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INTRODUCTION height was about 600m. The LHCP antenna is
located at the fuselage of the aircraft with nadir
Researchers have been using reflected GPS signalientation. The RHCP antenna is located at the
as a source of information for remote sensingtop body of the aircraft with zenith orientation.
application. All these applications are based en bi The signals from both antennas are logged by
static remote sensing, in which two antennasusing a front-end that down converts the signal
(transmitting and receiving) are separated by quitdnto digital. Data were logged into hard disks for
a large distant and may be on different platforms.post-processing.
Some of the references are [2], [9] for soil
moisture and [4], [8] for wind velocity over ocean.
We are doing various analysis using different
types of platforms, antennas and front-end devices
to study and analyze GPS reflected signal. In thig
paper, we will present about our studies related

Master Antenna (RHCP)
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antennas. The data acquired by the front-end nope .
devices are processed to calculate the range delay N 7 Hard Disk1

and power amplitude of reflected signal with
respect to direct signal. Our goal is to analyze
whether it will be possible to differentiate betwee Slave Artennes (LHCP)
the signals reflected from the ground (non-water
body) and sea (or water body).

Figure 1. System architecture for data observation
using RHCP and LHCP antenna

SYSTEM ARCHITECTURE SIGNAL PROCESSING ALGORITHM

The data logger consists of a dual-antenna frontThe signal processing algorithm is shown in
end device. It down-converts the signal from GPSFigure 4. The basic concept is to use RHCP data
L1 band, 1.57542 GHz to an intermediate as primary source to compute Doppler frequency
frequency at 4.1304 MHz and digitize it at 4 bits and chip delay. Since, both the antennas are
at a sampling frequency of 16.3676 MHz. Samelocated on the same platform, we assume that the
clock is used for both the antenna down-Doppler frequencies are the same for RHCP and
converters in order to synchronize the data fromLHCP data. Thus to process LHCP data, Doppler
two antennas and to have the same clock errofrequency from RHCP data is used and only chip
The RF data are logged to PC hard disk and postdelay is computed. Since the LHCP antenna
processed for signal analysis based on thecontains reflected signal, the chip delay will be
algorithms developed by the authors. Since thdonger than that of RHCP data. The details of the
receiver is software-based type, it is possibleto algorithms have been discussed in previous papers
process the same data with different user defined5].

parameters. Figure 1 shows the system

architecture.

DATA OBSERVATION

We use Cessna Aircraft for data logging and
logged the data presented in this paper in Kobe
area of Japan. We logged data by flying over sea
and land. Figure 2 shows the aircraft for data
logging and Figure 3 shows flight area. The flight
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Figure 2: Cessna aircraft to log GPS reflection
signal from land and sea.

Figure 3: Study area flight route is shown by red

line.
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Figure 4. Algorithm schematic details for signal
processing based on Master-Slave mode
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RESULTS AND DISCUSSIONS

The goal of the research is to develop bi-static
remote sensing tool using GPS signal. In remote
sensing, we would like to classify objects into
different groups, for example, water body, urban
land, agriculture land and so on. In this redgarc
we would like to see the GPS signal strength
difference between land and sea.

Figure 5 shows the sky plot of visible satellites f
RHCP antenna during the data observation period.
Figure 6, Figure 7, Figure 8 and Figure 9 show
some selected sample areas to compare the signal
values for various land types.

Table 1, Table 2, Table 3 and Table 4 show the
signal values for some of the selected areas for
comparison.

We processed RHCP data to compute signal
strength and position. LHCP data were processed
to compute signal strength only based on the
algorithm discussed above and in [5]. The figures
show the SNR values for direct and reflect signals.
These values may be different from true SNR
value of the signal. We are interested in the
relative difference between the two signal strength
values (between RHCP and LHCP) for analysis.
The results are plotted over Google map with
various database computed.

