FHRER 2009 4 55 19%: 45 7H9:730 ~ 734

doi: 10.3772/j.issn. 1002-0470.2009.07.012

ETAEEM—BEENPRIERASEEC

FALXD HOR”

Bizs FOF

(EMBMAAFENBHES XL TEZER ALK 100083)
(A e AT EHFER AL 100876)

B B FRAAALLERBRNENRRAGHESTHR LN, FTRGREY A8
LW R &R EW R, B EEHEF| A Dempster-Shafer (D-S) 41 & H M| K H B E4H 4
W SATH RAEFEAAH T AR LR AME ERAE, VRBT —RETFTTEE
A1 — 0 JE Bk REYE 4 A % ——CECARCL, £ 8 & B 4 Wl 5 oy % & &t
R EHTHAE, BT TEEESAALERGY W, KB B XA LR HATERL
ML BNTIEH—HEEMETREE, AR RASH AT, FUAENRE RS
AR B ok K, B LI 4 B R A, AT D-S 414 3 W | Yager 414 3 U f Murphy 41 &
%N ,CECARCI E £ RER S B EF WAL LER,

Kewdial

0 3 &

TG 4k 15 5% 28 W 28 (wireless sensor networks,
WSN) HARFT T L BT #b T 8 W B IR TR &
Sl BB R, BT 24N R
TR AL B B Bk S5 H R B, B35 112
W RAFAE N B E HE , OF BOR R R 2 4
RIEATRER AT E R, AT EN 2T AN
WifE BT LR A B AN YR R AT, 4R TR A
38

Dempster-Shafer (D-S){iF& B RE 485 47 b Ab HH
BAKR AW E EBRE R E B & R, 78
KRG fE R RS IR SR 2 S SR B T2
REF3 . TRl IE R fEERA 4, D-S IER
HEAXPRAT B R F, YiEFEEFE & E
whoenf, 0 — LR A A R B e, &
XEHA R, V2 E TE 4 & M S s e T RE
AR N R AR B RERT B £ 57, RO LAZR &
FIfo Yager &P LT D-SIERAEARF KIS
—LE T R ETA B rh R R EC A T R A AR
Murphy %5161 382 t — Fh AR BUAE D-S 3 378 26 4 500 F
BRI B n SRR B4 AT 4 B AT

D 863 71 (2006AA012222) FIJb s B F 2 S ST H ¥
@ 5,1963 4, 58, |4 S
(W H 3 :2008-06-18)

— 730 —

AEEW, B RIEE, —HERE, TEE

FHIJE, AU D-S BIALA n - 13K Lefevre 2 A7)
R G FERBAG T, BRI RN
BT A T4, IR R T Mtk B 3hr I 3k
BAUE, Beoh, — Bl i TR T sh R
SrEe SO AT B O S R BGR A S B . R
BRI TR RS OL T UG T84 IRCR ,
R Z A SRS FRN 5 LA ESE 48 WP R
HE RN 55, M LA ORIE R 4 45 2R (] 1E 7 B9 A
R 1) AT FE S

HEaRAEEM N EERERNHE R, A
R — T ) P S IR AIE 2E A RN, ARAS S
WIS E R . A SCHE S RHIESR IR B T S —
BUE LA B TESE AR X 4% FETLIT R ISR BE 44T, 3R
T P T AR R BOR R IR G R
(conflicting evidence combination algorithm based on reli-
ability and coherence intensity, CECARCI) , 33255 56 IE
THABM

1 ZWirHEHE S KA 85 R
1.1 D-SiF#EEipEml1

MEREIE P, i — S R E A AR TR A
B R IRBINELR, K" 0 = 16,,0,,,

B
VA SR 7 1) < AR IR 48 5 {0 s BE R, E-mail : sensory @buaa. edu. cn



TR BT RIS B A —B08 B B W SRR 24 6 3k

6,}. 1 O WA FEMRK—THRESTHNO
HIFEAR,IEfE PP = 10,16,1,16,1,--,161, 6,1,
[0,,051,,01 Kb 0 FREL,
Bk VA c PP, HWS m: PP —[0,1] 2
m(©)=0, 25, em(4) =1 (1)
WIFR m A HEEABEZRFEIR A% (basic probability assign-
ment, BPA),
m(A) AR A RREABERAGIRIE, 2 m(A) >
0, MR A HUEHE AT,
5 BPA MHRHYEHEEE s ( Bel ) DL ELBE PR %
(Pls) 5350 L
{Bezzp(@)»[o,ﬂ, Bel(A) = 25, m(B)

