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Three-component Magnetic Sensor Positioning Model Establishment and
System Observability Analysis
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Abstract In this paper, the positioning theory of single three-component magnetic sensor is studied. The
positioning theory model of single three-component magnetic sensor is established, and the theoretical observability
of the system is analyzed in detail. Based on the equivalence of the point source magnetic dipole of the magnetic
target, the target in the positioning process is regarded as a uniform motion, and the positioning theory model of the
single three-component magnetic sensor is derived. Based on the model, the target motion state parameters can be
estimated using batch observation data. For the system observability problem, by examining the singularity of the
Fisher information matrix, the un-observability of the positioning system of the single vector magnetic sensor is
strictly proved. According to the actual application scenario, the observability under partial prior known conditions is
derived. The following conclusions are drawn: (1) the single three-component sensor positioning model is
unobservable; (2) under partial prior known conditions, the system is observable. Finally, the correctness of the
conclusion is verified by simulation experiments, which can provide an important theoretical basis for the tracking of
some low dynamic moving targets such as cars and surface ships by single three-component sensors.

Key words single three-component magnetic sensor; positioning model; observability; fisher information
matrix

Wk B 4. 2020-06-18
YEZ i wEdE (1992-), 5, W44, FEMNFFEH B Ak R HE BURAE RS .



- 296 - HFHEHKT RS

%3 A

0 35

XiF iz Sk B AR BRI A, ] R AL IR
A I 1 BRSO R T o R AR AR I i AR A H
o Bt A7 B 0 () R i B A 5 o 5 TR BR B o R
iR, X5 Rg M H AR G SR B AN B B 1S 3
H b5 -5 w15 B i 0 B A5 2, T AR I B bR i G 37
EYSUBEuE A E T NI IR

H AT, I T E bR 6 8RR 7 v Y i 15 I
7, FR R I A 2 R AT LA A A e A AR
Rk A SRR DA vH R i A TR A G 1 G o
AN, bR AL AR 1 S Y, R Tia sl
-5 XLk H AR S, anseak 2]+ 430 ST
T HAA B SbR A 2 Ai SR e Y RE AR A 5 SCHER
BB T b i A5 SR B3, R B 5
S IO o e R BRI A PR, R R R 3 1 IR
R ZH Tk 5 xz s Baspy e in, flin e
ik [41-[6] i FH 2 Ak il S il s, Rt =1
D55, LT REME H AR 0 SO R, R i
INTIRFEATIRAA s STIR[71-(101h RIAE A 2 4>
80H 2 UL B R AR AR R LI BN , ST R
Grah AR, SE AT PR R NS S AT H AR R
I 0 s R ASORT e 1 B s 1) 67 s U S AF BIF 5 1Y
P, IR ] DU S e B A e X, R
SR S P H bR 0 SR B 2 A, - H ol
A EPRIRES . OB JE bR IR S K AL K
7, 2 MEIRES 2 NI, 70T B R R
AR B R, fE—E AR AR BT, 2
AR A5 SRS 22 1] B4 I B 0 2006 . — 2 Y L, 9
H, TR lEd, B HRGIRAaE 2 H
XU, SCRR[1TT-[ 1219 20 BIHE T % 8B o A
FIXF ¥ 5 2 % S 67 s o TR BSF, E3 22 B S g
o, SIS B S5 R N SH A HORE AL R SR T RE 2
K, BIAKESHE RS . EWmk R5 %, 11
TCHET R 2L A B, NI, 5 B9 BRI R A% T
A AL, 3k LAY B 2R i AR IR SR AR R =
IR RS o SCER[ I3 PRANHE T Bbs G 1%
JEAR R L TA) L, UE BT B o A% S AR A
FEAS LWL g o X BAAS = 23 B B A B 1) R A7 )

M, TS = AR R AR Ok S iz B B B
B A HURE T, B = A W AR s FUE T
1B 65 0 A DA T e 1 B =0 A R 1
SERIFEAR D
AR SO X A = T A R S o7 ) 3
FIBRGE o ST B =l A s A 37 BRI AR
18 Bl AT UL P 38, 38 4d 5 %% Fisher {7 B MR 75
Sedk, b RGN AT T . 20, AR
PR BLSC FHEREE , e R S8 nDUI Y 78 53 254
1 EfEBRIEST
11 BA=HEREREZENER
GitES b Rrh, LR DAY Sy
yk:h(xk)+ek (1)
Ky MBS x, ARGERE; ¢
it i R
3 P R T LA S BT T, i 1
FiR, MBS A br R IR S AR R, 1 T
r b IR FRRTE P RS A 9 TG T P R 2 T
hu’m):ﬁ{sumqrjmrmJ (2
4n I
K : gy =4nx107 Him HEERESH; r=(x,0,2)"
B bR AH X TR AR RS R AR m=
(o, om. ) S E RS

