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Evidence combination rule with similarity collision reduced
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(1. School of Information Engineering, Zhengzhou University, Zhengzhou Henan 450001, China;
2. School of Information Engineering, Henan University of Science and Technology, Luoyang Henan 471003, China)

Abstract: Aiming at the problem of decision error caused by similarity collision in evidence theory, a new combination
rule for evidence theory was proposed. Firstly, the features of focal-element fequence in evidence were extracted and converted
into a sort matrix to reduce similarity collision. Secondly, the weight of €agh®evidence was determined based on sort matrix and
information entropy. Finally, the Modified Average Evidence { MAR J=was generated based on the evidence set and evidence
weight, and the combination result was obtained by combing MAE for n-1 times by using Dempster combination rule. The
experimental results on the online dataset Iris show thaw the F-Score of average-based combination rule, similarity-based
combination rule, evidence distance-based combiniation rule, evidence-credit based combination rule and the proposed method
are 0.84, 0.88, 0.88, 0.88 and 0.91. Experimental results show that the proposed method has higher accuracy of decision
making and more reliable combination results, which can provide an efficient solution for decision-making based on evidence
theory.
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DA _E BT AR RAE s SRR B E A R AT 4R T, & THE
HEBIAT E PR SE BUOVHEIRAUE B IE, AR AM E—E
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MR T R A HN B TR 2, AR MT&EH
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Fig. 1 Trust probabilistic scope in evidence
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Fig. 2 Traditional combination scheme for evidence
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Fig. 3 Proposed combination scheme for evidence
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Tab. 1 Body of each evidence
IEHE A T B £ c £ AB
my 0.650 0.200 0. 050 0.1
my 0.350 0.200 0. 350 0.1
ms 0. 050 0.200 0. 650 0.1
my 0.517 0.017 0.467 0.0
R2 ERZEMAREE
Tab. 2 Conflict degrees between evidence
- S5¥— IR R E
my my M3 my
my — 0.6250 0.7750 0.5922
m, 0.6250 — 0.6250 0.6072
ms 0.7750 0.6250 — 0.6222
my 0.5922 0.6072 0.6222 —

£3 SMEEMNEMGIERNHREEN
Tab. 3 Summation of conflict degrees of each evidence with other evidence
e SHAMGERE s RREMN | B SHAIEREmRAEERN
my 1.9922 my 2.0222
my 1.8572 my 1.8216
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my (C) , WEYE m; H BPA (IR/NKFR R m; (C) > my(B) =
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ZEAERE W m, MEEFN T F,

F = n-exp(-1-+ DM, ) (22)

Y exp(-1- DM, |)

AT (22) HEHFIN T, K (9) BRI E BB
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F, x sup(m,;)
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me ms

msup(m,;) = (23)
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En(m;) ZAEYE m, BE B, WHEYE m, BERESCFER
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w(m;,) = ———— (26)
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M5 T UEdE A , & I — 4L IE$E (Modified Average
Evidence, MAE) , IZUESRHH AR IEA 1) BT A UE S8 #0451 IE
o 2R BE L) R {5 B o EHE MAE 95 SCHR

EX2 BdEm,, my,-e, m, BATFR—FHER T H
n AUEHRE I H w(m) RUESE m BACE IR AGEYE MAE 0 .

MAE = mew(m) (27)

mems

MAE RIFIGERER BRSNS R, RAWR S
S5 LAY LA K MAE S FIZEA B E n - LIRASE], R

Ik 4 3
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Fig. 4 Flow chart of converting MAE into combination result
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3.1 BEBBEL RS BPA K/h

N 6 MRS M BRI R &, O AL E S
H =R RER BAr2E R A B C BEDLIR— 1B 2015 JRE% S,
Sz \Sa \S4 \Ss \Ss Xﬂ‘lﬁ]—- El 1:/% B@iR%UiEﬁFETE\ My My My Ty
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S, IR 1 IUEE 2, DA B IER IR 4 Fis.
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Tab. 4 List of evidence sent back by sensors

R BT A f&TT B £LC £ AB
my 0.55 0.25 0.12 0.08
m, 0. 00 0.50 0.20 0.30
my 0.49 0.31 0.10 0.10
my 0.70 0.21 0.06 0.03
ms 0.82 0.09 0.05 0. 04
my 0.65 0.30 0.03 0.02

£S5 ERZANBCE(ETRY)

Tab. 5 Similarity between evidence corresponding to Tab. 4

5573 —AUESR A

R
my my ms my ms mg
my 1.000 0.579 0.936 0.888 0.775 0.912
m, 0.579 1.000 0.635 0.472 0.358 0.528
my 0.936 0.635 1.000 0.837 0.720 0.888
my 0.888 0.472 0.837 1.000 0.879 0.925
ms 0.775 0.358 0.720 0.879 1.000 0.809
mg 0.912  0.528 0.888 0.925 0.809 1.000

®6 ERBHFEFHERH(ETRS)

Tab. 6 Sort factor and entropy of each evidence corresponding to Tab.

