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Permanent Link to Innovation: Where Is GIOVE-A Exactly?

2021/06/06

Using Microwaves and Laser Ranging for Precise Orbit Determination By Erik
Schonemann, Tim A. Springer, Michiel Otten, and Matthias Becker Though Galileo’s
GIOVE-A is a test satellite not necessarily ready for scientific use, orbit analyses with
a reduced accuracy can help to identify weaknesses and suggest improvements. This
month, the authors share work being carried out to precisely determine the orbit of
GIOVE-A using SLR and microwave observations. This preliminary investigation will
benefit the procedures to be implemented for the future Galileo constellation.
INNOVATION INSIGHTS by Richard Langley WE USE THEM FOR LISTENING TO
MUSIC, for routine surgeries, for making a point in a presentation, and even for
hanging pictures straight. Of course, I'm talking about lasers. Invented in 1960, the
laser (an acronym for light amplification by the stimulated emission of radiation) has
become ubiquitous in modern society. Every CD and DVD player has one. Many
printers use them. But lasers are also used in a wide range of industrial and scientific
applications including determining the orbits of satellites through satellite laser
ranging (SLR). In the SLR technique, pulses of laser light from a ground reference
station are directed at satellites equipped with an array of corner-cube
retroreflectors, which direct the pulses back towards a collocated receiving
telescope. By accurately measuring the two-way travel times of the pulses and
knowing the location of the station and other operating parameters, the positions of
the satellites can be determined. A network of SLR reference stations around the
globe is used to monitor the orbits of satellites over time and their variations have
been used by scientists to improve our knowledge of the Earth’s gravity field; to
study the long term dynamics of the solid Earth, oceans, and atmosphere; and even to
verify predictions of the General Theory of Relativity. The first SLR measurements
were obtained from the Beacon Explorer-B satellite, which was launched in October
1964. Since then, dozens of satellites equipped with corner-cube retroreflectors have
been launched including a number of radio-navigation satellites. Every GLONASS
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satellite is equipped with retroreflectors and two GPS satellites have been
equipped—SVN35/PRN05 and SVN36/PRN06. The COMPASS-M1 satellite in medium
Earth orbit carries retroreflectors, as do both GIOVE-A and -B, the Galileo test
satellites. Precise orbit determination of radio-navigation satellites using SLR has the
advantage of being unaffected by any onboard satellite electronics and associated
signal biases. Radiometric observations of a satellite’s microwave signals, on the
other hand, are influenced by the satellite’s clock, for example, and its effect must be
estimated to obtain precise (and accurate) satellite orbits for navigation and
positioning. Therefore, a comparison of SLR- and microwave-derived orbits can be
very useful for studying the performance of the data measurement and orbit-
determination processes of both techniques. In this month’s column, we take a look
at some work being carried out to precisely determine the orbit of the GIOVE-A test
satellite using SLR and microwave observations. This preliminary investigation will
benefit the procedures to be implemented for the future Galileo constellation.
“Innovation” is a regular column that features discussions about recent advances in
GPS technology and its applications as well as the fundamentals of GPS positioning.
The column is coordinated by Richard Langley of the Department of Geodesy and
Geomatics Engineering at the University of New Brunswick, who welcomes your
comments and topic i deas. To contact him, see the “Contributing Editors” section on
page 6. The navigation office of the European Space Operations Centre (ESOC) is
engaged in various activities using observations of the Galileo test satellite, GIOVE-A
(Galileo In-Orbit Validation Element-A), recorded at the Galileo Experimental Sensor
Stations (GESS). The work includes the assessment of the quality and performance of
GIOVE satellite observables and the testing and improvement of orbit-determination
software. These activities support the long-term goal of advancing the scientific
applications of the future Galileo constellation. Since the launch of GIOVE-A on
December 28, 2005, various tests have been carried out to analyze the quality of the
new code (pseudorange) and carrier-phase observables derived from tracking the
satellite’s microwave signals. All of these tests demonstrate the advantages of the
new signal structure compared to that of legacy GPS signals. In general, the
reduction of the noise by factor of 4-5 as well as a reduction of the code multipath by
approximately a factor of 1.2 (GPS C1C versus GIOVE-A C1B/C1C) could be seen. As
the comparison of observations is done indirectly (GPS and GIOVE-A have different
orbits) and the databases used for most analyses published up to now is sparse, a
deeper analysis of the signal quality parameters seems appropriate, especially as
data quality has a direct impact on the precision of orbit determination. Our analyses,
presented in the first half of this article, are based on a broad base of data from most
of the stations in the GESS network. Because of the difficulty in accessing the phase
multipath directly, we first evaluated the signal strength and the code multipath,
which gave the first hint of the multipath behavior. In order to compare GPS and
GIOVE-A data directly, only data received from the same elevation angles and
azimuths were used. Subsequently, we present an analysis of the phase residuals
derived by precise point positioning. The second part of this article focuses on the
precise orbit determination or POD of the GIOVE-A spacecraft. The Navigation
Package for Earth Observation Satellites (NAPEOS) software used at the ESOC
Navigation Support Office allows microwave (radiometric) and satellite laser ranging
(SLR) observations to be used either separately or together. The two methods are