(RSl

B 1 E LR 2 AR

Fig. 1 Magnetic sensor measuring coordinate



%44 &, . Z AR RS R AR A BT ML o AT -297 -
WE 1 fis, HWREE S m 85 b E A {rk =r_, +Tv, (6)
Vi = Vi

W5 m, = (mh,mh,mh) FVER RE T m 41 18 T A 1
iR H b e i A DR s RE AL, 72 B BRI IR A bR
AR AR i BN G R B AR RS gt
T Z NG SR A T P A I RERE KNS
ANEBRES I KNG, RN R
Voo
- h
" Ho (3)
X gy NEEHSR; P AHRSRE; VN
H s G AL IR TR %K
Ht, HARER m o &R h

y
m=Rim, +m,=R;m, +—h° (4)
Hy

Kb, Ry i BRI AR AR R 5 6 2 A5 AR AR AR 2R
P AR
Ml (1) - (4), [ Hir@zshatfid, & ut
ZI0E , AL T2 75 He s R i R A 1 PR et A% AR 1Y
I ASE Y Sy
yie=h(rn, m)+e, =

Ho 3(romy)r, _||rk||2 il +e, (5)
4r ""k ”5

Kb n=(xovoz) Nk W HARGE S m=
(miomyom?) 4k B2 EBRREIE . my =R} m, +

-;@(Rhﬁ@ﬁ%%kﬁﬂﬁﬁﬁﬁﬁ%ﬁm
0

WG ); e N ke )220 ) M
s, e, ~N(0,o-2) o
1.2 BRAIBREFHREFTRE

H GBI T RE A (2) Wk, HARKY
Eﬁ%?ﬁf%%ﬂﬁ?‘%ﬂﬁ 3 Y7 LW, X RGP H bR Y R

HRETE H bp 2 1% A 1 A BRI BN 64T o []
En‘, Xt T R B B G0 O LA | VAR — L)
Sizahg e A bs, 18 HARE % Beds i A7 FRIE il
W, Al Hbrzsh il oy S Hkizgh . Wik, #iik
F bR ERER R, mDRE H AR B3z s 16 o8 20 3 H 2k
B,

H bR 2) iz sl 2 nl

A H A A ST I

RINN

Ko TORRERI s v, =(v)f) A RIS S
B

fE Hbp S & i ifkan i # b, ik B ARfEis
S NS A A B R, B E AR AR bR R Y
WX T 2% A bR R RS RS, B0 R =Ry, s
FLAE E bR ik e A BRI P9 , b 26 BT LU

WA, B R)=h) . I, HARREHERE H bRz
B L RS AR Sy
s V 0 s V 0
m =R, ;my +—h =R, , \m, +—h_,=m_, (7)
Hy Ho

WM TR (5), & X kZ HERIRS A
K

T
xk_(rk RURNA ) =

b

(xk,yk,Zk,v,f,v,f,v;,m,f,m,f,m,f)T (8)

= (6)-(8), AldESr Hirizsh RS2 .

x,=Ax,_, (9)
KRS TR AN

A= 055  L; 0y, (10)

I3><3 TsI3><3 03x3}

03><3 03><3 I3><3

M= (9) wrlEKRA
I3><3 kTsI3><3 03><3

=055 Iz 0y50x, (11)
05, 055 I
A x,= (ro v my, ) VSR GRER RN

Rl A EMEAl (5) FLRES R (11)
A ST AR AT R e AR
Ho 3("k""k)”k‘||”k||2 a2 I
4r I '

r, =r +kly,

x,=A(k,0)x,

Vi =h(x,)+e=

x,.=A(k,0)x,

Vi =V

m, =m,
(12)
LI, AT R[22, ] P9 AL B B0



- 298 - FHEEGKT LS %3 %

TE [yanla"'ayk] s }%j k+1 /l\j:_,A*%, ;J‘Zﬁ@jj‘*%gﬂ/fﬁ

REfi Tt AR 0 R X, -

2 REGAIWNESS T

21 BA=SHXEHARSFSENRE
R EIA [1,,1, ] - 00T A

W RS IVIE x, « N TERAERZ ¢, MRGRE

T x, (e [0 t f) , t,=final time ), FHATIHA:A]

