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Improved fusion method of conflict evidence based on

evidence vector dissimilarity
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Abstract; Traditional Dempster-Shafer theory ( DST) involves counter-intuitive behaviors when combining conflict evidence.
This paper proposed a new evidence weight and fusion method. It introduced evidence vector dissimilarity to modify the DST
conflict coefficient based on the disadvantage analysis of DST conflict definition. Then computed new evidence set mutual sup-
port matrix and evidence weight vector using the modified DST conflict coefficient. Finally, combined all weighted evidences
with DST combination rule. A numerical example demonstrates the rationality and efficiency of the proposed method in combi-
ning conflict evidence. Compared with other improved combination methods, the proposed method is robust and more efficient.

Key words: evidence fusion; evidence conflict; evidence vector; vector dissimilarity

0 3l

il

Dempster-Shafer JIE 4% ¥H16 ( DST) /& Dempster Z(#Z 7E 1967
SRS It Y272 Shafer 7 1976 AEJETTIGIE R IR T % i
R ME BB A TR LIRS R R
FORIE B A 7 DR 3 B0 vz 1 31 H AR U i
BESWT PSR SRR AU Y (R AR GRS £
S TEAL B2 ph SRS I 1 BT — 2L 15 S F W B R L (75
TESE IR RN S22 7 — SR, BEXSXAN R, H AT 220
iR T AR LT b g 5 4T 7 A 4 0 0 e i g
IHE AR A B E B VR T8 TE A D7k B,
BETF i 5 H 43 TC A S Ty A A R O UL AS G L St DS
UESE BlA LB 45 4 3, BUE 0 X eS8 AT e a5
MR BEHATIC S Bl 1R X TCRE S TR A
e PRI, ASORIESE IR 5 B8 E RSt iy X TR R, F
SR—FBT A UESE Ay 2, ST SAS B A IE A R AT S & U
2B, A B RO A R vh S IR 1 Rl ) R

KRACLRE % BT GRS R0 LA RZ S,
FESCHRL 12 R AR SE— 25200, SR 00 1 ik T4 1) 4t 22
SRS CA MR R BIATEIE . th Tz ke E T

WimBEHE: 2011-12-27; f&EIBHA: 2012-02-27

TUEFh o (] B 5 9 ) B, S8 80 o SIE 4 1) 8 5 1) 1) 25 6, TS
A2 H IR 1) R Y — SRS AR B FH IO IR TT 5T LA
T 7 WLt 24 K U ] £ — SRR AN FL SRR tfs (i i
B AL R BT & F WO

1 DS E#RIEIR

EX 1 &0 HaEHMEFRENIFHRIELR,P(O) =

27 FORPHIER M R (HRUUE SR T TR AL SR &) 47
A —ASERH m 20,173 2

{m(dJ) =0

1
> m(A) =1 (1)
ACO

NWFEm A O I 132 0] {5 B 43 BL (basic beliefl assignment,
BBA) ; #EVAC O, m(A) JgHA 0] {F %L ( basic probability num-
ber) ,X§ ACO i, m(A) F/RiEds el A H i TIESE A 2
ANSCHE A BT TR, 2 A = 0 I ,m(A) Fom AN
fA 43T
EX2 0 HPHHESR, m:2°—[0,1]/& 6 LKA
FE B3 C, WIFR B
Bel(4) = ¥ m(B),YACO (2)

HEWHE: B aAAFEA4%87 A (61063013,61005017)

EE®T: AR (I986-), %, ERA, MM E, TLA T T & A R B4 F L5 (lidebearxqy@ 163. com) ; 4 # 47 (1960- ) , 5
(BR) LR EEA B, TRH T @A LA AT R ARM IR



%84 REAK

VELATIEEG S AR E RO P RIEE RS T

- 2953 -

JiF 5 SCHY BRI Bel :2°— 0,11 @ {5 JE R AL (belief
function) ,,

EX3 #HTHEACO HA=D A m(A) >0, MFKA Ny m
H)— A~ 26 (focal element)

