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In the paper, an original approach to the formation of the initial approximation in the 
ionospheric tomography problem with inter-satellite registration of total electron content is 
presented. The direct Radon transform of the electron density (ED)’s orbital profile is proposed 
to approximate using convolution of the function of latitudinal distribution of ED’s maximum 
in the profile with the kernel function. This approximation makes it possible to estimate the 
latitude distribution of the ED maximum from the total electron content measurements by the 
deconvolution procedure. An analytical expression of the convolution kernel was obtained. 
Based on the proposed approach, two variants of formation of the initial approximation which 
used different prior information, namely, on the solar activity index and on the height of the 
ionization maximum in the profile, were considered. An accuracy of the mentioned formation 
was analyzed by the results of statistical simulation, and it was compared with the previously 
known approach where both the height of the ionization maximum in the profile and ED at 
this height were known.
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АЛГОРИТМ ФОРМИРОВАНИЯ НАЧАЛЬНОГО ПРИБЛИЖЕНИЯ  
В ЗАДАЧЕ ТОМОГРАФИИ ИОНОСФЕРЫ ПРИ 

МЕЖСПУТНИКОВОЙ СХЕМЕ РЕГИСТРАЦИИ ДАННЫХ

П.Н. Николаев
 Самарский национальный исследовательский университет 

имени академика С.П. Королева, г. Самара, Российская Федерация

В работе представлен оригинальный подход к формированию начального 
приближения в задаче томографии ионосферы при межспутниковой схеме регистрации 
данных полного электронного содержания (ПЭС). Предлагается аппроксимировать 
прямое преобразование Радона орбитального профиля электронной концентрации 
(ЭК) ионосферы сверткой функции широтного распределения максимума ЭК в 
профиле с функцией ядра. Такая аппроксимация позволяет оценить широтное 
распределение максимума ЭК по данным измерения ПЭС методом деконволюции. 
Получено аналитическое выражение функции ядра свертки. На основе предложенного 
подхода рассмотрены два варианта формирования начального приближения, 
использующие разную априорную информацию: об индексе солнечной активности и 
о высоте максимума ионизации в профиле. Проанализирована точность указанного 
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формирования по результатам статистического моделирования, проведено сравнение с 
известным подходом, когда известны как высота максимума ионизации в профиле, так 
и концентрация на этой высоте.
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Introduction
Methods for studying the ionosphere, aimed 

at remote sensing in a wide range of positions 
of transceiving systems, have seen increasing 
use in recent years. These systems make it pos-
sible to reconstruct the ionospheric structures 
based on computer tomography algorithms. 
Monitoring of the ionospheric electron density 
(ED) assesses the total electron content (TEC), 
which is a linear integral of the ED along the 
path of electromagnetic wave propagation, ex-
pressed in TECU units (Total Electron Content 
Units, 1 TECU = 1016 electrons·m–2). 

The linear integral of the distribution func-
tion f(x,y)  along the straight line located at a 
distance l from the origin and making an angle 
θ with the positive direction of the axis OX cor-
responds to the Radon transform at the point 
(l,θ): 

( ) ( )

( ) ( )

, ,

, cos sin .

Rf l p l

f x y x y l dxdy
∞ ∞

−∞ −∞

  θ = θ = 

= δ θ+ θ−∫ ∫



The solution to the tomographic problem 
consists in finding the estimate f*(x,y)  of 
the function f(x,y)  from a set of integral 
characteristics obtained from all possible an-
gles, and assumes that the exact value of 
p(l,θ)  is known for all l and θ .

The problem of radio tomography (RT) of 
the ionosphere is typically confined to solv-
ing systems of linear equations (SLE) [1]. In 
this case, the solution of the SLE is a complex 
computational problem, since the matrix of 
the SLE (projection operator) contains about 
106–107 elements, even though it is sparse. An 
approach to solving the problem of ionospheric 
tomography was proposed in [2, 3] for an in-
ter-satellite scheme for recording TEC data us-
ing a convolution algorithm.