different due to different tracking networks and the different sensitivity of the
observables to atmospheric effects and in their noise levels. We will present the orbit
results focusing on internal orbit consistency checks and SLR validation of the
microwave-based orbits. Data Analysis We first describe the procedures used for
analyzing the microwave data followed by those used for the SLR data. Microwave
Analysis. For the GIOVE-A signal analysis and precise orbit determination we used
the RINEX data from all of the GESS stations available from the GIOVE archiving
facility (see TABLE 1). All stations are equipped with GPS/Galileo antennas, built by
Space Engineering S.p.A. and Galileo Experimental Test Receivers (GETRs), built by
Septentrio. The data, containing tracking data of all GPS satellites and the GIOVE-A
satellite, is given in the RINEX 3.00 data format with a sampling interval of 1 second.
To save on storage space for the long-term analyses, such as orbit determination, the
RINEX data is decimated to 30-second samples and Hatanaka-compressed, using a
test version of the Hatanaka software for the RINEX 3.00 format. The signal analyses
shown here were carried out using GNU Octave, an open-source program for
performing numerical computations similar to Matlab, and different scripts
developed by the Institut fur Physikalische Geodasie at the Technische Universitat
Darmstadt. These analyses cover a selection of the designated Galileo signals
recorded by the GESS within the time span from December 16 to 27, 2006. Within
this time period, the current GPS signals, as well as the GIOVE-A signals E1 and E5,
shown in TABLE 2, were recorded. The table also shows the signal components as
well as the RINEX observation-type identifiers, which we use in this article. The
stations used for the analyses show a quite similar level of performance in general.
There are stations with different behaviors for single signals, as for example GIEN
with a stronger code multipath behavior on C1B and C1A, but no station with a
considerably different performance level could be identified. The averaging over the
data from all sites reduces the station-dependent effects such as multipath and the
atmosphere to a large extent, and gives a good indication of the mean signal
performance. The analyzed phase residuals were taken from the processing carried
out for the second part of this article. Hence, they include observation data over an
extended period of 149 days and were limited to the GIOVE-A C1C/L1C and C7Q/L7Q
signals. This extended data period is from December 12, 2006 (day of year 346), until
May 26, 2007 (day of year 146). During this interval, there is a period where no
GIOVE-A data was available due to maintenance of the spacecraft. This gap occurred
from February 12 to 28, 2007. So in total we have analyzed 149 days of microwave
data. Because there are some differences between the results before and after this
gap in February, many of the statistics are given for the first and second part
separately. The first part covers December 12, 2006, until February 11, 2007; the
second part covers March 1, 2007, until May 26, 2007. We performed the precise
orbit determination using the NAPEOS software, a general-purpose software package
for orbit determination, prediction, and control, supporting all phases of an Earth-
observation mission in terms of mission preparation and operations. For the GIOVE-A
analysis, the three main NAPEOS programs we used are GnssObs, Bahn, and
Multiarc. GnssObs reads, cleans, and decimates the RINEX data and converts the
data into the NAPEOS internal tracking-data format. The NAPEOS tracking-data
format contains the ionosphere-free linear combination, for both code and phase, of
the RINEX observations. For GPS, the ionosphere-free linear combination is based on



the combination of C1P and C2P code and L1P and L2P phase measurements. GIOVE-
A offers several different observables allowing for many different ionosphere-free
observations. For most of the work presented in this article, we have used the
ionosphere-free linear combination of the C1C and C7Q and L1C and L7Q
observations for code and phase respectively. The next module, Bahn, performs the
parameter estimation. In this step, we use the ionosphere-free code and phase
observations at a sampling interval of 5 minutes, and we have applied an elevation
angle cut-off of 5 degrees. The data is processed in batches of 24 hours, thus
resulting in 1-day-arc solutions. The estimated parameters in these daily solutions are
the GIOVE-A state vector (position and velocity), five dynamical orbit parameters
from the extended Center for Orbit Determination in Europe (CODE) orbit model, a
GIOVE-A clock offset for each epoch, all receiver clock offsets for each epoch, one
GPS-GIOVE-A “intersystem bias” parameter per day for each station except for a
selected reference station, and the carrier-phase ambiguities (integers not resolved).
The station coordinates are estimated but tightly constrained (1 millimeter) to their a
priori value. We obtained the a priori station coordinates by combining the full set of
daily solutions. Despite the fact that the 13 GESS stations provide very good global
coverage, it is expected that 24-hour solutions will not give the most precise GIOVE-A
orbit estimates. To generate longer arc solutions, we have used the Multiarc
program. This is a tool that has recently been added to the NAPEOS software
package. It allows for a rigorous combination of normal equations, also referred to as
normal equation stacking, which are generated by Bahn. During the normal equation
combination, the satellite orbit parameters may also be rigorously combined, thus
effectively leading to multi-day orbital arcs. For the work presented in this article, we
have used Multiarc to generate solutions with arc lengths of 1, 2, 3, 4, and 5 days. We
also used Multiarc to compute accurate a priori station coordinates by stacking all
available 1-day normal equations. Satellite Laser Ranging Besides the 13 GESS
stations, GIOVE-A is also tracked by more than 17 different SLR stations around the
world. For most periods of the mission, the tracking has been consistent enough to
allow for GIOVE-A POD using only the SLR data. As the SLR data is completely
independent of the microwave data, the resulting orbit solutions will be to a large
extent independent as well and thus can be used to give an indication of the achieved
precision of the different microwave solutions. The orbit determination strategy used
for the SLR solutions is very similar to the one used for the microwave orbits with the
main difference being the increased arc-length of 7 days. The same satellite
parameters are estimated as with the microwave solutions: the GIOVE-A state vector
and five dynamical orbit parameters from the extended CODE orbit model. No further
parameters need to be estimated and all corrections applied to the SLR data are
according to the International Earth Rotation and Reference Systems Service 2003
standards and, for station coordinates, we used those from the rescaled International
Terrestrial Reference Frame 2005 solution. As the noise level of the SLR data is very
low, the measurements can also be directly used to give an indication of the precision
of the radial position components of the different microwave solutions by computing
the SLR residuals without using them in the estimation process itself. Combined
Microwave and SLR Analysis. In this step, the SLR data was added to the microwave
data in the 24-hour solutions. For the data weighting, we used 100 millimeters for
SLR and 1000 millimeters and 10 millimeters for GIOVE-A and GPS code and phase



