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Abstract This paper mainly studies bearing-only target tracking based on bionics for
IRST system. Some solutions for the key problem are presented in order to apply in
an actual bearing-only engineering system. They include sensor technology, measure-
ment pretreatment technology, association gate technology, data association technol-
ogy, state filtering technology, etc. The premise of these new approaches is design-
ing an effective sensor system which can reliably search and track targets in a large
range. Then, it is important to improve the confirming efficiency of the real target
and limit false track overextension with the dense clutter. Then, tracking processing
needs a precise target initialization information and association information between
the existing target and isolated measurement. At the same time, the threat level of the
bearing-only target needs to be estimated based on limited bearing-only information.
Finally, aiming at unrecognized model and complex maneuvering motion for bearing-
only target in polar coordinates, an effective approach of state filtering algorithm with
appropriate computation cost will be given. The application of the proposed approach
in an actual engineering system proves its effectiveness and practicability.
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1 Introduction

Search and location by using bearing-only information with an IRST system increas-
ingly becomes a major research domain [1–6] because it can be applied to any radiant
source and it has no special requirement for the sensor system. IRST system tracks
a target as a point, and its action distance is far enough. Different from other pas-
sive detection equipment, its angular resolution is much higher. It has a capacity of
multi-target searching and tracking and has a significant advantage when dealing with
much more intensive formation of a target. Therefore, it is widely used in ship-borne
and airborne warning systems. By processing the angle measurement received by the
IRST system, more accurate orientation information of radiation source is available,
which is provided to the information center where the analysis of target threat level
and attribute is finally completed. It is worth mentioning that a driving location device
to obtain distance information with the help of this bearing-only filtered information
would help to improve the overall performance of a target tracking system. On the
other hand, with less available information of bearing-only tracking, modeling is dif-
ficult, highly nonlinear, and it is difficult to meet the precision of the filtering, and so
on; this issue is extremely challenging around the world. This paper presents some so-
lutions for bearing-only tracking of maneuvering multi-target based on bionics with
IRST system. It includes sensor technology, measurement pretreatment technology,
association gate technology, data association technology, state filtering technology,
etc. Data association was already mentioned in detail in [6], and so we do not men-
tion it in this paper.

2 Sensor system based on bionics

2.1 Design of sensor system

For a single passive sensor system, an IRST system realizes searching and tracking
of a target based on bionics with large-range scanning. This sensor system imitates
compound eye of an insect where every infrared sensor is a small eye. Actual en-
gineering application adopts 4 infrared sensor constructs in a 2 ∗ 2 array shown in
Fig. 1. Obviously, after the view field of every small eye is put together, the sensing
range is extended as far as possible.

2.1.1 Acquirement of 2D measurement information

In this system, regard the observed center as a datum mark. First, define global co-
ordinates. Because the IRST system is mostly used to track a long-distance target
(distance r ≥ 15 km), the observation platform is approximated as a point. Under this
circumstance, still select the center of the spherical base as the global coordinates’
origin. For Cartesian coordinates’ definition, the platform centerline pointing to fore-
side is selected as y-axis, and the right direction vertical to the y-axis is chosen as



108 H. Chen et al.

Fig. 1 Sensor system: (a) compound eye construction and (b) field of view of compound eye

Fig. 2 Principle of
transforming coordinates

x-axis. Correspondingly, the upward direction vertical to the x–y plane is selected as
z-axis.