Pls: P(®) —[0,1], Pls(A) = >, m(B)

(2)
IAh, D-S iEdE B S SRt T —ANHE %A A B
BHE AR B’ my F my 73502 R —RHER 6
EREAMREIKRRE, BT A A4, = 1,2,
<) MB(j = 1,2,-), MIBIEIETEMH A AN
mig(A) =0, A = @

BNAxO

nE_ my(A;) my(B;) (3)
ml@Z(A) = —L 1- K
Hep K = nZ mi(A;) my(B;) B W T SE4 18] v 5
Ai Bj=®
B, o R REMEE,
N SEHR AT @ 5

m(A) =m @ my @ @ my @ my(A) (4)

HITHE BB RIEER A ER M EAER

SUR BRE, hy ke 5 o B S AR I I LA AR S
B

JeNHO

1.2 HFERBA

MiFdE R SE 2 mRET (K = 1), LA
2N (3) o WA, AEIEHE = BE S i (R K BB 4
ETF DB BEAGHMG L, Fln, % 6
= { Ay, Ay, A3}, FISRIESRTY BPA 43501

mi(A;) = 0.9, m(4,) = 0.0, m(4;) = 0.1

my(4;) = 0.0, my(4,) = 0.9, my(4;) = 0.1
MEBHEARXB)AH, m(A4) = m(4,) = 0,
m(A;) = 1o A] I, XA A SCHRe EEARA /NP 5%
W, A EHRE T IV B E MR, BARAAES
B B2,

LHEREF N —KIEE SEEZKIERTEAN
AH—38T, BV R SR, S I — IR R [A]

o 75b,D-S RSB A AL R 100% %0
S, X5 PRI R SLE A AT

2 CACERCI &%

2.1 IEFREURBYEEIR

B 14 TET WSN (WEE T2 Mg
My R SRt =, AR UG T
LA BRI B 2% BE , [) B T  HE X P 4% RT3
JRPERITR K o R E A T BT @ A A% Bt 5 A R
KRR, H ARk AL BRI AR 1M sink TN
Y, T A EELE, TR ETRAEANT
LG sink WR A2 THUE b, ATTRA A
TN R BRI PR R A ST A R R ik
REHEE GG,

R EEKEMEG , ERNE N AR R
BEMRESHA B LW R, %R D-S iEFEHE
W RN RXRTEERSNZHEEIWED NV
FRMSLHIESE , RN tmy, i = 1,2, , N} o RIGH
FIERFESR PP = {4, j = 1,2,-, M},
m;(A;) T i XHEERSE ) RS AR
WAAE , P 38 o T P 42 R AR B SR AR 2], A e
2w ARER A (i = 1,2, ,N),

ququququ N
’ - 17 W o
%‘H, ﬁ /f,t”" ( ) - 4
", Ny .\
» 1% s
£

%

4

. C R
S, CHE D CRAL2)

N

i}' ‘-\ !.a‘fj mﬁ_ "1,
e ~o =
Bl 1 WSN M= mE& a5
2.2 Hixigit

Fl%s WSN FE B B L2 i LR HR K,
B AN 5 2% BRI R RIS VA KT
AR BT H EFE RN BRAAEGERNZ
Mel , 3455 Y AH N PR R DT 15 o
2.2.1 UERETAHE

HRPETT s b S5 a8 75 15 R P R A 2
BB R RIS R SHE S, &5 sUAT LAAIWT 33 32075 A1
ZEEMR R IR H BT & SR A
BEABENEMEE, s 2WEERTE, H

— 731 —



EHABER 200047H $£19% $£7H

TSR TE R 2 W R R ARG T R R i T R
UT, SRR A IR AL R - GRS W A R AT SRk
B, R, B, RS S TR,
LRSS R &, R ESE T 58 5B A K,

BT ZNAPICR T ARUGTIABEAT A
GIEHRTR) B o EFT Rl E AL B R, BT LA, AT 25
TR AR IR R A AR AT R

AR ISR 5 it Y At Bl A A% B 19 U AT SE B
LLEEB RN d, MESE R FTSEBE Cre Wi X

d = mn(d;,)) i{=1,2,~,N

{Cre,- = m 0< Cre; < 1
HEGS], B, 7 5B A 1, R85 bR
CHER, 20 HRREHEN 5. A THEAR
(DR T RATBREARMEZ TR 1| HER, &
AR TN S , & UER A ) mass PRET RN

m; (4;) = Creimi(Aj) s A # O
{m: (@) = 1- 2im{ (4)

