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Location: North Sea (Calais, France)

Flights Altitude: 750 m.a.s.l. Expected ZTD: 2.3 m
Date: July 2019 L
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Orbit: SSO, altitude 560 km
Size: 30cm x 10cm x 10cm
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= Grazing angles observations for
global altimetric concepit.
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LEO
Receiver

= Precise phase observations are
expected at low elevation angles.

= At low elevation angles, the effects
of the atmosphere increases due
to the longer propagation path.
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@ Relative lonospheric Delay @ Doppler Shift @ Peak Ne Height
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Grazing Angle Reflectometry:
lonospheric Effects Analysis




Orbit Data
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GNSS Constellation: GPS.
LEO Orbit data: Spire Global CubeSat LEMUR-2.
Earth Model: Osculation sphere.
Date: 01.03.2021
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Electron Density Models

DLR
Neustrelitz Electron Density Model NeQuick Model
(NEDM2020) DLR-SO. T/ICT4D Laboratory
Electron Density Layers 2015 DOY 076 UT 19:00
25/05/2023 at 19:35 UT
550km - 2.4 827km - 1.8
*6 11270
o.sg 550km - - §
250km - g 06 O
- 490km - i
. (ef/ o% . ’ . R
Law“' :/0_60—90_ “_180 90 180 ’ 3 a 9 60°W 0°. 60°E 120°E 0
gy - Lo Fig: (DLR — IMPC) o BT Lenginte g (Gerzen, T. et al., 2020)
(Hoque, M. et al., 2022) (Nava, B. et al., 2008)

Three-dimensional and time dependent lonospheric Electron Density models

Both are used to determine Galileo single-frequency ionospheric corrections
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lonospheric Effects Analysis: Results
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Very-low: 5°-10° Low: 10°-20° Mid-low: 20°-30°
I, fd  Hm I, fd  Hm I, fsl  Hm
[m] [Hz]  [km] [m] [Hz]  [km] [m] [Hz]  [km]
North
DT median 3.10 0.133 251.7 4.35 0.022 252.3 3.33 0.026 2522
std 1.96 0.142 11.7 1.81 0.019 10.5 1.44 0.021 8.5
NT median 1.38 0.097 274.0 2.61 0.009 271.9 227 0.011 268.3
std 1.19 0.067 12.9 0.60 0.014 11.6 0.47 0.006 9.7
Tropics
T median 3.96 0.729 287.9 13.50 0.048 287.4 12.12 0.067 285.3
std 7.57 0415 214 2.61 0.070 224 2.87 0.028 23.8
NT median 1.63 0.219 302.6 4.95 0.016 305.4 474 0.014 305.4
std 2.82 0.195 13.1 1.18 0.033 9.1 1.05 0.013 /.3
South
DT median 3.98 0.220 252.2 6.49 0.030 2522 5.63 0.014 2531
std 226 0.138 52 1.15 0.021 52 1.02 0.022 49
NT median 141 0.145 289.0 3.36 0.012 288.8 3.17 0.015 289.1

std 1.27 0.073 11.2 0.48 0.021 938 0.40 0.007 92
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At grazing angle regime below 20°:
@ Relative lonospheric Delay: The median I,. | butg; T
@ Doppler shift: The median f; Tand o7, T
Challenging correction in GNSS reflectometry.

Peak Ne Height: Nighttime Hm is 10% T than daytime Hm.
Tropics most dynamic.

Even in the presence of ionospheric delay bias, precise relative altimetry at
the centimeter level can be achieved by using coherent phase
observations.
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Thank you for your attention
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