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Abstract: A novel combination method is proposed to handle conflict evidence. A method to obtain evidence’s support
degree is proposed by calculating the focal element-distance, and then a “referenced evidence” is obtained by averaging all
evidences according to support degree. The referenced evidence is used for uncertainty verification and model modification

of the original evidences, and Dempster-Shafer rule is applied to evidence combination. Numerical experiments show that

the combination result of the proposed method is rational.

Key words: conflict evidence; combination rule; uncertainty; model modification

1 51 §

T4 BEIR 2 tH Dempster fEWF 5T G811 1) @I 15 G
FE . I tH Shafer JF— 20 50 35 F1 KR D R 1) 4b BEANTH
S P B () 8 PR B0 O vk, PR B Bk T A ]
fEREFERLAR 2, EEALSE M 10 S 4 At 1 1)
A NP FHANAA 2 1, DRI AR H A5 R0 512 W
P AT A A 21 T T IR .

TEHE 20 A U A& UE 4 B A% L, X4 A 45 R
B S 45 S8 H . DS (Dempster-Shafer) 414 5
T3S AR S 4 A 1 (PAIE S 2045 [l i, k3l 2 [
AEAE PRI, & S5 R e i B O TH M
A TS JEE R SR PRI UE 4R 4 5 1) R, WE TN DR T 2 A
fift PR ITVEI2 X BTV AR L. RO T T OB
MG TTEPAAAE ), S T — s e 41507
Vi, T EL S 5 LA (R LR 32 TR AT LU,

Ig%5 BEA: 2010-06-18; f&[E HHA: 2010-08-29.

S L I 7 v ATt S, BB S A L o 5 R S
e, SRS P A 45
2 XEEHEFERSTT
21 HEHMM

By, mo HFFHELL O LSS FHIESR (1 5
KL, M DS 4L Ak

my & mo(A) =
0, A=g;
1 (1
m Z mq (Ai)mQ(Bj), A 75 .
AlmBJ:A
Hek = Z mi(A;)me(B;) AR, £IR
A\ B;=2

AN UE R IR SRR I . AR LS4, MM IEHE 4L A
KA M(A) =mg ©mae @ - ®myp(A).

HEE€WH: T AT HET 0 H (426010501); -+ TLEATEFSEAT T H (51305060204);  H E TREH BATH e

K HUEHFFLIHE (-06-0401).

{EEEIN: BEE41983—), 5, Wit4, W= [ 5h H bRl BuREE s, MikFa9e6—), 5, iFst i, 14 S,

MR RIS



884 =

K

& * % 26 %

MR Y O PR R i, Gl I DS 21 A R ER A (1)
SRR AR L AN B XTI ANIE
o mi(A) = 0.9, m1(B) = 0.1 Flmy(B) = 0.1, m(C)
= 0.9, HEEILA my @ mo(B) = 1. R4 il B LW
AN UEHE R BEAE R Sy AR /N, (R RS A G2 )G
BN YA, A6 85 A L
22 A E

AT 2 B v b SR AR IR AT AU S o LR A PR
Y — AN B ) 8. Smets!MIA A T A5 IE 41 £5) /2 m] SE 1,
AR I S I R U E B () AN 58 0 . B TS B
35 D0 P A R A 5 O AE 58 4 TS, % TR IR AN SE AL
Yager!?! & H FHE L (1) 5f PH T SR 1, KT 98 2
X B F PR A S0 R, TR SCRFUEHE ph SR A 4
BRMAZS T AR EN AU, IX S b2 K UF 45 1) (1) 3 58 4 5
1 0E, BRI T 0T SCHR [3] TA A RIS UE 98 2 W) A7 A
MO, WA AT I, 3 HoRs rh o 4% — s bl 43 Il
25 A A 0. SRR A 23 FiC i 58838 A SCIR [4-5].
MEHE S ke, TX 26 5 93340 S8 Jl i 5 DS & BE U)K ik
RPP SR P I 2145 ) . Lefevres NOHR 48— 15
J55 bR A 5 T R I TR R — OB X, 3 B e
AR Kg o SEEAT FEOH 3 T 1) ) 7.

