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Abstract—In the frame of the German Indonesian Tsunami
Early Warning System (GITEWS) project a multi-frequency
Global Navigation Satellite System (GNSS) Occultation & Re-
flectometry & Scatterometry (GORS) space receiver is developed.
It is based on commercial off-the-shelf (COTS) GNSS receiver
technology, as the core instrument for a future tsunami detection
constellation of small Low Earth Orbit (LEO) satellites. For use
in reflectometry, scatterometry and radio-occultation measure-
ments as well as high-precision navigation applications, specific
adaptations of the GNSS receiver firmware are desirable, which
require a close interaction between scientists and the receiver
manufacturer. Within the GITEWS project GFZ has set up
a team consisting of GFZ, DLR and JAVAD GNSS (JAVAD)
to adapt and extend their new generation GNSS receivers
for advanced scientific space applications. Specific adaptations
address the improvement of the cold start time-to-first-fix, the
selection of optimal tracking loop parameters and channel slaving
for monitoring of reflected signals. Besides pseudorange, phase
and signal-to-noise measurements, the modified receiver allows
output of In-Phase (I) and Quadrature-Phase (Q) accumulations
at 5msec intervals (200Hz). As a major step forward compared
to current space receivers, the new receiver supports tracking
of the civil L2C signal of the GPS constellation. An overview
of the current status is given and first results are discussed.
Within GITEWS the feasibility of a tsunami detection mission
is studied, including the constellation mission design, the options
for operating the system and the ways to develop an end-to-
end system for the quick response to tsunami events. In parallel
simulation studies of the GNSS signals reflected to a LEO
satellite are carried out. This will be realised by a Zavorotny and
Voronovich scattering model with a two-scale model approach
using an Elfouhaily sea wave spectrum. An overview of the
current activities is given and first results are discussed.

I. INTRODUCTION

The Sumatra earthquake of December 2004 was the second
largest earthquake ever recorded by instruments. The German
Federal Ministry of Education and Research (BMBF) commis-
sioned the Helmholtz Association of National Research Cen-
tres (HGF) directly after the disaster with developing GITEWS
for the Indian Ocean which can later be extended to the
Mediterranean and the Atlantic Ocean. The system integrates
terrestrial observation networks of seismology and geodesy

with marine monitoring processes and satellite observations.
While a terrestrial early warning system is being established,
concept studies on enlargements are initiated. LEO satellite-
based GNSS receivers for reflectometry (GNSS-R), and radio-
occultation (RO) are considered to be of great interest as
one component for a future enhanced tsunami and Earth
observation system. The general idea is that multi-frequency
receivers, as add-on payload to independently planned Earth
observation missions, could establish densely spaced grids of
sea surface heights with decimeter precision fairly rapidly
[1], [2]. Several space-based experiments [3]–[6] demonstrated
the feasibility of reflectometric measurements using Global
Positioning System (GPS) signals. For the future a dedicated
constellation of 10 to 20 small affordable LEO satellites is
planned which can monitor the ocean with the required high
resolution in space and time in order to detect a tsunami. The
performance of such a space-based monitoring system requires
most advanced GNSS receivers with improved algorithms for
the various possible applications and quasi real time data
processing capabilities to satisfy as a minimum the needs
of a future space-based tsunami early warning system. The
small market segment and high specialization of dedicated
spaceborne GNSS receivers, e.g., the successful BlackJack
receiver or Advanced GPS/GLONASS ASIC (AGGA) based
receivers, as well as the associated test and qualification effort
inevitably results in high unit cost ranging from roughly 100K
Euro to 1M Euro. Hence, the price of such a receiver rapidly
reaches the budget of a typical small satellite science mission.
Small scientific satellite missions often do not require the
utmost reliability and rigorous space qualification. Various
companies and research institutes have therefore made efforts
to come up with low cost solutions based on the use of
terrestrial COTS components. The feasibility of this approach
is nicely illustrated by the GPS Orion receiver design of
MITEL, which forms the basis of several independent one-
frequency GPS receivers like, e.g. the Space GPS Receiver
SGR-20/10 on UK-DMC [6] or the Phoenix GPS receiver,
selected for the Proba-2, Flying Laptop, TET, ARGO, and
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Fig. 1. JAVAD GeNeSiS-112 72-channel GNSS OEM receiver board
with one RF frontend. The COTS component has a physical dimension of
112x100x14mm and a weight of 110g.

