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Abstract: Dempster-Shafer evidence theory is widely applied to the fields of information fusion. To suppress the coun-
terintuitive results generated in the combination of high conflicting bodies of evidence, a modified evidence combination
approach is proposed. Uncertainty degree is used to generate the weights, which are used to modify the bodies of evi-
dence before the combination based on the Dempster’s rule. Numerical examples show the efficiency and rationality of the

proposed approach.
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1 5|3 (Introduction)

Dempster-Shafer(D-S)ilE 4 ¥ 11215 il A& Eb A%
R 59 1A BIAR R, 45 H T AN L AT 1 AR
LG T PIALUE S 4 5 1K U7 7% Bl Dempsterilk 45
HA BN, I B XK RGE BRI 21
SRl SRS R BE A S 2 — R HS BAR 1
AL, ARAE R AL SR AR B A FE b 5 2 HR I
S ELUIR), BIAT 1 B 20 45 4 R4,

BT v SRR B A X — A ST ), AN
P T A2 ot (IR 41 A U7 1. Jean DezertS
NI B HE AR & AT T 1204, 32 H 1 DSmT
LR Be A Rk i g 2 P b 9 UE HE 41 G ) L
LefevreZs N0 ph 4= %5 A7, Smets!®. 5K 111 & Rl %
SR AR NOVRL R A S A 3 S OV S5 2 MR U AR B AT
16 4, 38 sk T 0 TC R SR UE B K A R I B WA

Wk H #A: 2010—07—11; W& BcRa H #1: 2010—10—-23.

SR L Florea®s: NI A2 128 5755 I 32 57 45 5 1
TP R R IR 415 R BE A, Murphy!'2 K
S 22— 8 5 AU e e 4 HEAT PAL B (12
1), FREATUE SR AL 4, RS T B0 BRI OR. R
2 A N AE TE A4 A4 5 48 o 4L 45 D A &5
BEATUESR 415

XHIE S B AR R AE 2L (8 SO BEAR K, H TR
P8I SU SR AR P AR R PR A6 5 LR ORH I B A5 1
BIE E. A R 18 S AE & B A Dempster4]
B LA B 1) — S80I R BT, B T 3 A AT A
RGO AR TR RSN ) Y K UE A
PR R 3 R EL A SR, R FC A R i 4L 5 L
A A Z. BT Bk s N, w5 AR & H A s i)
TR HME S AR, RV UE 3 4K 148 1 7 Ak Y
X e SRR A 2H A i) AL AERE TR AR AE 1 T ok

KA H: FERE S MR BRI 9737 % RIIR H (2007CB311006); H 5K A SK Rl 5 4 09T iF ST B AR 3 4 % B 55 H (60921003);
[ 5% AR RLERE 4 %2 135 H (60805015, 60874105, 60904099); H [ 1# - Ji5 A% K 4 %8 W) 351 H (20100481337).
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e, B 1 2 82 A AR AT 1 TR AL AR S A
HHE G B TR AN R PR AR BAIE U A AL, IE
I FR AN 52 B2 B U 905 RO T RE - B oK,
TIE 9 B AT D0 R SR AT AL B, — SRS AR AN E
JE I, T AT A AR, i P 3R
A BIBSIE A8 4B 1E 7 VE R HIE S A4 BEAT T AL PE, Pt
AT Dempsteriilt- 4 415 . 3T BT B 5451 3 WA SC I
TEAE AR
2 U ¥ B iR Ko b R GIE 4 4L & 3
(Evidence theory and highly conflicting evi-
dence combination problem)
2.1 EPE B E (Essentials of evidence theory)
Dempster-Shaferiit 4 21 & g AN & P15 B 10 %
B AR T A TR, /515 BRl A B
P B2 W A AU AT 2 Tz N AL TR S
RISEA R A L.
BONPHRER, Frm : 29 — [0, 1]l

m(@) =0, (1)
Y m(A) =1, )
ACeO

MFRm R HERAESEO 1 [ 3 A4 B2 R {H (basic proba-
bility assignment, BPA), (1 #5 Aymasspf £, Hh295%
RO LE (power set), BNOFTH 145 BT 4 1 ) 4
A