KRB EHNNE A5 85 R 5 &P O, A
W G5O, oV Y HIAE S bR 2R 48 b 16 23 A 2o A
Z. SCHR 7] 40 B de H, VF 2 G R & DS 4A R
HR I ) PR 1 O, SRR R U B A T ) L A
[ AZ LR DS 24 A RUUANAS, SE AR A E I, B % i

R PR AR N 693 PO R A2 e b SREIE 488 1R 20 5 ) 7.
(8] ot 18 S Uk 45 45 284, ) FH DS R0 AT Uk 4 41 5,
AL S0 e EEVCE D B, (914t T — ik T
WA (I UE 38 45 774, H R S s e ) (R A 25T
B ] R0 T R 110 e B 8 AT — AN BH A R A e, DT
KPRV AT B ARG R S [10] 42 T —FPiE
P T4 A, S5k BT n ANUESEBEA T T BRI,
TR DS MEHEAT n — 1IRALG. 17V RE B 93 55 it
SEUEHE T 2 5 45 R 520, (HAS & 2 A AE TF 2545
ST EERUE V1), AT 5 18 B 25 MR 2 18] ) ST
[11-12] 75 [10] P2l F AR T ook, % &k 47 vl {5
FEIIA Y- 38). IXZRUE 3 141 4 5 v U4k s
Bygh Wit AT IR B G, A AP S & e — Ay
S5, MG &5 R AT BRI WA k) .

ARSI, DS A FN AT 58 £ 1 B0 e Ve, i
TAESEPR RGE AL RIUE, 35K A SR H AR 7R 1)
A RE RS e SEUE M8 R 20 Tl . 3k s SR 2[R
(A TCRE B, B2t — ol B v SR SRS R 7V
MR SCRF E B AN [FDRF 25 UE 48 W7 AH S (R AUAEL, FF06) i
HUEYE AT B34, KA 1 45 A “ S H U .

I FH 2 26 E 4 68 35 DR s Ul B 30 AT AN o k) e e
1E, JEFIF DS B 58 il B 2 & S04 145 R L
T ARSI A BRI R
3 HMAE LR
31 SEIEEHREG

HERAESL O b4l N A58 2% 1 B AN AH 25 16 i
WM AN Ei(i= 1,2, M) R R B 5 0
mi(i = 1,2, M). T4 oo & fE o
A

EX1 2 Fukdh B (T &S, 28
BT 4 1) A TG AR 4R, B

VA C 2, mi(A) >0, 2

2=oJ2J 2w = {44, 45}, )
o T Q (LA
EX2 65 XA b, 5 SIER E B,
2. Ty 45 TCHE 85
1 J
di = \l 3 D (mi(4;) —mi(4;))*.

Jj=1

“)

R A i € [0, 1],
INE PEI 1 ST, AR 22 0 S R p 15 4
TEHLB R RMISEI. iy BN, B, BB, HA SR R
e, % 2 IR, SR B; 504 HEHR 10 T4 e
BB Ny o, AT ISR 2 ) 1T Y T ERE 85 3 do, B

1 M
d; = i Z di k, ()
k=1
1 M M
dy= 55> dig 6)

1=1 k=1
% di,k < 80, )”JJ?A?JW»F}E EZ' %D Ek ’{‘HEEZ#I: I'TE’X Ek
X E; I SCRRFE A
) ) {

MRESE B; 3RS SR 2 F
M
S(E:) =Y Sk(E)).
k=1
W SR P IRAT 1 S FR 2 T AT 0 — L Ab #, A
M
w; = S(Ez)/z S(El)
=1
w; MBI SRR, BHIEYE B, 345 FBUE. ¥
UEHE P R A R AT SR B34, 3 284 5 2%
UEHE” Eo ¥ it it B ACA
M
mo(A;) = Zwimi(Aj)a J
i=1
32 RIGEREMEIE
SEFR R A, R | AR R AN R B AT

1, d; 1, < do;
Sy (E; @)

0, otherwise.

