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Centralized Fusion Algorithms Based on EKF for Multisensor
Non-linear Systems

GE Quan-Bo® LI Wen-Bin! SUN Ruo-Yu? XU zi®

Abstract Aiming at a kind of nonlinear multisensor systems, we study three classic nonlinear centralized fusion algo-
rithms based on the extend Kalman filter (EKF) and extend some fusion theories for linear dynamic systems to nonlinear
systems. On the basis of extend information filter (EIF), three kinds of fusion algorithms such as augmented measurements
fusion, measurements weighted fusion and sequential filtering fusion are presented. Afterwards, we compare estimate accu-
racies of the three nonlinear fusion algorithms, and discuss the exchanging property of measurement’s update order. The
results are as follows. Firstly, when measurement properties are identical, the estimate of the augmented measurements
fusion algorithm and the measurements weighted fusion algorithm are equivalcent. Secondly, the estimate accuracy of
the sequential filtering fusion does not hold completely functional equivalence in linear systems as the other two fusion
methods. Thirdly, the exchanging property of the measurement’s update order of nonlinear sequential filtering fusion can
no longer be guaranteed. Four examples based on bearings-only tracking are shown to demonstrat the validity of the
conclusions.
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IR IS T R a—b (UGB, 4 SR
JH b—a 7. 15 a—b HYERETESD, R4 AL DS o
W, B EIATE AR YL b—a 3E
BT, LS b HHS, BRI 4 R

;bﬁfmwﬁw ST RIS B i R A
B, - ah%ﬁiﬁk)a%zy?kw @
L= i
HY}Y = 8hgzirk)a%=¢“§kkl (65)
HY,, ahg’;imk) o (66)
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111 11T 111 —1 I11)
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i=a,b

(67)
111 111 111 — 111
Yl(77a),k|k: Yg)fa),k\kfl—i_z [Hg,bf)a,k]TRi,lng,bf)a,k
i=b,a
(68)

SR, HLL 5 H L Hyo 5 H
AR SR AN T 56 A ) B I (T o LA o v
— LA P4 E). T, 45X (67) Al
(68) wn YT, ALY T S DM LA SE
AR, BRI SR AL R, TR AR e 4
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1) 0l e P A e I B (4 e 2 O
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P 56 A0 AL T AT B

2) HT EIF (98 d U sk A Ssieh | i
A5 s ok 55 00 B 5 TR S (0 E T 354
RO 45 SR LA e A T R S

5 EES

FELME 2 MR R G R R ks 5
PERE S BT 58, 2tk Kalman JE3 1045 B HHE
A (BIE BB AR) BT 28 FH ORAIE B =i 5 50
A VRS BE (K D BE A Pk 200 R, AR SC L2
RLNE 2 AR AR D S RGN R, ST a iy
J& Kalman 3§30 FifE &R — 9RER
IR A (BIF), BP9 =Ml R AR LV il 5 S0k ARG L
R I DRFFAL T D RER 58 A5 Ik, DA RAEA TG
FEAARHIYR T, = ol 15 S3032% A9 00 S Ty 2
A ORHF 58 4 Al AR S5 ) AL, 46 UEAHE T Ay
LM E RGP IS B,

ASCWFFUITARAF I 2G5 b

1) 23K (47) P Esorn, 25 EIF [
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2) MAREEREH N > 2 0, A 2 AR
AR MR AR 2 B E Y iRl 5 5 W DB o ST
AN B A LM 2 AR KA RGP AT Dh RE N 58 4
SEMVREPE (B8 4.2 7). [WIEL, AR E A A
L5 WY e i S0 22 T AN PR & Al ok D RE K 58
AL
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R S, AEAL THRG BEAN ARG D0 AR SR I
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ARSI = MpAE e R A4S TH VR RR T IR B Bk
LR EREE T B A 1 — S T Re R mL Ak, WOOR IR
feg (k) SErh S =AE Y 4E G I (Bl
B RN D8 A G R TR RE . RIIE, AR ST th (A
SR L 88 A SR T R O D8 8 kA5 1)
FEA AR, (HEI P2 T — S e M R G ANAEAE T
W],y Rl il UEORS BE I SE M ME  B i ok T — 80
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AT IR,

TESRE L, LT EKF g e AR EIF,
FLUEYE (RA) TSR0 D8 B B AN T 22 IR U3
PIMIDE. BRI, ASF 383G 26 = FhoE s s

ROR T R, ABAN S S AR SO T T A9 45 18 1K AT
RNk

6 HEHNIE

RS B B e S 7 B R 7
FEA R S5 1S L7 2 B

1) 3% (47) (05 PERTI (E 5t R S s
TR, Al e S0 (R 4 2 A A
WU S LA TR T RS 1

9) A o S B0 4 2 W i
BB R R L IR (I AR I 2
R );

3) NI T A P He i A o
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6.1 ZEFHHIIRERAREY

i HBRRE z(k) = [2(k), v* (k), y(k), v* ()]",
Horh, (k) A y(k) A BARIE ZRNE DLy 1 (0 R8s
B, v (k) B vs (k) 439130 EARIE 23R E D67 1
S Ay bt R B H ARSI A1 OV (Chan &
Vese) BB UEATRERE, W R G772 (1) MR,
il

T, =Fp_1Tp_1 + wy 1 (69)
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IRFEA WAL T AL ERER R G TR DI & AR G
Eﬁﬁﬁii BIFER -5 A A1 B B35l 42— Ml

&, TE P ZIAETE Dy D, 3K Ak s o i nl
%%?%%%Hﬁﬁﬁﬁﬁﬁaiﬂﬂ a 5 B, FH A Xk
ST AR BRI — AR . 7S A, AT
BRI A S s (D R R — /\?HE%’%P%E{)”J
PRI, R PR Ay FE2l )5 7 BRI 2 \éﬁﬁiﬂﬂf
Wit ARG, RIANFSE & E 0 PR S A A
—AMERRER AL, B SRR AR AR