R UEHEE A AN B m, my WIS
O 1 69 HE A8 A T 2 A £ B4, M6 650 W4 A,
Ay A, T B, By oo B, R 55 SRS m 2% [0,
1) BRI A2 5 O HEA 5 A3

0 A=

m(A) =¢ 3 mi(A;)m,(B;) (3)
K A# D
K= o3 pm(A)m(B) (4)

ot K il vh 58 280, K MRS IR ] vh 28 K . %
PR A RS R m(A) ST my omy A S AR X iy 8 A
BIBE G ST . M2 MIERG T, AT LR I URIZ E .
T RS H ARG, B XS DS UE 4 B e ) B
%, JE R R4 B Y S B A (B
Bl 1 % BiniR. TEMRGERIE G, il Bir
PSR R B 1 05 B E R JE B BER bl AW & HARIR
B ISR B, B RER R O = {a,b,c} , HiF a b c FHIFRR
BT AL KT TR TEIE RN A B ML 0 3 — L, ik
HRAE B ARFOINE s A0 45 R 8 BERE SR @ rh & Ty 3t
BN R ]
E,:m(a) =0.9,m,(b) =0.1,m,(c) =0
Ey:my (a) =0.8,m, (b) =0.2,m, (c) =0
A2 AR W SCHT IR PIE SR ERS A B IR, X (4) 15 & B A
PG 45 L A5 B b 52 B K = 0. 26, FRWIUEHE () vh 5 4%
AN, AT AR (3) G sliEdf , a5 Ry
my (a) =0.973,m, (b) =0.027,m, (c) =0
ATLAE & BRI 4 1 115 2ol e e A 2
A 25 X P HESL P A TT @ BUSZRRBE IR, BT ALK
BRSO L

2 HIEfER A R

2.1 iERHRIEN
EX 4 Liv iEErhge e . 16 DS IEE B, % —
AT 3 21 S5 P UHE SR A P A B — B, 1T 57—
SR AU SR 5 Ah— MR, I EX BI85t
PR X B IEE 22 18] 7775 w2
B2 BEPFRHEL O = {a, b}, BUH IALIEYE , 54338
E :m (a)=1,m (b) =0
E,:m,(a) =0,m,(b) =1
HRH 5 S 4 AT LUAGH , TS E, 3820 SRR o, T
A E, SREUM SRS b MR HE 1 P o ok R A
BT B AR YR R s R K = 1, R IESE 58 & v
5o I EAEFIWT, B TP 4 A5R ZU b S 4 T AR SR A
BRI, 3 TR AL T AR N 2 A7 BH B A g
2.2 EEHMREAHRTHAR
Ph— A BUE A 9], SR U BAUE R w28 REUE LA o

B3 BEFFRAEL Dy O = {a, b}, BURIERI T

HUESE
E :m (a)=0.8,m,(b) =0.2
Ey:m, (a) =0.8,m, (b) =0.2

T3 EE T LA HIRT, TR TR — B RS AR .
EARE E H 1 op o R A5 (4) 7158 E R W 2 R 438 9 i 5%
FRECH K=0. 32, RYPXPILHIEIRAFAE —E M5, X Bt
P AR, X0 52 A W S RS , 2045 th T AN A g
REH TR 22 IR RO

[l FESE w2 R BRI AKX L, AT LA B G bR R
B RE SUAEAS R UESE S 0 BAS AR 11 00 R 45 3101, 4
WU, B —MIER R — TR B — € /Y SR, 1 55 4
—ANUEARAE D) b — TR i E A SRR, IR A ab 8k 25 i B b
IS TR g L

X FUESR I, 802 A2 B F4I IM0 H BSCRrE AR 1
DU AEXFPEOC T , 5 ZEUEYE th 58 273 77 12 FIIE H5 il 15 0 D) =
A —E IR, REAE IR (5 8 A ROb 0T 90, A3
FRIERRES R . BT IXM5 I8, ENAMREZ #E T
I
2.3 MWRIEHERL S N BB