e PR R (BeD) AMBLEL & R i (P s X I

Bel(A) = 3 m(B), VA C 6, 3)
BCA

Pl(A)= S m(B). @)
BNA#Z

DempsterZ] 75 K 15T s e 7 30E 48 (1 162 4
RES'Q/ I

WG —HHRHESE B AN T UE B 4, JLAH B
(Fimass BRI £ 7303l Ky Samg, FETCH MM Ay, - -+, Ay
*ﬂBh -, By, W20 A G AR M = my D mQEET
AXTHHE P

0, A=0,

m(A) =3 | 2 mAgma(B)) 5)
—— % , A# D,

WHK = 5 ma(A)ma(B) K& £4

A;NB;=0
UE 5 A8 847 UE 95 41 & I, Dempster B U i 2 45 &
HENAZ e fie, 5 BEHE 2, AW R WAL SE o R
T AN A2 DA IR IR 48 (7] o S 1), 5 245 3L e A
B ANUE S G A RS [ R AL AN IR, 1 UL SCHR[16].
22 &P RUEE A S A7 7E 1) 8] @ (Problems in
highly conflicting evidence combination)
BEXS i SRS 415 ), Zadehif il — M4

LTI

B 14 AN AR AT R N AT IS, A
JHRE AT RE M I 2 (M) i 5% 32 (C)) S i i g ()
)—Ff, FERHEZE T MO = {M,C, T}. WAL E
P g RLm R

AL my (M) =0.99, my(T) = 0.01;

B=4E2: my(C) = 0.99, mo(T) = 0.01.

A DempsterZH A B0 A 1 25 3

m(M) =0, m(C)=0, m(T) = 1.

P LA 5 5 A9 2 IR SR R 43 H I S5 18 2 10
NI B 95 g v I eg . S AR I I ) 4
R PR B AR AR A s N B i i JRE 1R R e B AIG. PR
A B AR LA PR i i (1) AT e A W L 2 e A v
SE). A RIS AR R 5 Bl 481 1, ‘e e AR A
S H AR G e ST 4 A4 2 T8) ) Dempster #1112
AT I AT BE H TR i) L

TS AL 1 AT BE U PR 3 B AR AR AR (S R
U R AR A T U (Wimass B 250 1) A BT
Lo AP IRN PO X7/ NI SR A S a1
[P SE, BT A FFARE QAN S8 418 BE 4 ph 98 B
R AR AR, 7E 3L T Dempster it W 3EAT 2H A 2 |,
e SE T 22 1 S P o I B AR R IR R R I v i K
FIS P52t /N SRR B, R A A X DASE I, Bl A AH O
SARHIT 58 R N, %) B T Dempsterft ) HEAT & 7 5%
TR 1A I S 0 &5 X — ) 8, WA SC5 |5 i
RO T A M2 BT ARSI AR R
FAE IE RS AR AR e v o S U 21 A5 1n) d, IX 2 5T

FE PR, T S UE A A A B A7 A T AL A S s £ R DR
S1). 1F dnHaennil ' T4 H P ISRE, X HCE R (1
BB EAE TR B B b 3 PR
I
EELin
wHn M AU Em (i =1, -+ n), T
A IEUES AR 1 22 b
Myas = i (w(mz) : mi)7 (6)
i=1
IBUE IER, F-UE4E A I massI (73 51 3 LL % H
UG ARG N KB, -4 A 00T W O 2R AR 45 2
B I RS Ay, . 05 REm, A B — TR
3 7 IR & MU 4L SR, A B MRS A fE T
A2 R H SRR AR T A massIRAE B ORI AT
ARSI FUH R 2K(6) H T AR R 368 Ao 2 £
PEARTEAT I8 1E () 72k A 3 v S 4R 41 45 ) L.
3 P ASH € BE R4 AR B B AL 5 TT 1R
(Modified evidence combination by using
uncertainty degree)