Lhiiset Fisher {5 MR 1 (1,1, ) SRATRN), 5 AT
1(t,,,t<>)=—1{—a I p(¥o. |x0)}=

2
ox,

—E i alnp(yO:n|xO)
0x, 0x,

L p(Won|x0) WETE xo BEHLS B py,, 0955 1FAR
RIGERE E (o) F0mRKINE sy, WIHE [25,1,] |
BRI, T LAZEZR R n+ 1 0 (2 A R i
You=[yo-31 3] (14)
T RGEREAL R x, W IE7E 2 € )
[to.2,] F-1 o, SRFEHRM, M0 x, 30 (8) A4
9 dEfy, Bk, AR (g0, ] EAELZT 9
AN, FEZT 9 N R, A4 ] REME—
R RGRE x,, Wn=8.
WP (12) AT,
You=[Po- 2 3,] =
[1(A4(0,0)x,),h(A(1,0)x, ).,

[eo,ep'“,en]T

(13)

h](A(n.0)x,)" +

(15)
e e, ~ ( )E”J?ﬂimﬁﬁﬁﬂ‘ﬁ MR A 4%
2
n —h(A(k,0
p(yo;nlxo)K-eXp{%Z(yk ( 0(2 %) }( 16)
k=0

A, K WbRiEfb w5 A(k,0) 4
KT L;; 05,5

I3><3
A(k,O)[OM I 03X3], k=0,1,-n  (17)
03><3 03><3 13><3

el (16) AR (13) SR AEEME, IFA
H e BFIZFREFFE, W (13) fefaRmh

H(t00)= S VAT (x,) 02V (x,)  (18)
k=0
e ke (x0) B h(A(K0)xy)=h(x,): Vh(x,)H
SKMETE LA, AT LLRIR N
G o o
th (x0)=(%h(xk) ah(xk) a—lnoh(xk)jz
(/" (s mo) KT (1 mg) " (1)) (19)
=l (5) - (7) "1
J"(ry my) =
T T " mo
) [ R T ] (20)
m 1 T
J (r0)=—5(3rkrk —||rk|| 13) (21)
Il

K r =, +kTv, o
F LR LI RS AR Rz . Y
Fisher {5 B JEFF 1(¢,,1,) FEFFW BRI, RGEE T
My, SN FXFAERN =8, B (18) ANFF
FE 0 FRAEME . HIULAIAN, G0 AT WL (Y 58 53 b 2
e M FERLAEN o<1 fdEF M x, K
(22) fERLA.

I(t,.t,)x= Z Vhy (xo)0 7 Vhy(x))X#0 (22)
w1 Za?f Ox1 HEAEF i X, 4
I(t,.00) %0 Flt, % =(kiny" vy " kym™) L

ky. ks NAH 0
UEWT: I (2,,0,) X=0 AT 4

2

I(1,.1,)

ZVhT (x0)0*Vhy(x,)¥=0 (23)
k=0

B Vi (x°)% =0 53019 MRA Vi (x°) %15
Vi, (x°)% =
T (r
HX =L (20) - (21) A7%0:
3™ (Y , WP EAR A (24), FE4 N 074

mo)(kl"o +k2kTs"o)+k3Jm ("k)mo (24)

J (1 my)r, =



%4 BEE, F:

I

O FhAE B 35 AL AL 2 5 BT LM AT =299 -

Vi (x,)% =
J (1 my) (klr0 + k,kT,v, —%/@ (ry + kT, )jz 0

(25)
Ffli=C (25) 1EH R 0, WAL . X FER

MR . vy, ki + kT, —%l@ (ry + kTyv, ) fE N

0, El]kl‘ kz\ k3?ﬁj/@:
3k =3k, =k, (26)
Frlh, 43k =3k, =k, , X (25) wior, B

(22) Weor; [FRE, M3k =3k =k =0, X (22)
WS, EVEAEARE X = A(n v, 3m] ) (2200,
AR 1 (1,,1,)x=0 , BIATEL 1 A,

i 1 WK1, Fisher {5 BAERF 1 (1.4 ) FETEAR
TITRHE, (ZEMHEARN, R TI
9, B =4 R R R B A TR

S A A T 3, AR B
R 5L AL B (TR — B R A 28, ot
L IR B 0 T A A RS L, BIA7AER
IS RS BHOT x, = (n v, m] )
A T A RE S, BT HERES
B, FUA RS S0 1 H 13 S8 M 0 TG o I
AR, TR 1 BT RIS B M L
SRS A OB MDA HE ST, T ()
REAIRFAE R B % = A (T v" 3mg )| (220) . H1%
5 G T B 2 L RS RS B R
x()=(r) (), 9" (), m () Horbru RES

