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On the Observability Problem for Bistatic Bear ings-only Target
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XU Ben-lian, WAN G Zhi-quan

(Department of Automation, Nanjing U niversity of Science and Technology, Nanjing 210094, China
Corregpondent: XU Ben-lian, Etmail: sergph xu@tom. com)

Abstract: A ccording to the biased angles provided by the bistatic senors, the necessary condition of observability
and Craner-Rao low bound for the bistatic system are deduced, and nev instrumental variable method is presented
to mprove the bistatic localization performance M onte-Carlo smulations results, which are obtained in the
observable scenario, show that the nev instrumental variable method can mprove to estimated paraneters accuracy
drastically, and the theory can provide some reference to practical use

Key words Bistatic, Bearingsonly; L ocalization; Bias

1 , Kaman (EKF)
(TMA) ) ,
, . uT) UKF)
(41
, ( 7 , Bayes
) 1 ’
: (PF).
LS , EKF UKF,
' [5.6]
()
™ V) , |
[1 3] . )
: 2004-12-10; : 2005-05-16
(20020288025).
(1974—), , , : (1939—), ,



1018 20
Ay
Craner-Rao HER X,(0)
L evenbergM arquardt
2AE 1X,,(0)
2 2
¢ ) v (@,
. t, ( )1
B (1) ( y X (Dyr (1) -
), ( )2 xt () [xr(t) - xe()]+ ~
BWZ (t) , - x1 () ye (1) _ )
, X () = [xr(d, NIRRT
yr (), x7,yr]" , 1 %= ¢
B X () = [xe(D), yr (0 * xe () = ye (V) * xr (1), (4)
ye (1), xe2(t), ye (01" 12 .
1 2
b b
Bra(t) =
tan {| SNy g B m, bz ¢, c=oot(®- H @
_ (1
&2(0_1() 2(1) [cyr (1) (1) Ixe2(t) + [yr (1)
ol xe (D) - xel(t cyr (t) + x7(t) [X2(t) + [yr (1) -
@y - yoz(t)J ) oxr (0 ]y () = X3 () + y3 (D). (5)
N1, N2 y O%, 0% 2
2 (5
( %= ¢= 0, (5)
1 , 2
( bz 0 %z 0), 2
( 4 (5 .
), 3 Cramer-Rao
2 (CRL B)
, : Cramer-Rao
Bri(t) = Bn2(1). (2)
4y E¥s X0
H_lf;iﬁIﬁE.'H CRLB )
m® PR 6= [x:(0),yr(0),
n(f) XT,yT,dP, q;]T, T, t+ 1
b . b() = [Bui(0),
Boa) {' . Bn2(0), , Bnr(), B2 (D],
EE 1X,,() 2, (1) % ¢ : G, 0%, 3
= diag(0, 0,0, 0, 0%, 08) ,J 1= diag (0%, 0%),
Fisher

1



9 1019
FM = CRLB = FM "} (8)
T /_‘Ll_\ (ﬁ: 02: 02
(5 aeann m (B + ) (e . t
_Dl - H:1 - (t- O)TD1 1 ZOGiGi ZoGi
Do - Ho - (t- 0)TD> FM = 2| . (9)
.a)_(l)_z . : : ZOGi (t+ D2+ AR
@ - A
E: - J: - (t- t)TE: 4
LE, - J2 - (t- DTE:2
(t- OOTH: 1 O]
(t- O)TH:2 O 1
o
t-_UTJe o xa(0) + fTxr - xe (D)
A= diag £ L B (1) = atan [yT(O) + tTyr - yok(t)J -
= alag 0{,05 (6b)
B () - P- ni(D), (10)
B (t) t k
D, = L@;—bﬂ,oz— M, (10)
ri(0) r2(0) 0s(B (D) [x7(0) + tTxr- xa(D)] -
Ei= - g,y ve(d sin(B(0) [y (0) + tTyr- ya()]= Q (12)
r1(t) rz(t) tan((lB)z @1
H.= x1(0) - xu(0) H x1(0) - x(0)
! ri (0) VI r3(0) ’
00s(Bnk (1)) [x7(0) + T *v - xa(t)]-
14 XJ—(I-)r;—(t)Mlm,JZ Kf—(ﬂfmﬂﬂl Sin (B () [y (0) + T *1 - ya(t)]+
1 ’ . re() €+ ne(tan(n(v) = 0 (12)
re (t) t k(k= 1,2 (12) (1)
(6b) . Z(9) = A()0+ N, (13)
ﬁ)ét). = Gl 22 [0S Bo1(0) X1 (0) - sin Bn1(0)ya (0)]
G 1 00S Bn2(0)x02(0) - sin Bnz(0)ye (0)
Gi i , (6a) Z(t) = i : :
s B-nl(t)Xol(t) - sin ﬁnl(t)ym(t)
FM = L 005 Brz(t) X2 (1) - SN Bz (1) yor (t)
[eg Gl Gl [ 11(0) tan (n:(0))]
lox2  lox2 I2 ;| * r(0) tan (n2(0))
L n(y) = | ,
A 0 O 0| Go lx2 £1(0) tan (s (1)
0O A O O|G:1 lx2
0 0 - ol | St = L r2(t) tan (n2(t))-
0 0 0 Alley 1 A =
t I [0S Bni(0) - sin Bui(0) 0
ZOGTAGi ZOGiTA S fBn2(0) - sin Bn2(0) 0
' : (7) : ; : .
ZOAGi (t+ DA + Js S Bn1(t) - sin Bui(t)  tToos Bn(t)
CRLB L 00S fn2(t) - sin Bn2(t)  tTo0S fBn2(t)