FEAT SRS AR AT INAUE IER A, 5 2B
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(A . AT AR RO TS5 30 J0R, 11 5650 F0 1R 1) 3K
B 5 5 kg PR M AT I DAIE B A A 5 42 44 R R
IR L — R el AT i 5 v, X 55 2 N2 TR v
SCEE P A2 St 15 25 U 0 AR ) 1) A T 5 R WTHIE
B g OV Sk g 3 ). I A TR 1) B 25 2 I T BPARY
T I, BPARRRAE TR A RE R B 7 H T
#2241, BPAE 1] LU -1 SRS AN o .
P PRI AN o P58 e WL T AE 9 T P, MR S ok
WS BT E A 1P TR AT A L DRI AR SO 3 T
UEHE AR B AN o 55 A A 3 AR T S I s A4k 1)
B IE, VAN S SR 41 45 i .

ANHf e P B3I B M (fuzziness)
5¢(discord) FEF P (nonspecificity), J& & AT FR 4
% XM (ambiguity). EHE IS IBPARR S T PIFHAS
e Pk oS R Rk, SR 2 S

FEUEHE S R WL A 2 P R o

1) AE%F 5 % (nonspecificity measure).

N(m) = > m(A)log, |A]. )
Acoe

2) FE AN E ¥ (aggregated uncertainty measure,

AU).

AU(Bel) = rgax[— > Do log, pel, (®)
Bl GcO
Bel(B) < > ps < PI(B),
0eB
0<py<1,Ve0O, &)
> po=1.
9€6

2®) T 1) P AR BT A1 2 (9 4 B
oA, Q)2 — ALK AR ) B, RIAE T AT B AR
RO OUT, 128 B4 2(8) Hh I H5c K — 41l
KA1, B K EXShannondf R 4 AU.

3) RVAANHE E ¥ (total uncertainty measure, TU).
AR B e R AU 26t 4165 B

TU(m, 6) = 6AUGm) + (1 - )N(m).  (10)

4) % X J%(ambiguity measure, AM). %O = {6,
Oay -+, 0, AHFHHERE, miEBPA, & X
AM(m) = — > BetP,,(0)log,(BetP,(6)), (11)
=)

o
BetPn(0) = > m(B)(1/|B]) (12)

BCe
B AL i {F BE R MY (transferable belief model,
TBM) 25 X f¥pignisticlE = /3.

R AN E B, AR R BRI R
PRI — )2 THI AN o PR, T O6) 1 HIE 4 P 3B 1)
MO B — B R TC VA U . A A e
T AURE 4> A1 PR G0F 48 A4 3 3508 10 ANl e 1, HL R

[Fi) S 3 A O AN 2 JEE R 1 54N 2 1R U9). {HAU ) i
FE T 0 UE 9 A 1R A8 A AN B0, T HLvE AR s B A
L AN R JETUSE PR b2 AR = 5 5 AU N
BLXFFTURL, ¥ %%, AULELER) ] JTUAR [A) I A7
155 FIR, 745 S HOE R B GRA0) T 16), BITUS>
MINZ KFERE EMOBAUS R R 57 . 2 LEAMtE
& PR AR YE AN e P . BARAMRH AN
iff 7 J A T Ok AT I, AR R AT P ) T
RIRZWNNE 1, 2 R IBFBPAZ G R, 4
) AN B R R A ), BPAS % 18 2 e R i3
BrRBPA ) B I, AMUE A] LTSRS AEUE 38 44 1) AN 2
FEM. AHLLAUTT &, B /6 AMUE S A W {E. AM1)T
A R 2 T o AE i R S N I BPAGH i pignisticAit
R 20145 31 R K 43 A 38 11 >R B Shannon 5 EL /.
1Mk A AVDEIE 488 A7 10 28 14 A A SRk D10 B AR IE s 2
W BRI B 58 8 I AN kB B
MR 2 S5, FEAR SCI AR IR T AMAE AN o
FEFR PR KA 15 A

