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Abstract

Software Defined Radio (SDR), has become an increasingly popular alternative to tradi-
tional radio technology. In principle the incoming radio frequency signal is sampled as
close to the antenna as possible to minimize noise, distortion and other hardware related
effects which degrade the signal quality. Even though this sounds simple the trade-off is
that the digital data rate is quite high and a significant amount of processing power is
required to perform the same operation as a hardware radio. The biggest challenge for a
software radio in a digital satellite navigation system is to replace the parallel hardware
in the baseband processor, more commonly known as the correlator chip, with an equiv-
alent software solution that preferably can work in real time. The front-end is usually
the same regardless of the approach used in the baseband processor.

The use of software radios in Global Navigation Satellite Systems (GNSS) is no ex-
ception and many applications can benefit from the unmatched flexibility of a software
solution. GNSS receivers are being integrated into many traditional products such as cars
and cell phones, where the latter now is beginning to contain sufficient processing power
to enable true software radio capabilities. Modern production of cell phones is such that
adding more hardware, no matter how inexpensive in itself, has a relatively large cost,
therefore adding a software radio which requires a minimum of hardware, is likely to be
the more cost-effective solution. However, the underlying hardware, in particular the
data bridge for moving raw digital samples from the front-end to the processing element
should not be forgotten.

Depending on the spectral bandwidth and the dynamic range the data rate of the
digital signal from the front-end can vary significantly. Typical transfer rates are on
the order of 4-40 MB/s, which is about the same as the transfer rate over USB 2.0
when accessing a mass storage device. The focus of this thesis will be on the underlying
technology which enables the use of software radio in the field of GNSS.
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Chapter 1

Thesis Introduction

1.1 Software Receivers

Radio receivers have traditionally consisted of dedicated analog and digital hardware
components forming a cost-effective solution. However, in the mid 90’s people started
thinking about digitizing the signal early in the design and using software components for
processing [1]. Today, with the proliferation of inexpensive yet powerful microprocessors,
a large part of any radio design can be replaced with a software solution. The terms Soft-
ware Defined Radio (SDR) and Software Receiver (SR) are often used, but the definition
of a SR is not entirely clear. SDR, usually refers to the principles, while SR, refers to an
actual receiver, or part of a receiver. The basic description of a software receiver would
be that it is a receiver where some part of the design is either reconfigurable, flexible
or simply a pure software component. A receiver in a Field Programmable Gate Array
(FPGA) could thus be called a SR because it can be reconfigured. Several design files can
be stored in a flash memory and an external component such as a microprocessor can tell
the device to load new designs. Another example of a SR is a front-end connected to a
data collection system through a data bridge based on USB for instance. It is important
to distinguish between the data collection part and the processing element, which are
the two major parts that form a SR. However, each of these parts can be referred to as
a SR by themselves adding to the confusion. An ideal SR would digitize the signal as
close to the antenna as possible to minimize the negative effects of the hardware, e.a.
noise, distortion and cross-talk. This might work for High Frequency (HF) systems but
for Very High Frequencies (VHF) and Ultra High Frequencies (UHF) the sampling gets
complicated and expensive. Sampling the entire Radio Frequency (RF) spectrum up to
1 GHz requires a sampling rate of at least 2 GHz and with 8 bit samples this would
produce 2 GB of data per second.
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2 Thesis Introduction

1.2 GNSS Software Radio

In the field of Global Navigation Satellite Systems (GNSS) the first software receiver
was demonstrated in 2001 by a research group from Lule̊a University of Technology [2].
Many common consumer products now have integrated GNSS receivers and other radio
solutions such as bluetooth and manufacturers are continuously adding more functional-
ity. The most common devices are cell phones and PDAs but also cars have integrated
GNSS solutions. Market trends indicate that software radio solutions will be the most
cost-effective compared to traditional single- or multi-chip hardware solutions. The two
potential drawbacks of SRs are increased power consumption and high performance re-
quirements with respect to processing power and data transfer rates. There are many
advantages to using a SDR approach, such as the unmatched flexibility and the possi-
bilities for advanced digital signal processing. Many research applications can benefit
from using a SR since the data, if stored, can be processed multiple times allowing new
algorithms to be developed and tested without much effort, compared to hardware de-
sign. Faster development and testing generally means faster time to market. There is
still some question whether SDR is a cost-effective solution [3, 4] , but it is safe to say
that it has potential to become the dominating technology in the near future.