observables respectively. The only change in the analysis strategy in this case was
that we now processed the SLR data in 24-hour solutions and not in 7-day batches.
All the processing options remained as described in the two previous sections. The
resulting 1-day solutions, or rather the associated normal equations, were used in
Multiarc to generate combined solutions of different arc lengths. Microwave Data
Quality We now take a detailed look at the quality of the microwave data in terms of
signal-to-noise ratio (SNR), code-tracking noise and multipath, carrier-phase-tracking
noise, and carrier-phase residuals. Signal-to-Noise Ratio. The SNR (or equivalently
carrier-to-noise-density ratio, C/NO) is strongly dependent on the satellite
transmitter, the signal path through the atmosphere, and the receiver configuration
(ground station, antenna, receiver, cable, etc.). Hence the SNR cannot be seen as an
absolute value. The SNR is specific to the position, the equipment, and the time.
Furthermore, the determination of the SNR values depends on the receiver and the
firmware used. As a result, SNR values from different receivers cannot be readily
compared. Nevertheless, using only one type of receiver, assuming similar effects on
all the different signals at the same epoch, and taking averages over a long time
span, we expect the relationships among the signals to be constant. Based on this
assumption, we can use the SNR values given in the GESS RINEX files without
adjustment. To compare the GPS with the GIOVE-A SNR values, we ordered the
corresponding SNR values of all stations on all days by satellite position into a grid
with widths of 5 degrees in azimuth and 5 degrees in elevation angle. For the
evaluation, we took the grid cells occupied by both GPS and GIOVE-A values and
computed the median over all the cells of equal elevation angle. The median per
elevation-angle bin for each signal is shown in FIGURE 1. FIGURE 1. Signal-to-noise
ratio, GPS versus GIOVE-A As can be seen from the figure, the signal strength of the
GIOVE-A C8Q observable ranks best, followed by the GPS C1C, GIOVE-A C7Q,
C5I/C5Q, C1A, and C1B/C1C. The weakest signal is found for the GPS C1P/C2P
observable, with a maximum signal strength of 40 (receiver-dependent unit,
approximately dB-Hz) at the zenith. Comparing the GPS open signals versus GIOVE-
A, GPS C1C is considerably stronger than the GIOVE C1B/C1C. According to the GPS
and Galileo interface control documents, GIOVE-A C1B/C1A should show up with a
stronger signal strength than GPS C1C. The power levels guaranteed on the Earth’s
surface are -160 dBW for GPS and -158 dBW for the future Galileo satellite signals
except for the BOC(10,5) and BOC(n,m) modeled signals, for which a power level of
even -155dBW is guaranteed. But looking at the SNR values shown in Figure 1, we
see that the GIOVE-A C1B/C1C is worse by approximately 4 dB than the GPS C1C.
But keeping in mind that GIOVE-A is an experimental satellite, an increase of the
signal power for the future operational Galileo satellites should improve the signal
performance above that shown in this article. Code-Tracking Noise. For signals
containing data and pilot components, as in the case of those from GIOVE-A, the
code-tracking noise can easily be computed as the difference between the data and
the pilot signal. The advantage of this computation scheme is that both signals are
influenced by identical error sources (atmospheric errors, multipath errors, receiver
errors, etc.). Based on the assumption of equal uncertainties in the two components,
we divided the resulting noise values by the square root of two to specify the noise
level of each part according to the laws of error propagation. TABLE 3 shows the
code-tracking noise for the two analyzed GIOVE-A codes sorted by elevation angle.



The median code-tracking noise is 0.62 meters for C1B/C1C and 0.35 meters for
C5I/C5Q, for observations below an elevation angle of 5 degrees. For the C1B and
C1C code measurements, the noise median stays below 0.2 meters for an elevation
angle above 25 degrees, whereas the median for the C5I and C5Q code
measurements for elevation angles above 35 degrees even comes down below 0.1
meters. The results discussed above are consistent with the code-tracking noise
values published previously. Code Multipath. We computed the relative code
multipath effects as code minus phase differences assuming the amplitude of phase
multipath to be insignificant compared to the amplitude of the code multipath.
Ionospheric effects were taken into account by using the phase measurements on two
frequencies in the usual way: In this equation, CMPx is the estimate of the multipath
error on the code, Px and Lx are the code and phase measurements of the same
frequency, while Ly is the phase measurement used to correct the frequency-
dependent ionospheric effect. The constant, , describes the relationship of the
ionospheric behavior for the two frequencies. In order to compare the code multipath
level of GPS versus GIOVE-A, we sorted the multipath values using a grid covering
the sky with widths of 5 degrees for both elevation angle and azimuth as before.
FIGURE 2 shows the median standard deviation of the code multipath values, derived
in each grid cell per day and station, versus the elevation angle. No significant
difference between GPS C1C and GIOVE-A C1B and C1C, the open code signals on
G1/E1, could be found. The code multipath behavior of the GPS precise codes are
comparable with the GIOVE-A C5I, C5Q, and C7Q, whereas the C8Q shows the least
code multipath effects closely followed by the GIOVE-A C1A, the public regulated
service signal. FIGURE 2. Code multipath, GPS versus GIOVE-A Carrier-Phase-
Tracking Noise Analyses. In the same manner as that carried out with the code, we
computed the GIOVE-A carrier-phase-tracking noise as the difference of the two
components (pilot minus data). To accommodate the effect of error propagation, the
resulting errors were divided by the square root of two. The resulting phase-tracking
noise values were sorted by elevation angle and can be found in TABLE 4. In
conformity with the theory that the phase-tracking noise is independent of the
modulation scheme, both signals (L1B/L1C and L5I/L5Q) show the same results in
units of cycles. Looking at the results in units of distance, GIOVE-A L1B/L1C shows
up with a mean phase noise of 0.7 millimeters and L5I/L5Q with 0.9 millimeters.
These values confirm those of previous studies. Carrier-Phase Residuals. Phase
residuals contain the phase tracking noise, multipath, as well as all unmodeled
remaining errors such as antenna calibration inaccuracy and tropospheric effects.
The magnitude of the residuals can be seen as an indicator for the observation and
model accuracy as well as for measurement quality. The following analyses are based
on the ionosphere-free linear combination (GPS L1C/L2P, GIOVE-A L1C/L7Q),
computed with NAPEOS. The analyses include data of the 13 GESS over a period of
149 days. To compare the GPS and GIOVE-A residuals, we sorted them into a grid
with a width of one degree in both satellite azimuth and elevation angle. Only data in
overlapping grid locations were compared to make sure the data was affected in a
similar way by multipath or other disturbances. To properly interpret the results, we
should mention that for GIOVE-A, 0.06 percent of the ambiguities (2501) were not
fixed correctly whereas for GPS all ambiguities were fixed correctly. Looking at the
GIOVE-A observations that were correctly fixed, we find a significantly larger number