@®)

€))

1,2, ,J  (10)



Fo6 M

RE4S 5 R TARAUS 6 RILBLEAH 7 ik 885

PLAEIA R (50, A BRI IR A B A — 5 A
W Y, AR AL e, 4 T 48 1 AT
1 T B, 2K L, B R I, 1
W PR E ) B2 15 Bo BURBAE A, KA. % m; =
[mi (A1), m;(Ag), -+ mi(Ay)], FIHRKINHBLE o; Rl
J7 BRI B, PR 265 220 Ao, 45

oy 1 Ul mol | a
[[mo]|
2 79
B; =1 — —arcsin 7<m m0> , (12)
s (|| [|mmo ||

J
Hrh (my,mo) = mi(Aj)mo(A)) T R, T

=1
] = T W) B SR
Ai = oy, (13)
S N € [0, 1), BEBEATENR B, M50 & it
TR AR RO

mj(A;) = Ximi(4;). (14)
KRR RE 1 — N\ WS A A i, BN NESE 0, B
mi(6) =1— \. (15)

P& IE 5 16 n AN UE P 4% DS FUUEEAT 415 1B g
K, RILTTHE F L TRAT:

Step 1: XFF R 1) n ANUEHE, I UEHE 2 (8] 1)
FETCHR BTSN IE S IV — A SRR

Step 2: BEAT SCRFEEIMALCTE), 13312 % R,

Step 3: FIH Z R4 V1 5% A I AR UFE 4 (11
PERERE, I 8 UG UE S AT 1B 1

Step 4: FFH DS BN 5¢ B E 4 41 7

Step 5: 455 n 4+ 1 /MIEHE RIS, #44 Step 1.
4 HHIE

T4 3 AN B, SR LA RS R T VR T ol
SEUEHE AL BERE 7. XF LG 24T DS 71 Yager 77
123 TR [3-4] TP b 5843 BCVE « SCHR [10-12] (1 E
Pt PR A G LA AR SO 5.
41 EHpil

DAVRUEHS 20 G A 4. K F SCHR (31 iS00, UHE
O ={A B,C}, ikl By 1 Ey 150 s 500 4
m; = {0.99,0.01,0} flmy = {0,0.01,0.99}. i d; =
dy = do, BT wy = wy = 0.5, HETE ] my = {0.495,
0.01,0.495}. H1 3K (11)~(13) 7T K45 B E 3 10 o Pk
M = A = 0.2929. BBEE MR RE I m, =
{mi(A), mi(B), my(C),mi(6)}. A (14) M (15) 11

m', = {0.29, 0.0029, 0, 0.707 1},
m)y, = {0, 0.0029, 0.29, 0.7071}.
FIH DS MU AT 4 A T B G 45 0. R 14

TS AR SCTEAEN I 8 MOE AL & 45 2R, o
LEPRUEHE A5 B0, SCHR [10-12] B 0F 4 17 B 41 457010
A R,

F1 BH1RMAEASHERLR

204 FU) m(A) m(B) m(C) m(O)
DS 0 1 0 0
Yager 0 0.000 1 0 0.9999
Sk [3] 0.182 0.004 0.182 0.632
iR [4] 0.495 0.01 0.495 0
CHR[10-12] 04999  0.0002  0.4999 0
KSR 0.2243 0.0045 0.2243 0.5468

A P RPN UE S S FE RO, 2 1 e Al
AR LA 6T DS LA U, R B EW
ANUEE ) B ALY TR S8 A /N, (B R 205 45 S A
7320 m(B) = 1. Yager BEUPRE A 2L b SR8 A8 70 W
ARIRLE T AN, g5 Ml TR SR [3-4]
ST BCVE R RS PP o4y 3 B 4h &M BT, JB B
BRI J7 38, AR SCER 2.2 15 4R T 15 SO ik
IANE B AT TR