The problem of ionospheric RT via satellites 
involves a small number of angles for obtaining 

the integral characteristic. Even though the 
positions of transceiver systems cover a wide 
range, whether it is a chain of ground receiv-
ing stations [4, 5] or proposals for space-based 
receivers and transmitters [6, 7], the obtained 
angles are still insufficient to satisfy the con-
dition for the unique solution, and the inverse 
tomography problem is incorrect.

An initial approximation should be used to 
formulate the tomography problem correctly, 
corresponding to the distribution and values 
of the estimated parameters with some degree 
of confidence. For example, an IRI model 
(International Reference Ionosphere) and the 
Chapman distribution are used in [8–12] to 
construct the initial approximation for a chain 
of ground stations.

The initial approximation in [7, 13], where 
receivers and transmitters were used on the sat-
ellites of the ionospheric tomography system, 
was set in the entire reconstructed region to 
a constant value of 4·1011 electrons·m–3, which 
is the averaged value of the reference ED for 
all heights and latitudes in reconstructed re-
gion. However, because the ED of the equa-
torial ionosphere is higher than that of the 
mid-latitude and polar zones, and also because 
the system alternates between the illuminated 
and shadowed regions of the orbit due to the 
change between day and night, the accuracy 
with which such an initial approximation can 
be given is about 80–90%.

Ref. [13] compared the quality of ED re-
construction by a constellation of five satellites 
for an initial approximation given by a constant 
and for initial approximations obtained from 
the IRI-2007 ionospheric model [14], differing 
from the reference by 5, 10, 20 and 30% on 
average. The initial approximation based on the 
IRI ionospheric model yielded a better result 
compared with the initial approximation taken 
as constant.

In this study, we propose an original ap-
proach to rapidly formulating the initial 
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approximation whose accuracy value is inter-
mediate between the accuracy values provided 
by the approaches considered above. 

The proposed approach has a number of 
advantages:

simpler mathematical implementation than 
the IRI-2007 model;

less input data required.
As a result, the satellites are supposed to 

have great autonomy (there is no need to trans-
mit a large amount of input data to the satel-
lite, such as ionospheric index, magnetic index, 
and solar activity indices).

This approach is applicable to obtaining inte-
gral characteristics by transceivers of a constella-
tion of satellites located in the same orbital plane.

The accuracy of the initial approximation 
for the ionospheric ED profile is determined by 
numerical simulation, solving the forward and 
inverse problems. 

The forward problem consists in obtaining 
the TEC for a given ED distribution in the or-
bital plane for a given radio path. 

The inverse problem consists in reconstruct-
ing the ED distribution in the orbital plane 
from the available set of TEC measurements, 
with an initial approximation generated for this 
purpose. The generated initial approximation is 
compared with the given distribution.

The accuracy of the initial approximation 
was estimated in our study, as in [1, 7, 11], 
using the norms in the spaces l2 and l∞:
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where F and F̃ are the model distribution 
and the generated initial approximation, re-
spectively; i is the number of a pixel in the 
distribution.

The norm δ(l2) is the root mean square 
establishing a large difference in the values of 
F and F̃ in a small region of the distribution. 
The norm δ(l∞) corresponds to the difference 
between F and F̃ in the worst case.

Problem statement

Consider two satellites located in the same 
circular orbit; one satellite serves as a transmitter, 
and the other as a receiver (Fig. 1). The 
satellites are located so that the perigee altitude 
of their radio path is below the maximum ED 
in the orbital profile. This number of satellites 
is sufficient to form an initial approximation by 
the proposed algorithm.

The height distribution of ED close to the 
Chapman distribution [9, 10] was taken as 
baseline:

( , , )

exp 1 exp ,

e m m

m m
m

N h N H

h H h HN

=

 − −  = ⋅ − − −  σ σ  

(1)

where Nm is the maximum value of ED Ne in 
the height profile; h is the altitude above sea 
level; Hm is the height of the maximum ED 
above sea level; σ is the scale parameter.

