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Measurements: 
Ranges

ñPseudoranges ò are 
computed from the 

traveling time sat -rec

Several error sources 
affect these 

measurements

How GPS Works

GNSS receiver: cronometerof 
apparentpropagationtime from
GNSS satellitesmeasuredwith two
different clocks
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How GPS Works

One of the solutions is not 
on the Earth surface.

(the most madure GNSS)
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GPS and the Ionosphere

The UV (and X) Solar radiation ionizes the region 

above 50 -100 km: Ionosphere (to 1000 km) and 

Protonosphere/Plasmasphere (above 1000 km).

The GPS signals are affected by the 

free electrons: carrier phase advance 

and code/pseudorange delays.
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Ionospheric delay at a glance

Typical noon VTEC ionospheric values ranges at mid latitude
from 20 to 80 TECU, depending on the Solar cycle and season
(3 to 12m in L1, 0.1 to 2 m in C band) (*) 1 TECU=16 cm at L1
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The GNSSionosphericmeasurementsare an excellent input for estimating the
ionospheric electron content distribution, for instance performing tomography
(layoutof its implementationin TOMIONUPC-IonSATsoftware).

Estimating the ionospheric electron 

contenté
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VTEC: Modulated by the Solar Cycle 

The VTEC variation is 
quite correlated with the 
Solar Radio Flux, with 
seasonal variations.
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TECGIM(UPC)

HPE 95%

14 -15 UT

HPE 95%

21 -22 UT

Effects on single-frequency navigation based on 

broadcasted iono corrections (EGNOS Test Bed)

Very high VTEC errors and EGNOS Test Bed lost 
of integrity in North Europe, coincident with the 
arrival of the Storm Enhancement of VTEC.
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Some recent contributions in the field (1 of 7)

1. High Order

Ionospheric

Corrections

(Hadas et al. 

2017)

2. Mid Latitude

plasma bubles

(Katamzi-

Joseph et al. 

2017)