1) PIANIE B w51 FE v 52, WAL i B E s oA
[SINAEEIR LN N 7 5 LT

2) WHIESE I DL 0.01 MEZ S RE il B, WA A )5
(RIRIE 3 P iy 8 B AR I 1% 320 0

3) PSUEHE 221 L 0.99 [ 43 7i) S R dim i A O,
T IR R A T C R I 1% AH [ AR

ARICTTE ARG 85 R A& 1 L BT
4.2 EHfl2

K SCHR [11] i ). HHRAESS © = {A, B,
C}, SANUE 4 1) 5t & pR 520 0l A my = {0.5,0.2,
0.3};my = {0,0.9,0.1}; ms = {0.55,0.1,0.35}; my =
{0.55,0.1,0.35}; ms = {0.55,0.1,0.35}. % FhJ5 VLM
HELRUL 2 PR, B (115 [12] TR 5 4
B, X RATSH [12] TER A &SR

X2 2 A TR U P 245 4 SR AT A B e O
B R AR 38 SRRl A, {HAIEE 2 A (1 3L A
ZHC A 0, A 15 DS FLUI AT Yager FEI [FI 241 A &5 S 14
Hm(A) = 0. EEBF RGh, XS AH 15 K — A~ 8L
D BAL B VR T 3 SO RGO R R . S
Wik [3-41 PP2E 5 FLVE IR 465 45 L 45 DS BEIU AT Yager #i
W Ay B, AEL A AR 2 W, L2 45 5 A X IR 7.

PASCHR [10-12] R AR UES T3 41 57 A 1 bf
M2 & 85 R, HSiom FEAL . AR, v BIPK %5 LR
AT RG22 )5, 4R Ca R M —E Ml suE
. DRI, PR AR 5 3T [ L2 A, AR PR S &
S e g R, A A 25 FAT B i) ) .



26 &

886 % 1 5 * £
F2 BEHI2HhLHAEESEREER
A F my, ma mi, ma, m3 mi, ma, M3, My mi, M2, M3, Ma, M5
m(A) =0 m(A) =0 m(A) =0 m(A) =0
DS m(B) = 0.8571 m(B) = 0.6316 m(B) = 0.3288 m(B) = 0.1228
m(C) = 0.1429 m(C) = 0.3684 m(C) = 0.6712 m(C) = 0.8772
m(A) =0 m(A) =0 m(A) =0 m(A) =0
Vager m(B) = 0.18 m(B) = 0.018 m(B) = 0.0018 m(B) = 0.02
£ m(C) = 0.03 m(C) = 0.0105 m(C) = 0.0037 m(C) = 0.0013
m(©) =0.79 m(©) =0.9715 m(0) =0.9945 m(©) = 0.9985
m(A) = 0.09 m(A) =0.16 m(A) = 0.194 m(A) =0.211
R3] m(B) = 0.377 m(B) = 0.201 m(B) = 0.160 m(B) = 0.138
m(C) = 0.102 m(C) =0.125 m(C) = 0.137 m(C) = 0.144
m(©) = 0.431 m(©) = 0.486 m(©) = 0.509 m(©) = 0.507
m(A) =0.1975 m(A) =0.3400 m(A) = 03978 m(A) =0.4294
SCHR [4] m(B) = 0.6145 m(B) = 0.406 6 m(B) = 0.3250 m(B) = 0.2798
m(C) = 0.1880 m(C) = 0.2534 m(C) = 0.2772 m(C) = 0.290 9
m(A) =0.1543 m(A) =0.3500 m(A) = 0.6027 m(A) =0.7958
SCiER [10] m(B) = 0.746 9 m(B) = 0.5224 m(B) = 0.2627 m(B) = 0.093 2
m(C) = 0.0988 m(C) = 0.1276 m(C) =0.1346 m(C) =0.1110
m(A) =0.1543 m(A) =0.5816 m(A) = 0.8060 m(A) =0.8909
R [11] m(B) = 0.746 9 m(B) = 0.2439 m(B) = 0.048 2 m(B) = 0.0086
m(C) = 0.0988 m(C) = 0.1745 m(C) = 0.1458 m(C) = 0.1005
m(A) = 0.1874 m(A) = 0.5018 m(A) = 0.6889 m(A) =0.7942
i m(B) = 0.3299 m(B) = 0.1481 m(B) = 0.0622 m(B) = 0.0180

m(C) =0.1433
m(©) = 0.3393

m(C) = 0.2652
m(©) =0.0849

m(C) = 0.2442
m(O) = 0.0048

m(C) = 0.1870
m(©) = 0.0008

1) 3 g 205 AU — 20 I LU AN 434

AR ) 5 V5 AR U M A B ph SR, 145 45
RECONA . BEAEUETECH 38 2, 45 45 R 1A
SETEAR /N, A SRAG IO BOK . B R4 (1) 22 B
e, Bl T 0; O RTFIME A ARk /), B 283Kk 45%
0.187 FIREZR. A\ 5 AN B AR o - iy 7L ) SE A 2R 23
B, 4488 FoR 30, FFA AT BUREE.
43 HpI3

