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An Optimal Method for Combining Conflicting Evidences

ZHOU Zhe! XU Xiao-Bin* WEN Cheng-Lin! LV Feng®

Abstract Most researchers hold that revising mass function based methods are reasonable to deal with the problem of
conflicting evidence combination. However, the existing methods of revising mass function only consider improving focusing
degree of combination results. Actually, they did not effectively reduce conflict among evidences by revision. Obviously,
the fusion result of conflicting evidences has low credibility and will certainly bring risks to subsequent fusion process.
To solve this problem, by adopting the idea of discounting, this paper proposes an optimal model to learn discounting
factors (reliability) based on evidence distance criterion which considers improving focusing degree and reducing conflict
simultaneously. The procedures of optimization are achieved through minimizing the distance between combined basic
probability assignment (BPA) of revised mass function and categorical BPA (CBPA). The permutation of reliabilities
associated with evidences, which is regarded as constraint condition, is determined according to their falsity. Typical
examples illustrate that the presented method is more reasonable than some existing methods both in reducing conflict
and improving focusing degree.
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Table 1  Fusion results of Example 1 using existed methods
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Table 2 Fusion results of Example 1 using the proposed method
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Table 3 Fusion results of Example 2 SERER (m(03) = 0.5641 > m(6;) = 0.2625), &

DARH AT IR B PR 3K RN PR ke FRAIR A 0.5

Average Murphy[14 XEH2E015] ] 5 teae(16] AL PLR, 1y HeAth JURP 7 v o 5 JE Y E 0.8 LA L.

ik S L RERELUIE TS B0 S, HLR R

k - 0.8245  0.8101  0.8893  0.4876 TEBAT I 5 B 4TS, RIS B ) Ay 5 B e ik

6,  0.3786  0.4593 0.5060 0.2898  0.2625 A, BRI LT B A 22 B TR ) — R AR A B
9, 02357  0.0085  0.0037  0.0016  0.0719 A% .

0.0, 0 0 0 0 0 B 3. %MK Sk [22] Tl 3 AR, 47

L FEETTINEDL. PHRAEL R © = {60,,0,,05},

05 0.3857  0.5322 0.4903 0.7086  0.5641 A R {01, 02,05}

01,05 0 0 0 0 0

02,65 0 0 0 0 0 my(0;) = 0.5, my(0;,6;) = 0.3, my(62,05) =0.2

e 0 0 0 0 0.1015 ma(01) =0, ma(02) = 0.8, my(6y,03) = 0.2

ms(01) = 0.6, ms(02) = 0.2, m3(0,,03) = 0.2

JG, BIILHKE 03 MSCHRFARE y Bem, IAREIE 1, 0,) = 0.7, ma(6s) = 0.1, ma(6y,05) = 0.2

I F . Murphy ()7EREREAER 00 (30K o0 (00 a0ttt o

JE Rt v, AR TS T 05 BOSCHRFREAIS =i T 6y, JF
ANy BT A R VAT YR, HIb s R m (k=
0.8245). BB LM TIVEXN T 05 WSCR W] s T
Or, (HAEMREK (K = 0.8893), 171E KB K.
A7 v, weE Ak HEs 3N a = 0.0075, b
=0.1. Ela?ﬂuiﬁﬁ 5 ZRUEHEIN, A SCTVERA —
WR I SRR AR RUR, T2 2% R b R I 2 (I 22 T
Eé%ﬁ@/a\}i«aliluf%mﬁmmA/%éfaﬁﬂBﬁiﬁa/J\. PR,

3 AN R, N O TR AR ST V)
WAIEAT A A IT oA, S5 380 M W3k 4 FISR 5.

tH#& 4 7L, Dempster, Smets, Yager, DP %%
TNEH AR ER R R. T ma(01) H3K
FRREONZE, LW e shubdaxdmr il 0, M R 2 &,
NH Dempster 416 MM ICIEAT 2 1E A 1K P 5k 45
. Smets FMRAFEE T 0, AU 0 13
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Table 4

*4 HH3 N CAHTERRL A AR

Fusion results of Example 3 using the existing methods

Jrid

my, M2

mi, M2, M3

mi, M2, M3,My

mi, M2, M3, M4, M5

Dempster!?

