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Abstract. Remote sensing of the Earth is mainly carried out in the visible 
region of the spectrum, which corresponds to the current level of 
development of high-precision onboard instruments for Earth remote 
sensing. At the same time, methods and equipment for sensing in the radio- 
and infrared ranges of the electromagnetic spectrum are widely used and 
developed at a faster pace. The frequency of data acquisition ranges from 
once per month to once per minute, the spatial resolution ranges from 
kilometer to centimeter scales, and the electromagnetic spectrum covers 
wavebands ranging from visible light to microwave wavelengths. The 
efficiency of Earth remote sensing information delivery to consumers is 
considered under different variants of satellite-repeater network 
construction, taking into account the characteristics of existing and 
prospective high-speed radio lines of spacecrafts. 

1 Introduction 

Based on the analysis of needs in Earth remote sensing (ERS) data and the "Development 
Strategy of the State Corporation for Space Activities "Roscosmos" for the period up to 2025 
and perspective up to 2030", by 2030 the spatial resolution indicators in the visible range of 
0.2 m, in the radar range of 0.5 m, and in the infrared range of 30 m should be achieved, with 
a data update frequency of 8 times/day, which corresponds to 100% satisfaction of needs in 
ERS data [1-5]. 

Space communications, broadcasting and relaying are the most demanded, developed, 
profitable and commercially available part of space activities [6-15]. 

It is expected that the average annual growth rate of demand for the capacity of traditional 
fixed satellite communications satellites in the domestic market of Russia will amount to 15-
25 %, the increase in demand for data retransmission capacity by 2030 is forecasted to be 
5...7 times. 

In terms of remote sensing of the Earth from space, the goal is to ensure round-the-clock 
and all-weather observation of the Russian territory, as well as to create a scientific and 
technical foundation for Russia's full-fledged representation in all segments of the world 
market of space services [16-25]. 
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2 Evaluation parameters 

The efficiency of remote sensing information delivery to the receiving point is calculated for 
a grid, in the nodes of which the objects of observation are located. The position of the objects 
of observation is determined by the specified grid sizes and limited by the specified contour. 
The input parameters of the algorithm are divided into 3 groups: own parameters of the 
calculation, parameters of the technical characteristics of the remote sensing spacecraft and 
radio line, parameters of the data reception point and parameters of the simulation model [26-
33]. 

Input parameters of the algorithm for calculating the efficiency of remote sensing 
information delivery to the reception point: 

 ሾ𝛼Smin,𝛼Smaxሿ - range of angles of admissible illumination of the filmed surface; 
 𝑝max/𝐿max - maximum linear projection of a pixel, m / maximum level of linear 

resolution on the terrain, m. 
Input parameters of the remote sensing spacecraft and radio line used in the calculation 

of the efficiency of remote sensing information delivery to the data reception point: 
 𝑟 - information flow, Gbit/sec; 
 𝑡Оே- shooting time of one object, sec; 
 ሼ𝑉୚ୖ୐ሽ - list of information transmission speeds to the information receiving point, 

Gbit/sec; 
 ሼ𝑉ୋ୏୅ୖሽ - list of information transmission rates to the satellite retransmitter, 

Gbit/sec. 
Input parameters of the information receiving point used in calculating the efficiency of 

remote sensing information delivery to the information receiving point: 
 ሼ𝑉୅୔୔େሽ – list of data reception speeds, Gbit/sec; 
 𝑡ୢ - delay for entering the connection, sec. 

Input parameters of the repeater satellite and radio link used in the calculation of the speed 
of remote sensing information delivery to the information reception point: 

 ሼ𝑉ௌሽ - list of data reception rates from spacecraft, Gbit/sec. 
Output parameters for calculating the efficiency of remote sensing information delivery 

to the receiving point: 
 𝐺 ൌ ሼ𝑡а,  𝑡୫୧୬,  𝑡୫ୟ୶,  𝑡рሽ௜,௝ - set of calculated values of average, minimum, 

maximum, probabilistic efficiency of remote sensing information delivery to the 
receiving point at a point on the Earth surface, s. The coordinates of the point 
correspond to the indices i in latitude, j in longitude 𝑡௜,௝ ∈ ሺ0; 𝑡ே ൅ 1ሿ, 𝑡ே - duration 
of the modeling interval, sec.; 