PARR 3 S22 N ot s 2R O R T 42 A 9IE 36 17 )
M AN, B T SR Jousselme B E5 ' 5 gk R BRI 7
PEX g RBGHITIEIE, IRt T X DS SRR He Al 2 R
B IER B,

FEX S5 Jousselme JHE], & O H— P& NAE AL
ITERHEAE , my 1 m, ZAZHEHMESR b P> BEAS AT A5 i
SyBCia R, W my 5 om, Z [B]RY BT LR

amm,) =/ 4-(m, = m) " D, - m,) (5)

Hrped(my,m,) e [0,1], my Fl my JZHEATTERE ST HC Y i)
B DI A 2" x 2" (AR BE S B AR P AT — Je R
TN

IANBI
IAUBI

D(A,B) =

Hop AT RRES A

SCHRE12 ] R R BT A0 IE 408 il & 5 v, B SR UE 4 18] 1
Jousselme FEES 5 DS iE4fE #h 98 REGHAT 1Y, LIRS SR A MIE
s RGN EARIEIZ R BOT AR 5T B BJE i@ 15
FEREXS DS UEHE SIS & A R TIB IE B AG AT 15 4 4278
AR,

GRL 3T, X AT TR G T A LA LR BRI ) SR Al
SR RS 6] (1 2 25 1 DS o 98 28 500 1 24948 4y 11 o 5 g
N, ANREZ LARAETE S 18] i i 98 B, T SORFJd i S B0 X A
b) T RAT BRLG 1Jr=,  80 G 45 R I sUg , A et
R BT, WSO SA0H 1% J2 PR 7E 1 DTl 5 o % o 8 38 o 8 I
I, T 25 S X AR R AR, it A TG VR PR i 8 ¢ )
WO B RXT DS Bl G 45 R E I, B, a0 BE 4R TR A
AR IR IR AN TT BB 2 DS M5 4551, Wl ok
fHEIE,

(6)



- 2954 -

it E R AR

529 %

3 WRIERARRT

AR HTSCHY 3T, 5 B4R 2 — b BE ST % WL B eI 0] e
REEMTEE o ST I, AR SCHE T IR ] 4 A 22 5 BE R X HIE
PN iR R BOHATIB IE

FEX 6 R 2R R N Jousselme FEES, T
Halm,m).

a(m, ,m,) =d(m;,m,) (7)

o fEL )N  FREBTIE 1] F) B 0 2 S 2 AN

TEX T UEHE 1] 55 0] 28 e B R AT A B A0 I 1) A D
T 50 v ) — A e e BT R, AT AT ) ) A A,
T e 2 ) 1) v 25 5 AR [ R 1A 25 R A

(m,,m,)

B(ml,mz)=1—m (8)

HF XA DCHY AT G S UK T2, R s (8) i i 4l 1)
71 2E S R UET L B e [0,1] 0 Hor(my,my) R
ml 5 m2 %W*ﬂo

IANBI
Cmy,m, ) _/192’;'(»))392(@) IAUBI

B {EUER /)N | LA (8] 19 77 1) 22 S B/

REX 8 k1] 5 25 5 o AN ORI UE S 17 4 g 25 S5
J3E SR fi) 77 1) 2 5 P AR B DA A ) ] (9 22 5, T
AR Ny

m; (A)m,(B) (9)

diff(m; ,m,) =a(m,,m,)B(m;,m,) (10)
o UEAJE )k 2 5 B S SCHAY 3T« DT3[ B 2 22 S B FIIE
Pl 7 ) 22 SR B E S 2 ALY my = my 1, diff(my,m, ) =
0, RWHIESEZ A58 A A g w0, diff (my ,my,) e (0,1]
EX 9 BIERUESE o R 8 Hifd] 2 AT DS IEHE G
HR b R B BRI W R, L, B A B ECR AT T
TUEH 11 ik 2 5 X UE B (8] ) 8 R AT B S B AR SCRE X
EIER R R ECH
K, =diff(m, ,m,) (11)
B4 LA 2 PR R UE SR 1], (BB AR B T4 58 4 —
BURUESE , UEWITE DS G4 i 58 2 B IEAT B IE SR A 1 B
SIS 1A AL
A SCHR 12 ] A A A A R g m (a) = 0. 451933,
m(b) =0.000441,m(O) =0.547626, EHE R L5 R FHL T
BIRZJG, TCEA I G AR . HRRTE T s R R AR
LA TG B ERSr (DS whog REO L AR 15 B 1 7T
M R A S BRA AR I TR

