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ABSTRACT. The time-frequency and multiple 
regression analysis of the orbital parameter characterizing 
the drag of satellites on circular and elliptical orbits with 
different perigees and orbital inclinations in the 
atmosphere of the Earth was being conducted in 23-24 
cycles of solar activity. Among the factors influencing 
braking dynamics of satellites were taken: W – Wolf 
numbers; Sp – the total area of sunspot groups of the 
northern and southern hemispheres of the Sun, F10.7 – the 
solar radio flux at 10,7 cm; E – electron flux with energies 
more than 0,6 MeV и 2 MeV; planetary, high latitude and 
middle latitude geomagnetic index Ap. In the atmospheric 
drag dynamics of satellites, the following periods were 
detected: 6–year, 2.1–year, annual, semi-annual, 27–days, 
13– and 11–days. Similar periods are identified in indexes 
of solar and geomagnetic activity. Dependence of the 
periods of satellites motion on extremes of solar activities 
and space weather conditions was conducted. 
 

1. Introduction 
 

The state of the upper atmosphere of the Earth depends 
on solar and geomagnetic activity. Solar and geomagnetic 
activity affects the atmosphere primarily by increasing its 
temperature and dencity. Variations in the density of 
Earth's atmosphere cause changes in altitude satellites. In 
this work, satellites are used as indicators of the impact of 
space weather on the upper atmosphere of the Earth [1, 2]. 
This work is a refinement, expansion and continuation of 
the work [5]. 
 

2. Observational data 
 

For analysis were taken twenty five satellites with 
different inclinations. Among them: polar, middle–latitude 
and equatorial satellites. There are fifteen circle orbit and 
ten elliptic orbit satellites. Table 1 lists: numbers of 
satellites, periods of observations, inclination of orbits – i, 
eccentricity – e and the minimum and maximum distance 
from the surface of the Earth at perigee – r min and r max. 
Study satellites moved in unmanaged mode and the 
satellites: 27700, 00063, 00165 – burned in the 
atmosphere towards the end of the observation period. 
Observations of these satellites cover the declining phase 
of solar cycle 23 and the first half of solar cycle 24. It 

includes the rise phase and beginning of the maximum 
phase of solar cycle 24. 

For the analysis the following indices were taken: W – 
Wolf numbers; Sp – the total area of sunspot groups of the 
northern and southern hemispheres of the Sun, F10.7 – the 
solar radio flux at 10,7 cm; E – electron flux with energies 
more than 0,6 MeV и 2 MeV; planetary, high latitude and 
middle latitude geomagnetic index Ap. Data of these 
indices cover time period from 2005 y. to 2014 y. 

Variations of the B–star Drag Term [4] and five indices 
of solar and geomagnetic activity were studied in this 
article. Figure 1 shows an example graph of the change of 
the drag coefficient of the satellites: 27700, 00932 – in the 
investigated time interval. 

 
 
Table 1. 
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Figure 1: Initial values for polar satellites 27700 (circular 
orbit) and 00932 (elliptical orbit). 

 
 

 
3. Methods of data processing 
 

Packages of the statistical analysis were used for our 
estimations, which are: Origin Pro 8.1, STATISTICA 8 и 
PSELab. 

For primary processing of data was used software 
package – Origin Pro 8.1. With it performed data 
interpolation by B–spline method and subtracted the trend 
(polynomial 3–rd order and using of frequency filtering). 
The primary processing of indices of solar and 
geomagnetic activity data wasn’t used. These indexes are 
daily. After this package used statistical analysis software 
package STATISTICA 8. With this package were 
constructed periodograms for all satellites and indices of 
solar and geomagnetic activity. At the last stage was used 
the PSELab package for construction of the spectrograms. 
PSELab allows to carry out the spectral and spectral–time 
analysis of data. 

For quantitatively characteristics of the mutual 
influence of the selected indices on the B–star Drag Term 
was used multiple correlation analysis in software package 
STATISTICA 8. 
 
 

4. Results 
 

Fig. 2 shows initial values for one of the indices of 
solar activity – the solar radio flux at wavelength 10,7 cm. 
Periodograms was built based on these initial values. This 
index is an indicator of ultraviolet radiation from the sun. 
It affects the change in the temperature and density of the 
upper atmosphere of the Earth. 

The results of primary processing of B–star Drag Term 
are given in [5]. 