T RA SRR [11] 50 10 3 AR 3 2 A 4, s A ST )
JIVE SRR A AT D . R HE 4R
6 = {A,B,C}, Bl 3/MNEHAE, 25 hm, = {0.7,
0.1,0.2}; my = {0.8,0.1,0.1}; m3 = {0.1,0,0.9}. ™
PO IL A 25 3R 3 .

%3 SxE11EEERMILE

A FN mi, mo mi, ma, m3
m(A) =0.9454 m(A) = 0.8963
k(111 m(B) =0.0168 m(B) = 0.0019
m(C) =0.0378 m(C)=0.1017
m(A) =0.8835 m(A) =0.7373
B) = 0.0385 B) = 0.0537
ARICT5 Ik m(B) m(B)

m(C) = 0.0639
m(©) = 0.0141

m(C) = 0.1421
m(©) = 0.0668

13 3 ) I, X TR ANIESE, d1 TP R BN, P
b7 A5 B AL 45 RFEA 8 B IE 3 /MRS

L5 TIPSR e B R 5%, SCHIR [11] TR 4L 6 85 3%
AW AR, 1A ST IR A A A R B b Sk 13X
ARG BT, AR 3 A e SRS O
AR AR WY AT . 1o SCRIR (110 J5 9 i) 20 & 4
R SR LR, 3222 f T 3 MRS K AP 1 45
ROLA— R LRI a8l ARSI,
B ARG AT 2k DS A A, 7 45 R0 SR i el A
PR ATV VW SIGHE EEAT R B, (R4 45 45
PRSI AU B, W] A R S

5 &4 ®
AR — B R SEUE S 5 57 W SO

FERIAN RIS B A IR BEA T INBCF-34, 3R A5 — AN S IR

Iirs TR S 5 U408 X 2% IR TR HEAT AN 52 P00

FABIE, FFRE AR Fn i i 51N UE S T, A 4318 1E )5 1

A8 SENAT A UL d 5 AT DS R 58 RGIE 4

Ay, L5 2 MO I B B, 45 R W]

TIERE AT AL B iy B ph SRAAE S, $ i TR AR 41

BT EEPE A A B

5 2% 3 ik (References)

[1] Smets P. The combination of evidence in the transferable
belief model[J]. IEEE Trans on Pattern Analysis and
Machine Intelligence, 1990, 12(5): 447-458.

[2] Yager R R. On the Dempster - Shafer framework and new

combination rules[J]. Information Science, 1989, 41(2):



Fo6 M

RZ 4 5

T ARG E 6 o RAEIELLSHT ik

887

(3]

(4]

(3]

(6]

(7]

(4]

(5]

(6]

(7]

(8]

(9]

93-137.

VA, TG, R R, — OB IR e TR BAe 1S A
2 [IN. 72440, 2000, 28(8): 117-119.

(Sun Q, Ye X Q, Gu W K. A new combination rule of
evidence theory[J]. Acta Electronica Sinica, 2000, 28(8):
117-119.)

AR, ik, SRR, S5 R AR E S AR S A
] Bl R AE S ALEE, 2002, 17(1): 37-40.

(Li B C, Wang B, Wei J. An efficient combination rule
of evidence theory[J]. J of Data Acquisition & Processing,
2002, 17(1): 37-40.)

T2, oA, XU . — b LA 43 B e 58 B2 (RS
HEBLAL AR P60 5 3R, 2004, 19(12): 1389-1390.
(Xing Q H, Lei J Y, Liu F X. One combination rule
of evidence theory based on distributing conflict in
proportion[J]. Control and Decision, 2004, 19(12): 1389-
1390.)