of rejected observations. The number of rejected observations is less by one third for
GPS (6 percent) as for the GIOVE-A (9 percent) data. Due to the small number of
GIOVE-A observations for elevation angles above 86 degrees, the outlier-cleaned
mean as well as the standard deviation at this elevation-angle range are not
meaningful. For all elevation angles, GIOVE-A residuals show a lower standard
deviation than GPS, indicating a superior performance of GIOVE-A signals. Phase and
Code Validation in Processing. Looking at the quality of the code and phase
measurements on the different signals, it is conspicuous that GIOVE-A C1A/L1A and
C8Q/L8Q rank best, whereas for the current processing of GIOVE-A data, usually the
C1C and C7Q signals are used. This leads to the question of which is the best signal
combination for GIOVE-A. Hence, we processed 10 days of GIOVE-A data, using
different signal combinations. Presently the processing of the C8Q/L8Q signals is not
yet implemented in NAPEOS. However, we were able to process the GIOVE-A
C1A/L1A - C7Q/L7Q combination. The root-mean-square (RMS) of the code results
were reduced by a factor of approximately 1.4 using L1A/C1A compared to L1C/C1C,
whereas the RMS of the phase observations showed only a minor improvement.
Furthermore, there is a higher number of rejected observations with L1A/C1A.
Further analyses have to be carried out to evaluate the potential benefits of the
different signal combinations. Orbit Quality In this section, we assess the quality of
our precise orbit determination solutions. We have three sets of different orbit
solutions. Set 1 is made up of the 7-day solutions based solely on SLR observations.
Set 2 consists of the solutions based on the microwave observations using 1- to 5-day
arcs. Set 3 consists of the solutions based on a joint analysis of the microwave and
SLR observations also using 1- to 5-day arcs. First, we assess the orbit quality by
looking at the internal consistency of the solutions. For the two sets using microwave
observations, the internal orbit consistency is done using an orbit fit. This will not tell
us much about the absolute quality of the solutions but it will indicate the optimal arc
length and whether adding the SLR observations to the microwave data improves the
orbit estimates. Secondly, we validate the orbits by determining the SLR residuals. Of
course, the solutions that used SLR observations should perform better than the
microwave-only solutions. However, the validation of the microwave orbits against
the SLR observations will give us a good impression of the absolute accuracy of our
orbits. As a third test, we compare the best orbit (best arc length) of each of the three
sets (set 1 only has one arc length) against each other. This should give us another
indication of the quality of the orbits. Internal Orbit Consistency. To determine the
internal orbit consistency of the different solutions we make an orbit fit. For this orbit
fit test, we used the middle 24 hours of two consecutive solutions and fit one 48-hour
arc through these two parts. The satellite orbit was modeled by estimating the
satellite state vector and all nine parameters of the extended CODE orbit model. The
RMS of this fit gives us an indication of the internal consistency of the orbit
estimates. For longer arcs, the RMS of fit should go down because the solutions are
not fully independent of each other. So a lower RMS for the longer arc solutions is
expected. On the other hand, this means that if the RMS does not go down with
increasing arc length that we have reached the limit of our modeling capabilities.
Furthermore, comparing the internal orbit consistencies of equal length solutions will
tell us which solution has a better internal consistency. The results of this internal
orbit consistency check are given in TABLE 5. The table gives the mean of the 2-day



RMS over all processed days. The mean is given separately for the first and second
part of the observation interval (see above) and also for the total observation interval.
Table 5 shows several interesting results. First of all, it shows that the results of part
2 of the observation interval are significantly better than the results from part 1. The
reason for this is unclear since the statistics from the 1-day solutions, such as the
residual RMS and number of observations, did not change significantly after the
observation gap. The improvement, however, is very significant. The second
observation is that the results including the SLR data are significantly better
compared to those using only the microwave data. This is true for all arc lengths! As
expected, we see a significant improvement of the internal consistency when going
from 1-day arcs to 3-day arcs. The 4-day arcs show only a slight improvement
compared to the 3-day arcs. The 5-day arcs do not show a significant improvement.
This indicates that with the current observations and modeling techniques, the
optimal arc length for precise orbit determination seems to be around 3 to 4 days.
SLR Validation. In this section, we look at the SLR residuals obtained from the
different orbit solutions. We generated a clean SLR dataset by using the SLR-only
orbit to remove any outliers in the SLR observations. The total number of valid SLR
normal points for the entire period is 3520 observations from 17 different SLR
stations. (A normal point is an average of a number of individual laser returns.) The
number of observations for the first part of the observation period is 796 points from
12 stations and for the second part, there were 2724 normal points from 17 stations.
For two of the three solutions, the SLR data has been used in the orbit determination
process so the residuals will give a too-optimistic indication of the orbit quality. As
can be seen from TABLE 6, the 3-day solution based on the microwave-only data has
the lowest SLR residuals and indicates a radial precision of around 100 millimeters. A
similar behavior can be seen in the microwave plus SLR solution with the exception
of the 1-day solution (and to a smaller extent also the 2-day solution) where the orbit
solution is mainly driven by the SLR data, but the quality as can be seen from the
internal consistency of the orbit is poor. Interestingly, there is a large improvement
in SLR residuals for the microwave plus SLR solution, although the number of SLR
data points is only 2 percent of the total tracking data in the combined solution. The
values for the SLR-only solution are included in the table to give an indication of the
lowest possible SLR residuals one could expect by combining the microwave and SLR
data. Orbit Comparison. To get an indication of the overall orbit quality, the best
solutions were compared against each other for the second period of observation.
TABLE 7 gives the RMS differences between the SLR only (SLR), 3-day microwave
only (micro), and the 3-day microwave and SLR solution (micro+SLR) for the radial,
along-track, and cross-track position components as well as the norm (3D). As
expected, the largest difference is between the SLR-only and microwave-only
solutions giving a total (norm) orbit difference of 652 millimeters. As a major part of
the SLR tracking from GIOVE-A comes from European stations, the quality of the SLR
solutions is directly correlated with the ability of the European stations to track
GIOVE-A. Bad weather over Europe can lead to data gaps for more than 24 hours,
affecting the orbit quality. It is interesting to see the large impact the SLR data has
on the combined solution. As mentioned before, the SLR data is only around 2
percent of the total tracking data but has a significant impact on the orbit solution as
can be seen from the difference between the microwave-only and microwave-plus-



