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The results of the ongoing monitoring of the position of geostation-
ary telecommunication satellite Eutelsat-13B (13° East) are presented in the 
article. The results were obtained using a radio engineering complex (RC) of 
four stations receiving digital satellite television and a data processing centre. 
The stations are located in Kyiv, Mukachevo, Kharkiv and Mykolaiv. 

The equipment of each station allows synchronous recording (by the 
GPS) of fragments of DVB-S signal from the quadrature detector output of 
the satellite television receiver. Samples of the complex signal are archived 
and sent to the data processing center through the Internet. Here three linearly 
independent slant range differences (Δr) for three pairs of the stations are de-
termined as a result of correlation processing of received signals. Every second 
measured values of Δr are used to calculate Cartesian coordinates (XYZ) of the 
satellite in the coordinate system WGS84 by multilateration method.

The time series of Δr, X, Y and Z obtained during continuous observa-
tions from March to May 2015 are presented in the article. Single-measure-
ment errors of Δr, X, Y and Z are equal to 2.6 m, 3540 m, 705 m and 455 m, 
respectively. The complex is compared with known analogues. Ways of reduc-
tion of measurement errors of satellite coordinates are considered. 

The radio engineering complex could be considered a prototype of a 
system of independent ongoing monitoring of the position of geostationary 
telecommunication satellites.

Keywords: Cartesian coordinates of geostationary satellites, DVB-S, 
radio interferometer.
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1. INTRODUCTION

The topicality of facility development of geostationary satellite (GEOS) ongo-
ing monitoring is caused by the constant growth of population of the Earth geosta-
tionary zone. Continuous positioning of GEOS by terrestrial means is ensured only 
by radio engineering facilities. Optical observations are more accurate; hence, they 
are commonly used for calibration of radio engineering facilities. Errors of conven-
tional optical devices are within 0.26˝–0.91˝ [1].

Radar tracking system, based on single station ranging and azimuth-elevation 
measurement, is the most common radio-engineering facility of positioning of geo-
stationary satellites. Accuracy of 10˝ can be obtained by the system with an antenna 
of 10 m diameter at frequencies of 14 GHz, while accuracy of code ranging can be a 
few centimeters [2]. In the DARTS system (Digital Advanced Ranging with Trans-
port-stream Signals), special ranging packets are inserted into the DVB-S (Digital 
Video Broadcasting-Satellite) transport stream and transmitted simultaneously with 
a payload [3]. The ranging accuracy of DARTS is 5 cm.

The second remote radar is often used to increase the determination accuracy 
of the coordinates of the controlled geostationary satellite [4]. However, to deter-
mine more accurately the satellite azimuth measured by radar a radio interferometer 
is applied [4], [5]. The radio interferometer has two receivers of Ku-band downlink 
signals. Only 250 meters separate antennas of the receivers. This distance between 
the antennas allows for the appliance of a common local oscillator in the receivers. 
To reduce the phase distortion of the signals, RF signals are fed via cooled fiber optic 
lines from outputs of the antennas to inputs of mixers. The phase of the signal at the 
output of the receivers is determined by the discrete Fourier transform. The resulting 
value of phase difference is used to refine the azimuth of the satellite. The accuracy 
of phase difference determination is about 5 % of a wavelength or 1.2 mm for a sig-
nal frequency of 13 GHz. The corresponding directional accuracy is about 1˝.

Chinese VLBI network (CVN) of four stations was used in the research [6] to 
calibrate the tracking system for geostationary satellites belonging to the COMPASS 
navigation system. Minimum baseline length of the CVN equals 1100 km, and the 
maximum is 3250 km. Signal transmitted by the geostationary satellites at a fre-
quency of 2.2 GHz was used as the VLBI beacon. Spectral width of the signal was 
approximately 2 MHz. The accuracy of delays measured by the VLBI was 3.6 ns and 
the accuracy of satellite coordinate determination was 10 m.

