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Credibility Based Data Fusion Algorithm for Multi-Positioning System

YIN Lu, DENG Zhong-liang, XI Yue

(School of Electronic Engineering, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract; An adaptive federated Kalman filter model for multi-positioning system used in urban was pro-
posed. Firstly, the credibility of subsystems was evaluated by estimating the position errors and the credi-
ble factors was obtained. Secondly, the information sharing factors of federated Kalman filter were as-
signed by credible factors to adaptive filtering. To assess the filtering effect, a new assessment method was
proposed. Simulation demonstrates the effectiveness of the filtering algorithm and assessment method.

Key words: data fusion; federated Kalman filter; filter-stimuli-parameters function; optimal filtering ra-

tio; credible factor

PhAt 2} 23Kk e 7 R 48 (GPS, global positioning
system) j?1t?’§ﬂ@]15’z%1ﬁ§\% ﬁﬁgﬁgﬁgg , Ei’ﬁ
MG, TLRE S 5 2 BT M A B4 (Y
SEPY 5 ORS B R He k2 B e s L AR
el (11 JCLARE (Wi-Fi, wireless-fidelity)
S8 AT A A 2R RS, AT LUR B AT 4
SRAY(R I BUTT PAE R T4 B o P2 LALE
(LR G = G e AORG

WRFB A IR B AT R /N AR L TSR
FAELRTTIZ N T 2 R AURRL G, BRI
SRERA R B A SR S th 24 T uk A EAT

B, 20130808
E&£WA . EHEHBAVR AR E (2012AA120801)

FiB i AT, B 1A IR RAR AT 4 R B A
i BRI R LT AIAE R B 2 U A R R
J7 ik, LAMRFR R IR @R MO R X R 8
(R AT {5 BE PG A5 RIS AR JFR B T
FR SR, LATE A KB B . 53 5h, S i
— T R UE R PN T 15 R S e K
REHRGE 2] 1 AP R ECR, DR T R GRS
G R RN VR 22 (N B R L AT G — A A, DT BN & UL
T B F IR RCR. 5 A RR ] T RE A AL
PE LB WD 7 12 B DU,

EERBAN . H #E(1987—), B, Y, E-mail; inlu_mail@ 163. com; XPpH 5= (1965—), B ##%, WH+-4:= 5.



55 4 JbOERAE . BT RG22 A B R U v 35

1 EXFBFRBIBK

1.1 RGN

B R/RS WA N TS 1 A~ E
UEEAR T, WAL 1 FR. B S IR AR A R
[F] R GE 00 7 45 R b AT R IR 2 080k, 15 3 R dl e ft
it X, SRR 25 2550 P, Horb i FRORAE
MR R E FIRESRE X, P 52RRERFE
X, P EATREG B 2 R s AT X g it
W22 Py a EUEWE A K X P U4 % FUE R A%,
[F B AL A B A3 L I B, 43 5% 4 F U8 U a8 47
JnA.

X P
e px e jzz[g“)ﬁ%ﬁ
ARG || FUENRET | x P/g § J"I‘Eﬂ
X.P B
WALRG2 | TUMA2 | x pp,  |X, X | yvp
Py P/ﬂz >
X P el
NN =h A
- ‘ Al A
ENREN = Tk | X PIB,

1 BHR/R 2 p8 s Y

1.2 FEEMEIRE
SR A - SRR IR - IR B JE oA , 17 B Rl
AR AR AT A3 A B G IR TR ST 0 B M A
G 4 A RS FRAE R N AT IR
MBI Z B RLEL
P, =ﬁi71Pk
Qi,k ZB;_IQ“ i=1,2,- N (1)
A;i,k = )21;
Horp: TR k FRRESTEBLIT; Q yid Bl by 22
HFE B 5 B ECIN T i 5 R e B, /Y

2 B.=1 (2)

Horp 1 Ry B AR . I [E) BRI o TR R 2% DB IR s A
FUEPE AR I RASAF DA TR

X, =AX,_ +V,_, (3)

P, =APk71AT+Q (4)

Hop A FPRESFEHE, V Ry RE e RS ) 5

IR Uk h kAT .