Due to the high carrier frequencies used by all GNSS systems (1-2 GHz) the signal is
usually mixed to a lower IF frequency before it is digitized, thereby drastically reducing
the cost and requirements with respect to processing power.

1.3 Low-level GNSS Research

Software receivers are particularly useful for high-level applications requiring non-standard
features. One example is GPS bistatic radar which is described in more detail in a later
section. GPS bistatic radar exploits the fact that the GPS signals reflect off the earth
surface and can be received by a receiver operating somewhere above the ground level
[5]. Since the reflected signal is much weaker and has a smeared phase due to scattering
it cannot be treated as a normal GPS signal thus putting completely different require-
ments on the receiver. Another interesting feature of a SR is that the IF spectrum can
be investigated through the Power Spectral Density (PSD) function, something that is
typically not possible in a standard GNSS receiver. Innovative correlator designs can
easily be realized in a SR, whereas a new hardware revision is required for a receiver
based on an Application Specific Integrated Circuit (ASIC).



Chapter 2

Hardware Technology for Software
Radio

Typical software receivers for GNSS applications will use a Commercial Off The Shelf
(COTS) front-end to gather IF samples which are then processed in either a reconfigurable
element, a Digital Signal Processor (DSP) or a general purpose microprocessor. FPGAs
are often used to synthesize reconfigurable digital logic capable of parallel baseband
processing. Embedded applications typically use a DSP in order to maximize performance
while keeping cost and power consumption at a minimum. For research applications
and applications where power consumption and size is not an issue, a standard laptop
or desktop computer will most likely be used for processing. All of these processing
elements require a fast interface that can stream IF data into a buffer accessible by the
processor. In the FPGA case data from the front-end will most likely be input in parallel
through General Purpose Input/Output (GPIO) pins on the FPGA. Depending on the
type of DSP some intermediate logic might be needed to turn the parallel data from the
front-end into a serial stream suitable for interfacing with the DSP. If the number of data
bits is low each bit can be treated as a separate serial stream, effectively simplifying the
interfacing but instead requiring the DSP to rearrange the bits internally to form proper
samples.

2.1 Serial Ports in GNSS Receivers

Most stand-alone GNSS receivers have a serial port of some kind. Standard receivers as
well as high-end models usually output high-level processed (e.g. NMEA format) data
at very low data rates. Software receivers typically also use a serial port, but in this
case to stream intermediate frequency data to the host for processing. IF data streams
require a high-speed interface to accommodate the higher data rates compared to NMEA.
Most COTS GNSS front-ends will output data at a rate of ∼4 MB/s, but the front-end
in a high-end receiver such as the Novatel OEM4 outputs data at 40 MB/s. However,
generic front-ends output data at ∼16 MHz and 2 bit resolution which means that a
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4 Hardware Technology for Software Radio

small amount of digital logic is needed to pack samples into bytes for efficient transfer
over the serial port. More often there is no sample packing mechanism in order to reduce
cost, but this effectively increases the data rate the serial port has to handle. For 2 bit
samples the upper 6 bits of each byte will not be used, and the actual data rate will be
around 16 MB/s for a sampling frequency of ∼16 MHz.

The most cost-effective serial port for transfers around ∼16 MB/s is the Universal
Serial Port (USB 2.0) which allows high-speed transfers at a theoretical maximum of 480
Mbit/s. Another more expensive alternative is Firewire, which provides higher perfor-
mance but often lacks built-in hardware support in standard PCs and Macs.

