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GNSS RO data inversion

ionPhs_CO01.2011.072.19.06.G16_2010.2640_nc

Peak Lat: -54.842°  Peak Lom: —45210°  Peak UT: ) Peak 16.080
Peak Hei: 231460 km _ Peak dens: 0.622 10A12mA-3  Peak freq: 7.086 MHz




The importance of the RO data
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RO derived Ne
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RO derived Ne
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RO derived Ne
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RO derived Ne difference
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The Onion Peeling algorithm

The “Onion Peeling” algorithm is a procedure that permits to
compute a vertical electron density profile if the slant TEC from
a LEO to a GPS satellite are available for an occultation event.

Since the ray bending in the ionosphere is small enough, the
straight-line propagation from GPS to LEO satellites is
assumed for the GPS signals.

As required by the inversion technique adopted, the spherical
symmetry for the electron density of the ionosphere has been
assumed.

To compute the (calibrated) TEC in the shell determined by the
LEO orbit, excess phase measurements at L1 and L2 GPS
frequencies during one occultation event are used:
uncalibrated_TEC[TECU] = 9.52*(delayL1[m] - delayL2[m]).
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The Onion Peeling algorithm

oy,
GPSsat
scale: @ =1000km

TEC, =2V, dk,l + N, dk,Z + ...+ Ny dk,k)

diy = N - =1 =\ 1 —rid
LEO sat

to GPS sat

ri-1
scale: @=100km
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The Onion Peeling algorithm

toGPS

TEC1 = 2N1 dl,l

TEC, =2V, dk,l + N, dk,z + ...+ Ny dk,k)

dry = V ri1>—r? - V r? —ri?
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TEC calibration

TEC

TEC,=
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TEC calibration

TEC,= TE Copposite side

TE Copposite side
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TEC calibration

TEC,= TE Copposite side

TE Copposite side
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TEC calibration

TE Csame side

TEC()pp()S[fe side

TECr= TE Copposite side = TE Csame side
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TEC calibration

TEC

TEC,=
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TEC calibration

TEC,= TE Copposite side

TE Copposite side
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TEC calibration

TEC,= TE Copposite side

TE Copposite side
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TEC calibration

TE Csame side

TEC()pp()S[fe side

TECr= TE Copposite side = TE Csame side
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Some electron density profiles obtained

applying the “onion peeling” algorithm*

*implemented as DG_DELN SW
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Onion peeling derived profile
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LT: 12.

Onion peeling derived profile
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LT: 13.

Onion peeling derived profile
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Some “interesting” results
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Profile example 1
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Profile example 2
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Profile example 3
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The spherical symmetry assumption for the electron density
of the ionosphere: effects on the reconstructed profiles.

SIMULATION RESULTS
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The role of the “same side” (auxiliary) data in TEC calibration

SIMULATION RESULTS
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TEC calibration (COSMIC like sat.)
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TEC calibration (CHAMP like sat.)
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Onion Peeling validation
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A test case

Day: 31 Dec. 2007
True satellite orbits (GPS + COSMIC)

’4 \

Synthetic ionosphere True ionosphere
(TEC from 3D electron density) (excess phase @ L1,L2)

} ¥

Onion Peeling Onion Peeling
VS VS
True profile True profile
(NeQuick) (lonosonde)

High & Low solar activity

Onion Peeling performance analyzed in
terms of foF2 & hmF2 error statistics
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Simulation results (LSA)
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Experimental data (LSA)
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Electron density profiles (examples)
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Profile 2

Peak UT:
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Profile 3
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Profile 4
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Profile 5
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Profile 6
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Profile 7

Peak UT:
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Depletion signatures in RO data
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“Vertical” electron density profile

bubble phs.txt
Peak lLat: 3.85° Peak TLon: -37.86° Peak UT: 22.52 Peak IT: 20.00

ax 10!
N(h) [m-3]

“Vertical” electron density profile obtained inverting RO
data using the Onion Peeling algorithm
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Profile of Leo-Leo_mirr TEC

LEO-LEOmirr TEC

100
TEC (h) [TECU]

“Vertical” profile of the TEC between the Leo and its mirrored
position with respect to the ray perigee.
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Occultation geometry

Projection on the Earth surface of the links between the Leo
and its “mirrored” position with respect to the ray perigee.




Occultation geometry

ubble p!

Projection on the Earth surface of the links between the Leo
and its “mirrored” position with respect to the ray perigee.




Conclusions

« RO data, inverted with the Onion Peeling algorithm, are able to
provide good representations of the ionosphere electron density
(“vertical” electron density profiles).

« Global coverage.

« When the assumption of spherical symmetry for the electron density
of the ionosphere fails, errors could appear in the retrieved profiles.
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