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Combination rule based on support of the focal elements
ZHANG Han-dong, WANG Cui-hua, QIANG Ke-kun

( School of Electrical Engineering and Information, Anhui University of Technology, maanshan Anhui 243002, China)

Abstract: To combine highly conflicting evidences efficiently, a new evidence combination rule based on the similarity

of focal elements and the conflicting focal element is proposed. This combination rule utilizes the advantages of the

Dempster-Shafer(D-S) evidence theory and the additive strategy. The conflicting evidence is first verified according to the

extent of the focal element, and then, modified by the additive strategy. The focal elements are divided into normal focal

elements and conflicting focal elements to mitigate the huge calculation. Compared with D-S combination rule and other

methods by simulation, the new combination rule exhibits the ability in combining highly conflicting evidences rationally,

and avoiding one-vote negation with good robustness.
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2 D-S (D-S evidence theory)
2.1 (Combination rule)

D-S U

, U , U

. m : 2U → [0, 1] :∑
A⊂2U

m(A) = 1, (1)

m(ϕ) = 0, ϕ .

m(A) A , A �= U

, m(A) A ; A =

: 2009−08−18; : 2010−05−25.

: (50407017); (2006KJ019A, 2007KJ052A).



742 28

U , m(U) m ; A U

m(A) �= 0 , A m .

. m1 m2

, :

A1, A2, · · · , An B1, B2, · · · , Bn,

m : 2U → [0, 1]
:

m(A) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

0, A = ϕ,∑
Ai∩Bj=A

m1(Ai)m2(Bj)

1 − ∑
Ai∩Bj=ϕ

m1(Aj)m2(Bj)
, A �= ϕ.

(2)

k =
∑

A∩B=ϕ

m1(Ai)m2(Bj),

. k 1, ,

; k = 1
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2.2 (Improved combination rule)
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3 (Conception of the

improved rule)
3.1 (Focal elements distance)

U A i

mi(A) mi(A) mj(A)(i, j =
1, 2, · · · , n) [10]

dij(A) = |mi(A) − mj(A)| . (3)

3.2 (Definition of conflict focal

elements)
U n m ,

i A mi (A)
A ,

i Ai A

, i .

3.3 (Determine conflict focal ele-

ments)
i A mi (A).

:

XM Fu FI

dF ρ, :

1) mi (A)
: X1, X2, · · · , XN , X1 , XN

.

2) XM : XM = XN+1
2

(N );

XM =
XN

2 +1 + XN
2

2
(N ).

3) , Fu

[XM , XN ] , FI

[X1, XM ] .

4) dF : dF = Fu −FI .

[X1, XM ]
βdF : |XM − Xi| > βdF

, β = 2 . :

ρ1 = FI − β

2
dF, ρ2 = FU +

β

2
dF,

[ρ1, ρ2] .
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4 (Procedure of the im-

proved rule)
Step 1

, Step 2, (2)

.

Step 2 k,

dij (k),

Rij (k) =

⎡
⎢⎢⎢⎢⎣

r11 (k) r12 (k) · · · r1n (k)
r21 (k) r22 (k) · · · r2n (k)

...
...

...
...

rn1 (k) rn2 (k) · · · rnn (k)

⎤
⎥⎥⎥⎥⎦

, (4)

rij (k) = − dij (k)
max {dij (k)} + 1,

dij (k) � 0.

Step 3 W = Rij(k)V ki k

wi(k) =
vi(k)

v1(k) + v2(k) + · · · + vn(k)
, (5)

:

W = [w1(k) w2(k) · · · wn(k)]T,

V = [v1(k) v2(k) · · · vn(k)]T.

Step 4
l,

mi (l∗) =

n∑
i=1

mi (l)

n
. (6)

Step 5 i

k ki i li
:

mi (k∗) =
n∑

i=1

wi (k)mi (k)

kL∑
k1

n∑
i=1

wi (k)mi (k) +
m∑

k=1,k �=kl

(
n∑

i=1

mi (k)/n)
,

(7)

mi (l∗) =
l∑

k=1

(
n∑

i=1

mi (k)/n)

n−l∑
k1

n∑
i=1

wi (k)mi (k) +
l∑

k=1

(
n∑

i=1

mi (k)/n)
.

(8)

Step 6
, (2) .

5 (Examples analysis)
4 1 , m(A),m(B),m(C)

A, B, C .

A, 2 0,

, A.

1 4 3 BPA

Table 1 The BPA of three objects for four evidences

1 2 3 4

m(A) 0.5 0.0 0.55 0.55

m(B) 0.2 0.9 0.10 0.10

m(C) 0.3 0.1 0.35 0.35

A2

B2. 2

m2(A) = 0.52,m2(B) = 0.19,

m2(C) = 0.29. D-S Yager

[7∼9] 1

, 2.

2 6

Table 2 The comparison of result for six algorithms

1, 2 1, 2, 3 1, 2, 3, 4

m(A)=0.000 m(A)=0.000 m(A)=0.00000

D-S m(B)=0.857 m(B)=0.631 m(B)=0.32880

m(C)=0.143 m(C)=0.369 m(C)=0.6712

m(A)=0.000 m(A)=0.000 m(A)=0.00000

Yager m(B)=0.182 m(B)=0.018 m(B)=0.00180

m(C)=0.035 m(C)=0.010 m(C)=0.00368

m(X)=0.783 m(X)=0.972 m(X)=0.99452

m(A)=0.154 m(A)=0.582 m(A)=0.80600

[7] m(B)=0.764 m(B)=0.243 m(B)=0.04820

m(C)=0.092 m(C)=0.175 m(C)=0.14580

m(A)=0.154 m(A)=0.761 m(A)=0.85520

[8] m(B)=0.765 m(B)=0.051 m(B)=0.00970

m(C)=0.081 m(C)=0.188 m(C)=0.13510

m(A)=0.424 m(A)=0.737 m(A)=0.84890

[9] m(B)=0.373 m(B)=0.061 m(B)=0.00910

m(C)=0.203 m(C)=0.2013 m(C)=0.14200

m(A)=0.693 m(A)=0.820 m(A)=0.89840

m(B)=0.092 m(B)=0.037 m(B)=0.01610

m(C)=0.217 m(C)=0.143 m(C)=0.08550
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6 (Conclusions)
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