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A Novel Sensor Selection Approach With Bayes Framework for
Target Tracking

GUO Jun-Jun' HAN Chong-Zhao!

Abstract In large-scale sensor networks, a target tracking approach based on sensor selection is presented in the Bayes
framework. The proposed approach mainly contains the following three steps. Firstly, the objective function is obtained in
the Bayes framework. Then, the sensor selection strategy is adopted according to the objective function. Finally, tracking
results are obtained by fusion of those selected sensors. Compared with the traditional target tracking approach, the
proposed sensor selection approach is much easier and more reliable. Moreover, the clustered target tracking scenarios are
considered in this research, thus so the proposed approach is robust for target tracking applications. Simulation results

show the effectiveness of the proposed approach.
Key words Large-scale sensor network, Bayes framework, sensor selection, target tracking, information fusion

Citation Guo Jun-Jun, Han Chong-Zhao. A novel sensor selection approach with Bayes framework for target tracking.

Acta Automatica Sinica, 2018, 44(8): 1425—1435

Wit 7 1 RS 5 AR R 7 s A 0 5 R 11 R R
R IR SRR H AL AR MR &, P AE H A
BRER S S, FRATTRT DA A 14 % Jead ) B %o 25
(8] BT BREAFIAGI. AT4FR, 2 AL s E 2L
*E[ﬂ?,%;@%ﬁlwﬁﬁﬁﬁﬁﬁ%&ﬂiﬁ%ﬂTﬂiﬂéﬁf‘éﬂﬁﬁi
Hﬂ 1-3 .

o FH R A JEats I 2 0 25 8] H AR AT BRI,
el Hh T2 BT AL ABE R 52 0, B, s 1a] rpom]
REFFAE DRI T I . RIS ITAE RG2S HF
) e R RIS A TR 19 2, TLF AN T ik S 1 £ TG

ik Hi 2016-06-12 s H 9] 2017-05-06

Manuscript received June 12, 2016; accepted May 6, 2017

] % T S BERIE AT 2 FE T (973 Hkl) (2013CB329405), % 1 4
Blagdt4r (61221063, 61573271, 61573276, 61370037) %)

Supported by National Basic Research Program of China (973
Program) (2013CB329405), and National Natural Science Foun-
dation of China (61221063, 61573271, 61573276, 61370037)

ATHERMZE 5

Recommended by Associate Editor PAN Quan

1. VY EAZ0 KA R 45 5 I 45 L S B TR A 2 . 75742 710049

1. Ministry of Education Key Laboratory for Intelligent Net-
works and Network Security, Xi’an Jiaotong University, Xi’an
710049

R GUm AT, 45 1% GES M 2 B R R Ao ok TR
REYFZME. TR 24 S FREE A S A B, AF5E4%
SR I 2% B AR R B ) R A A T Y.

e I as A 25 0] H AR AT B, 148 B B
AW ARG w2 T R TR E IR, — RS, &R
arlHE B R G M ZE R A Z vt HarE WS e
LHMZ 2 FH R T2 0EE RS RZE AT
¥E, Biltn, e R (Earth-centered Earth-fixed,
ECEF) &AAbRZ b, SCHR [4] AR ES 12 r & 0 )i
BN e P S i 7 N [ A RN DR R )
fim 22 At VT 53 SCHk (5] $2 i T —FiEE T DS AR
TR AL IR 2R G 2 Al T AT — 0o @A SV
SCHR (6] 4 i T R T B AL A S
RGN TE . Bl R B Bl A S, Gk (7]
et b Ol 0 1Y % SR O 22 Ak R R
B

SRR 2, TN, 2t
I REFETE MR AR H BB R R G dm 22, BN AR & PR
RG2S MR X R 2E, R



1426 H )

¥ i 4%

B2 UL R0 23 18] H An i) B RS BE . H Al
AT A 1A o S B of figf 3k b A8 e M 1Y &R G
ZEREL 1) KX i & 1 09 & G i 25 2EAT A AT RN
2, Blan, SCHR (9] $& i T — AP ECT T SURUR LA T
(Generalized likelihood ratio test, GLRT) &%t
P ZE A AN H AR BR RS, RITA] B 0 340 R 1 &
S 2= BRI 20 A 22 KN T A, 2R 5
MR I I AT B Rl . AR O 25 Al T iR 22
SN 3G 2 X5 H A MR A B 7= 2R s 2) MU
L ARG I R 530 3 ) £ BE N IR R AT R . H i)
2R B B AR A N A R 2
TR AN AR 20K E R & sk ik
S RS 0 S A BT L sk 2 1% g s .
[T IR EHE SR ik, AR E AN 2
N T AR 2 BT 22 4% St il 170 (I A T
AL, BN, SCHR [13] 321 T P AR ER TR I SR 22
LTI 9 I Ty YA v L A I Rk R STk
[14] 38 3o A4 385 215 VR A 3R 22 17 27 DR X B A L R AT
A 0 - LT 0 45 SR AT 1B TR A LT B A
A 0 A 530 e RELARL, A SR ] ) A% St e 3R 1) L I R
AL 0] R, BAR B % S ) 245 SR A ) 4 30 1 U 4k
P, SR PRI T SRR B, (USUR B ATHE
A Z G 22 1) A% AR AT R Fl 5
BRI T Al — Rl A R i
T I 2% B I B A A By ¥, AR SR AS B T BOR B
JZ B A R R AR A I I I 2
Hh PR B 4 R B AT B B AT Rl Ay, (R B SO 75
FERE Z R BT, BRI BB B v 1 YR Y
ORI R AR T B A% 5t I 45 1Y) BR ks
£ DA R H A BRER AR E
HETENAMF 245 AR TREZE TL K
AR H AR IR ER VA, B ER I B AA W E AL
PLURBECR: B8 — AR s P 28 ) A HE D, 2K
S R X AN VE U HEAT A Ak, AT A5 20 4% T D) 4% 1)
PeRETT 22 Biltn, SCHER [18] A1SCk [19] 2ol )5
B va ik — B R RMTERLE - B FAE R A E ]
oK S PR AT IR I 245 () AE R e BB Al Sk [20]
FISCHR [21] i A% et b @t Ak o — N &k
W, AR5 A2 XA (Cross-entropy) (AN >R
S I AT I B AR Rl SCRR [22] A SCRR [23]
67 FH A% [ ) 2% B 2 Al TR 22 W0 T 25 B ) A
SR IE AR D) fe S PR A% ek I 2465 1) 328 3 AN L il
FAIH, SCHR [24] REDRASAL T A ) B A5 15 5 K
VBRI PEAUE R AT 12 AR B 3 A T A AL
TR I 25 B30 A% i, SCRR [25] K5 KRUAR A% J8ts
W 2 o3 R R T AN B N AR SR - N 4%, AR g T
Frehist - % BB EN R0 PE1T 14 B e .
T o o3 E A SR X 2%, A5 S X 2% 1 A A%