A radio engineering complex (RC) was developed at the Research Institute 
NAO for active geostationary telecommunication satellite positioning [7]. The basic 
principle of the RC is the determination of the difference of slant ranges to a satellite 
from a pair of receivers using the correlation analysis of the received DVB-S signals. 
Hence, the proposed approach is equivalent to that used in radio interferometry. The 
slant range difference to an observed radio source is also obtained there as a result 
of the correlation analysis of the received signals. The article presents the results of 
measurements of the coordinates of the geostationary satellite Eutelsat-13B. The 
results were obtained in the period from March to May 2015 using the upgraded RC.
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2. RC: TECHNIQUE, HARDWARE AND SOFTWARE

The Earth-centered Earth-fixed coordinate system is used to determine Car-
tesian coordinates of the tracked geostationary telecommunication satellite by the 
multilateration (or hyperbolic) method [8], [9]. Let (x, y, z) and (xi, yi, zi) denote the 
desired satellite coordinates and the known coordinates of the i-th station, and let 

[ ]2
1

222 )()()( iiii zzyyxxR −+−+−=  be the distance between the satellite and 
the i-th station. The following system of nonlinear equations can be used to find the 
satellite coordinates:

,00 =−∆+ ii RrR  1,...,1 −= Ii 	  (1)

where	 ii cr τ∆⋅=∆  – the difference between slant ranges obtained for the i-th and 	
	 0-th stations;
c – 	 the speed of light in vacuum; 

iτ∆  – 	the difference between measured delays of the DVB-S signals received by 	
	 the stations;
I – 	 the number of spaced stations.

Hence, the complex should consist of four or more stations to determine three 
unknown satellite coordinates.

Initial values (x0, y0, z0) for the satellite coordinates are required for solving the 
nonlinear system of equations (1) using a numerical method. They should be defined 
in the same coordinate system as the coordinates of the stations. The coordinates 
of the stations are set in the Earth-fixed WGS84 (World Geodetic System of 1984) 
system because the WGS84 is the reference coordinate system used by the GPS and, 
therefore, the coordinates can be taken directly from the measurement data of GPS 
receivers used for synchronization of the stations [7]. The initial values (x0, y0, z0) can 
be computed with the following approximate geographical coordinates of the satel-
lite relative to the WGS84 ellipsoid: φGSS, λGSS = 0 и hGSS = 36000 km, where φGSS, λGSS 
and hGSS denote the longitude, latitude and height of the geostationary satellite, re-
spectively. Formulas for conversion between geographical and Cartesian coordinates 
may be found in [2], [10]. The given method of estimating (x0, y0, z0) allows one to 
solve the system of equations (1) in a few Newton’s iterations.

Currently, the RC is composed of four (I = 4) identical stations receiving digi-
tal satellite TV (Digital Television-Satellite (DTV-S)), which are installed in the cit-
ies of Kyiv, Mukachevo, Mykolaiv and Kharkiv. The maximum distances between 
the stations are about 1000 km and 400 km along longitude and latitude, respectively.

Each station consists of:
1)	 The standard antenna-feeder system for the reception of DTV-S signals, 

with antennas of 0.9 m (in Kyiv, Mukachevo and Kharkiv) and 1.9 m (in 
Mykolaiv) in diameter; 

2)	 DTV-S receiver (SkyStar1 or SkyStar2) performed as a PCI-card and up-
graded in terms of outputting of in-phase and quadrature signals;
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3)	 Single-frequency ThunderBolt-E GPS receiver;
4)	 Digital USB-oscilloscope DSO5200A with 200 MHz passband and 9-bit 

ADC (Analog Digital Converter);
5)	 Personal computer with USB and RS-232 ports, operable in Windows XP 

environment (1 GHz CPU clock rate; 1 Gb RAM, and 100 Gb HD capac-
ity);

6)	 Internet connection at data rate of at least 80 Kbytes per second.

Detailed description of the station hardware and software is given in [7]. The 
hardware and software allow each station of the RC to record every second frag-
ments of DTV-S complex signal synchronously with PPS (Pulse-Per-Second) sig-
nals incoming from the GPS receivers. A feature of USB-oscilloscopes DSO5200A 
employed as ADC is the dependence of the nominal sampling frequency nf  on the 
duration Ts of a recorded fragment:

s

s
n T

N
f =

where Ns = 10240 – the constant equal to the size of sample. The value of Ts depends 
on the selected scale of the oscilloscope. Two factors were taken into account in the 
research [7] to select the oscilloscope scale. First of all, Nyquist rate for recorded 
DVB-S signal was defined. Then the location of stations was chosen based on the 
obtained maximum value of Ts. Let B denote the length of the baseline connecting 
the stations. The stations should be located so as to satisfy the inequality: B ≤ Ts·с. 
The restriction on the length of the baseline was significantly weakened by using the 
ability to change the PPS signal delay PPSτ  with respect to the beginning of a sec-
ond. This ability is provided in the receivers ThunderBolt-E. The difference between 
delays of DTV-S signals received at two stations can be represented as the sum of 
two terms:

