27 5 Vol.27, No.b

2008 10 Technical Acoustics Oct., 2008
1,2 1 1
9 9
(1. 91388 , 524022; 2. , 150001)
9 o ’ o D
s 1/D s s ,
o , K, N ,
. TB566 A . 1000-3630(2008)-05-0761-03

A real-time data processing method for
controlling Kalman filter instability

LIANG Min-zan'?, LU Yang', ZHOU Xin-peng®
(1. Unit 91388, PLA, Zhanjinag 524022, Guangdong, China; 2. College of Underwater Acoustic Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: Under complex ocean environment, the acoustic channel is a random channel in space-time
domains, Because of this fact and the mobility of underwater carriers, many measuring samples that
deviate from the true trajectory can be obtained in underwater positioning system, and lead to the worse
smoothness of measurement. A real-time data processing and recursive algorithm, which gets rid of error
trajectory samples automatically for Kalman filter, is proposed to solve the problem of filtering instability.
The reciprocal of distance D is selected as a state variable, and 1/D is considered changing linearly. So
the error of measuring equation is linear, the Kalman filter can continue operating stably with unbiased
estimation. Using a recursive Kalman filtering method, calculating filtering gain matrix K, beforehand,
fixing the value of @, and R;, and getting rid of error trajectory samples automatically by setting
threshold, as a consequence, can make the filter operation convergent and stable in a short time with
good performances in aspects of real-time processing and accurately tracking ability to high speed targets.

Key words: realtime data processing; Kalman filter; filtering gain; instability control

’ : k

:2007-11-30, :2008-03-08 2
(1981-), ,

o

, E-mail: CG300@sina.com.cn



762 2008
o, 3
X=Xt L' Wiy (1)
=HX+V, 2) 3.1
:Xk k n ) 5 ’
dius  Mmxn T, nxr ) o
5 Wk r ;Zk m o s
,Hk k (mxn) , Vk k (
m o ’ ’
’ (Wk;) ) o ’ 9 D
(Vk> ) ’ ’
k.j, o
EW,=0,EV,=0 (3) >
COV( Wk 5 VVJ) =EWkWIjT=QI§kj o ’ ]./D )
[2]
Cov(V,,V))=EV.V/=R/8, D o
Cov(W,,V;)=EW,V;’=0 (4) Dii Dl +T[Di] (9)
1 Qr W. rxr e .’“ k
;Rk Vk mxm ) I:]-/Dk]:[l/Dk_l/Dk—l]/T
X X_ /D k o R D
o ' ,1/D ,
1/D , ,
Xk:¢km—IXk—l+Kk(Zk_Hk¢Wk—1Xk—1) 5) o
— T T a1 ~
K,=P,_ H,'(HPy, .H'+R,) (6) , EIX, =E X, .
r B XX =M, ,
Py =p1 L@ s+ T Qind (7) [35]
P=(I-KH)P,., (8) , ,
K, s
: X, Pn k .
Z, k Xio 3.2
(1) 9 o
(2) , ;
Xk ZI’Z27”'5ZI€—1’

Xk/k*l ’ dk )



5 : 763

d=Z—H Xy (10) 3500
dy , : 3000
Eldy,d\"|=H\Py .H,"+R; (11) 2 2500
) R, B 2000+
° 1500+
Zy
1000+
' ' BOL—
ld, (D)< C\/ HP, H'+R, G0 (12) 0 500 1000 1500 2000 2500 3000 3500
12) .0 i) X v
dy 1 s C 5 3 4, Fig.1 Location track using the controlling instability method
( 12 ) ) zk(i ) ) ) 2k 20
(/i ) ) 2k ( /i ) Z k i o g
of
5 : ( 12 ) ) zk(i) 20 ) . | . L I
s K, - 0 500 1000 1500 2000 2500 3000 3500
. x/m
K, 1 s 9
KXok Py o Fig.2 Error after filtering
4
0, 30.0m, 1s,
s 4 ’
s 0.8s,
1~4 o
o b 3
’ ’ Fig.3 Locating track before filtering in lake experiment
’ o (O'm"'a'y )/ 2 ’
a-xxa-y N o
) 13.6m,
50%,
200s, (
400s) , o
5
, D
s 1/D ;

4

Fig4 Locating track using the proposed filtering method in
s Kk 5 Qk Rk lake experiment



764 2008

, 1986, 7(2): 211-213.
FAN Lingke. The application of Kalman filtering in passive
’ ranging sonars [J]. Jownal of Harbin Engineering Univer-
s o sity, 1986, 7(2): 211-213.

, . [M]. : .
WANG Xin, WANG Dejun. Discrete-time signal filtering
s o [M]. Beijing: Electronic Industries Press.

(4] , , . [J].
, 2002, (3): 12-17.
° GUAN Xin, HE You, YI Xiao. Bearing-only underwater
emitter track and Kalman filtering[J]. Ship Electronic En-

gineering, 2002, (3): 12-17.

[1] R . [M]. : [5] s , . Kalman
. 1989. 155-157. [J]. , 2001, 23(5): 8-10.
XIANG Chugi, TIAN Tan. The principle of discrete esti- GAO Lei, XU Demin, REN Zhang. Adaptive extended Kal-
mation[M]. Harbin: Journal of Harbin Shipbuilding Engin- man filtering for bearing-only underwater emitter location
eerring Institute. 1989. 155-157. in modified polar coordinate[J]. Systems Engineering and
[2] . [J]. Electronics, 2001, 23(5): 8-10.

DPIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

2009
, 2009 5 6 ( )

1. H
2. H
3. ;
4. 5
5. ;
6. ;
7. H
8. H
9. ;
10. ;
11. o
1. , , ( “word” , )
2. e—mail s :shuishenghui@yahoo.com.cn
3. 3 ( . . ) ), , o
4. , ( ), ,

;2009 3 31 , ;2009 4 30
6 ( ) o

:Tel :021-64048159-204 ,021-64035270( )
E-mail : hchg@mail.ioa.ac.cn
:Tel :021-64048159-222,021-64174105( )
E-mail ; ssxh-ssxh@vip.163.com
:Tel :029-88460373,13991835275
E-mail : yxyang@nwpu.edu.cn
:Tel :0571-56782271 , 13588375039

o

2008-10-29



