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Abstract This paper presents criteria to evaluate different approaches of redundant data
fusion; the criteria mostly concern the expectation and the maximum of the fusion error. A
new fusion approach for multiple data is also presented, as the data have different accuracies.
This approach is an extension of the weighted average. Through theoretic analysis, we obtain
the formula to calculate the parameters for fusion of two uniform distribution data. Through
Monte Carlo method, we get the parameters when we fuse more data or other distribution
data. Our extended weighted method can fuse uniform data that cannot be handled by
maximum likelihood approach. Its result is compared with other three representative fusion
algorithms: maximum likelihood, optimal weighted average, and HILARE method. Com-
parison shows that our approach is better than all weighted average approaches; it has the

smallest expectation and smallest maximum of the fusion error in all the four approaches.
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2 RbEITEAL S B PR bR e

W n MITRBIRR G H— D8R, WREEBIE R X1, Xy, - X, BN R LS
Xt ] —H) i A — o B AT ARG RIN. X] ((=1,2,---,n) BONREHIER. BE)ERE
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Fr G 1R AR A AT AT R 2 BT & A QA E LI EBR RsiRE, TR X (1=1,2,3,---,n)
HEAERSIREE, Bl: EX]]=0,0 2HNEHESEE. 2 Xi=X/ -0 (=123, ,n)
URY =Y —0. RE—f&tE, RTREE X (0 =1,2,3,---,n) WEM Y BIA. HLEH
E[X,]=0(i=1,2,3,---,n) Y& E[Y] = 0.

BWL IR Xi(i=1,2,3,--,n) @A A YIO~12) {H = — 57 5 A o SR J 515X
WA LY. ACRB T AR THA, BN RS AEH. PARERT: 1)
Y| WHIEE E[Y] 8/, JEBEE. 2)|Y| M EKE Max|V| #8U), J7ikss.

3 WAEHER RS

WHAE X1 M X gRG, BENYAEILERE. X 2 [-11] EW3Sahm, X, 2
[—h,h] BS540, ho> 1 AR{al A3 59 43 A i B AT LA AT AR R R X FOB X

EHE RSB INBCE YRR RIE Y = kX0 + (1— k)Xo, XM T LT
{52 % (Context independent constant behavior, CICB) fi &3, HEl& S BRI &
HyEa A A4k, WS T BT SCH) 73 (Context independent variable behavior, CIVB)
BA ST A REA AR MERE" S TR S S BOE R B & B Ak T AR Ak, A SR
GHYET CIVB, XERZ AP RMACFH k. KGR m T

{Y:Xl if [X; — Xo| <C

C>0,HO<k<1
Y:kX1+(1—I€)X2 if |X1—X2|>C
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Fig. 1 Fusion of two data
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K BRIE EY]) BRI MEWEZL X — X, = C LA T R E WAL,
3.1 BAERiEn E|Y|

B (Y]] hEERER Y] WEEFEEE. B PR, IRTe Xe > 0 MEE. B
Y45 BAT X $iFmEe, R, & ABKEHR (h—ch), 5 BAREH (-1,c—1). ic
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Table 1  Comparison of some approaches

h 1.0 1.5 2.0 2.5 3.0 3.5
PRI S E[Y]] 0.3333 0.3923 0.4217 0.4387 0.4497 0.4574
Max|Y| 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
K 0.5000 0.6443 0.7264 0.7780 0.8132 0.8388
le} 0.0000 0.7760 1.3767 1.9281 2.4594 2.9803
HILARE % E[|Y]] 0.3333 0.5000 0.5000 0.5000 0.5000 0.5000
Max|Y| 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
R 1.0000 1.2745 1.1857 1.1397 1.1119 1.0931
B INECES E E[Y]] 0.3333 0.3956 0.4305 0.4512 0.4641 0.4726
Max|Y | 1.0000 1.1727 1.2441 1.2670 1.2679 1.2594
K 0.5000 0.6547 0.7559 0.8220 0.8660 0.8963
R 1.0000 1.008 1.0209 1.0285 1.0320 1.0332
R8BSR A T E[|Y]] 0.3333 0.3974 0.4333 0.4540 0.4667 0.4748
Max|Y| 1.0000 1.1538 1.2000 1.2069 1.20007 1.1887
K 0.5000 0.6923 0.8000 0.8621 0.9000 0.9245

R 1.0000 1.0130 1.0275 1.0349 1.0378 1.0380
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1) " RIMBGE R WA Tk R iR IR, TTigl B(Y]] B2 max|Y.
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3) UFAFrRELG A BOE B A AR R AR R, DO ROT I i B G SR M Rl SR R T
— . SEhR EE R E R E.
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S bt mT LA R Rl SR Y T R B BRI O IE S A R E . DL X ~
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FEREW AT AR R TAE, EHRERURMGIHESCRELY, REARAE T2 BE. W
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WA =R X, Xo A1 X3 ¥emG, BN AEIERE. X, & [-1,1) LS s
i, Xo J& [—ho,ho] EWIIEIA, h2 > 1, Xg J& [—hs, hs] IS0, hs > 1. rARLE
PISI AW AR B TR S AT AR AL X ke, Xy AU RS FREEE, BIohY X, 5H
BHEIEEZNBEKRE, ASCEBET RIMACT-2 @46 ke b Likm G S R EES T X
FlA = A ECE 09 7 s R T R A TR O B IR AR AR R T