EE O OHEFET RN | EE HFEET R
m, 1.1288  1.7597 my 1.1288  1.2759
my,  0.3558  1.9610 my 1.1288  1.0127
my;  1.1288  1.8510 me 1.1288  1.2214

RT ARAFERENERNE(ETRS)
Tab. 7 Evidence weight determined by
different methods corresponding to Tab. 4

TERRALE

T ) wlmy) w(ms) w(my) w(my) w(mg)

HER[18]1 4% 0.1666 0.1666 0.1666 0.1666 0.1666 0.1666

CER[23] 778 0.1872 0.1058 0.1826 0.1827 0.1549 0.1865
CER[29] 8 0.1873 0.1058 0.1827 0.1826 0.1549 0.1864
CER[22]F78: 0.1903 0.0782 0.1911 0.1833 0.1704 0.1866
AXHEE  0.2023 0.0312 0.1971 0.1983 0.1681 0.2027
D65 @o3
) ) £
¥ 0.55 % 1% 0.34,
= =i
£ 0.45 £ 0.30
o has}
20.35 1 0.26
£ £
025 55 02
JEPEEL
(a) #04

KT w(m,) FRUESE m;, KT, 8 TG A
REUEEARE R -G B 153 5 (13) 3HE & MR 5 HALIE
PR PSSR E Z AR 8 7R o

#8 HMEENEMIERAPREEN(ETRY)

Tab. 8 Summation of conflict degrees of
each evidence corresponding to Tab. 4

TSR SHAIER G e SR A R S HAUER bR A

m, 2.6653 m, 2.3859
my 4.0240 ms 2.3495
m, 2.7337 myg 2.3680

MFE 8 TIAl, BT m, 5HMIEIER HEBER K, N m,
A BE IASUEE R i RT BB/ AEFR T R, TEHE m, B SCHR[ 18,22 -
23,29 I A 3C 7 Bk H 2 WAL & 50 R 0.166 6.,0. 105 8,
0.1058.0. 0782 F1 0. 031 2 , H: A 3L Pt i B IE PR AL T 2
T/ 8 2T IEYE FAE AV B, AT U E RS R e R
PORITESRA B B H— L IE 3R MAE B4 W B ) MAE R 4%
A IR EARGITA I R BN 5 B,

MIE 5 0B H AT E R MAE G A MER(F
AT 43 e e BB B K, TR e At L8 T ) S A £ 1143 Bt B 3%
BN UL AR SO L3R A MAE B N4,

RS MAE 2 )5 BB 85 R T EARF 4T i 5L
e 6 fim,

M T EDA L K S HOER A EAE T AT B R A
B, Biver s IR i 5T A Y EREAT 4 Bl R B0 AT 3 H
FIEATUE B.C AB, NERERBL G4 R, BNMTRERFIT
YT BB TR/ BT o A B 6 () BT LAE H, Toie e SR S i
B/ AT PHREEILA MEAEIT OB HRA R
B ANE 6(b) ~ (d) WTRUEH , A 3077 20 a2 i H il
TN BT EAR B TR BIRAR RE/NA L FTR H . AR
R E EARE LA B R BRI & 2, R At 7E g $ B
BB RESE R IAEHHLR
3.2 LEEHRRETE

g S R BIREE N LR R, BiEEF
BAICFETMHE . BRKE B RE AR E A
T A S A BT SCHR 32 ] il — R R R

e SCRRILBLIT ¥
- XCMRI22]5 R
- XRI23 107 1
~o-3CHRI29 7
—— Ak

BS 77 EEHE R MAE thfEToR3E AN (5 (240 B0 4K
Fig. 5 BPA of focal-element in MAE determined by each method

o

& 0.08 ;

& we SCRR[ 18175 32
2000 RS
\& 0.04 -o-SCRRI29 7 T
2 0.02 - AR iR

14 0.00 - )
6 2 3 4 5 6
LIRS

(c) EmC (d) 848

E6 JIEmmaaR

Fig. 6 Combination result of each method
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PUANRRAE IR , SR 5 T RS (R A 56 BUBL R B I TSR
BERLBRIE — SRTEEAR B A AT RIUAR ML, LKL FER
type =V,

Jeatures = [6.3,2.5,5.0, 1.9]

L FARE YR M ESZRA V,, BN KB
B K E ERTEE 8 6.3.2.5.5. 0.1 9 F H:
PO R A A T SRR , ISR 9 TR .