Fig. 1. Scheme of radio path with perigee altitude htrack = 225 km;
the dots indicate the location of two satellites in one circular orbit (dashed line)
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Algorithm for forming the initial 
approximation for the distribution of electron 

density in the ionosphere

Consider a circular polar orbit with an 
altitude of horb = 1000 km and an inclination 
of i = 90º. The satellites are located in orbit in 
such a way that the angular distance between 
them is equal to Δφ = 54º, which corresponds to 
the satellites the farthest away from each other 
in orbit, from the constellation considered 
in [13] intended for solving the tomography 
problem in the altitude range of 200– 500 km. 
The chosen angular position of the satellites 
allows to form a radio path between them with 
a pericenter altitude htrack = 225 km. This radio 
path is certain to cross the ED maximum layer 
at two points; therefore, the TEC measured in 
this radio path is the largest among other TECs 
measured in the radio paths of the constellation 
[13].

The radio path between two satellites lo-
cated in the same orbit (Fig. 1) is described in 
the polar coordinate system (CS) by the equa-
tion of the straight line

( ) ( )
,

cos
lr ϕ =
ϕ−θ

where l is the length of the perpendicular 
dropped to the straight radio path from the 
origin, l = REarth + htrack; θ is the the angle 
between the positive direction of the axis OXorb 
and the direction of this perpendicular; REarth 
is the average radius of the Earth, REarth = 
6371.136 km. 

The height of the maximum ED Hm in the 
formula (1) depends on the latitude φ (this is 
due to the changing day and night conditions 
of the formation of the ionospheric profile), 
as well as on the zenith angle of the Sun [15]. 
To use expression (1) and carry out further 
analytical calculations for the segment of the 
orbit where the radio path is determined, we 

assumed that the height of the maximum ED 
Hm is the average in the segment Δφ = 54º:
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2
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1
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,m mH H d
ϕ

ϕ

= ϕ ϕ
π ∫

where φ1, φ2 are the angular coordinates of the 
first and second satellite, respectively.

The measurements can cover more than 20º 
in latitude for RT using a chain of ground sta-
tions. Given this value of the latitudinal angu-
lar distance, it is acceptable to use the initial 
approximation (1) with a constant height of the 
ED maximum, as established in [11, 12]. Since 
the angular distance between two intersections 
of the ED maximum by the radio path was 
taken about 20º in this study, it seems reason-
able to assume that the height of the ED max-
imum Hm is constant in the segment Δφ = 54º.

Thus, the distribution of ED (1) in the or-
bital plane of the transmitter and receiver in 
the segment Δφ is expressed as follows in the 
polar SC:
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where φ  is the angular coordinate in the polar 
SC; r = REarth + h is the radial coordinate in the 
polar CS; Rm = REarth + 〈Hm〉.

The linear integral from Ne(r,φ) along the 
radio line L is curvilinear in the polar SC:
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where the equation of the radio path for a small 
angle φ – θ has the form

( ) ( ) ( )211 .
cos 2

lr l  ϕ = ≈ + ϕ−θ ϕ−θ  

Thus, p(l,θ) is written as the integral of the 
convolution for the function Nm and the kernel g 
(Fig. 2) with respect to the parameter θ:
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Fig. 2. Convolution kernel g(z) 
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where
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The expression for p(l,θ) makes a transition 
to infinite limits with respect to the angle φ: 

( ) ( ) ( ), ,mp l N g d
+∞

−∞

θ = ϕ ⋅ ϕ−θ ϕ∫
since g(φ – θ) decays exponentially for φ → φ1, 
φ2 (Fig. 2).

