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ABSTRACT  
 
 GNSS signal processing for a receiver in a 
geostationary environment is more difficult than for a 
classical receiver on Earth in normal conditions. There are 
numerous differences between the GNSS signals that an 
Earth user receives and the signals that a geostationary 
satellite receives. The specific and main characteristics of 
the GNSS signal received by a geostationary satellite are 
the following: high C/No values only for ray tangential to 
the earth, with C/N0 more frequently between 20dBHz 
and 24dBHz, very important Doppler values (+/-15kHz), 
and poor Dilution Of Precision factor (usually higher than 
5). To cope with these particular constraints we propose 
to elaborate a GPS signal processing strategy that has the 
particularity to be autonomous, that is the receiver does 
not use "aiding data" downloaded from Earth to compute 
its position. In that case, the complexity of the receiver as 
well as its cost is lowered. Its integration in the satellite 
payload is eased too. The geostationary receiver position 
is computed along the day mainly through an acquisition 
snapshot process and an orbital filter.  
As the Doppler range is too large to be processed, as a 
preliminary step of the strategy, we reduce the Doppler 
uncertainty by computing the GPS satellite position 
thanks to almanacs data previously demodulated.  
This preliminary step is investigated in the first part of the 
paper. To be able to process enough GPS signals all along 
the day, with a geometry as good as possible but still 
limited due to the situation, we implement an acquisition 
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method that is able to cope with C/N0 signal values as 
low as 20 dBHz. Thus, three techniques have been studied 
and evaluated: the FFT acquisition method, the Half Bit 
method and the last one is called the Double Block Zero 
Padding method. Yet, in parallel to that, we have to 
ensure that the receiver may be autonomous in that it is 
able to know enough valid ephemeris data from visible 
satellites to compute its position thanks to the 
pseudorange measurements. Indeed, the position of the 
GPS satellites computed thanks to almanacs data is not 
enough accurate to compute the geostationary satellite 
receiver position. It has been shown in [2] that the data 
demodulation threshold must be lowered down to 25 
dBHz to be sure to see at least four GPS satellites with 
valid ephemeris data at any time during the day.  
Once we have fixed the demodulation threshold to ensure 
the autonomy of the receiver, the position is computed 
through acquisition snapshots. But the position estimate 
obtained after the acquisition process depends on the 
accuracy of the peak detection and so, it depends on the 
sampling rate. The results obtained by using the three 
above mentioned acquisition schemes do not lead to an 
accurate position calculation mainly because of the 
geometry of the acquired GPS satellites. That is why we 
propose to implement a peak extrapolation technique to 
improve the accuracy of the peak detection and thus, the 
accuracy of the estimated pseudorange measurement. 
Last, in order to improve the position estimate accuracy, 
we propose to implement an orbital filter to be coupled 
with the GNSS measurements elaborated at the output of 
the acquisition process, that takes into account the main 
forces which drive the movement of a geostationary 
satellite. The performance of this filter is analyzed in the 
last part of the paper. The aim of the paper is to present 
and assess the performance of the global strategy outlined 
above to process GPS signals with a receiver onboard a 
geostationary satellite based on the former characteristics. 
This paper is organized as follows: first, the constraints 
due to the geostationary orbit are briefly remined, then the 
strategy is presented in a second part, particularly we 
stress the means to have an autonomous receiver. A third 
part is dedicated to the three acquisition techniques and 
their performances in term of position accuracy and 
availability are presented. A peak acquisition 
extrapolation is also detailed. In the last part, a Kalman 
filter using a simple force model to describe the satellite 
motion is studied to improve the accuracy of the 
navigation solution. The computational cost of the 
strategy is also investigated. 
 
INTRODUCTION 
  
There is a growing interest in achieving geostationary 
satellites localization by using GNSS signals. However, 
we recall the GPS signal received in a geostationary orbit 
is somewhat different from the signal that a classic earth 
user can encounter. The specific and main characteristics 

of the signal received by a geostationary satellite are the 
following: the C/No values are spread around 15dBHz-
25dBHz and roughly go up to 45dBHz; the Doppler 
values are very important (+/-15kHz), and the Dilution Of 
Precision factors are usually higher than 5. 
 A GNSS receiver onboard a geostationary satellite will 
have to deal with these specific constraints.  Several 
acquisition strategies can be used to cope with these 
constraints and to produce an accurate position. Our aim 
in this work is to use acquisition techniques which work 
in a global autonomous acquisition strategy with a 
minimum computational cost to save energy. So the 
receiver does not use any "aiding data", such as GPS 
ephemeris or almanacs uploaded from the earth. Then, the 
complexity, the cost and the adaptability of the receiver is 
lowered, which is consistent with low energy 
consumption and simple integration within the payload. 
With these operating constraints, we have studied three 
different acquisition techniques to achieve the positioning 
and a Kalman filter to improve the accuracy of the 
calculated position. 
The first part of this paper recalls the characteristics of the 
GPS signal when processing it on a geostationary orbit. 
The problems we face in the geostationary orbit to 
develop an autonomous signal processing are also 
presented. The next part details the solutions used to get 
rid of these problems; notably a solution to increase the 
number of GPS satellites with valid ephemeris the 
receiver can acquire is depicted. It also shows the 
developed strategy to reduce the number of operation the 
receiver carries out along the day. 
The third part of this paper briefly presents three different 
acquisition techniques used to compute the geostationary 
satellite position: the first one is the classic FFT 
acquisition method, the second one is called the Half Bit 
method and the last one is called the Double Block Zero 
Padding method. The results over an entire day are 
presented with a classic least square estimation to 
estimate the position. A peak acquisition extrapolation 
technique is proposed to improve the accuracy of the 
estimated delay whose resolution is limited by the 
sampling frequency. The accuracy of the GEO satellite 
position is then improved. 
The last part of the study proposes a Kalman filter to 
improve the accuracy of the position solution. The 
Kalman filter uses a simple force model to describe the 
geostationary satellite motion. Finally, the computational 
cost of the three acquisition techniques and the Kalman 
Filter are presented 
 
GPS SIGNAL CHARACTERISTICS FOR A 
GEOSTATIONARY ORBIT RECEIVER 
 
The conditions for GPS signal processing are not as 
optimal for a GEO receiver as for an earth-based receiver. 
As depicted in figure 1, the GEO satellites are higher 
above the Earth than the GPS constellation orbit. Then, 
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for most of the time, the GPS antenna does not point in 
the direction of the GEO satellite antenna.  
Let us denote zone 1the area covered by the main lobe of 
the GPS antenna and zone 2 the area covered by the side 
lobe of the GPS antenna. Due to the directivity of the GPS 
antenna and the GEO receiver antenna, the received 
signal strength quickly decreases if the GPS signal is not 
emitted through the main lobe of the GPS antenna. Thus, 
the signals have more power when they are emitted by 
satellites in zone 1, at the opposite of the GEO satellite 
toward the earth. But, at each epoch, the number of GPS 
satellites located in this area is not large and the minimum 
of four satellites required to compute a position 
measurement is not met. The GEO only see 3 satellites for 
less than 60% of the time in this case and it is not 
sufficient to compute its position. 

 
Figure 1:Geostationary satellite visibility 

 
Besides, as in [1], the delay introduced by the crossing of 
the ionosphere for a signal tangent to the earth can 
fluctuate a lot and the delay can be as important as more 
than 100m. To protect ourselves from such a bias, we 
consider an earth masking for the following of the study, 
i.e we assume that the masking radius of the earth is the 
normal radius plus 1000km which stands for the 
ionosphere layer. The signals coming from that direction 
are not considered and thus, the number of “visible” 
satellites is lowered. 
So, in order to increase the number of visible satellites as 
well as their visibility duration, signals emitted through 
side lobes of the GPS antenna, that is from zone 2, are 
considered. The received signal strength becomes far 
lower in this case while the elevation of the GPS satellite 
decreases. With the assumptions made in [1] (notably the 
GEO and GPS antenna gain pattern), the C/No of the 
received signals depending on the elevation of the GPS 
satellite towards the GEO is computed as illustrated in 
figure 2. The noise power density is set to -201dBHz. 

 

Figure 2: Global C/No from the receiver point of view   
with GPS (L1) satellites, C/No=f (

2

π - elevation)  

 
Teta GEO is the off-boresight angle of the GEO antenna. 
The figure 2 shows that the C/No ranges from 45 dBHz to 
less than 15 dBHz when considering the side lobes 
signals. The signal strength is weaker than for an Earth 
user in normal conditions. Most of the received signals 
have strength between 20 and 27 dBHz. So, to benefit 
from extra measurements, the acquisition techniques will 
have to work at least down to these values. In this case, it 
is a trade off between the low signal levels  and the gain 
in the visibility duration of the GPS satellites. The figure 
3 depicts the number of satellites the GEO satellite can 
see with a C/No higher than 20 dBHz and 25 dBHz. The 
visibility is computed for the geostationary satellite 
Artemis which is one of the EGNOS satellites. 
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Figure 3:Probability to see at least N satellites with 
C/No>20 dBHz (left)  and C/No>25dBHz (right) 
 
By processing signals down to 20 dBHz, 9 satellites are 
always visible and more than 12 are visible for more than 
50% of the time. So, the receiver should be able to 
compute a point position. We note that the number of 
visible satellites significantly decreases when we want 
signals with a C/No higher than 25dBHz. In this case, it is 
possible to see 3 satellites at any time. 
In addition to the global visibility problem, the period 
where each GPS satellite signal is received with a C/No 
higher than the data demodulation threshold (DDT) is a 
problem. Indeed, the signal of each GPS satellite is strong 
(i.e above the DDT) only for short periods and these 
periods can be spaced by several hours as it is depicted by 
figure 4. 