For each small eye, the 2D angle offset away from main observed axis listed
in Fig. 1(b) is constant. Denote these angle offsets as (θ i

ccd, ϕ
i
ccd)

′ where i =
1,2, . . . , count, and count = 4 being the number of small eyes. For each local small
eye, suppose that its valid image plane is rectangular, the focus is f and the distance
of each pixel is h. Moreover, regard the center of the image plane for each eye as
the local coordinates’ origin. Define the horizontal to the right as positive X-axis and
the vertical to upward as positive Y -axis in 2D bearing-only coordinates. Their unit
is also a pixel. Suppose that the coordinates of the certain target are (nx, ny). Denote
the azimuth angle and the pitching angle in local coordinates as θ ′ and ϕ′. Then [7]

θ ′ .= nx • h

f
, (1)

ϕ′ .= ny • h

f
. (2)

In order to explain the rationality of defined coordinates and simplify calculations,
we give a principle explanation listed as Fig. 2 in bearing-only coordinates.
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Fig. 3 The coordinate
transformation of different
targets

In Fig. 2, we give a principle of transforming coordinates about an azimuth angle.
For pitching angle, the principle is similar. Here, O is the center of the spherical base
of the platform and OD is the datum line of the global azimuth angle. Moreover, A is
the installed position of a small eye. AC is its optical axis. B is the position of a
target. θ ′ is the azimuth angle in the local coordinates, and θ is the azimuth angle in
the global coordinates. When the target is a far away observation point (R � l), there
is an approximate equation

θ ≈ θc + θ ′, (3)

where

θc = θi
ccd + θ̂ (4)

with θ̂ being the horizontal angle between the local axis and the global axis, and θi
ccd

being the installed position (azimuth angle) in global coordinates.
The following study is a real problem. There are two targets (B and C) whose

distances away from the observation point are different and shown in Fig. 3. Then
studying their transformed coordinates by the above approach can guarantee the range
of allowable error. By simulation, this approximation is considered trustworthy when
target B is 150 m away from the observation point [7]. Obviously, this coordinate
transformation can provide enough accuracy.

2.2 Platform design

In order to search and track maneuvering target in all airspace area, sensor platform
needs to go round and round.

Here, platform design adopts a rotating and gazing pattern. It indicates that sensor
platform needs to stop intermittently to gaze in the course of rotating. The aim of
gaze is to receive sufficient target radiation energy and to ensure the reliability of
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Fig. 4 The scanning principle
of a sensor platform

observation images. As shown in Fig. 4, observing target is done in small sectors and
1,2, . . . ,N are gazing points. Platform rotates in a circle as a scanning cycle T with
tracking processing.

3 Definition of state

Generally, the IRST system has high sampling frequency and denotation precision,
which is usually milli-radian level. Thus, target state movement is approximately
linear. Based on this premise, we specify the 2D polar coordinates as tracking coor-
dinates. Define the state variable by

ζ = [θi θ̇i θ̈i ϕi ϕ̇i ϕ̈]. (5)

Denote the measurement matrix by

z = [θ ϕ]. (6)

Suppose that there are N targets in clutter environment. Then, the state and mea-
surement equations are

{
ζ t (k) = Φt(k − 1)ζ t (k − 1) + ϑt (k − 1),

zj (k) = H(k)ζ t (k) + υ(k),

t = 1, . . . ,N; j = 1,2, . . . ,mk, (7)

where ζ t (k) denotes the state matrix of target t at time k, and zj (k) denotes the j th
measurement matrix. Φt(k − 1) and H(k) are linear system matrices. The state noise
ϑt (k − 1) and the angle measurement noise υ(k) are all Gaussian white noise with
zero mean, and they are also uncorrelated, with covariance matrices are Θ(k) and
R(k), respectively.

4 Adaptive gate technology

Associated gate is an important technology which affects the association effects and
the tracking performances. The bad association might lead to the results of an uncer-
tain calculation and missing the real measurements. The traditional gate technology
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Fig. 5 Angle change of target
motion

is inefficient in the θ–φ plane. They not only cannot limit false track overextension
with the dense clutter but also hardly confirm those real target tracks. We will give an
gate technology to perform the point to point association that is track initiation. For
point to track association, the real system adopts a constant rectangular gate.