HRRBEMR. AT FR I e B e ik, A
SCRE R T Fh A R BT DL S AE LR T ) A5 R
PREEEANE, WO AR T mi e 2] s S A
) 45 AR 285 1 R RS O B DA 9K bR 5O 1R A5 1% e
W0 28 1 A2 SR AR e R 7 2, JB TR R IR R R ) —
A4 0 SRR . T ELAS SCHR Hh ) A% IR e R
i, BT I A (A D B I A T R
PRI RZE. B, ASCH R BB A
YERT DASE TNz Hu . T2 A% s B AR IR R = .

ARSCHT DU (Bayes) #ESE, $e il 7 —fhk
TG AR I A5 A W 2% H AR R R k. R R
B%4, 1) 75 Bayes HEZER, SRAEET 24 A0 i 2] 29
T A5 A R I s A R R B AR eR &, T EL
FRIEA [F B AL B bR, #5042 A 1 £EnY H AR ek
B 2) ARARUCAHED, SR X R 2 RS I 2,
I HAME B M2 AT A B 3) X I B i 1% 18t
AT B R G, 4545 Bds W 2 % 23 8] H A5 i) R 57
ghR.
1 [C)REHER
1.1 EXRBEURFFSENX

SCHH Y — B R AR DA B A5 a0 R

1) fRix

a) KB BIAS1 ) A% 8% 7] B o) 25 1) H AR b AT
PRER, HAMME RS AT E

b) ZS[a] WA ] H AR B A BN,

c) T ZINFIAEERI S0, (%1838 v] ReFF7E 1
IR B AR R G 225

d) A% s i 5 0 2 [R) A7 A /D 5 0 2R i 1
e, B 2 & R RS B B A s A P, XA~
W B2 A — R BRI, HARWEG AL, 240
SESCEAST, HAR 2 @ AH B0

2) fF5E X

a) }/t?k: k EHL%J, 'ﬁzbﬁz‘%% ERS {17” ! 7”} Xﬁﬁﬁ
te {1, m} BRI S A

b) Y2 k W%, L% s XPA A HiRr A
MRS, HY, ={Y%t=1,-- ,m}

c) Yir k W2, ZEITA n S8 0] 23 6] fir
A m AERARENES, BHY, = {Y|s =1,
con};

d) zj: k B, 2S[EHR ¢ RS &

e) Xy: k WA, Z[EFrA m A~ HARPPRAS ) &
iES, B Xy ={zilt=1,--- ,m}.

1.2 BfrEshaiEmEN sz

ARG n AL IRES R A HX 25 B g me A
B HAREATIW. BHAnt e {1,--- ,m} WEshil
BUA] DAFIA R



8 4 FRAELE A BT DU BB HE S A0 A IR e Ik

1427

(II;C = Fk_1$271 + W1 (1)

Hp, xp, ok WZIEAR ¢ PPIRES IR, Froy H—
CHLRESFAHE, RS wy o AFHERINTE
T MR, H e E(’wk—lw;cr_l) = Qk—1-

Bt s € {1,--- ,n} XZSEER ¢ 807
FER AR IR

yf,k =h, ("BZ) +vj, (2)

Fob, g, g b IG5 REZ A LR ¢
e, B () H—A O L, B o) BB
I R0 RS, FLE Efvg ()] = Ry

BRI, AL IR AR MR T, M 22 51 4 I
BT, GIn: 1) AW 2R i THE. k2
(RN FE ISR ZS (R Z e MR A 1
BOTETRA AN, 2l 2 [ b 389 49 43, EL e it
W2 VAT ST. 2) s T 7 e TR th B o
ARG .

B, K I, (s s Jiem b i i 4 &
T PAZR T

v VG @i =1,--}

Horr, € () AP, y7 TR s XA E H
bR B 4R &, A v;(t) € yp FRanfGEds s
Xpas[al H AR ¢ s, B2 (1) = hs(x))+
Sk, + vy (TEEAU = MME XA B SE R y;,(t)
5720w ¢(0)). 0n ABEYLAS &, HEE p(or =
1) = p, p(0x = 0) = 1 —py, pp H—DE/PIYIEEL,
N, FREIEEE s MARM ARG MZE.