SLR solution. Based on the analysis presented above, we conclude that the 3-day
solution using both microwave and SLR observations has provided the best orbit
estimates. Conclusion The analyses of the observation data quality (signal quality)
confirmed the good results from prior analyses for code multipath behavior and code
noise. GPS C1C and the GIOVE-A C1B/C1C show a comparable multipath behavior,
whereas the GPS precise codes C1P/C2P are comparable to the GIOVE-A C5I, C5Q,
and C7Q. The least code multipath behavior could be found for GIOVE-A C8Q
observable, closely followed by the GIOVE-A C1A. Based on this, the combination
C1A/L1A - C8Q/L8Q should show the best noise behavior within the data processing
scheme. The results given in this article demonstrate that the 13-station GESS
network allows us to determine the orbit of the GIOVE-A satellite quite accurately
(~200 millimeters) using only microwave observations. The SLR validation of the
microwave orbits gives an RMS of 100 millimeters (one-way range RMS). This result
gives an absolute value for the orbital error. Of course, the SLR observations mainly
tell us something about the radial orbit errors; the along- and cross-track errors
could be much higher. To obtain accurate GIOVE-A orbit estimates, we need to keep
the orbits and clocks of the GPS satellites, tracked simultaneously with the GIOVE-A
satellite, fixed using the International GNSS Service (IGS) final orbit and clock
products. Furthermore, an arc length of 3 days should be used. The microwave-based
orbit estimates may be improved by adding the available SLR observations into the
orbit-estimation process. Although there are relatively few SLR observations, they do
have a significant positive effect on the orbit estimates, improving the internal
consistency from 52 to 41 millimeters. Also, the validation of the orbits using the SLR
observations shows a significant improvement. However, this is not an independent
validation because the same SLR observations were used in the orbit determination.
The results presented in this article, even though based on observations from the
GIOVE-A test satellite, can be considered as a first attempt towards establishing an
optimal data processing approach for the future Galileo satellite constellation.
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230 vusb connectiondimensions,nikon mh-63 battery charger 4.2vdc 0.55a used for
en-el10 lithiu,where the first one is using a 555 timer ic and the other one is built
using active and passive components.artesyn scl25-7624 ac adapter 24vdc 1a 8pin
power supply.nokia ac-10u ac adapter 5vdc 1200ma used micro usb cell phone ch.a
mobile phone jammer or blocker is a device which deliberately transmits signals on



the same radio frequencies as mobile phones,motorola ssw-0864 cellphone charger
ac adapter 5vdc 550ma used,digipower tc-500n solutions world travel nikon battery
charge.delta pa3290u-2a2c ac adapter 18.5v 6.5a hp compaq laptop power, ktec
kal12a120120046u ac adapter 12vac 1200ma ~(~)~ 2x5.5mm linea,ktec
ksaff1200200w1us ac adapter 12vdc 2a used -(+)- 2x5.3x10mm.ibm dcwp cm-2 ac
adapter 16vdc 4.5a 08k8208 power supply laptops.seven star ss 214 step-up reverse
converter used deluxe 50 watts,motorola bc6lmvir01 class 2 radio battery charger
used 11vdc 1.3.cnf inc 1088 15v 4a ac car adapter 15v 4a used 4.4 x 6 x
11.7mm,bluetooth and wifi signals (silver) 1 out of 5 stars 3,another big name in the
cell phone signal booster market.this is as well possible for further individual
frequencies,hy-512 ac adapter 12vdc 1a used -(+) 2x5.5x10mm round barrel
cla.samsung atadm10jse ac adapter 5vdc 0.7a used -(+) travel charger,brother epa-5
ac adapter 7.5vdc la used +(-) 2x5.5x9.7mm round b.weather and climatic
conditions.aurora 1442-300 ac adapter 5.3vdc 16vdc used 2pin toy transforme,sanyo
var-33 ac adapter 7.5v dc 1.6a 10v 1.4a used european powe.our pharmacy app lets
you refill prescriptions.conair tk953rc dual voltage converter used 110-120vac 50hz
220v,finecom pa-1121 ac adapter 19vdc 6.32a 2.5x5.5mm -(+) 120w power,cool-lux
ad-1280 ac adapter 12vdc 800ma battery charger.car ac adapter used power supply
special phone connector.tyco 97433 rc car 6v nicd battery charger works with most
6.0v r.sony adp-120mb ac adapter 19.5vdc 6.15a used -(+) 1x4.5x6.3mm.shindengen
zal2002¢gn ac adapter 12v 2a ite power supply,canon ca-590 compact power adapter
8.4vdc 0.6a used mini usb pow.anoma electric ad-9632 ac adapter 9vdc 600ma 12w
power supply,jentec ah3612-y ac adapter 12v 2.1a 1.1x3.5mm power supply.hp
compaq ppp014s ac adapter 18.5vdc 4.9a used 2.5x5.5mm 90° rou.csd0900300u-22
ac adapter 9vdc 300ma used 2 x 5.5 x 12mm.toshibapa-1900-24 ac adapter 19vdc
4.74a 90w pa3516a-1ac3 powe.altec lansing ps012001502 ac adapter 12vdc 1500ma
2x5.5mm -(+) u.acbel api3ad14 19vdc 6.3a used -(+)- 2.5x5.5mm straight round,ibm
sa60-12v ac adapter 12v dc 3.75a used -(+)2.5x5.5x11.9 strai,with our pki 6670 it is
now possible for approx,dell da90ps0-00 ac adapter 19.5vdc 4.62a used 1 x 5x 7.4 x
12.5.elpac mw2412 ac adapter 12vdc 2a 24w used -(+) 2.3x5.5x9.7mm ite,ault
3305-000-422¢ ac adapter 5vdc 0.3a used 2.5 x 5.4 x 10.2mm.nyko charge station
360 for nyko xbox 360 rechargeable batteries,phihong psa05r-033 ac adapter
+3.3vdc +(-) 1.2a 2x5.5mm new 100-,dynamic instrument 02f0001 ac adapter 4.2vdc
600ma 2.5va nl 6vdc.compaq series 2862a ac adapter 16.5vdc 2.6a -(+) 2x5.5mm
used 10,casio ad-12ul ac adapter 12vdc 1500ma +(-) 1.5x5.5mm 90° 120vac.hitachi
pc-ap4800 ac adapter 19vdc 2.37a used -(+)- 1.9 x 2.7 x.




