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Abstract— Reflected GPS (Global Positioning System) signals 

can be utilized for remote sensing as they contain valuable 
information regarding the reflecting surface. An image of the 
area of interest can be generated if the direct and reflected signal 
are manipulated using Synthetic Aperture Radar (SAR) signal 
processing techniques. This paper describes the design of a two-
channel GPS front end and data capturing device intended for 
the simultaneous acquisition of direct and reflected GPS L1 
frequency signals, these signals are subsequently used for image 
reconstruction. Details of some initials tests and experiments to 
verify the functionality of the device are also presented.  
 

Index Terms— GPS, Correlation, Imaging, RF front end. 

I. INTRODUCTION 

HE Global Positioning System (GPS) was developed as a 
military navigation system for guiding missiles, ships and 
aircrafts towards their targets [1]. GPS satellites transmit 

free source of coherent radio waves illuminating the Earth’s 
surface 24 hours a day which are received and processed by 
GPS receivers for extracting navigational parameters like 
position and velocity. Signals transmitted from GPS satellites 
are also reflected from objects present on the earth’s surface. 
These multi path signals induce errors during navigation and 
have to be mitigated during position and velocity calculations. 
Interestingly, they can be utilized for various remote-sensing 
applications as they contain valuable information regarding 
the reflecting surface. 

Analysis of scattered or reflected GPS signals has recently 
attracted a lot of attention because of their potential civilian 
and military applications. An image of the area of interest can 
be generated if the direct and reflected signal can be 
manipulated using Synthetic Aperture Radar (SAR) signal 
processing techniques. The SAR is a type of imaging Radar in 
which an effective long antenna is simulated by signal-
processing means to enhance antenna aperture and thus 
improve image resolution. SAR can be of two types: mono-
static, where the same antenna is used for transmission and 
reception purposes, whereas in case of bi-static SAR, separate 
antennas are utilized. The GPS satellites, a modified GPS 
receiver and its signal detection components (antennas), 
constitute a bi-static SAR system, which can be employed for 
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passive microwave imaging purposes in case the GPS satellite 
is used as a ‘transmitter of opportunity’. 

Possibility of using GPS signals reflected from the earth’s 
surface as a new remote-sensing opportunity was first 
described in 1993 by the European Space Agency [2]. Most of 
the available literature discusses the collection of reflected 
GPS signals and with suitable algorithms utilize it, over the 
ocean to calculate mean sea height, wind speed, wind direction 
and significant wave height [3]. Over land to measure soil 
moisture content, biomass and bi-static imaging [4] and over 
ice to ascertain ice age, thickness and surface ice density [5]. 
The idea of 3D multi-static SAR imaging system, which 
utilized reflected GPS signals from objects on the Earth's 
surface was presented by Chris Rizos et al. [6]. The output of 
the matching filter was mentioned as: - 

Ts
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ij Rij Rij
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where Ts is the observation time, τ being the delay and 
SRij(t) is the received signal and considered as an 
approximately linear FM signal. In fact, Bi-static radar 
systems have been studied and built since the earliest days of 
radar. As an example, the Germans used the British Chain 
Home radars as illuminators for their Klein Heidelberg bi-
static system during the second world war. One of the key 
problems of any bi-static radar is the synchronisation between 
the transmitter and receiver. The GPS signals are optimized 
for proper synchronisation and hence provide relatively easy 
and accurate synchronization between the receiver and the 
transmitter. The advent of GPS solved many of the 
synchronization and timing problems that have previously 
limited the performance of bi-static radar systems [7]. M 
Cherniakov et al. have reported much work in the field of bi-
static radars in general and utilizing different systems as 
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Fig. 1. Schematic representation of the imaging scenario for an airborne
receiver. 
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Where Gr is the gain of receiving antenna, Pr is power 
received at the receiver, Nr = KTBn and λ is GPS L1 
wavelength [12]. The SNR plot for GPS L1 frequency and 
target cross section of 10m2 is shown in figure (2). It is evident 
that the SNR is very poor even at short distances, which is the 
main limitation for this type of passive microwave imaging 
radar. However, the processing gain obtained by correlating 
the signal for longer periods of time during reconstruction 
significantly improves the SNR and thus it is possible to 
generate an image for the area of interest. It will be further 
explained in section III. 

