

Fig. 9 BPA curves during diagnosis using evidence

reconstruction with normal signals

7 (Conclusion and prospect)
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