τττ ˆ+∆=∆ 	

where τ∆  – the average difference of the delays, and τ̂  – the variation of the delay 
difference with respect to τ∆ . The average difference of the delays τ∆  may be 
a few milliseconds because it depends on the length of the baseline connecting the 
stations and on the relative position of tracked satellite and baseline. The variation 
of the delay difference τ̂  depends on displacement of the satellite within its geosta-
tionary slot and it cannot exceed 20 μs. If there are several pairs of stations PPSτ =0 
can be set for one (chosen) station. For the rest of the stations  PPSτ  can be set equal 
to the value of τ∆  with respect to the chosen station. Numerical simulation may 
be used to estimate τ∆ . The satellite orbital parameters required for the simulation 
could be found at the site: www.space-track.org. The DTV-S receivers employed in 
the RC can receive DVB-S signal at a symbol rate of 22000 or 27000 kSym/s. The 
spectral width of the signals is about 30 MHz [11]. Hence, their Nyquist rate is equal 
to 60 MHz. The value of nf  closest to the Nyquist rate is 51.2 MHz. It corresponds 
to Ts  = 200 µs that is substantially greater than the possible values of τ̂ .
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Every second complex samples of DTV-S signal are archived and sent through 
the Internet to the processing centre in Mykolaiv. Here the following is carried out 
for a given pair of stations [7]:

-	Transforming the complex samples in real samples taking into account the 	
	 structure of the DVB-S signal;
-	Computing the correlation function of the real samples;
-	Computing the difference of the delays of the DVB-S signals received by 	
	 the stations.

The value of iτ∆  is estimated by the following formula: 

 
.	  (2)

Expression (2), unlike that used in [7], has a number of additional parameters:
PPSiτ  and 0PPSτ  – given initial delays of PPS signals of GPS receivers of the stations;

 – measured value of the difference of hardware delays of the stations;
 – measured coefficient of proportionality between a valid ( vf ) and nominal sam-

pling frequencies:

It is assumed that  depends on equipment characteristics of the stations 
(e.g., on the difference of the electrical lengths of cables between antennas and re-
ceivers and so forth), and  is the constant for the given type of USB-oscilloscope. 
The parameters  and  are determined during calibration before sending sta-
tions to their places of observation.

In (2),  and  are measured in counts of the sampling frequency. The pa-
rameter  is equal to the offset of the maximum of the correlation function from the 
beginning of the sample obtained by the i-th station. The position of the maximum 
is confirmed using the Hilbert transform of the correlation function by the method 
proposed in [12]. Thus, in general, the value of  is a fractional non-negative value. 
The value of 0n  is also a non-negative value, but always it is integer because it 
equals to a given offset of the middle part of the sample obtained by the zero sta-
tion. The offset is set from the beginning of the sample. The size of this middle part 
of the sample is always smaller than Ns, and it is equal to the sample size of cor-
relator (Nс). The parameters 0n  и Nс are set so that variations of τ̂  with respect to 

) ( 0PPSPPSi ττ −  are within the interval 






 −−−

v
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v f
nNN

f
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Three linearly independent values of  are computed using (2). 
Then they are used in (1) to find every second values of the Cartesian coordinates of 
the tracked satellite.

Additional software is used to estimate statistical characteristics of  and (x, 
y, z).
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3. OBSERVATION RESULTS

Position of ongoing observations of geostationary satellite Eutelsat-13B pre-
sented in the article was obtained by the RC during the period from 11 March 2015 
to 20 May 2015. Eutelsat-13B is co-located in an orbital slot of 13° East with two 
other satellites, Eutelsat-13C and Eutelsat-13D. The DVB-S signal at the frequency 
of 11541 MHz with vertical polarization and at the symbol rate of 22000 kHz is 
received by the RC stations during the whole observation period, including the ana-
lysed interval. The duration of sample of recorded signals of quadrature detector is 
set to Ts = 200 µs. It corresponds to the nominal sampling rate nf  = 51.2 MHz that 
is close to the Nyquist rate for the received signal. The PPS signal delays for the sta-
tions in Kyiv, Kharkiv and Mukachevo are set in such a way as to keep zero delay 
for the Mykolaiv station and are equal to 888 µs, 1270 µs and –215 µs, respectively.