2.2 USB and Firewire

High-speed serial ports such as USB [6] and Firewire have been available for over 10
years now and have become so common that every computer has one, or sometimes
both, interfaces. IEEE1394 [7] was a very powerful interface when it was released, and it
was quickly adopted by Apple who called their implementation Firewire. Unfortunately
for Apple what could have been a great success turned into something less exciting due
to the $1 per port royalty that was imposed. USB was released shortly after but the
performance was nowhere near that of Firewire, instead USB had one major advantage:
cost. The idea behind USB was to let the host have all the intelligence making the
peripherals simple and inexpensive compared to Firewire’s peer-to-peer approach. Table
2.1 below shows the milestones in the USB and IEEE1394 development.

Year Standard Max. Transfer Rate
1995 IEEE 1394-1995 400 Mbit/s
1996 USB 1.0 12 Mbit/s
1998 USB 1.1 12 Mbit/s
2000 USB 2.0 480 Mbit/s
2000 IEEE 1394a 400 Mbit/s
2003 IEEE 1394b 3.2 Gbit/s
2005 Wireless USB 480 Mbit/s

Table 2.1: USB and IEEE1394 developments

Today USB is the standard interface for computer peripherals, basically every com-
puter including some PDAs have a USB port. The versatility and low cost of USB has
made it extremely successful mostly because the competing interface, e.a. Firewire, has
a much bigger cost. Using a USB device is extremely simple due to Plug and Play com-
patibility and the fact that USB devices are hot-swappable, which means that they can
be connected/disconnected while powered/running.

The high bandwidth of USB in high-speed mode make it an ideal low-cost option for
streaming sensor information to a computer, for instance in simple radar applications [8]
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or data acquisition [9].
USB class drivers are integrated into most operating systems, enabling built-in sup-

port for standard devices such as keyboards, printers and so on. More specifically the
classes are audio, human interface device (HID), imaging, mass storage, printer and
video. The HID class is used by keyboards and mice, and the mass storage class is used
by external storage devices such as hard drives and flash memories.

2.3 Reconfigurable Logic

Modern FPGAs such as the Virtex 5 by Xilinx [10] and Stratix III by Altera [11] can
operate at clock speeds up to 500-600 MHz providing enormous parallel computing per-
formance. These devices are ideal for applications requiring very high performance but
also for interfacing with virtually anything due to the high-level of flexibility in the
GPIO ports. Certain versions of modern FPGAs also have embedded microprocessors
which can interface directly with the synthesized logic. The main advantages of having
an embedded microprocessor is minimal latency, lower power consumption and easier
interfacing/integration.

Most FPGA development boards have a multitude of common interfaces including
USB, which is often realized through the use of a separate Cypress EZ-USB High-Speed
peripheral controller. These chips are well known for their low-power consumption, high
performance and flexibility, and they are also very well documented. Another benefit
(for peripheral designers) is that there is a multitude of reference designs available for
the EZ-USB chipsets.
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Chapter 3

Applications

3.1 Interference Assessment in the Galileo Frequency

Bands

The development of the European Satellite Navigation System Galileo will significantly
improve the already high level of accuracy, availability, reliability and integrity provided
by current satellite navigation systems. However, in urban canyon and indoor locations
there is a significant performance loss due to high levels of attenuation, signal masking and
multipath. Receiver design for positioning in challenging areas like these is dependent
on accurate characterization of the signal and noise environments. Effects of signal
propagation into urban canyons and indoors are relatively well known. However, the noise
characteristics are largely unknown, especially the effect on the noise floor in the sensitive
GNSS frequency bands. In urban areas the proliferation of electronic devices pose a
significant threat. With the development of the Galileo system there are new frequency
allocations. Although there should not be any intentional interference, electronic devices
could unintentionally leak into these frequency bands and therefore some investigation
is needed. In the case of the Galileo system it is important to assess the interference
situation early on before it is fully operational.