2 HT Bayes BRI RASHARE L
TERPRAAL 2% M 28 H bR BRER vp, A SCHE T
—fhET Bayes HUG & BREs B BT,
2.1 REBUENRENESY],
AW b — 1 B2, %8s N 28 X0 25 18] H Ax
t WA TSR A {-'2271|k717P1§71|k71}7 LT
B K Be (Probability data association, PDA) %
Pk RS s W As T H AR t A RO 4
YN
aA"Zlk—l = kal:i‘l;c—uk—l
Py = Fk—lplz—l\k—lFI;F—l + Qy
?:'f,k|k—1 = h, (532|k—1)
Sts,k = Hts,lcplak—l (Htsk)T + Rf,k
v = {win )] 600 (850) 7604 0) <
(3)

Hp e HITREBIE (Gate threshold), H.

f:,k(j):yf,k(j) - ?):,k\k—l

Hiy = ox

—mt
T=Th

I, kB2, ARSI 200 25 8] i A H AR A
BAEEMEGW AER N Y, = {Y[s € {1, ,n},
te{l,---,m}}.

2.2 fREFEFHBIREY

AN, NS b — 1 s 2045 B I 26 X
2318 A5 B RR I BB A T et = ({811
Py oyttt =1, om}y FATE =M A H R
RPRES R X = {2t = 1,--- ,m}, [FIREA]
S ML s I ERAE R KA 1] = 1 R k
2RI s ks 2 17 = 0 IR kB 2045 /%
B s b, B

. 1, kW 21LRES s gk ()
Clo, R mfeE s Rkl
BRI, K B 220 4% Bt D) 2% 1 326 5 48 7 bR 0T AR R
H Ly, = {lz’sz L ,TL}.

RIEEE 2.1 7, W AMRA ) KAIGAE S s W=
) H b ¢ BARCRIAE Yy, WIS TR Y, 5
A EH AR ¢ BRI R, FATE L @F ), A RE
BB YD MR ER ¢ B RBR R E, H.

(I)f,k = {u;k 1),- "Uf,k(j)a T 7Uf,k (Ntsk)}
Hop, N2y ok kB2, 4520258 s P25 18l B ¢ A 3L
B T VY5, () € Vi gy () kil
g7, (7) XA EbR ¢ B9 REGE R, B2

s o)Lyl () RIETER
ut,k(]) = {0’ 7&;')_'»”

R T ERFRA X T R i R, E X

O = { P},
Horp, @) FIRAR IR P 28 rh TG % S A 2 (R T
H AR KB A

T4 Bayes A3, k B, 78 pr—1 BISRAET, B
A% S I 4 21 i A A R B A A R R
%& p(le (I)k7 Yk|Lk7 pk—l) Eﬂ/‘/&%@ﬁ‘ﬂi’

P (X, P, Yie| L, pre—1) =

P(Xk\ pk—l)p(Yk| Lk7Xk7(I)k7pk—1) =

p(Xk| pkfl)p (Y;, T >Ykn| Lk>Xk>(I)kapkfl)
(5)

t:1,--~,m,s:1,~-,n}



1428 H )

¥ i 4%

ARSI m AES ] H AR Z A AL, HASAS
IR Z B2 B B, X (5) SF4A

P ( Xk, ®r, Yi| Ly, pr—1) =

Hp (3| P HHP Y

s=1t=1

Iy, xp, @ ther Ph— 1)
(6)
2 (6) PO, Bl
logp ( Xy, @i, Yi| Ly pr—1) =

> logp (xh] pror)+

t=1
n o m

D> logp (Y5

s=1 t=1

lZ,.’L‘Z, ¢)f,lwpk—l) (7)

Tl X
p (Ytsk

15,2l @5, peot) =
p(Y |l 5, prt) ™

AR K %, A pas s Agiakh, B = 0, Bt
POY 5l @ @7 g i) = 1 IRZ, A1 s B,
Bl o= 1, p(iisk\lkﬁvk, @)1, p6-1) = (Yl
zy, D ), pr—1)-

HI, 1S

lng (Y;:?k liw”"iv @f,kapk—l) =
[ log p (Y| @1 @ ks pi1) (8)
*ETEZI-@UPE’HFXIX, AL RS s XPZS R E AR ¢ Y

AREMES Y, PRI RENEZ BE A0S
(1, Rl #

logp (Y%

t s
Ty, (I)t,}capk—l) =

Nt,k
> “logp (35,,(5)
J

‘x}tw cI);ka pk—l) =

ZIOgP yt . (J

[ F, ARG IR 1) 6 ©F , #Y5E SCRT L, 24 f )
My (J) € Yy %ﬁ?ﬁﬁt i, gy (5) = 1, #0
ui . (7) = 0. DIBL, BIME y; . (7) BACPERRR A
PRECAT AR N

p (yf,k (
p(yf,k (

MR y; () SRIETF HAR ¢ B, o uf, =
L, MBS p(y; o (G)ls, uf 1 (5), pe—1) = pi L)L,
Pr—1); RZ, HEIME y; () AZRIET Hix ¢ 1,
CIpS! ui, =0, [lid:y p(yf,k(j)\xi, uf,k(j)apk—l) =1
B, 3K (9) ATRASEA

logp (Ytsk
Z ug

Hrr, logp (5,

D@k g 1 (G)s pr-1)  (9)

|z us e () pre1) =

Dt pe)

t s
xka ©t kupk 1) -

) X logp ')‘mi,pk_l) (10)

(j)‘ leswpk—l) y‘:’

1
log p (y |$kapk 1) =a-5 log [det (Rtk)]
1

§[yf,k(j) —h, (":2)] (Rf,k)il [yf,k(j)—hs (‘L'Z)]
(11)
LSt log p(x|pr—1) FTVAZRR A
logp (2| pr—1) = 2 — %log [det (Q)] -
3t =) (@) ek —ahe ) (12