Lefevre E, Colot O, Vannoorenberghe P. Belief function
combination and conflict management[J]. Information
Fusion, 2002, 3(3): 149-162.

Haenni R. Comments on about the belief function
combination and the conflict management problem[J].

Information Fusion, 2002, 3(4): 237-239.

(B35 882W)

Zhao Y C, Song J. GDILC: A grid-based density isoline
clustering algorithm[C]. Proc of the Int Conf on Info-Net.
Beijing: IEEE Press, 2001: 140-145.

Ma W M, Chow E, Tommy W S. A new shifting grid
clustering algorithm[J]. Pattern Recognition, 2004, 37(3):
503-514.

Pilevar A H, Sukumar M. GCHL: A grid-clustering
algorithm for high-dimensional very large spatial data
bases[J]. Pattern Recognition Letters, 2005, 26(7): 999-
1010.

Micro N, Pedreschi D. Time-focused clustering of
trajectories
Information Systems, 2006, 27(3): 267-289.

Birant D, Kut A. ST-DBSCAN: An algorithm for clustering

of moving objects[J]. J of Intelligent

spatial-temporal data[J]. Data and Knowledge Engineering,
2007, 60(1): 208-221.

JE K PE, JE 9%, 4 SC. FDBSCAN: A fast DBSCAN
algorithm[J]. 524, 2000, 11(6): 735-744.

(Zhou S G, Zhou A Y, Jin W. FDBSCAN: A fast DBSCAN
algorithm[J]. J of Software, 2000, 11(6): 735-744.)

(8]

(9]

[10]

(1]

[12]

[10]

(1]

[12]

[13]

[14]

SRR, INBER, AT A, — Rl SRS (Rl 5 VAT, BT
FRHOR 274K, 2007, 36(1): 32-34.

(Guan X, Sun X M, He Y. A novel fusion method for
conflicting evidences[J]. J of University of Electronic
Science and Technology of China, 2007, 36(1): 32-34.)
FRELWT. K T BOBIAE e 4l 4145 J7 90 S L T (D). 25
LS, 2008, 23(2): 229-232.

(Guo H X. Approach to evidence combination based on
fuzzy theory and its applications[J]. Control and Decision,
2008, 23(2): 229-232.)

Murphy C K. Combining belief functions when evidence
conflicts[J]. Decision Support System, 2000, 29(1): 1-9.
XS5, W SCRE, At — M AL FLh SRS K4 & 5
R[], LA S 2R FAR, 2004, 23(1): 27-32.

(Deng Y, Shi W K, Zhu Z F. Efficient combination
approach of conflict evidence[J]. J of Infrared and
Millimeter Waves, 2004, 23(1): 27-32.)

g I, s 2 ARG 8 3 H AR UM R b SRR 4
BIHEN] REE TR IR, 2006, 28(6): 857-860.
(Zhang B, Lu H Z. Combination method of conflict
evidence in multi-sensor automatic target recognition [J].
Systems Engineering and Electronics, 2006, 28(6): 857-
860.)

BHAEAN, AR, SRALPR. Pl T 2 YO 114 1o 200 B 5
BT AL AL RAE 244, 2008, 31(2): 187-190.
(Hu X G, Wang D B, Wu G Q. High efficient clustering
algorithm based on hierarchy tree[J]. J of Hefei University
of Technology, 2008, 31(2): 187-190.)

Karypis G, Han E H, Kumar V. CHAMELEON:

A hierarchical clustering algorithm using dynamic
modeling[J]. Computer, 1999, 32(8): 68-75.
Modha D S, Spangler W S. Feature weighting in k-means

clustering[J]. Machine Learning, 2003, 52(3): 217-237.
Thanh N T, Ron W, Kutgarde M C. KNN-kernel density-

based clustering for high dimensional multivariate data[J].
Computational Statistics and Data Analysis, 2006, 51(2):
513-525.

He J, Lan M, Tan C L, et al. Initialization of cluster
refinement algorithms:
study[C]. Proc of Int Joint Conf on Neural Networks. IEEE
Xplore, 2004: 297-302.

A review and comparative



