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ABSTRACT

Recently, interest in a passive coherent location (PCL)
system using commercial broadcasting signals has been
increased since it exploits the existing broadcasting
facilities without revealing the receiver’s location. To
estimate positions of multiple targets by using the PCL
system, constant false alarm rate (CFAR) detection,
whose input is the samples of the range-Doppler map, has
to be preceded, so that the parameters of the CFAR
detector are influenced by the range-Doppler map.
However, the characteristics of the range-Doppler map
vary with bandwidth of the used broadcasting signals and
its collection time. Therefore, algorithm parameters for
the CFAR detector have to be properly determined
considering those characteristics. To achieve this goal, we
analyze the range-Doppler map in a PCL system using
commercial FM broadcasting signals and then derive
mathematical descriptions for the algorithm parameters of
the number of window cells and that of guard cells. We
also present which axis out of the range and the Doppler
axes is better for CFAR detection.
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1. Introduction

A passive coherent location (PCL) system has been used to
find unknown multiple moving targets while the detectors
are able to hide their locations by not transmitting any
signals and only by utilizing the commercial broadcasting
signals for a variety of application areas, such as fence-
type radar, in-door monitoring, and air-traffic control [1-
3] . Among various broadcasting signals, FM analog
signals are most frequently considered due to its wide
detection coverage [4-5].

Range and Doppler measurements, which are used in
the PCL system for finding the location and velocity of the
moving targets, can be acquired from the range-Doppler
map. The range-Doppler map is obtained by performing
cross-correlation between a direct-path signal which is
received from broadcasting station to PCL receiver and
target echo signals which are reflected by targets
propagating to the receiver. Since the peak points on the
range-Doppler map are generated at range and frequency
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difference between the direct signal and the target echo
signals, multiple peak points generated by multiple targets
should be found to extract the Range-Doppler information.

Constant false alarm rate (CFAR), which is a well-
known detection algorithm processor, is commonly used to
find multiple peak points on the range-Doppler map [6].
The CFAR processor consists of window cells to
determine the threshold, guard cells to avoid the effect of
near value of the peak points, and a test cell to confirm
whether the targets exist or not. Since the numbers of
window and guard cells make an influence on the
performance of the CFAR detector, the algorithm
parameters, such as the numbers of window cells and the
number of the guard cells, have to be adequately
determined. Also, the CFAR processor can be conducted
based on one out of the range axis and the Doppler axis
according to the designer’s choice because a range-
Doppler map is 2-dimensional data. Thus, to determine the
algorithm parameters above, it is necessary to analyze the
range-Doppler map based on FM signals.

In this paper, to determine the adequate algorithm
setting of the CFAR processor in a PCL system using FM
broadcasting signals, we analyze a range-Doppler map
considering the signal parameter such as bandwidth and
collection time. Then it is shown that the range axis has
better detection performance compared to the Doppler axis
for the CFAR processor. We also present a mathematical
description on the algorithm parameters of the numbers of
window and guard cells. Thus, the algorithm parameters
used in the conventional CFAR processor can be
determined from the presented mathematical description,
resulting in the improved detection capability.

This paper is organized as follows. In Section 2, we
present the signal model and explain the CFAR processor.
Mathematized algorithm parameters are presented with
simulation analysis in Section 3. Finally, Section 4
concludes the paper.

2. Signal Model and CFAR Processor

Fig. 1 illustrates a general PCL system. A direct-path
signal rq(t) and a target echo signal r«(t) can be acquired by
using beamforming and adaptive filtering about the
received signal at reference and surveillance antenna.
These are defined as

() =a,s(t—7,), (1)
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Figure 1. Block diagram of general PCL system.
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Figure 2. Structure of the CFAR processor.
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where M is the number of targets, s(t) is a transmitted
signal, aq and a are the amplitudes of the received direct-
path signal and the ith target echo signal caused by the
propagation path loss, respectively. zy is the propagation
duration of the direct-path from a base station to the PCL
receiver and ' is the propagation time from the base
station to the PCL receiver reflected at ith unknown target.
Then, the range-Doppler map can be generated by using
the direct-path signal and the target echo signal as follows:

Ap, v) =‘ [IACHCRS TR 3)

where pand v are independent variable representing the
range difference corresponding to time difference and
Doppler-frequency difference, respectively.

In order to confirm the existence of multiple unknown
targets after calculating the range-Doppler map, the CFAR
detection algorithm has to be conducted. The CFAR
processor consists of the window cells, the guard cells, and
the test cells as shown in Fig. 2. The detection threshold is
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Figure 3. Range-Doppler map based on FM broadcasting signal.

set by the estimated noise power Z which is calculated
based on the window cells and the constant factor P
calculated by the false alarm probability. Consequently,
target decision is carried out by comparing the value of the
test cell with the detection threshold as follows:

if Y<PZ

No target(H,), 4
if Y>PZ

Target present(H,),

where Y is the value of the test cell. Since the input signal
of the CFAR processor is composed of the values at all
points of the range-Doppler map corresponding to the
equation (2), the values are exponentially distributed.
Finally, the constant factor P of (4) can be calculated as
follows [7]

P :(Pfa)’ﬁ -1, (5)

where Pr, is the false alarm probability and N is the
number of reference window cells.

