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A Study of Sensar Allocation Algarithm Based on Covariance Cortrol
in Centralized Mutisensor Systems
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(ATR Key Lab , Natonal University ¢ Ddense Tachrolagy, Changsha, Hunan 410073, China)

Abstract:  Sensor management can be described as a system or process that provides automatic or sem+automatic control of a
suite of sensors or measurement devices, it improves the performance of sensing and gives an effective usage of resources. This paper
presents a general optimization model of sensor managemt and a new method is provided which is based on covariance conirol and
manage sensor allocation by making the actual covariance matrix close to the desired one.This paper presents an analysis of covariance
control for allocating sensing resources in centralized multisensor target tracking systems. Three sensor alocation algorithms are pre-
sented based on different matrix metrics. Simulation results show that this algorithm based on covariance control can allocate sensors ef

fectively and save much more sensor resources.

Key words: Sensor management; sensor allocation; mulltis ensor system covariance OOHIIOl; data fusion

s Mahler'™! .Kalandros  Pao'®

[2~ 6]

)

Nash (2 s

[2] Nash
. Schmaedeke! ™! Nash

: 2003-0707; : 2003122
B 7 (No. 41307010104)



12A 2159
3
31 Kalman
x(tre )= F(Tr)x(ti)+ G(Ti)w( ) (4)
x(1:)€ER" 1 ,w(y) ER

Top= ag n;'i}f([, la),s.t. T.ST (1)
T )
5 T(,- B T ’
T.CT, Te=T; Ty
s ,
;[d ;f(.)
; arg min T.
T
(
) ,
N, S={L2 .. N/,
S (S ) D
l Di, Di Nl D
Di s
( I A
Dol 14)= ang minf( P(11), Paf 11)) 2)
$Don(tr)= arg minf (P (1), Pa(ti) ),
s.t.D.C D (3)
D 5 Dc 5
D ;P (k) 7 ; Py
(1) Lk : Dl t1) ik
f(*)
DC 2
D
(
)

O(iy), F(T,) ER™" g
.G(Ty) ER™T 1y
s Te=the 1= (k= 01, ) 1

z2(4)= Hx(t )+ v(t),j=1 - N (5)
7 (tr) € R m j L Vil )
€ R , Ri(t,), HE€ R,
vi(*),vi(*)  w(*)
x(to)
D D;,
Kalman 7,

(x(te))'= x(0% )+ (K(tx))'(za( )~ Hix(1i))
(x(te))*= (x(1e) )"+ (K(0))" (a ()= He(x(11))" ")
x(u)= (x(4))" KED;

(6)
(K(11))'= P(ti )HY(Ry( t)+ H\P(t; )HT)™'
(K(t1))"= (P(1))"" "HE( Re(11)
+ Hi(P(1;))~ "HE) ", KE D; (7)
P( )
(P(1i))'= (L- (K(t)) 'H\)P(t})
(P(1))"= (L,— (K(t))"Hg)(P(1;))""" (3
P(tr)= (P(tr))", KE D,
x(tg ) P(iy)
x(t; )= F(T,_)x(t,_,) (9)
P(ti)= F(Tw)P(ts-1)F'(Ts1)
+ G(Ti1) Q(tr-1) G (T ) (10)
()" K
8]
P(ty)= [P '(t7 )+ HR '(4,)H] !
=0 e DR il (1)
Ji= EZH,TR; H, iz 1, 2N 1 (12)
Ji D ’i D;

32
(11) : :



2160 2003
P(1) , (12) Si=[01(A), .-, 0, (A)]JTER" (15)
. Sp=[0\( B), -, 0,(B)] "€ R" (16)
P(t) , le1, det(* ),
Pui(ts). (e ).
M1: (= )
: f(A B)= IMIl = o(M) (17)
Step 1 (10) th P 0, M
(ti); M2:
Step 2 i= 1; n
Step 3 . Dy f(A,B)= (I ml)= ;‘J miil (18)
Step 4 (12) D; M3:
Jis f(A, B)= e w(l GUL) Sa- Splly  (19)
Step 5 (11) D; n
Pi(ik); .
Step 6 ) f(P; ( ):
(1) Pa(n)): (1)f( A, B) 20, f(A, B)=0=A= B;
Step7 i= i+ |, Step 3 , i=2N-1; (2)f(0A, aB) = M_‘_ Fale Il §i= Sglls,
Step 8 F(P 1), Pa( 1)) Vv a€R: !
’ (3)f(A,B)=f(B,A).
5
4
51
; x (1)
Frobenius ’
P
. 0, M P
ellpsoid( P)= {x| xX'P" 'x<1,x € R") (20)
1 X= R"*" R Y M=2
XxX R VA,BCX, f
(1) :f(A, B) 20, f(A, B)= 0<A= B; (2 ’
(2) f(A,B)=f(B,A); 1 3
5 x n= N_Mk;N’f (21)
. Ny k . N,
, , p ,N
X . 52
s A, BE R™", Kalman . [x x y
A= A"20 B= B >0, M= [ m;], yi'.
, 0.5m/s%, x 426 m/
M= A- B (13) s : ; I's
M=M" A, B Hemite , 8 .
(* ) (x,y). S1 82y ;
A= UZUi, B= UsZUsp (14) S3 54 « ; S5 S1 82,
Ui, Us 3, S A, B ; S6  S3 S4, ; 57
, ( S8 ;
) 8