%ﬁ(a Jrlij:
d

() =2 (1 (u)ovy ()] () =
A (1 (). (). 3] (u))
S ou o= a(u)! WA R OR A B B
xo = (r" v omd ) B AREE Y
() = (1" (), w" () () =

T
(urOT,uvoT,u3m0 ) (u €ER, u# O)

T

(27)

(28)

H5t (28) fUAR (12) W, it 558
RRKAY, B ISR x, = (", m] ) (0% 1y

DS ¥ N PR TEZ T (P W GE o
B RER, WPy, SRS S BT
Ry WU IR x, = (v omy ) . TR
x(u)z(urOT,quT,u3mg)T(ueR, u#0). ik
SR AL 9 S5 P 3R GRS S R A R
P SRRSO T B3I, T T £ R 50 ik o 2
SERU, AT EEAE RGOS . st (27)
U I AR AR O, LB R A /N BT (AR m
AN, IES . BRI AR (B m B ),
P B, B B A IR b 7 2 T 8RR 1
22 HASWEREMTHENGIE= 5B

BB A AT

TERGME FURRBR B B TR, B AR B 0
QAW VT KT . VAR X8R
SRS SHCP TS S EUR s R, I,
PO IR R T SR EAE T K A
B R, K 9 4 AR VR LA
T, fERESECNHATHIAIET, SR
S 1 T L
221 AEELH P y, SHe it R L8 T UL A

TE AR (B R T A R S B 2 A
T BTN . X7 8 SR, A
T3 0 B B S L A1, {5 LA TR B =
A BB AR PR R, MPIRAS 2R x, (90 B,
IR TR, B ry = (x020.20) FEA vy B
IRy T, 306 f R J 5 3 485280 1
AL 74T

HARSC 2.1 A A BT AT, 3T RSO AS
xo=(r vt omd ) A B Z A x(u)=
(urOT,uvoT,u3m0T)T (ueR u#0) . R x, =

(rOT,vOT,mg)T Hr, :(xo,yO,ZO)T 0 o » BERET

F 17 ueR , i 15 x(u)=(ur0T,uv0T,u3mg)T=



- 300 - HFHEESKT G

%3 A

(rT,vT,mT)To

TR A AP Ly, B r PGy =y,
Mr=ury, FTLL, y=y,=uyy, RKi#Hu=1. ML
AL, AT SR ory = (%0, v0,70) W9 £ RS
x(u)=x(1)=x,, ZMAESHIMES, A
flofif, BIFE yo BAIIIARPE T, 200 Bk 1 IR A A T
ST WL
222 B RH 2y, ShenT R Lo e T LM A

ot K T AU £ 3 o , T ) 2% 5308 4 R g
EL 1 11 AR T TRV B DA s o =
iy [ ST BR R AR 2, MR A B x, B S
¥ r, R RDRI, Bk = (x0,00,20) Y 2, &
A, Hz,#0. T, $X}z, CHIN, K EMGE
JER 8 SR ) T UL 7 44

HASC 2.0 WA AT L, 3T SR A
xo= (nlw"md ) HOAGIE L E K x(u) =

(ur0T>uv0T,u3mg)T (u ER’ u ¢0) o ﬂgi& E‘A 93” xo =

(rOT,vOT,mOT)T Hry = (X0, 00020) Bz (2920 ),
BAE W 2 AR ueR , A LUAE A4S x(u)=
(urOT,uvoT,u3mg)T =( T,vT,mT)T o

B, o 3.2.1 AIEE R, A% x(u)=
x()=x,, ZMASHELMES, AMrEHAMR,
BITE zo CRIBIASAE T, SO i A IR 2R 2 ] UL
B8 o R T L R T K RS A R A e X K TR
AERER , TREEC M 2z, , RESBHMEITTA e L
i, B AR A AR TR Al LI Y

3 {AEWIE

3.1 MASHEBREMTHENFIE=0EHE
RS B AT WL 1
HIEE 2 9 A] A, BRI A SRS R (R AN
AL B, P RIMEAR S RS T AE 2 i, RIVRH
HATF B ULIMAE T 2R GOSN T, 2B, ol
Y 2 A F R AR S (A S LI Kl e —
FERY, IR S (e 25X (28 ),
BCEWIAIRSE x, IR 1 FroR, SREEFE