Zone 2 
Zone 1 

2390



0 5 10 15 20

20

25

30

35

40

Time(h)

C
/N

O
 (

dB
H

Z
)

EVOLUTION OF THE C/NO OVER ONE DAY FOR THE 24 GPS SATELLITES

 
0 5 10 15 20 25

0

50

100

150

200

250

300

350

400
TOTAL VISIBILITY DURATION WITH C/NO>27 dBHz OVER ONE DAY

PRN number

T
im

e 
(m

in
)

 
Figure 4:Evolution of the C/No , C/No=f(time) (left) 
and duration of the C/No>27dBHz (right) for the 24 
GPS satellites over one day 
 
The usual DDT is set to 27dBHz for L1 C/A. The 
corresponding BER is 6.10-6. The duration for each GPS 
satellite where their C/No is above this value is not long. 
The sum of the visibility intervals is within 100-200 
minutes for most of the GPS PRN as shown in figure 4, 
where the total observation time is one day (1440 
minutes).   
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Figure 5: Received C/No (blue) and C/No>20dBHZ 
+valid ephemeris period (red) for PRN 3 along the day 
 
The red curve shows the period where the received signal 
incoming from PRN3 has a C/No larger than 20dBHz and 
valid demodulated ephemeris with a 27dBHz DDT. As 
shown on figure 5, long periods without the possibility to 
demodulate the data are expected, and as a consequence, 
the ephemeris data exceed their 4hours validity period. 
So, we cannot use those satellites to compute the GEO 
position, even if the received signal is above 20 dBHz. 
Thus, we would like to ease the demodulation of the data.  
 
Another important characteristic of the signals received in 
the geostationary environment is their Doppler frequency 
values. Indeed, the velocity of the GEO is around 4km/s 
in the Earth Centred Inertial coordinate system, and then, 
the rate of change in the distance between the GEO 
satellite and the GPS satellite can reach very important 
figure in some configurations, faster than for an earth 
user. So, the Doppler frequency for a GEO satellite ranges 
from +/- 15kHZ, which is 3 times higher than for an earth 
user. When using GPS satellite with C/No>20 dBHZ, this 
figure falls down to +/-13kHz, nevertheless this figure 

remains high and it implies too many operations during 
the acquisition process if the receiver has to cover this 
range.  
The Dilution of Precision factors are not good in the 
geostationary case because the GPS satellite the GEO 
satellite sees are not numerous and they are not uniformly 
distributed in the space, they are inside a cone of 40° half-
angle. By processing satellites with a C/No>20dBHz, the 
receiver can use more satellites, and yet the PDOP factor 
remain higher than 10 for the GEO receiver. It implies a 
degradation of the position accuracy.  
 
Finally, the main challenges encountered to design an 
autonomous and low cost GEO receiver are: 

- The width of the doppler range which requires to 
predict the doppler. By roughly predicting the 
doppler, it enables the receiver to explore a 
reduced doppler range. This method reduces the 
processing cost (in term of energy consumption 
and processing time), as the remaining doppler 
uncertainty must be far lower than the initial  +/- 
15kHZ global doppler range.  

- The short and spaced period to demodulate the 
navigation data and especially the ephemeris and 
clock correction data: the ephemeris previously 
demodulated may lose their validity because of 
the inability of the receiver to update the last 
demodulated ephemeris. Thus, it is no more   
possible to compute the GEO position. To 
prevent from this problem, lowering the usual 
data demodulation threshold is investigated in 
the next section. 

The next section presents the solution to face these 
problems and the strategy for the autonomous and low 
cost receiver. 
 
 
AUTONOMOUS RECEIVER STRATEGY 
 
As already mentioned, the aim of this paper is to present 
an autonomous receiver which does not use “aided data” 
downloaded from Earth to compute its position. The 
complexity and the electric consumption of the receiver 
must be as low as possible. 
The geostationary receiver position is computed along the 
day through an acquisition snapshot process. In the 
strategy, the position is not obtained with tracking loop 
only as in a classic receiver, notably to reduce the 
processing. The tracking loop channels used to 
demodulate the ephemeris and the almanacs are yet used 
to provide extra pseudorange measurements while they 
are functioning. 
To reduce the energy consumption and the processing 
time, we must first reduce the doppler range.  Indeed, the 
uncertainty on the Doppler frequency has a direct impact 
on the acquisition computation complexity. The number 
of Doppler bins to explore during the acquisition process 
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depends on the Doppler uncertainty which is the deviation 
between the true Doppler and the predicted doppler. With 
the unreduced Doppler uncertainty mentioned in the 
previous section (+/-15kHz), the calculation would be too 
expensive in terms of time and energy consumption. So, 
we need to reduce the Doppler uncertainty. One 
interesting solution to reduce the Doppler uncertainty is to 
know the almanacs or even better all the ephemeris data 
of the visible satellites. So, we consider that at least valid 
almanacs (not older than 1 week) are stored in the 
memory of the receiver: 

• Cold Start 
 If it is the first ever start of the receiver, we consider that 
almanacs have been loaded before the geostationary 
satellite launching. 
 If the receiver has already worked in live conditions, the 
receiver uses the almanacs data which have been 
demodulated during this last processing. To remain valid, 
the almanacs should not be older than 1 week, so the 
receiver should not be shut down for more than a week. 

• Warm Start 
The receiver uses the current valid almanacs demodulated 
during the last 24 hours. It is always possible to 
demodulate the almanacs for the whole GPS constellation 
within one day. Indeed, to get it, the receiver must be able 
to demodulate the data over 12.5 minutes, which is the 
duration of the entire almanacs data. This process is done 
thanks to a tracking loop channel. It is only required to 
demodulate a set of almanac once a week. So the receiver 
needs just one tracking channel continuously operating 
for 12.5 minutes in a week to achieve the demodulation of 
the almanacs. As depicted on figure 4 (left) and 5, it is 
possible to receive a strong signal with C/No >27dBHz 
for more than 12.5 minutes over one day. So, the almanac 
demodulation is achievable with only one tracking 
channel and an almanac demodulation process must be 
launched at least once a week. It is the minimum 
requirement. A better recommendation would be to 
demodulate the almanacs once a day to improve their 
accuracy. 
Knowing the almanacs data and so an approximate 
position of the GPS satellites, the remaining Doppler 
uncertainty only depends on: 

- the uncertainty on the GEO receiver position set 
to 100km 

-  the time uncertainty between the receiver time 
and the  GPS time set to +/-3seconds 

-  the uncertainty the local oscillator drift (we 
assume a 1 p.p.m oscillator grade).  

The Doppler uncertainty falls down to only +/-2000Hz 
with these assumptions, and it can be even lowered by a 
reduction of the local oscillator drift once the first 
Pseudorange is computed. With such a doppler 
uncertainty, the number of doppler bins to search during 
the acquisition process are reduced and so, the number of 
operations decreases too. Then, the computation time and 
the energy consumption are well reduced. 

To be autonomous, the receiver must be able to compute 
the accurate position of at least four GPS satellites at each 
epoch. The accurate GPS positions are obtained thanks to 
the demodulated ephemeris.  As shown in the previous 
section, for each PRN, long periods with signal power 
under the classic data demodulation threshold prevent 
from having continuously valid ephemeris. A solution is 
to decrease the data demodulation threshold, so that the 
period the receiver is able to demodulate the data will 
increase. As a consequence, the periods between two 
ephemeris demodulations will be shortened and we can 
expect we come close to a continuous availability of the 
ephemeris along a day. So, in the developed method, the 
data demodulation technique does not differ from a 
classic technique, but as the receiver try to demodulate 
data with a low power, then the BER may increase. The 
data demodulation threshold depends on the probability of 
bit error we accept during the processing of the data. the 
classic DDT is 27 dBHZ which corresponds to a BER of 
6.10-6. As shown in [2], a DDT set to 25dBHz (BER of 
2.10-4) is a good trade off between the number of satellites 
we can use to compute a position with valid ephemeris 
and the probability to demodulate the entire ephemeris 
data with no error.  
 
Figure 6 shows the number of visible PRN with valid 
ephemeris and C/No>20 by using a 25 dBHz data 
demodulation threshold for the Artemis geostationary 
satellite. 
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Figure 6:Number of visible PRN with valid ephemeris 

and C/No>20 and DDT=25dBHz 
 
There is only a short period where the GEO cannot use 4 
satellites with valid ephemeris to compute its position. 
These periods only last 11 minutes with only 2 or 3 GPS 
satellites available. The average number of useable 
satellite is 6.6 with DDT=25 dBHz.  
In conclusion, to ensure the GPS receiver is autonomous, 
the acquisition method which is implemented in the GEO 
receiver has to work at least down to 20 dBHz with the 
Data Demodulation Threshold equals to 25 dBHz.  
 
Moreover, to reduce the number of operations carried out 
by the receiver during a day, it is possible to use the fact 
that the path of the geostationary satellite is predictable 
with a good accuracy. The almanacs give the position of 
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the GPS satellites with less than 1km error. The position 
of the geostationary satellite is known with a weak error. 
If it is the first start of the receiver, it is assume the GEO 
position is known with an error below 100km (the Kepler 
parameters loaded before launching the satellite can 
achieve this performance). If the receiver is running, the 
receiver uses the last calculated position whose error is 
less than 1 km (see the last section). 
Knowing the GPS almanacs and the approximate position 
of the GEO, it is possible to foresee the elevation of the 
GPS satellites with regards to the GEO satellites. As the 
C/No is a function of the elevation angle as depicted by 
figure 2, the receiver is able to foresee the C/No signals of 
the different PRN.  
The prediction can be made for several hours. Once a 
GEO position/velocity is calculated for a given epoch, its 
position can be accurately propagated with a simple force 
model, as the residual uncertainty on the GPS satellites 
position and the GEO propagated position does not affect 
significantly the accuracy of the elevation computation. 
For the strategy presented in this paper, the acquisition 
snapshot process happens every 30 seconds. Then, the 
propagation of the GEO position is updated from each 
new calculated position, i.e every 30 sec. The propagation 
module works as shown on figure 7, with a GEO satellite 
position propagation time of 2 hours for example. 
             