Since the expression for the convolution 
integral is known, the latitudinal ED profile 
Nm(φ)  can be estimated using the deconvolution 
method [16]:
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where G(f), W(f), P(f) are the Fourier images for 
g, w and p, respectively; G*(f) is the conjugate 
Fourier transform for g; α is the regularization 
parameter;〈|G(f)|2〉 is the average value of the 
energy spectrum G(f).

Substituting expression (3) into Eq. 
(2), the expression for modeling the initial 
approximation takes the form

( ) ( )( ),

exp 1 exp .

e

m m

N h w p

h H h H

ϕ = ∗ ϕ ⋅

 − −  ⋅ − − −  σ σ  

(4)

The resulting expression is the product of 
the latitudinal ionospheric profile (w⋅p)(φ) and 
the height profile

exp 1 exp ,m mh H h H − −  − − −  σ σ  
from which it follows that the latitude and 
height profiles can be found separately. 

If the latitudinal profile can be found by 
Eq. (3), then the height profile can be formed 

under different assumptions, which will affect 
the final accuracy of the initial approximation.

Thus, expression (4) can serve as a basis for 
formulating two versions of the algorithm for 
generating the initial ED approximation.

Version 1. The height is taken as an average 
over the orbit Hm = 〈Hm〉. Then,

( ) ( )( ),

exp 1 exp .

e

m m

N h w p

h H h H

ϕ = ∗ ϕ ⋅

 −  − 
⋅ − − −   σ σ  

(5)

Version 2. The height Hm is known a priori. 
Then,

( ) ( )( ),

exp 1 exp .

e

m apr m apr

N h w p

h H h H

ϕ = ∗ ϕ ⋅

 − −  
⋅ − − −   σ σ  

(6)

The efficiency of the proposed versions can 
be estimated numerically by using the stochastic 
approach and comparing the result of the 
algorithm with the simulated distribution.

Results and discussion

Estimating the accuracy of the initial ap-
proximation based on the results of statistical 
modeling. Let us compare the two proposed 
versions for forming the initial approximation 
of the ionospheric ED profile in the plane of 
the satellite orbit with one known parameter. 
Three possible cases are possible here (cases II 
and III correspond to versions 1 and 2).

Case I. The initial approximation is formed by 
Eq. (1), when the parameters Nm and Hm are given 
a priori (this method was considered in [11, 12]);

Case II. The initial approximation is formed 
by Eq. (5), when Hm = 〈Hm〉;

Case III. The initial approximation is formed 
by Eq. (6), when Hm is known a priori.

We assessed the accuracy of all three cases of 
forming the initial approximation by statistical 
modeling of the ED distribution in the plane of 
the polar orbit (10,000 numerical experiments) 
for different indices of solar activity, months, 
Greenwich Mean Time, and geographic lon-
gitudes. Consider a circular polar orbit of two 
satellites with an altitude horb = 1000 km and an 
inclination i = 90º. The angular distance be-
tween the satellites is considered to be constant, 
equal to Δφ = 54º, which corresponds to the 
perigee altitude of their radio path htrack = 200 
km. As the satellites were moving in orbit, the 
TEC was recorded every 0.5°.
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The ED distribution was given using the 
NeQuick ionospheric model [17]: 

vertical size of image element was 12.5 km; 
horizontal size of image element was 50 km. 
The rest of the parameters of the model 

were distributed by a uniform law: 
solar activity index F10.7 ∈ [63.7; 193]·10-22 

W·m-2·Hz-1;
month m ∈ [1; 12]; 
GMT time t ∈ [0:00; 24:00] UTC;
geographic latitude (longitude of the as-

cending node of the orbit) λ ∈ (0; 360]°.
The spread in the parameters of the NeQuick 

model determines the spread in the errors of 
the initial approximation. The scale parame-
ter σ was chosen taking into account the solar 
activity index F 10.7 ranging from 84 to 93 km.

