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.INTRODUCTION

• Estimation of 3D electron density in the ionosphere is a crucial problem
for investigating the ionospheric effects on electromagnetic propagation.

• Two important tools are generally used for investigating the ionosphere:
↓GPS-TEC measurements

• widely used in ionospheric studies
• very sparse and non-uniform for employing 3D tomography

methods (ill-conditioned problem)
↓ Ionospheric models like IRI-Plas

• can estimate monthly averages of 3D electron density
distributions

• not generally compliant to the real measurements obtained
from GPS receivers.

• In this study, a novel method for estimating the 3D electron density
distribution in the ionosphere by using both GPS measurements over
Central Europe.

• Proposed method perturbs default ionospheric parameters used in IRI-
Plas model over a region of interest by using parametric perturbation
surfaces, and iteratively searches for the best physically feasible 3D
electron density distribution, which is compliant with the GPS-TEC
measurements.

PROBLEM DEFINITION

IONOLAB-CIT

RESULTS

CONCLUSION
• Input parameters of IRI-Plas model are tuned in a way that the resulting 3D

electron density profile is in compliance with GPS based STEC measurements and
the input parameters are in compliance with each other.

• foF2 and hmF2 values over Europe are both represented with additive surface
models with 3 parameters. The problem is reduced to a 6-parameter optimization
problem.

• BFGS optimization method is used for solving the optimization problem.
• Results show that the proposed methodology provides 3D electron density

distributions compliant with both real GPS STEC measurements, and ionosonde
measurements.

• Future works may consider temporal correlation of the optimization parameters
which isn’t involved in this study.
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Find the optimum perturbation values on the selected ionospheric 
parameters in a region, such that, the resultant 3D electron density 
distribution generates synthetic STEC values similar to the real GPS-TEC 
measurements. 
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Flowchart of IONOLAB-CIT
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