 
Figure 7: C/No prediction module 

 
The main advantages of such a strategy are the following: 
- the receiver only  acquire PRN  with a predicted    
C/No>20 dBHz. As a consequence, it reduces the number 
of acquisition channel simultaneously working and the 
number of operations done. 
- the receiver begins tracking signal only when the signal 
is strong. It reduced the risk of loss of lock.  

- The number of coherent (C) and non coherent (NC) 
integration are defined to achieve a given probability of 
detection for a given C/No. The knowledge of the C/No 
allow the receiver to chose the optimum C and NC for the 
next acquisition process of the satellite as the receiver 
knows the C/No of the signal. Thus, the number of 
operation is optimised. With such a principle, no 
acquisition or tracking will be achieved for nothing, i.e 
with signal power too weak to be processed successfully. 
Furthermore, it is possible to determine the number of 
operations the GEO receiver will achieve over one day for 
acquiring the GPS satellites by determining the C/No of 
every received signal as a function of the time. 
The current set up strategy cope with an autonomous 
receiver and it allow to reduce the number of 
acquisition/tracking process to its minimum, and so to 
reduce the number of operation carried out. 
The next section shows the acquisition algorithm used to 
compute the GEO satellite position.  
 
 
AUTONOMOUS ACQUISITION ALGORITHM 
AND RESULTS 
 
In this section, the three acquisition methods used to 
compute the GEO satellite receiver position are briefly 
presented. They have already been presented in [2].  
 
1+1ms FFT acquisition method 
The structure of the acquisition loop is presented in 
figure8. We assume that the signal has already been 
filtered by the RF front end filter and down-converted to 

the intermediate frequencyIf . 

When it enters the acquisition loop, the signal has the 
following expression 
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Figure8:Acquisition loop structure 
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new computed GEO position 

 

Acquisition or Tracking process 
launched depending on the C/No 

fs
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The principle of the acquisition depicted in figure 8 is as 
follows: once Tp seconds of the signal have been 
correlated in the FFT correlator, it is squared, and then the 
magnitude is stored into memory. Another Tp seconds of 
signal enters the loop and is processed as previously 
described. The magnitude is added to the previous result. 
This process is repeated M times, M being the non-
coherent integration parameter. The whole process is 
repeated for each Doppler bin. The result of the 
processing is the classic acquisition matrix T. The 
maximum of the acquisition matrix gives the right [delay 

– Doppler] of the received signal. Let dF  be the Doppler 

uncertainty, f∆ be the size of the Doppler bins (Hz) and 

fdN the number of Doppler bins. 

f

F
N d

fd ∆
=   with 

Tp
f

2

1=∆  

The size along the code delay dimension depends on the 
sampling frequency the receiver uses. In this study, the 
sampling frequency is 2fc. This values implies less 
processing but a lower resolution in the estimated delay. 
The size of the T matrix is then: 

2046.22046 ×=× FdTpN fd
 

Consequently, the number of operations are straigth away 

linked to dF and Tp.  

The minimum Tp value is 1ms.  The process used in our 
algorithm differs a bit from the one described in figure 9. 
With Tp=1ms, the FFT correlation is made on 2ms of 
signal with 2ms of local code as shown in figure9: 
 

         
Figure 9: 1+1ms FFT correlation process 

 
The incoming signal samples are put into a 2 ms data 
buffer, half of which will be replaced in a first-in first-out 
manner every 1 ms. The FFT of the incoming signal 
samples over 2 ms is taken. The extended local code 
replica is formed by appending 1 ms of zeros after the 1 
ms of local code. The complex conjugate of the FFT of 
the extended replica is then computed.  
The next correlation process will be carried out with 
block B and block C which is the millisecond coming 
after the block B. 
This technique avoids the correlation losses that can 
happen if a bit transition data occurs inside the block A. 
Thanks to the 1ms zero padding, the FFT correlation over 
2ms is not affected by the data bit transition. The switch 

in the sign of the samples within block A after the bit 
transition and block B is compensated by the way the FFT 
correlation works. 
 
Half Bit acquisition method 
 
The second acquisition method we investigate is the half 
bit method which is developed in [3]. The basic idea is to 
get rid of the losses due to a data bit transition occurring 
during a coherent summation of the signal by performing 
summation over time intervals which are not affected by a 
data bit transition. The principle of this method is to use 
10 ms coherent integration time and to try two different 
intervals. The second interval is delayed by 10 
milliseconds from the first.  The acquisition process is the 
same as in the first acquisition method for each of the two 
sets corresponding to the two different intervals. As a 
consequence, for each set, the size of the T matrix 
depends of the parameter in the same manner as it is 
describes in the previous method.  

 
Figure 10:Construction of the 2 sets 

 
With this temporal cut out, we are sure that at least one of 
the two intervals does not contain a data bit transition 
because transitions are separated by multiples of 20 
milliseconds, the duration of a data bit. Thus, one of the 
two sets does not undergo losses due to a data bit 
transition. Moreover, the receiver does not need any 
knowledge about the data bit transition time. As long as 
the synchro bit is not carried out, the acquisition process 
could face important losses due to coherent integration 
over a data bit transition time. Thanks to this method, one 
of the set is guaranteed to have no bit transitions in any of 
its presquaring summation intervals. 
Obviously, since this method processes an acquisition 
scheme over two sets of signals, the computational cost is 
more important than with the first method. The 
calculation is done over more than twice more signal 
length than with the first method. 
 
Double Block Zero Padding Method 
 
Whereas the first two acquisition methods described in 
this section compute the classic acquisition matrix in 
order to find the right delay and the right Doppler 
frequency which affect the signal, in this method, the 
delay-doppler research is not achieved following that kind 
of time-frequency research with the double block zero 
padding algorithm. The method is described in [4], [5], 
[6], [7]. 

Set 1 Set 1 Set 1 Set 2 Set 2 Set 2 

10ms 

Data Bit transition 

Block A : 
1ms of signal 

Block B : 
1ms of signal 

1ms of local code 1ms of zero 
padding 

FFT 

FFT 

IFFT 

conj 

Block 0  Block C 

          Set1 :   Jo=0                         J1=20                        J2=40 

                  Set2: Jo=10                        J1=30                      J2=50 
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The approach to achieve signal acquisition here is to split 
N milliseconds of data sample into M blocks. Then, 
partial correlations (i.e on less than 1ms of signal) on the 
M blocks are made to find the delay and the Doppler.  
The number of operation to achieve this acquisition 
scheme is far less than the two other processing methods. 
The performances of the three acquisition methods 
described in this section are evaluated in the next 
subsection for a geostationary orbit, notably the position 
error is computed thanks to a least square algorithm.  
 
Acquisition results 
 
The simulations are conducted over 24 hours. The GPS 
signals are simulated under MATLAB.  
The simulated data carry the characteristics the GPS 
signals should have if they were processed by a real 
receiver on a geostationary orbit. For each epoch, the 
elevations of the GPS satellites as well as their distances 
with the GEO satellite are used to compute the C/No of 
the signals reaching the receiver.  The Doppler and the 
transmission delay are also obtained by simulating the 
GEO orbit and the GPS satellites orbits. 
The lowest acceptable signal strength to process the GPS 
signals is set to 20 dBHz. With a predicted C/No under 
that threshold, we will not try to acquire the 
corresponding satellite.  
The acquisition of all visible PRN with valid ephemeris 
and with a C/No>20 dBHz is performed every 30 seconds 
during the 24 hours of simulation. At each epoch, thanks 
to the delay measured by the acquisition process the 
estimated position of the user is computed as well as the 
positioning error. 
To achieve the performances described after, the duration 
of the signal can be as long as 3 seconds. 
Depending on the C/No the receiver should get the signal 
coming from a PRN, we define the number of coherent 
and non-coherent integration carried on during the 
acquisition process for the first two method. We remind 
that the double block zero padding method does not use 
coherent nor non-coherent integration. 
 

• 1+1ms FFT acquisition method 
 

 
Signal strength 

 

Coherent 
acquisition 

(ms) 

Non-Coherent 
acquisition 

Signal 
Duration 

(s) 
C/No>30 1 100 0.1 

30>C/No>26.5 1 200 0.2 
26.5>C/No>24 5 200 1 
24>C/No>22 10 150 1.5 

C/No<22 10 250 2.5 

 
 
 
 
 
 
 

 
• Half Bit acquisition method 
 

 
Signal strength 

 

Coherent 
acquisition 

(ms) 

Non-Coherent 
acquisition 

Total Signal 
Duration (s)/ 

Signal set 
duration 

C/No>30 10 20 0.2/0.1 
30>C/No>26.5 10 40 0.4/0.2 
26.5>C/No>24 10 150 1.5/0.75 
24>C/No>22 10 250 2.5/1.25 

C/No<22 10 350 3.5/1.75 

 
• Double Block Zero Padding Method 
 

Signal strength 
 

Signal Duration 
(ms) 

C/No>30 100 
30>C/No>26 500 
26>C/No>22 1000 

C/No<22 1500 

 
For each epoch, the three algorithms compute the code 
delay for each visible satellite (with C/NO>20 dBHz) 
with valid ephemeris data. With these information, the 
pseudoranges measurements are computed. We can 
compute them because we make the assumption that the 
GEO position is known with the uncertainty of less than 
300km (which is the distance covered by 1ms of signal). 
Since the GEO satellite is on orbit and that orbit does not 
fluctuate fast, we consider our assumption to be realistic. 
The computed delays represent the estimated position 
within a 300km uncertainty. 
The GEO position is estimated thanks to a classic Least 
Square method. 
The geostationary orbit simulated is the Artemis 
(PRN124) orbit. 
The mean position errors are summed up in the following 
table for the three different acquisition method. 
 

