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Lenp 3KcImepuMeHTa COCTOsIa B OTIPeAeICHN BO3MOXHOCTA OOHapyXe-
HUSI U paclo3HaBaHUs Majopa3dMepHbIX 00beKTOB (¢ pazmepamu 0,05...1 M),
PACTIONOXEHHBIX HA TTOBEPXHOCTH 3¢MJIM U CKPBHITHIX IOI ITOKPOBOM TpPaBbI
WJIM JIUCTHEB.

[TonydyeHHbIe KCTIepUMEHTAIbHBIE JaHHbBIE MCIIOTb30BATUCH JIJIsT (POpMU-
posanus PJIW nyrem nx 00pabOTKU ¢ MOMOILBIO pa3pabOTaHHBIX aITOPUTMOB U
nporpamm. ITapamerper CUM curHajma u yCa0BUS IIPOBEICHUS SKCIIEpUMEHTA
no3Bouau noayuuts PJIU ¢ paspemenuem (0,15 m x 0,15 m), 9TO COOTBETCTBY-
€T YUCITy TOUEK (Nx=378)><(Ny=667) MpU pasMepe 30HbI 0630pa 56,7 m x 100 m.

IIpoBeneHo neTajbHOE CpaBHEHUE CUHTE3UPOBAHHOTO PaJaUOJIOKAIIMOH-
Horo uzobpaxenus (PJIN) ¢ dororpadueit mecta skcriepumeHTa. Pe3ynbTaThl
HaTYpPHOTIO 3KCIepUMEHTa MoKa3ald BO3MOXKXHOCTh OOHAPYKEHUST U paclo3Ha-
BaHUS MaJOpa3MepPHBIX 00beKTOB OT 20 ¢, TaXe B yCIIOBUSIX PACTIONOXEHMS NX
B TpaBe U KycTax.
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TARGET DETECTION USING A GPS FORWARD-SCATTERING RADAR

Abstract: The Global Positioning System (GPS) allows the accurate positioning
of an object using satellite signals. There are a lot of applications of this technology
in many scientific fields all over the world. The paper focuses on scientific issues re-

lated to new application of GPS technology using the effect of Forward Scattering (FS)
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of electromagnetic waves to detect targets by their GPS radio shadows. The aim of the
paper is to make experimental studies of GPS radio shadows of vehicle targets irradi-
ated by GPS signals and to develop algorithm for automatic detection of the shadows
of these targets. In this paper, we offer an original approach for using of CFAR tech-
niques for detection of moving targets from GPS radio shadows.

Keywords: Global Positioning System (GPS), Forward Scattering (FS), Constant
False Alarm Rate (CFAR) detector, signal processing.

1. Introduction

Historically, radar and communications networks are the oldest networks.
They have evolved independently, i.e. have solved various problems. The differ-
ence is that the radar network consists of distributed sensors, where both trans-
mitter and receiver are in the one and the same position in the radar. Commu-
nication networks are constructed from a sequence of remote transmitters and
receivers. This principle of multistatic radars, i.e. radars with different positions of
receivers and transmitters, underlies the so-called radar networks using Forward
Scattering Radio Techniques.

Currently Russia is the world’s largest manufacturer of FS radar barriers for
protection in air and space (Barrier-E, Delta, Periscope, etc.), and is a leader in
this research area. These systems are extremely popular due to the ability to detect
small moving objects and air targets produced by the stealth technology.

Existing satellite radio Navigation system (GPS, GLONASS, Galileo, Com-
pas) are space-based systems, the operation of which is not dependent on weather
conditions. These systems global navigation are widely used for operational navi-
gation. They allow globally to determine the exact coordinates and speed of mov-
ing objects and perform precise coordination in time. A major problem in the
processing of GPS signals is the low signal-to-noise ration and the availability of
different types of interference in urban environments. Protecting GPS receiver
from various disturbances in urban environments is the topical scientific field in
the world. Although in recent years this technology deeply enters in the domestic
and social life of the modern society, the scientists still actively works on the devel-
opment of new applications of the GPS technology. It is known that the presence
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of other objects on the path of propagation of GPS signals results in a loss of signal
in the GPS receiver, i.e. radio shadow.

The topicality of the paper is that it proposes to use the information contained
in radio shadow from different objects to develop new applications of the GPS
technology. This research aims to demonstrate the feasibility of the Forward Scat-
tering GPS system of detecting road vehicles in urban environment by their GPS
radio shadows. The results presented in this article show that from GPS radio
shadows of different objects can be extracted information for positioning and clas-
sification of moving objects; for accurate assessment of the geographic location
of fixed objects by method triangulation in systems for transport management,
security of zones, subsequent identification of the detected objects from digital
geographical maps.

2. Principles of Forward Scattering Radar

In bistatic radar, one of the factors affecting the electromagnetic field strength
and pattern at the receiver is the angle that the target makes to the transmitter and
receiver, this angle is called the bistatic angle. When the bistatic angle is equal or
near 180°, the radar system is referred to as FSR system [1], as shown in Figure 1.
At forward scattering, the presence of a target will partly block the signal wave-
front from the transmitter. This blocking yields a hole in the wavefront, known as
the target shadow.

