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x(k+1) = Fz(k) + 0.(k), (1)
z2(k+1) = h(z(k)) + w(k), (2)

Hr = [u, u]T%%éﬁﬂjﬁ*rﬁJ%, FRHRE
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4 HiEthr

N T WAEA SR OCKF Bk i 2k, T
THT SR FH SR S R v vE R SR M B AT A B, o
A% T EKF, CKF A1 3CH#k [15] Br$e i TCKF 5
%, BAF OCKF Bk Mk fE. R B AR Y6 67 &N
(120, 500, 500) m, ff51E iz 3, #HEHN (10, 20,
10) m/s, f& 5HEN £, = 3 x 10° Hz, H 75U
uli, ALE FOE PR 1R,

Rl WIEEAFR (m) SOEPE (m/s)

Table 1. The position and speed of observation sta-

tions.

Lk z y z Ve Vy Vi
1 —-300 —-100 —150 30 —20 20
2 400 150 100 -30 10 20
3 300 500 200 10 —-20 10
4 350 200 100 10 20 30
5 —-100 —-100 —100 —20 10 10
6 300 250 180 10 10 10

Hbs ¥ 2| A sz, 72 RNo, =
—50 dB. &N H brfE 5 238 WM 55 7 TDOA
FFDOA, 5 LLEE — /N MWl 5 226wk, L) g
FTE Nw = 15 dB, TDOA W J7 2241 F% Y w,
FDOA #7256 5 0. 1wd, Horh & n A2k oz

71, HARITE N 0.5 KIHERE, TDOA M FDOA WS
AR, Wi ARG E N (0, 0, 0), HI4A
HZN (0, 0, 0), SIS E A 80 s. FLkHhHE b w B
LUNYi75:W
[V3/2 172 0 —1/2 —v3/2 —1]
/2 V3/2 1 V3/2 1/2 0
0 -1 0 1 0 -1
1 0 -1 0 1 0
—/3/2 1/2 0 -1/2 +3/2 -1
/2 —V3/2 1 —/3/2 1/2 0 |
A LUIE B W 2 A AF. SEBG R T 1000 IR S 45 R I
17 F 1 28 85 SRR AR B A BRI RE, 7 45 R
B 1A 2 Fs.

1400

1200

1000

0 20 40 60 80
1] /s

Bl1 Bz 5 i &R
Fig. 1. Target trajectory of z direction.
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BB TR % /m

200
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1) /s
B2 Ao B BRI 7 AR R 22 h 2
Fig. 2. Root mean square error of target trajectory

tracking.
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EKF R A 7 28— W ol 20 & B s >k
WKiIRZE. TCKF HikS CKF SiLMREMIT, EhL
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BRIEE R RAEHE B O 3R, (E4EBF A 2 K S 1 L
T, Gl HE A ISR ZE AT AR, B T EVE A
K EE. AHMTBOR IR AT LA tH, OCKF BRER 1% RE 4T
T TCKF 5%, K% XA 3—4 m 3T}, BREAREE
B, UL SVEPERERLIR, UEBA T OCKEF 7E 1% 2 1l
AbEE B IR A

60

W/ (m/s)

/
\o 66 68 70 72 74 76 78
—40 . ) .
0 20 40 60 80
B i) /s

3 HAF z I B ER BRI AR
Fig. 3. Target speed of z direction.

B3 R 12 X H AR 2 7 )l R R RO A,
B 4 7 1) S 4% B9 = o ol R R R 1 R AR 2
MRz 2. MEF AT LLE H, OCKF &% X)
FEE () BR 5 P B BH 2 4 T A = R B, RSk
T K BRER RS B R AR 5. EKE S AT
BLaNCh e PR A LR RS, R R R,
CKF fl TCKF &% B w ]k 1 EKF H k) — 2
Sl a5, AER USSR FE AR SR AN AT Fe 4B e 1R 2 5
K. OCKF 7£ TCKF {5kl itk — 0w 7 IR i
FEEE, 5 IR BT AT, M ERER I RE T o, 5
K3 TR 4t —5L.

X LG 2 A 4 TT DUE H, A8 67 R R T R
R FE, OCKF Sk BAR M pe LA $2 71, (H2&

FE P BRI RS B vy, FoHL R R, A T R R R
FF FDOA [, HAEL w58, 1) OCKF Al
PIELE T X JE 2 P bR B ok LBl & b, SR
RZE /N, BT DATE S I ER B M RE s . 7R —
i BT (24 #%47 &b 3 35, Matlab2013), CKF,
TCKF F1 OCKF 58 1% 80 s £ 1) I P 72 75 B 1
i 18] 43531 4 0.0577 s, 0.0579 s A10.0581 s, i
FERTE) L — 8 WHERA B E R TEER
ST, AT H ) OCKF Bk FR i MEAE SE 47, BR
PRRE R AR, H A Rt T CKF M1 TCKF
Hk

BEEBRER IR ZE / (m /s)

P4 R PR R I8 7 AR 22 i 2

Fig. 4. Root mean square error of target speed tracking.

5 % i

AL R ER I A T I P A 2 1 O ),
CKF By 1) Bt b A8 ook, @ o 51 3 IR A8 46 BE
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Abstract

In a passive target tracking system, the position and velocity of a target can be estimated based on time difference
of arrival (TDOA) and frequency difference of arrival (FDOA) received by different stations. But TDOA and FDOA
equations are nonlinear, which make the target tracking become a nonlinear estimation problem. To solve the nonlinear
estimation problem, the most extensive research algorithms are those of extended Kalman filter (EKF), particle filter
(PF), unscented Kalman filter (UKF), quadrature Kalman filter (QKF), and cubature Kalman filter (CKF). But the
existing algorithms all come up with shortcoming in some way. EKF only retains the first order of the nonlinear function
by Taylor series expansion, which will bring large error. PF has to face the degeneracy phenomenon and the problem of
large computational complexity. The standard UKF is easy to become divergence in a high dimensional state estimation.
QKF is sensitive to the dimension of state, and the calculation is of exponential growth with the growth of dimension.
Although CKF can effectively improve the shortcomings, the discarded error is proportional to the state dimension,
which may be large in high dimensional state. In view of the above problems, this paper presents an orthogonal cubature
Kalman filter (OCKF) algorithm. This algorithm reduces the sampling error by introducing special orthogonal matrix
to change the method of cubature sampling based on CKF. It eliminates the dimension impact on the sampling error. In
the absence of additional computation, it effectively improves the tracking precision. Simulation results show that, based
on the TDOA and FDOA, compared with the EKF and CKF algorithms, OCKF algorithm can improve the tracking

performance significantly.

Keywords: target tracking, cubature Kalman filter, time difference of arrival, frequency difference of

arrival
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