 1 +1 ms 
method 

Half Bit 
method 

Double Block 
Zero Padding 

method 
Along track  
Error (m) 

101.1 102.4 
 

211 
 

Radial track 
Error (m) 

742 745   1659 

Tangent track  
Error (m) 

67.8 69.3 136 

Geometric error (m) 751 755 1677 
time proportion with 
more than 4 satellites 
acquired successfully 

 
97% 

 
96.8% 

 
88% 

Mean position error for the three acquisition methods 
 

The error is much more significant along the radial track 
This is due to the configuration of the GPS satellites. 
They are all usually located in front of the GEO satellite, 
inside a little area, so that the accuracy of the 
measurements is not good along the radial track. The 
different GPS satellites do not provide enough 
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information to compute a position with a good accuracy 
along this axis.  
The results are similar with the Half Bit method and the 
1+1ms method.  Due tot the delay resolution, the mean 
error is covariance 150 geometric error 
 
Peak extrapolation technique 
 
The previous results are obtained by computing the 
position thanks to a classic Least Square method. 
However, we must stress the fact that the accuracy on the 
code delay is only ½ chip as the sampling frequency is 
taken to cf2 , where cf is the code frequency. Thus, the 

accuracy on the estimated pseudorange for each satellite 
cannot be better than 150 meters (length of ½ chip). 
Combined with the poor DOP value for the GEO receiver, 
it explains the low accuracy concerning the GEO satellite 
positioning. 
To achieve a better positioning, a simple extrapolation 
technique is used. The aim is to improve the accuracy of 
the code delay estimation. It is based on the extrapolation 
of the acquisition matrix. 
It assumes that the autocorrelation function of the code is 
a perfect triangle with opposite slope on both side of the 

peak.  Once the maximum ( dF ˆ,τ̂ ) of the acquisition 

matrix is located, the algorithm applies that property to 
extrapolate the location of the peak as shown on figure 
11. 

                              
Figure 11: Extrapolation of the estimated code delayτ  
 
The amplitude of the sample after the peak and before the 
peak is compared. The sample with the lowest amplitude 
indicates that the slope (in absolute value) between the 
peak and this sample is the highest (-a in figure 11). A 
straight line with the slope +a is drawn passing by the 
sample with the highest amplitude. The intersection 
between the two straight lines gives the extrapolated Tau. 
This simple extrapolation technique provides an average 
good improvement in the accuracy of the estimated Tau 
and then, a good improvement in the accuracy of the GEO 
position. 

The extrapolation technique cannot work with the Double 
Block Zero Padding method as it does not use the classic 
acquisition matrix to find the right delay-doppler. 
 

Position error with 
satellites with valid 

ephemeris (improvement 
compared without  extrapolation) 

 
1+1ms     
method 

 
Half Bit 
Method 

Along track 
Error (m) 

68 (32%) 62 (39%) 

Radial track 
Error (m) 

539 (27%) 465 (37.5%) 

Tangent track  
Error (m) 

37 (44%) 39.9 (42%) 

Geometric error (m) 544 
(27.5%) 

470.8 
(37.7%) 

Position error with peak extrapolation technique 
 

The comparison shows the improvement thanks to this 
simple extrapolation. The position accuracy increases by 
30 to 45% compared to positions computed with the 
initial measurements. However, the positioning error 
remains high in spite of the improvement leads by the 
extrapolation technique. In order to improve the 
positioning accuracy, an orbital filter is developed to be 
implemented within a Kalman Filter in the next section. 
 
ORBIT DETERMINATION WITH A KALMAN 
FILTER 
 
The motion of the geostationary satellite can be described 
by all the forces applying on him. Indeed, thanks to the 3rd 
Newton law, linking the acceleration to the forces 
applying to the satellite, it is possible to accurately 
calculate the position and the velocity of the satellite. The 
accuracy of the computed position depends on the force 
model complexity. For a geostationary satellite, the main 
force is the earth gravitational attraction. But other 
perturbing forces drive the movement of GEO satellite 
too. They are listed in the next table with their order of 
magnitude of the associated acceleration in m.s-2. 
 

Force Related acceleration 
magnitude (m.s-2) 

spherically symmetric earth's gravity 0.22 
Non spherical part of earth's gravitational 

potential 
10-6 

Attractions due to sun, moon 
/Other planet 

10-5 

/10-9 
Solar radiation pressure 10-7 
solar corpuscular wind 10-10 

orbit maneuvers 10-3 
satellite attitude control maneuvers 10-10 

Acceleration magnitude of the forces driving the GEO 
motion 

 Most of the forces have natural origin and most of them 
can be analytically predicted. The forces created by the 
satellite ground control in attempting to manipulate its 
position and orientation in space are punctual and they are 
taken into account. 

½ chip ½ chip 

y =  ax+c 

 

τ  

Extrapolated τ  

tau-1/2 
chip Tau+1/2 

chip 

y = - a.x+b 
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Due to the non spherical symmetric earth, the earth 
gravity is decomposed into spherically symmetric earth's 
gravity potential P1 and the non spherically part of earth's 
gravitational potential P2. The earth gravity potential is: 
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where mlP,  are the Legendre functions of degree l and order 

m. ,r ϕ  and λ  are , respectively the geocentric distance, 

latitude, and longitude of the GEO satellite. mlC , and 

mlS , are harmonics coefficients of the earth potential of 

degre l and order m.  The acceleration of the satellite is 
the gradient of the potential function U. In this study, the 
earth gravity potential is limited to: 
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The influence of the other term in P2 are negligible 
compared to the retained term with 

0,2C . 

The moon and sun gravity force depends on the sun and 
moon position with regards to the geostationary satellite. 
Their positions are calculated thanks to the algorithm 
described in [9]. It just requires the GPS time. The 
corresponding acceleration is calculated by: 
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Where SunSMS

��
/  is the satellite to Moon/Sun vector and  

SunOMO
��

/  is the earth gravity centre to Moon/Sun vector. 
 The tidal acceleration due to the sun and moon is not 
taken into account as well as the force due to the other 
planet. The solar radiation pressure and the solar 
corpuscular wind are not used to compute the satellite 
motion in this study. Finally, only the first three forces of 
the previous table are used to compute the satellite 
equation motion and the total acceleration is: 
 

moonsuntot aaUdagra
���� ++−= )(  

 
This equation of the GEO satellite motion is used as the 
state propagation model of the Kalman filter. As it is non 
linear an extended Kalman filter (EKF) solution is 
implemented. The role of this filter is to provide estimates 
of the position and velocity of the GEO using GPS 
pseudorange measurements.  
This filter is described below: 

• The state vector is defined as 
],,,,,,,[ cdbzyxzyxX ɺɺɺ= , where zyxzyx ,,,,, ɺɺɺ  are the 

GEO satellite velocity and position in the Earth Centred 

Inertial frame, and cdb,  are the GEO satellite clock bias 

and drift. 
• The state transition equation, kkk WXfX +=+ )(1  

is not linear as the acceleration depends on both x, y and 
z. The transition state equation of the EKF is obtained by 
linearization and discretization of the GEO satellite 
motion equation. 
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T is the time interval between two epochs of the EKF and 

the state noise vector kw  is normal distributed 

(
kw ~ ( )kQN ,0 ). 

• The relationship between observation vector Y 
and the state vector X at the instant n is: 

kkk VXhY += )(  

with kv ~ ),0( kRN , kR  being the measurement noise 

covariance matrix.  
The size of the vector kY  is equal to the number of 

processed GPS satellites at epoch k. Assuming the 
number of measurement is M, kR  is a MM ×  matrix 

that consists in the estimates of the pseudorange error 
variance for each GPS satellite. It is a diagonal matrix, as 
each measurement is assumed to be independent with the 
others, with a constant value: 22 150=PseudRangeσ ; 150m 

standing for the remaining uncertainty on the pseudorange 
due to the uncertainty on the code-delay measurement      
( chip2

1 ).  

The expression of h for the ith satellite is given by: 
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Now let us remind the equations of the EKF: 
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11 ++ kkP and kkP 1+ are respectively the a posteriori and a 

priori covariance of the Kalman filter. The a posteriori 
covariance gives the uncertainty in the determination of 

the satellite orbit. 0P , the initial covariance matrix, is an 

8x8 diagonal matrix with velP ,0  the first three elements of 

the diagonal, posP ,0  the next three and clP ,0  the last two.  

1+kK is the gain of the Kalman filter. 

The state noise covariance matrix Q models the effects of 
both linearization, discretisation error and unmodeled 
dynamics. Here, Q is a 8x8 matrix.  
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posQ and velQ are constant. 7,7Q ,…, 8,8Q  depends on the 

type of the receiver clock. It is assumed that the oscillator 
of the receiver is an OCXO. The covariance for the clock 
receiver is then computed thanks to the Allan variance 
with classic OCXO parameter. 
 