ARG FE T R AR B ASH e PR, F 4
PR IR AN S DN, IR AR W EOR
TEF B VR, AT A BBk 22, ) YR SR AR, T T
(AL R 7 R /) T 5 R B, T A R v, 6 o
AT R, BT A RCEE N OK. BPAE S AMZ 3] 2
SRR ZR . TR 1 e % AMEX 6 8 £ ik £ AT
A A BT, 28R ] DL 2L B R B0k F i
B, b sk (3 555, R 2% 18 2 AMAE7E A O 1% L,
B H B 58 4 0 5 R0 AE 30 B, O P gl I ¥ 6 AMISR 459
H, 1 G ARER EOTAA AR RE I ) L

BCE R B AR g an T

WA A G U Am, (i = 1,--- ,n), L&
S I ) AN 502 EE DA AML, A5 AU 38 A48 B 1) AR
h(ach S ER £ 250

_exp(—a-AM)
Wi = S exp(—a - AM;)’
J

KA E 2 )5, 4% 5K (6)13 212 1E Ja HIAIE
P A&, P MK PaDempsterilE 35 41 & 2~ it 17 — 1K
S, RIRT 7 3 a5 2 (AR 41 & 45 1. fude Bk 2
o HUIR I EAKSE R I AT ok, X T
TRUE S AR AR ] . (R AN R R, RIS
E RIS B AL — % AT AR ., RIS 4 il
A AT,

4 SEE ] (Numerical examples)

4.1 H 411 ZadehJx f5](Example 1 Zadeh’s counter
example)

Zadeh S P WA 2 111

13)
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A hrmg Fimo ¥y Bayesianfis J& pR 20(£ o0 34
g B AR T0). HOAH DY ) pignistich K 43 A S5 BPAAH
[F], B Sk EAMAH 24 T 3K B Shannonfi. THE 11594
AMUEHE 4 1AM 240.0808. A2 A T Hw, = wy =
0.5, UEHEZH & 45 R i

m(M) = 0.495, m(T) = 0.01, m(C) = 0.495.

A, AR ST G F
4.2 HpH2(Example 2)

i H AR RGN ARG A FHANML AR AT 5 RS
HAR BT S. WHFHHER N O = {A, B, C}. 4%
JEER TR EUE B LR T s b

my(A) = 0.700, my(B) = 0.005, my (C) = 0.295,
ma(A) = 0.000, ma(B) = 0.400, ms(C) = 0.600,
ma(A) = 0.800, my(B) = 0.000, ms(C) = 0.200,
ma(A) = 0.750, ma(B) = 0.010, m4(C) = 0.240.
EEXTANBPAZM I SRIZ B AM. 1 54 s (12)3k
HH 2% E AN i pignisticBE . il T A5 e 3 44 %)
JyBayesianfii J& & %L, A Hpignistich] K 5 JFLBPAK
fEAHIA], 2350

Bet P, (A) = 0.700, BetP;(B) = 0.005,
BetP,(C) = 0.295,
BetP,(A) = 0.000, BetPy(B) = 0.400,
Bet P, (C) = 0.600,
BetP;(A) = 0.800, BetPs(B) = 0.000,
Bet P5(C) = 0.200,

(4) =

A) = 0.750, BetP,(B) = 0.010,
Bet Py(C) = 0.240.

BT XX 44 pignistict 2 43 5l sk HX Shannon 5 S, A
4: AM; = 0.8798, AM, = 0.9710, AM3 = 0.7219,
AM; = 0.8719. Ma = 6, #45 (13)k BALE
TR KO FF AT 22 J5 I UE K R m, s (A) =
0.6810, m.,,.(B) = 0.0492, m.. (C) = 0.2698. F
FDempsterilk- 45 241 & KPR m,,, , 2530 BT AT 15 B
BHGHER. T ﬁﬁﬁﬂiiﬂlﬂfﬁﬁmﬁﬁﬁﬁ}%%ﬂkm
JIEAN, EERE b Uk 4 A4 7] 5 A FH Dempster2H 45 AR
JUJ . Murphy (%) UE 9 44 7 33546 1 7 3% LA R XS 55 (1) 2k
TUEH BE 0 IAUE IE 7 v AT IR 41 A, A5 R
RIS,