Differences of slant ranges changing over time are shown in Fig. 1 for the three 
pairs of the stations: Kharkiv-Mykolaiv, Mukachevo-Mykolaiv and Kyiv-Mykolaiv. 
The station in Mykolaiv is the zero station for all pairs listed in Fig. 1. As a result of 
the correlation analysis, the delays of the signals received in Kharkiv, Mukachevo 
and Kyiv are computed regarding the delay of the signal received in Mykolaiv. The 
y-axis of the graphs represents the values of r∆ , which were obtained by averaging 
the every second samples of r∆  at the interval of 60 seconds. The x-axis represents 
time (UTC) from 11 March 2015 to 20 May 2015. 

Fig. 1. Slant range differences for three pairs of stations: Kharkiv-Mykolaiv (a), Mukachevo-Myko-
laiv (b) and Kyiv-Mykolaiv (c). Observation time is from 11 March 2015 to 20 May 2015.

It should be noted that there are a few specific intervals of abrupt changing in 
the amplitude of the diurnal variations of r∆  on its graph obtained for the pair of the 
stations Kyiv-Mykolaiv (its baseline is oriented along latitude). Especially clearly 
these changes were evident in the intervals from 11 March 00:00 UTC to 15 March 
16:28 UTC and from 15 March 16:28 UTC to 29 March 17:31 UTC. Obviously, the 
satellite orbit had been corrected on 15 March 16:28 UTC and 29 March 17:31 UTC.
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Empirical probability density (P(σ=ξ)) and distribution (P(σ<ξ)) functions of 
values of standard deviation (SD or σ ) are given in Fig. 2. The values of σ  were 
computed at 60-second intervals of time for each of the samples presented in Fig. 1.

Fig. 2. Empirical probability density function (1, 3 and 5) and distribution function (2, 4 and 6) of 
standard deviation of slant range differences for three pairs of stations: Kharkiv-Mykolaiv (1 and 2), 

Mukachevo-Mykolaiv (3 and 4) and Kyiv-Mykolaiv (5 and 6). Observation time from 11 March 2015 
to 20 May 2015.

From the data given in Fig. 2 it follows that the median of the SD of r∆  
equals 2.5 m for the pair of the stations Kharkiv-Mykolaiv and 2.6 m for the other 
two pairs. It should be noted that all the empirical distributions of σ  given in Fig. 2 
are asymmetric with respect to the median values. All three graphs P(σ=ξ) subside 
more slowly in the interval (ξ >3.0) in comparison with the interval (ξ <2.2). Graph 
2 obtained for the pair Kyiv-Mykolaiv has a clearly pronounced local maximum in 
the range of (ξ> 3.0).

Every second values of Cartesian coordinates (X, Y, Z) of Eutelsat-13B satel-
lite are obtained in the WGS84 coordinate system by solving the system of non-
linear equations (1) for three values of DVB-S signal, relative delays measured by 
the RC. The corresponding graphs of averaging values of the coordinates X , Y , Z  
are given in Fig. 3. The averaging was performed in intervals of 60 seconds.

Fig. 3. Cartesian coordinates of Eutelsat-13B satellite in the WGS84. Observation time from 11 
March 2015 to 20 May 2015.
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It should be noted that an abrupt change in the amplitude of diurnal variations 
of Z  is clearly visible on its graph on 15 March 16:28 UTC and 29 March 17:31 
UTC, as well as on the graph of r∆  obtained for the pair of the stations Kyiv-Myko-
laiv (Fig. 1). These changes may be associated with the satellite orbit corrections.

Spatial positions of the tracked satellite are shown in Fig. 4. It was built ac-
cording to the data shown in Fig. 3.

Fig. 4. Spatial positions of Eutelsat-13B satellite in the period of time from 11 March 2015 to 20 May 
2015.

The following procedure of discarding of gross errors is used for constructing 
the graphs shown in Figs. 3 and 4. If corresponding values of r∆  are discarded for 
at least one of the pairs of stations, averaged values of X , Y  and Z  are discarded. 
If the sample size of averaging is less than 10 or the value of the SD of r∆  exceeds 
3.0 m, value of r∆  is discarded. 

Empirical probability density and distribution functions of values of standard 
deviations of X, Y and Z ( Xσ , Yσ  and Zσ , respectively) are given in Fig. 5. The 
values of Xσ , Yσ  and Zσ  were computed at 60-second intervals of time for all  
samples without discarding gross errors.

Fig. 5. Empirical probability density function (1) and distribution function (2) of standard deviation of 
Cartesian coordinates of Eutelsat-13B satellite in the WGS84: X – (a), Y – (b) and Z – (c). 