T.=ls, RFEESE N=21, A I EHE . AR HE =X
(28), % u=2, mux(2)=(2rOT,2v0T,23m§)To H
e (ue) FF A7 B RS IR0 SR R T 30 7
BEUHC, A ORI .t 2 2% . K x, 11 x(2)
AE R UL RS i o, KRR, 2 SRR RS
A S R U5 i A TR, B 22 ) 2 U A A 1
WA REME, TEME T RESH X, , &l
I, BIRGEA A,

x1 MERSSHRE

Table 1 Initial state parameter setting
ZH Tt
ry/m [-10-10 51"

vy /(m/s) 1oy
my /(Aam? ) [1020 10]"

BT

25

B 2 x, 0 x(2) 4% AR ERE
Fig. 2 Observation data generated by x;, and x(2)

N AR e, =X (12) aI R Rk
FRUL I KA B E AT 2R GEIRAS X Al 3 BURTE AT
Kt/ —Fefibiit

)”c():argn}cinV(xO) (29)

T

V(x0)=§:(yk — Iy (xo)) o (yk —hy (xo)) (30)

k=0
X, P HNEBERGEWES T2, X8, JTR
TE R G AASTT LI P , 27 Bsf oA A i 2R G5 AN A A W
L, M (30) M5 R



% 4 3 #BEE, F Z 0 TRE R B T ATAER 2 5 BT WL A -301 -
Y T o R, LSS (28) J1E T A R
V(x0)=2 (ne =t (%)) (e =h(x0)) (300 g e st s T B ARSI

k=0
X (29) alfi il UL koK . HAr, ®ettH
PR AL 22 1 2 SCHR[4] PP i it A Bk o gt
L BA B 2R R, X BRI 07 ik
(FEN.
BEAT 5 UOEALDF HATR, AR %, 4R W

A — B, H R A I B R SRR RE 6 A2 5X
(28), Al LA Fr K B figg 41 o 2 figk 25 18] LA
X Y W J0 I MR o o E— B A, R AT
WL B, P — YRR T 5 R R A AR R (S Y
FRIAS LI

T2 BON=ZNEUEABRBEMNER
Table 2 Positioning results of a single three-component magnetic sensor
A /m By /(m/s) s /(Aem?)

Xo Yo Zo Ve v, v, 1t i, 1, !
—-68.3 -69.1 33.1 6.8 6.9 0.03 2.90x10° 6.06x10° 3.11x10° 6.7
-8.2 -7.61 3.84 0.81 0.76 0.018 473 9.24 4.65 0.78

—154.3 -160.37 75.9 14.2 16.43 0.15 3.66x10* 7.27x10* 3.72x10* 15.3
-700.8 -706.8 350.1 70.1 70.6 0.20 3.49x10° 6.97x10° 3.51x10° 70
-17.6 -16.7 7.1 1.75 1.65 0.14 50.9 96.1 54.7 1.7

3.2 ERHSELE B &NET R G5 Ay W IS E

H 2.2.2 TEHE TR, EIBSR (S5
yo B zo) CHIBRMT, KRG EnT Wy, M
PIK T A A 7 k], Fe B 3.1 R 1
W00 B A2 L 25 AR, Ak o AR v ) A ) ] =G
(29) - (31) ##Arm/N = Feslitt, fERMA (29)
f, (s e Ak b T, SR TT x, d R &k
3R, B3 AR (31) RERER L B IR
AR A1 B -

x3 WHEWEMETHMBITER
Table 3  Estimated results with partial priors known
ZH HHH
Fy/m [-10.4 -9.6 5]"
%o /(m/s) [1.030.950]"
rho/(A-mz) [10.07 19.67 10.20]"

zp=5m VS =0

M3 AR IE R, BEE SRR 1
I,V (x ) BIEZEETSCEL, BOREUN, BElTE A5
VAR At A (B AE AN T 1) BB AR 19 o AR 3 AW
AR AR, R ESDRASE (ke 1 FoR ), b
THE X, MESE x, BRZER/DN, JLPMEE, RO

FERE A 2o vy BAIET, A = BRI E
(EABE R m LI £

22

20
18 +
16 |
14t
- 12 F
10
8 L
6 L
4 L L L I
0 20 40 60 80 100
k
3 V(x) BEERREBETILIER
Fig. 3 V(x0 )’s changes with the number of iterations
4 BERIE