A.cO®

AR (6) T LUE L, i WAL, 38/ TR H]
SEUEYE AT IE 0 A A ) SCHRe BE , 7% T A 5 30 40 ME 3R T
BT RAGE O, NS T HX HAE LR M,
2.2.2 IHRHAGRFHIFE

ZRBIESE TIHER R, Z RS R ]
BB S SAHTE R, BUME IC IR AT AR B SR AT
“SEEUEYE”, B A B LR A T R T L E T
[, TR AR WO B I 4% 19 B BN Zr IR P i 4T
REPEET, BT R IR NS 5 UG, DARTHAS
SRR MR 25 (08 A 1) o B Ik 2 & 45 R
KB, 5] ATEHE KB —B0R R A A1
WF. BRETHELE —BORERMKK ST HIE
i, G A —BOR B R M EIESE , R & 45
SR IE ) — BRSO B

PR B LS , [ — iR BIHEZE T (1 5 £4iF
R 7t & — B E MR EN N

(5)

(6)

Eiy= 25, _,mi (4)m; (4) (7)
Kip= 20,04 _om (A)ms (4) (8)
AR ] B — BOREE ¥ 1 Sk
E1,2
T ®

BRI LAEH, Y [E#R K, UEHF (8] #) v 28 8

AN Y=0,EHE T2 PR, D-S HEMW KA Y

€ (0, 0.5]mF, iEHRE [l = BE vh s, AT D-S &

TR R A AL ; YE (0.5, 1), i
— 732 —

(8] RN, D-S BT AR AR 5 ¥ = 1 B, SR
R EE—BL RA R,
7 EBAIEE SR, W AR 1 —2OR EIERE

1 Y1,2 Y1,1v
Y. . Y.

1 (10)
YN,I YN,2 1 Nx N

X5 (10) A BF 4T [ &= 43 AE ks 5, 13
—ALabIR)E  FTARUEYE @ B —BORE(E

SN I TR

. EiN:IZlN:IYi’l -N

FI A — B8 BE A e IR AL A IR T B, — 08
EEBA, RS 5H 6 FIRF IS, ATSH A
EFH1Z;, i = 1,2,, Nl
2.2.3 REIUTHEHE

IERPIBT A B, IR Al sh R P R AL & — 2
HAREER, AR AN LS, WAREERN 27
SMECE RN AT, 75 DA PR B B R s o, TR
EIRRINAC . — B0 B A A vh e R 4 A
BRKANR Y, - K ) REARBR(RANR (1 -
Yia) « Ky )PIERSr. HIBBIFITICE A b )
FELLEXTH A G R R, 48 SCR P TE 84 0] 45 5
JLHI SRR SRS T4 A A5 ., Jo R 15 B 0 435
SECARAGR . A SCR RIS BE R4
XHEITCTER MR E . BRIERES A E T A
%S B = {By,h =12, ,M"}, HM" < M,

(11)

W& FETCH) LR Sur N
N
- m; (B
Sur(B,) = %lﬂw (B) (12)
Eh:lzzelmi*(Bh)

MRS X RER LI SRR, e FE A
RRRZ , TG 21 5 5 3R 1) 20 BOIE 48 SCHF 1 il
T7 s
2.2.4 EEHAEAK

FT LRI IR B 4G MU E SCINE
204 ami’ (4« m3 (4)

+ Sur(A) . Y1’2 . K1’2 A # @,@
ZAnA:Amf‘ (A7) - my (Aj)

+ (1 - Y1,2) . K1,2 A =06
(13)

m(A) =

2.2.5 iR
WIEAAEANREAREAEFEISIRME, oJ#



TR BT RIS B A —B08 B B W SRR 24 6 3k

LT RN TR, 3 341,45 c O, H m(4,)
=max{ m(4;), 4 c O}, m(4;) =max{ m(4;), 4,
c 6, H A, = A, HHR

m(A;) - m(4,) > ¢

m(@) < e,

m(A;) > m(0O)
MW R N Ao H, e HTSGIE HBRHE,
RIELFRZWHE N, 2 KRG ¢ #ER 0.3,
€, 0.1,

(14)

3 BB

T T DA T TR S W A LA R FE S SR B IE AR
ERARE, BRENIEE 6 B EREE T A,
A B MR AL A BB KR R 50m, 160m, 120m,
80m, 200m, 100m, RAFNHEZR O = {A,,4,, 451, H,
A TR KM 5 Ay TR NIE"; A BARCIEHR”;
£45 0 FrrlagiitiRth AT B IEH . A IR R TE
RS WEAMRISIRIE R 1 FiR,