The next table illustrates the figures used to initialize the 
Kalman filter in our implementation. 
 

velQ  0.012 (m/s)2 

posQ  12 (m)2 

7,7Q 8,7Q 7,8Q 8,8Q  1.07   0.037   0.037    0.107 
(m)2 

velP ,0
 22 (m/s)2 

posP ,0
 2002(km/s)2 

clP ,0
 0.1 (m)2 

           Kalman filter parameter 
 
Finally, the functioning of the Kalman filter is depicted on 
figure12: 

 
Figure 12: Kalman Filter functioning 

 
It is assumed that pseudoranges measurements are 
available only every 30 seconds: the duration between 
two Kalman filter state vector estimates updates is then 
30s. Between these epochs, every second, the estimated 
position is propagated thanks to the modelised forces 
only. The linearised satellite motion equation is used to 
compute the transition state equation of the Kalman filter 
and to propagate the position between two Kalman filter 
epochs 
 
Kalman Filter Results 
 
The observations correspond to the pseudoranges 
calculated at the output of the acquisition process. The 
acquisition process supply pseudoranges every 30 seconds 
in our strategy. Thus, the epoch of the Kalman filter are 
spaced by 30 seconds too. However, it is possible to 
propagate the position of the GEO satellite during this 30s 
interval with the orbital filter, i.e to use only the state 
transition equation to propagate the GEO position 
between two GPS measurements. In this case, the 
covariance matrix has to be propagated between two 30s-
spaced epochs to express the position and velocity 
derivation due to the orbital filter. It is propagated as in 
equation (1). The position error and the velocity error are 
given in figure 13 and figure14. 
 

t = to 

PseudoRanges measurements 
provided by the acquisition stage 

Extended Kalman Filter 

 

Modelled Forces : 
Simple earth gravity potential 

+ moon and sun gravity 

Estimated position 

t = t +1 

t = to +30 ? 
No Yes 
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Figure 13: Geometric position error with the Kalman 

filter 
The mean error significantly decreases with the Kalman 
filtering. It falls down to 125.1 m. Compared to the 750m 
error with the acquisition snapshot only (for method 1 and 
method 2) and 450 to 550 m error obtained with the peak 
extrapolation technique, the improvement provided here 
is really interesting. Even with an initial error of 50km on 
each axis, the kalman filter converges at the first iteration.  
 

 
Figure 14: Velocity error with the Kalman filter 

 
Besides, the mean velocity error is only of 0.17m/s with 
the Kalman filter. 
The use of the Kalman filter enables us to overcome the 
problem due to the high PDOP value which degraded the 
position measurements obtained only thanks to 
acquisition snapshot process. 
 
Computational Cost Over one Day 
 
Last in this section we illustrate the computational cost of 
our strategy. 
The computational cost is estimated for the three 
acquisition techniques. It also includes the number of 
operations carried out to produce a position thanks to the 
Kalman filter. Using the C/NO prediction module, the 
computational cost of the three different acquisition 
methods is computed by taking into account the expected 
C/No of the received signal along the day for every  
satellite and the corresponding coherent acquisition 

duration and number of non coherent integration. For a 
given epoch, the receiver tries to acquire only useful 
satellites and their C/No are predicted. Thus, the number 
of operation carried out by the receiver at each epoch can 
be estimated which leads to the total number of operations 
carried out over one day. 

Number of operations carried out for one day of 
positioning 

 
The number of operations related to the Kalman filter 
plays a little part in the total amount of operation. 
The first two methods show similar amount of operation. 
Whereas the Half Bit method uses two sets of data and as 
a consequence, a longer signal duration needed for 
processing than with the 1+1ms FFT method, the number 
of operations are not more numerous. In fact, in the first 
method, each 1ms correlation operation are done with 
2ms of signal. Thus, the FFT operations are calculated 
over twice the number of points it is done with the Half 
Bit method. Moreover, the signal duration of one set of 
data in the Haf Bit method is shorter than for the 1+1ms 
FFT method (Table1). It explains the higher number of 
operation for the first method compared to the second 
one. As expected, the number of operation carried out 
with the DBZP is 100 times lower than the two other 
methods. The signal duration used is shorter and this 
method does not try different local Doppler compensation 
as it is done when computing the matrix acquisition with 
the first two methods. However, the position error is well 
higher.     
  
  
CONCLUSION 
  
A method to provide autonomous positioning for 
geostationary satellite has been presented in this study. To 
provide continuous positioning with no outage, we 
propose to lower the Data Demodulation Threshold down 
to 25dBHz. A mean to reduce the number of operations 
carried out by the receiver and so to reduce the energy 
consumption is done thanks to a C/No prediction module. 
In this study, the GEO satellite position is obtained thanks 
to acquisition snapshot once every 30 seconds. Between 
two snapshots, the receiver does not work, except if a 
tracking process is used to demodulate ephemeris or 
almanacs: this also allows reducing the energy 
consumption.  Three acquisition techniques are embraced 
in this study: they provide positioning with large error 
even with a peak acquisition extrapolation technique. This 
is due to the high PDOP values and the pseudorange 
resolution at the output of the acquisition process. To 

 1+1 ms 
FFT 
method 

Half Bit  
Method 

DBZP 
method 

Kalman 
Filter 

Number of 
multiplication 

5.75.1014 4.86.1014 2.49.1012 1.05.108 

Number of 
application 

3.47.1014 2.92.1014 1.24.1012 1.35.108 
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improve the accuracy of the positioning, a Kalman Filter 
is implemented. A simple force model is used to compute 
the state transition model. The pseudo ranges 
measurements obtained with the acquisition process are 
used as the observations of the filter. Between two GPS 
measurements (30 seconds), the position of the GEO 
satellite is propagated using the simple forces model only. 
With this principle, the GEO positioning mean error is 
significantly reduced and it falls down to 125 meters.  
Last, the number of operations to achieve the acquisition 
process and the Kalman filter operations has been 
investigated. Thanks to the C/NO prediction module, the 
receiver can foresee the C/NO of the received signals. 
Thus, it can assess the length and the number of 
correlations it will do over a day. It is then possible to 
compute the total number of operations carried out by the 
receiver over a day to obtain the GEO position. A future 
work will be to convert this number of operation into a 
number of cycles for a given processor. This can lead to 
the total energy consumption required for the receiver to 
compute its position over a day.   
  
 
ACKNOWLEDGMENTS 
 
The figure1 is extracted from a “GPS world” article. The 
article is entitled “Autonomous GPS Positioning at High 
Earth Orbit’, april2006. We thank the authors 
(W.Bamford, N Winternitz, C Hay) 
 
 
REFERENCES 
 
[1] B.Chibout,C.Macabiau Investigation of new 
processing techniques for geostationary satellite 
positioning  ION NTM 2006 
[2] B.Chibout,C.Macabiau Comparison of acquisition 
techniques for geostationary satellite positioning  
  ION NTM 2007 
 [3] M. Psiaki Block Acquisition of weak GPS signals in a 
software receiver ION GPS 2001 
[4] D. Lin, J.B.Y Tsui Direct P(Y)-Code Acqusition 
algorithm for software GPS receiver  ION GPS 99 
[5] D. Lin, J.B.Y Tsui Comparison of acquisition 
methods for software receiver     ION GPS 2000  
[6] D. Lin, J.B.Y Tsui  A software GPS Receiver for 
weak Signals  Proc IEEE MTT-SDigest May2001 
[7] N. Ziedan J.L. Garrison    Unaided Acquisition of 
Weak GPS Signals UsingCircular Correlation or Double-
Block Zero Padding   IEEE 2004 
[8] S.Gupta  A Program to Compute the Coordinates of a 
Geostationary Satellite for Time and frequency broadcast 
IEEE Transactions On Instrumentation and 
Measurement, Vol. 42, No. 2, April 1993 
 
 
 

 
 
 

2400


	Main Menu
	Acknowledgments
	Copyright
	Registrants List
	Exhibitors
	ION Information
	Table of Contents
	PLENARY SESSION
	Joint Functional Component Command for Space - Precision Navigation and Timing Update
	The European GNSS Programmes
	Towards a GNSS System of Systems
	Where have we been? Where are we going?

	Session A1: Multi-sensor Navigation, Guidance and Control Systems
	A Fuzzy Dead Reckoning Algorithm for a Personal Navigator
	Separation of Static and Non-Static Features from Three Dimensional Datasets: Supporting Positional Location in GPS Challenged Environments - An Update
	Optimized Low-cost HSGPS/IMU/WSS Land Vehicle Navigation System for Urban Navigation
	Tight Integration of Dual ALS and IMU for Autonomous Aerial Vehicle Navigation
	Development of a Low Cost Multiple GPS Antenna Attitude System
	A Low Cost GPS/INS Sensor for Small UAVs Augmented with Multiple GPS Antennas
	Integrating DGPS and 3D Gyro Sensor in Tractor Guidance System for Precision Farming
	An Investigation of an Integrated Low-cost GPS, INS and Magnetometer System for Sport Applications
	FPGA Implementation of High Resolution Spectral De-Noising Modules of MEMS Œ based Inertial Sensors
	An Efficient UKF Based GPS/INS Augmented by Local Landmark Update
	Exploiting Network Real-time Kinematic GNSS Positioning for Transport Applications

	Session B1: Military Applications
	Real-Time Software Based Block Processing M-code Receiver
	Long-Term Prediction of GPS Accuracy: Understanding the Fundamentals
	Development of an A/J System Using Available Antennas
	Analysis of GPS Monitor Station Outages
	GPS as an Enabling Technology Supporting Autonomous Ocean Deployed Craft