3. Window and Guard Cell Determination

3.1 Selecting a range or Doppler axis of CFAR
processor

To determine which axis we will use for the CFAR
processor, in this subsection, we analyze the range-
Doppler map based on FM signals in terms of guard cell
size. For numerical evaluation, we used a stereo FM signal
[8], the number of targets of M=3, sampling frequency of
fs=250 kHz, collection time of T=40 ms and the location of
the unknown targets, the base station and the PCL receiver
are given in table I.

Fig. 3 shows the range-Doppler map obtained with the
above simulation parameters and Fig. 4 shows the slice of
(a) the Range-Doppler map along the range axis; and (b)
the Doppler axis. We approximately marked the region
including the mainlobe and sidelobe with a black
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Figure 4. The slices of the range-Doppler map along the range
axis (a) and Doppler axis (b).

rectangular box. As shown in Fig. 4, the width along the
Doppler axis in (b) is longer than that along the range axis
in (a). This width can be reduced by increasing a
collection time due to the characteristic that the width of
map in (b) is inversely proportional to the collection time
[9]. Although the sidelobe along the Doppler axis in Fig.
4(b) can be reduced, however, it cause a computational
burden caused by the increased collection time. On the
other hand, the sidelobe of the range-Doppler map along
the range axis (a) does not exist. Also, the narrow
mainlobe in the range axis is fixed because the width of
this mainlobe is inversely proportional to the bandwidth
of the input signal of the range-Doppler map [9] and the
bandwidth of the commercial FM signal is fixed of 75
kHz. Consequently, we have to conduct the CFAR
processor along the range axis.

3.2 Determination of the Window and Guard Cell
Sizes

In this subsection, we present the proper window size and
guard cell size on the CFAR processor for the PCL
systems based on the FM signal.

Table 1. The position and velocity of the receiver and targets
Object Position Velocity
Transmitter [50 0 0]"km Stationary
Receiver [(50 0 0]"km Stationary
Target A [30 50 0]"km [-150 -320 0] m/s
Target B [-10 80 O] km [-150 -320 0] m/s
Target C [60 110 0] km [-150 -320 0] m/s
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Figure 5. The results of the CFAR proceesor with the range-
Doppler map according to the window size: (a) 30 (b) 10.

the mainlobe along the Doppler axis of the range-Doppler
First, the guard cell can be determined from Fig. 4(a). As
we explained in 3.1, the width of mainlobe is inversely
proportional to the bandwidth of the FM signal. Thus, to
acquire the exact noise power from window cell removing
the near value of the peak points which is caused by
targets, guard cell size can be determined by dividing the
width of mainlobe into sampling time as follows:

Ne =[(1/B)f, | (5)

where [ x| is a smallest integer that is larger than or equal
to x, B is the bandwidth of the FM signal. From the
equation (5), the value of guard cell Ng is 4 when we used
parameters which is presented above.

Fig. 5 show the result of the CFAR processor with the
range-Doppler map corresponding to Fig. 3. Here, Fig.
5(a) and (b) show the results when the window size is 10
30, respectively. While the peak point at (90 km, 163 Hz)
on range-Doppler map is detected by the processor as
shown in Fig. 5(a), not detected when the window size is
assigned by 30 as shown in Fig. 5(b). Under the
circumstance for Fig. 5(b), the threshold large which is



determined by the estimated noise power from the window
cells is too high because the window cells of the CFAR
processor include the several points near the peak point
which is caused by the target A when the test cell is the
peak point by target B. Consequently, the resolution AR
which distinguish between adjacent targets is determined
by converting the sum of the number of window and guard
cells into distance unit as follows:

AR =(N,, +Ng)cT, (6)
where Ny is the window size, ¢ is propagation velocity
and Ts is sampling time. Thus, window cell size can be
calculated after the bistatic range resolution is determined.
For example, if the bistatic resolution is determined as 25
km, the window cell size can be assigned as 16 with the
same parameters set in 3.1.

4. Conclusion

We presented how to use a CFAR detector in a PCL
system using FM broadcasting signals. Firstly, the
algorithm parameters of the number of window cells and
that of guard cells for the CFAR processor were
mathematically derived based on the range-Doppler map.
While adjacent multiple targets could be successfully
detected by using the adequate algorithm parameters
chosen based on our mathematical derivation, one target
was missed when the arbitrary value were used. We also
found that the bistatic range axis is better than the
Doppler axis due to the sidelobe effect in terms of
estimation accuracy. It is expected that our presented
results will be very helpful for determining the design
parameters of a PCL system using FM broadcasting
signals.
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