The imaging system in high-level block diagram format is 
shown in figure (3). The nadir-looking GPS antenna receives 
the reflected signals. The amplitude reduces at every reflection 
since the reflection coefficient is less than one and some of the 
signal is absorbed. The polarization of the reflected GPS 
signal may also change from RHCP to LHCP depending upon 
the reflecting material type and angle of incidence. A custom 
made high gain LHCP helical antenna has been utilized as the 
nadir-looking antenna. The reflected signal is not expected to 
have enough SNR to permit successful signal acquisition. So 
the direct signal from a specific satellite received by the zenith 
antenna will be selected, locked and used as a reference to 
search the reflected signal. 

The hardware comprises of a typical radio frequency front-

 
 
Fig. 3. The Imaging Scenario 

TABLE  I 
ACTUAL PARAMETERS OF THE HELICAL ANTENNA 

Parameter Description Value 

D Diameter of the helix 60 mm 
C Circumference of the helix 190 mm 
S Spacing between turns 47 mm 
Α Pitch angle 14 0 
N Number of turns 21 
A Axial length 1000 mm 
d Diameter of helix wire 2 mm 
λ GPS L1 frequency wavelength 190 mm 

HPBW Half power beam width 22.7o  
Fig. 4. Block diagram of the electronic circuit 
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seconds of actual data with a simulated signal of 2400 
seconds. Further details have been provided in the research 
paper by same authors [15]. 

In future it is recommended to perform signal acquisition in 
an open environment to have a clear view of the sky and thus 
increasing the chances of receiving more GPS satellites and 
for extended duration. The target can be seen in the middle of 
the diagram, as the antenna's main lobe was aimed roughly 
towards the target center. The antenna was designed to acquire 
the weak reflected GPS signal, but returns from objects around 
the target were also received and displayed in the image. Due 
to hardware limitations, the data files were acquired after an 
interval of every 30 seconds each, such low frequency for 
acquiring temporal samples induced an aliasing effect. In 
future it is recommended to modify the imaging hardware to 
acquire GPS data after every three seconds. 

The exhibited images may seem very primitive, but it has to 
be kept in mind that no dedicated radar transmitter was 
utilized during the experiments. The target has been detected 
in a hostile environment with the help of extremely weak 
reflected GPS signals that are omnipresent, but exhibit an 
appalling SNR. It is further apprized that the change in 
geometry to process the data with the help of SAR technique 
was provided by the orbiting GPS satellite. This particular 
method has so far not been utilized in a practical environment 
for imaging purposes. In this context the efforts carried out to 
simulate and practically validate the results with the help of 
static or stationary dual front end GPS data capturing device 
or receiver are a novel achievement. 

IV. FUTURE UPGRADES 

The imaging hardware and the reconstruction algorithms 
can be further improved to fully exploit the ‘signals of 
opportunity’ as passive microwave imaging remains a 
challenging field of research. 

A high gain LHCP antenna was utilized to ensure 
acquisition of weak reflected GPS signals, however, the 
antenna also received returns from other objects around the 
target. Some method needs to be devised in the image 
processing algorithm that ensures removal of ground and other 
clutter.  

As mentioned in section II (D) that a simple program has 
been written for the Microchip PIC microcontroller to pass a 
fixed configuration to the MAX2741 IC at power up. This 
code needs to be upgraded to perform ‘standalone’ operations 
and adjust to changes in the incoming signals. It will be 
worthwhile to perform data transfer from GPS front end to 
HDD with the help of (Universal Serial Bus) USB 2.0 or even 
next generation USB 3.0, thus bypassing the NI DAQ card. 
Currently, a desktop PC is required to configure the 
MAX2741 IC with the help of CEVA software and house the 
NI DAQ card.  

Incorporating these modifications will result in the 
acquisition of field data in a more efficient and convenient 
manner and a dual front end GPS receiver device housed in a 
small box, a laptop with removable HDD along with the 
antennas can be utilized for this purpose. 

V. CONCLUSIONS AND RECOMMENDATIONS 

This paper describes the design details of a two Channel 
data capturing device intended for simultaneous reception of 
direct and reflected Global Positioning System (GPS) signals 
for L1 frequency. Results of some initial tests to verify the 
functionality of the hardware suggest that device assembly has 
been successful. Further research will concentrate on the 
capturing of further GPS data in a suitable configuration for 
image reconstruction purposes. The front end of the device 
can also be modified to acquire GPS L5 frequency signals as 
well as Galileo (European Navigation Satellite System) signals 
thus improving detection range on account of their superior 
signal strength and better spatial resolution due to the larger 
bandwidth as compared to GPS L1 frequency signals. 
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