P, =(P, ,-C'R"'C)"' (5)

Hrpr, C SRR R I MR RS P 7 22 . S

Jer A IR U AR A5 B 1 JR 0 A 0 0 U AT A B Al

eI I oy b3 o3 &

N

(6)

2 ETARENGEERMERE

2.1 JRiESREN

e 2 s, TR R R 2 g R A im 1 4
AE VPN XS T RGEREN SR y,  FAT
AV, I AR T v, . AR,
ViR 3R G0 04 28 60 45 B T A5, ZE R R IR 2 R U
B o B 2 94 B a2, IR (5 AR T AR R B
Sy BE P FARARIR R IR 2 U8 A%, DB ST R 15

SR

B FRE
w [T

2 ZURE R il A Y

2.2 AEEWFMTTIE
BT RGWENLIRZE E N R — R G iR
2R WIATAE BE AR, 2 . & R G &
R w2
W =Y —Cxy (7)
Horpry HMEAE, x ARG HIRE. Lhrrp R
REFS 2 BRI — A TN x, PRI ) 2%
ZE AL T 2
WA;,k =Yik _Ci'x/’:i,klk—l (8)
2 (8) & A S R I 1R 22, AN e L He s
MTERIRAR R S8, & WAR 7 5 T Bk i kB
M2RARZES AL (8) 45 T RGE ARG
T, A5 B AR 5 22
WA;,k =Yisx _Ci"éM,klk-l (9)
w! R A R— LT 2% T R Gl
B SR, 2507 220 R) K, B0
RGE i TEFITC kA (8 e 125 225 ) (.
W BAE AR R LRy
I/R’,,

N “ (10)
2 (/R

Yir=



36 B | AT [ R = = S o537 %
2.3 RESW 1.0 S——

T w) AFTEIR 2, Wik y,, W EIRE ® *h=s o=
R, TR i TEJIIT k BB S0 5158 25 7 22 1, W) 03¢ © b0

Y BIRZEN

, 1/R, I/R',,
A (i k) = - S (11)
> (1/R,)) (L/R",))
j=1 j=1
A (9) i S

“A’,’A =Yk _CiAfM,k—l =
Yiu—ClA +A (k) [x,_, +A,(k=1)] =
w,-Cl[AA, (k-1) +A,(k)x,_, +

A,(k)A(k-1)] (12)
Horr . A, BT k BIELSOR SRR A, (k) IR
DHEBRE x,  ATIICE -1 BYESIE A, (k-1)K
fIEIRE 4

A (k) =C[AA(k-1) +A,(k)x,_, +

A, (kA (k-1)] (13)
M E T FR G0 0 i R R R B A
wAi,,k:wi,k _Aw(k) (14>

w. G A, (k) IR/ ERIERALE. =X (11)
ATRVE A, (i k) AMUE RS i IR 2SO, i A
HABR G R ZEMSE. TN E, &

w,,=aA, (k), aeR
w,,=bA,(k), beR,j#i
(1) 3(14) K (15) 1] f5
A, (ik) =
(N-1)(a=-b)(2ab-a-b)
[(N-1)a> +b* ][ (N=-1)(a-1)"+(b-1)"]
(16)

TR BEmE A, (L k) 1B PR, B RS Nia b
3ANSHCH G N =2 BHIRZE I Z i E 3 s, #
iy 2 DR R “FAEFEBE, BT AL
T2 i .

1) a0 Hbo7E1 ML, Bl w,~0Hw, =
A, (k)

2) afE1 H o FEOKBE, Bl w, ,~A, (k) Hw,,
~0.