A, TR R g S TP, b HoAh % 5 k4
MR R, NR I 45 K nT LU, 2k T Dempster
UEE 415 FUN) B R AT A6 P A 45 52 Bllmo 1)
T, J5 SR e 4G CAS AT RE R SR AT IR A ) o
gl AL, 1M JE T Murphy 19 UF 95 AP 845 1F 735 X8
A5 NI 845 1F 77 9 L K AR SC P 4 5 v 34k

AFUESE A &, 3R] DAT AR BE S (1T 9E. AL
TMurphy )~ 448 1E 5 V5 15 X8 55 45 NI ALY 1)
J7iE, B TSSO K 5 245 2 1 2 & A R

A1 BATAL LR d
Table 1 Comparisons among different combination

approaches
HE 73 mi2 mi23 mi1234
e (A)=0000 m(4)=0.000  m(4)=0.000
éﬁA m(B)=0.011 m(B)=0.000 m(B)=0.000
: m(C)=0.989 m(C)=1.000 m(C)=1.000
i m(A) 0.337 m(A) 0.710 m(A) 0.889
m(C) 0.550 m(C) 0.276 m(C) 0.110
iy M(A)=0.337 m(4)=0.8502  m(A)=0.9592
syt m(B)=0.113  m(B)=0.0030 m(B)=0.0001
m(C)=0.550 m(C)=0.1468 m(C)=0.0407
K MA)=0440  m(A)=0931  m(4)=0976
e MB)=0079 m(B)=0.000  m(B)=0.000
Ix 1z
m(C)=0.481 m(C)=0.069 m(C)=0.024

DAL e 3 o Wi S 3K hoxt A5 R R Ay
PEHR. H R UE S 4L 5 VA AR Z5 POk e AT 4
— IR AE. SR I v 32 AP AS T T ok
T AT R AT A AT SRR, B
BRYE; 534k, AT DO 2 52 15 IR A RANE T
7 BRAR. WIZPIAS RS ERGETE T, AT K7
AR A EA .

5 4Z5i&(Conclusions)
TEAR ST E- T 56 T AN e FEAE 1E U4

PROR RS i o SRAIE AR AL A5 (10 5 3%, 26 4 RR WA
SCTR TR BT AL
BER i SGUESE AL 5 (WE T, B T8 IR A

& R A AL S UM AT T T BB AR 2
HIT (0 A b 2R RIS A AN 2 B 2 B R AE
AL R, AT T R A RCR UL B A
AR ) 6, U B AN 52 B v A e iz
M. DRI B Ve v AN 52 S IR ST R A R b oA
SHUESE B Ve Y U K — 2P 4 e
TR I A2, ARSI A R AR U s R b U
CIETS = 8741/ Nt X W S T e T 17 4T TP S
R TR A A0 SRS P T MR
e M AN T S R T R (1 5 B R R
I B AR FE AN E FEAEAT AN REAR O TR ) L. i
i 24 AR D 5L R A IS BOE, IX 2 A SR K
IR0 W P



792 2 1o I AR 28 %
%% i ﬁ(RCfeI‘GHCCS)Z (CHEN Weijun, JING Zhanrong, YUAN Fangfei, et al. Shortcomings
. . . of D-S evidence theory and its mathematic modification[J]. Journal
[1] SHAFER G. A Mathematical Theory of Evidence[M]. Princeton:

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Princeton University Press, 1976.

DEMPSTER A P. Upper and lower probabilities induced by a mul-
tivalued mapping(J]. Annals of Mathematical Statistics, 1967, 38(2):
325 -339.

ZADEH L A. Review of Shafer’s a mathematical theory of evi-
dence[J]. AI Magazine, 1984, 5(3): 81 — 83.

ZADEH L A. A simple view of the Dempster-Shafer theory of evi-
dence and its implication for the rule of combination [J]. Al magazine,
1986, 2(7): 85 —90.

SMARANDACHE F, DEZERT J. Applications and Advances of
DSmT for Information Fusion[M]. Rehoboth: American Research
Press, 2009.