Firstly, the initial gate will be designed to confirm isolated measurement. Gate
technology in the θ–φ plane must be based on the characteristic of bearing-only tar-
get motion. Obviously, the nearer is target motion, the larger is angle measurement
change. Thus, the area of confirming measurement must have good adaptability. In
view of these factors, rational gate design is core for track processing in bearing-only
tracking. Under normal circumstances, tracking systems require that targets be reli-
ably tracked at Dmin kilometers away from the observation point. Design initial gate
as the rule ∥∥∥∥zi(k + 1) − zj (k)

tk+1 − tk

∥∥∥∥ ≤ vmax

Dmin ∗ 103
(8)

where tk is kth sample time.
Combining with the angle change analysis of bearing-only target motion, the gate

of extrapolating by using linear and second-order polynomials will be presented. As
shown in Fig. 5, suppose that the observation point is O and target moves along
A0A3 in a straight line. The sample points of the moving target at every sample time
are A0,A1,A2,A3, . . . and the distances of the different sample points away from
observation point are a0, a1, a2, a3, . . . . The angles between the observation point
and the sample points are β1, β2, β3, . . . . Due to the assumption that the sampling
time of a passive sensor is shorter and the target confirming accuracy is high enough,
the average velocity of the adjacent sampling circle is approximately equal and target
motion is an approximately straight line form. Simultaneously, the angle change in
the θ–ϕ plane is small. If we suppose that A2 corresponds to the sampling time k,
equations can be established based on the triangular relationship according to Fig. 6.
Simplify those equations, we get the result as

�tk−1
k−2 · a2

�tkk−2 · a1
= sinβ1

sin(β1 + β2)
≈ β1

β1 + β2
, (9)

where �t
j
i denotes the time interval between sample time i and sample time j . Then
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(
β2 − β1

�tk−1
k−2

· �tkk−1

)
≈

[
�tkk−2

�tk−1
k−2

· a1

a2
− �tkk−1

�tk−1
k−2

− 1

]
· β1

≤
(

�tkk−2

�tk−1
k−2

· Dmin

Dmin − vmax · �tkk−1

− �tkk−1

�tk−1
k−2

− 1

)
· β1.

(10)

Formula (10) denotes the upper limit of angle deviation when a candidate track is
linearly extrapolated in the θ–ϕ plane. Now use the upper limit as linearly extrap-
olating association gate in the course of track initiation. Make the assumption that
the measurement zi(k) and the j th component of the vector ẑL

m(k) is obtained by ex-
trapolating candidate track m. If the following formula is satisfied, the measurement
zi(k) will be confirmed:

∣∣zi,j (k) − ẑL
m,j (k)

∣∣

≤
∣∣∣∣
(

�tkk−2

�tk−1
k−2

· Dmin

Dmin − vmax · �tkk−1

− �tkk−1

�tk−1
k−2

− 1

)
· (zk−1,i − zk−2,i )

∣∣∣∣. (11)

When extrapolating candidate track using a second-order polynomial, suppose that
A3 corresponds to the sampling time k. Then, equations are established based on the
triangular relationship. We simplify those equations and get the result as

�tk−1
k−2 a3

�tkk−2a2
= sinβ2

sin(β2 + β3)
≈ β2

β2 + β3
. (12)

Then

β3 −
[(

β2

�tk−1
k−2

+ �tk−1
k−2 ·

β2

�tk−1
k−2

− β1

�tk−2
k−3

�tk−1
k−3

)
· �tkk−1 +

β2

�tk−1
k−2

− β1

�tk−2
k−3

�tk−1
k−3

· (�tkk−1

)2
]

=
(

a2 · �tkk−2

a3 · �tk−1
k−2

− �tkk−1

�tk−1
k−2

− �tkk−1

�tk−1
k−3

− (�tkk−1)
2

�tk−1
k−2 · �tk−1

k−3

− 1

)
· β2

+ �tkk−1 · �tk−1
k−2 + (�tkk−1)