AR SC TFR BN A =43 w8 WA TR 1) A AR AR
AL L ARGEATWIPE 2 AEEBS R B T T
WESY, S A 2] T A = WAL SRS 1 E
AL XFF ARG v IR A 2, Sl ad %42 Fisher



302 - FHEEGKT LS %3 %

w SRR R AT e, IR T RS = AL R
TE AN ZR GRS UL 5 KR LS R SR, S
THERR el A TR Bl WP . fe s,
D7 FORBHAIE T A SCES BRI IERYE: 1) SRR
S8 o LR AN RO 5 2) AEFR S ol BRI Y
FUET, e i g S Hoh R, RG]
PURIINE 8

BARTE I Sy T A = o AL B RE i
BRI S T RGN, (H5X FUR AR T R
i A2 SR i A AT LI Y [ A AR SCH 47 B
W AT L R S A R X S R AT A
SRR T WS, (EAETHAE RS & A A — s e
JE B Qi 2 o KRk p T 38 AR I O N REPRAIE B UCR i
HRREMEOO T 2 B A | SRARLR M R B AR . R
s B ST AT RS A (AR R A SR Bk . AR SC
Pt s NS BURS AR B OR A R O R R 8 e B
TEPEATRETE FUAR BOSS I B ER o A P 8 il Bk B
A LATE — G R b gl S UL MR R 2, ELR
% JEWLIAE Y i i A AR AR AR R AR . X — R A2
PEDE D AT R, A RE I T BIREME H AR BRER B
HNOk, WRE DTIE T A = e A AR
S BRER Y U8 U

£ % 3Lk

(1] MFE, AL, 5K, 55 Bk HLAR B RGN H AR A
WHoE R (1], RlaEildz, 2017, 62 (23): 2606-2618.

2] E&M, UL HTiEahbrifisn i e Hbr e
{7 ] BB SE[]. B F2F 3R, 2002, 30(7): 1057-1060.

[3] skBEWR, RRMEIC, BEERLWY, A5 HbmE L7 R S X
RETE F AR G 3 9 7 123 [ 7] HUER Y B 24412, 2019, 62( 5):
1921-1928.

[4] ALIMI R, WEISS E,RAMCOHEN T,et al. A dedicated
genetic algorithm for localization of moving magnetic
objects[J]. Sensors, 2015, 15 (9): 23788-23804.

[5] SHEINKER A, LERNER B, SALOMONSKIN, et al.

Localization and magnetic moment estimation of a

[10]

[11]

[12]

[13]

[14]

ferromagnetic simulated
Measurement Science & Technology, 2007, 18 (11):
3451-3457.

KOZICK R J, SADLER B M. Algorithms for tracking

with an array of magnetic sensors[C]// 2008 5th IEEE

target by annealing|[J].

Sensor Array and Multichannel Signal Processing
Workshop. US: IEEE, 2008.

WAHLSTROM N, CALLMERJ, GUSTAFSSONF, et
al. Single target tracking using vector magnetometers[C]//
2011 IEEE International Conference on Acoustics. US:
IEEE, 2011.

WAHLSTROM N, GUSTAFSSON F. Magnetometer
modeling and validation for tracking metallic targets[J].
IEEE Transactions on Signal Processing, 2014, 62( 3 ):
545-556.

HOSTETTLER R, DJURIC P M. Vehicle tracking
based on fusion of magnetometer and accelerometer
sensor measurements with particle filtering[J]. IEEE
Transactions on Vehicular Technology, 2014, 64( 11 ):
4917-4928.

SRIAH, FMIR. LT 4 SR R R 2 IR i RE A A T
FIARERER (], A2 R R 2422412, 2017, 43(9):
1805-1812.

Bk, BR A WAL K RS A R LB BT[],
FREERE I S 05 B, 2019, 41 (1): 46-49.

kT, ESME, 2R R B bR E LR ZE T MBI
[J]. WP 53], 2017, 31( 11 ): 1719-1724.
EaM. Uiz wm RS B E 5805 R F s
SENESE[D]. I TR, 2001.
JAUFFRET C, PILLON D. Observation in passive
target motion analysis[J]. IEEE Transactions on
Aerospace and Electronic Systems, 1998, 24 (3):
575-578.

SONG T L. Observability of target tracking with

range-only measurements[J]. IEEE Journal of Oceanic
Engineering, 1999, 24 (6): 383-387.

(RE®RE: 5