The results of modeling by the algorithm for 
forming the initial approximation for the first 

case (10,000 simulations of the ED distribu-
tion were carried out) are shown in Fig. 3. The 
mean errors in this series of numerical exper-
iments in the metrics l2 and l∞ are δ(l2) = 0.23 
and δ(l∞) = 0.27, respectively. This result is the 
upper estimate of the accuracy of the initial ap-
proximation among the three considered cases, 
since the parameters Nm and Hm were taken to 
be known a priori.

Fig. 4,a shows an example of one of 10,000 
implementations of the ED distribution, 
formed by the NeQuick model for the following 
conditions:

solar activity index F10.7 = 127.6 ·10–22 
W·m–2·Hz–1;

month: October 
GMT t = 10:00; 
geographic latitude (longitude of the as-

cending node of the orbit) λ = 50°.

Fig. 3. Histograms of errors in forming the initial approximations 
by known parameters (case I) in metrics l2 (a) and l∞ (b)

a) b)

Fig. 4. Ionospheric ED distributions in the plane of the polar orbit in latitude-altitude coordinates: 
a is the model distribution; b is the initial approximation generated by Eq. (1) 

with the known Nm and Hm; c is the absolute value of the residual 

c)

a) b)
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Figs. 4, b, c show the initial approximation 
formed for case I, and the absolute value of the 
residual between the model and the distribution 
generated for this implementation.

The latitudinal ED profile N̂m(φ) was esti-
mated in the simulation for cases II and III (see 
above) using Eq. (3) (Fig. 5,c) for the model 
distribution (Fig. 4,a). The value of the regular-
ization parameter α in Eq. (3) was selected based 
on the minimization criterion for the residual:

1
ˆ min .m md N Nα= − →

For comparison, Fig. 5,a shows the initial 
latitudinal profile Nm(φ)Hm = Hm(φ) of the model 
distribution, and Fig. 5,b the latitudinal profile 
of the model distribution for the mean height 
Nm(φ)Hm = 〈Hm〉.

The difference between the profile in Fig. 
5,a and the profiles in Figs. 5, b, c in the 

metrics l2 and l∞ is given in Table 1. It can be 
seen from the results obtained that the values 
of the latitudinal profile Nm(φ)Hm = 〈Hm〉 for the 
mean height 〈Hm〉 can be used as values for the 
latitudinal profile Nm(φ)Hm = Hm(φ). This is used to 
generate the initial approximation for case III, 
where the values of N̂m(φ) are given at a priori 
known heights Hm.

The solar activity index F10.7 determines the 
shape of the ED profile and the height of the 
maximum in it [15]; therefore, the mean height 
of the ED maximum can be approximately 
described by a linear dependence

( )10,7 10.7 ,m mH F a F b H= ⋅ + ± ∆

where a = 0.65 · 1016 km3· Hz–1· W-1; b = 243.4 
km; Δ〈Hm〉 = 18.7 km is the spread in mean 
height depending on seasonal and diurnal ef-
fects for P = 0.95.

Fig. 5. Latitudinal ED profiles: initial Nm(φ)Hm = Hm(φ) (a); Nm(φ)Hm = 〈Hm〉, 
taken for mean height (b);  N̂m(φ), calculated by Eq. (3) (c)

Tab l e  1

Comparison of deviations δ of latitudinal profiles (in two metrics) 
from true latitudinal profile, obtained by two methods 

Metric
Error δ

Nm(φ)Hm = 〈Hm〉 N̂m(φ)
l2 0.10 0.16
l ∞ 0.19 0.23

Nota t i on s : Nm(φ)Hm = 〈Hm〉, N̂m(φ) are the  latitudinal profiles: taken for 
the mean height and calculated by Eq. (3). The true latitudinal profile is 
Nm(φ)Hm = Hm(φ). 
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Fig. 6. Histograms of errors of initial approximation in metrics l2 (a) and l∞ (b) 
for case II,and l2 (c) и l∞ (d) for case III

a) b)

c) d)