2

�tk−1
k−3 · �tk−2

k−3

· β1

≤
(

�tkk−2

�tk−1
k−2

· Dmin

Dmin − vmax · �tkk−1

− �tkk−1

�tk−1
k−2

− �tkk−1

�tk−1
k−3

− (�tkk−1)
2

�tk−1
k−2 · �tk−1

k−3

− 1

)
· β2 + �tkk−1 · �tk−1

k−2 + (�tkk−1)
2

�tk−1
k−3 · �tk−2

k−3

· β1. (13)

Formula (13) denotes the upper limit of the angle deviation when a candidate track
is extrapolated in the θ–ϕ plane using a second-order polynomial. Use the upper limit
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as a second-order extrapolating association gate in the course of track initiation. If the
following formula is satisfied, the measurement will be confirmed:

∣∣zi,j (k) − ẑR
m,j (k)

∣∣ ≤
∣∣∣∣
(

�tkk−2

�tk−1
k−2

· Dmin

Dmin − vmax · �tk
k−1

− �tkk−1

�tk−1
k−2

− �tkk−1

�tk−1
k−3

− (�tkk−1)
2

�tk−1
k−2 · �tk−1

k−3

− 1

)
· (zk−1,i − zk−2,i )

+ �tkk−1 · �tk−1
k−2 + (�tkk−1)

2

�tk−1
k−3 · �tk−2

k−3

· (zk−2,i − zk−3,i )

∣∣∣∣, (14)

where ẑR
m,j (k) is the j th component of the vector ẑR

m(k) which is obtained by extrap-
olating candidate track m using a second-order polynomial. These gate technologies
take full advantage of the characteristic of bearing-only target motion, and the associ-
ation gate adaptively adjusts according to the measurements of the different candidate
track.

5 Multi-model bearing-only tracking

5.1 Multi-model algorithm. Introduction

It is well known that the good performance of Kalman filtering must be based on a
suitable target model. In the course of study and engineering application of bearing-
only maneuvering target tracking, the tracking performance of a single model based
adaptive filter isn’t so good. Its limitation is mainly the competition between track-
ing accuracy and rapid response to target tracking. Especially regarding bearing-only
tracking, for its higher target maneuverability and the variety of structures and para-
meters existing in a target motion model, the single-model adaptive filter has difficul-
ties to accurately recognize these varieties in time so that inaccurate model and false
tracking appear. Multi-model filters use several appropriate models to approximate
the real target motion. Among them each model has a potential maneuvering mode.
Random maneuvering of target is depicted as random hopping among models. By de-
signing a filter composed of several models, we accordingly carry them into effective
execution for maneuvering target tracking. Thus, improving tracking performance
is naturally shown. If we make an assumption that random hopping of target mo-
tion model state is discrete and target motion state is continuous, maneuvering target
tracking is a typical mixed estimation problem. The traditional solution of a mixed
estimation problem is combining estimation with decision-making. When making a
hard decision for the uncertain parameter and structure, the estimation result is usu-
ally bipolar optimization rather than global optimization. Under these circumstances,
the multi-model approach nowadays becomes the main solution to mixed estimation.

The basic idea of multi-model maneuvering target tracking approach is mapping
a potential motion model into a model set. Each model in this set represents different
maneuvering mode, and the varieties of models based filter works in parallel. State
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estimation output is Bayesian illation based data fusion of all filtering state estimates.
Suppose that i ∈ {1,2, . . . , (Ms)

k} is a model state sequence indexed up to time k, and
Ms is the model number in the model set. Simultaneously, x̂i (k|k) and Pi(k|k), re-
spectively, are the state estimate and the error covariance under the assumption of the
model state sequence mk matching model sequence mk

i of index i. P {mk = mk
i |zk}

is the posterior probability of this assumption. Sk is a set of all potential model se-
quences. Zk is the measurement sequence. Then, the optimal multi-model estimation
under LMSE need to consider all potential model state sequences assumption, namely

⎧⎪⎨
⎪⎩

x̂(k|k) = ∑
mk

i ∈Sk x̂l(k|k)P {mk = mk
i |Zk},

P (k|k) = ∑
mik

i ∈Sk {Pi(k|k) + (x̂(k|k) − x̂i (k|k))(x̂(k|k) − x̂i (k|k))′}
× P {sk = mk

i |zk}.
(15)

