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ABSTRACT

In this paper, the aim is to use the least squares support vector regression (LS-SVR) for spatio-

temporal modeling of the ionospheric total electron content (TEC). In this model, simple linear
equations are used to solve the system of equations. As a result, the complexity of the
computational algorithm is reduced and the speed of convergence and the accuracy of the results
are increased. In order to do this, the observations of 15 GPS stations in the north-west of Iran
have been used in the period from 193 to 228 at 2012. Comparing the results of the new model
with support vector regression (SVR), artificial neural network (ANN), adaptive neuro-fuzzy
inference system (ANFIS), Kriging model, GIM and international reference ionosphere 2016
(IR12016) as well as TEC obtained from GPS. The accuracy of all models has been evaluated and
interpreted at interior and exterior control stations. The analyzes performed show that the
averaged root mean square error (RMSE) of ANN, ANFIS, SVR, LS-SVR, Kriging, GIM and
IRI2016 models in two interior control stations are 3.91, 2.73, 1.27, 1.04, 2.70, 3.02 and 6.93
TECU, respectively. Also, the averaged relative error of the models in two interior control stations
was calculated as 15.98%, 9.39%, 7.85%, 6.09%, 11.60%, 12.54% and 26.56%, respectively.
Analysis of the PPP method shows an improvement of 50 mm in the coordinate components using
the LS-SVR model. The results of this paper show that the LS-SVR model can be considered as an
alternative to global and empirical models of the ionosphere in the study area. The LS-SVR model
is a high-precision local ionosphere model.
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1. Introduction
The ionosphere is one of the layers of the earth's
atmosphere  that has  destructive effects on
electromagnetic waves. In order to investigate these
effects, the total electron content (TEC) of the
ionosphere is studied. Usually, TEC is measured along
the line of sight from the satellite to the receiver on the

ground [1]. Therefore, due to the limitation of the
number of ground stations, there will be discontinuity of
observations in space and time domain for TEC. To
overcome this problem, the value of TEC can be
interpolated or extrapolated. So far, there have been
various methods for this. Machine learning models are
relatively new methods that have been used in various
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fields of geodesy. In this paper, the aim is to use the
Least Squares Support Vector Regression (LS-SVR)
model for spatio-temporal modeling of TEC. In this
model, simple linear equations are used to solve the
system of equations. As a result, the complexity of the
computational algorithm is reduced and as a result, the
speed of convergence and the accuracy of the results are
increased.

2. Materials and Methods

Support vector machine is a kind of efficient learning
system based on the theory of constrained optimization.
In this model, the principle of structural error
minimization is used and leads to a general optimal
solution. In this model, dual programming is used to
solve the equations [2]. Therefore, solving problems in
large dimensions greatly increases the computational
cost. To solve this problem, Sukens et al. 2002 proposed
the least squares support vector regression (LS-SVR)
method [3]. In this model, simple linear equations are
used to solve a problem, which effectively reduces the
complexity of the algorithm. However, a prerequisite for
SVR to achieve better results is to find three suitable
user-defined parameters. In LS-SVR, there are only two
user-defined parameters. These user-defined parameters
play a key role in building a highly accurate regression
model with good generalization performance. The LS-
SVR model is actually a reformulation of the SVR
model. LS-SVR algorithm can identify higher stability
and learn faster than SVR.

3. Results and Discussion
In this paper, the aim is to use the least squares support vector
regression (LS-SVR) for spatio-temporal modeling of the
ionospheric total electron content (TEC). In this model, simple
linear equations are used to solve the system of equations. As a
result, the complexity of the computational algorithm is
reduced and as a result, the speed of convergence and the
accuracy of the results are increased. In order to do this, the
observations of 15 GPS stations in the north-west of Iran have
been used in the period from 193 to 228 at 2012. Comparing
the results of the new model with support vector regression
(SVR), artificial neural network (ANN), adaptive neuro-fuzzy
inference system (ANFIS), Kriging model, GIM and
international reference ionosphere 2016 (IR12016) as well as
TEC obtained from GPS. The accuracy of all models has been
evaluated and interpreted at interior and exterior control
stations. The analyzes performed show that the averaged
RMSE of ANN, ANFIS, SVR, LS-SVR, Kriging, GIM and
IRI2016 models in two interior control stations are 3.91, 2.73,
1.27,1.04, 2.70, 3.02 and 6.93 TECU, respectively. Also, the
averaged relative error of the models in two interior control
stations was calculated as 15.98, 9.39, 7.85, 6.09, 11.60, 12.54
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and 26.56%, respectively. Analysis of the PPP method shows
an improvement of 50 mm in the coordinate components
using the LS-SVR model. The results of this paper show that
the LS-SVR model can be considered as an alternative to
global and empirical models of the ionosphere in the study
area. The LS-SVR model is a high-precision local ionosphere
model.

4. Conclusion

Error analysis in interior control stations showed that
the LS-SVR model has higher accuracy in estimating
the spatio-temporal variations of vertical total electron
content (VTEC) than other models. Also, the results of
the analyzes showed that the error of the machine
learning models was higher in the KLBR control
station respect to the TABZ control station. The reason
for this was that the TABZ station was surrounded by
training stations. The analysis of the results of the
control stations outside the studied network showed
that the accuracy of the LS-SVR model is higher than
other models. The error of the LS-SVR model at
TEHN exterior control station is higher than ARUC. In
other words, the error of machine learning models
increases when move away from the GPS network
territory. Also, if the observations of exterior control
stations are used in the training step, the error of the
models will be less. Also, the time series analysis of
VTEC predicted with the new model showed that this
model has the ability to predict the VTEC value with
an error of about 1.89 TECU. The results of this paper
showed that the LS-SVR model has a very high
capability in modeling and predicting spatio-temporal
variations in VTEC. The analyzes showed that the
accuracy of this model is very high in the territory of
the GPS network. By moving away from the GPS
network territory, the accuracy of the model decreases.
But the accuracy of the new model in the exterior
control stations is higher than the GIM and IRI2016
models. This model is a local ionosphere model and
has high accuracy and computational speed.
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