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ABSTRACT

Within the German Indonesian tsunami early warning
system (GITEWS) project, the GeoForschungsZentrum
Potsdam (GFZ) has set up a team consisting of GFZ, the
German Aerospace Center (DLR) and JAVAD GNSS to
adapt and extend their new generation GNSS receivers
for advanced space applications. The occultation, reflec-
tometry and scatterometry GORS space receiver proto-
type consists of a commercial off-the-shelf JAVAD GNSS
GeNeSiS-112 72 channel receiver board with raw data and
position solution output. The GORS receiver can pro-
cess all presently available GNSS radio signals, includ-
ing the latest GPS L2C, GPS L5, GLONASS C/A L2,
and GALILEO GIOVE-A signals. Specific adaptations ad-
dress the improvement of the cold start time-to-first-fix, the
selection of optimal tracking loop parameters and chan-
nel slaving for monitoring of reflected signals. Besides
pseudorange, phase and signal-to-noise measurements, the
modified receiver allows output of in-phase and quadrature-
phase accumulations at 5msec intervals (200Hz). As ma-
jor step forward compared to current space receivers, the
new receiver supports tracking of the civil L2C signal of
the GPS constellation. This will enable loss-less dual-
frequency tracking of occultation events down to very low
altitudes. Channel slaving can be performed for GPS L1
C/A and L2C in parallel. Hence, carrier phase observa-
tions of coherent reflected signals are possible with two
frequencies. By combining both observations and there-
fore enlarging the measuring wavelength, coherent carrier
phase observations of reflected signals are expected to be
recovered even at higher sea roughness conditions. This
paper presents first results of a ground-based reflectometry
experiment and first tests with a signal simulator. The ex-
periment was conducted on July 16–20, 2007 at the moun-



Fig. 1 The sensors of the German Indonesian tsunami early
warning system (GITEWS) comprise seismometers, GPS
instruments, tide gauges and buoys as well as ocean bottom
pressure sensors.

tain top of Fahrenberg (11.32◦E, 47.61◦N, 1625 m above
sea level) with unobstructed view to Lake Kochel and Lake
Walchen which are situated 1026 m and 824 m below the
receiver position, respectively. A single right-hand circular
polarized GPS L1/L2 patch antenna was used and tilted by
45◦ from zenith direction to allow direct and reflected GPS
signal reception in parallel. Carrier phase observations of
coherent reflected signals could be recorded successfully
for both GPS L1 C/A and L2C signals. First tests with a
signal simulator show that the GORS receiver prototype is
able to acquire and track 6 to 12 GPS signals successfully
in a simulated polar and sun synchronous low Earth orbit

