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Space weather, geomagnetic and I1onospheric
conditions cannot be detected using common
natural human sensors.

However, those are the most prominent causes of
satellite navigation Positioning, Navigation, and
Timing (PNT) service quality degradation

GNSS-based application rely on GNSS accuracy,
availabllity, integrity, continuity and robustness

GNSS resilience against natural and artificial
threats is essential for sustainable modern society
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Satellite navigation

Position estimation process based on
measurements of satellite signal propagation time
between the satellite’s and receiver’s aerials

Unknowns: three co-ordinates of user position, time

Pre-requisites: (i) common time frame (UTC), (i)
common 3D reference frame (WGS-84), (i)
presumption of constant satellite signal propagation
velocity
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STATE-OF-THE-ART
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« Mathematics of satellite position estimation
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Satellite navigation and space weather —
A Global Navigation SatelllteS stem (GNSS) receiver perspective
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e Space weather, geomagnetic and ionospheric
effects on GNSS positioning performance
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« Utilisation of Software-Defined Radio Concept in
GNSS receiver design allows for innovative
deployment of advanced position estimation

methods
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CONTRIBUTION TO DEVELOPMENT OF GNSS
RESILIENCE AGAINST SPACE WEATHER
EFFECTS ON GNSS POSITIONING
PERFORMANCE
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Developments in navigation domain of a GNSS
receiver and in new GNSS receiver architectures
Introduction

Contribution to Raw GNSS Measurement Task Force, European GNSS Agency (GSA)
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« Space weather-GNSS positioning performance

coupling model
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« Prediction of GNSS positioning performance
degradation based on observations of space
weather conditions
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Forecasting model of space weather-caused GNSS
positioning performance degradation

Quiet space weather scenario examined, based on:
« experimental observations, and

 modelling approach based on statistical and
machine learning
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DATA SET
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Solar activity data SSN, SFD NOAA
Geomagnetic condition Bx, By, Bz, Kp, Ap, Dst INTERMAGNET,
data NOAA
lonospheric condition foEs, fOF2, TEC, dTEC, SID NOAA, and
data observation taken at

our site in Rijeka,
Croatia (SID)

GNSS positioning Northing, easting, Observations taken
performance indices and horizontal positioning errors at our observation
station in Rijeka,
Croatia (GPS)
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METHODOLOGY
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Quiet space weather scenario

5 consecutive days in Summer 2007, without large
space weather, geomagnetic and/or ionospheric
events immediately prior to the period observed

Kp index
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RReliefF features

(predictors) selection

Machine learning method utilised Reference
RReliefF is a weighted O e fia, 2017
I Artificial Neural Network Model (Fili¢, 2017b),
featur_es (predlct_or iy i
selection method applied  Random Forest Model (REM) e,
. . ¢, Weng, Filjar, 2017
In this research Generalised Linear Model (GLM) (Finc'.gzm;b).

] (Fili¢, Weng, Filjar, 2017)
RReliefF  selects  the_sute tiea resression model (Filic, 2015)
most INFIUCNTIAL o for ottty et |20

" " onginal vanables
predICtorS’ thus a”OWIng PCA-optimised linear model with (Fili¢, 2018)
fo I p e d | Cto I S e'l' statistically significant original vanables
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(Fili¢, Filjar, 2018a)
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Linear regression
model (reference)
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RESEARCH RESULTS
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Random forest model
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p-related reduction of RReliefF-selected predictors
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» p-related reduction of RReliefF-selected predictors

Linear Model
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DISCUSSION AND CONCLUSION
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Here a statistical learning-based GNSS positioning
performance forecasting model development study Is
reported as a contribution to GNSS resilience
development

It accounts for space weather, geomagnetic, and
lonospheric effects on GNSS position estimation errors

The RReliefF Feature Selection-based forecasting
model optimises prediction accuracy and computational
efficiency across the computing frameworks

Future research will examine scenarios of GNSS
performance at different stages of space weather,
geomagnetic and Ionospheric disturbances for
forecasting model enhancement
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Space weather effects on Global Navigation Satellite System (GNSS)
positioning performance are well-understood. However, a numerical model
capable of forecasting the extent of GNSS positioning performance
deterioration due to space weather, geomagnetic and ionospheric effects
remains a scientific challenge. This monograph addresses the challenge
through introduction of the space weather — GNSS positioning
performance coupling model, and utilisation of selected machine learning
methods for model development in selected scenario of quiet space
weather conditions. Based on the assembled database of experimental
observations, several forecasting models were developed using machine
learning methods selected according to statistical properties of
observations. Models were compared and their performance assessed from
both the modelling and computational perspectives. Presented results
contribute to the effort of generalised model development. The
monograph will benefit scientists in the fields of machine learning, space
weather and satellite navigation, GNSS receiver designers, and a growing
population of interested GNSS users.

Mia Fili€, mag. inf. et math. MRIN: Studied computer science and
mathematics at Department of mathematics, Faculty of Science, University
of Zagreb, Croatia. Independent statistical and machine learning, satellite
navigation and space weather scientist. She received USRI Young Scientist
Award in 2018.
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. We appreciate your kind attention!

With the invitation to participate to
13th Annual Baska GNSS Conference,
Baska, Krk Island, Croatia
5th — 8th May, 2019!
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