F9 HULKREHIER

Tab. 9 Evidence converted by plant features

TR EARKE EFhRE  ERRE  EREE
m(S,) 0.10256  0.08204  0.04892  0.06312
m(V,) 0.17354  0.19404  0.15181  0.15168
m(V;) 0.15490  0.13311  0.15523  0.22528

m(S,,V,)  0.13181  0.14454  0.06983  0.08379

m(S,,V;)  0.13181  0.10766  0.08554  0.09944

m(V,,V;)  0.17354  0.19404  0.35273  0.24513
m(9) 0.13181  0.14454  0.13591  0.13152

TR PHILHE, S5 B LM S TR
FHRbA SRR 10 PR,
R10 RMEARPHERSESEREAR

Tab. 10 BPAs in combination result

[ 9N FhEa R
m(S,) =0.043483513031417 1
m(V,) =0.359358501973 1172
m(V;) =0.3546828671221338
SCHR 18] J78: m(S,,V,) =0.0244379475519
m(S,,V;) =0.02382931434336
m(V,,V;) =0. 153580955976,]

es Vi

m(S,,V,,V;) =0.0026327020

esVes

m(S,) =0.0438271099903598
m(V,) =0.3596586373270804
m(V;) =0.354536219210170 14
m(S,,V,) =0.024598 03779527
m(S,,V;) =0.02392962979440

e’y

m(V,,V,) =0.15265313951954

er Vi

m(S,,V,,V,) =0.00263771659

erVer’ |

m(S,) =0.043 8270978672930
m(V,) =0.359658 688466 524 1
m(V;) =0. 354536087 645244 1
SCHR[29] J7ek m(S,,V,) =0.024598 029 147 1
m(S,,V;) =0. 0239296261002
m(V,,V;) =0. 1526532541780

es Vi

m(S,,V,,V;) =0.00263771625

esVes

m(S,) =0. 043827097 867293 0
m(V,) =0.359 658688466524 1
m(V,) =0. 354536087 645244 1
m(S,,V,) =0.024598029 147 1
m(S,,V,) =0. 0239296261002
m(V,,V,) =0. 1526532541780

er Vi

m(S,,V,,V,) =0.0026377162

erVer’ |

m(8,) =0.0332519125503896
m(V,) =0.336736691 5522059
m(V;) =0.38127136576777315
AT m(S,,V,) =0.019542718 106 36
m(S,,V,) =0. 020727 56520453

e’y

m(V,,V;) =0.17292136421963

es Vi

m(S,,V,,V;) =0.00246237507

esVes

XHR[23] 07

k(2207

M 10 ATRAE H - 3CRRT 18,22 - 23,29 | Rh e Bk AR
TEESBRBVPRSR A SO AR T SRR B X EE
P ERILRIPRRGIHNER 11 fiR, & 11 §hE=5%
FATOR th =B B 28— BE AR B8R I
A BB, 28 R AR AT AT IER B A [l 5, 58
=R AT ER SR P ) AT B T e — 5]
AORAR SR ST R 7 M A2 AL ) F-Score 9 F-I9(H, 1T 1
RBAICTT B F-Score IR o

x11 SMFEHRERNA

Tab. 11 Decision performance of each method
S 2
[N IRFRERRER F-Score
s, V. Vi

XER[18] FE:  25/26/25 21/32/25 17/17/25 0.84
SCER[23] s 25727725 23/30/25 18/18/25 0.88
SCER[29] s 25727725 23/30/25 18/18/25 0.88
XER[22] FE 25/27/25 23/30/25 18/18/25 0.88

A FHE 25/30/25 23/21/25 20/28/25 0.91

4 G

ARSCET R AR 55 7 A ARADUBE Rl 48 7™ A SIE SR AU SR A -
FIRRESEE R AR AR, 2 1 T —Fh B iR 1003 Al 48 1
TEAR A 0K o NIZ 7 B 1 SRR P B2 T P U RFIE R AL
Fi M SR RIESE ST BE R OT T B R IR RS AL RSB AR , i
JR i " Dempster TEYE Bl 38 55 65 0 — LI E Al n - LUK
TS A2 R P 2E S B R I A S5 ¥k A A1 - 5 SOk
(18,22 =23 29 ] FEEAH I, F—H LW h , IEF I EAR(F
53 BR R BT 0. 964 .0.981.0.981.0.986 £ 5% 0. 992,55 —
s rh, W 7E 2R B s 42 T R AR 10 2R B PSR B9 F-Score ML
0.84.0.88.0.88.0.88 £7- 3 0.91, SH4E R E AR
BOUESE B G 7 SRR SRR OT AR T AR R B, R
TEARRlA R AL TE IR A RS vk, SRS S N vl S 5
FER, AT 2R | B AR RS 5 R I 19
RITR
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