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Abdtract: A muiti-plaform ange-only tracking sysem combines the angular measurements from di stributed networked sengors.
This pgoer invedigates the dfect of communication bandwidth on track qudity in a sysem which receives ange-only measurements
from two networked radars ingdled on two noving platforms in order to edimate the full kinematic target date. The invedigation is

based on Cramer- Reo lower bound of the mean- square range error ,and gpplies the extended Kaman filter (EKF) to track maneuvering
target.

Key words: radar ;datafugon;cramer-reo bound ;target tracking

1 2
, 1 T x0y ,
, EM , y
A
, . PP I
tx« = kTo, k = /‘{9] o .
1, ,N, d’i yC
Yo
, . z2(k)  z(K). =
) 2 (K) . W . S
) . To N > x
«C ) .
1
y
, y ,
[1,2,35,6] ,Branko
Ridic [1]. X(k) - X (k)
CRLB (Cramer- Reo Lower Bound) zn(K) =ardan’y "7 Ay Fwn(Kom=1.2 (D)
Ax (k) vy (K} , { %n(K) , Ym
, [1] CR.B (k)}
: : , of o3,
(EKP) . wm N(002).

:2001-12-05; :2002-09-10



472 2003
(K ={2():j=1+b+N1:1=0,.... =7 b- 1} (5
P , 2. n
P, 3.2 Z(K
1 , i C s a2z
« . T : : : :
P, Py /‘ \ LR Pl Z(K)/ s(K1=p[ Z(K/s(K) 1p[ Z2(K/s(K] (6)
(INS P o
t N L " J (9 [Z() - hi(s.D)1?
- - z2(K/s(k]=N - e 7
s (K =[xk, %  @rFar PLaOrstI=0 o, o7 0
(K, ya (K ,y1 (K] ALACHD bt P
2 P1 ,
t=1To, ( 1 =Db+nk), P N = si(k) - (k- i) Tosp(K) - xi (i)
R a0 sM). b0tz (s =800 0 (0 = (k= 1) Tose (10 - ()
n=1,2,3 (Bandnidth)
k
b=0n = . - —1
- n 1,Pl P, . P pl Zx(K)/ s(K) ] i:(ﬂb)q e
_ [Z3) - hm(s.i)]?
n =2 ’ PZ ’ - m_zz } (8)
P, PN =3 . P . .
o i=(1+b) N i=(@Q+b),1+b+n,1+b+M,...
\ _ b
P, B n : _ﬂTo'Nb
By, 0 = L s (K - (k- i) Tos(K) - x(i)
y ’ Rols.D) =ada’e () (k- 1) Tose (W - ya() @
—Nb_ ’ 1 3
Bo To
3 3.3 J
[1] ,
3.1 Cramer-Rao J=J1+J» (10)
T I ‘ . 31T
Ji1= E{O% [ Vsha(s, D) 1[ Vshu(s,i) ]} (11)
s(K) =[s(K) , (k) ,s(k (k)] 1 < . -
3= E Vehp(s,i) ][ Vsha(s, i) (12)
%K) () () 9 (1T K=1e . N 2 {0% i:Zn[ R(s,i) ][ R(s,i)]'}
Cramer- Rao
: @m@mﬂwm@m]
V5m=[ ; =1,2 (13)
E(18(K) - s(0 10800 - (01T =30 (2 EESECEE
3() = E{[ Vslnp(Z §) ][ Vslnp(Z 917} 3 Oy _ (1) - v (1) (14)
p(Z9 plz(K/s(W], t 2(K) g5t () - (D) 12+ [yi(0) - ym(D)]?
Vs s Ohy L oy
" b = (ke ) o (15)
( ) ’ @m: X (1) - xn(i) 16
[1] , [1] dsg [Xt(i) - Xm(i) ]2+[y1(i) - Ym(i)]2 ( )
p(Z,9) ®  p(Zs), p(Zs) =p[s(k]p %::’=—(k—i)To%:: a7
[Z(K/s(K],pls(K] (
). S
CRB{s}=[J"';.j=1,2,34 (18)
[1] , R (k) CRB.
© CRB (2] R(K = Jx2(K + y2(K) ;
2
) X _ XVt
3 .Z=2Zn12, Z P, 22 P2, RB(R) = X2 + ytZCR_B(kt) +xt2+ v
2
e -1 — Y
70K ={z():i=1, . .K @ [(I7D+(3 )31]+X‘2+y12CH_B(9t) (19)