4 ETHmRALHRE A

BT B SCE SR IE vh 2% 28 550, B FIUH (9 3k 4l £ R0
B8z Eibe SR SR N R RiTE SE s R SO

a) TEZTE BERMEZL T30 40 5 IR 38 19 o SRR M o AR Al
D) HFIESs © 5 7 A bR R %0 1 K, (6,7) 3R IR

R PSR R
0 K,(1,2) - K,(1,n-1) K,(1,n)
K, (2,1) 0 - K,(2,n-1)  K,(2,n)
C= : : : :
K,(n-1,1) K,(n-1,2) - 0 K,(n-1,n)
K,(n,1)  K,(n,2) = K,(n,n-1) 0

b)) AR w9 2R ORGSR 48 18] A9 R B SCHRR RE R I IE
¥ i 5 MBI SR A S, (L) o S, (i,)) =1 -K,
(is)) IR AUESE AR SR BE RIS A

1 S, (1,2) S, (I,n=1) S, (1,n)
S,(2,1) 1 S, (2,n=1) S,(2,n)
S= : : : :
S,(n=-1,1) S, (n-1,2) - 1 S, (n-1,n)
S, (n,1) S, (n,2) - S, (n,n-1) 1

o) MR UESE B STRFBE AR , T3 A4 9 5 — LA R, Ik
FEEAINENE o = {o,0,, 0, ,

¥ 8,30
j=ih=i

T (12)
iglj:%#,‘sm(i’j)
d) FRAEACTE 22 55, ) T UG UE 4 1) SR AR W] B 4y B R AT M

e R
e) X AP P4 AE 45 4 B DS & MO W BE AT n - 1 YA AR

H{%O

5 HEHEM

=l

ST SRASCERE 12 ] P S0 BEPHESR B A0 f k4 4
#1m.
R 1 PRSHELSE e IR A5 B
. BEHHESL O = {a,b,c}
e it a b It e
my 0.98 0.01 0.01
my 0 0.01 0.99
ms 0.9 0 0.1
my 0.9 0 0.1

IR P ESE AT LA Y 25 AR AR 5 A A i 2
8 2, DR AP A il 3 R o s B R A T A B
M SRR o JURP B 7 360 E IR RS 5 R 25 2R an 3k 2

F7R o
2 PURMIERRLG A s R
SRS my,m; my,my,ms My, My, My, my
m(a) =0 m(a) =0 m(a) =0
DS 5 m(b) =0.01 m(b) =0 m(b) =0
m(c) =0.99 m(c) =1 m(c) =1
m(@) =0 m(@) =0 m(@) =0
m(a) =0 m(a) =0 m(a) =0
m(b) =0.001 m(b) =0 m(b) =0
Yager 1=
m(e) =0.0099 m(e) =0.00099 m(e) =0. 000099
m(0®) =0.99 m(0) =0.99901 m( @) =0.999901
m(a) =0.18 m(a) =0.321 m(a) =0.42
. m(b) =0.004 m(b) =0.003 m(b) =0.003
ek m(c) =0.194 m(c) =0.188 m(c) =0. 181
m(0®) =0.622 m(0) =0.448 m(0) =0.396
m(a) =0 m(a) =0.5532 m(a) =0.798
X m(b) =0.00015 m(b) =0 m(b) =0
Hkik m(c) =0.01485 m(c) =0.0624 m(c) =0.0401
m(0®) =0.985 m(0) =0.3844 m(@) =0.2019
m(a) =0.4898 m(a) =0. 994838 m(a) =0.999492
L m(b) =0.000204 m(b) =0 m(b) =0
X m(c) =0.509996 m(c) =0.005162 m(c¢) =0. 000508
m(@®) =0 m(@) =0 m(@) =0