Apparently, the number of potential model sequences assumption presents an index
growth with flowing time. It produces an unacceptable computation cost. Especially
disadvantageous is that target threat degree can’t be estimated due to lacking distance
information in passive tracking system, so real-time is very important to this system.
Thus, the computation cost of the selective approach must satisfy the demand of a
tracking operation. The IMM algorithm [8–10] proposed by H.A.P. Bolm is an infe-
rior optimized multi-model algorithm which is highly cost-effective. This algorithm
makes an assumption that transformation of different models obeys a finite Markov
chain with known transition probability. It has the same performance as GBP2 and the
advantage of computation cost over GBP1. IMM is regarded as the first multi-model
algorithm up to application value [11].

5.2 IMM algorithm based on bearing-only measurement

Assume that target motion can be depicted as a model from r assumption models in
some time, denote the model set as Mr := {1, . . . , r}. The effective event of model j

is denoted by Mj(k) in the sampling period (tk−1, tk]. For the assumption model j ,
the target state equations are

{
X(k) = Fj (k − 1)X(k − 1) + Gj(k − 1)Wj (k − 1),

Z(k) = Hj(k)X(k) + V j (k).
(16)

Assume that the probability of model j is

μj (0) = Pr
{
Mj(0)

}
. (17)

The transition probability is

pij = Pr
{
Mj(k)

∣∣Mi(k − 1)
}
. (18)

It is known and provided by the Markov chain jump from Mj(k − 1) to Mj(k) in
this time.
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1. Mixed probability calculation

If Mj(k) and the measurement set Zk−1(Zk−1 := {Z(1),Z(2), . . . ,Z(k −1)}) are
known in sampling time k, the appearance probability of Mi can be expressed as

ui|j (k −1|k −1) = P
{
M(k −1) = Mi

∣∣M(k) = Mj,Zk−1
} = 1

cj

piju
i(k −1), (19)

where i, j = 1,2, . . . , n, and cj is a normalization constant.

2. Interacting and mixed calculation

It gives the calculating expression of X̂i(k − 1|k − 1) and corresponding covariance
P i(k − 1|k − 1) for different models:
⎧⎨
⎩

X̂0j (k − 1|k − 1) = ∑n
i=1 X̂i(k − 1|k − 1)ui|j (k − 1|k − 1),

P 0j (k − 1|k − 1) = ∑n
i=1 ui|j (k − 1|k − 1){P i(k − 1|k − 1) + [X̂i(k − 1|k − 1)

− X̂0j (k − 1|k − 1)][X̂i(k − 1|k − 1) − X̂0j (k − 1|k − 1)]′}.
(20)

3. Model conditional filtering

Regard the obtained mixed initial condition from step 2 and the current measurement
Z(k) as input of each filter at time k. Thus, we figure out a new model estimate, i.e.,
X̂j (k|k) and P j (k|k). Together with the predicted measurement Ẑj (k|k − 1) and the
corresponding innovation covariance Sj (k), we figure out the likelihood function of
the filter

Λj(k) = 1√
2π |Sj (k)|

× exp

{
−1

2

[
Z(k) − Ẑj (k|k − 1)

]′(
Sj (k)

)−1[
Z(k) − Ẑj (k|k − 1)

]}
,

(21)
where the function distribution is Gaussian.

4. Renewing model probability

Each renewing model probability is as follows:

uj (k) = 1

c
Λj (k)

n∑
i=1

piju
i(k − 1). (22)

5. State and covariance estimates

Formulas of state and covariance estimates are:{
X̂(k|k) = ∑n

j=1 X̂j (k|k)uj (k),

P (k|k) = ∑n
j=1 uj (k){P j (k|k) + [X̂j (k|k) − X̂(k|k)][X̂j (k|k) − X̂(k|k)]′}.