3 473
4 o o g8 o R’0SY05, + R;0” S - PR,
[1] : 1T §np TR T Sy 27 dnp
X , Py s Y P, P 09120'1,
’ P, ’ . T0:251 092 =0,.
790k h. P P, 540k h. - b
1 .
0,=0,=0.%. - JURR
" rTe S(k) =s(k) - s1(k) =[51,%,5,5]" (23)
’ (oY) Py .
CR.B
s(k+1) = FB5(k) - U(k+1,k) + G(K V(k) (24)
Py P,
1 To 0 O
01 0 0
=lo 0 1 T
0|
150
£ 12 /‘\//\_”_\ 00 0 1
2100 ¥ (k+1) - x (K - Toxa(K)
2 75 . .
z X1(k+1) - x2(k)
i U(k+1,K) = ! v
25 yi(k+1) - yi(k) - Toy1(Kk
o 10 20 30 40 50 60 yi(k+1) - y1 (k)
V (k) LV (k) = [w(k),
3 CRB ( :m) 22 0
(0,=0,=0.5,b=0, 1,2,8) 0
CR.B , 3 %(K 1, G(k) = 2 . Q(K)
n=12,8 ,b=0. o
0 To
_[ (K o)]
0 ACIE
3 [1] z(k+1) = h[s(k+1) ] +w(k+1) (25)
W (k+1)
w(k+1) =
wa (k +1)
R=d G2 ’02
4 EKF O, 01
JS2+ 3
h[s] = 3
(MLE) K, arctan_gl
MLE k k h[-] Jacobi
[1] CRB .
Swe=argnin{ - 1np[ Z(Kk)/ s(k) I} (20 H:[g(k+1)/k]:-‘m-§(-k~in-1
Js
4.1
ML E N R [S(k+1)/ K]
[512 + 532 ’SJ_Z +832
oV = R N (26)
—s S
y P1 y . Ng12+§é2 Ng12+§é2 k+1 k
0 7 ,if K21+ b+nl, 21 :
z(k) = 21 ~ ~
(R)Tif k=1+b+nI z(k+1) - 2(k+U k) = H[s(k+1 k) ]s(k+1/ k) + w(k+1)
P, PR L P (27)
P Ry, Py ,S(k+1/ k) =S(k+1/ k) - S(k+1 K (28)

EKF



474

2003

4.2

(1]

CR.B

» O (K) 0.02x: (k) , qy (k)
0.02y, (k) .n =2, 0. [1]
(60km ,790knv h ,60km ,790knV h) . 3.4
4 100 Monte Carlo
glw
;’g : [2]
§ 70
Sw [3]
E 50
’ * ® Timiumdex‘: * * ’ s 2u'l'ime:::',ldex k‘o * 5°
(@) xSRI () y RaER BRI
[4]
4 ( )
4 , i i [5]
[6]
[2]
7
’ k=30 , [7]
' [8]
[1] [1]
, CR.B
[1]
v , EFK

Branko Rigic ,Sanjeev Ardanpaam ,Chridian Muso. The irfluence of
communication bandwidth on target tracking with ange only measure-
ments from two plaforms[J]. Sgnd Procesing,2001,81:1801 -
1811.
A Farina. Target Tracking with bearings only measurements[J] . Sgnd
Procesing ,1999 ,78:61 - 78.
E Fogd ,M Gavish. Nth-order dynamics target observahility from ange
measurements{J] . IEEE Transon AES,May 1988 ,AES24(3) :305 -
308.
H L VanTrees. Detection , Edimetion and Modulation Theroy Wiley
[M].New York ,1968.

) . R . [M].
J1. ,2001.23(8) : 42 - 45.
[M]. : ,2000.
, [M].
,2001.
1972 10
1994 2000

1937 10 )