INTRODUCTION

The Sumatra earthquake of December 2004 was the sec-
ond largest earthquake ever recorded by instruments. The
Federal Ministry of Education and Research (BMBF) com-
missioned the Helmholtz Association of National Research
Centers (HGF) directly after the disaster with develop-
ing a German Indonesian tsunami early warning system
(GITEWS) for the Indian Ocean which can later be ex-
tended to the Mediterranean and the Atlantic Ocean. The
system integrates terrestrial observation networks of seis-
mology and geodesy with marine measuring processes and
satellite observation (Fig. 1). While the early warning
system is being established, concept studies on enlarge-
ments are initiated. New technologies like space-based
Global Navigation Satellite System (GNSS) reflectome-
try and scatterometry are developed which are to facili-
tate a future global cutting-edge system. The future sys-
tem is intended to use all then available signal sources
of opportunity of, e.g., the modernized GPS, the planned
Galileo, the restored GLONASS and the upcoming Com-
pass GNSS. Low Earth Orbit (LEO) satellite-based GNSS
receivers for bistatic altimetry, scatterometry and radio-
occultation measurements 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 indepen-
dently planned Earth observation missions, could establish
densely spaced grids of sea surface heights (see Fig. 2) with
decimeter precision fairly rapidly [1, 2]. Several space-
based experiments [3, 4, 5, 6] demonstrated the feasibil-
ity of reflectometric measurements using GPS signals. In
future a dedicated constellation of 10 to 20 small afford-
able LEO satellites is planned which can monitor the ocean
with the required high resolution in space and time in or-
der to detect a tsunami. The required performance of
such a space-based monitoring system demands most ad-
vanced GNSS receivers with improved algorithms for the
various possible applications and quasi real time data pro-
cessing 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
space-borne GNSS receivers, e.g., the successful Black-
Jack receiver or Advanced GPS/GLONASS ASIC (AGGA)
based receivers, as well as the associated test and quali-
fication 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 rig-
orous space qualification. Various companies and research
institutes have therefore made efforts to come up with low
cost solutions based on the use of terrestrial commercial
off-the-shelf (COTS) components. The feasibility of this
approach is nicely illustrated by the GPS Orion receiver de-
sign of MITEL, which forms the basis of several indepen-
dent 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 X-Sat missions [7]. Promising investigations
[8, 9] show that this approach can be extended to exist-
ing dual-frequency COTS receivers. Aside from enhanced
ionospheric corrections, a dual-frequency system can over-
come the limitations that sea roughness imposes on carrier
phase coherence which is a major issue in reflectometry
[10].

For use in reflectometry, scatterometry and radio-
occultation measurements as well as high-precision nav-
igation applications, specific adaptations of the receiver
firmware are desirable, which require a close interaction
between scientists and the receiver manufacturer. Within
the GITEWS project, the GeoForschungsZentrum Potsdam
(GFZ) has set up a team consisting of GFZ, the German
Aerospace Center (DLR) and JAVAD GNSS (JAVAD) to
adapt and extend their new generation GNSS receivers for
advanced space applications. Specific adaptations address
the improvement of the cold start time-to-first-fix, the se-
lection of optimal tracking loop parameters and channel
slaving for monitoring of reflected signals.
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Fig. 2 Predicted reflection point coverage over the Indian
Ocean. Simulation of GPS (red) and GLONASS (yellow)
reflections with respect to a receiver assumed to be on a
LEO in a CHAMP-like orbit scenario (blue ground tracks).

Fig. 3 The JAVAD GeNeSis-112 receiver board has a phys-
ical dimension of 112x100x14mm and a weight of 110g.

GORS RECEIVER

The GORS receiver prototype consists of a JAVAD
GeNeSiS-112 72-channel GNSS OEM receiver board
(Fig. 3) with raw data and position solution output. The re-
ceiver 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. The receiver
board is specified for an operating temperature of -40◦C to
+75◦C and typical power consumption is 2.7 W. The board
has a physical dimension of 112x100x14 mm and a weight
of 110 g.

A specially adapted receiver firmware allows output of
in-phase (I) and quad-phase (Q) accumulations at 5msec
intervals (200 Hz) for GPS L1 C/A, L2, and the new GPS
civil L2C signals (Figs. 4a–4b). Actually, slaving of cor-
relator channels is realized for GPS L1 C/A and GPS L2C
signals (Figs. 4c–4d). Thus, for the first time civil dual-
frequency phase measurements of reflected GPS signals are
possible. Currently, only one reflection event can be ob-
served simultaneously.

FIRST TERRESTRIAL TESTS

The first test with a GeNeSiS-112 receiver board was
conducted February 22, 2007 at Moscow. Measurements
are performed with a dual-frequency chokering antenna
which is fixed on top of Triumph Pallace building at
55.80◦N/37.52◦E. Fig. 4a and 4b 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 ob-
served 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. 4c). Hence, the typical
correlation triangle of GPS L1C/A and L2C signal could
be mapped successfully (Fig. 4d).