(23)
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By an analysis of algorithm framework, measurement information utilization of
IMM exists in not only filtering estimate but also in model probability. And IMM
can adaptively adjust the model by a model probability change. Simultaneously, this
algorithm has modularization characteristic. Through different applications, the fil-
tering module can adopt all kinds of linear and nonlinear filtering algorithms. Finally,
efficiency is improved by virtue of each filtering module working side by side in this
algorithm.

5.3 Model selection for bearing-only tracking

In this paper, the model selection is only limited to CV and CA because the per-
formance for CT in polar coordinates isn’t so good and the value of ω is difficult
to grasp. The reason is mainly based on the hypothesis that the data sampling rate
of IRST system is high enough. The research indicates that general motion can be
approximated by a certain combination of CV and CA. But until now, the relative
theories about model selection for MM filter are still lacking.

5.4 Positive definiteness of inverse matrix and elimination of ill-posed matrix

In the course of target tracking, many inverse matrixes such as that of filtering co-
variance matrix need to be computed. These matrixes are positive definite in theory.
However, for the reason of finite word length of computers, error is accumulated with
time so that the filtering covariance matrixes loose the features of positive definite-
ness and symmetry. Obviously, filtering divergence will appear and it will lead to
missed tracking. Moreover, an ill-posed matrix might appear. When solving for its
inverse, the results are very unstable. Filtering divergence will also appear. Solution
in the engineering application is shown as follow:

1. Positive definiteness

According to the conditions of being positive definite, first, compel the matrix to
symmetry. Then, resolve to get its eigenvalue and determine if they are positive or
negative. When all eigenvalues are positive, do nothing and go on. If there is a nega-
tive eigenvalue, the matrix isn’t positive definite. Under this circumstance, add to all
diagonal elements of the matrix an appropriate positive number. Continue the process
till the matrix is positive definite.

2. Elimination of ill-posed matrix

First, resolve to get the eigenvalues of the matrix. Then decide if a certain eigenvalue
is close to zero. If so, the matrix is ill-posed, else continue the operation. In this
tracking processing system, the diagonal elements of the matrix will be changed by
adding an appropriate number W , where W ∈ [2,5]. The process will go on till the
ill-posed matrix is eliminated.

6 The processing of suspected threatening target

According to the characteristic of bearing-only tracking, the estimation of threaten-
ing target is very important when lacking distance information. The most intuitive
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feeling is that suspected threatening target is one whose attacking velocity is high
and attacking angle change is small. These stationary targets need to be tracked first
and foremost. In real application, if (24) is satisfied in three consecutive scan cycles
for the estimation state of the target, it is considered as a threatening target and target
threat degree is upgraded:

∥∥(κk+1 − κk)/(tk+1 − tk)
∥∥ ≤ ωT (24)

where κk is the bearing-only position vector at sample time k and ωT is threatening
decision angle given by the system.

Moreover, confidence measure based on this decision is not high. Here, some ad-
ditional information from the passive sensor can be used, for example, gray change
information, area change information, etc. Using of this information can improve
threat estimation precision to some extent.

7 Simulation

Assume that measurement noise is Gaussian white noise whose coefficient is 1 milli-
rad (rad × 10−3). In this tracking filtering algorithm, the approach of direct angle
modeling is chosen. There is an IMM filter composed of 3 models used to track.
These models are depicted as follows. There are different Q matrices for model 1
and model 2, which are CV with state noise coefficients of 1 and 0.1, respectively,
and model 3 is chosen as CA whose state noise coefficient is 0.1. Clutter density is
Poisson distributed and λ = 1.5198 × 10−6) milli-rad2. The initial model probability
matrix is

μ0 =
[

1

3
,

1

3
,

1

3

]
. (25)

The model transition probability matrix is

P =
⎡
⎣0.98 0.01 0.01

0.01 0.98 0.01
0.01 0.01 0.98

⎤
⎦ . (26)

Ten selective maneuvering targets are shown in Fig. 6 in the polar coordinates and the
initial states of those targets are listed in Table 1. The tracking effects are shown in
Fig. 7 where the coordinates, horizontal and vertical axes, respectively, are in azimuth
(rad×10−3) and pitch (rad×10−3). The tracking errors are shown in Fig. 8 where the
coordinates, horizontal and vertical axes, respectively, are in circle number (N ) and
rad × 10−3. Here, we make an assumption that T = 1.5 s, and the sampling number
is N = 60.