	Session C1: GNSS Receiver Algorithms 1
	Enhanced Differential Detection Scheme for Weak GPS Signal Acquisition
	An Innovative Acquisition Method for the GPS and Galileo Combined Signal
	Acquisition Performance of Assisted and Unassisted GNSS Receivers with New Satellite Signals
	A Novel L1 and L2C Combined Detection Scheme for Enhanced GPS Acquisition
	A New GNSS Software Receiver Signal Acquisition Method Research Based on Ambiguity Function
	Post Correlation CWI and Cross Correlation Mitigation Using Delayed PIC
	Tracking L1 C/A and L2C Signals through Ionospheric Scintillations
	Looking for an Optimum S-Curve Shaping of the Different MBOC Implementations
	A Simple Technique for the Detection of Multiple Access Interference in the Parallel Acquisition of Weak GPS Signals
	A Complete GPS Signal Processing for Real Time Scenario

	Session D1: Algorithms and Methods 1
	The Optimal Regularization Method and its Ap-plication in GNSS Rapid Static Positioning
	Statistical Error Calibration for Hatch-filtered Ranges using Spectral Characterization of Raw Measurement Errors
	Partial Ambiguity Fixing within Multiple Frequencies and Systems
	Dynamic Model Independent Float Filter Architecture based on Triple Differences
	The Statistical Property of the GNSS carrier Phase Observations and its Effects on the Hy-pothesis Testing of the Related Estimators
	Reliable Multi-Carrier Ambiguity Resolution in the Presence of Multipath
	FlyingŽ RTK Solution as Effective Enhancement of Conventional Float RTK
	Coarse-Time AGPS; Computing TOW From Pseudorange Measurements, and the Effect on HDOP

	Session E1: GNSS Ground Based Augmentation Systems
	Design of a Single-Frequency Filter that Minimizes Ionosphere Divergence Error
	Initial Design and Performance Results of the University of Oklahoma LAAS Far-Field Monitor
	Ephemeris Failure Rate Analysis and its Impact on Category I LAAS Integrity
	A Safety Hazard Analysis Method for Category-I Ground Based Augmentation System
	Data-Replay Analysis of LAAS Safety during Ionosphere Storms
	Advanced GPS Performance Monitor
	Dual-Frequency Smoothing for CAT III LAAS: Performance Assessment Considering Ionosphere Anomalies
	More Ionosphere Anomaly Mitigation Considerations for Category II/III GBAS
	A Concept of CAT III GBAS Requirement Based on Real-Time Flight Technical Error Estimation
	Conceptualization and Implementation of a Closed-Loop Ground Based Augmentation System

	Session F1: Galileo System Design and Services
	GIOVE-A and GIOVE-A2 Orbit Testing Results
	An Incremental System Approach to GALILEO In-Orbit Validation
	Characterization of the Navigation Performances in Galileo: E-OSPF SW Experimentation Results
	Preliminary Design of the Galileo Mission Support Facility (MSF)
	Galileo Payload Test System ŒThe Receiver Subsystem
	A Vision on New Frequencies, Signals and Concepts for Future GNSS Systems
	SEA GATE - A Maritime Galileo Testbed in the Port of Rostock
	The Effects of I/Q Imbalance and Complex Filter Mismatch on GPS/Galileo System

	Session A2: Algorithms for Multi-sensor Fusion
	A New Federated Kalman Filter for Integrated Navigation System Based on SINS
	Gaussian Mixture Filters and Hybrid Positioning
	Improving Adaptive Kalman Filter in GPS/SDINS Integration with Neural Network
	Hybrid A-GPS and Ranging for Handset Positioning
	Multi-Sensor Integration for Autonomous Vehicle Relative Navigation
	New Approaches for Accuracy Enhancement of MEMS Based INS Integrated with GPS for Land Vehicles
	Performance Analysis of an Ultra-Tightly Integrated GPS and Reduced IMU System
	Improving GPS Location Availability and Reliability by Using a Suboptimal, Low-Cost MEMS Sensor Set
	The AI Based Compensators for a Rapid and Accurate Alignment Procedure: An Open Loop Approach

	Session B2: Network-Based RTK
	Generating VRS Data Using Atmospheric Models: How Far Can We Go?
	Application of Predicted Ionosphere Model to Medium Range RTK Positioning: Performance Assessment
	Long-Range Single-Baseline RTK for Complementing Network-Based RTK
	Undifferenced Ionosphere and Troposphere Estimation for Network Kinematic GPS
	Joint GPS/GALILEO Precise Positioning Performance Using Active Reference Networks
	Multiple Carrier Ambiguity Resolution and Performance Benefits for RTK and PPP Positioning Services in Regional Areas
	Novel Concept in Multiple GNSS Network RTK processing
	Data Quality and Coordinate Monitoring for a Permanent Network: Proposals and Experiences
	The Latest Development of a State-wide GNSS Network-based RTK System in Australia

	Session C2: GNSS Receiver Algorithms 2
	Theory and Applications of Signal Compression in GNSS Receivers
	A Modified Adaptive Bandwidth Algorithm for Optimal Signal Tracking of DGPS Reference Receivers
	Direction of Arrival Estimation of GNSS Signals Based on Synthetic Antenna Array
	On the Probability Density Function and Stability Properties for a Cross-Product Frequency-Locked Loop
	Performance Evaluation of Kalman Filter Based Tracking for the New GPS L5 Signal
	Optimal Code and Carrier Tracking Loop Design of Galileo BOC(1,1)
	Subcarrier Tracking Performances of BOC, ALTBOC and MBOC Signals
	Optimised Lock Detection Strategy using BOC Correlator Outputs
	Comparison of Traditional Tracking Loops and Vector Based Tracking Loops for Weak GPS Signals
	Equivalence Principle of GPS Algorithms and and Independent Parameterisation Method

	Session D2: Algorithms and Methods 2
	Investigation of Instantaneous Ambiguity Resolution with the GPS/Galileo Combination for Precise Kinematic Positioning
	Implementation of a Least Mean Square Approach for a Low-Cost Short Baseline Attitude Determination
	Two Approaches to Precise Kinematic GPS Positioning with Miniaturized L1 Receivers
	Integer Ambiguity Resolution on Undifferenced GPS Phase Measurements and its Application to PPP
	Constrained Kalman Filter Based Attitude Estimation with GPS Signals
	Performance Analysis of Precise Point Positioning Based on Combined GPS and GLONASS
	Combined Processing of GPS, GLONASS, and SBAS Code Phase and Carrier Phase Measurements
	The Contribution of GLONASS and Galileo to Kinematic GPS Precise Point Positioning
	Performance Evaluation of Single Antenna GPS Attitude Algorithms with the Aid of Future GNSS Constellations

	Session E2: GNSS Space Based Augmentation Systems
	Wide Area Augmentation System (WAAS) - Program Status
	The Qualification of EGNOS, the Final Step to the Operational Service
	GNSS Performance Monitoring Services with GalTec
	EGNOS Protection on Two GPS Clock Events
	Mitigating Ionospheric Threat Using a Dense Monitoring Network
	The Usefulness of WADGPS Satellite Orbit and Clock Corrections for Dual-Frequency Precise Point Positioning
	SBAS C/A Code Interferences: Observations and Induced Tracking Errors
	Performance Analysis of GPS Augmentation Using Future Taiwanese SBAS
	Development of a Multi-constellation Augmentation Service Based on EGNOS and Galileo Simulation
	The European Space Agency Free Resources for SBAS Education: Learning, Practicing, and Accessing the EGNOS Performances in Real-Time
	WAAS Utilization of the New Civil Signal at L2

	Session F2: Galileo and GPS/Galileo Reference and User Receiver
	An Adaptive Approach to Compensate Crosscorelation Effects in Weak Signal Conditions for Satellite Positioning Systems
	Multiresolution Acquisition Engine Tailored to the Galileo AltBOC Signals
	Artus - A Second Generation Galileo/GPS Receiver
	The Optimal Dual Estimate Solution for Robust Tracking of Binary Offset Carrier (BOC) Modulation
	GIOVE Mission Sensor Station Performance Characterization: Overview of the Results
	Indoor Galileo Receivers ŒSensitivity, Pilot Signals, Secondary Codes
	ORUS Galileo/GPS Open Receiver
	Galileo Receiver Chain - The nonPRS Ground Reference Receiver
	The BayNavTech(TM) Signal Experimentation Facility (BaySEF(TM)) is Ready for Assessing GNSS Signal Performance
	Equipping GPS Satellites with Accelerometers and Satellite-to-Satellite Observables
	Preliminary Results of the Canadian Galileo Safety of Life Receiver (SOLRX)

	Session A3: Alternatives and Backups to GNSS
	Gravity Gradiometer Aided Inertial Navigation Within Non-GNSS Environments
	Beacon-Loran Integrated Navigation Concept (BLINC): an Integrated Medium Frequency Ranging System
	Flight Test Results of a Video-Aided GPS/Inertial Navigation System
	Research Activities on the Locata Technology at the University of New South Wales
	End-to-End Testing of an Integrated Centimetric Positioning Test-Bed
	Evaluating Measurement-based AOA Indoor Location using WLAN Infrastructure
	Security Analysis of Geoencryption: A Case Study Using Loran
	Integration of RFID, GNSS and DR for Ubiquitous Positioning in Pedestrian Navigation