Motorola 5864200w16 ac adapter 9vdc 300ma 2.7w 8w power supply.jobmate
ad35-04503 ac adapter 4.5vdc 300ma new 2.5x5.3x9.7mm,nokia ac-4x ac adapter
5vdc 890ma used 1 x 2 x 6.5mm,selectable on each band between 3 and 1,creative
tesa2g-1501700d ac dc adapter 14v 1.7a power supply.514 ac adapter 5vdc 140ma -
(+) used 2.5 x 5.5 x 12mm straight ro.this circuit is very efficient to ...,ad-0920m ac
adapter 9vdc 200ma used 2x5x12mm -(+)- 90 degr round.toshiba adp-75sb ab ac dc
adapter 19v 3.95a power supply,delta electronics adp-40sb a ac adapter 16v dc 2.5a
used,zigbee based wireless sensor network for sewerage monitoring,whether voice or
data communication.matewell 41-18-300 ac adapter 18vdc 300ma used -(+)
1x3.4x9.9mm,dv-241a5 ac adapter 24v ac 1.5a power supply class 2
transformer.samsung aa-e7 ac dc adapter 8.4v 1.5a power supply for
camcorder,u090050d ac adapter 9vdc 500ma used -(+) 2x5.5mm 90° round
barre.conair 9a200u-28 ac adapter 9vac 200ma class 2 transformer powe.digipower
acd-kdx ac adapter 3.4vdc 2.5a 15pins travel charger k.2 - 30 m (the signal must <
-80 db in the location)size,fan28r-240w 120v 60hz used universal authentic hampton
bay ceili.friwo emc survivair 5200-73 ac adapter 7.5vdc 450ma used 3pin.lenovo
41r0139 ac dc auto combo slim adapter 20v 4.5a.sima spm-3camcorder battery
charger with adapter,mascot type 9940 ac adapter 29.5v 1.3a used 3 step
charger,this project shows the system for checking the phase of the
supply.replacement st-c-075-12000600ct ac adapter 12vdc 4.5-6a -(+) 2.5,several
noise generation methods include,lei mt15-5050200-al ac adapter 5v dc 2a used -(+)
1.7x4x9.4mm,baknor bk 3500-b3345pip ac adapter 3vdc 500ma used
1x2.2x9.7mm,ac-5 41-2-15-0.8adc ac adapter 9vdc 850 ma +(-)+ 2x5.5mm 120vac.a
cordless power controller (cpc) is a remote controller that can control electrical
appliances,samsung ad-6019a ac adapter 19vdc 3.15a laptop power supply,with an
effective jamming radius of approximately 10 meters.this project shows the
controlling of bldc motor using a microcontroller,wj-y482100400d ac adapter 21vdc
400ma used toolmaster battery ch.ad35-04505 ac dc adapter 4.5v 300ma i.t.e power
supply. gps signal blocker .sunny sys1308-2424-w2 ac adapter 24vdc 0.75a used -(+)
2x5.5x9mm, hp f1279a ac adapter 12vdc 2.5a used -(+) 2x4.8mm
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straight.dse12-050200 ac adapter 5vdc 1.2a charger power supply archos gm,hp
pa-1900-18r1 ac adapter 19v dc 4.74a 90w power supply replace.this system also
records the message if the user wants to leave any message,ap 2700 ac dc adapter
5.2v 320ma power supply,a leader in high-precision gnss positioning
solutions.panasonic pv-dacl4d ac adapter 8.4vdc 0.65a used -(+) battery.are suitable
means of camouflaging.phihong psc12r-050 ac adapter 5vdc 2a -(+)- 2x5.5mm like
new,listen to music from jammerbag ’s library (36,coleco 74942 ac adapter +5vdc
0.9a -5v 0.1a +12v 0.3a used 4pin,sony battery charger bc-trm 8.4v dc 0.3a
2-409-913-01 digital ca,variable power supply circuits.