Three different frequency bands have been allocated for the European satellite navi-
gation system Galileo [12, 13]: E5, E6 and L1 (which has the same center frequency as
the GPS L1 band) for the open service signals.

Frequency Band Center Frequency (MHz) Bandwidth (MHz)
L1 1575.42 24
E5 1191 51
E6 1278 40

Table 3.1: Galileo frequency bands for the open service

7



8 Applications

Earlier studies conducted by Stanford University [14] in the GPS L1 band showed
that the current frequency allocation protocols seem to be respected as no significant
interference levels were detected in the L1 band. Previous work performed by the Uni-
versity of Leeds [15] has determined that GPS signal attenuation in urban canyon and
urban locations can be as high as 27 dB, although more typical levels are 15-20 dB [16].
The same figure is expected for Galileo signals and, therefore, lower levels of interference
become significant.

There are two distinct instruments that can be used to investigate the effects of un-
intentional interference picked up by GNSS antennas in close proximity to computers
and other electronic devices. One is a high-end instrument based on a Spectrum An-
alyzer (SA), this instrument could provide absolute power measurements at the carrier
frequency, with high sensitivity particularly if used in conjunction with a front-end. A
spectrum analyzer is an expensive piece of equipment and the Noise Figure (NF) is very
high, typically ∼25 dB. The other type of instrument would be based on one or more
inexpensive COTS mixing front-ends which provide a view of the IF spectrum but no
absolute power levels. One way to compensate for the lack of absolute measurements is
to combine the IF spectrum with Automatic Gain Control (AGC) information [17]. In
fact, the AGC can be characterized by injecting a known signal into the front-end while
monitoring the AGC levels [18]. Figure 3.1 shows an example of such a test.

Figure 3.1: AGC characterization (figure courtesy of Jonas Lindström)
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3.1.1 High-end Instrument

The instrument should consist of these four major components (also depicted in figure
3.2):

• Antenna

• Front-End box

• Spectrum Analyzer

• Notebook Computer

and also a terminated input to be used as a reference for the thermal noise floor.

Figure 3.2: Block diagram of a spectrum analyzer based instrument

Depending on how the instrument will be used the front-end will have different spec-
ifications. If out of band rejection is desired a filter followed by a low-noise amplifier
(LNA) would be a good design choice. This makes it very unlikely that an in-band
source would be strong enough to saturate the LNA. If a minimal noise figure is desired
the LNA should instead be placed as close to the antenna as possible.

3.1.2 Low-cost Instrument for Interference Assessment

The low-cost instrument should use as much COTS hardware as possible to keep the
design simple and to minimize the cost. The major components will be a GNSS front-
end, probably an ASIC-based one, and a USB chip for high-speed data transfers of IF
and AGC data to a computer, this process is depicted in figure 3.3 below. Most USB
chips have an 8 or 16 bit wide data interface to the USB transceiver, which is more
than enough since inexpensive front-ends usually only have 2 or 4 bit Analog to Digital
Converters (ADC). Typical USB operation will function such that the IF data stream is
handled automatically by dedicated logic in the chip and the slower AGC data will be
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sent manually by the Microcontroller Unit (MCU). The host will most likely run Matlab
scripts which will request data from the front-end and analyze it. The IF spectrum can
be analyzed with the PSD function and the AGC level will simply be used as an estimate
of the absolute power level for the spectrum.

Figure 3.3: Picture of the front-end based low-cost instrument

3.2 GNSS Bistatic Radar

A radar is a device that transmits pulses of electromagnetic energy and receives reflected
versions of those pulses. Radars measure the time it takes for the signal to reach its
target and bounce back to the receiver, advanced radars might also try to characterize
the reflection surface. Most radars use the same antenna for transmission and reception
and these are called monostatic receivers because the transmitter and receiver are co-
located.