X-Sat missions [7]. Promising investigations [8] show that
this approach can be extended to existing dual-frequency
COTS receivers. Aside from enhanced ionospheric corrections,
a dual-frequency system can overcome the limitations that
sea roughness imposes on carrier phase coherence which
is a major issue in reflectometry [9]. The paper describes
the current status of the GORS receiver and planned space-
qualification tests. First results of terrestrial reflectometry
experiments are presented to illustrate the functionality for
advanced scientific applications. The simulation part discusses
the expected benefits for reflectometry measurements resulting
from a dual-frequency receiver from the modelling point of
view. Depending on observing coherent or incoherent reflec-
tions, different scenarios are illustrated. Finally, the next steps
of the GORS receiver development are outlined.

II. GORS RECEIVER

A. Instrumentation

The GORS receiver prototype consists of a JAVAD
GeNeSiS-112 72-channel GNSS OEM receiver board (Fig. 1)
with raw data and position solution output. The receiver can
process all presently available today GNSS radio signals,
including the latest GPS L2C, GPS L5, GLONASS C/A L2,
and GALILEO GIOVE-A signals. A specially adapted receiver
firmware (S. Yudanov, personal communication, 2007) allows
output of I and Q accumulations at 5msec intervals (200Hz) for
GPS L1 C/A, L2 and the new GPS civil L2C signals. Actually,
slaving of correlator channels is realized for GPS L1 C/A
and GPS L2C signals. For the first time civil dual-frequency
phase measurements of reflected GPS signals are possible. The
receiver is specified for an operating temperature of -40◦C to
+45◦C and typical power consumption is 2.7W. Measurements
are performed with a conventional JAVAD MarAnt+ antenna
(size: 142x142x53mm,weight: 492g). The active low profile
RHCP patch antenna operates in the L1 and L2 frequency
bands and the integrated low noise amplifier (LNA) has a gain
power of 32dB. At DLR signal simulator test of acquisition

and tracking performance of a GeNeSiS-112 receiver board
are planned in a LEO scenario. Additionally, the receiver
hardware will be validated under thermal-vacuum conditions
and ionizing radiation.

B. First Terrestrial Test Results

The first experiment with a GeNeSiS-112 receiver board
was conducted February 22, 2007 at Moscow. Measure-
ments are performed with a dual-frequency chokering an-
tenna which is fixed on top of Triumph Pallace building at
55.80◦N/37.52◦E. Fig. 2a and 2b show the recorded 200Hz I
and Q correlation sums of L1C/A and L2C signals of PRN
31, presented as correlation power (calculated by

√
I2 + Q2)

versus time and I versus Q plot, respectively. As expected,
the recorded L2C signal power can be observed at 33% of
L1C/A signal power. In order to prove the functionality of
channel slaving, different delays are applied to the slaved
correlator channels, ranging from a correlator delay offset
equivalent to -1.5 C/A code chips to +1.5 C/A code chips
offset (Fig. 2c). Hence, the typical correlation triangle of GPS
L1C/A and L2C signal could be mapped successfully (Fig. 2d).
A second experiment was conducted with a GeNeSiS-112
receiver board on April 24, 2007 at Potsdam. Measurements
are performed with the MarAnt+ antenna which was fixed on
top of a former water tower at 52.38◦N/13.06◦E with nearly
unobstructed view to the horizont. The antenna was directed
to about 340◦ azimuth and tilted by 90◦ toward the horizont in
order to optimize signal reception at very low elevation angles.
The receiver successfully tracked GPS L1C/A, L2C and L2
signals of PRN 12 which descended from 1◦ down to 0◦

elevation until the signals faded away. I and Q correlation sums
are recorded for all GPS L1C/A, L2C and L2 signals with a
data rate of 200Hz. Fig. 3 shows the calculated correlation
power of L1C/A (Fig. 3a), L2C (Fig. 3b) and L2 (Fig. 3c). A
much higher signal-to-noise ratio (SNR) can be observed in
the recorded L2C signal compared to the L2 signal.This can be
explained due to the fact that L2C can be directly tracked and
L2 is tracked by semicodeless tracking. All signal amplitudes
show a certain correlation in time. Thus, the influence of the
Earth troposphere can be clearly sensed within all three I and
Q data recordings. This demonstrates the already achieved
tracking performance of the receiver at low observation angles
for RO applications.