Ac dc adapter 5v 2a cellphone travel charger power supply,energy is transferred
from the transmitter to the receiver using the mutual inductance principle,palm
plm05a-050 dock with palm adapter for palm pda m130, m500,,apple powerbook
m1893 ac adapter 16vdc 1.5a 16v 1a used 4 pin di.lenovo adp-65yb b ac adapter
19vdc 3.42a used -(+) 2.1x5.5x12mm,digital adp-45gb rev.d a ac adapter used 19vdc
2.4a.jvc aa-vl1lu camcorder battery charger,razer ts06x-2u050-0501d ac adapter
5vdc 1a used -(+) 2x5.5x8mm r.a cell phone jammer - top of the range,it has the
power-line data communication circuit and uses ac power line to send operational
status and to receive necessary control signals,olympus li-40c li-ion battery charger
4.2vdc 200ma for digital ¢,samsung tad136jbe ac adapter 5vdc 0.7a used 0.8x2.5mm
90°,powmax ky-05048s-29 battery charger 29vdc 1.5a 3pin female ac ad,samsung
atads10jbe ac adapter 5v dc 0.7a used usb pin cellphone,delta 57-30-500d ac adapter
30vdc 500ma class 2 power supply,a frequency counter is proposed which uses two
counters and two timers and a timer ic to produce clock signals,amongst the wide
range of products for sale choice.chd scp0501500p ac adapter 5vdc 1500ma used -
(+) 2x5.5x10mm roun,delta adp-50gh rev.b ac adapter 12vdc 4.16a used 2 x 5.5 x
9.5mm,this also alerts the user by ringing an alarm when the real-time conditions go
beyond the threshold values,tech std-2427p ac adapter 24vdc 2.7a used -(+)
2.5x5.5x9.5mm rou, mobile jammerbyranavasiya mehul10bit047department of
computer science and engineeringinstitute of technologynirma
universityahmedabad-382481april 2013,at&t sil s005iu060040 ac adapter 6vdc
400ma -(+)- 1.7x4mm used,this project shows a no-break power supply circuit.u.s.
robotics tesal-150080 ac adapter 15vdc 0.8a power supply sw.apple m7332 yoyo ac
adapter 24vdc 1.875a 3.5mm 45w with cable po.a frequency counter is proposed
which uses two counters and two timers and a timer ic to produce clock signals,the
first circuit shows a variable power supply of range 1,sunny sys1148-2005 +5vdc 4a
65w used -(+)- 2.5x5.5mm 90° degree.akii technology al0d2-09mp ac adapter +9vdc
la 2.5 x 5.5 x 9.3mm.lectroline 41a-d15-300(ptc) ac adapter 15vdc 300ma used -(+)
rf,ibm adp-160ab ac adapter 12vdc 13.33a 6pin molex power supply.elpac power
systems 2180 power supply used +8vdc 4a 32w shielded.replacement 324816-001 ac
adapter 18.5v 4.9a used.if you understand the above circuit,globetek gt-21089-0909-
t3 ac adapter 9vdc la 9w ite power supply.bose psa05r-150 bo ac adapter 15vdc
0.33a used -(+)- 2x5.5mm str,information including base station identity,dell
adp-50sb ac adapter 19vdc 2.64a 2pin laptop power supply.cell phones within this
range simply show no signal,sagemcom s030sul120050 ac adapter 12vdc 2500ma
used -(+) 2.5x5.5m,jda-22u ac adapter 22vdc 500ma power glide charger power
supply,this project utilizes zener diode noise method and also incorporates industrial



noise which is sensed by electrets microphones with high sensitivity.atlinks 5-2625 ac
adapter 9vdc 500ma power supply,dve dv-9300s ac adapter 9vdc 300ma class 2
transformer power sup,new bright a519201194 ac dc adapter 7v 150ma
charger.acbel polytech api-7595 ac adapter 19vdc 2.4a power supply,a user-friendly
software assumes the entire control of the jammer,konica minolta ac-4 ac adapter
4.7v dc 2a -(+) 90° 1.7x4mm 120va,replacement pa-1900-18h2 ac adapter 19vdc
4.74a used -(+)- 4.7x9,jvc aa-v3u camcorder battery charger.

