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• Introduction and motivation

• Satellite navigation – a (propagation time) 
measurement-(evidence-) based and technology- 
(satellite-) supported method for guiding roaming 
object along the optimised (most effcient, shortest 
and safest) path from the beginning to the end of its 
journey

• Global Navigation Satellite System (GNSS) – a 
satellite navigation-based technology system that 
provides Positioning, Navigation, and Timing (PNT) 
services to suitably equipped users

• GNSS = GPS + GLONASS + Beidou + Galileo + …

operating in harmony (GNSS inter-operability)
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• Introduction and motivation

• GNSS – a component of national infrastructure, and 
a public goods

• GNSS – a matured enabling underlying technology 
for the rising number of technology and socio-
economic applications (systems and services)

• GNSS shortcomings and vulnerabilities are 
translated to satellite navigation-based applications, 
affecting their availability and performance
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• Introduction and motivation

• Ionospheric effects on GNSS signal propagation → 
the single most prominent natural source of GNSS 
positioning performance degradations and 
disruptions

• Overcoming/mitigation of the ionospheric effects on 
GNSS positioning performance is fundamental in 
achieving the resilient GNSS operation → the aim 
of the wide international collaboration (UN ICG, 
ISWI, etc.)
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• Problem formulation

• Satellite positioning as a measurement-based 
computing process founded on mathematical model
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• Problem formulation

• Space weather and the ionosphere cause GNSS 
signal propagation delay and wave-form distortion, 
resulting in GNSS positioning error and disruption
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• Problem formulation

• Position determination in the adverse (hostile) 
GNSS positioning environment
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• Problem formulation

• Position determination in the adverse (positioning-
hostile) environment
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• Problem formulation

• GNSS positioning process (i. e. determination of the 
unknown user position from the beginning)
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• Problem formulation

• GNSS position estimation process (i. e. 
determination of the unknown user position from the 
GNSS observations: pseudoranges and navigation 
message) → target segment for our group’s 
research activities
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• Self-adaptive GNSS position estimation process

• GNSS position estimation process as a solution for 
GNSS navigation problem

• GNSS navigation problem: determination of user’s 
aerial position, velocity and time using statistical 
analysis of measured properties of received GNSS 
signals and data, under presumptions, as follows.
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• Self-adaptive GNSS position estimation process

• Mathematical formulation of GNSS position 
estimation problem: a continuous optimisation 
problem, given as follows (Filić, 2017).
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• Self-adaptive GNSS position estimation process

• Mathematical method alternatives for GNSS 
position estimation based on GNSS observations 
(Filić, 2017), (Filić, Filjar, 2018).

R … denotes diagonal matrix 
of weights determined to tackle 
the random (un-corrected) 
effects of targeted source of 
GNSS positioning performance 
degradation
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• Self-adaptive GNSS position estimation process

• Modification of the traditional position estimation 
process
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• Self-adaptive GNSS position estimation process

• Bespoke GNSS pseudorange correction model
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• Self-adaptive GNSS position estimation process

• Bespoke GNSS positioning error correction model



ICELLI, Lagos, Nigeria, 9th - 13th September, 2019
Self-adaptive GNSS position estimation process for iono effects mitigation

Renato Filjar, Rijeka and Zagreb, Croatia

● Self-adaptive GNSS position estimation development

• Requirements
● Transparency of GNSS position estimation process
● Understanding of GNSS positioning and pseudorange error 

sources

• Aims
● Introduction of knowledge and experience through utilisation of 

statistical learning model development methods 
● Ability to select the most effective correction model 

and/position estimation method for intended purpose 
(application) → personalisation of GNSS position estimation 
process

● Architecture-independent GNSS position estimation process 
→ positioning as a service 
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● Self-adaptive GNSS position estimation development

• Several GNSS positioning and pseudorange 
measurement error correction models developed in a 
number of studies of selected GNSS positioning 
environments: quiet space weather Summer GNSS 
positioning error forecasting model, GNSS positioning 
error correction achieved through deployment of 
Weighted Least-Squares position estimation method, 
ionospheric storm-time GNSS positioning error 
forecasting model, forecasting model of tropospheric 
delay contribution to total GPS positioning error, 
spoofing effects on GPS positioning error developed 
by our team (references!)
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● Self-adaptive GNSS position estimation development

• Utilisation of architectures deploying Software-
Defined Radio (SDR) and Distributed GNSS position 
estimation procedure (Filić, Filjar, 2018), (Filjar, 
Huljenić, Lenac, 2013) 
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• Conclusion

• Self-adaptive GNSS position estimation process 
proposed as a solution for architecture-independent 
resilient GNSS positioning 

• Contains advanced mathematical methods for 
GNSS observations-based position estimation, and 
bespoke statistical learning-based correction 
models for GNSS pseudorange measurement 
errors, and GNSS positioning errors, respectively

• Demonstrated in a series of scenarios of adverse 
GNSS positioning environments
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