Smets!]

Yagerl7]

DP[ll]

PCR6?!

Murphy(14

X 55 4 15]

CEEX R

k=05,
m(62) = 0.9200,
m(62,03) = 0.0800
k=0.5,
m(P) = 0.5000,
m(62) = 0.4600,
m(62,03) = 0.0400

k=05,
m(62) = 0.4600,
m(6a,03) = 0.0400,
m(©) = 0.5000

k=0.5,
m(6) = 0.6400,
m(62, 603) = 0.2000,
m(©) = 0.1600

k=0.5,
m(6;) = 0.2253,
m(6) = 0.7061,
m(62,05) = 0.0686

k=0.3,
m(6y) = 0.1964,
m(62) = 0.7143,

m(6y,05) = 0.0321,

m(0s,03) = 0.0572

k=0.3,
m(0;) = 0.1964,
m(0;) = 0.7143,
m(01,62) = 0.0321,
m(62,6s) = 0.0572

k=0.5,
m(62) = 0.9200,

k = 0.8920,
m(62) = 0.9259,
m(6s) = 0.0741

k = 0.8920,
m(P) = 0.8920,
m(62) = 0.1000,
m(63) = 0.0080

k = 0.8920,
m(62) = 0.1000,
m(63) = 0.0080,
m(©) = 0.8920

k = 0.8920,
m(62) = 0.5120,
m(6a,05) = 0.0400,
m(©) = 0.4480
k = 0.8920,
m(6,) = 0.3861,
m(62) = 0.4681,
m(6:,02) = 0.0515,
m(6s) = 0.0080,
m(6:,0s) = 0.0313,
m(62,05) = 0.0550
k = 0.6620,
m(6,) = 0.4450,
m(62) = 0.5284,
m(61,02) = 0.0029,
m(6s) = 0.0158,
m(6:,0s) = 0.0009,
m(6,05) = 0.0070
k = 0.6311,
m(6,) = 0.6550,
m(62) = 0.3187,
m(61,02) = 0.0046,
m(6s) = 0.0154,
m(6y,05) = 0.0012,
m(6a,05) = 0.0051
k = 0.4486,
m(6y) = 0.7479,
m(62) = 0.1901,
m(6s) = 0.0507,
m(6,0s) = 0.0113

k = 0.9984,
m(6;) = 0.8621,
m(6s) = 0.1379
k = 0.9984,
m(0) = 0.9884,
m(62) = 0.0100,
m(63) = 0.0016

k = 0.9984,

m(62) = 0.0100,
m(63) = 0.0016,
m(©) = 0.9884

k = 0.9984,
m(62) = 0.4096,
m(6,0s) = 0.0400,
m(©) = 0.5864
k = 0.9984,
m(6,) = 0.5187,
m(6s) = 0.3374,
m(6y,02) = 0.0469,
m(6s) = 0.0016,
m(6y,0s) = 0.0474,
m(62,03) = 0.0480
k = 0.8050,
m(6,) = 0.7820,
m(62) = 0.2096,
m(6y,062) = 0.0002,
m(6s) = 0.0072,
m(6y,0s) = 0.0005,
m(6,03) = 0.0005
k = 0.7003,
m(6,) = 0.9401,
m(62) = 0.0544,
m(6s,062) = 0.0002,
m(6s) = 0.0045,
m(6y,0s) = 0.0006,
m(6,03) = 0.0002
k= 0.6741,
m(6,) = 0.8673,
m(62) = 0.0936,
m(fs) = 0.0243,
m(6y,0s) = 0.0148