RT RR

Transmitter Receiver
Fig. 1. Forward scattering radar [1].

FSR has been known for a long time and the main literature devoted to for-
ward scattering radiolocation is given in [2, 3]. Earlier publications regarding
forward scattering were devoted to estimating the RCS of an object at forward
scattering. The paper by Hiatt, Siegel and Weil [4] published in 1960 provides a
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theoretical analysis and experimental results to prove that RAM coatings do not
have any effect for forward scattering when applied on highly conductive objects
that are larger than the carrier wavelength. Later the advantages of FSR became
known, including the increase in the RCS of the object at forward scattering. The
subsequent work of Glaser’s [5] presented a fast and simple approach for estimat-
ing the effective forward scattering RCS for different targets at various operating
frequencies. Chesnokov and Krutikov [6] then confirmed experimentally that the
RCS at forward scattering is bigger than in the monostatic case by 30—40 dB de-
pending on the carrier frequency. Blyakhman and Runova [7] discussed target
detection and estimating detection zones at forward scattering. They showed that
the detection zone of a FSR depends on object type and its’ flight trajectory. They
calculated the bistatic RCS of the objects related to the XY Cartesian co-ordinates
for estimating the detection zones. Gould, Orton and Pollard [8] stated that de-
tection is always lost at zero Doppler. This area is known as a ‘dead zone’ as shown
in Figure 2. They also state that the detection performance could be limited by:
Maximum signal handling capability of the receiver; Transmitter close to carrier
noise dominating front and noise at low Doppler and reducing detection capabil-
ity; Transmitter stability (Doppler spreading on both direct and wanted signal);
High pass filtering to remove/reduce the direct signal and clutter to prevent or
reduce spectral leakage when Doppler processing.

Bistatic Operation

Fig. 2. FSR performance [8].

To track and estimate a moving object at forward scattering, Blyakhman, Ryn-
dyk and Sidorov [7] proposed an algorithm which is based on maximal likehood.
The proposed algorithm was tested by using the full-scale field test and gives a
sufficiently accurate measurement. They have also shown that the proposed al-
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gorithm can find trajectory parameters using parameters Doppler frequency and
returned signal bearing. Gould, Orton and Pollard [8] have developed a tracking
algorithm based on an extended Kalman filter. They display the target co-ordinate
in a normal XY cartesian co-ordinates. Their results confirm the ability of FSR for
the detection and tracking of a small jet target.

The use of GPS signals as a passive radar system is becoming increasingly popu-
lar as an alternative to radar systems. The idea to apply a GPS L1 receiver to FSR for
air target detection is discussed in [9]. Some experimental results of a GPS L1 re-
ceiver concerning the detection of air targets are shown and discussed in [10]. A pos-
sible algorithm for air target detection in a GPS L5-based FSR system is described
in [11], and the detection probability characteristics are calculated in [12] in case of
low-flying and poorly maneuverable air targets in the urban interference environ-
ment. GPS L1 FSR system is researched in [13-16] for detection of FSR shadows
from stationary ground objects. Target detection is indicated if the signal integrated
from some satellites exceeds a predetermined threshold. In this paper, a passive FSR
system, similar to the GPS L1 FSR system, in which GPS satellites are exploited
as non-cooperative transmitters, is studied. The aim of this study is to verify the
possibility to detect FSR shadow of moving ground targets when GPS satellites are
located at small elevation angles as shown in Figure 3. The paper investigates the
possibility of extracting useful information from the radio shadow. The obtained
experimental results can be used to develop software applications to a GPS receiver
that could measure traffic movement, target velocity and target classification.

d

Fig. 3. Forward Scattering GPS topology i.e. when bistatic angle is ~180°.
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3. Experiment dEscription

The purpose of the experiments is to verify that with a small and omnidirec-
tional commercial GPS antenna is possible to record differences in GPS shadows
of moving targets. In this experimental study, the GPS L1-based recording system
consists of two types of GPS receivers. The first GPS receiver (Antaris AEK-4R)
will be used to determine the location of the satellites while the other software
GPS receiver (GNSS_SRR) will be used to record and store GPS signals from
different targets (Figure 4).

Fig. 4. Experimental equipment and Experiment topology.
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In the registration of shadows from vehicles are selected satellites located on
the horizon. In scenario, the conditions for the occurrence of FS-GPS effect are
guaranteed. The scenario includes moving targets and stationary-based GPS-FS
system that records FS shadow of cars moving on the road (Figure 5). The GPS
receiver is positioned from the one side of the road and records the signal from
GPS. For recording are selected such visible satellites, which are located at low
elevation angles and form a baseline (between satellite and receiver) perpendicular
to the road, in order to form the FS effect. During the experiment are recorded the

satellite signals when a car move on the road.
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4. SIGNAL PROCESSING
The general block-scheme of a possible algorithm for FSR shadow detection
is shown in Figure 6 [9, 17].