Yi =X, if |X1 7X2| <
. 01>O,E,0<k31<1
Yi =k X1+ (1 —k’l)XQ if |X1 —X2| > (4
Y=Y if |Y17X3|<02
Co>0, HO<ky<1 (21)
Y =k + (1 —k‘g)Xg if |Yi —X3| >

B e St TRZL, JLEAF R R 3 Wi ikl 2 XS RGN E S 2
B WX R E I SRR ROk E (21) AP B & RG S5

A VC RIATREN E. B — A EE TR RS — N R REE R (hFEHL
B BT O RN B E S T (22) AT R ERFA T ER,
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He Iy HEENLEF T, m > Iy, a,c. a>0,¢> 0. a,c,m ¥ HEEL.

XA A B FEATLECA B NG, M4 {3 IS R R BE ATLESOR 7= AR B AL bl B, BT AR Y
BEML R SREE —WETHMNET. XSS EF SRS RIEFRSE. Hln, wRE
FRREETREREENEILE, BV it REE Rt 2240, miEmA (22) Ak
FERELEE, RSB E, SR BV ®EREET 10% DL L.

WTT%@JB??}’ TR OhRE LR, X B B S W k. BT RBE PR, ik
T Bk

In=(aXxIn_1+bxI,_1)mod m (23)
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Table 2  Parameters and accuracies when fusing three pieces of data

ha  ho 1 ki Cs k2 E[Y]]  Max|Y]|
1.5 20 07575  0.6490  1.6985  0.7770  0.3483  1.0080
1.5 25 07646  0.6452 22290 08175  0.3574  1.0019
1.5 3.0 07607  0.6460  2.7407  0.8464  0.3635  1.0026
1.5 35 07662  0.6460  3.2514  0.8672  0.3675  1.0018
1.5 40 07680  0.6456  3.7680  0.8827  0.3706  1.0018
2.0 25  1.3591  0.7307  2.1642  0.8068  0.3809  1.0015
2.0 3.0  1.3732 07292 27055  0.8345  0.3878  1.0000
2.0 35  1.3657 07297  3.1980  0.8598  0.3927  1.0000
2.0 40  1.3662  0.7285  3.7085  0.8760  0.3963  1.0000
25 3.0 1.9151  0.7807  2.6358  0.8322  0.4016  1.0011
25 35 19164 07816  3.1652  0.8542  0.4070  1.0000
25 40 1.9202 07810  3.6652  0.8724  0.4110  1.0008

RS Xo A1 X5 BRI, BPAGHE Xs A1 X, g e, A4S RS Xo s, It
B A T RB B RERMAEICE, FERTEIMESH, N TEKRNE —HBEEE, &
JEHIR AR Y YRR, HURZRFRFRISEFHEILRE, fJLLAK EY]] #1
Y |max FEEERE. R 3HEH T HDHTF.
3 BhAIGF YR

Table 3  Influence of fusion sequence

hi hao C1 k1 Ca ko E[Y]] Max|Y |
4.0 1.5 3.4564 0.8702 0.8859 0.6710 0.3636 1.0000
1.5 4.0 0.7680 0.6456 3.7680 0.8827 0.3706 1.0018
2.0 3.0 1.3732 0.7292 2.7055 0.8345 0.3878 1.0000
3.0 2.0 2.4442 0.8197 1.5405 0.7505 0.3893 1.0000

UMK 2 IR, WREH R RET RN, V] MR 10, 5
SCE I, R ASCH 5 BT B A —.

FERA A = /MR, LT A S 70k 3 A B RO AL T3 L. B it
TS THE R

Y = lel + kQXg + (1 — k’l — k’g)Xg (24)

0<hk1 <1,0<hke<l, 0< 1=k —ko) <l

gebr b, RZEOMBCFEREE AT LR (24) 2ORFR. LRASCIES 2 TR H i iEH
PRE, LB R BEIRAMH b M k. BT HESEEMS RS TER, XEMEHSR
Rkl e /ME E(|Y]) 8 E B AR b A k.

Y hi =10, hp = 2.0, ho = 3.0 B, HAELERWNE 4 Frm. B, ¥ RINSCFIEE L
TR A A%

A4 P RIMBCFH3% 5 B I H935 b 68 B HUER

Table 4 Comparison of fusion accuracy between extended average and optimal average

ha C1q k1 Ca k2 E[Y]] Max|Y|
P A 14 9% 1.3732 0.7292 2.7055 0.8345 0.3878 1.0000
o AR A - 47 9 — 0.6941 - 0.2120 0.4078 1.3828
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