A second test was conducted with a GeNeSiS-112 re-
ceiver 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. 5 shows
the calculated correlation power of L1C/A (Fig. 5a), L2C
(Fig. 5b) and L2 (Fig. 5c). 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
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Fig. 4 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)

fact that L2C can be directly tracked and L2 is tracked by
semicodeless tracking. All signal amplitudes show a cer-
tain 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 an-
gles for radio-occultation applications.

SIGNAL SIMULATOR TEST RESULTS

As part of the ongoing adaptation and space qualification
of the GeNeSiS-112 receiver, initial tests in a GPS signal
simulator test bed have been conducted to assess the track-
ing and navigation capabilities under high signal dynamics
(Fig. 6). The tests were performed with a Spirent GSS7700
signal simulator capable of simulating dual-frequency (L1,

L2) GPS signals for up to 12 visible satellites. For compat-
ibility with earlier tests of spaceborne GPS receivers [9] an
established scenario for a polar satellite at 515 km altitude
was used throughout all tests, which is representative of the
TerraSAR-X satellite. Ionospheric path delays were mod-
elled through a Lear model with a constant vertical total
electron content of 10 TECU.

The distribution of tracked satellites on the celestial
sphere (Fig. 7) illustrates that the GeNeSiS receiver prop-
erly acquires and tracks all simulated satellites above the
adopted elevaton mask of 5◦. Likewise, the histogram of
tracked satellites shows a smooth distribution up to the sim-
ulated maximum of 12 satellites. Following the start-up
phase at least six satellites are permanently available for
navigation and 10-11 satellites are simultaneously tracked
on average (Figs. 8– 9). The achievable measurement qual-
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Fig. 5 Correlation power of PRN 12 GPS L1C/A (a), L2C
(b) and L2 (c) signals, calculated from I and Q record-
ings at elevation angles below 1◦ on April 24, 2007 at
52.38◦N/13.06◦E.

Fig. 6 GeNeSis-112 receiver with external low noise am-
plifier in the signal simulator test bed
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Fig. 7 Skyplot of tracked satellites in the orbital frame.
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Fig. 8 Histogram of tracked satellites in the orbital frame.

ity and possible systematic errors have been assessed by
forming double-differences between satellite pairs and be-
tween the receiver and the simulator-truth values (Fig. 10,
see [11]). The results are illustrated in Figs. 11– 12 for
a 15 mins data arc covering both low and high elevations.
For the directly tracked C/A code an average noise of 17 cm
has been obtained, while the semi-codeless P-code tracking
yields a noise of roughly 50 cm. The associated carrier-
phase measurements exhibit noise values of 0.7 mm and
1.6 mm, respectively.

The initial signal simulator tests demonstrate the capa-
bility of the GeNeSiS receiver to provide proper GPS mea-
surements for orbit determination and scientific applica-
tions under the signal dynamics of a user satellite in low
Earth orbit. Further tests will be conducted to optimally
tune the tracking-loop bandwidth in a trade-off between
low noise measurements and robust tracking.
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Fig. 9 Number of tracked satellites over a 12h arc.
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Fig. 10 Double-difference analysis of GPS raw measure-
ments in the signal simulator test.
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Fig. 11 PRN 22–25 double-difference measurement errors
for L1 C/A code (top) and carrier phase (bottom).
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Fig. 12 PRN 22–25 double-difference measurement errors
for L1 P code (top) and carrier phase (bottom).

Fig. 13 Fahrenberg location with unobstructed view to
Lake Kochel and Lake Walchen.

EXPERIMENTAL SETUP AND DATA ACQUISI-
TION

The experiment was conducted on 16-20 July, 2007,
50 km south of Munich, Germany, in the Bavarian alpine
upland at the mountain top of Fahrenberg (11.32◦E,
47.61◦N, 1625m above sea level) with unobstructed view
to Lake Kochel and Lake Walchen. The lakes are sit-
uated 1026m and 824m below the receiver position, re-
spectively (Fig. 13). A single conventional GPS patch
antenna (JAVAD MarAnt+ antenna, size: 142 x 142 x
53mm,weight: 492g) was used and tilted by 45◦ from
zenith direction (Fig. 14) to allow direct and reflected GPS
signal reception in parallel. The active low profile right-
hand circular-polarized (RHCP) patch antenna operates in
the L1 and L2 frequency bands and the integrated low noise
amplifier (LNA) has a gain power of 32 dB.