 
 

 
Figure 2: Initial values for index of solar activity the solar 
radio flux at wavelength 10,7 cm. 
 
 

 
Figure 3: Periodogramm of initial values for radio flux at 
wavelength 10,7 cm. 

 
 
4.1. Dividing the data into two intervals of observations 
 
The study period of satellites and solar and 

geomagnetic indexes includes phase of declining of 23–rd 
solar cycle, phase of rise of 24–th solar cycle. State of 
solar and geomagnetic activity during these periods differ 
significantly. 

That’s why observations data were divided into two 
periods: 2005–2009 y. and 2010–2014 y. In STATISTICA 
8, using Fourier analysis, we constructed periodograms for 
these intervals for B–star Drag Term and five indices of 
solar and geomagnetic activity. An example of 
periodograms is shown in Figure 3. 

In the resulting periodograms, for indexes of solar and 
geomagnetic activity, for period 2005 – 2009 y. we 
obtained the periods: 

1. For Wolf numbers: in years (for 2005 – 2009 y. 
does’t exist); in months (6; 3,3; 1,7; 1,2); days 
(28,5; 25; 21,2; 17,1; 13,4; 11,1; 8,9). 
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2. For the total area of sunspot groups: in years (for 
2005 – 2009 y. does’t exist); in months (6; 3,8; 2,4; 
1,6; 1,1); days (27,7; 23; 17,2; 13,5). 

3. For the solar radio flux at 10,7 cm: in years (1); in 
months (7,5; 6; 4; 2,3; 1,1); days (27,7; 22,8). 

4. For the electron flux with energies >0.6 MeV: in years 
(for 2005 – 2009 y. does’t exist); in months (10; 7,5; 6; 
3,8; 3,2; 2,5; 1); days (26,5; 13,4; 9; 6,7; 5,4). 

5. For the electron flux with energies >2 MeV: in 
years (2,5); in months (7,5; 6; 5; 3,8; 3,2; 1,9; 1,5; 
1,3; 1); days (26,5; 20,5; 16,2; 13,9; 9; 6,8; 4,5). 

6. For the planetary geomagnetic index Ap: in years 
(1,3); in months (7,5; 3,8; 1,9; 1,4); days (26,9; 
13,5; 9; 6,7; 5,4). 

In the resulting periodograms, for indexes of solar 
and geomagnetic activity, for period 2010 – 2014 y. we 
obtained the periods: 

1. For Wolf numbers: in years (2,5); in months (6,7; 
1,9; 1,5); days (26,1; 23,7; 21; 17,2; 16; 15,2; 13,6; 
9,6). 

2. For the total area of sunspot groups: in years (2,7); 
in months (9,1; 6,4; 3; 1,9; 1,5; 1,1); days (28,1; 27; 
25,9; 24,1; 20,4; 18,6; 15,3; 13,9; 6,9). 

3. For the solar radio flux at 10,7 cm: in years (2,5; 1); 
in months (8,6; 3,2; 1,9; 1,8; 1,5); days (26,1; 20,3). 

4. For the electron flux with energies >0.6 MeV: in 
years (1,7); in months (7,5; 5,5; 3,7; 2,2; 1,1); days 
(28,1; 14,5; 12,8; 9,2; 6,7). 

5. For the electron flux with energies >2 MeV: in 
years (1); in months (7,5; 5,5; 3,8; 2,5; 1,5; 1,2); 
days (28,1; 24,3; 26,1; 20,5; 17,4; 14,5; 12,8; 8,9; 
7,1; 6,7). 

6. For the planetary geomagnetic index Ap: in years 
(1); in months (5,5; 3,8; 1,9; 1,5; 1); days (28,5; 
16,8; 13,3; 9; 6,6; 5,4; 4,5). 

 
4.2. Subtract of the trend component 
 
To identify short–components, trend components were 

removed. In order to eliminate the influence of the trend 
components was subtracted the 3–rd order polynomial. In 
the next step was conducted frequency filtering of 
periodicities more than three and one years. 

 
4.3. Calculation  of the spectrograms for data with 

subtracted trend 
 
To identify the time of existence of periodic 

components used program PSELab [3]. As a result of this 
calculations trend periods were found (periods that do not 
retain their values). 