	Session B3a: GNSS Civil Interference and Spectrum Aspects
	GNSS Interference Detection and Localization using a Network of Low Cost Front-End Modules
	Code Acquisition with Interference Mitigation for Galileo Receivers
	Mutual Effects of Satellite Signal Quality and Satellite Geometry on Positioning Quality
	DME/TACAN Interference and its Mitigation in L5/E5 Bands
	Radio Frequency Compatibility Criterion for Code Tracking Performance
	Interference Monitoring for GNSS Bands in Indoor and Urban Environments

	Session B3b: GNSS Antenna and Radio Technology
	Mitigation of GPS Multipath Using Polarization and Spatial Diversities
	GNSS Receiver Biases Due to Non-Linear Phase of Controlled Pattern and Fixed Pattern Antennas
	GPS Block II/IIA Satellite Antenna Testing using the Automated Absolute Field Calibration with Robot
	Receiver Processing Losses with Bandlimiting and One-Bit Sampling
	Sequential Interference Nulling and Localization in Two-Dimensional GPS Receiver Array

	Session C3: New Product Announcements
	Advanced Family of Software Simulators
	Continuous Data Storage and Replay Unit
	The GPSTk: New Features, Applications, and Changes
	GNSS Signal Generator NSG 5100
	BayNavTech - Performance Assessment Facility for GNSS
	Mm Level Precision in Ionospheric GPS Measurements
	NavX(R) - NCS - The First Galileo/GPS Full RF Navigation Constellation Simulator
	NavX - NSR - A Novel Galileo/GPS Navigation Software Receiver
	Novel Medium-accuracy MEMS INS "AIST-320" - Building Comfort Enviroment for Sensors
	A Set of High Accuracy Low Cost Metallic Resonator CVG

	Session D3: Indoor Positioning 1
	Performance Assessment of Almanac Navigation
	Robust GPS Receiver for Indoor Navigation System by Utilizing Long Integration Time and Data-less Pseudolite
	Apples to Apples: A Standardized Testing Methodology For High Sensitivity GNSS Receivers
	A Pedestrian Navigation System for Urban and Indoor Environments
	A Novel Efficient Acquisition Scheme for a High Sensitivity Assisted GPS Receiver
	Implementation of an Optimized Code Loop for Indoor Positioning
	Obtaining a Faster and More Accurate First Position Fix in Poor Signal Environments
	High Precision Ranging Using Temporal TDOA and Multipath Tracking in the Absence of Direct Path
	Study of Multipath Effects for the GNSS Repeater Based Indoor Positioning Technique
	WPI Precision Personnel Locator System Œ Evaluation by First Responders

	Session E3: Land Applications
	GNSS Messaging Scheme for Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) Communications Based Precise Positioning with Low-Cost Hardware
	Instantaneous RTK Positioning with Altitude-aiding for ITS Applications
	Improving Positioning Accuracy and Integrity in Rail Safety-Critical Applications Through the Integration of GNSS with a Track Data Base
	Development of a GNSS Odometer
	Smart Pseudolites Array System using Two-way Pseudolites
	Experimental Results for Spline Based Obstacle Avoidance of an Off-Road Ground Vehicle
	A Continuous Updating Techniques for Loosely Coupled RTK GPS with Total Station Observations
	Hybrid GNSS Receiver for Super Fast Acquisition Time, Five Times Faster than Conventional GNSS Receiver
	Assessment of Step Determination in a GPS/Compass/IMU System for Personal Positioning

	Session F3: Galileo Signal Structure, GPS/Galileo Interoperability
	The MBOC Modulation: The Final Touch to the Galileo Frequency and Signal Plan
	On Potential CBOC/TMBOC Common Receiver Architectures
	Jitter Analysis of QPSK and BOC(n,n) GNSS Signals
	Galileo E1 OS and GPS L1C Pseudo Random Noise Codes - Requirements, Generation, Optimization and Comparison -
	Formal Verification Testing of Galileo RF Constellation Simulators
	First Outdoor Positioning Results with Real Galileo Signals by Using the German Galileo Test and Development Environment - GATE
	Performance Analysis of GIOVE-A Signals in Comparison with GPS Based on Wideband Measurements with the BayNavTechTM Signal Evaluation Facility (BaySEFTM)
	Multilpath and Tracking Performance of Galileo Ranging Signals Transmitted by GIOVE-A
	Simulating GNSS Constellations - The GAMMA Signal Generator

	Session A4: Remote Sensing with GPS and Integrated Sensors
	Developing a Low-cost MEMS IMU/ DGPS Integrated System for Robust Machine Automation
	A Kinematic Terrestrial LIDAR Scanning System
	GPS/IMU Error Analysis for Airborne SAR Remote Sensing
	An Introduction to Parallel Re-Configurable Receiver Architectures for GNSS Reflections
	Remote Sensing Stream Flow Discharge & Soil Classification by Using Reflected GPS Observations, L1 & L2 Reflectivity and Digital Terrain Model
	A Technique for Determining the Carrier Phase Differences Between Independent GPS Receivers During Scintillation
	An integrated Locata & Leica Geosystems Positioning System for Open-cut Mining Applications
	Experiments of Low-cost INS/GPS Navigation Platform Based on PC104

	Session B4: Multipath
	High Resolution Multipath Mitigation Technique Based on the Teager-Kaiser Operator for GNSS Signals
	Nonlinear Least-Squares Algorithm for Close-in Multipath Mitigation in GNSS Receivers
	A Jump Markov System for Modelling a Realistic Error Model Depending on Satellite Reception State in Urban Environment
	A Model for the Suburban Multipath Channel
	Structural Deformation/Vibration Monitoring: A Multipath Mitigation Algorithm Based on Wavelet Denoise
	Dynamic Multipath Estimation by Sequential Monte Carlo Methods
	Parametric and Statistical Characterization of Multipath Errors for Galileo Signals
	Enhanced Cellular Network Positioning using Space-Time Diversity
	Novel Algorithm to Exclude Multipath Satellites by Dual Frequency Measurements in RTK-GPS

	Session C4: Novel Applications
	Continued Design and Development of the Ohio University Robotic Lawnmower
	Applied Robotics: Multi Purpose Autonomuos Vehicle
	Design and Implementation of a Robotic Lawnmower
	Position and Orientation Determination for a Guided K-9
	A Preliminary Investigation of GNSS Radio Occultation and its Applications in Australian Meteorology
	Achieving the Centimeter Level of Accuracy in Urban Canyons Using LocataLites
	Application of High-Sensitivity GPS for a Highly-Integrated Automated Longitudinal Travel Behavior Diary
	A Real-Time Position, Velocity, and Physiological Monitoring and Tracking Device for Equestrian Training
	GAPS: The GPS Analysis and Positioning Software Œ A Brief Overview
	Autonomous Navigation Environment with Self-Calibrating Transceivers"
	Requirements of an OFDMA Pseudolite Indoor Geolocation System

	Session D4: Indoor Positioning 2
	Performance of Assisted Acquisition of the L2CL Code in a Multi-Frequency Software Receiver
	Opportunistic Indoor Localization and Navigation Using Wireless LAN (802.11a/g) Signals
	Adaptive Step Length Estimation with Awareness of Sensor Equipped Location for PNS
	Tightly-Coupled Image-Aided Inertial Navigation Using the Unscented Kalman Filter
	Positioning and Navigation with Ultra-Wideband Signals
	Reconstruction of the Satellite Ephemeris from Time-spaced Snippets
	Fully-autonomous Fine Time Aiding to a GPS Receiver in a Cellular Telephone
	Autonomous GNSS Data Extraction in High Signal Attenuation Conditions
	Location Based Services - Ready for Take Off?

	Session E4: Marine Applications
	Performance Evaluation of DGPS versus SBAS/WADGPS for Marine Users
	Options for the Modernization of Marine DGNSS
	MARUSE Demonstrating The Use Of Maritime Galileo Pseudolites
	A Critical Look at the IMO Requirements for GNSS
	VORF Œ The UK Vertical Offshore Reference Frame: Enabling Real-time Hydrographic Surveying
	Experimental Validation of GPS-Based Control of an Unmanned Wing-Sailed Catamaran
	An Investigation of the Flexible and Rigid Body Response of a Ship Using a GNSS Receiver Network
	GNSS/INS Integration: Potential Impact on Maritime Navigation

	Session F4: Timing and Scientific Applications
	Behavior of the GPS Timing Receivers in the Presence of Interference
	High Accuracy and High Availability Timing System by Using SBAS as Ranging Satellites
	Real-time Clock and Orbit Corrections for Improved Point Positioning via NTRIP
	Scientific Utility of the Signal-to-Noise Ratio (SNR) Reported by Geodetic GPS Receivers
	GORS - A GNSS Occultation, Reflectometry and Scatterometry Space Receiver
	Real-Time Synchronisation of a Network of Sensor Stations with High Accuracy and Integrity
	Cracking the GPS - SLR Orbit Anomaly
	Beginning of Precise Time Transfer Experiment Using ETS-VIII Satellite

	Session A5: GNSS/INS 1
	Inertial Navigation Versus Pedestrian Dead Reckoning: Optimizing the Integration
	In Flight Estimation of Gyro and Accelerometer Scale Factors for Tactical and MEMS IMUs
	Low-cost PND Dead Reckoning using Automotive Diagnostic Links
	Assessment of the Integration Strategy Between GPS and Body-Worn MEMS Sensors with Application to Sports
	Integration of MEMS INS with GPS Carrier Phase Derived Velocity: A New Approach
	Real-time Processing and Flight Demonstration of a Low Cost MEMS-based GPS/INS, Micro-GAIA
	Attitude Determination Using a Multi-antenna GNSS Receiver Tightly Integrated with a MEMS IMU
	AsteRx High-End GNSS Receiver Coupled with MEMS-based IMU for Industrial Applications
	Intelligent Tuning of a Kalman Filter for INS/GPS Navigation Applications
	Economical and Robust Inertial Sensor Configuration for a Portable Navigation System