LEFEVRE E, COLOT O, VANNOORENBERGHE P. Belief func-
tions combination and conflict management[J]. Information Fusion,
2002, 3(2): 149 — 162.

VA, WEFE, U . — P i THE R e 1A A KT
244, 2000, 28(08): 117-119.

(SUN Quan, YE Xiuqing, GU Weikang. A new comination rules
of evidence theory[J]. Acta Electroniaca Sinica, 2000, 28(8): 117
-119.)

SMETS P. Data fusion in the transferable belief model[C] //Proceed-
ings of of the 3rd International Conference on Information Fusion.
Sunnyvale, CA, USA: ISIF, 2000: 21 — 33.

K L, R, KA. UE R A Tl 0 R ST A R,
2001, 22(4): 369 — 372.

(ZHANG Shanying, PAN Quan, ZHANG Hongcai. Conflict problem
of Dempster-Shafer evidence theory[J]. Acta Aeronautica et Astro-
nautica Sinica, 2001, 22(4): 369 — 372.)

HAN Degiang, HAN Chongzhao, YANG Yi. A modified evidence
combination approach based on ambiguity measure[C] //Proceedings
of the 11th International Conference on Information Fusion. Piscat-
away, NJ: IEEE, 2008: 1346 — 1351.

FLOREA M C, JOUSSELME A-L, BOSSE E. Robust combination
rules for evidence theory[J]. Information Fusion, 2009, 10(2): 183 —
197.

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

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

RG22, SR 2R, 2205 36, A5 D-SUEHE BLIG 1A E K L HUE S
IED] HABR Az E R (E AR, 2010, 32(2): 161 - 168.

of North University of China(Natural Science Edition), 2010, 31(2):
161 -168.)

[15] ShERiA, AU, Bolllt. 2 U5 R G M. bt iR R R
#t, 2006.
(HAN Chongzhao, ZHU Hongyan, DUAN Zhansheng. Multisource
Information Fusion[M]. Beijing: Tsinghua University Press, 2006.)

[16] LIU, W R. Analyzing the degree of conflict among belief func-
tions[J]. Artificial Intelligence, 2006, 170(11): 909 — 924.

[17] HAENNI R. Are alternatives to Dempster’s rule of combination real
alternative?: Comments on “About the belief function combination
and the conflict management problem” - Lefevre et al[J]. Information
Fusion, 2002, 3(3): 237 — 239.

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

[19] JOUSSELME A L, LIU CHUNSHENG, GRENIER D, et al. Measur-
ing ambiguity in the evidence theory[J]. IEEE Transactions on Sys-
tems, Man and Cybernetics, Part A, 2006, 36(5): 890 — 903.

[20] SMETS P. The transferable belief model[J]. Artificial Intelligence,
1994, 66 (2): 191 —234.

[21] EHE. shIEER G SR METFID]. KJE: bk, 2007.
(WANG Xiaoxia. Research on the combination rule of conflict evi-
dences[D]. Taiyuan: North University of China, 2007.)

Y&
g R (1980—), B, Wi, w4 SN, FEMR T

S AN E PR AR A ELAE S L H AR L S S0 E-mail: de-
ghan@mail xjtu.edu.cn;

B (1975—), B, IR, LRSI, G0 E
Aler s 2 hefs B AL EE, E-mail: doctordengyong @yahoo.com.cn;

B (19430, U, R, W LA S0, B EHITT R oA
ZYHE S BEPLE S B8 AR AE LA GE 2 Hr, E-mail:
czhan @mail xjtu.edu.cn;

B & (1980—), L, [, YR, TR 4 2 I Rl
B BB AL, RAT 2R, E-mail:jiafeiyy @mail xjtu.edu.cn;

#OF (1974, L Wk, BIEER, WA, EEBITr
7] 2945 S A, E-mail: jlangwen @nwpu.edu.cn;

TR (1973—), B, WL, BIZER, WL E S, 2500
) Ry G AL R L B85y ) 5 EVRLS, E-mail: hou-zhq @sohu.com.