Depending on the predicted reflection event, the tilted
antenna was oriented 24◦ azimuth toward Lake Kochel and
165◦ azimuth toward Lake Walchen, respectively. An ex-
ternal program communicates via the serial port with the
GORS receiver and controls the measurement. Depending
on the visible GPS signals and a user defined elevation and



Fig. 14 Instrumentation at the mountain top of Fahren-
berg, the RHCP patch antenna tilted toward lake Walchen
in front, chokering antenna for positioning in behind.

azimuth mask, a reflection event of one GPS satellite is trig-
gered, defined by its pseudo random noise (PRN) number.
The receiver records I and Q data of the target GPS satel-
lite with a data rate of 200 Hz. The measurement stops in
case the receiver looses track of the direct signal or the GPS
satellite leaves the elevation and azimuth mask. During a
reflection event the master channel continues to track the
direct signal. A second, so-called slave correlator channel
is set to the same GPS signal. With respect to the master
channel the slave channel is steered with an additional de-
lay in code space. Thus, the slave correlator channel is set
to the estimated delay of the reflected signal. The estimated
delay δ is calculated using the observed elevation angle ε of
the target GPS satellite, the estimated height h of the target
reflector and the speed of light c according to

δ = (2h sin ε)/c. (1)

Within the observation period both lakes show mirror-
like surface conditions. A meteorological sensor and a tide
gauge were installed at the shore of Lake Walchen to moni-
tor the surface and wind conditions. Observed wave heights
at Lake Walchen are limited to 2 cm.

DATA ANALYSIS AND DISCUSSION

Fig. 15 and Fig. 16 show the results of coherent GPS L1
C/A carrier phase observations of PRN 16 reflection event
originated at Lake Kochel on July 19, 2007. At 6◦ eleva-
tion the fraction of reflected signal power recorded by the
RHCP antenna with a peak power of 60% of the direct sig-
nal is very high. Strong interferometric fluctuations can be
seen in the signal amplitude (Fig. 15). The signal ampli-
tude is calculated from the recorded I and Q data. I and
Q are obtained by the slave correlator which is steered at

an additional delay of 0.73 code chips (Fig. 16, top left
panel). Hence, the remaining correlation power of the di-
rect signal is still sensed in I. Fig. 16, bottom left panel,
shows I and Q data after applying a running average filter
of 0.055 sec width and subtracting the mean power in order
to filter noise and suppress the influence of the direct sig-
nal. Plotting the filtered data I versus Q, the evolving phase
difference between direct and reflected signal can be recog-
nized by the circular rotating movement of the I/Q vector,
indicating a coherent reflection (Fig. 16, right panel). In a
subsequent processing stage, which is currently under de-
velopment, a relative height profile of the lake surface can
be calculated using the known receiver and satellite geom-
etry.

At Lake Walchen reflection events occur mainly at much
higher elevation angles compared to Lake Kochel. Thus,
the power of the reflected signal is expected to be much
lower. Fig. 17 and Fig. 18 show the results of coherent
GPS L1 C/A carrier phase observations of PRN 17 reflec-
tion event on July 18, 2007. At 25◦ elevation the RHCP
antenna registers the reflected signal with 12% peak am-
plitude compared to the direct signal. Although the signal-
to-noise ratio (SNR) has decreased in comparison to the
previously shown PRN 16 observations from lake Kochel,
the typical interferometric pattern of a reflection event can
clearly be observed. Beforehand, a running average filter
with a width of 0.105 sec has been applied to the data
(Fig. 17). The slave correlator was set to an additional
delay of 2.33 code chips. Thus, no remaining correlation
power of the direct signal can be sensed in I (Fig. 18, top
left panel). Fig. 18, bottom left panel, shows I and Q data
after applying a running average filter of 0.105sec width
in order to filter noise. The evolving phase difference be-
tween direct and reflected signal can be sensed by the circu-
lar rotating movement of I/Q vectors, indicating a coherent
reflection (Fig. 18, right panel).