k = 0.9987,
m(62) = 0.7576,
m(6s) = 0.2424

k = 0.9987,
m(P) = 0.9987,
m(62) = 0.0010,
m(6s) = 0.0003

k = 0.9987,

k = 0.9987,
m(62) = 0.0010,
m(6s) = 0.0003,
m(©) = 0.9987

k = 0.9987,
m(62) = 0.3277,

m(6a,05) = 0.0004,
m(©) = 0.6719

k = 0.9987,
m(6,) = 0.6289,
m(62) = 0.2555,

m(6:,02) = 0.0357,
m(6s) = 0.0003,
m(6:,0s) = 0.0395,
m(6a,05) = 0.0401

k = 0.8464,
m(6,) = 0.9464,
m(62) = 0.0515,

m(61,06) = 0.0000,
m(6s) = 0.0019,
m(6:,0s) = 0.0001,
m(62,05) = 0.0001

k = 0.7075,
m(6y) = 0.9924,
m(62) = 0.0065,

m(6:,062) = 0.0000,
m(6s) = 0.0010,
m(61,0s) = 0.0001,
m(6,05) = 0.0000

k = 0.7881,
m(6y) = 0.9779,
m(62) = 0.0118,
m(6s) = 0.0078,

m(61,0s) = 0.0025
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Table 5  Fusion results of Example 3 using the proposed method
BE PALSE )
Ptk B br H b e Hil ma, ma mi, M2, M3 my, Mz, M3, My my, Mz, M3, Mg, Ms
a, b 91,392
k = 0.8890, k =0.4747,
k = 0.9862,
k=05, m(0;) = 0.0177, m(0;) = 0.9939,
a=0.01 g1 = 0.0091 m(61) = 0.1359,
m(62) = 0.9200, m(62) = 0.9085, m(62) = 0.0025,
b=0.5 g2 = 0.4573 m(62) = 0.7445,
m(02,03) = 0.0800 m(03) = 0.0730, m(03) = 0.0035,
m(fs) = 0.1196
k = 0.8598, k = 0.3383,
m(0;) = 0.1228, m(0;) = 0.9121,
) m(6f2) = 0.7985, k = 0.9863, m(62) = 0.0404,
= 0.5,
a=0.1 g1 = 0.0674 m(01,62) = 0.0015, m(0;) = 0.1242, m(01,62) = 0.0065,
m(62) = 0.9200,
=0.5 g2 = 0.3370 m(63) = 0.0670, m(62) = 0.7549, m(63) = 0.0193,
m(61,6s) = 0.0010, m(63) = 0.1209 m(61,6s) = 0.0142,
m(02, 93) = 00091, m(@z, 93) = 00043,
m(©) = 0.0001 m(©) = 0.0032
k =0.7276, k = 0.2554,
m(6;) = 0.3014, k = 0.9734, m(0;) = 0.8232,
A m(0s) = 0.5749, m(0;) = 0.4419, m(0s) = 0.0594,
=0.5,
a=0.15 g1 = 0.1278 m(61,02) = 0.0173, m(62) = 0.4782, m(61,02) = 0.0214,
m(62) = 0.9200,
b=0.3 g2 = 0.2555 m(6s) = 0.0486, m(fs) = 0.0787, m(6s) = 0.0197,
m(62,05) = 0.0800
m(01, 93) = 00114, m(@l, 93) = 00006, m(91, 93) = 00359,
m(92, 93) = 00376, m(Gg, 93) = 0.0006 m(92, 93) = 00143,
m(©) = 0.0088 m(©) = 0.0261
k = 0.2629, k = 0.1320, k = 0.1275,
m(0;) = 0.2995, m(0:) = 0.6314, m(0:;) = 0.6529,
N m(02) = 0.3132, m(62) = 0.0695, m(02) = 0.1076,
= 0.5,
a=0.2 g1 = 0.2587 m(61,62) = 0.0541, m(6.,62) = 0.0439, m(61,62) = 0.0629,
m(62) = 0.9200,
=01 go = 0.1294 m(03) = 0.0137, m(03) = 0.0125, m(03) = 0.0263,