Fig. 7. Distributions of ionospheric ED in the plane of the polar orbit 
in latitude-altitude coordinates, obtained in the initial approximations by Eq. (4) 

for two values of the height: mean 〈Hm〉 (а) and known a priori Hm (c); 
the corresponding absolute values of the residuals are also given

for cases with 〈Hm〉 (b) and Hm (d)

a) b)

c) d)

Tab l e  2 

Errors in generating the initial approximation in two metrics 
for the three considered cases for model distribution (see Fig. 4,a)

Metric
Error δ

Nm and Hm 
are known

Nm = N̂m(φ), 
Hm is known

Nm = N̂m(φ),
Hm = 〈Hm〉

l2 0.18 0.31 0.30
l ∞ 0.18 0.30 0.25
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If the seasonal and diurnal effects in the 
ionosphere are not taken into account, then 
the term Δ〈Hm〉 can be discarded, defining 
〈Hm〉 in the second version of the algorithm as 
〈Hm〉 = a·F10.7 + b.

Fig. 6 shows histograms for the distribution 
of errors in the initial approximation in the 
metrics l2 and l∞, generated for cases II and 
III for 10,000 numerical experiments. Fig. 7 
shows the generated initial approximation and 
the absolute value of the residual between the 
model and the generated distributions for cases 
II and III for the implementation in Fig. 4,a.

Table 2 shows the errors in the initial 
approximation for the three considered cases of 
the model distribution (see Fig. 4,a). Cases II 
and III yield approximately the same accuracy, 
despite a noticeable visual difference (see 
Figs. 7, a, c). 

According to the results of statistical model-
ing (Fig. 6), case II has mean errors of the ini-
tial approximation δ(l2) = 0.39 and δ(l∞) = 0.42. 
The accuracy achieved is sufficient for obtain-
ing a satisfactory solution to the tomographic 

problem, where the errors do not exceed the er-
rors for the initial approximation [13] taken as a 
constant (the accuracy of the solution to the to-
mographic problem δ(l2) = 0.35 and δ(l∞) = 0.40 
for a reconstruction step of 50 km with respect 
to altitude). The accuracy of the initial approx-
imation is higher for case III than for case II:  
δ(l2) = 0.29 and δ(l∞) = 0.33, making this case 
similar to the initial approximation formed by 
the IRI-2007 model in [13] for obtaining the 
integral characteristics by transceiver devices of 
a constellation of satellites. Both versions of the 
algorithm (cases II and III) for generating the 
initial approximation are fast and can be im-
plemented on board the satellite.

Reconstruction of ionospheric ED 
distribution. The quality with which the initial 
approximation was generated was assessed 
by tomographic reconstruction of the ED 
distribution using the approach proposed in [2, 
3]. The configuration of satellites in low orbit, 
described in [3], was used as a scheme for 
detecting TEC: three satellites with transmitters 
and two with receivers, whose radio paths cover 

Fig. 8. Histograms for errors in reconstructing the ED profile for three cases 
of initial approximation in two metrics:

l2  (a, c, e) and l∞
 (b, d, f); cases I (a, b), II (c, d), III (e, f) 

were considered (see explanations in the text) 

a) b)

c) d)

e) f )
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the altitude range from 200 to 500 km with a 
step of 50 km. The tomography problem was 
solved in this altitude range.

Fig. 8 shows the histograms for the 
distribution of errors in the reconstruction of 
the ED profile in the metrics l2 and l∞, obtained 
for three cases of the initial approximation (Eqs. 
(2), (5), (6)) for 10,000 numerical experiments. 
Case I, when Nm and Hm are given a priori, 
yields the reconstruction result with the most 

accurate characteristics (see Fig. 8, a, b) among 
all three cases of the initial approximations 
based on the Chapman distribution. Fig. 9 
shows the reconstructed ED distributions for 
cases II and III of of the initial approximation. 
Reconstruction errors δ(l2) and δ(l∞) for the 
corresponding cases are given in Table 3.