The GPS satellite with PRN 17 not only disseminates the
L1 C/A signal but the new civil L2C signal, too. Fig. 19
and Fig. 20 show data of coherent GPS L2C carrier phase
observations of PRN 17 reflection event on July 18, 2007
which have been recorded in parallel to the previously
shown L1 C/A measurements. Although the SNR has fur-
ther decreased to a value of 2.5% average amplitude com-
pared to the direct signal, the typical interferometric pattern
of a reflection event can still be detected (Fig. 19). Before-
hand, a running average filter had to be applied on the data
and the filter width has to be increased. Equal to the L1 C/A
carrier phase measurements, the slave correlator was set to
an additional delay of 2.33 code chips, but the filter width
of the running average filter has to be increased to 0.205sec
(Fig. 20, left panel). Although dealing with very weak sig-
nals in case of the L2C carrier phase measurements, the
evolving phase difference between direct and reflected sig-
nal can be recognized by the circular rotating movement of
the I/Q vector (Fig. 20, right panel).

Figs. 21–21 show a 2 sec long data segment extracted
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Fig. 15 Raw (blue) and filtered (black) amplitude fluctuations of coherent GPS L1 C/A carrier phase observations of PRN 16
reflection event originated at Lake Kochel on July 19, 2007 at 6◦ elevation.

-5000

 0

 5000

 10000

 0  2  4  6  8  10

I,Q

L1 C/A: PRN 16 Kochelsee July 19, 2007 delay= 0.73 [chips]

-6000

-4000

-2000

 0

 2000

 4000

 6000

 0  2  4  6  8  10

I,Q

time [sec]

with run.avg.filter width=0.055sec

-6000

-4000

-2000

 0

 2000

 4000

 6000

-6000 -4000 -2000  0  2000  4000  6000

Q

I

L1 C/A: PRN 16 Kochelsee July 19, 2007

Fig. 16 Raw (blue) and filtered (magenta) 200 Hz I and Q data recorded by the slave correlator which is steered at an additional
delay of 0.73 code chips and rotation of I,Q vector.

from a GPS L1 C/A (blue) and L2C (magenta) I,Q data
recording of PRN 17 reflection event originated at Lake
Walchen on July 18, 2007. In Fig. 21 the filtered I and
Q correlation sums of the slave correlator are plotted for
the L1 C/A signal (blue) and L2C (magenta). Fig. 22, left
panel, shows the evolving phase which is calculated from
L1 C/A I,Q data (blue) and L2C I,Q data (magenta), respec-
tively. The phase represents the phase difference between
direct and reflected signal. From the unwrapped phase the
difference in path length between direct and reflected L1
C/A (blue) and L2C (magenta) signal can be calculated for
both carrier frequencies (Fig. 22, right panel). From the
changing path length difference the altimetric height of the
reflector can be derived in a subsequent processing step.

In order to overcome the limitation of only one steer-
able slave correlator, the following waveform measuring
mode was implemented in order to scan the waveform of
the reflected signal. As in the previously described mea-
surements the slave correlator is steered according to the
current predicted delay of the reflected signal. Addition-