;H\:l:{:l7 C1, C2 %Bjﬂaiﬂﬁﬁ
¥ (8), (9) A (12) LA (7),
Hr, c; HORSHL

log p (X%, Pr, Yi| L, pr—1) =

c3 — %Zlog [det (Q;C . Z { xk|k 1 (Qf@)fl (5'32 xklkfl)] _
t=1 t=1
Item1
le {Zlog [det (Bs) +ZZM Al 0) b @)] (87D i 0)
t=1 j=1




8 4 FRAELE A BT DU BB HE S A0 A IR e Ik 1429

SR AT iR BB AR R K (3K (1
PRI A2 T R Y H s bR 2K

G, BT AR ENEE Y, & SCHR
ARAS 1R AR 45 2 Wy 25 45143 510

.’Ek =E [.’Ek| Yk] Pk = COV (.’Bk’ Yk)

P, SRR Yy 206, 3K (13) Xb=siE [
PRIRES I oy BZPEIE, 1520 90T & 22 s
BEFEI H brer %, R

Jp = Ellogp (X, @, Yi| Li, pe—1)| Y] (14)

H 130 (13) , Ttem1 T5 R IEERIIITC X,
WU SR A A2 e a0 36 040 H s e R0 I 2% 8 Ttem2 T,
]

3)) RAHIE,

Jr = argmin {E [Item?2| Y]} (15)
SR Teem2 TR A6 A F 1 E, W]

-1

B{[ia() — e (2) " 5

[Tl A, kB, RS 2, SRR
z, ~N ("i";|k71a P]§|k71)

$5 hy (@) 76 &4, AL B BRERIF, WA

h (.’1:2) ~ h, ("i’2|k—1) + Hy), ("’77@ - -'i';qkq)
Hrp oh, (z1)
s __ s .’l)k
Ht,k - 6'7:21; xzéz‘k%

UL, 7T

B {h, ()| Vi} ~ B{h. (@})) +

(z
;. (@) = 3) [ Vi } = ho (@m0) (17)

hy (&) [he @ 0)] +
H; Pl (H)" (18)

$58 (17) st (18) fLAR (16) o, 78
B[ [v:,() — b (2] (B7,)

b4 () = b (21)] Vi) =

er{ (B: )~ X0k () i ()" +

H:,kPI§|k—1(Hik)T}} (19)

/\EPJ
ka(j) = yfk(j) —h, (i'qu—l)

I, Ttem?2 T 1) 244 41 2 h

E [Item2| Y] =
% Zn; z;{ tzm; log [det (R} )] + tf; :VZ; ug () X
er{ (B2~ { Xt )] Xt ()] ™+
H} Pl (sz)T}}}

AT T SCHR [22], B i e Tt B2 0 Mg 7S A P 7
ZEHE Ry, OTEE M, R IO & R e A 5.
F)?W\%X%W%&ﬁhé’] HAReEEL Ji

1 . S S
=3 Z le X% (20)
s=1

=

N{
Z {Rfk _1><

{xf,k<j>[x;k<j>] +HL Pl (7))

A AR/ A TR B Y H A R ROR B % e
WIS Ly, Bl

?T‘fll
Il
it Ms



1430 ] # 2 i 24
L, = i -1 —1
k argyrlnln Ji Fz,,k‘k = (‘Pjt,kUc) — (P1§|k—1)
>l =y -1 -1
s.t. {31 k (2]_) piklk = (P_]t,klk> m‘?k‘k - <P15|k—1> m}ilk_l

FLH ng, Nk IR R OO, HL L <
ng < n.

AR BRSO RS EARER LR, ) AT e
s A B I i A T 1 ) T [ B
BT eI R A (W (19)). b, xg,.(7)
SRR, 4 A R B (A7 5 T AN LA
ST 772 B TR 22, R T R I (8 SR A5
X5 p (7) ST, TR S 01 A S e P
DRI P R B8 75 PR A AR HH BT A S B e 22
S o A B AT R, SRR AT R i
B, 70 PR Ao 73 ] LA 2 K BB 2 1
s,

U S T B 7 7 P T B R PR3 T 7 2
RGRFENT, A7 B 50T DA A A% ot 2% ] H 7
BRI, A IME e R B AR R L, AR
SR AR SR AL R R TS, T (L v e
B AE T ORIy, 155/ e I ) 2
St 2 [ I A B

HRAESRAH 1Y BRI (20) DA IR S8 1 ]
B (21), AR SCH G P IR R e SR T DA 25

Bk 1. EREEIRE

BN MR R I, R 4 M 4
Yo, PR RE ny DA K — 1 I 2L IR R R 2%
b2 ] B AR5 iy,

B YR k2R R 4 1 e ) Ly

S 1. 484 (20), K4F {4gls = 1,--- ,n};

BB 2. FRIEH {yils =1, n} HANE
KA HHESY, 155 (e, ™Y

S 3. MR (21) RS H R A
ey L7 ) R A

S 4. FFHEN kR TR Ly
_ {l,:(l) =1, 7lz(nk) _ 1,lZ<nk+1) =0,-- }

23 MIEMAEE

AR B T4 £ 5 RS R B v, T AR K
I 240 R 1 £ RSB ISRy O IRJG T HE BRI 1%
S HETRR R &, FLRR B & RN

ot T REP OIS J € Oy, M4 PDA Bk, o
DASR 1582 fh St 25 1) A ¢ RO VTS8R0 {27,
P}, SRR S 1 B R A P AT S
&.