MON =2 W, Bk 2 FES AR DMESL 1) R
B, %5 w,, =0, BLHTEDIOC k, T R G i MR 2
Wl 0 M0l TR (14) M EIRZE M w), #0;
ML w,, = A, (k) W w!, =0. SFERGE 2R
DIAFRG WA 22,100 i A1k, A5 5LhRIE M
e, ATEFIEREBEZ A0, 15 22 th 2 bl T B

(15)

A'Y
=]

-05}

- L\
1.075 0 5

a

K3 fEERTIREML (N =2)

FFLL £0.2 R TBR , WA AT B Bk 0 5 B 2978 24, (k)
DI, B US4 5 TAER A, (k) B/, BF K
AT B N A, (i k) <0.2 BT, TRME A (ik)
TEANGAEEPE, thFoumt w, R A, (k) B3/, ATk
KT RGA BRI 0 A5 B4 B R Y
FEEEA M. X (16) B ATf5H 2% N Bk
BF (S AERABEERZS | 1R 22 T B Rl K, B 7 R G0k
Z AGAEH T 1P RE 1 ks,
3 RN

FEVEAN UE R RO B, A% Ge i 7 v 2 U e iR 2
R 22 MR AT X B, W SRk [ 6 ] A X RO A5
FIBIRR/R S UEPIRZ . GPS Ml Wi-Fi 2 N F R %
AR 22 2 R T T 70% F1 81%. MR G £
B, 30 2 PN UE R 1 v S T o AN T
A RS A S RA RN RZE T RGN E
i), B— ZRGE 7S A 5 B 2L Rl 45 SR 1 AR fL VA T
Ptk Jo8h, UB USSR S5 Uk 2R 450 IR I A28 S5O
DRI AR AR 2 R AT 6, IE B ZRAE T A6 i Dk
BRI A, IR — R g Ik
SRV J7 i, I < 08 % 2534 il-Z £ (RSP, filter-
stimuli-parameters ) BREL” S S L IR U L™ 55 S 806
PRI AT M. 8 550 5 B U 4 S 85 45 14
P A A AN T L

EX 1 WIEWAS F RS0, 0, -,
b, P i meZ" MFKMIE b, =[b,,b,,-+,b, ]
KRN F S, GES B, =[byli=1,2,
o NsNeZ ], WFK B, RIENE A F S, Y
B AE T A IS A A B WS HU =, R B,
RIEPEAE F ot S s .

EX2 I8 F(b,) WZEn i b, TR Y8
e MPRES F, = F(b)1i=1,2,- N;NeZ" |



54

FrORRGE . BT IR 2 UE AR R Tk 37

KGR F T SHES 8] B, 1 [RR 5 S g 48 .
iy BRI x FORIE A WRREE &
X(y,B,) = {#(y,b,) li=1,2, N;NeZ" | Nk
Jil y & TURIEL AR F , W] .

EX3 &x HRGEMEIDVRE, C Rl
W w A M S Iy TR OGRS

y=Cx+w=y+w (17)
WFR y Ay ERAEIN R, RS Y=y, =y +wlj=
1,2, K;K e Z* | [R5 i, Fovb w, Sy AL
BRI W(e) |1 ADFEAS R

EX 4 Wx WREMIIRE, X (y,,B) K
Wy, & T IR AR F o, B MR N7,y 2 [a] 5 R Y
HE 1SR R WU BR2E T 22 R 2 O AR

P(y,,B,) =E{[x-X(y;,B,) ][x-X(y;,B,) "}
(18)
%,EIBE[ JP(y;,B,) I#F1EH
8(Y,B,) =jlir£1E[ JP(y,,B;) ]l =a, aeR
(19)
WIFR S(Y,B,) NTEFSZIM S Y 3~ HAES5
23] B, N A S5 1 0B 1R 25 A o 22 R 4R, T 10 R FSP

FSP BREUE —N T[RRI Y 555075 0]
B, W eREL, 53 AMES B [ ik B T U8k 2 254
T, R —A = Ju R AL FSP BRESE 2 — &R
FNUE LR ZEMIBRIE 22, B R B T I8 Ak T 0 5 2L
SEAY RN S RAE BE. FSP BB AL T — N
PRI 150 BINE 1 3 A B A8 5 B0
PR IEAT T ZRAE.