m(61,05) = 0.0360,
m(02, 93) = 007837
m(©) = 0.2052

m(6s,05) = 0.0638,
m(62,603) = 0.0293,
m(©) = 0.1496

m(61,05) = 0.0418,
m(62,6s) = 0.0419,
m(©) = 0.0666

R BEOBORECR, ToVEN . Yager Jrikig (5 4
PRI T ©, IR BEF USRI, © HISCfy AT
WK, A MEBORBOR, AMFEREIHE R, 2T
PCR 6 MUUFES 4 FUEH BIA 2 Ja 4 EfS 2 1EARIK
PeREUR, WS LS, HAZHF AR, BIERfE
FORAEUF. 36T Murphy X855, #1555 7158
FESS 3 MRS 2IIA 2 Ja ot i AT 2 IE A 1 R 345 2R,

17 H IR FR AR, AR, EAT AR TH T R
[P

H12 5 UL, BN RASC %, HIME a0 = (0.5,
0.5,0.5,0.5,0.5]. ¥ &EH#A a = 0.01, b= 0.5
I, BEREh S 0.5 LA, [l RUA] B M 52 i 2R
R, PR, Mdn — 4UEdS BIA I, AT
TERZ CAHINERERE L bR T OF
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Jrik. AHE, T TIE SRR A, M 3 4L
PR 4 ZAEPEM IR BIA R, A& 4R e
R ik, IR AR E. MR EHRA a = 0.1,
b= 0.5, BUUTHE—MER LJxEHI o=
0.15, b = 0.3 W], BPZ5 R8I 1 J50e 5 A5 80 1 9 /)
MRS, M55 3. 4. 5 A UEHE BIE I, 41445 WA £
TG SCHRF B AR AT | A O O A e, EER 5
SAUFHE BA RS, SZRFEE AN 0, s, i H bR
Ha=02b=0.1 K, BERE—D8m o i 2
B, BRI BEE R0 IR Bk, phog i HIE 0.3
LR, HAEE R A TFETT 6, KR e e b
BRI TRE. Bk, A7z e J5iAErh
SET ORI R SR AR P T T AR A R 5
5 HIMILAL S 1) H bR s B LN 5 SRUFRAEA
[ et AR TSR, 54h, £ 6 hes A
T3 iR FT H BEATIN TR X 5 4% EHE.

F6 HBI3 IHER L (s)
Table 6 Running time of Example 3 using
all the methods (s)

D5 IBATI ] D BATI ]
Dempster!2] 0.0387 XS 7 24 115] 0.3616
Smets(6] 1.175 x 1073 ] B Aol 0.0384
Yager!”] 0.0102 x5 141 3.4228
Dpl] 9.99 x 10~3 X524 2.5699
PCR6!12] 0.2858 X534 2.2326
Murphy™  7.369 x 10~3 £5mad 1.8902

WA 5 AR5 1 RG] 3 W45 L f¥1a8 47 I
6] L RT LU, BRSSO VR AR B AT 5 ik I
i AL BRI R 222 ) (EU, BT TSNP 2 W] LA
AEARSCITE AT P AL ) H .

6 it

AR SCEE RHIE G 21 A b 5% ) jL, i A Se 8ot At
RUFR IS, SR T — R T i R B (TR RE) DA
B MR LA 3T d R B (W58 R WHIESREREAT &
IETF Rl A PT35I mT DAAT 20 B AR I i £ 1) o 58
[l IS REAE — e RE B EORUESR £ AE ), BEmia e
TR R B R DS, OB (18 5 RT DUAR AR S B
SRAE SR FRRE SR b 58 2 18] 530 R 2. I,
S I A S SRR il 8 SRR AT A R SR P
WA, 8 SENAZAG R R AR, DRAE R 45 R AL 98 7T
i, ARJE PR R SRR, WO R S 4R ) T
A, WIRT LU B3R R AR RE ), DURREAT Rk,
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