It can be seen from Fig. 9, c, d and e, f, 
corresponding to Cases II (Nm = N̂m(φ), Hm = 
〈Hm〉) and III (Nm = N̂m(φ), Hm is known) of 

Fig. 9. Reconstruction of ionospheric ED distribution in the plane of polar orbit 
in latitude-altitude coordinates for three cases of initial approximation: I (a), II (c), III (e); 
the corresponding absolute values of the residuals for cases I (b), II (d), III (f) are also given 

a) b)

c) d)

e) f )

Tab l e  3

Comparison of errors in reconstructing the ED profile in two metrics 
for the three considered cases of the initial 

approximation for model distribution (see Fig. 4,a)

Metric

Error δ
Nm and Hm 
are known

Nm = N̂m(φ), 
Hm is known

Nm = N̂m(φ),
Hm = 〈Hm〉

l2 0.08 0.13 0.12
l ∞ 0.11 0.18 0.16
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the initial approximation, that the reconstruc-
tions obtained have a similar form and differ 
only slightly by the number of artifacts; in this 
case, the errors are mainly due to the errors in 
reconstructing the latitudinal profile N̂m(φ). In 
turn, the artifacts obtained at an altitude of 200 
km are due to the systematic reconstruction er-
ror [2, 3]. The height of the ED maximum in 
Case II (Nm = N̂m(φ), Hm = 〈Hm〉), Hm, was re-
constructed with satisfactory accuracy, despite 
the assumption that Hm = 〈Hm〉, and for this 
reason, this method (Case II) is preferable to 
Case III (Nm = N̂m(φ), Hm is known), primarily 
because the reconstruction errors in the initial 
approximation for this case are smaller (see 
Fig. 8, c–f).

Conclusion

We have developed a numerical algorithm 
for generating the initial approximation of the 
ED profile, using it to solve the problem of 
ionospheric radio tomography by a low-orbit 
satellite constellation. The initial approximation 
generated by the algorithm is based on the 
Chapman distribution and is represented as 
a product of two factors responsible for the 
latitude and height distributions. 

We have obtained an approximate analytical 
dependence of the latitudinal ED profile on 
the measured TEC data for an intersatellite 
detection scheme in the plane of the polar orbit.

We have confirmed that the latitudinal profile 
can be assessed by merely two satellites spaced 
apart in the orbit in such a way that the perigee 
altitude of their radio path is lower than the 
height of the ED maximum in the orbital profile. 

We have found that the latitudinal 

distribution makes the greatest contribution to 
the final ED estimate. 

Statistical modeling revealed that the errors 
in generating the initial approximation of 
the orbital ionospheric ED profile by TEC 
measurements, lie in the range from 20 to 55% 
in the metric l2 (the errors in reconstructing 
the ED profile in the metric l2 lie in the range 
from 8 to 20%), while the errors in generating 
the initial approximation by the NeQuick and 
IRI-2007 models reach 30% (the errors in 
reconstructing the ED profile in the metric l2 
lie in the range from 11 to 20%), and the errors 
in generating the initial approximation given 
by a constant value corresponding to the mean 
ED level reach 90% (the errors reconstructing 
the ED profile in the metric l2 lie in the range 
from 35 to 40%).

The developed algorithm makes it possible 
to use real TEC measurements to generate 
the initial approximation, thus accounting for 
the short-term disturbances in the ionosphere, 
which are not directly accounted for with the 
NeQuick and IRI-2007 models. 

In addition, the proposed algorithm has a 
simpler mathematical implementation than 
these models and requires less input data, 
allowing to solve the problem of generating the 
initial approximation on board a satellite.

The study was carried out within the framework 
of the FSSS-2020-0018 project, financed from 
the state assignment means given to winners 
of competition of scientific laboratories of 
educational organizations of higher education 
under the authority of Ministry of Education and 
Science of the Russian Federation.
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