ally, the predicted delay is varied with time in small steps
in a manner that an interval of +/- one code chip is covered.
A waveform scan was conducted on July 19, 2007 which
recorded a PRN 17 reflection event originated at Lake
Walchen. The waveform recording measurement started
at an elevation of 5◦ and continued until an elevation of
27◦ was reached. Plotting the resulting signal amplitude
of each super-imposed single correlator measurement ver-
sus code delay for GPS L1 C/A and L2C, between 0.5 and
+1.0 code chips delay the typical triangular waveform of
the direct signal can be observed. The direct signal of GPS
L2C has a peak amplitude of 50% in relation to the direct
GPS L1 C/A peak amplitude. Although covered in the
super-imposed single measurements, at delay offsets be-
tween 1.5 and 2.0 code chips, some of the reflected signal
amplitudes are much higher than the noise level for both
signals L1 C/A and L2C, respectively. Reflected GPS L1
C/A signals with amplitudes of up to 40% of the direct sig-
nals amplitude can be observed. The reflected GPS L2C
signal amplitudes reach up to 20% of the L1 C/A signal



 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 0.16

 0.18

 0  2  4  6  8  10

si
gn

al
 a

m
pl

itu
de

 [r
el

]

time [sec]

L1 C/A: PRN 17 Walchensee July 18, 2007

Fig. 17 Raw (blue) and filtered (black) amplitude fluctuations of coherent GPS L1 C/A carrier phase observations of PRN 17
reflection event on July 18, 2007 at 25◦ elevation.
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Fig. 18 Raw (blue) and filtered (magenta) 200 Hz I and Q data recorded by the slave correlator which is steered at an additional
delay of 2.33 code chips and rotation of I,Q vector.

amplitude. Thus, the implemented waveform scan mode
demonstrates the feasibility of measuring reflected wave-
forms with the GORS receiver prototype for applications
in GPS scatterometry.

SUMMARY AND OUTLOOK

In the frame of the GITEWS project first promising re-
sults toward a multi-frequency GORS receiver could be
achieved. As major step forward compared to current
space receivers, the new receiver supports tracking of the
civil L2C signal of the GPS constellation. This will en-
able loss-less dual-frequency tracking of occultation events
down to very low altitudes. Channel slaving can be per-
formed for GPS L1 C/A and L2C in parallel. Hence, carrier
phase observations of coherent reflected signals are possi-
ble with two frequencies. By combining both observations
and therefore enlarging the measuring wavelength [10], co-
herent carrier phase observations of reflected signals are
expected to be recovered even at higher sea roughness con-

ditions. The COTS based GORS prototype successfully ac-
quired and tracked GPS signals under simulated LEO space
conditions. The receiver firmware was modified to record I
and Q data with 200 Hz data rate for GPS L1 C/A, L2, and
L2C. At the Fahrenberg location carrier phase observations
of coherent signals, reflected from a mirror-like lake sur-
face, could be recorded successfully for both GPS L1 C/A
and L2C signals with a single, tilted RHCP patch antenna.
The demonstrated waveform scan mode shows the feasibil-
ity of measuring reflected waveforms with the GORS re-
ceiver for applications in GPS scatterometry. In the next
step the number of independent steerable correlator chan-
nels has to be increased. This allows recording of more
than one reflection event in parallel which is an important
factor for monitoring applications and tsunami detection
[12]. Furthermore, the waveform can be measured by 16
or even more slave channels synchronously which also al-
lows to stack these measurements in order to increment the
SNR of the resulting reflected waveform. Additional signal
simulator tests are scheduled and thermal vacuum and total



 0

 0.01

 0.02

 0.03

 0.04

 0.05

 0.06

 0.07

 0.08

 0  2  4  6  8  10

si
gn

al
 a

m
pl

itu
de

 [r
el

]

time [sec]

L2C: PRN 17 Walchensee July 18, 2007

Fig. 19 Raw (blue) and filtered (black) amplitude fluctuations of coherent GPS L2C carrier phase observations of PRN 17
reflection event on July 18, 2007 at 25◦ elevation.
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Fig. 20 Raw (blue) and filtered (magenta) 200 Hz I and Q data recorded by the slave correlator which is steered at an additional
delay of 2.33 code chips and rotation of I,Q vector.

ionization tests are projected with the GORS prototype.
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