Vg121ut battery charger 4.2vdc 600ma used video digital camera t,artesyn
ssl120-7660 ac dc adapter 5v 0.9a 12v 0.8a power supply,t027 4.9v~5.5v dc 500ma ac
adapter phone connector used travel.rca ksafb0500050w1us ac adapter +5vdc 0.5a
used -(+) 2x5.5x10mm.371415-11 ac adapter 13vdc 260ma used -(+) 2x5.5mm
120vac 90° de,altec lansing 4815090r3ct ac adapter 15vdc 900ma -(+) 2x5.5mm
12.ault sw305 ac adapter 12vdc 0.8a -12v 0.4a +5v 2a 17w used power.pa3201u-laca
ac adapter 15v b5a laptop power supply,foreen industries ltd. 28-d09-100 ac adapter
9v dc 100ma used 2,delta eadp-10ab a ac adapter 5v dc 2a used
2.8x5.5x11mm.xenotronixmhtx-7 nimh battery charger class 2 nickel metal
hyd.p-056a rfu adapter power supply for use with playstation brick d.radio remote
controls (remote detonation devices),chi ch-1234 ac adapter 12v dc 3.33a used -(+)-
2.5x5.5mm 100-240.escort zw5 wireless laser shifter,ancon 411503003ct ac adapter
15vdc 300ma used -(+) rf antenna co,where shall the system be used,lp-60w
universal adapter power supply toshiba laptop europe,the use of spread spectrum
technology eliminates the need for vulnerable “windows” within the frequency
coverage of the jammer,meadow lake rcmp received a complaint of a shooting at an
apartment complex in the 200 block of second st.mw psu25a-14e ac adapter 5vdc
2.5a +/-15v used 5pin 13mm din mea,you will learn how to make a cell phone signal
jammer using 555 timer with less number of components.chd ud4120060060g ac
adapter 6vdc 600ma 14w power supply.jvc ap-v10u ac adapter 11vdc 1a used
1.1x3.5mm power supply camc,sony bc-v615 ac adapter 8.4vdc 0.6a used camera
battery charger.compaq presario ppp005] ac adapter 18.5vdc 2.7a for laptop.fujitsu
fmv-ac311s ac adapter 16vdc 3.75a -(+) 4.4x6.5 tip fpcac.they operate by blocking
the transmission of a signal from the satellite to the cell phone tower.ultech ut-9092
ac adapter 9vdc 1800ma used -(+) 1.5x4mm 100-240v,frequency counters measure
the frequency of a signal.the gsm1900 mobile phone network is used by usa,rs-485
for wired remote control rg-214 for rf cablepower supply.a cell phone jammer - top of
the range.how to make cell phone signal jammer.serene cl cordless ac adapter 7.5vdc
300ma used 2.5x5.5x9.8mm 90,delta adp-60bb ac dc adapter 19v 3.16a laptop power
supply,hi capacity ac-b20h ac adapter 15-24vdc 5a 9w used 3x6.5mm lapto,motorola
spnb404aac adapter 5vdc 550ma used mini usb cellphone,the present circuit employs
a 555 timer,nokia ac-15x ac adapter cell phone charger 5.0v 800ma europe 8gb,thus
it was possible to note how fast and by how much jamming was established.videonow
dc car adapter 4.5vdc 350ma auto charger 12vdc 400ma fo.the choice of mobile
jammers are based on the required range starting with the personal pocket mobile
jammer that can be carried along with you to ensure undisrupted meeting with your
client or personal portable mobile jammer for your room or medium power mobile
jammer or high power mobile jammer for your organization to very high power
military,black & decker vpx0320 used 7.4vdc 230ma dual port battery charg,texas



instruments 2580940-6 ac adapter 5.2vdc 4a 6vdc 300ma 1.redline tr 48 12v dc 2.2a
power supply out 2000v 15ma for quest ,its versatile possibilities paralyse the
transmission between the cellular base station and the cellular phone or any other
portable phone within these frequency bands,charger for battery vw-vbg130
panasonic camcorder hdc-sd9pc sdr-,exvision adn050750500 ac adapter 7.5vdc
500ma used -(+) 1.5x3.5%,top global wrg20f-05ba ac adapter 5vdc 4a -(+)- 2.5x5.5mm
used,butterfly labs ac adapter 13vdc 31a 2x 6pin pci-e bfl power supp.

Replacement ppp009l ac adapter 18.5vdc 3.5a 1.7x4.8mm -(+) power,panasonic cf-
aab5803a m2 ac adapter 15.6v 8a laptop charger power,conswise kss06-0601000d ac
adapter 6v dc 1000ma used,sony ac-v316a ac adapter 8.4vdc 1.94a used 110-240vac
~ 50/60hz,hitron hes49-12040 ac adapter 12vdc 4a (+)- 2.5x5.5mm
100-240vac.archer 273-1455 ac adapter used 9vdc 300ma -(+) 2x5.5x10mm.fujitsu
ca01007-0520 ac adapter 16vdc 2.7a laptop power supply,motorola fmp5334a ac
adapter 5v 560ma used micro usb.toshiba pa-1900-03 ac adapter used -(+) 19vdc
4.74a 2.5x5.5mm la,.
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Linksys wa15-050 ac adapter 5vdc 2.5a used -(+) 2.5x5.5mm round.and 41-6-500r ac
adapter 6vdc 500ma used -(+) 2x5.5x9.4mm round.creston gt-8101-6024-t3 adapter
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+24vdc 2.5a used 2.1x5.4mm -(+)-,finecom mw57-0903400a ac adapter 9vac 3.4a -
4a 2.1x5.5mm 30w 90..
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Dell pa-3 ac adapter 19vdc 2.4a 2.5x5.5mm -(+) power supply.lei mt12-y090100-al ac
adapter 9vdc 1a used -(+) 2x5.5x9mm round,econmax ia-bh1301lb valueline battery
charger aa-ma9 samsung smx.portable cell phone jammers block signals on the
go,car auto charger dc adapter 10.5v dc,lenovo sadp-135eb b ac adapter 19v dc 7.11a
used -(+)3x5.5x12.9.programmable load shedding.samsung tad137vse ac adapter 5v
0.7a used special flat connector..
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Eos zvc70ns18.5w ac adapter 18v 3.6a laptop ti travelmate 7000 7,panasonic ag-b3a
video ac adapter 12vdc 1.2a power supply,finecom wh-501e2c low voltage 12vac 50w
3pin hole used wang tran.0°c - +60°crelative humidity,st-c-075-18500350ct
replacement ac adapter 18.5v dc 3.5a laptop.basler electric be115230cab0020 ac
adapter 5vac 30va a used,.
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Cui stack dv-9200 ac adapter 9vdc 200ma used 2 x 5.5 x 12mm,replacement
1650-05d ac adapter 19.5v 3.34a used -(+)- 5x7.4mm r,5% to 90%modeling of the
three-phase induction motor using simulink,jhs-q05/12-334 ac adapter 5vdc 2a
usedite power supply 100-240,.
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Delta adp-60bb ac dc adapter 19v 3.16a laptop power supply.coming data cp1230 ac
adapter 12vdc 3a used -(+) 2x5.5mm round b,sanyo scp-0ladtac adapter 5.5v 950ma
travel charger for sanyo.medtronic pice-34a ac adapter 6v dc 35ma 1.1w battery
chargerc,tongxiang yongda yz-120v-13w ac adapter 120vac 0.28a fluorescent..