However, a bistatic radar does not have co-located transmitter and receiver and in
the case of GNSS bistatic radar the transmitter is the satellite in space and the receiver
is on an airplane or other elevated platform. In GNSS bistatic radar the target is usually
an area of the surface but it could also be a specific object [19].

The term GNSS bistatic radar is used when discussing concepts, but since the GPS
is the only operational system, the term GPS bistatic radar is used when referring to
actual measurement campaigns.

The concept of GNSS reflections evolved after a French research group discovered
that their GPS receiver would operate in an unexpected fashion when they were flying
it over water [20]. What happened was that the GPS receiver attempted to track the
reflected signals from the ocean surface instead of the direct signals and this induced
significant errors in the position solution.

The first experiments with GNSS reflections were performed over water using PARIS
(a passive reflectometry and interferometry system) by Mart́ın-Neira [21]. For an edu-
cational tutorial on remote sensing see [5]. However, one of the pioneers that started
exploiting GPS bistatic radar for remote sensing over land was Dr. Masters during his
Ph.D. work at University of Colorado [22].

GNSS bistatic radar build on the fact that the signal from a satellite will reflect off
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the earths surface in such a way that it can be detected by a down-looking antenna on
an airplane or other elevated platform. For surface remote sensing, the typical bistatic
geometry consists of a transmitter and receiver above the surface, with scattering taking
place mainly from the region of the surface surrounding the specular reflection point. The
specular point is defined as the point on the earths surface where the reflection occur, or
more specifically the point on the surface with the minimum bistatic range, and for which
incidence and reflection angles are equal. Figure 3.4 illustrates the geometry associated
with the specular point. Iso-range points on the surface form ellipses surrounding the
specular point. For nadir incidence, the iso-range ellipses would form concentric circles
on the surface.

Figure 3.4: Specular point and reflection geometry (figure courtesy of Dallas Masters)

A bistatic receiver simultaneously measures both the direct and the reflected signal.
Due to the simple geometry most of the reflected signal energy comes from an area
surrounding the specular point. The location of the specular point can be calculated if
the user position, satellite elevation and the path delay is known. A byproduct of the
specular point calculation is height above the surface.

The direct signal has a clear path to the receiver while the reflected signal has to
travel a longer distance before it reaches the receiver. Information from the direct signal,
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such as Doppler shift, is mirrored to aid reception of the reflected signal. The reflected
signal can be processed to extract surface characteristics such as soil moisture and surface
roughness.

In the form of a bistatic radar, the cross-correlation processing of a GPS receiver
is equivalent to compression of the 1 ms code duration to a 1 us pulse. A low-gain,
hemispherical, zenith patch antenna normally receives the direct signals and the reflected
signals are received by a nadir-viewing antenna. The transmitted GPS signals are right-
hand circularly polarized (RHCP), while the surface-scattered signals are mostly left-
hand circularly polarized (LHCP). For flexibility of measuring signals arriving at varied
incidence angles, a low-gain, hemispherical, LHCP nadir antenna is used to measure the
scattered signal.



Chapter 4

Summary of Papers

4.1 Paper A

A Modular GPS Remote Sensing Receiver for Small Platforms

This paper describes the University of Colorado Sampling Receiver (CUSR) and how
it can be used to collect GPS bistatic data. The receiver was flown on a balloon as a test
of its operation and the data was processed to retrieve simple altimetry data by using
GPS bistatic radar techniques.

4.2 Paper B

Instrumentation Design and Development to Test/Characterize the Ambient
Noise Floor within the Galileo Frequency Bands

As part of the project “Quantification of the potential threat to Galileo from man-made
Noise sources (QGN)” this paper was written for the technology transfer phase. The
paper summarizes the design of a high-end instrument for interference assessment in the
Galileo E5, E6 and L1 frequency bands. The instrument is based on a spectrum ana-
lyzer and provides absolute power measurements suitable for interference detection and
characterization.

