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In this paper a novel method for detecting targets in inactive radars is presented. In this method, the
time history of cellsof the ambiguity function is used for detection. For this purpose, the cell history is
considered as a random field. Then, using adaptive filter, the string time of the desired target are
separated from the string time of noise and clusters in the environment. In order to evaluate the
performance of the proposed method for an environment including three targets with simulated
different distances and speeds, the results were compared with the other two methods at the same
conditions. Based on the results obtained, this method has the ability to detect targets for SCNRs of up
to -10 dB for all three values of the probability of false alarms. The obtained results also showed the
superiority of the proposed method compared to other alternatives in such manner. Accordingly, the
probability of detection for the proposed method at least 12.5 percent better than ACM and 8 percent
better than NNTD. It also shows that for SCNRs larger than zero dB, this method has a 100% detection

capability
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1. INTRODUCTION

Many radars use the two parameters delayed and
Doppler shift signal to track and detect targets. For this
reason, for each radar scan, an ambiguity function is
created in terms of delay and Doppler parameters. There
are recurring components of false targets and noise in
the environment and radar receivers that cause
disturbance in the radar system to detect the correct
targets. Also, the difference in the power of returning
signals from different targets also causes errors, and
some of the ambiguity cells are mistakenly identified as
targets. Other problems in the design of radar systems
are the signal transmitted from the radar transmitter,
which causes the radar to be detected and attacked by
the targets. That's why today there are radars that,
because they do not have a dedicated transmitter to send
signals from the transmitters in the environment, are
using a radar and are hardly under electronic warfare
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[1]. In this radar system, signals from the environment,
such as analogue TV signals [2], FM radio [3], GSM [4]
and satellite [5], are used. But the problem with this is
that, since the signals used in these radars are not
designed for radar purposes; they do not always have
the proper ambiguity function. In this regard,
commercial FM radio signals are one of the good
signals, in addition to achieving the proper function, it is
reasonable to make the cost of manufacturing such radar
[6]. Therefore, due to existing problems, methods have
been developed for studying the noise and clutter and
multi-path signaling removal. One of the proposed
methods is to create a model for the time history of each
cell from the ambiguity function and obtain the
threshold for that cell, which can be used to determine
actual goals among the peaks in the ambiguity function
[7-9]. In this paper, a new method for detecting targets
from the peaks in ambiguity cells is presented in terms
of noise and clutter conditions. In this method, by
determining the correct assumption, the attribution of
each cell from the ambiguity function to the target,
noise or clutter is determined. In the following, the
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proposed method and how to form a random signal for
each cell by the function of ambiguity is expressed. In
the second part, the performance of the proposed
method is analyzed by simulating three goals in
different conditions, with noise and clutter. Finally, in
order to evaluate the performance of the proposed
method, the results are compared with the other two
methods at the same conditions.

2. PROPOSED METHOD

In this method, the time history of cells of the ambiguity
function is used. First, a time series L of the function of
ambiguity is considered. In this case, each cell has the
following relationships:

Lje=L(,j) 1<i<I,1<j<],1<t<T 1)

where, L_ijt is the domain of the i-th cell and the j-
column in the t frame. It should be noted that the
dimensions of the ambiguity function are I x Jand T is
the total number of frames. If we consider the time
period of each cell in a time interval between the frames
tandt+n+m:

a(® = {Leanyij} = {Lijer Lijernys -r Lijeesn )
b(1) = {Leesmenyij} = {Lijecemy Lijermenyr o Lijermem )

@

where, 1 is counter of the members of the two sets are a
and b and both have n + 1 members. In this case,
assuming m<n, it is clear that the above strings contain t
+ n members and m are different members.
Accordingly, we define the dependence of the cell L+m
+ n) ij on the clutter and the noise with Ho and the
dependence of the cell on the target with Hj.

Ho: Litymanyij = |C(t+m+n)ij + n(t+m+n)ij| )

Hy: Ligsmamyij = |9eeemenyij + Cormamyij + Mesmemyis]

In the above equation, g represents the target, c
represents the ambient clutter and n represents the sum
of the noise in the L cell. In order to simplify these two
sequences, we use a FIR finite element filtering
technique. In this case, if we define the vector of the
weights of this filter as follows:

a
= [a(=p), ...,a(0), ...,a(B)] (4)

The output of this filter, which is the same as the
estimate b(l), will be:

. Y

b()= > a(ra(l +r) (5)
r=-p

In this case, the error between the actual and estimated

values for b(l) is defined as the error vector e = [e (1), e

@), ...,e(l), ..., e (t + n) Which is obtained as follows:

e()=b(l)- Zﬂ: a(a(l+r) (6)
—5

As can be seen, if the value of a is well estimated, the
error value is minimized. For this purpose, the
Correntropy Cost Function has been used as a cost
function for adaptive adaptation in the desired filter
weights.