ST IE E R ¢ LRSI B ki)
BG4, PE S K B2, S 1Y
BB B T, FIRGR (S ELRE ot 423K

Hoft, &, Py AMH ERR ¢ HOARAS B
LRI I 1 )y 22 4

SRIFAERA L, SUCHRIR R T s Pl
HEFT RO b IR R I ok 22 6 LA ¢ (4
BEER A2y, Plp) K

1 -1
(Pzﬁuq) = (P1§|k—1> + 2 T

JjEO
-1
ﬁi\k = P]§|k [(Pék—l) -'i'quq + ,Z@ pz',klk
J1€OK
(23)

25 b iR, Bayes HEZLR, B TR EaN L £E0 %
TR N 45 H AR R B R ] DAL EE A

Bix 2. ETHRERF[ITFENMERFZMEERIR
BREE

WA ({26, POt =1, ,m} 2@ FrA Hz
RS TIE RN T5 22 5 B

M. {z, Pt=1,--- ,mk=1,--
73 [RIITA B ARG T4

Fork=1,---,N

HIE 1. NPT AL s, Sk A — 25 B
{gf,k|k71|t =1,--,m};

FIR 2. MR (3) RBLEER s A RGN
RY; = {Y;Sk’t =1,---,m};

HB] 3. X TL4ER Y5, A B KK A,
SR B IR 07, = {u, (i =1,---, N}

HR 4. 1P (20), KL SR BEREY H bR ek
i Ik

B 5. R 2.3 i AL ERER e R,
R L, ={lils=1,--- ,n}

HB 6. L (22) FIxl (23) W EEEEAY 1L %
AT RRITRLS, R1E ({8, Pt =1, ,m};

$®7.If k<N, k=k+1; Else Break;

End For

3 WEMRE
3.1 FEIHSE

FIEMT T ES S 8 AN B HU T Y & 2 7]
A T S [) R Y AR AT LR, AR TR Y AL A
5k Op = (0km,0km), Oy = (1.5km, 1 km),
Os; = (1.2km, 1.1km), Oy = (2km, 2.1km), O5 =
(1.6km, 1.7km), O = (1.4km,2.1km), O; =
(0.42km, 1km), Og = (1.2km, 1.9km). BEAKAG{;

7N}



8 4 FRAELE A BT DU BB HE S A0 A IR e Ik

1431

Hpsm el 1 fos.

6 000

T T
® sensor

5000F
4000F

E

= 3000(
2000} e °

1000F e ®e

0 . . . .
0 1000 3000 4000 5000

X/m

Pl 1 ATl W0 250 B 5%

Fig.1 Geometry of the sensor network
23 [A] H ARz Sl n DA

Ty = Fp 1T + Wiy

2000 6 000

Ho, oy = [z, T, Ye, Uil T, SRS wy AE
WE AR, BRI Z R Qe =
diag{(10m)?, (1m/s)?, (10m)?, (1 m/s)?}, IRZSHE
BRI Froi h

Fy =

oS O O =
S o =N
o = O O
=N o o

oo, SRRERIIG T = 1s.
e R 1 TR ] DA N

Y = ho(xr) +v}
Horp, BNEFS vy S TR e R, B
WM R = diag{(10m)?, (0.1 mrad)?}, H&
TR b () Wi/

hio - | V(o= 00"+ (= )’

arctan 2 —2u

LTk —Ox

H, O = [0y, 0,7 A iEas e 5 23 18] o i AR A
{H.

SR A SRS X 285 A s sk R, AN ] i O e 2
ZAHNFIREE T, B E LU LA T i R
T 1) EWAS A AR TG 2) (R
A BEAAAE HH T A IR B R B 20 I 36 1 oK 1 & B Ml
Ze. P, A SCise: 1) 2R 24 H IR 2R
A = 0.05 IARA AR, HARBE AR 25 6] 35 5] 4y

fii; 2) B LA 2 Ay 4 T o aaE
3, FAERR RG22, RG22 s sLanfal 2
B,

400

1, /mrad

T -
k/s

Bl 2 fRs R G 2= ks 28 A Ol

Fig.2 Sensors’ bias change via sampling time

A SUAR A BRI H AR A 8 AR kR Hh e g
Horp g U RBOR S 1 5 AL A AT B ah Ay,
T St 1) 24 0 22 W) ) A ) R 32 e -

3.2 BERRE
AR =S 18] H AR E SRS HIE N
zi =[2.5km,0.1km/s, 15km, —0.15 km/s]*
H AR SHIME A
xo = [2.55km, 0.09 km/s, 14.7km, —0.14 km /s]*
Wy ZE R AME N
P, = 100001,

J T UEBIAS SCRF SR SRR A R, RFAT 6 A
ST H s

1) SCHR [10] B3 BT an N "ok B i b B
{ELS B AT AL Rl 5 332 (Least squares );

2) SCER [11] B3k BT 20 MEL AR B
{EL5 A A Rl A5 3532 (Polynomial);

3) SCHK [13] Syk: BT — 25 T i) & i) B
A (Residual);

4) SCHR (9] Sk RN R G 2= HEAT A Y
HirIR 5 (Bias registration);

5) AL Y Y T A AR AR BB SRV (Sensor
selection);

6) {55 1 4= 0 5 I B s 09 4% 42 H b BR R SR
(Traditional approach).

