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New Method for Multiple Cues Fusion Combined DST with DSmT
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Abstract: DST (Dempster-Shafer theory) mvolves some counter-intuitive behaviors when multiple evidences
contlict highly. DSmT (Dezert-smarandache theory) can solve this problem. Under increment of focal target
elements, high computation cost has blocked the wide application of DSmT. To solve this problem, some
modified combination rules have been proposed in literature. In this study, an adaptive integration method
based on DST and DSmT was presented. To make a reasonable choice, a parameter measuring conflict degree
called evidence distance 1s defined to determine. Thresheld value is evaluated by product of conflicting factor
and evidence distance. When conflict is smaller than the threshold value, DST is used to fuse. While conflict
is larger, DSmT is used to fuse until the conflicting rate value is smaller than the threshold value. To
illustrate effectiveness and good performance of new method, some methods are compared. Reliable result with
low cost computation can be obtained by new method. Results indicate that thus method can lghlight the
effectiveness of fusion. It synthesizes merits of DST and DSmT. New method is more reasonable than
others.
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INTRODUCTION

DST classic combmation rule 1s effective to fuse
multiple sources of evidences. Although Shafer’s seminal
work for mformation fusion, many scholars in this
research  field have founded some limitations
(Zadeh, 1979; Yager, 1987, 1997, Smets, 2007).
Fusion result 1s unreasonable by DST when evidences
highly conflict. Scholars proposed many alternatives to
mnprove the validity. DSmT can fuse multiple cues of
uncertain and conflicting beliefs. But high computation
cost of DSmMT blocked its wide application. The fusion
result is under to DST in low conflict situation. To solve
this problem, an adaptive integration fusion method
combining DST with DSmT was proposed in this study.
Scholars m this research field had used some methods
(Zhou, 2009, Hou et al., 2006, Wang et al., 2011; Liet al,,
2010). Results indicate these methods had limitations.
Making a reasonable choice of the threshold 13 key
problem. Conflicting factor can not describe conflicting
degree completely (Liu et al, 2009). In this study,
threshold value is evaluated by product of conflicting
factor and evidence distance. Reliable result with relate
low cost computation can be obtained by new
method. Results provided
improve the recognition capability using the proposed

method.

reliable information to

MATERIALS AND METHODS

Materials of DST: DST establishes the defmitions of
discernment frame and power set denoted @ and 2°
respectively. The conditions the Basic Probability
Assignment (BPA) should fulfill and the definitions such
as belief and plausibility fimetion can be easily founded
i studies of related research field conducted
(Shafer, 1976). DST is regarded as an efficient theory
because 1t can use orthogonal sum to fuse multiple BPAs
of sources of evidences (Smarandache and Dezert, 2006).
The combination rule of DST is defined as:

Z ml(A‘)m(Bj)

AnBi=A

m(A)= ’T (A=3) (1)
0 (A=)
K=An§:®m(A1)n2(Bj)<1 (2)

where, K is a measure of conflict between multiple
sources. The denominator 1-K is addressed as a
normalization factor. A and B are focal target elements.
The larger K 13, the higher the conflict of sources between
evidences is (George and Pal, 1996). If K = 1, the

orthogonal rtule fails to use. Commutativity and
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associativity are two properties of the orthogonal
combination rule should fulfill. The belief and plausibility

functions are defined as:

Bel(A)=> m(B) 3

BcA

PL(A)=1-BEL(A}= Y m(B) 4)

BrAzg

where, A 1s the complementary of A. Belief and
plausibility functions reflect the minimum and maximum
uncertainty value, respectively.

Materials of DSmT: Belief function Bel, (») and Bel, (+) of
the free D'Sm model M’ (@) correspond to the conjunctive
consesus of multiple sources (Smarandache and Dezert,
2006). Equation of the classic DSm combination rule is
given by:

vCeD® m(C)=

4,BeD® AnE=C

m, (A)m, (A) )

DSmT is the theory of reasoning with plausible and
paradoxical sources of evidences, which 1s regarded as
the extension or generalization of DST in literature
(Sun and Bentabet, 2010). DSmT establishes on
definitions of general discernment frame and hyper-power
set. Discernment frame ® of DST 1s considered as a set of
exclusive elements. While the hyper-power set D° is
considered as a set for all hypotheses obtained from ©
with U and M operators in DsmT. DsmT includes
5 Proportional Conflict Redistribution (PCR) rules.
Although PCR5 rule is considered as the most efficient
rule, it is with high computation cost in implementation.
The PCRS5 equation for combination (s = 2) is given by:

m_ . (X)= m, (X, )m, (X, )+
=D =

m, (X)" m, (Y) + (X)" m, (Y)
veDy T xnv=2 | T (X) +m, (Y) m, (X) +m, (Y) (6)

