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Application of Bernoulli filter in bearings-only tracking scenarios

Shi Guoping, Qian Yece’
(Department of Mechanical and Electrical Engineering, Chizhou College, Chizhou 247000, China)

Abstract: The sensor whose information only contains angle information is called bearings-only sensor, and the
target tracking based on bearings-only sensor is called bearings-only tracking (BOT). BOT is an important topic
in the field of target tracking and will play an important role in passive target tracking surveillance. Bernoulli
filter (BF) is the best single target filter within the Bayesian framework. It can obtain the existence probability of
the target and the complete posterior probability density function, and judge the appearance and disappearance of
the target. The Bernoulli filter was applied to single target tracking in the bearings-only tracking surveillance, and
a bearings-only tracking Bernoulli filter was proposed. In the proposed filter, the angle of the target relative to the
sensor and its change rate were used as the state vectors to estimate the existence of the target as well as the target
state. At the same time, the particle filter (PF) implementation was proposed, too. The simulation results show
that, compared with the ordinary Bernoulli filter, the proposed bearings-only tracking Bernoulli filter can judge
the existence of the target better, and the error of the target estimation generated by the filter is smaller. Thus, the
proposed filter has better tracking performance and higher tracking accuracy, which can be effectively applied to
the passive tracking scenarios.
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Fig.l Schematic diagram of polar coordinate system and spherical

coordinate system
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Tab.1 Symbol description of the Bernoulli filter
Symbol Description
Pb The newborn probability of the target
bice1k(x) The probability density function of the newborn target
Ps The existence probability of the target (not related to the target state in this paper)
i1 (xlx”) The Markov transition density of the target
Dk The priori probability of existence
Suw(x") The priori probability density function
K(Z) The probability density function of the clutter
Zis1 The current measurement set
pp(x) The target detection probability
L:(x) = f(zlx) The measurement likelihood function
BRI BT TS ASHES ()= o [ ] dcto), WA
BSR4 T 4 RES B, FLIC I
. (7)

PAE A A, 75 [8) 93 A3 8 e(z), BRIV 23% 5 8 5 2 52 R 20

KZin)  Ac)
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Pd=pw) N NG+N,
PV
2) B

v A WA B S IE A A A, W R 2D AT
(8) I 9) %75 o ForFOt T4 — A Tl BUR HE
lk+1(Zk+1|xZ+”k)ﬁ‘7:

Po(X) fp (21X, )

lk+1(Zk+l |x’1:+||k) =1 _pD(x) + Z /lC(Z)

2€Zk+1

RRAE 223X (15) I 7 B 0 MR 30 %5 132 v i

(18)

202003434



s Gk A2

%28

www.irla.cn

% 50 A

WAL, 5 B AE AR 3] LU AL R
Ns+Np
Pr+1ik Z lk+1(Zk+1|xZ+1\k)W:+l\k
i (19)

Ns+Np

1= Proip + Proaie Z L1 (Zyy |xZ+l|k)WZ+llk

n=1

Pr+llk+1 =

Je B M 3 s e ] LA R R

Ns +Np

Z lk+l(Zk+1|x2+1\k)wz-+l\k6x£+”k (x)
n=1
Sirpr (%) = N5 +Np (20)
Z lk+l(Zk+l|x:+l\k)WZ+llk
n=1

A R e+ VIS 220 14 I 56 A8 25 4 o KR o R 1 o
7R A

Seripe1 (X) = Z W;216x2+|‘k(x) (21)
n=1

DA ] LA B R

1 7
lk+l (Zk+1 |xk+ 1 V{)WH 11k
Ns+Ng

Z vt (Zys |xZ+”k)wf+,|k

n=1

(22)

n ~
Wi =

b BT AT 0T — 4k, AT 4R T R T 4
O e W ™
3) FRAE
KO 2 M7 32O E R, R T 4R
(oo 0 W 5 K 1O 220 U 6 10 3 B
T AIRE T4 e, VS o A 3 i R B (0L 3%
i‘ﬁ‘j:
o (6) = D Wi 8 () (23)
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®2 Hif1
Tab.2 Algorithm 1

Algorithm 1. PF implementation of the bearings-only tracking Bernoulli filter

Ns
n=0

(1) Input: The priori probability of existence py, particle set {x},w}}, >, measurement set Z+1
(2) Calculate the predicted probability of existence by (3).
(3) Draw a sample for the particle set by (16), and calculate the predicted weights by (17)
(4) Compute the likelihood ratio using (18)
(5) Compute the posterior probability density function using (19)

(6) Compute the posterior weights using (20) and normalize the weights

(7) Resample and target state estimation

(8) Output: The posterior probability of existence py.ij+1, particle set (X1 Weat }ivzs |» target state £x4

gy AABER SR FH 2 2% SCHR (18] I 7 B0 K6 0 2% iy S A

W FERE B2, AL A ERRE A n] ARAS BT 2 WL
X — 40 45 T 4l A R IR A 4% R I A 45 =B, HP A RS B AR A W, A ]

FUICBLAEIR, R T T 48 DRI 7 20 A S SR R 3 5 B 2% T I R A% R L) 2o R v 1 e 7 Oy

A AR I e e AR 22 Ko, = /36 rad = 5%,

3.1 HEHREE HARLE W X SR 32 3l o8 T O [ 4 A H br iz
PR IRRER A T A b 7R A, O 2 ) BE AR A, g B, eI AR R . GRS REESHIAT =155,

A AR B M X OR [/ 2, n/ 2G5 s 15 EAFLEI ] R 50 A4S JE 0, Bl 50 s, EHARWIGAR 0 E A

3 (FEXHY
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Fig.2 Ture trajectory of the target
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= L
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Time/s
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Fig.3 Measurements generated by the target and the clutter
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Fon WA 4 iR, B, SiERAB8RRR B bR 5L
LI, 71N x TEARATY SR 36 71 405 1 A% i 3R A A0 S0
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—0.5F # BOT Bernoulli estimation|
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4 SlifA RE BRI SS R IR -5 10 85 FIR A R 4 SRR 2
Fig.4 Schematic diagram of tracking performance of the BOT Bernoulli

filter and the Bernoulli filter
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14 H AR CERE RS AN PRE AT 00 X U W SCrb it 1Y
SRR T BARECH AR TSRS, X T B AR
HEENEOIVA: 1B E

—
S

o
=)

e
o
T

I

I
1
1

= BOT Bernoulli
= = Bernoulli

<
~
T

Existence probability

\
1
1

1

<
to

(=}

5 10 15 20 25 30 35 40 45 50
Time/s
5 aliff BEERERA S FEDAS 5 1A S FIEDESAG T 10 EARAFTEMER
XFEE (500 UCEERERI%F- )
Fig.5 Comparison of the estimated target existence probability of the
BOT Bernoulli filter and the Bernoulli filter (500 Monte Carlo

runs)
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Fig.6 Comparison of the estimated azimuth error of the BOT Bernoulli

filter and the Bernoulli filter (500 Monte Carlo runs)
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