23 [8) H i B L 52 8 A% SR I 4% %) 45 1) H
Fre Al an i 3 fros. BT 100 IS4 R %



1432 H )

¥ i 4%

(Monte Carlo, MC) {fj H, f& /2 M 45 %t 23 [8] H AR
S EAG T B 7R 1% 2 (Root mean square er-
ror, RMSE) %5 5[ SRR Z1 i) A8 ALl & an il 4 i
. HEEER R RSO AR R AR R B A T
DAV fff % 25 (8] H AR HEAT Al 1T, HLEREAE FE LT 3C
HR [10] J3yk. SCrk [11] Sk, SOk [9] Sk A
AR AR L 5 B R IR AL BT Bk 4 Fp
SEFNT 23 [B) H AR BREORS B2 B SR WA ST R R
Y. DRI T EE R B OO HE SCHR [13] VAR ST

—— True trajectory

—— Least squares

—e— Polynomial

‘‘‘‘‘ Residual

‘-e- Bias registration
—— Sensor selection

- ¢ -Traditional approach

15000 4

10 000

Y/m

5000

5000 10 000 15000

X/m
B3 ESCHLEALTTE

Fig.3 True trajectory and the estimated trajectories

| ——Least squares

—o— Polynomial

10°F | - - Residual

-e- Bias registration
—— Sensor selection

- ¢ - Traditional approach

2
$..

log RMSE
2

10°

0 2‘0 46 66 8‘0 100

k/s
Bl 4 ACEAETE RMSE S50 EE R 18] 1728 4 it 28
Fig.4 The logic RMSE results on target position via

sampling time

FTF M =1000 & MC fif 5, HATESLE XL
JEAS IR R

=

Ps =

Hrp, Ny 278 1000 ) MC flj H b, A& gl 3%
UL

A SCRAE T BBy, T 1000 )k MC i &,
AU ps RALAL B L FE PR BE. 12 AR 1B %
MR ps B IRAS R AR G ZZBRAE 1 e 1L
WS DL E 5 Fros. R A 12 s A I i AR

S

o U W R P 5 ZE R RS R = diag{(10m)?,
(0.1mrad)?}, A = 0.05.

1

. —e— Sensor selection
0.8/ "~ - - - Residual
0.6
Y
0.4
0.2
0. ot - P
50 100 150
n,/m
(a) PHE B 25
(a) Range bias
1 A
. —e— Sensor selection
0.8F ' - - - Residual
i 0.6F '
U Y
0.4 Y
‘\
AY
O e e =
2 4 6 8 10
1, /mrad
(b) 1 w22
(b) Angle bias

Bl 5 Al kas e R Bl AR 0 i 22 AL 1 O

Fig.5 Sensor selection probability via bias change

AT BA KR AR R S w2
BEAS m, < 80m B LR G ZEBAE 1y < 5mrad
BF, 6 R SRR [13] B350 28 4 i 2 R AR 0 4% 00
B SN ANAS SCr R . D BLHEWT: 4L SR A7
BN RG22 AR I, SCHR [13] S vAXT 2518 H AR
PR PE BB 2 55 T AR SO PR 595, M (L IRa &
35 i 22 KA B3I, T AR SAVE B A% IR I AR R s
PR E RN 0.

FHR L, SCHR [13] Sk A SCRE RN 23 (8] H A
B AT RMSE 45 S b6 2 40 22 Bk AL &= 11 A8 fk
TN 6 Frs. BUE BE5 BN YRR
G w22 1) B AR A/ INIE, T SCHR [13] SN RS
i 22 RS ARG T B 17 8 22, T AR SCAIE T 8 /N B
5 M 22 B AR AR IH A R AR DN BE 77, DR AR SO0
Vx2S 18] H AR AL B A T RMSE &5 S it /N T 3¢
ik [13] B RMSE 255 2444 183y 22 40 2 1 Bk
AR BRI, AR SN 2R G 2 R T R T 3R A
FIE, UL AR RMSE 45 5623, Bt
FLZEFUEIH T AR SCHE H 0 A5 SR s e B B R AT )
bk

BB AT B TR AR A R YA PR AR A IR — A



81

FRAELE A BT DU BB HE S A0 A IR e Ik

1433

KB, UM BB W SR I 2 FE R AR [R], &R
A O(mNg). P vH B ML A B 28 Iid B~ Intel(R)
Core(TM) i5-4570, 3.20 GHz; 4GB RAM. #F
100 W45 RIEU B, 317 — R 8 1) RAE T 2
k=1s,---,100s, X} HEEEREYE PR TR a0

* 1 PR,
60
—e— Sensor selection
01 - - - Residual
E 40+
5307~ .
.-~ - JPL
201 *
\
\\
10+ .
AY
20 40 60 80 100 120 140
7, /m
(a) 0B B S 22
{a) Range bias
60
50+ —e— Sensor selection
- - - Residual
40+
£ .
2 307~ RN
~ ’ Y
5 Ss N ,' \\ oo
20¢ S \‘
AY
10r Y
AY
— N o= o
0 : ‘
2 4 6 8
, /mrad
(b) A s ENRE
(b) Angle bias

Bl 6 RMSE Fifis il {2 280 I% 00
Fig.6 RMSE via bias change magnitude

#E1
Table 1

PRI IsATI ] (BT 100 IS RIE0 )

One run time of the proposed approaches

(100 MC runs)

X B SE FYGELTINE (s)
SCHR [10] S35 25.488
Scik [11] By 25.515
SCHR [13] Sk 38.998
SCHR (9] vk 48.733

AR 37.292

felt ik 25.428

MR IBE DT BAR ] AR, 1] ik
TR A 2 8 F A BR RT3 R T B0 0 B 0 i a0t
Frab s, NSRRI AT I TRl AR A, AR TR H bx
BREFPERE R 2E; SCHK [9] 539K R T/ 20 R Gt 22
BAZ BEAT RS AT, TR AR Be 25 SOk [10] ik
FISCHR [11] F3A et P f67 B ) S (L O B YR A T T
(ELRCR AT S0 %, T ) T AR AR R ARG, (H2 H AR IR
BN RERAR 2E; A SCRIR B 2 AR TR R B AL
18 SELAEORS A% Tt 190 265 R A 2 4 — AT A B
fle R e, i SCHK [13] SRR 3o i X 4%
A s 1) 0 B L0 o I ST Y B AT W, DR
AR SR A B I2AT I A ZEME AR T3k [13] 30k

3.3 ZBMRESE

HT 8 A feds 2HL Bl A A2 i 190 St o 2 25 [) v
P HARUEAT I, 07 A 50 3.1 PR, 23]
F AR SRS HIE 7030

xf' = [2.5km, 0.1 km/s, 15 km, —0.15km/s]"
x%? = [2.5km, 0.11 km/s, 12 km, —0.06 km/s]

1% SR W 46 6 23 [ A H AR BR R IR A6 R A 53 51A
= [2.55km, 0.09 km /s, 14.7 km, —0.14 km /s "

1
)
z] = [2.4km,0.112km/s, 12.2 km, —0.055 km /]

T

FIRRII T 22 Po = 1000014 fFEA5R N
B 7 AT 8 frR.