	Session B5: Surveying and Geodesy
	The International GNSS Service (IGS): Preparations for the Coming Decade
	The North America Reference Frame (NAREF) Project to Densify the ITRF in North America
	NAVD88 Orthometric Height Determination Utilizing the California Real Time GPS Network
	GNSS Applications in Airborne and Seaborne Sea Surface Height Measurements
	A New Framework for Server-Based and Thin-Client GNSS Operations for High Accuracy Applications in Surveying and Navigation
	Filtering Techniques to Detect Millimetric-Scale Dynamic Displacements
	GPS Signal Disturbances by Water in Various States
	L1 RTK System with Fixed Ambiguity: What SBAS Ranging Brings
	Satellite Augmentation Systems for Acceleration Determination in Airborne Gravimetry: A Comparative Study
	Characteristics of Carrier Phase Measurements of an Inner Antenna in a Vehicle for RTK-GPS

	Session C5: Software Receivers 1
	Portable GPS Baseband Logging
	An Open Source GNSS Reference Server
	Improvements to "A Software-Defined GPS and Galileo Receiver: Single-Frequency Approach"
	Implementation, Verification and Test Results of a MLE-based F-Correlator Method for Multi-Frequency GNSS Signal Trackings
	A DSP/FPGA Design for the Acquisition and Tracking of GIOVE-A Signals
	Development of a One Channel Galileo L1 Software Receiver and Testing Using Real Data
	An Integrated Software Defined Radio Navigation System for Space Navigation
	Host-Based GPS—an Emerging Architecture for High Volume Consumer Applications

	Session D5: Atmospheric Effects on GNSS 1
	Generating a 3D TEC Model for Australia with Combined LEO Satellite and ground base GPS Data
	Combining L1 L2 Carrier Differences with Iono-sphere Model Estimates for an Improved Iono-sphere Error Corrector
	Positioning Impacts from Imbalanced Atmospheric GPS Network Errors
	Ionospheric Measurement with GPS: Receiver Techniques and Methods
	Ionospheric Analysis in the Equatorial Region: Impact on GNSS Performances
	Imaging the Ionospheric Electron Density Using a Combined Tomographic Algorithm
	Ionospheric Estimation Over Japan Based on GNSS Regression Models and GEONET Data

	Session E5: Space and Satellite Applications
	Constrained Beamforming for Space GPS Navigation
	High Dynamics and False Lock Resistant GNSS Carrier Tracking Loops
	The GREHDA Project: GALILEO Software Receiver for High Dynamic Applications
	A Strategy for Geostationary Positioning with GNSS Signals
	Use of Two-Way Time Transfer Measurements to Improve Geostationary Satellite Navigation
	In-Orbit Results From a Space-borne GPS Attitude Experiment
	GPS-Based Attitude Determination for Microsatellites
	A Spaceborne Formation Flying RF System in S-band Reusing the GPS Standards
	Use of Rubidium GPS Receiver Clocks to Enhance Accuracy of Absolute and Relative Navigation and Time Transfer for LEO Space Vehicles
	Reconfigurable GPS-Galileo Receiver for Satellite Based Applications
	Galileo Primary Code Acquisition Based on Multi-hypothesis Secondary Code Ambiguity Elimination

	Session F5: GPS Modernization/GPS III
	Working without a Net -- Operating the Modernized GPS Block IIR Space Vehicles Prior to OCX
	Validation of the New GPS Master Control Station Using GPS User Equipment
	Summary of Accuracy Improvements from the GPS Legacy Accuracy Improvement Initiative (L-AII)
	Evaluation of Data/Pilot Tracking Algorithms for GPS L2C Signals Using Software Receiver
	Evaluation of L2C Observations and Limitations
	Data Message Performance for the Future L1C GPS Signal
	The Precise Positioning Service (PPS) Performance Standard (PS)

	Session A6: GNSS/INS 2
	Development of a High Accuracy Pointing System for Maneuvering Platforms
	The Open Loop Design for an ANN-RTS Smoother Hybrid Scheme for Accurate INS/GPS Integrated Attitude Determination
	Ultra Tightly Coupled GPS/INS Receiver for TSPI Applications
	User Level Integrity Monitoring and Quality Control for Seamless Positioning in all Conditions and Environments
	Discrete vs. Continuous Carrier Tracking Loop Theory, Implementation, and Testing with Large BT
	Comparison of State and Error State INS Coupling Filter Based on Real Flight Test Data
	Extended Particle Filter (EPF) for INS/GPS Land Vehicle Navigation Applications
	Demonstration of Non-coherent Deep INS/GPS Integration for Optimised Signal-to-noise Performance
	Modified Gaussian Sum Filtering Methods for INS/GPS Integrated System
	Microsoft WordPerformance Evaluation of Extended and Unscented Kalman Filter in a High Dynamic Environment on Flight Trials
	Autonomous Fault Detection on a Low Cost GPS-Aided 3-Axis Attitude Determination System

	Session B6: Modeling and Simulation
	A Virtual Navigation System and Solutions of Extraterrestrial Disturbances
	Factored Correlator Model: A Solution for Fast, Flexible, and Realistic GNSS Receiver Simulations
	Multipath Signal Simulation in a Dynamic Aircraft Landing Environment
	Prediction of Urban GNSS Availability and Signal Degradation Using Virtual Reality City Models
	Enhancing Usability of the GRANADA Bit-True Receiver Simulation on Galileo L1
	The Squaring-Loss Paradox

	Session C6: Software Receivers 2
	ITACA: a Scientific GNSS Software Receiver for Innovation Creation and Testing
	Creating a GNSS Receiver From Free Software Components
	An Open Source Software Receiver for Bistatic Remote Sensing
	Performance Evaluation of a Multi-frequency GPS/Galileo/SBAS Software Receiver
	Wigner-Hough/Randon Transform for GPS Post-Correlation Integration
	A GNSS Software Receiver Approach for theProcessing of Intermittent Data
	Evaluating Receiver Architectures for Inertial Aiding and Coasting
	Anti-jamming Technique Performance Evaluation for GPS L1 C/A Software Receiver
	Tracking of Weak GPS Signal with BACIX
	Development of the Open Source GPS Software Receiver Emulator
	A Novel Scheme and Modified Structure for Improved Software GPS Receiver

	Session D6: Atmospheric Effects on GNSS 2
	Investigation of Storm Enhanced Density Effects in Southern Hemisphere
	Evaluation of Tracking Performance in the Presence of Ionospheric Scintillation on GPS signal in Japan
	Modeling the 20 November 2003 Iionosphere Storm with GRACE
	PPP-based Ionospheric Activity Monitoring
	Evaluation and Comparison of Different Methods of Ionospheric Delay Mitigation for Future Galileo Mass Market Receivers
	GPS-Tomography for Meteorology: Impact on Operational Weather Forecast
	A Climatic Based Asymmetric Mapping Function Using a Dual Radiosonde Raytracing Approach
	Development of a Regional Ionosphere Model for Norway
	Real-time Water Vapor Sensing/Measurements with Precise Point Positioning Algorithm and Canadian Geodetic (GPS) Network

	Session E6: Aviation Applications
	Feasibility Analysis of RAIM to Provide LPV-200 Approaches with Future GPS
	A GLR Algorithm to Detect and Exclude up to Two Simultaneous Range Failures in a GPS/Galileo/IRS Case
	An Optimized Multiple Hypothesis RAIM Algorithm forVertical Guidance
	Integrated GNSS/Altimeter Landing System
	Airport Surface Movement Œ Performance Requirements, Architecture Considerations & Integrity Algorithms
	The Baseline Constrained LAMBDA Method for Single Epoch, Single Frequency Attitude Determination Applications
	GPS Antenna Group Delay Variation Induced Errors in a GNSS Based Precision Approach and Landing Systems
	Theoretical and Statistical Evaluation of the Physical Height Loss Experienced During a Missed Approach by a Heavy Aircraft Under Vertical Instrument Guidance
	An Innovative Approach To Overcome GPS Signal Masking During Maneuvers in Aircraft or Satellite

	Session F6a: GLONASS Modernization, QZSS, and Other GNSS
	Introduction of IS-QZSS (Interface Specification for Quasi Zenith Satellite System)
	Compass Signal Structure and First Measurements
	Autonomous Low Cost Regional Navigation Satellite Systems Based on Geosynchronous Eccentric and Inclined Orbits
	Russian System For Differential Correction And Monitoring: A Concept, Present Status, And Prospects For Future

	Session F6b: Galileo Integrity Multi-constellation RAIM
	GPS/Galileo RAIM Performance in Presence of Multiple Pseudorange Failures due to Interference
	GNSS Multi-System Integrity Algorithm Definition and Evaluation
	How Many Satellites are Necessary to Provide APV Everywhere?
	Integrity Monitoring Algorithms Using Filtering Approaches for Higher Navigation Performance: Consideration of the Non-Gaussian GNSS Measurements


	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Help
	Print
	Search
	Exit


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 36.00 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     2388
     TR
     1
     0
     341
     129
    
     0
     10.0000
            
                
         Both
         13
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     36.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     13
     12
     13
      

   1
  

 HistoryList_V1
 qi2base



	FOOTER1: 
	FOOTER2: 
	FOOTER3: 
	FOOTER4: 
	FOOTER5: 
	FOOTER6: 
	FOOTER7: 
	FOOTER8: 
	FOOTER9: 
	FOOTER10: 
	FOOTER11: 
	FOOTER12: 
	FOOTER13: 