Due to the data given in Fig. 5, the medians of standard deviations of X, Y and 
Z are equal to 3540 m, 705 m and 455 m, respectively. Hence, the coordinate X has 
larger error than Y and Z.
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4. DISCUSSION

The obtained error (the standard deviation of single measurement) of slant 
range differences of about 2.6 m is completely determined by PPS signal accuracy 
of the ThunderBolt-E GPS receiver [13] and is close to the minimum error for the 
RC equipment composition. The minimum error is 7 ns or 2.1 m. It was obtained in 
the research [7]. This value is free of the RC synchronization error by the GPS and 
is mainly caused by the instability of oscillator frequency of the USB-oscilloscopes 
ADC. Thus, further reduction of the error of r∆  is possible by increasing the tim-
ing accuracy, i.e., the frequency stability of the ADC reference oscillators. For ex-
ample, the ThunderBolt-E GPS receivers could be replaced with GPS-disciplined 
rubidium frequency standards [14]. The PPS signal from the rubidium is aligned to 
UTC and has less than 0.3 ns jitter. An atomic rubidium oscillator of the GPS10RBN 
could also be used as the main frequency reference for the ADC. It should be noted 
that maximum error of slant range difference measurement is caused by the spectral 
width of the received signal. This error for DVB-S signal with a spectral width of 30 
MHz is less than 1 ns or 0.3 m. The error was obtained in process [3].

Let aε  denote the error of an angular coordinate of tracked satellite, and let B 
be the length of the radio interferometer baseline. In [4], the value of aε was equal to 
about 1˝ and it was obtained from the following approximate ratio: 

Ba /σε = ,	  (3)

for the radio interferometer with σ  = 1.2 mm and B = 250 m. Relation (3) holds at 
small ratio of B to the distance to the satellite. Let us estimate aε  for the RC. In this 
case, the value of aε  can also be estimated from (3) because the ratio of the mini-
mum distance between the RC stations to the distance to the satellite is significantly 
less than one (around 10-2). Substituting σ  = 2.6 m and B=400 km in (3), one finds 
that  aε  is also approximately equal to 1˝. Thus, the RC value of aε  coincides with 
the estimation obtained in [4] due to large length of the RC baseline. Thus, working 
together with radar, the complex would ensure the same positioning accuracy of the 
satellite like the radio interferometer considered in [4], [5].

The example above shows that small error value of r∆  does not guarantee 
small value of error when determining the coordinates of satellite. It is also neces-
sary that the stations of radio interferometer have been optimally placed in space 
and at enough large distance from each other. Generally, the error of coordinate 
determination is nonlinear function of σ  and B given by the system of equations 
(1). The nonlinear dependence on σ  and B of the coordinate errors is confirmed by 
comparing the accuracy of the Chinese VLBI Network [6] and two versions of the 
RC. The previous version of the RC (Version 0) differs from the current one (Version 
1) in that the Mykolaiv station was synchronized by Resolution-T, which was less 
accurate than the Thunderbolt-E GPS receiver. Parameters of the radio interferom-
eters (RI) are given in the following table where:
 ВRI is the minimum length of baselines of the RI;

 b = 
RI

CVN

B
B

 is a ratio of values of ВRI for the CVN and RI;
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r∆σ  and XYZσ  are maximum errors for determining of r∆  and Cartesian coordi-
nates of satellite;

 s  = 
CVNr

RIr

)(
)(

∆

∆

σ
σ

 is a ratio of values of r∆σ  obtained by RI and the CVN;

 v  = 
CVNXYZ

RIXYZ

)(
)(

σ
σ

 is a ratio of values of XYZσ  obtained by RI and the CVN.

