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ABSTRACT:

The multistatic radar sensors offer the system designer new and additional degrees of freedom to reliable solutions to
specific applications. The receivers may be passive and hence mainly resistant to jamming. This advantage makes the
multistatic radar sensors attractive for a variety of applications, many of which fit well with the needs of homeland security. In
this paper the role of active and passive methods as a support to target tracking in homeland security is discovered. A
covariance-weighted data fusion (CWDF) tracking algorithm from active and passive radars is introduced to the target
tracking system. Based on the proposed algorithm, this paper investigates the problem of 3D maneuvering target tracking in
the presence of jamming. The simulation results designate that the proposed algorithm can offer significant tracking and
anti-jamming performance. The ideas and methods presented will also bear important significance for developing similar

tracking systems in homeland security applications.
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1. Introduction

Radar has long been used in a variety of military
and civilian applications and has become an vital
component of current homeland security systems. Many
countries have a network of civil aviation radars that often
form a part of a wider air defense capability that is able to
guide aircraft. Active and passive radar integrated guidance,
as one of multistatic radar sensors composite guidance
technologies, is a typical application of information fusion
technology in the target tracking field. Target tracking is
usually performed by non-homogenous multistatic radar and
each radar carries a substantial amount of target state
information. In general case, active radar has an ability to
obtain range and angle measurements so as to track target
precisely, but with poor capabilities to counter jamming. As
opposed to active radar, passive radar performs tracking by
receiving signals emitted from target and doesn’t emit any
energy, which make it has the good covertness capability, but
estimated error produced by passive radar is often larger than
that produced by active radar, but with preferable
anti-jamming performance. The complementarities of active
and passive radar will significantly improve the multistatic
radar sensors operational effectiveness in the electronic
countermeasure (ECM) environment. So in many cases, data

fusion from active and passive radars is essential to improve
tracking performance [1,2]. Such technology is conceived to
have a great application prospect in current and future threat
offence and homeland security systems. But there are also
some challenges, such as the angle measurement may lead to
high nonlinearity of the measurement model, and the target is
universal maneuverable. Hence the nonlinear filter for
maneuvering target tracking should be researched for
active/passive radars data fusion tracking system.

In practice, the most popular target tracking data fusion
algorithm is interacting multiple model (IMM) that is
adaptive for the multistatic radar sensor[3,4]. But the IMM
technique has large computational cost. In consideration of
Real-time, the filtering method of each filter for IMM could
not be complex. In the active/passive data fusion tracking
system, it can be dealt with in two ways. One is performing
the state estimation in mixed coordinates, such as the simple
filtering method Extend Kalman filters (EKF)[5]. Another
way is the covariance-weighted data fusion, see Refs.[6, 7],
that is a covariance-weight state vector data fusion algorithm
only considering random errors caused by the distance is
discussed instead of traditional invariable-weight method
ignoring random errors caused by target distance. The
remaining paper is organized as follows. Section 2, describes
multistatic radar sensor measurement models. Section 3 states
the proposed covariance-weighted data fusion tracking
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algorithm. In section 4, we present our simulation results and
finally in Section 5, the key conclusions and the future works
are stated.

2. The Multistatic Radar Sensor Measurement Model

In this section, the movement of a target in a
3-dimensional coordinate system is described by a state-space
model. The observation model of the target signal is presented.
We consider a single-target scenario for the presentation.

(1) Active radar sensor

As is, usually, the case let the measurements of
the target location be made available in spherical form and
expressed in the following form. The original measurements
from active radar sensor are noise-corrupted range, azimuth
and elevation angles of the target in the Spherical Coordinate
System. The conventional way to use the linear filter is to
transform spherical measurements to pseudo measurements
in the Reference Cartesian Coordinate System.

r,=r+v,

6,=0+v,

P =P+Vy (1)
Where range, On azimuth angle, P

elevation angle denote the radar measurements,
respectively. The actual value r, ¢ and ¢ can be
expressed as:

0= tanil(yR/XR)
¢:tan’1(zR/,/x§+y§) )

According to equation (1), the measurements
corresponding to the N sensors can be modeled by

ro (k)

Z4, (k) =| 0. (K) | = HEDXE (0] + Vi ()
#(K)

Jx (k)+ y2(k)+ 22 (k) v. (k)

tan ™ (yg (k)/x ()) +vaz(k)

ten (2, (k) \pE )+ y2 (6))| Lva®)

(3)

Where HK) s measurement transition matrix,

and VK)is noise which assumed to be zero-mean
white noise.

(2) Passive radar sensor

Z. (k) =[ap (k)] = H\ [X (K)]+ V (k)
= [tan1y, 0/, (k)] + v (0] (4)

(3) The Mathematic Model of the
Multistatic Radar Sensor

Tracking the trajectory of a target can be viewed as the
estimation of the state of a dynamical system from
observations. In our case, the dynamic behavior of the state is
described by the following model:

The target motion model

X(k +1,K) = X(k +1) — X(k +1,k) (5)
From (3) and (4), we obtained

Z(k +1,k) = H[X(k +1,k)] (6)
then

Z(k+1,k) = H[X(k+ 1] -2 X(k +1,k)

X (k+1,k)
(7

and

Z(k+1) =Z(k+1) - Z(k +1,k)
oh

_on X 8
= X(k+1,k)+v(k+1) 8)

X (kK+1,k)

If let oh , then:

H(k+1) = —

X (k+1,k)

Z(k+1) = H(k +)X(k +1,k) + V(k +1) ©)]