True trajectories
—a— Least squares

—e— Polynomial

‘‘‘‘‘ Residual

‘-e-Bias registration
Sensor selection

- ¢ - Traditional approacl

15 0007

£ 10000}
B

5000¢

5000 10 000 15 000

X/m
B 7 ESEHLER AL TR

Fig.7 True trajectories and the estimated trajectories

23 [) H b ) LS e S A Rt 19 28 ) 25 [ H A
AT AN & 7 BT, AR T I 4k 23 ) H ARz
BEAG AT RMSE . 45 5 Bl R A I 221 138 1017
el 8 Fron. Ba s HATREW: AU 5k nl
PAMER LA 25 18] H AR 2EAT BREZ AL, HERER 4
A 0T A LA BRI, DR T AR SRR A%
AR BRI A R



1434 H ] k& E2 i 444
| —~—Least squares AT IEATFGT
—o— Polynomial
1000 |o-- Residual References
-+ Bias registration
. Sensor selection 1 Bar-Shalom Y, Li X R. Mutitarget-Mutisensor Tracking:
%’ ol ¢ - Traditional approach Principles and Techniquesl. Storrs: YBS Press, 1995.
fn i 2 Han Chong-Zhao, Zhu Hong-Yan, Duan Zhan-Sheng. Multi-
= Source Information Fusion. Beijing: Tsinghua University
d Press, 2006.
10" (5, SRULHE, BofilE. UM BRG. JLnt RS RAL,
| 2006.)
3 Pan Quan, Cheng Yong-Mei, Liang Yan, Yang Feng, Wang
10° ; ; ’ ; Xiao-Xu. Multi-Source Information Fusion Theory and Its
0 20 40 Y 60 80 100 Applications. Beijing: Tsinghua University Press, 2013.
s (5, FRUKA, B, i, TAVE. ZUEEMAIE A,
(@) H4x1 IR, 2013.)
(a) Target 1
4 Zhou Y F, Leung H, Blanchette M. Sensor alignment
— | ——Least squares with Earth-centered Earth-fixed (ECEF) coordinate system.
. —o— Polynomial IEEE Transactions on Aerospace and Electronic Systems,
100 o Residual 1999, 35(2): 410—418
% - Bias reglstratAlon 5 Okello N N, Challa S. Joint sensor registration and track-to-
Sens."f selection track fusion for distributed trackers. IEEE Transactions on
o 1004 1=° ~ Traditional approach Aerospace and Electronic Systems, 2004, 40(3): 808—823
E 6 Li Z H, Chen S Y, Leung H, Bosse E. Joint data associ-
_%n X ation, registration, and fusion using EM-KF. IEEE Trans-
10" (il actions on Aerospace and Electronic Systems, 2010, 46(2):
496—-507
7 Huang D L, Leung H, Bosse E. A pseudo-measurement ap-
10° ; ; . : proach to simultaneous registration and track fusion. IEEE
0 20 40 60 80 100 Transactions on Aerospace and Electronic Systems, 2012,
kis 48(3): 23152331
(b) H¥5 2
(b) Target 2 8 Wu Yi, Zhu Ju-Bo. A fusion method for estimate of tra-
jectory. Science in China Series E: Technological Sciences,
K8 z3 (8] HARRSALEA T RMSE 2552 1999, 42(2): 149—156

Fig.8 RMSE results on target position estimation
4 £Hig

e TR R R AT N — Pl 3 A R A e
2% HARER B IR, AAF R 22 2 1 BOoR ) Z
ARSCPR T — P A 0 T DT B OE 0 17 Jeal 22
FEFTRA PR DAL T 0 245 A R B8 [P A

ARSI BT R AT AR S 1) AR SCIR AT A%
s R 1Y SEL B R iR D R REATT 1 AR R RN R S 2= (R
D2 BEA ) B R RASAL gt 9 2% 2 18] H A BR R TR
2) ARSCR I T —Fh A By BT DU UTHE S Y 4 s
VPR TVE R AR AL R M 2% H AR BB 1) 3) 25 %
TP IRE SR AT R, AR YR
T8, BTG DR R M 225 4) BT 5
R RIS EAHE 1A 5] P 00 i 2 0] A%l i e 4% DA
Je H bR BRERS FE RS 5) of B H AR 22 H bR g
WSty AT 05 O, 9F- 5 G0 B AR IR RSk
PEATXFLE, R T B ki A

AR, BT BERLA IR B Y T 5 2 A 3
Z AL I 2 H bR IR ER R — N 2OE, JATHR
FE N — X R BELA FREACEIE 1 1l a5 1) 7

10

11

12

13

(9, RIE. WA R BE. hEER (B 1), 1998,
28(6): 505—512)

Lian Feng, Han Chong-Zhao, Peng Yi-Feng, Liu Yu. Adap-
tive on-line registration algorithm based on GLR. Control
and Decision, 2009, 24(1): 23—28

(e, whash, U, XIS BT SURUR LU B 380 e LR o 5
VE. 5 0LR, 2009, 24(1): 23—28)

Xu Li-Na, Chen Jun-Biao, Mu Gao-Chao. New algorithm
for real-time outlier removal data in data processing of ex-
terior trajectory. Journal of Applied Optics, 2012, 33(1):
90—-95

(AU, BRI, 8 . 00 0 s b 3 v i) S i I (e 50 Bk
Bk WD, 2012, 33(1): 90—95)

Zhuo Ning. Study on outlier eliminating method for data
processing of exterior trajectory. Journal of Test and Mea-
surement Technology, 2008, 22(4): 313—317

(5177, B35 A1 00 J5CH Ak S v L A0 B O v AR 2 4,
2008, 22(4): 313—317)

Liu Li-Sheng. Data Processing for External Trajectory Mea-
surements. Beijing: National Defense Industry Press, 2002.