4.3 Paper C

An Introduction to Parallel Re-Configurable Receiver Architectures for GNSS
Reflections

This paper discusses the demanding hardware requirements for GNSS bistatic radar
applications, with the motivation that standard GNSS receivers are designed in a way
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14 Summary of Papers

that is far from optimal for receiving reflected GNSS signals. Alternative receivers based
on software receivers, data collection systems and reconfigurable devices are much better
suited, especially in the research community where post-processing of collected data is
often acceptable.

4.4 Paper D

Developing a High-Speed Bi-Directional Data Bridge with the USB interface

The USB interface has been available for over 10 years now and has become the most
popular interface for external devices. Performance is very good if all parts are up to par
but there is a lot of confusion on what transfer rates that can be expected. This paper
briefly discusses the history of USB and its closest competitor, Firewire but the focus is
on how the USB protocols work and on the design process for creating a high-speed USB
peripheral.



Chapter 5

Conclusions

5.1 Conclusions

Even though software defined radio principles have been used within the GNSS com-
munity for several years there is still some skepticism regarding its cost-effectiveness,
performance and power consumption compared to traditional hardware solutions (e.g.
ASICs). For research purposes the use of software receivers is more frequent than that in
consumer products and many universities have in-house solutions. There are also open
source solutions such as the one by Borre, Akos et.al. [23]. For consumer products the
integration of more and more solutions into one product require faster microprocessors
and makes higher power consumption easier to justify, and thus also the integration of
software radio solutions.

Reconfigurable logic devices such as FPGAs are becoming more attractive in the high-
end segment mostly due to lower power consumption and the growing base of existing
IP building blocks. Xilinx offers a free tool called Core Generator which can generate
many standard IP blocks such as FIFOs, FFT units and clock management units. For
the GNSS community there is still no complete open core for baseband processing, but
there are development efforts in that direction, e.g. Namuru [24].

Certain GNSS applications rely on software receivers since there are no commercial
solutions, in particular GNSS reflections and interference assessment. However, algorithm
development at almost all levels can benefit from testing on a software receiver.

Traditional hardware for GNSS reflections based on COTS parts typically require
a pre-defined measurement scheme in order to work properly. This kind of hardware
receiver is also limiting the number of satellites that can be used and the precision of
the measurements, because of limited resources. A SR can store the entire IF spectrum
and thus data for all satellites, thus only limiting the precision through digitization of
the data. If there are no time constraints a SR can post-process data with an arbitrary
number of correlators, something that is not possible with a hardware receiver.

Instruments for interference assessment are typically custom built and very expen-
sive. For assessment in the GNSS frequency bands a standard receiver provides little

15



16 Conclusions

or no useful information. However, a SR can provide satisfactory information on the IF
spectrum. Most front-ends have AGC capability, and if the operation of the AGC can
be stored, estimates of absolute power levels can be derived.

5.2 Future Work

5.2.1 Network of Sensors for Interference Assessment

A network of low-cost sensors for interference assessment could be assembled, with a
central computer able to draw conclusions on the kind of interference detected. A system
like this has the potential to position a strong source of interference. As a first step a
small network could be distributed over a campus area.

5.2.2 Parallel Hardware for Accelerated Processing of GNSS
Reflections Data

Even though a software radio is very flexible and can process data with thousands of cor-
relators, time is an important factor. Without parallelism a software processing element
will have increased processing times with increased complexity. Extensive processing of
long bistatic data sets with thousands of correlators can take weeks. Modern FPGAs
are extremely powerful and if a design with similar capabilities as the software solution
could be designed the time required to process bistatic data would decrease significantly.
However, digital hardware synthesis is a very challenging and time consuming process in
itself, but if there existed a library with the basic building blocks required the problem
would become much less complex.
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Abstract

