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The challenge of the Low-latitude 
Ionospheric scintillation (IS) for GNSS

IS of GNSS signals at low latitudes is caused by diffraction resulting from 
small-scale irregularities embedded within Equatorial Plasma Bubbles (EPB).

Scintillation poses a significant threat to the performance of 
GNSS-dependent services that require real-time, high-precision 

positioning."

Luo et al., GPS Solutions (2018)
DOI 10.1007/s10291-018-0728-8

Vadakke Veettil, S., & Aquino, M. (2021). 
GPS Solutions, 25(2), 1-12.



UAV GBAS Experiment: GBAS position errors 
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145/2023: low scintillation 321/2023: high scintillation

We can observe the great degradation in the position quality due to IS.



National Institute of Science and Technology: GNSS Technology for
Supporting Air Navigation – started Jan 2017 and finished June 2025
• Brazilian institutes

Sponsors

INCT GNSS NavAer



GOALS OF GNSS NAVAER
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Stations

TBytes

INCT GNSS NavAer (Project) Network

Expansion and 
Modernization of 
CIGALA & 
CALIBRA Network, 
started in 2011

FP7 Program

42

~220



INCT GNSS NavAer Network
• Strategic placement of new stations, including Boa Vista in the Amazon region.
• Deployment of state-of-the-art PolaRx5 receivers manufactured by Septentrio.
• Advanced capabilities for high-precision data collection up to 100 Hz (we use 50 

Hz).

PolaRx5s
Station Boa Vista in the Amazon Region



ISMR Query Tool - Legacy Version (available since 
2011)

Online service supporting 
research

Provides IS parameters 
from the dataset

1

~4TB



Evolution of the ISMR Query Tool - Legacy version
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Spatial analysis – scintillation maps

● Data projected on IPP allow 
the generation of different 
scintillation maps

● Example show the standard 
deviation of S4 index for a 
two-weeks period under strong 
scintillation occurrence
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Inferences on solar 
cycle progression

● Interactive calendar views 
allow to:

○ Analyse effects of 
scintillation associated 
to solar cycle 
progression

○ Seasonal variations
○ Quick analysis of data 

availability by station
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Security, performance and accessibility improvements
Updates in the software architecture: front and back ends

ISMR Query Tool - New version 
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Scintillation Map

Users can use the interactive viewer by clicking on the station markers
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Scintillation Map
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IPP Map
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� GBAS monitoring station.

� GBAS DFDC: GPS (L1/L5)
and Galileo E1/E5a.

� Simulation of aircraft (in
static mode) located
around 13 km from the
(fictitious) landing point
and UAVs flight.

� Purposes: analyzing ionospheric gradients, linear combinations, integrity monitors, 
adjustment and quality control in positioning, protection levels, etc.

GBAS UNESP EXPERIMENTAL STUDY (ongoing)
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Data set for the community to perform tests 
of interest



Experiment: GBAS in Kinematic Mode

GBAS performance study for UAV



Real-time System for Scintillation Monitoring

Real time monitoring of ionospheric scintillation in Brazil

● Real-time system for the generation and online dissemination of amplitude 
(S4) and phase (σφ) scintillation maps.

● Data processing are divided into three steps: remote data acquisition, 
interpolation, and image rendering.

● Key concept: establish a pipeline for performing data processing 
asynchronously in the real-time server.







Probability Scintillation Maps

Real time monitoring of ionospheric scintillation that may 
affect ground or onboard receiver with STRONG scintillation

● Probability maps are generated from the corresponding scintillation maps (S4
and σφ).

● These innovative maps consider elevation and azimuth angles of each GNSS 
satellite-station link, providing a better awareness of scintillation.

● Three scintillation severity classes (null, weak-moderate and moderate-
strong) were defined, but only the moderate-strong matters!







The Legacy of INCT GNSS NavAer was presented
• A large infrastructure is available for IS (and other ION-GNSS) studies
• A Data set is available to the community (contact us in case of interest)
• (New) ISMR Query tool available  (registration required)  - API available for 

automatization
• Several ION Indices available in real time
• Real time scintillation maps (including probability prediction) are under 

development
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Final comments



UN Sustainable developments

• 9- Industry, Innovation and Infrastructure

• 13 – Climate Action

• 1 – No poverty
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