F1 HEILEW BPAE

BPA A A, As )

m; 0.90 0.05 0.05 0.00
my, 0.00 0.85 0.15 0.00
my  0.65 0.20 0.10  0.05
my 050 0.15 0.25  0.10
ms 0.35 0.15 0.45 0.0
mg 0.75 0.10 0.05 0.10

B AF(5) FTARIESE B AT S8 BEAE 5

Cre; =1.0000, Cre, =0.7924, Cre;=0.8394

Cre, =0.9103, Cres=0.7579, Creg=0.8706
ALK (6) - (12), I RIEIEA BT {Z) =
{my yms ,my ,mi" ,my ,mg | FIAILITTH R
Sur(A;) =0.5738, Sur(A,) =0.2501, Sur(A;) =
0.1761, HUBTHIIESE 4 & 2~ XAl B Xt a5 A, 15
RFFED 0.7843, T L HLRAN (14) , BR A AT R
M. 32 4 W T FHESEH G N 12 B 45
o XFHF AR, R A m R, SR
BHEEN B SERN BT N ERSIER . =

A

2 FARAEGHNTHHEGER
2ﬁﬁ¥2&)ﬂﬂ 2ﬁﬁ?§% my; my my my m3 i 2 s T 2 T i 2 T
my my ms my ms Mg
m(4,) 0.0000 0.0000 0.0000 0.0000 0.0000
DS m(A4,) 0.8500 0.9043 0.8709 0.729 0.7825
m(Az) 0.1500 0.0957 0.1291 0.2704 0.2175
m(0) 0.0000 0.0000 0.0000 0.0000 0.0000
m(A;) 0.0000 0.0000 0.0000 0.0000 0.0000
YVaser m(4,) 0.0425 0.0085 0.0013 0.0002 0.0000
o8 m(4;) 0.0075 0.0008 0.0002 0.0001 0.0000
m(@) 0.9500 0.9908 0.9985 0.9997 1.0000
m(4,) 0.4880 0.6394 0.6649 0.6292 0.7038
_— m(A,) 0.4880 0.3300 0.2674 0.2360 0.1877
U m(4;)  0.0241  0.0300 0.0645 0.1311 0.1032
m(0) 0.0000 0.0003 0.0014 0.0016 0.0025
m(A;) 0.0214 0.6143 0.5375 0.3918 0.6745
RR[12] m(A,) 0.0713 0.2034 0.1037 0.0846 0.0656
m(4;) 0.0049 0.0930 0.0931 0.2174 0.0741
m(®) 0.9025 0.0893 0.2657 0.3062 0.1857
m(4) 0.1085 0.3133 0.6737 0.7028 0.7843
CECARCI m(4,) 0.3121 0.1796 0.0669 0.0971 0.0772
m(Az) 0.1610 0.1775 0.0545 0.0595 0.0466
m(©) 0.4185 0.3295 0.2049 0.1406 0.0919
(1) DSHAFHNE FHE2EHF TIEHEMP  THEEISL.

Mo HBWIEER N 4y, X5 REBOUERE S Fran
B A BT, FRENEFTAHGAKXPH
AL T, B T R ] R rh R S SR

(2) REHBEEM Yager AN ER AN T 1
TN BB 4 SR 1 B A E M {H Yager J7 ¥R ALUE

— 733 —



EHABER 200047H $£19% $£7H

RIS R 2 BLA RIS 0, BUFHAS
RMBIMERR, B PR o FIBEENIARE, A
s —E A G R, IR AU e
PR ERERA S EITTITE, NHAR TAHE
G5 R 1) ZHOEYE R A i 7 U

(3) Murphy 32 H #18 BUBE TR 75 125, 4 2 S IE 4R
IRFEAS HE 32 45 IR 56 5 (BPA) [EHEAT T -1, R
EFFEATR B ETE MR, (Al T 8B % RSB R
FEH A7 AE TR I8 o7 52 PR X 416 5 SR i 5 ), DA TG e
RTIEREX FIEMABMRERE . FE %A HE
Fi8 P X IF B A A LA T B, K N ) 5 B 4 (31
an, uEHE 2 A S)XFIEB A Ay B —FB S BT
IR T ARAE, 28 T A A S5 R i IE Ry A )
HIRC SR