For elliptic orbit satellites: from 10,2 to (=>) 9,7 days; 
12=>13 days; 2,6=>1,3 month; 

and for the circle orbit satellites: from 4,6=>3,7 days; 
6,4=>7,2 days; 13=>11,4 days; 23=>13 days; 28 days 
=>1,1 month; 29,2 days =>1,2 month. 

Spectrograms for the indices of solar and geomagnetic 
activity showed that the identified periods are present on 
all the studied time interval. Spectrograms for the total 
area of sunspot groups show periods from 5,4 to 20 days. 
These periods more clearly visible in the decline phase of 
23–rd solar cycle. 

4.4. Building of multiple correlation models 
 
One of the final stages of data processing is to build 

models of multiple correlation between the B–star Drag 
Term and indices of solar and geomagnetic activity. 
Building of this models consists in finding the regression 
and beta coefficients of model and to find multiple 
correlation coefficients. Models should not contain 
parameters that correlates with each other. Also these 
models must include the total number of factors 
influencing the studied parameter [6]. 

The highest correlation coefficients (between B-star 
and indices of solar and geomagnetic) greater than 0.7, as 
expected from the literature, between the B-star and radio 
flux at 10.7 cm, Wolf numbers and the total area of 
sunspot groups. 

Fig. 4 and 5 show correlation between B-star and the 
solar radio flux at wavelength 10,7 cm for «circle» orbit 
and «elliptic» orbit satellites respectively. 

Correlation coefficients between indices: W, Sp and 
F10.7 is more than 0.87. Therefore, we can’t use these 
indexes together in the model. Thus we have built three 
models which we called (depending on the main 
influencing index): model F 10.7, model W and model Sp. 
The examples of models (for example model F 10.7) are 
shown in Table 2 and Table 3 for circle orbit and elliptic 
orbit satellites respectively. 

 
 

 
Figure 4: Graph of correlation between B-star and radio 
flow at a wavelength of 10.7 cm. 
 
 

 
Figure 5: Graph of correlation between B-star and radio 
flow at a wavelength of 10.7 cm. 
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Table 2. 

 
 
Table 3. 

 
 
 
 

5. Conclusions 
 

As a result of the calculation using the programs: 
OriginPro 8.1, STATISTICA 8 and PSELab have been 
found: 

1) Using Fourier analysis identifies periodic 
components and their presence in the studied time 
interval. 

2) For circle orbit satellites: in the models which 
include F 10.7 multiple correlation coefficient 
greater than 0.8, mostly for all satellite. The models 
which include W have the same picture as in the 
models of F 10.7, only the multiple correlation 
coefficient for the Wolf numbers slightly more than 
0.7. But multiple correlation coefficient of models 
which includes Sp little more than 0.6, but in the 
last two models, the value of the beta coefficient for 
electrons fluxes increased significantly compared to 
previous models 

3) For elliptic orbit satellites: in the models which 
include F 10.7 multiple correlation coefficient is 
slightly more than 0.6, for satellites with NORAD 
numbers: 00011, 00020, 00721, 00932. For other 
satellites multiple correlation coefficient is just 
above 0.2. The main contribution is making two 
parameters: the radio flux at a wavelength of 10.7 
cm, and the electron fluxes with energies >0.6 
MeV. In models which include W and Sp is the 
same picture as in the models which include F 10.7 
only except that increases of contribution from 
electron fluxes with energies >0.6 MeV and the 
planetary geomagnetic index Ap. 

Detected periods with trend probably related to the long 
dynamics of influence of solar and geomagnetic activity 
and tidal phenomena on the upper atmosphere of the 
Earth. 
 

References 
1. Beletsky V.V.: The motion of an artificial satellite 

about the center of mass, M., 1965, 416 p. 
2. Roy A.: Orbital motion, M .: Mir, 1981, 544 p. 
3. PSELab [web resource] / POWER SPECTRUM 

ESTIMATION LABORATORY. – Access mode: 
http://pselab.ru/. 

4. Kelso Ted Frequently Asked Questions: Two-Line 
Element Set Format, 1998. 

5. Komendant V.H., Koshkin N.I., Ryabov M.I., Sukharev 
A.L.: 2015, Odessa Astron. Publ., 28/2, 277. 

6. Mordecai Ezekiel, Karl August Fox Methods of 
Correlation and Regression Analysis, Linear and 
Curvilinear, 1966. – 560 с. 

210 Odessa Astronomical Publications, vol. 29 (2016)