AT FR R - AR AR U U0 4 I FH PR B AS ], A1t
TAS Rl B, %o 30 A58 N e 45 21,
FEAEATF A KBNS i W 75 8 P A ABE TR 5 177 Xof T 4 iy
FH, ATRERT G e Sh SRR 75 i Ul R B0, DRIt %
AN TR 38 il A A 5 D U R R A Y TR
TE L5 44 RIS 5800 6 T8 24 TGS [ S5l , 4 A 3 R
AN—E AR

TG U 8 45 46 F B AN TR] 0 U8 I w4 4 25 7= A
AR UE R, i, — B2 A b KR 208 3 H
/N I AR, E R T X [RIRE A 3, vT LA
FUFH FSP pRICE A B K IS DR,

MUEPE A8 SHUR B . [FIFIRIE 2R 454 T R [R) g
WSHAFESWRIR K225, A L BEXTIE I 48 7R 4%
FI ST U8 I R A TIF A

TEABEFE T 3 B UG PR L | SR P4 45 H B
ZERE , RGN B SR J24% T R G 2 428 I
AP E R 45 AR R AR B A v M e T DU A
BTN PR, R a] LUFIF PSP eR RS i 2EAS
TR AR S RCT MIEIEROCR. O T i i, wl
S AR 22" R AL UE I L S

EXS XTF—ALEN FSP EES(Y,B,),
41 8(Y,Bp) AFAE FHIF gy, WIFK o A A [ 550
WY FU T BAESEAE 0] B, TR RIGIEN R 2,
IFK

W ysp
fFSP(bFi> :5(Y,bn) (20)
N EAIEBL L.

SEBR R, Y PSP R AR B SCBUR TR
I, e DB R 2E A28 36 R/ N AT REAS AR, (HA
SRS I HE T A R 8 R 2 5 R DR 22 1] B AR X
TN 0 <E<T,& BT 1 B8] 8 8RB i 3
TR I

4 HFEEZR

DA RGERG R, 5 B0 R 4 DY A
FHFLE 50 s.

W1 HERHLLLS m/s M) isE R4 15
Y82 (I M AT S BE 0, 481EZE N 3 m
55 m Byl

=2 BRSSPSR E. RE 1 T2
FIE T S R 2 MR b RiE2E A5 R 10 m, &R
gt 2 R R AR,

HE3 HBUHLLL 2 m/s BN BE 3EAT 25 s 1Y
SIIEE S, L -1 m/s™ B0 B 35T 25 s 194
WOHIZ Bl T RGN R A

HE4 HURHLLL 30 m/s IS HIEE). RS
1 AR MR R RIE 2275 3 m, R G5 2 MR R E AR,

I 4 Fos B0 B85 1T LU Y DR 152 25—
BRELE O BT, HIE /N E RS 1 IRE K
Ja K5 3 AT s AR o, RGUIEIT IR A
AL WSRO A SR (AT R

O3 MAARHEC IR R /R S AL R Ak
PRAR NG T (Al Mk 1.2.3) , FIH FSP
B AR AT U I He T i Il 4 R b AT e A, P
REUE I 7 T MR A0 45 1 S5 S it o 114 e 75 A A D
Al gy 22 | HAR B o e PR AR 4 S0 0 1R 22 1
SE KA VEAE S BRI RN AT SEBEAY i AR R




38 | T/ = R =~ = O ¢

937 &

5 , .
ol FRLE R
207 -~ R (R

1 L
"0 50 100 150 200
tls

K4 JkiiRzE

BT RIS B e e U i 1R 2.