RAES BT =50 , SCEk[ 12 R Fard A
FIE RS T 0.6143,HH TR = BIEIRA G KT
ABGESR AT SR S R e, AR 2 A & 45
RWIFATAR, FEENE R TR S KT 4
B EERMRN , B T A HE mh IR K R R UETR
SRIG & —Z0R BEROR LT IEYE , 5 T TR
HIBEHLL & B v] BB 3 A WS Tl R MR 4 B [ A
P TIFIEAEX IEMarE i R AR

4 % i

ZERAEEMIFTSER LR 5, 32
T — P T AR B —BOR B s IR A A
o ITEES T R AN SRR X HE 4R
SR, 7[R 25 I 48 21 6 P TG SRR BE 1Y
HAi b XHESE PR ET T & EE NS, R TAS
SR 1) IE A A AR T I O RABBE . SKRAS SRR,

CECARCIHZE: I H S iEE EH U & A & B R
FIIEYE , T H 40 A 4530 BA BT T (S P& #E

&30

[ 17 Stoianov I, Nachman 1., Madden S, et al. PIPENET: a wire-
less sensor network for pipeline monitoring. In: Proceedings
of the 6th International Symposium on Information Processing
in Sensor Networks. Massachusetts, USA: IEEE Press,
2007. 264-273

[ 2] Denoeux T, Masson M. EVCLUS: evidential clustering of
proximity data. IEEE Systems, Man and Cybernetics B,
2004, 34(1):95-109

[ 3] Yang J B, Wang Y M, Xu D L, et al. The evidential reason-
ing approach for MCDA under both probabilistic and fuzzy un-
certainties. European Journal of Operational Research , 2005,
171(1) :309-343

[ 4] Laha A, Pal N R, Das J. Land cover classification using
fuzzy rules and aggregation of contextual information through
evidence theory. IEEE Transaction on Geoscience and Remote
Sensing , 2006, 44(6) :1633-1641

[ 5] Yager R R. On the aggregation of prioritized belief structure.
IEEE Transactions on System, Man and Cybernetics, 1996,
26(6): 708-719

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

[ 7] lefevre E, Colot O, Vannoorenberghe P. Belief functions
combination and conflict management. Information Fusion,
2002, 3(2):149-162

[ 8] PuS], Yang SY, Hu W W. A combination rule of evidence
theory based on reallocation of the basic probability assigned
to conflict. In: Proceedings of the 6th World Conference on
Control and Automation. Dalian, China: IEEE Press, 2006.
4264-4268

[ 9] Dezert J, Smarandache F. Information fusion based on new
proportional conflict redistribution rules. In: Proceedings of
the 7th International Conference on Information Fusion.
Philadelphia, USA: IEEE Press, 2005. 25-29

[10] Chen LZ, Shi W K, Deng Y et al. A new fusion approach
based on distance of evidences. Journal of Zhejiang Universi-
ty SCIENCE , 2005, 6A (5): 476 -482

[11] Shafer G. A Mathematical Theory of Evidence. Princeton:
Princeton University Press, 1976

[12] EHE HXE. BT o B EE E N AL IESE &
BOTIERTSE . AL IR SR, 2006,30:78-80

A conflicting evidence combination algorithm based on
reliability and coherence intensity

Wan Jiangwen, Chen Bin™ , Feng Renjian, Yu Ning
(School of Instrument Science & Opto-Electronics Engineering, Beijing University of
Aeronautics and Astronautics, Beijing 100083)
(* School of Computer Science and Technology, Beijing University of Posts and Telecommunications, Beijing 100876)
Abstract

Considering that when wireless sensor networks are applied to security monitoring for gas pipelines, the diagnosis re-
sults from different sensor nodes may seriously conflict, so it is difficult for the sink node to make correct decisions using
the Dempster-Shafer (D-S) Combination rule or its modified combination rules, this paper proposes a new conflicting evi-
dence combination algorithm based on reliability and coherence intensity (CECARCI) . Firstly, the algorithm preprocesses
the evidence set according to nodes’ reliability in order to decrease the effect of unreliable evidences on the fusion result,
and then analyzes all the evidences, and obtains the sequence of combination according to the coherence intensity of evi-
dence. Additionally, the coherence intensity and the support degree of base element are used to manage the conflict. The
numerical example shows that the CECARCI can obtain more reasonable results with good convergence compared with D-
S, Yager or Murphy combination rules.

Key words: theory of evidence, conflicting evidence, coherence intensity, reliability
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