Table 1
Comparison of the Accuracy of the CVN and the RC

RI ВRI, km / b r∆σ , m / s XYZσ , m / v

CVN 1100 / 1 1 / 1 10 / 1

RC (Version 0) 400 / 2.75 4.5 / 4.5 40000 / 4000

RC (Version 1) 400 / 2.75 2.6 / 2.6 3540 / 354

RC (Version 2) 1000 / 1.1 2.6 / 2.6 ≈400 / ≈40

RC (Version 3) 1000 / 1.1 0.3 / 0.3 <10 / <1

The data presented in Table 1 show that the error of slant range difference 
decreased by 1.7 times after the Resolution-T at the station in Mykolaiv was re-
placed with a more accurate GPS receiver. At the same time, the error of coordinate 
determination decreased by more than 10 times. The data also show that the error of 
coordinate determination by the current version of the RC was two orders of mag-
nitude greater than that for the CVN, while its r∆σ  was 2.6 times greater and its ВRI 
was less than 2.75 times. It can be concluded that relatively small changes of r∆σ  
or ВRI (e.g., doubled) result in significantly greater changes (10 times) of the error 
of coordinate determination. Taking this into account, the accuracies of two possible 
versions of the RC (2 and 3) are given in the last two rows of the table. The version 
2 differs from the current version of the RC in that the length of the baseline along 
latitude is increased by more than twice to 1000 km. It can be expected that the error 
of coordinate determination will be decreased by about an order of magnitude, up 
to 400 m. The version 3 differs from the version 2 in that its error of r∆  estimation 
is equal to the minimum possible error of 0.3 m. In this case, the error of coordinate 
determination can be decreased to a value of less than 10 m.

4. CONCLUSION 

1. The continuous observations of the geostationary telecommunication satel-
lite Eutelsat-13B were performed by the radio engineering complex during more 
than two months from 11 March 2015 to 20 May 2015. The RC consists of four 
stations receiving DVB-S signals and spaced at about 1000 km and 400 km along 
longitude and latitude, respectively.
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2. According to these observations, the errors of single measurements of slant 
range differences and Cartesian coordinates of the tracked satellite were determined. 
These errors were equal to 2.6 m, 3540 m, 705 m and 455 m for r∆ , X, Y and Z, 
respectively. 

3. The estimations of errors of coordinate determination for possible modifica-
tions of the RC were obtained by comparing the accuracy characteristics of two ver-
sions of the RC and the CVN. In the case of increasing the minimum baseline of the 
RC to the order of 1000 km, the error of coordinate determination can be about 400 
m. The estimation of the minimum possible error of geostationary satellite coordi-
nates was also obtained. The error becomes no more than 10 m in the case of saving 
the minimum length of the RC baseline equal to about 1000 km, and if slant range 
difference is estimated with an error equal to or less than 0.3 m.

4. The complex considered can be a prototype of the system of ongoing moni-
toring of orbits of active geostationary telecommunication satellites. This system can 
be cheap to implement, fully independent and untied to uplink stations.
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ĢEOSTACIONĀRA TELEKOMUNIKĀCIJU SATELĪTA POZĪCIJAS 
NEPĀRTRAUKTAS MONITORĒŠANAS REZULTĀTI, IZMANTOJOT 

DIGITĀLĀS SATELĪTTELEVĪZIJAS SIGNĀLA UZTVERŠANU DAŽĀDOS 
TELPAS PUNKTOS

F. Bušujevs, M. Kaļužnijs, J. Sibirjakova, O. Šuļga, S. Moskaļenko,  
O. Balagura, Vl. Kuļišenko

K o p s a v i l k u m s

Rakstā sniegti ģeostacionārā telekomunikāciju satelīta «Eutelsat-13B» (13° 
austrumu garums) pozīcijas novērošanas rezultāti. Rezultāti iegūti, izmantojot 
radioinženierijas kompleksu, kuru veido četras digitālās satelīttelevīzijas signālus 
uztverošās stacijas Kijevā, Mukačevā, Harkovā un Nikolajevā, kā arī datu apstrādes 
centrs.

Katras stacijas aprīkojums, izmantojot GPS, ļauj sinhroni reģistrēt 
satelīttelevīzijas DVB-S signāla fragmentus uztvērēja kvadratūras detektora izejā. 
Kompleksie signāli tika saglabāti un, izmantojot Interneta savienojumu, nosūtīti uz 
datu apstrādes centru, kur uztverto signālu korelācijas apstrādes rezultātā trīs staciju 
pāriem tika noteiktas trīs lineāri neatkarīgas tiešā attāluma starpības (Δr). Izmanto-
jot multilaterācijas metodi, katrā sekundē izmērītās Δr vērtības tika transformētas 
satelīta Dekarta koordinātēs (XYZ) WGS84 koordinātu sistēmā.

Rakstā analizētas Δr, X, Y un Z laikrindas, kas iegūtas nepārtrauktos 
novērojumos laikposmā no 2015. gada marta līdz maijam. Viena Δr, X, Y un Z 
mērījuma kļūda ir atbilstoši 2,6 m, 3540 m, 705 m un 455 m. Izstrādātais komplekss 
tiek salīdzināts ar zināmiem analogiem. Apskatīti paņēmieni, kā samazināt satelīta 
koordināšu noteikšanas kļūdas.

Kompleksu var uzskatīt par ģeostacionāro telekomunikāciju satelītu pozīciju 
neatkarīgas uzraudzības sistēmas prototipu.
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