CRUFIAE. Sl e ab . Jtnt: Ry Tl ke, 2002.)

He Ming-Ke, Wang Zheng-Ming, Zhu Ju-Bo. Realtime out-
liers detection in multi-sensor target traching. Journal of
Astronautics, 2002, 23(6): 34—37

(CBRARL, EIEM, ARIEB. 2R B ARERERY L9 B 5. T
2F4R, 2002, 23(6): 34—37)



8 4 FRAELE A BT DU BB HE S A0 A IR e Ik 1435

14

15

16

17

18

19

20

21

22

Wang Guang-Xin, Wang Yun-Jiang, Wu Yi, Zhao Cheng-Li,
Yao Jing. Real-time outliers detection in multi-source tra-
jectory data based on weighted fusion. Journal of Spacecraft
TT&C Technology, 2005, 24(6): 44—48

(EUHT, EIL, R, B, B BT AR A 25 TR
Bl ST RS I . TRATER ISR, 2005, 24(6): 44—48)

Liu Xian-Xing, Shen Shi-Lei, Pan Quan. A survey of sensor
management and methods. Acta Electronica Sinica, 2002,
30(3): 394—398
(e, Wf&, V. GRS B R R R TR, 2002,
30(3): 394—398)

Hero Jr A O, Castanén D, Cochran D, Kastella K. Founda-
tions and Applications of Sensor Management. New York,
USA: Springer Verlag Press, 2007.

Hero A O, Cochran D. Sensor management: past, present,
and future. IEEE Sensors Journal, 2011, 11(12): 3064—3075

Yang Xiao-Jun, Ma Xiang, Song Qing-Song, Xing Ke-Yi.
Sensor management for target tracking based on conditional
posterior Cramér-Rao lower bounds. Control Theory and
Applications, 2013, 30(5): 543—548

(B/NEE, T, R, TR BT A ERsehit - ¥ TR E
PR B HL. e 5 A, 2013, 30(5): 543—548)

Hernandez M L, Kirubarajan T, Bar-Shalom Y. Multisensor
resource deployment using posterior Cramér-Rao bounds.
IEEE Transactions on Aerospace and Electronic Systems,
2004, 40(2): 399—416

Zhu H'Y, Chen S, Han C Z, Lin Y. Fusion of possible biased
local estimates in sensor network based on sensor selection.
In: Proceedings of the 16th International Conference on In-
formation Fusion. Istanbul, Turkey: IEEE, 2013. 357—364

Zhu Hong-Yan, Chen Shuo, Han Chong-Zhao. Sensor
selection-based fusion considering cross-correlation of local
estimation errors. Control and Decision, 2015, 30(2): 241—
245

(RULH, BRAT, 5520, 25 R TG 7T R 22 S M % i e
A i 5P, 2015, 30(2): 241—245)

Shen X J, Varshney P K. Sensor selection based on gener-
alized information gain for target tracking in large sensor
networks. IEEE Transactions on Signal Processing, 2014,
62(2): 363—375

23 Gupta V, Chung T H, Hassibi B, Murray R M. On a stochas-
tic sensor selection algorithm with applications in sensor
scheduling and sensor coverage. Automatica, 2006, 42(2):
251-260

24 Joshi S, Boyd S. Sensor selection via convex optimization.
IEEE Transactions on Signal Processing, 2009, 57(2): 451—
462

25 Tharmarasa R, Kirubarajan T, Sinha A, Lang T. Decentral-
ized sensor selection for large-scale multisensor-multitarget
tracking. IEEE Transactions on Aerospace and Electronic
Systems, 2011, 47(2): 1307—1324

26 Tharmarasa R, Kirubarajan T, Hernandez M L, Sinha A.
PCRLB-based multisensor array management for multitar-
get tracking. IEEE Transactions on Aerospace and Elec-
tronic Systems, 2007, 43(2): 539—555

27 Bar-Shalom Y, Daum F, Huang J. The probabilistic data as-
sociation filter. IEEE Control Systems, 2009, 29(6): 82—100

BEE  PEGERERTHEL LR
FBELE A H AT LR s AR T
SEWFSE T 1) SR H b R A% SRR e
ARICEFNE.

E-mail: guojjghb@163.com

(GUO Jun-Jun Ph.D. candidate at
the Institute of Integrated Automation,
School of Electronic and Information
Engineering, Xi’an Jiaotong University. His research in-
terest covers target tracking and sensor selection. Corre-
sponding author of this paper.)

E%%E—H” [ S PN R L Y S
BBz F BT 1) 2R 2 S B R
A, FEM?E%' 5 BN, AR
A, E-mail: czhan@mail.xjtu.edu.cn
(HAN Chong-Zhao Professor at
the School of Electronic and Informa-
tion Engineering, Xi’an Jiaotong Uni-
versity. His research interest covers
multi-source information fusion, stochastic control and
adaptive control, and nonlinear spectral analysis.)