1020

20
0 rn(0) 0 |
0 0 r-(0) 1 2 .
- : : : 1, 1
tTsin Bo (1) ra(t) 0
tT sin Bz (1) 0 rz(t)-
(13) 0
A 8= AT (WA (D)) AT()Z(Y), (14) £
6] t , (13) (14 S
8= 06- @AT(DA (D) AT () N(v). (15)
(15)
§= E@) - 0=
E[A_(IlA_(IlJ | E[A_m_nmJ 16 52 (1o
t t 2 2 (1 km, 0),
t— o A (1), N(t) o) _ 1
~ 2 .
(t- 1) g 1 2 20 7°,
L evenbgrg-l\/l a[quardt 1° = 1, T=1s
Grl=0"'+ AT (t- DA(t- 1)+ 20 M onte-Carlo
ud) AT (E- DzZ(t- 1), (17) 4 6 .
Hi g’ ,phal, pha2 1 2
B0 = ] SO T xa ) . b, improved
x(t) = atan| -~ n , i
yr(0) + jTyr- yu(j) B lased (14)
0< j<t (18) 4
A(t) A (t) ’
- 3 15%
B (i) B (i) (i) re(j) 5
el,t— 1
_ - n 0.10
re(j) = (e (0) + jTxr - xa(j))*+ 0.08 |- Phal-CRLB
~ » 1 E \/
(0 + jTyr- ya(i))9)2, % 0.06] "\ipha2-CRLB
S oo} YT
= AW (DA (1)) AT (W (D Z (1), < 0.02-_____:E:-;.q___.__/____f/i___
(19) e ———
0 100 times200 300
W (t) = diag{ri(0) &, r3(0) &, ,ri(t) &, r3(t) ).
5 4
1 (1 5km, 15 km), 147
£ 12 Biased
10 29m/s(20 ), 120° 1 3 o
Xa () = [0,0,0,0]", 2 2 g Hpee /
X 1km, 2 @ (5 £6f CRLB 1
( ) (5) é ; i mproved
5C.’ T=1s 0 L
0 100 200 300
3 times
1 2 4
5



1021

Velocity RMSE/(m/s)

100
80 Improved

6
6
CRLB,
5 6 ,
A () re (1) Bnk(t)
, 1 , 2
(4) (5); CRLB
CRLB ;
L evenbergM arquardt
CRLB )

3

(References)
[1] , , -
M ] : , 1996: 234-241
(Sun Z K, Zhou Y Y, HeL X. A ctive/passive Target
L ocalization Technology w ith Sing le/m ultistatic Sy stem
[M ] Beijing: National Defense Industry Press, 1996:
234-241 )

[2] Kutluyll Dogancay On the Bias of L inear L east
Squares A Igorithm for Passive Target L ocalization[J].
Signal Processing, 2004, 84(3): 475-486

[3] Kutluyll Dogancay. Passive Emitter L ocalization U sing
W eighted Instrumental V ariables [ J ] Signal
Processing, 2004, 84(3): 487-497.

[4] Simon J Julier, Jeffrey K Uhimann A Newv Extension
of the Kaiman Filter to Nonlinear Systens[A ] Proc of
Aerosense The 1lth Int Symp on A eropace/D o ence
Sensing, Simulation and Controls[C] Orlando, 1997

[5] Gordon N J, Saimond D J, Smith A F M. Novel
Approach to Nonlinear/Non-Gaussian Bayesian State
Estimation[J]. IEE Proc on Radar Signal P rocessing,
1993, 140(2): 107-113

[6] M otti Gavish, Eli Fogel Effect of BiasonBearing-only
Target L ocalization[J]. 1EEE T rans on A erogpace and
E lectronic Systens, 1990, 26(1): 22-26

[7] Branko Ristic, Sanjeev A rulanpalan M. Tracking a
M aneuvering Target U sing A ngle-only M easuraments
A lgorithms and Performance [J] Signal P rocessing,
2003, 83(6): 1223-1238

[8] Kaplan Lance M, Li Q, Molnar Peter. M aximum
L ikelihood M ethods for Bearingsonly Target
L ocalization[A ] IEEE Int Conf on A coustics, Speech,
and Signal Processing[C] SaltL ake City, 2001: 3001-
3004

B2C

agent

PX