As shown in the

Tablel, Table 2, Table 3 and Table 4 below, we
do see differences between signal strengths for
various objects on the ground. However, it is not
clear at the moment whether these differences are
due to the difference in material type in the giun
or due to other parameters related with satellite
geometry, antenna gain pattern and beam width,
flying height and speed. The results shown here do
not consider these factors except direct
computation of signal strength from acquisition
and tracking of the signals.

The antenna beam width and gain pattern with
flying height and speed are interrelated. Wider
beam width gives larger footprint at the ground
that defines the resolution of the reflected data.
For example, if the foot print is 1km circle, then
the data includes reflection values from this 1km
circle that may have much different types of



objects (heterogeneous). It is better to have narro
foot print but it needs more flying coverage which
may not be practical. One of the solutions may be
to use phase array antenna, but this has to b
studied further. The flying height and speed also
have impacts on data resolution. The higher the
flying height, the larger he antenna footprint
would be and hence results in lower data
resolution. Since, the reflection coefficient
depends on incident angle, the geometry of the
satellites and the observation antenna orientatiol
will also have impact on received signal strength.
It is necessary to consider all these factors @& th

A

h

algorithm to compute the effective signal strength

for meaningful classification of objects. Of course
finally, a ground truth is necessary for each dbjec

type.

Figure 6: Direct and Reflect Signal Statistics of
PRN 26 over water area, about 19dB difference
between the two signals.

Flying speed and data integration time are related

with data resolution as well. If the aircraft igifig

at 200km/hr, then it will sweep a distance of 55m
in one second. This is 5.5cm in one millisecond.
The C/A code period is one millisecond and this is
the minimum data required for signal processing.
This means that the best resolution we can get i
5.5cm (neglecting the antenna beam width andg
gain). However, one millisecond of data is too
noisy and it is necessary to integrate for some tim
duration. Thus, if we integrate the data for every,
10milliseconds, then the data resolution will be
55cm. Similarly, one second of data integration
will provide data resolution of 55m. An aircraft
has limitation of minimum flying speed which

["2)

makes the limitation on data resolution. In our

experiment, the flying speed was about 200km/hr.

Figure 5: Sky plot of visible satellites for RHCP
antenna

Figure 7: Direct and Reflect Signal Statistics of
PRN 26 over agriculture area, about 22dB
difference between the two signals.



Table 2: Signal values for various objects from
PRN ID 21

Table 3: Signal values for various objects from
PRN ID 22

Figure 8: Direct and Reflect Signal Statistics of
PRN 26 over urban area, about 17dB difference
between the two signals.

Table 4: Signal values for various objects from
PRN ID 12

Figure 9: Direct and Reflect Signal Statistics of
PRN 26 over coastal area, about 21dB difference
between the two signals.

Table 1: Signal values for various objects from
PRN ID 26

SYSTEM ENHANCEMENT

We have modified the system architecture from
two antenna to three antenna system as shown in
Figure 10. One more RHCP antenna is used in
nadir (looking down) direction. When a GPS
signal is reflected it may change its polarization
LHCP. However, in some cases the polarization
may remain to RHCP even if the signal is
reflected due to material properties, and satellite
and receiver antenna geometry. It is also possible



that the reflected signal may be neither RHCP nor
LHCP, but elliptical. The power levels measured
by the nadir RHCP and LHCP antenna will

provide meaningful values to judge the signal REFERENCES

characteristics and hence the characteristicseof th
reflecting material. The algorithm development is
undergoing for such triple antenna signal analysis.

Figure 10: Modified system architecture from
previous versions, RHCP and LHCP antenna at
nadir and RHCP antenna at zenith.

CONCLUSIONS

We have logged direct and reflect GPS signals
using air-borne platform. The analysis of signals
showed that there are differences in signal
strengths for different types of objects. But, thes

differences are in some cases just few dB (3-4dB).
It is not clear at the moment whether these small
differences are really due to the difference in the
material type or due to other factors related with
geometry of the system, antenna characteristics
and integration time. Based, on the results we have
obtained, the system architecture form two

antennas have been upgraded to three antennas.
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