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TREGA training through research

- TREGA: “Training through research’on EGNOS-GNSS
In Africa (EC-ICTP) is being carried out in the TREGA
LABORATORY.

- Scenario of a possible SBAS configuration in West Sub-
Saharan African region using real data during solstice and

equinox months of 2013, characterized by high solar
activity.

- Qutputs: Analysis of SBAS system performance and
lonospheric conditions.

- Laboratory Platform: magicSBAS. PS SBAS emulator
with a specific low-latitude algorithm.
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lonosphere features over Sub-Saharan Africa (l)

- Sub-Saharan Africa lies within the lonospheric Equatorial
Anomaly (IEA).

- The IEA Is characterized by two crests of electron density
at =20° north and south of the geomagnetic equator and
a minimum at this equator.
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lonosphere features over Sub-Saharan Africa (ll)

- IEA shows very large diurnal, day-to-day and seasonal
variations

- It is characterized by the presence of severe ionospheric
Irregularities after sunset

- It Is Influenced by solar and geomagnetic activity

- The IEA development maximizes during equinoxes and it is
lower during solstice months

- Different parameters can be used to study lonosphere
variability and its causes:

» Total Electron Content (TEC) and TEC Rate of Change /
Rate of Change Index: (ROT / ROTI)

> geomagnetic indices: Kp, Dst, ap
» solar parameters: solar wind speed, IMF, Bz
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lonosphere features over Sub-Saharan Africa (l11)

Low-latitude Ionosphere is more complex than mid-
latitude ionosphere:

It causes more delay on L band frequency (GNSS)
because of the high values of (TEC).

 The irreqularities produce large fluctuations in L
band signals (high TEC rate of change and
scintillations).
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data availability

*AFREF Network - GPS data: http://www.afrefdata.org/
*NIGNET Network — GPS data: www.nignet.net-NIGNET
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*SONEL Network - GPS data: http://www.sonel.org/-GPS-.html?lang=en
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APV-1 monthly availability low-latitude algorithm

JANUARY 2013 APRIL 2013

JULY 2013 OCTOBER 2013

Baska GNSS Conference 2015, Croatia, [ref 1]
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Analysis of monitored PRNs and IGPs
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Decrease in number of monitored PRNs and IGP after
sunset during equinoctial months

Baska GNSS Conference 2015, Croatia, [ref 1]
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Rate of Change of TEC (ROT) / Index (ROTI)

- Rate of change of TEC (ROT) is the time derivative of
TEC that measure ionospheric irregularities.

- Rate of change of TEC Index (ROTI) is defined as GPS
based index that characterizes the severity of the
fluctuations, detects the presence of ionospheric
Irregularities and irregular structure of TEC spatial
gradients.

It can be obtained by taken the standard deviation of ROT
at every 5 minutes interval.
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Yearly evolution of ROTI for 2013
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European Navigation Conference 2015, Bordeaux, France, [ref 2]
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Analysis of monthly averaged ROTI
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European Navigation Conference 2015, Bordeaux, France, [ref 2]
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Avallability for Equinoxes 2013 / low-latitude algortithm

APRIL 24h APRIL 4h-18h

Baska GNSS Conference 2015, Croatia, [ref 1]
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Storm-Time Assessment of GNSS-SBAS Performance

oth October
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European Navigation Conference 2015, Bordeaux, France, [ref 2]
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APV-1 availability maps indicating degradation in SBAS performance for

October 9th

October 8

HPLvsHAL and VPLvsVAL Availability

October 9

HPLvsHAL and VPLvsVAL Availg

HPLvsHAL and VPLvsVAL Availability

IES 2015 [ref 3]
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APV-1 avallability maps indicating enhancement in SBAS performance for
October 14t

October 13

HPLvsHAL and VPLvsVAL Availability

October 14

HPLvsHAL and VPLvsVAL Availa

IES 2015 [ref 3]
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Correspondence between ionospheric plasma irregularities and SBAS
guality of service

SBAS QoS during the nighttime period October Correlation Coefficient of the months used:0.7903
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URSI 2015, ISEA 2015 [ref 4 - 5]
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Summary

- ROTI has been proved as a good proxy for the presence of
lonospheric irregularities and a representative parameter of the

SBAS performance.

- The presence of ionospheric irregularities can explain in a great
portion the degradation of the SBAS system performance after

sunset hours.

- It Is expected that the use of a ground segment in Sub-Saharan
Africa dedicated for SBAS purposes (i.e. better spatial distribution
and quality of observables) would improve the results obtained.
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Thank you for your attention




