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Abstract — This paper presents a probability of detection
enhancement technique for a maneuvering target with a low
radar cross section in time-series Doppler spectrums. The
target signal and a noise variance are estimated by the self-
organizing model applied to the particle filter and the history
of the particle information is used for the detection with a
constant false alarm rate. A Monte Carlo simulation is carried
out for the performance investigation. The results show that
the probability is enhanced, even when a target has a high
angular velocity.

Index Terms — Radar, CFAR, Self-organizing, Detection,
Particle filter, Track-Before-Detect (TBD).

1. Introduction

In a radar detection, the post detection integration (PDI)
is used for a probability of detection (Pd) enhancement [1]
and thus has a capability of low radar cross section (RCS)
target detection. When the data processed in the PDI is
time-series Doppler power spectrums of the fast Fourier
transform (FFT), the integration is carried out in the same
Doppler-bin and a moving target's Doppler spectrum can be
detected. The PDI is an effective processing for an airplane
detection.

However, if the target Doppler is changed due to a
maneuvering, the PDI cannot work well. In this paper, a
detection technique for a maneuvering target in the time-
series Doppler spectrums is proposed. The technique is as
the same approach as the Track-Before-Detect (TBD)
[2],[3]. In the TBDs, however, the noise statistics, e.g., a
variance, is assumed as known and detection with a
constant false alarm rate (CFAR) is not discussed. Thus,
these are hard to implement to actual radars. Meanwhile in
the proposed technique, both of the signal and the noise
statistics can be estimated by the self-organizing model
applied to the particle filter and the CFAR detection is
realized. The proposed technique thus can be readily to be
implemented to actual radars.

In the following, the detection model and scheme is
described in Sec. 2. The simulation results are given in
Sec.3 and finally, Sec. 4 concludes this work.

2. Detection Technique
(1) Self-Organizing Model

The time-series spectmms is expressed as Zi,...,Zx,
where Z;=[Zi(1) ...Z(X)] is the spectrum, k and x are an
index of the time-series and the target Doppler-bin,
respectively, and 7 is the vector transpose. It is assumed
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that the noise statistics, the target signal and its Doppler are
unknown. The state sequence is defined by

Vie ~ 1G(ay—1,04-1) 5 ()
Sk ~ U(OsSmax) s (2)
Xp = 2Xk_1 —Xp-2 + Wy_1 - (3)

In Eq. (1), the variance V} as the noise statistics is the
random variable (RV) from the inverse Gamma distribution
IG(a, b) with a and b of a shape and scale parameters, i.e.,
hyper-parameters. The parameters are given by the
estimated V. In Eq. (2), the signal S; is the RV from the
uniform distribution U(0, Smax) with 0 to Smax. Eq. (3)
stands for the target Doppler-bin changing, where wy is a
system noise given by Gaussian. When the target Doppler
presents in xi, the data model is given by
Zy = S + Ny “4)

where Ny is the noise whose distribution is the exponential
with V; of the mean (it is the variance in the complex
Gaussian). The distribution of Z; in Eq. (4) is thus given by
the Rice. It is noted that the above model is nonlinear and
the hyper-parameters are modeled in the state sequence.
The model is thus the self-organizing one [4]. In this paper,
the particle filter is applied for the online estimation, where
the sampling importance re-sampling (SIR) [5] is used.

(2) CFAR Detection

To detect the signal after the estimation, the data
integration using the particle history is processed. The test
statistic ¢ is then defined as

t = max(C; (i)/ Cy (i) (5

Gi@) = kiZk (X (1)) (6)

Coli) = ;[iizku) - cl(z')j %
KX -1)| =4

where i is a number of the particle. Eq. (6) gives an
integration of the spectrum in the estimated Doppler-bin.
Since the SIR is used, the i-th particle history from =1 to K
can be traced. By using the history, the target Doppler
changing routes with the possibility are employed to the
detection. Eq.(7) shows the mean of the noise.



When the target is absence in the data, and Eq. (6) and
the numerator of Eq. (7) are the Gamma distribution with K
and K(X-1) of degree of freedom, respectively. Thus, the
distribution of ¢ is given as

CTK+X) @x)f T

= 8
T(KT(X) (1+1/ )8 X ®

P(1)

where I'(*) is the Gamma function. In Eq. (8), there are not
any statistical parameters. Thus, the detector in Eq. (5) has
the CFAR property.

3. Performance Analysis

In order to discuss the proposed technique, a Monte
Carlo simulation is carried out. One of the results is
presented here. Fig. 1 shows the time-series Doppler
spectrums, where a signal to noise ratio (defined as mean of
signal spectrum to that of the noise one, SNR) is 8dB and
the target signal is a constant. The target turns with 1.2rad/s
of an angular velocity. The target Doppler changing route is
then expressed as a curved line, but it is hard to be found in
this figure.

Fig. 2 shows the estimated target Doppler-bin changing,
where the simulation conditions are as the same as that in
Fig. 1 and a probability of false alarm rate (Pfa) is given as
10e-2. We can see that the estimate is correspondence to
the truth within one or two Doppler-bin difference.

Fig. 3 shows the performance comparison with the PDI
for various angular velocities. The Pd is calculated both
from the target detection and the estimation of the Doppler-
bin changing points of view. Here, if the Doppler-bin
difference between the proposed and the truth in the route
is one or less, then the estimation is regarded as a success.
In the figure, it is found that the Pd of the PDI is higher
than that of the proposed in the small angular velocity, such
as 0.8rad/s. Meanwhile, the Pd of the proposed is
considerably higher in the large velocity, more than
1.5rad/s. The proposed technique is enhanced the Pd and
useful to a maneuvering target detection.

4. Conclusions

This paper presents maneuvering target detection, where
the self-organizing model applied to the particle filter is
used. From the results of a Monte Carlo simulation, it is
found that the proposed technique is superior to the PDI
and the Pd is enhanced by the proposed, when a target has a
high angular velocity.

References
[1]
[2]

M. 1. Skolnik, RADAR HANDBOOK Second Ed., McGraw-Hill,
1990.

M. G. Rutten, B. Ristic and N. J. Gordon, “A Comparison of Particle
Filters for Recursive Track-Before-Detect,” in Proc. FUSION
2005, pp.169-175, 2005.

637

[3]

[4]

[3]

Doppler-bin

Doppler-bin

Pd

08 ................... J
0_6_ ........................... \\ ...................................... J
Y
s
O b P PR SO SR S _
M
Y
0.2t 5 |
kY
: Yoo
: : Yol : :
0 L L | | 1 D L D
0 0.5 1 15 2 25 3

Y. Bors and H. Driessen, “A Particle-Filter-Based Detection
Scheme, ” IEEE Signal Processing Letters, vol. 10, pp.300-302, No.
10, Oct., 2003.

N. Ichimura, “Stochastic Filtering of Mortion Trajectory Using a
Self-organizing State-Space Model,” in Proc. Information Processing
Society of Japan, CVIMS, vol. 43, pp.92-104, Dec., 2002.

M. Sanjeev, S. Maskell, N. Gordon and T. Clapp, “A Tutorial on
Particle Filters for Online Nonlinear/Non-Gaussian Baysian
Tracking,” IEEE Trans. on Signal Processing, vol. 50, No.2, pp.174-
188, Feb., 2002.

Time frame k

Fig. 1 Time-series Doppler spectrums; SNR=8dB.
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Fig. 3 Performance comparison; Pfa = 10e-2, SNR=8dB.
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