ADAPTIVE INTEGRATION METHOD BASED ON
DST AND DSmT

Adaptive integration method for static fusion situations:
DST and DSmT have merits and limitations of their own,
respectively. When the conflict is low between sources,
DST 15 with low computation cost and can obtain
reasonable result. PCRS of DSmT is the most efficient rule
(Smarandache and Dezert, 2011). But it 13 relative complex
in implementation. With the increasing demand for a
reasonable fusion result with relative simple
implementation process, it is required to use a new

method to combine the merits of DST and DSmT. Conflict
factor 18 a measure of conflict between sources of
evidences. But it is unreasonable only on basis of the
value of conflict factor. Zhang et af. (2001) presented the
defination of conflicting rate, which can measure the
degree of conflicting between sources of evidences. The
computation equation is given as follows:

> m(B)m,(c)
o2 @
Z ml(Bx)mE(Cj)Jr Zml(A)mz(A)

Ein=9 Al

But the convergence rate is slow. With the aim to
obtam a reasonable result with relative simple
implementation process, key step is selection of the
threshold. In fact, the value of the threshold of different
soureces should be different. It may be one dot or more
dots. And it may be a mterval. For the convenience of the
implementation, When the conflict is smaller than the
threshold value, the classic combination rule of DST 1s
used to fuse the multiple cues. While the conflict 1s larger
than the threshold value, PCR5 of DSmT 15 used to fuse
until the conflicting rate wvalue is smaller than the
threshold value.

Measurement of the threshold based on conflicting factor
and evidence distance: Conflicting factor can represent
the size of contlict, but it can not denote if the evidences
are conflict or not (Liu ef al., 2009). Conflict factor and
evidence distance being used sepatately can’t describe
the conflicting degree completely. Given the example as
follows:

®={6,0,0}
m, (6 )=0.6m,(0,)=03 m,(6,)=0.1
m,(6,)=06 m,(6,)=03 m,(8,)=0.1

Two evidences above are same. The conflict between
them 1s zero by mtuition. But the conflict factor k = 0.54
by caculation. The evidence distance d = 0, it is in accord
with the result through analysis. Conflicting factor and
evidence  distance 13 complementary. So, the
combination of conflict factor with evidence distance
is used to determine the conflicting degree in this
study. The defination of evidence distance is given as
follows:

amm, )= [ ) D)

D[i.i]=|a,~B|i[a, vB| (8)
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Fig. 1. Variation curve of k and kd with respect to variable
ak is conflict factor, kd is product of conflict factor
and evidence distance, a 1s a variable

where, D is 2/®/x2® positive definite matrix. Elements A,
B, are the elements of power set 2°. Combination of
conflict factor with evidence distance is given by:

kd= Y m{B)m,(C)ed(m, m,) )

E,C<D® Brl=g

The more evidences work for the same basic
principle.

Let’s consider an example where & = (8, 0,, 6,) and
two independent evidences provide the mass functions
are as follows:

m, (6,)=0.9-2a, m, (0,) = 0.06+a,
m, (6,) = 0.04+a;
m, (0,)=am, (0,)=0.2+2a
m, (6,)=0.8-3a

where, 0<a<0.2667, take 0.006 as the step leng, picture
with k curve and kd curve is as follows.

Tt can be easily seen from Fig. 1. Inflection point did
not appear m k curve. The mflection point appears at
a = 0128 and a = 0.198 m kd curve, but the slope
alteration is conspicuous when a = 0.128. This dot is the
target inflection point. So, when 0<ca<(0.128, DSmT is used
to fuse, when 0.128<a<0.2667, DST 1s used to fuse. In
order to show the efficiency of new method in this study,
Let a = 0.1, fusion results in different methods is as
follows.

It can be seen from Table 1 easily. Bpa of m (6)) and
m (6;) m Yager (1987, 1997) and Smets (2007) method 15
0.07. Tt can not draw a clear conclusion from this value.

Table 1: Basic probability assignments of m (d), m (@), m (@), m (@),
m (©) based on rules of DST, Yager, Murphy, Smets and new
method in this stady

Bpa of Bpa of Bpa of Bpa of Bpaaf
Fusion method m (d) m8)) m (85) m (83) m (€)
Dempster-shater theory Can’t use to fise
Yager’s rule 0 0.0700 0.0640 0.0700 0.796
Murphy’s rule 0 0.4000 0.2800 0.3200 0
Smets’s rule 0.796 0.0700 0.0640 0.0700 0
New method 0 0.4644 0.2559 0.2991 0

Bpa of m (0,) m Murphy method is 0.4, it is not obvious
to conclude, but the Bpa of m (68)) in new method
proposed in this study reach 0.4644, it is obvious to
conclude (8)) is the target element. Realiable result with
relate low cost computation is obtained by new method.

CONCLUSION

DST and DSmT have their own merits and limitations
respectively. Conflicting factor can represent the size of
conflict, but it can not denote if the evidences are conflict
or not. Conflict factor and evidence distance being used
sepatately can’t describe the conflicting degree
completely. In this study, a new adaptive integration
method was proposed based on DST and DSmT for
fusion problem. Tt makes the choice of threshold more
effective combimng conflict factor with evidence distance
to denote the conflict degree. It makes the fusion result
more reliable with relative low computation cost. This
method has its value from theoretical and practical point
of view. It could serve as a useful method to solve
practical problem.
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