III. SIMULATION

Tsunami waves at the open sea usually have an amplitude of
20 to 100cm, a wavelength of 150 to 300km and a propagation
speed of 500 to 1000km/h depending on water depth and mag-
nitude of stimulation. The Sumatra tsunami 2004 (amplitude
60cm) falls into this range [10]. GNSS-R altimetry has the
potential to globally detect tsunami waves with a LEO receiver
[1]. In a few seconds an area of 1000 x 1000km can be swept
synoptically with a number of reflection tracks. The swath
will be the wider the lower the elevations of the transmitters
that can be included. Due to the rising number of GNSS
transmitters (GPS, GLONASS, GALILEO) during the next
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Fig. 2. First measurements of L1C/A (black) and L2C (blue) I/Q data of PRN31 on February 22, 2007: Correlation power of L1C/A and L2C (a), I Q
diagram (b), C/A code delay which was applied to the slave correlators (c), L1C/A and L2C correlation triangle, recorded by a slaved channel which was
sequentially shifted in C/A code delay (d)

decades the spatial resolution will increase. Using signals of
opportunity makes GNSS-R altimetry economical and 10 to 20
small receivers integrated on a constellation of LEO satellites
may suffice to achive extended warning times, real time on-
board processing and downlink via communication satellites
provided. GNSS-R altimetry can be separated into code-based
and phase-based approaches. Within GITEWS it is planned to
compare the potential for tsunami detection of both approaches
by simulation. For high elevations incoherent scattering is
dominant and only code-based altimetry is possible. In code-
based altimetry scattering will be simulated by a Zavorotny
and Voronovich model [11] which follows the Kirchhoff
approximation in the geometrical optics limit. The sea surface
will be considered using an Elfouhaily sea wave spectrum
[12]. This model (E. Cardellach, personal communication,
2007) is provided by Institut d’Estudies Espacials de Catalunya

(IEEC). It will be adapted to space mission demands and to the
consideration of small scale features using a two-scale model
approach.

For phase-based GNSS-R altimetry coherent reflection is
inevitable. This can only be achieved if the Rayleigh criterion
is valid. The elevation angle ε between the horizon and the
transmitter seen from the reflection point is limited due to
the Rayleigh criterion by the relation of signal wavelength λ
to surface roughness ε = arcsin (λ/8σ) where the sea wave
height σ is a proxy for sea surface roughness. An analysis of
the global mean sea wave heights measured by JASON-1 in
2005 shows, that for the GPS L1 (λL1 = 19cm) and L2 (λL2

= 24cm) wavelength the maximum elevation where coherent
reflection can be expected is mainly below 2◦, assuming
waveheights between 0.4 and 4.6m. Combining the L1 and L2
wavelength [9], a maximum elevation of up to 5◦ can mainly
be expected.
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Fig. 3. Correlation power of PRN 12 GPS L1C/A (a), L2C (b) and L2 (c)
signals, calculated from I and Q recordings at elevation angles below 1◦ on
April 24, 2007 at 52.38◦N/13.06◦E.

IV. CONCLUSION AND OUTLOOK

First steps toward a multi-frequency GORS space receiver,
based on COTS GNSS receiver technology could be achieved
successfully and a close interaction between scientists of
GFZ, DLR and the receiver manufacturer JAVAD could be
established. First receiver firmware modifications allow output
of I and Q accumulations at 5msec intervals (200Hz) and
as major step forward compared to current space receivers,
the new receiver supports tracking of the civil L2C signal
of the GPS constellation. For monitoring of reflected GPS
signals, slaving of correlator channels could be implemented
and tested successfully. First terrestrial tests show the already
achieved tracking performance of the receiver at low obser-
vation angles for RO applications. A cooperation between
GFZ and IEEC could be initiated in order to extend the
IEEC scattering model to a two-scale model considering small
scale features. Terrestrial experiments are in preparation in the
field of GNSS-R altimetry. Dedicated studies are planned to
evaluate the maximum elevation where coherent reflections
can be expected in case L1C/A and L2C observations can be

combined. Besides signal simulator tests and space qualifi-
cation tests, development of real-time algorithms for precise
orbit determination (POD) and implementation in the receiver
firmware are planned during the GITEWS project.
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