AR P 7 A8 S p 1y S BRIOT T g ST A
felas L ar R TR (2), BIAT:

Ly
arccos [\/m
by () = g Dk (71)
arccos Tk

(vp — D)% + y;

DR T 250 Ry, SEBR b aZaliJr A S i v
B 70 25 10 B A 1 44

1) Bt 1 W76 DUAL RS B0 H bR IR A R

RSP ARG &AW AL, B A S
A AL A Ay, B V6 FREAERE B,
A By 4, Ay Al By FRCE —MEIER A (AR
MEH oy (k) 5 Bi(k)), Ay Fl By FREE — ANk I
BAL 5 REER ag(k) 15 Ba(k)), WIIIE T FE

zi7k = hk(mk) —f—’l)i7k, 7= ]., 2 (72)

b, v RITZEN Ry W ISH 07 S
R I S5 AN AR e P I R A [ Eﬂﬁé{%ﬁ
JESERE 2 AT ARSAEs] 1~ 3 AR, B
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(P IEAff

2) Wy 2: VT A DAL KSR 5 H bR ER R Y

A sb ey A MEBERT &, oalkes Ay 5
Bi\ Ay 5 By AL (WUA) fRIKES, 57 6 AL IkEsn)
(IFE ) D = 1000m. W% -6 245 g 4l 5
PrEREE RGO AR R
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B, XM

Bl 1 U5 DAL i i H BR ey (B R R T

z,—(2-i—2)D
V(e —(2-1-2)D)2 +y
V(e = (2-1=1)D)2 + 3
Uik (73)
K= 1,2, FaTH, A seh A IR S
HI R EAN T, B Ry (@) # ho g (2).
Ay s R B0 IE 5 A1 2 1 DN o 2 A ) B &
W 2) FIEMYE, Wl 4
6.2 f5 1. WIELEIE 1) RIERRME
Al iSRRI

arccos [
+

arccos

- T T2 7
132 5 0 0
I 0.5 (74
Qui1 = . . 23 22 X (74)
00 5 T

VIR T 20 = (100, 9.62, 100, 5.63]T F1J7 %
Pyjo = diag{7,0.01,7,0.01}.

T s
o o001 | X0 (™

0.001 0
Rl,k = R2,k = [ ] u
DI Rk 1 pros, Jrp &k 1 2 535
I~ AR A v SN AR A A Rl AR IR
Sﬁm?, 2 A 2 A 2 P R g A U R A (R 1
BUF, %58 1) (R 2) W
F£ 1 LAY gERD IR AG TR ZE 40 A (E
Table 1 Absolute means of estimate errors of
Algorithms 1 and 2

TR E L (m) k1 k2
X g 2.37 2.37
Y T 1.84 1.84
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6.3 5 2. BIE LN BRI IR 2) RYIERE
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Fios. B2 thENE 3 RN g El S k. T
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EIF (#5352t 4w 20 E 9 2 il 1 L M i il
ARG A

35

A LA T B T
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Time /s
Bl 2 PRGSOl v R 2 78 B ) it 2%
Fig.2 Trace curves of covariances of estimate errors
%2 Aerp P R UE R A RO TR ZE L0 BE

Table 2 Absolute means of estimate errors of
Algorithms 1 and 3

TR 2Z LN BIE (m) Hik1 HE 3
X JimpE 1.20 2.93
Y JifiE 2.57 8.27

6.4 i 3. WIE LM EFFIEERIRT LA 3) FIEMYE
ZIKWJ':Pu Qk,k71 A /i’o|0 S T — 45 FLAH ).

70 0 0
001 0 0
Py = 76
0[0 0 0 7 0 (76)
0 0 0 01

x —  (78)

(FELEE N 3 iR, AR, 4 &Iy R i
FEHAR RN, 35T ELF (2 Ve e o A
PSR 0 0L 8350 AP A 4 i A0 R 2
BIZEI6 3) EM. SCBR b, MR R, 4518
3) .

3 PRI BT A TR ZE 4L 0 3
Table 3 Absolute means of estimate errors of two

filtering sequences

TRz (m) a—b b—sa
X JfE 4.14 7.60
Y il 4.70 9.03

6.5 4. WIEHNEFERREREIR 2) BYERE

ZK,WIJEF” Qk,k—17 /ZEO|07 PO\O ﬂ:ﬂ Ri,k (Z - 172) 5
Bl 2 —2, G5 R WK 4 Pros. SRR R A H
Ir&fie 2) T,

Fa AP YRR E D RS G T R ZE L
Table 4 Absolute means of estimate errors of
Algorithms 1 and 3

TR ZE LRI (m) ik Hik 3
X JrnpiE 5.40 9.58
Y JinfiE 4.94 6.93

7 it

AILUL— R ARt 2 AR KR FL RGN 4,
FEFP s Bk 2y (EIF), BF5T =Rl R 42k v ft
B BRI RE LU S A0 BT, AR T AR SR ST A
WG ARLR PR U gk R 0 0 B A& LS
W78 73 W5 B s AR S P U i SRV T
RERE— 20 VR 15 20 #r; T 75 AH OC 2 AR IR A% R ik
T RAE B 4 & S Ak v e b, B
KIEF UKF fil CKF 45 HAh R £k M pE 3t 25 1 HE
SR AN TEIE LSS WA I8 DM UG 4% 1R T AN
[i) A 2 P 0 0l s R R 5 BV PR I R s A 5 o0 R4

Buit

ASSCAT A AW TR SO e A 18 SCHR T g
SO R R g T IR S A, O A AR e SR
AR T
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