12A 2161
1, 1. of
1 ( ) 7
L
x y g [:]
a5
S1 21. 1 8.2 0.82 -2
§ 4 oo o 6 O o
S2 20. 3 9.1 -0 74 ? 3l |
S3 8. 22 203 0.78 %2 ° °
oY —— Norm2
14 + Trace
S4 9.23 209 -0 61 o SVD
3}
S5 36 18 1 ~065 0 20 40 , 60 80 100
S6 19. 1 301 0.74 2
S7 42. 1 431 0.87 3 s
58 41. 4 437 -0 94 . Pu, Po, Pz Pas
X,Y, V%, VY ,
S1 2 S3 54 P
50 - 50 g 50 - 50 T » 11 ’
: . P
| S - o f--o- % »»»»» 0 f-enen ﬁ »»»»»»»» ] FSSUS VS 25, 51 7,
-50 E -50 : -50 : -50 :
-50 0 50 -50 0 50 -50 0 50 -50 0 50 ’
50 *575 50 S‘6
g ceee + Trace
of- 20 ir,* l o SVD
-50 ; 50 ; - 15 T i‘
50 0 50 -50 0 50 - 4 7
10
1 M
% 20 40 60 80 100
? t
[251. 4,25, 1. 4], 51 , » m
AgAAA - Norm2
h . * L
[7,0.8,7,0.8. 2 1 | e
, , 12 i
51 , , £ 1
1
8
09
s s 08
- 0 20 40 60 80 100
(21) .2 ,
ul
:56.38% 50. 88%  55%. 3
LT T Y TSRO — Sap emssssssnine S8 bkttt v e 000 00 0ts shbs A ML bk e bbb s oo 0o s u
[y 2 T PR O— [ Y T erp— - 7 fottn mhe e veene b e h it bttt o e e o e
S6 JFR— S5 P ntbirmie————————————itn, 8 U ok o o e e g6 e [POR
2 2 2
g L ——— % s5p ———— g S5 —_———-
2 54 fu. - iiin sasts s e ] D 54 | wimansncacacered] B Stla b isabaanade an e on
8 g g8
77} 172} ]
S3 e diabs i s bl b s s o s w5 o o S3 e e Y ) S3p e
S2jme AR MAML Mebite b m— o S2 AR bl S2jms -
S1pa h Adh bk ddd A e v S1p Ak AL AL e dede e = S1
1 1 | 1 1 1 A 1 1 L 1 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
t t t
(@) 2- BEE (b) #a x4 (KA E & (c) FRMESREER



2162

2003

4 2
s , 81 8283 S4 4
s 51 s 4
6
h(SA,SB): H SA— SB ||2,g(UA,UB): n— ir
(1 U4U;|)/n, h(Ss, Sg) =0, h( Sa, Sgp)= 08, =
Sk U= [ua, - Ua] Up= [ w1, -+, up/,
Cauchy Schwarz ,
luguil < Nugille lmll=1,i= 1,2, ..n  (22)

. .
w(l GO )= D) i) < Mg e Ly 1l = n
i=1

=1

(23)
U, Uy s f(A, B)= g
(U, Ug)+ h(Ss Sp) =0 A= B ,
2, , g( U, Ug)
A B , ,Va€ R,
h(aSi, aSg)=lal h(Si, Sg) . 2.

(1 GUg | )= tr(| Uy | )
—Sul, 3

I1'Si— Spll= Il Sg

[ 1]

[3]

[4]

[5]

[6]

[ 8]

R Popoli. The Sensor Management Imperative. M ult target Multisensor
Tracking: Applications and Advances [M]. BaeShalom, ed. Vol. II,
MA: Artech House, Boston, 1992.

J M Nash. Optimal allocation of tracking resources [ A]. Proc. IEEE
Conf. on Decision and Control [ C] . New Orleans, LA,U. S. A 1977, 1.
1177- 11&0.

R Mahler. The random set approach to data fusion [ A]. Proc. SPIE
[ C]. Orlando, FL, USA, 1994. 2234. 287- 295.

W Schmaedeke. Informatior-based sensor management [ A]. SPIE Pre-
ceedings [ C].Orlando, FL, USA: Signal Processing, Sensor F usion, and
Taiget Recognition 1T, 1993. 1955. 156- 164.

W Schmaedeke, K Kasella. Information based sensor management and
IMMKF [ A]. Signal and Data Processing of Small Targets 1998 [ C].
Odando, KL, USA : Proc. SPIE, 1998. 3373. 390- 401.

M Kalandros, L' Y Pao. Controlling target estimate covariance in cer
tralized multisensor systems [ A]. Proc. American Control Conf. [ C].
Philadelphia, PA, USA, 1998. 2749— 2753.

D Willner, C B Chang, K P Dunn. Kalman fiter algorithms for a mult+
sensor system [ A]. Proc. IEEE Conference on Decision and Control
[ C].USA: IEEE, 1976. 570- 574.

Y Bar-Shabm, X R Li. Estimation and Tracking: Principles, Techniques
and Software [M]. Dedham, MA: Artech House, 1993.

L1975 9 .
b -
, 1967 9% 1997
L1978 : :
, 1964 . :