%84 REAK

F R TIRGE6F £ F A A F RARSE RS Ty ik

- 2955 -

A B Rl A

a) f£ DS GBS S AR M UL g i XU S5 £ G a,
{EUR T4 LR R R TT o SRR N %, S 80T &R
GRS H MBS R

b) 1E Yager 14 AL b, by TR BT 16l AR 7 L EAS
T AR BEURESE |, 3 BO7E B oh S I, TGk IE A b
PUNH R AR . MM TR FERE T Yager 19 8AR, X of
RHEATIMBL, BAREE IR IR B 1k SCRp4E R, (HR 8
AR, B DLk 1 BUA W

o) (7 1 AR SCHR 1) J7 1 A REAT 2805 BB ok i SRk
I, UEHIAR SCH H 3030 2 AT AT 1Y, RE A A 8 it ke e S 3
AR TR AL [ Ip IE A 75 R ML SRS DR, A ST 7R S|
T UESG i ) 2 5 B2 T 5 04 [ 5 e 1 DS GIESE BRI Hh e
RARBIIAE B, A RO 58 1 v UL (19X EEE, e
o O SH B R

6 ZHRIE

ARSI 5 | AIESS 0] 22 S BE B b R RN T 1 SR
22 IR 7] 15 Y Jousselme [ B8 22 S5 FE FIIEHE ) 1 9 7 ) 25 57
JE, F850 JE BRAIEANE 1] ) ip SRR HE , (8 E 45 ) 19 ip 58 27 5
PRANE W o TEICIEA b 28 TR AT AN TR TSR LR
YR IR A BRI B E T A ST B M Y B T 1 A i
PR GEUEHE Rl [ b A R AT Y AR B R B 3
A —E R & B, RRPR I UE T HRIEE A2 I S8
SEH:
[1] DEMPSTER A P. Upper and lower probabilities induced by a multi-

valued mapping [ J]. Annals of Mathematical Statistics,1967,38

(2) :325-339.

[2] SHAFER G. A mathematical theory of evidence [ M ]. Princeton:
Princeton University Press,1976.

[3] ZHF,EHE 2R AFVAGERER T R[]
5 5 #,2010,46(1) :206-207.

[4] Z#de sRAER. K THRRIERL LR S AP MK GRE G HIE S
£[T]. AR L4254k ,2010,46(9) :93-99.

[5] BX&, X#R AT DSERLBHEREF LT NEL Tk
[J]. &% 5% 2005,14(12) :10-14.

[6] SMETS P,KENNES R. The transferable belief model[ J ]. Artificial In-
telligence, 1994 ,66(3) :191-243.

[7] YAGER R R. On the Dempster-Shafer approach to diagnosing hie
rarchical hypotheses [ J]. Communication of ACM,1989,32(5) :
573-585.

[8] LEFEVRE E,GOLOT O, VANNOORENBERCHE P. Belief function
combination and conflict management [ J ]. Information Fusion,
2002,3(3) :149-162.

[9] MURPHY C K. Combining of belief functions when evidence conflicts
[J]. Decision Support Systems,2000,29(1) :1-9.

[10] DENG Yong, SHI Wen-kang,ZHU Zhen-fu, et al. Combining belief
functions based on distance of evidence [ J]. Decision Support Sys-
tems,2004,38(3) :489-493.

(1] X E, 35, TH —A R TIERES O ENREH LG %
[J]. P B % 2A%,2008,16(6) :96-99.

[12] #F%,5K%, %0 F. A FHIERP KRR FOGE&RE T HME
[J]. #db T 3k X %5 4R,2010,28(1) :27-32.

[13] LIU Wei-ru. Analyzing the degree of conflict among belief functions
[J]. Artificial Intelligence,2006,170(11) :909-924.

[14] JOUSSELME A L,GRENIER D,BOSSE E. A new distance between
two bodies of evidence [ J]. Information Fusion,2001,2 (1) :91-
101.