1 X
C[x]=E |:\/§G exp(—%zﬂ (7)

With the (t + n) pair of samples a(l) and b(l) from
Equation (2), the Correntropy vector of the error vector
is estimated as follows:

o 1 WY1 el
=2 2 @Uexp[ 262] )

By inserting the error section from Equation (6) into
Equation (8), the relationship between the estimated
cost function and the FIR filter weights is obtained as
follows:

b(l)— f a(na(l +r)
=5

1 tek—p
xexp| — 2 ©)

- t+kf2ﬁ \Fa 2ro

Clal

At the end, the value obtained for the estimated cost
function determines that the cell L + m + ) jj iS the only
strong combination of noise and clutter Ho (Equation
(10)) or is probably part of a real target that should be
investigated at a later stage.

. =
reject (Hy) £ Hy:Max {Clal} =y = Lesmenyij = (10)
|9t smamyij + Ceamemij + Nesmemij

Do not reject (Hy): otherwise

Therefore, any cell that has succeeded in passing this
criterion will be identified as the candidate for the
existence of the target in those points. Now, in the
second step, the real goals of the existing candidates
must be identified. For this purpose, two different
threshold values for the two neighborhoods of 3 x 3 and
5 x 5 are selected for the previous frame and the two
frames before the desired frame. In this case, the cell
that crosses both ends will be identified as part of a real
target.

2. 1. Simulation In this method, there are 3 targets
with high speed and different parameters for simulation.
Table 1 shows the important simulation parameters.
Figure 1 shows the curve showing the objectives of this
scenario in the delay-Doppler window and during the
1000-frame openings. How to change the number of
targets during simulation is shown in Figure 2.
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TABLE 1. Simulated tracks for three targets
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Figure 1. Curve showing the objectives
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Figure 2. Number of targets

Each frame of Figure 2 has an ambiguity function,
which, in addition to the target, includes noise and
clutter, and the objects in the frame are detected by the
processing of this function.

2. 2. Results Figures (3a), (3b) and (3c) are the
simulated targets in Figure 1, which are detected by the
proposed detector method, respectively, in -2, -4, and -6
dB.
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Figure 3. Result tracks for three simulated targets

000

In order to evaluate the algorithm of this method, if the
Doppler difference of the detected target with the
simulated target in each frame is less than 3 units and
their delay difference is less than 2 units, the cell being
disclosed will be detected as the target, otherwise it will
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be Gets as the wrong warning. In the signal-to-noise
ratio (-2 dB), the results of this method (Figure 3a)
show that the number of peaks that are correctly
detected is 1283 peaks of the total simulation peaks of
1509. Also, seven peaks have been mistakenly revealed.
These results for the -4dB are 1086 and 7, respectively
(Figure 3b), and for SCNR of -6dB, respectively, 1026
and 7 respectively (Figure 3c).

To further evaluate the performance of this method,
simulations were performed in different SCNRs, and in
each simulation the results were recorded and
compared; using the two criteria for Pp detection
probability and the Py, false alarm probability, exposure
values and main simulation values are compared. The
results obtained from these comparisons are shown in
Figure 4.

3. CONCLUSION

Based on the results obtained, this method has the
ability to detect targets for SCNRs of up to -10 dB for
all three values of the probability of false alarms. In
addition, in order to better evaluate the performance of
this method, the results of the detection of targets with
the specifications listed in Table 1 for the proposed
method and the two methods of NNTD are obtained in
reference [8] and the ACM method in reference [10] and
compared with each other ( Figure 5).

It should be noted that the graphs obtained for the
probability of error warning 10° were obtained. As
shown in Figure 5, the proposed method has a much
better performance than the ACM method, especially
for negative SCNRs. Accordingly, for a -12dB SCNR,
the probability of detection for the proposed method is
22% higher than the ACM method and 6% higher than
the NNTD method.

Detection Rate vs SCNR for three Simulated Tragets
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Figure 4. Detection rate vs SCNR
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Figure 5. Detection rate vs SCNR for three targets

It also shows that for SCNRs larger than zero dB, this
method has a 100% detection capability.
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