8 Engineering application

Aiming at the research system, we design a platform to test its application. In a real
system, the searching platform is a sphere whose diameter is about 60 cm. There are
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Fig. 6 The target tracks in the
polar coordinates

Table 1 The initial states of the targets

Target Initial X

Position
rx (m)

Initial X

Velocity
vx (m/s)

Initial Y

Position
ry (m)

Initial Y

Velocity
vy (m/s)

Initial Z

Position
rz (m)

Initial Z

Velocity
vz (m/s)

1 −50000 50 3000 40 700 15

2 10000 30 20000 250 15000 35

3 20000 15 1000 30 −2000 50

4 0 15 10000 30 −20000 −50

5 −20000 30 3000 40 700 15

6 3000 30 50000 20 150 35

7 −8000 −15 5000 30 100 50

8 0 20 20000 100 10000 50

9 0 30 20000 100 100 30

10 80000 200 60000 100 80000 250

4 infrared cameras that are mounted on the sphere surface in a 2 ∗ 2 array. There
are 3 gazing points at intervals of 30 degrees. The cycle T , which is the time of the
platform to complete a circle, is 3.7 s. The interval among gazing points is 0.6 s.
Moreover, measurement noise is Gaussian white noise. The noise coefficient is 0.01.
The sensor detecting probability is PD = 0.99. The gate coefficient is PG = 0.999.

Select three models as elements of the IMM. Model 1 and model 2 are CV. Model
3 is CA. The initial model probability matrix is

μ0 =
[

1

3
,

1

3
,

1

3

]
.
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Fig. 7 The tracking effects

The model transition probability matrix is

P =
⎡
⎣0.98 0.01 0.01

0.01 0.98 0.01
0.01 0.01 0.98

⎤
⎦ .

The noise coefficients of their processes are 0.5, 1 and 0.01, respectively. The
actual tracking effect of the engineering application is shown in Fig. 9.

9 Conclusions

According to simulation results of the whole track processing system, the solutions
presented in this paper are suitable for bearing-only tracking based on bionics with
the IRST system. There is also a clear conclusion that tracking accuracy is improved
by using IMM. On the other hand, algorithm complexity is enhanced indeed, and that
computation cost is in direct proportion to the number of models. Under the accu-
racy condition, choose the number of models as small as possible. By simulation,
we draw a conclusion: If the number of CV models exceeds 3 or the number of CA
exceeds 2, minimal performance improvement is displayed in the bearing-only track-
ing with computation cost greatly increased. This is due to too much unnecessary
model competition in the multi-model data fusion. Excessive use of the models not
only increases computation cost but also reduces the accuracy of estimation. Based
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Fig. 8 The tracking errors

Fig. 9 The actual tracking effect of the engineering application

on simulation, balancing the two factors, accuracy and computation cost, by choos-
ing two CV and one CA to compose a multi-model tracking filter, we can get more
satisfactory results. Finally, in the actual test of engineering application environment,
the performance of the tracking system has to be preliminarily validated. But the cy-
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cle control of the platform rotation limits the tracking effect to some extent. Tracking
cycle T decreases with platform rotating time. In order to get good tracking effect,
T needs to be as short as possible. Yet, considering matched gazing control and large
moment of inertia of the platform, platform control is very difficult to complete pre-
cisely. Moreover, these tracking algorithms are still expected to be improved. There
are many improvements for characteristic of bearing-only tracking. But they are out
of the scope of this paper.
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