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Introduction

GNSS Signal Distribution with a Refined Grid

The increasing number of GNSS (GPS, GLONASS, Galileo) satellites and ground receivers will in the next several years
significantly increase the number of radio navigation signals probing the Earth’s atmosphere. From these multiple
observations, it is expected that a better monitoring and modelling of the ionosphere utilizing tomographic imaging will be
possible (Bust et al., 2008).
In this study, the added value of multi-GNSS in addition to GPS-only and dense GNSS networks in Belgium, France,
Germany, UK and Sweden in addition to the EUREF Permanent Network (EPN) is investigated in terms of signal ray
concentration traversing the Earth's atmosphere above Europe. The study is made using a tomographic approach which
aims at modelling the electron concentration of the ionosphere from GNSS measurements.

In order to focus mainly over Europe, the grid has been limited to the geographical zone of interest (from -10 to 40 in lon.
and from 25 to 70 in lat.) and the voxel size has been refined. Figures 5, 6 , 7, 8, 9 represent:
a) The number of GNSS rays per voxel during a time span, here from 10h00 to 10h20.
b) The percentage of epochs during one day for which the voxel is traversed by at least 5 rays (if a voxel is at
100%, the voxel is traversed all day long by at least 5 rays).

Global Navigation Satellite Systems
# of satellites in orbit /
# of satellites in FOC

# of satellites and orbits
used in this study
(Feb. 1st, 2010)

Full Operational Capability
(FOC)

GPS

32/32

32 (IGS products)



GLONASS

19/21

19 (IGS products)

2010

Galileo

2/30

27 (simulated orbits)

2014

Spatial and Temporal Resolution

Rays/voxel

 Reducing the voxel size (from 0.5 x 0.5 x 30 km to
0.25 x 0.25 x 10 km) increases the number of
empty voxels by 25% (Figures 5 and 6).
 Decreasing the time span by 4 increases the number
of empty voxels by 10% (Figure 10).

Figure 10 : Percentage of empty voxels (averaged over
the day) as function of the altitude

GPS-only vs. multi-GNSS

EUREF Permanent Network (EPN) (Bruyninx, 2004)
 227 stations in 38 countries (February 2010)
 117 stations GLONASS-capable

 Using multi-GNSS in comparison to GPS-only
(Figures 7a and 6a) increases homogeneously the
mean number of rays per voxel by a factor of 1.6 for
GPS and GLONASS, and by 2.5 for GPSGLONASS-Galileo (Figure 12) while the percentage
of empty voxels decreases (Figure 11).
 The coverage of GNSS signals in the ionosphere
over a full day is improved (Figure 6b, 7b and Table
2).

National network densification used in this study :
 Belgium : 61 stations
 France : 39 stations
 Germany : 15 stations
 Sweden : 164 stations
 U.K.
: 130 stations

Figure 6 : 0.5 x 0.5 x 30 km – time span of 20 min.
GPS - EPN

a)

b)

% of voxels traversed by at least 5
rays

-> All stations record GNSS signals every 30 s.
Figure 1: GNSS ground receiver networks

GPS-only

Multi-GNSS

80% of the day

19

38

Full day

1

15

Table 2 : Percentage of voxels traversed by at least 5 rays at 300km

Tomographic Approach

Figure 7: 0.5 x 0.5 x 30 km – time span of 20 min.
GPS GLONASS Galileo - EPN

Performing tomography (Austen et al., 1988) consists of sub-dividing the ionospheric layer (~60-1000km) into voxels to
reconstruct the electron concentration from GNSS measurements of sTEC (slant Total Electron Content). Here a zone
extending from -10 to 40 in longitude, from 25 to 70 in latitude and from 80 to 850 km in altitude has been
investigated. To obtain reliable and accurate reconstructions, it is important to use a sufficient number of GNSS signals
well distributed throughout the zone of interest. To fulfil these conditions, the GNSS signals are gathered for given time
spans during which the ionosphere is assumed invariant.

a)

b)

Figure 11 : Percentage of empty voxels as
function of the altitude (averaged over the day)

 Due to the tomographic approach:
• signal rays traverse the grid from the top to the bottom (to solve
the direct problem of sTEC)
• Less than 10 elevation angle cut off (to reduce the error in the
GNSS measurements)

Figure 8: 0.5 x 0.5 x 30 km – time span of 20 min.
GPS + GLONASS + Galileo – EPN + national dense networks

Figure 2 : Ionospheric tomography. Representation of a
moving GNSS satellite emitting signals to receivers.

Previous Results with a Large Grid
Rays/voxel

Figure 12 : Mean rays per voxel as function of the
altitude (averaged over the day)

EPN densification with national networks
Compared to results obtained with the EPN:
 The percentage of empty voxels decreases by 17% thanks to the
contribution of the northern stations (Figure 11).
 The use of national networks increases the mean number of rays
traversing the voxels by a factor of 2.7 (Figure 12). However this
increase occurs only in tiny zones whose locations depend on the
geometry of the satellite constellation during the time span (Figure 8).

Figure 9 : 0.5 x 0.5 x 30 km – time span of 20 min.
GPS – Belgian dense network

Conclusions

To quantify the number of GNSS signals which can be gathered
from the available GNSS networks described above, under
tomographic restrictions (see Tomographic Approach), a first
investigation has been performed with a grid extending from -70 to
45 in longitude, and from 25 to 80 in latitude, with a resolution of
1 x 1 x 100km, for a span time of 30 minutes (Chevalier, 2009).
First results show that the large EPN network is capable of
insuring that 87.4% of voxels are traversed by GPS-only signals, in
a zone of interest from -10 to 35 in longitude and from 35 to 70
in latitude. (Figure 3, the zone of interest is highlighted by a black
rectangle)

b)

a)

Ground Receiver Station Networks

The F-layer (120-800 km) of the ionosphere is subject to the most
plasma disturbances, especially around its peak of electron
concentration at ~300 km. Therefore figures 3, 4, 5, 6, 7, 8 and 9
are displayed at this altitude. The scale is cut-off at 200,
nevertheless voxels might contain more.

b)

Figure 5 : 0.25 x 0.25 x 10 km – time span of 20 min.
GPS - EPN

Table 1 :GNSS constellation used in this study

The evaluation of the GNSS signal distribution has been investigated
as function of the :
• GNSS constellations
• observation networks
• spatial and temporal resolutions

a)

Percentage %

Figure 3 : 1 x 1 x 100 km – time span of 30 min.
GPS - EPN

Using the multi-GNSS signals ensures that 94.5% of voxels are
traversed by GNSS signals in the same zone of interest (lon:-10 to
35 ; lat: 35 to 70 ). (Figure 4)

 By investigating the GNSS signal distribution in the ionospheric layer, we highlighted the clear interest of using the
EPN for ionospheric tomography :
 The GNSS signals from the well-distributed and extended EPN ensure a homogeneous coverage of the
ionosphere over the full day.
 Using national networks in addition to the EPN reduces the number of empty voxels and increases the
coverage of the ionosphere. Unfortunately, inhomogeneities are induced, which are not optimal in the
context of tomography.
 The use of multi-GNSS signals demonstrates a clear added value for ionospheric tomography by homogeneously
increasing the density of the GNSS signal distribution.
 A wise densification of the EPN by adding a selection of uniformly distributed stations could take advantage of the
available GNSS data in Europe, while avoiding any in-homogeneity. This densification, together with the future Galileo
and GLONASS observations, will allow to increase the spatial and temporal resolution of atmospheric tomography
over Europe.
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Figure 4 : 1 x 1 x 100 km – time span of 30 min.
GPS+GLONASS+Galileo - EPN
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