For active radar sensor:
ah(R)
ox ™ X (Ra) (k+1,k)
0 0 hi
00 O
0 0 hi

H® (k+1) =

hf 0 0 hf
~[h% 0 0 h&
h 0 0 h%

00
0 0 (10)
00

Where:

hiy = COS6g, *COSgy, thjla =5iN6g, *COSg, ;
Ri _ o R. _ 1

h =singg, hy =—5iN6g, /e, * COSPg,

hi =cosfg, /Is, * COSPe, »

hi = —singg, *C0SOp, /Ty »

hi = —sing, *sinGg, /Ts, -
Ra —

h37 - C03¢Ra/rRa

For passive radar sensor:

(R,)
HO (k + 1)—6h :

A X e (k11,k)
=[§poo§pooooo] (12)
Where:

hy =—Sin6g, /s, *COSPy, .
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hy =C0SOg, /Is, *COSH,

3. Proposed covariance-weighted data fusion tracking
algorithm

From (10) and (11), we see that the received signal h in a
single-target scenario depends only on the current state. In
the following, we propose a covariance-weighted data fusion
(CWDF) tracking algorithm to estimate target sequentially
state. Using this algorithm to track target is discussed in the
followings.

Step 1. State variable and its error covariance matrix
predictive value calculation

X(k +1,k) = F|X(k, k), k |+ U(k)a
Step 2. Calculate predict innovation vector

P(k +1) = F(k)P(k,k)F(k)" +Q(k)
Step 3. Calculate Kalman gain

K(K)=P(k +LK)H(X(k k1) k]

[H(S((k, k-1)kPlk+ LRH(X(k k-1 k] + R(k)r
Step 4. Calculate Kalman filter equations

X(k +1,K) = X(k +1, k) + K(K)Z(K)
Step 5. Calculate the covariance matrix

The following example of tracking a highly maneuvering
airborne target is considered. Fig. 1. illustrates the 3D
geometrical constellation of the active/passive radars
considered in all simulations.

2D-Target Maneuwer

________

Passive Radafi 1l
Passive Radah 2

v

---------

o (k)

2 (k)

Figure 1. lllustration of the geometrical constellation of the simulated scenario

Figure 2 shows the true track and CWDF tracking
algorithm track of air target. Only active radar measurements
work without the passive radars measurements, the tracking
precision is relatively low. When active and passive radars
work together with data fusion, the tracking precision is
improved by track correlation.

Koo (K+LK) =Pk +1, k)(P;(k +1k)X, (k+1k) +P;* (k+L k)X, (k +1 k)

P(k+1k) =(P,'(k +Lk) + P, (k +1k))
Pk +1,K) = P(k +1 k)~ K(K)[H(K)P(k + L K)H' (K) + RK)K (K)

Step 6. This procedure is continued for 5-8 scans, depending
on target trajectory. At that point, only a few steady tracks
should be left to track filtering.

4. CWODF tracking algorithm efficient simulations

For tracking radar, range gate pull-off /in (RGPO/RGPI)
is a very effective electronic countermeasures (ECM), which
is also referred to range gate walk-off and range gate
stealing[8,9]. In the presence of this type of jamming, the
jammer senses the pulse radiated by the victim radar and
repeats it with a controllable delay. With the high
jammer-to-signal ratio (JSR), the false target lures the radar
range gate away from the true target. In this section, we
consider a type of jamming used against the range tracking
radar called RGPO. Jamming the range tracker prevents the
multistatic radar sensor from tracking the target and forces it
to again search for the target. We used the
covariance-weighted data fusion (CWDF) tracking algorithm
to determine the level of RGPO jamming.

. Active Radaronlytracking
Active/Passive Radarstracking
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Figure 2. 3D trajectories of the target and multistatic radar
sensor formation

Figure 3 shows the CWDF filtering error in RMS position
error based on 100 Monte Carlo runs. We can clearly see the
improvement of tracking precision.
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Figure 3. Filtering error for active radar only vs. active/passive data fusion
with 100 Monte Carlo runs

The performance assessment of the presented CWDF
algorithm can be further indicated in the ECM environment.
In this section, the RGPO jamming are taken into account in
simulations to evaluate the CWDF efficient. In simulations, a
target moves with two deception echo (RGPO) enter the
range tracking loop of the victim radar, and the jammer begin
to pull the range gate after about 2 s. The RGPO corrupted
range measurement is shown in Figure 4. Also shown in
Figure 4 were estimated of range produce by EKF and
CWDF algorithm. From Figure 4, we can see that the
proposed CWDF algorithm has outperformed the traditional
EKF.

Radartanget tracking range-doop br ECM(REPO)E stimated

Measured mnge+RGPO
— CWDF Estimated tanget ||
EKF Estimated target

R T
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Figure 4. Estimated target trajectories using different tracking algorithms in
the RGPO scenario

5. Conclusions

In this paper, a CWDF algorithm which is based on data
fusion of active/passive multistatic radar of the range tracking
loop is presented to counter against the traditional EKF and
RGPO jamming. Generally, the angle measurement could
easily cause high nonlinearity, which may lead the EKF to
occur filter divergence. Thereby, this could result in low
tracking accuracy. Taking the precision of both passive radar
angle measurement and active radar distance observation into
tracking loop, the proposed CWDF algorithm has better
tacking performance than traditional EKF, which has been

proved by the simulation. In this paper, we evaluate the
validity of the CWDF algorithm in one simulation scenarios.
In the future research, we will study the scope of application
for this proposed method.
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