M1 IR R a1 A 4 g R R
P2 19200 FSP sREUEHIAN TR 1 L3 Z
). P uE s bl AE I fES s 1, AR S
ZEG(ER AE 1 U8 I 25 W 5 S0 S BRI LAY
AT 1 G 2 IR IACR A Y (A 5 2
SERN R & AR AR A 1 R T
B T 42% 5k 2 BT AE 10% , A
2 2 X MRS A I B A AR B A HE BT ARE 1 5 BRIl AT
HIE G, B 1 AR I L% AR 1, 3k 2
TEET 7% , 3% J2 K Ry ST Al ok 1) TR 25 R B
A, (k) BRI FEUSEREBEE 9, 2R iR 2
WK ARFEE 2 PSR L IR DR LA LB 1 36% 5
e 4 W s sh 3 AR 3] T 55 1
IR 27K

F1 BRHEILE

VeI s Hk1 k2 k3
750 1.133 1. 065 0. 857
Yis2 3.044 1. 844 1.339
FSP BAUE/m
Y3 3.621 2.311 1.562
Ykt a 1.088 1.028 0.798
Yis 1 0.756 0. 805 1. 000
. Y2 0.440 0.726 1.000
gDt
Y3 0. 431 0.676 1. 000
s 4 0.733 0.776 1. 000

73— 7 T, MR L GER G WRCR I T ik 18
HMIAEEY & 2 BIEBR Z LR 1 B TiE 1
A3, (B TSR RS Y 3 O, BRAR Bk 1 DB DSOR
WBLEALIT 1A%, DA b SR Al A I 152 2 446 %o (O 1T
FINEWRCR A Fr i ). e n] LU 4 A9 A
FSP eREC S UE B HEA T I I 8CR A DL,

5 HRiE

ABIFFEE A Al I R 25 X 4% T R GEHEAT AT
R BEPEAY , TR LN T IO R R = B D i 15 B 3
Bed A A4 B BC A 5~ Al LA F & B AR fe e T
B GRS PO L B M AL RIS NI RE . T A
BOFIIEBHCR , TR & 5 IR UE AR A5 SR
JIRTUE PN ERERZ M AY DL T, S8 T FSP eR &R M
DEUEUE HEAF A, T o 98 U i P BE 1 A7 52 1 PR
TEMRARMR LA PR T |, 15 A [ B 25 D e 40 R SR i 32
MaPHS 22 7R, T 44 /N5 A B BIF 69 58 8 LR v 40 e
PERE, J& N — RIS N A,

B2k

[1] Cheong J W. Towards multi-constellation collective detec-
tion for weak signals: A comparative experimental analy-
sis[ C] //24th International Technical Meeting of the Sat-
ellite Division of the Institute of Navigation 2011. Port-
land; Institute of Navigation, 2011, 3709-3719.

[2] Rizos C, Roberts G, Barnes J, et al. Experimental re-
sults of Locata; A high accuracy indoor positioning system
[C] // 2010 International Conference on Indoor Positio-
ning and Indoor Navigation. Zurich, Switzerland : IEEE,
2010, 1-7.

[3] Deng Zhongliang, Yu Yanpei, Yuan Xie, et al. Situation
and development tendency of indoor positioning[ J]. Chi-
na Communications, 2013, 10(3) : 42-55.

[4] Farshid A S. WiFi localization; market, technology, and
future [ C] // 23th International Technical Meeting of the
Satellite Division of the Institute of Navigation 2010, Port-
land; Institute of Navigation, 2010. 1761-1778.

[5] Messaoudi Z, Ouldali A, Oussalah M. Comparison of in-
teractive multiple model particle filter and interactive mul-
tiple model unscented particle filter for tracking multiple
manoeuvring targets in sensors array| C] //2010 IEEE 9th
International Conference on Cybernetic Intelligent Sys-
tems. Reading, Great Britain: IEEE, 2010 1-6.

(6] /HEE, sk EWE, 5 TIPS Kalman Y
Wi-Fi/GPS ERZAAEM RS )], KA A
SRBLFRR, 2011, 51(3) ; 420423.

Lu Henghui, Zhang Sheng, Wang Hao, et al. Wi-Fi/
GPS integrated positioning system using a federated Kal-
man filter[ J |]. Journal of Tsinghua University: Science

and Technology, 2011, 51(3) ; 420-423.