[ AR Cpl K/

Fig. 6. The general block-scheme of signal processing for target detection and parameter esti-
mation used in a passive GPS based FSR system.

According to this block-scheme, several visible GPS satellites are acquired
and tracked over the complete duration of recorded signals. We consider the
case when the acquisition and tracking algorithms of a GPS receiver are imple-
mented in MATLAB. The absolute values of the Ip component at the output of
the Code & Carrier tracking block are then integrated during N milliseconds.
These integrated output signals from M satellites are additionally summed in
order to improve SNR before detection. Target detection is indicated if the sig-
nal integrated from M satellites exceeds a CFAR detection threshold. In such a
system, the signal integrated at the output of the Code & Carrier tracking block
(message bits) of a GPS receiver can be used for detection of the FSR shadow
created by moving targets.

It is well know that the constant false alarm rate (CFAR) detector with bi-
nary or non-coherent integration with fixed reference window is usually used for
detection of a point target with a known size in conditions of a clutter with un-
known power [18-20]. The standard one dimensional CA CFAR processor has
been realized. It has a fixed length of the tested and the reference windows. The
sample from the test resolution cell X, is compared with adaptive detection thresh-
old H,=VT where V is the noise level estimation and T is the scale factor. The
detection is declared if the sample x; exceeds the detection threshold. Difference
between standard and our CFAR processor is the big distance between the test cell
and the two reference window. It is necessary because one of the reference win-
dows slides on the azimuth data, and then when it slides on the target the samples
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of the target mask himself. We use the distance between the sliding windows equal
to the half cells of the biggest target.

K/M-L is a non-parametric detection of the package of binary signals with
unknown length. When the target size is unknown, ordinary for the automatic
detection of the binary pulses is used the approach for batch detection for the
estimate of the beginning and finish of plot of target, and after that is estimated
the size of plot. This algorithm uses two non-parametric tests: The pulse train
detection is declared if the M-binary integration exceeds the digital threshold K.
The criteria for fix of the beginning package are simultaneously the criteria of the
detection, in this detector. The fix of a finish of the target package is declared if the
last L-binary integration is zero. This approach is used for detection of the pulse

package with unknown length.

5. Experimental results
GPS receiver is located on one side of the road at a height of one meter from
the ground. The position of the visible satellites and the intensity of the incoming
signals from them are shown in Figure 7 and 8.

Fig. 7. Satellite constellation.
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Fig. 8. Acquisition results.

It can be seen that during this experiment several satellites are visible, one
of which with number 3 creates the best conditions for the occurrence of the
FS effect. It is the most low on the horizon and the car crosses the baseline
“satellite — receiver” at the angle of about 90 degrees. To detect radio shadows of
moving targets the averaging algorithm is used with an interval of integration 200
ms. Figure 9 shows the bits of the navigation message of the satellite 3 and radio
shadows of moving car and bus. Figure 10 demonstrates the GPS radio shadows
of two moving targets (a car and a bus).

After the invert signal, we applied CFAR signal processing. CA CFAR detector
is used to detect the single pulse. The specificity of the received signal leads us to
choose the parameters of the detector as follows: the number of reference cells is
6, the distance between the test cell and the reference window is 10 cells (on both
sides of the test cell), and for K/M-L algorithm we use K=1, M=2, L=2. Several
steps of work of our algorithm for target detection in time domain are shown in
Figures 11 and 12.

6. Conclusions

This research aims to demonstrate the feasibility of the Forward Scat-
tering GPS system of detecting road vehicles in urban environment by their
GPS radio shadows. Detection of moving targets by using GPS radio shadows
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can successfully be used for radio barriers, classification and identification of
moving objects.

Bits of the navigation message
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Fig. 9. Radio shadows from a car and a bus (bits).
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Fig. 12. Target detection.
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CUCTEMA LN®POBOI 06PABOTKU CUrHAJIOB
MHOI0®YHKLINOHAJIbHOIO PAJUOJIOKATOPA

Karouesnte caosa: paduonsokauyuontsie cueHanvl, yugpposas obpabomka cueHa-

108, apxumexkmypa 6blHUCAUME/NbHbIX ycmpoﬁcme.

LleHTpanbHOI YacThi0 MHOTO(MYHKIMOHAJIBHOIO pamuonokatopa (MDP)
SIBJISIETCSI cUCTeMa MpuemMa U o0paboTKu curHaioB. [TapaMeTpbl 3TOI CUCTe-
MBI BO MHOTOM OIpenensiorT xapakrepuctuku M@OP. TIpuMmeHeHne ugpoBbIX
METO/I0B 00pabOTKM CUTHAJIOB IO3BOJISIET IPUMEHSITh pa3IMUHbIe aJITOPUTMbI
00paboTKM B pa3HBIX pexknumax padotel MMDOP, cyliecTBEHHO yaydllIaeT XapaK-
TEpUCTUKU U YIIPOILLIAET MpoLiecC HACTpOoMKM ammaparyphbl. [TocTpoeHue amn-