This paper focuses on the processing of experimental data collected with a small
modular GPS bistatic radar software receiver on a balloon flight. The receiver is designed
for remote sensing purposes and the design process will be covered in some detail. GPS
bistatic radar focuses on the surface-reflected signal, which can be used to determine
properties of the reflection surface, including roughness, ocean wave height and also
ranging to the surface. In the past, a mixture of both ASIC-based and software receivers
have been used, but these require desktop or laptop computers to operate them. Previous
receiver configurations have been prohibitively large and could not be mounted on smaller
platforms. This design features two analog front-ends with a common clock, a FPGA
and USB bridge to move the digital samples to a Linux-based Single Board Computer.
The system features a modular design and allows for easy integration with other analog
front-ends. Airborne data collected with this instrument near Boulder, Colorado during
a balloon flight will be presented. The data from the balloon flight has been processed to
extract the height above ground using GPS bistatic radar as an altimeter and the GPS
position as a reference. GTOPO30 Digital Elevation Models have been used to estimate
the surface elevation used for height estimates in the altimeter. This project opens up
new opportunities to perform remote sensing with cheaper and smaller platforms.

1 Introduction

GPS signals has been used for opportunistic bistatic radar for some time now, mainly
for remote sensing of the earth’s surface. Typical applications range from oceanographic
remote sensing [1, 2], determining surface roughness and soil moisture [3] to altimetry
[4, 5], all based on processing of the reflected signal. Earlier studies have shown that
GPS reflections can be detected even from space [6]. The principle for a GPS bistatic
radar is simple: by using two channels: one tracking the direct signal from the satellite;
the other, slaved to the direct channel looking for the surface-reflected, delayed, signal.
The direct channel is connected to a skyward oriented antenna, and the reflected channel
to an antenna oriented toward the earth. Traditional hardware for GPS bistatic radar
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has consisted of custom receivers with one common factor, they all required at least a
laptop computer to operate. One of the drawbacks of having to use a laptop or desk-
top/rackmount computer is that the receiver becomes heavy and bulky and needs to
be flown on a plane of significant size, eg. a manned plane. This design on the other
hand focuses on a miniaturized receiver put together with mostly commercial off the shelf
components to reduce the cost [7, 8]. The design is built around two GPS L1 front-ends
with a common clock, connected to a USB bridge for high-speed data transfer. Instead of
using a laptop computer a single board computer (SBC) in the “nano ITX” form factor
was used. The computer is running an embedded version of Linux and most of the soft-
ware used comes from the GNU Radio project [9]. The first section of this paper covers
the design construction and validation of a small modular GPS bistatic radar software
receiver on both the hardware and software side. Section 3 covers the basics of GPS
bistatic radar and gives an introduction to radar altimetry with GPS reflections. The
next section describes the details of a balloon flight used as a test for the receiver, and the
post-processing of the experimental flight data. It also contains a comparison between
the GPS bistatic radar altimeter and the vertical component of GPS position solutions
from a Commercial Off The Shelf (COTS) software receiver. The last section, section 5,
contains a summary of the design and discusses the altimeter’s performance.

2 Receiver Design

The receiver designed consists of three parts, the front-ends which down-converts the
GPS signal to an IF and then samples it. These samples are then buffered by a USB
data bridge for retrieval by a host computer and stored to disk. All components, shown
in figure 1 are commercially available except for the interface board, which had to be
custom designed to provide a backplane for connecting the components together. See
[7, 8] for more details on the design

Figure 1: Block diagram of bistatic receiver components



Paper A 25

2.1 GPS Front-ends

The front-ends (figure 2) used were SiGe Semiconductor SE4410L v.1.1 [10] evalua-
tion boards . The front-end downconverts the GPS signal at 1575.42MHz to an IF
of 4.1304MHz and then samples it at 16.3676MHz using 2-bits. Both front-ends operate
off the same clock which is fed from one board into the other through the external refer-
ence input. A more detailed illustration of how the boards are connected can be found
in figure 3.

Figure 2: SiGe SE4110 front-end

The data bits pass through both the FPGA and the FX2 USB chip. This way the
receiver has the ability to operate either with or without the FPGA installed.

Figure 3: Block diagram of front-ends interfacing the USB chip through the FPGA