 𝑦௜ ൌ 𝐹௝ሺ𝑡௜,௝ሻ - graph of distribution of average, minimum, maximum, probabilistic 
efficiency of remote sensing information delivery to the point of information 
reception, averaged by longitude, by latitude; 

 𝑇 ൌ ሼ𝑡а,  𝑡୫୧୬,  𝑡୫ୟ୶,  𝑡рሽ௜,௝ - table of average, minimum, maximum, probabilistic 
efficiency of remote sensing information delivery to the point of information 
reception; 

 𝐼௔ , 𝐼௠௜௡, 𝐼௠௔௫ , 𝐼௣ - integral index of average, minimum, maximum, probabilistic 
efficiency of remote sensing information delivery to the point of information 
reception; 

 ሼС௧ሽ - isolines at a given level. 
Between the spacecraft and the information receiving point, the following characteristics 

of the communication channel are taken into account when calculating the speed of the radio 
line: 

 width of antenna system radiation patterns; 
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 frequency range; 
 radiated energy; 
 and other parameters of the transmitting and receiving systems. 

The time delays associated with the orientation of the antenna systems of the radio link 
to the receiving point are taken into account in the parameter of the time of entry into 
communication. 

The time delays associated with the orientation of the antenna systems of the radio 
communication line from the repeater satellite and the provision of retransmission to the 
information receiving point are not taken into account because of their low significance and 
influence on the calculation of the efficiency of remote sensing information delivery. 

The illumination of objects of observation is determined by the correspondence of the 
Sun elevation angle in the topocentric coordinate system to the range of angles of permissible 
illumination ሾ𝛼Smin,𝛼Smaxሿ. 

The condition for observing an object is that the object falls within the remote sensing 
spacecraft's field of view, calculated taking into account the specified maximum pixel 
projection size 𝑝max or the maximum level of linear resolution on the ground 𝐿max. 

3 Evaluation algorithm 

Operational efficiency of remote sensing information delivery to the receiving point is the 
time between the moment at which imaging of objects of observation is performed and the 
moment at which remote sensing information delivery to the receiving point ends. 

Delivery of remote sensing information to the receiving point is possible when the 
spacecraft is within the radio visibility zone of the receiving point. Delivery is also possible 
when retransmitting remote sensing information via a satellite transponder. Communication 
between the spacecraft and the repeater satellite is possible when installing a communication 
line with an altitude exceeding 10 km. 

Among the list of information transmission rates ሼ𝑉୚ୖ୐ሽ of the spacecraft radio line and 
the list of information reception rates ሼ𝑉୅୔୔େሽ of the information reception point the same 
maximum frame transmission and reception rate ሼ𝑉кሽ is searched. If there are no identical 
velocities in the lists, it is impossible to transmit remote sensing information from the 
spacecraft to the receiving point. 

When retransmitting to a repeater satellite, the compatibility of the range of the radio line 
of the repeater satellite and the radio line of the remote sensing spacecraft is taken into 
account. Similarly, for the radio line of the repeater satellite and the radio line of the remote 
sensing spacecraft, the same maximum rate of transmission and reception of the ሼ𝑉кீ௄஺ோሽ 
frame is sought. 

Verification of entry into the zone of radio visibility of the information reception point is 
performed for the time moments of discrete modeling (calculation points). 

Therefore, if at the calculation point with time 𝑡௜ the spacecraft entered the radio visibility 
zone of the data reception point, and at the calculation point with time 𝑡௝ሺ𝑗 ൐ 𝑙ሻ the spacecraft 
left the radio visibility zone, the radio visibility interval is equal to: 

ൣ𝑡௟ െ 𝑑𝑡 2⁄ ,   𝑡௝ െ 𝑑𝑡 2⁄ ൧        (1) 

where 𝑑𝑡 - is the modeling step. 
After the beginning of radio visibility the spacecraft enters into communication with the 

receiving point during the time 𝑡ୢ set in the parameters of the information receiving point. 
After the expiration of this time starts counting down the frame transmission time. Checking 
the installation of communication between the spacecraft and the satellite repeater is 
performed for the time moments of discrete modeling (calculation points). 
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Consequently, if at the calculation point with time 𝑡୫ spacecraft established radio 
communication with the repeater satellite, and at the calculation point with time 𝑡୬ሺ𝑛 ൐ 𝑚ሻ 
spacecraft ceased communication with the repeater satellite, then the session of 
communication between the spacecraft and the repeater satellite is equal to: 

ሾ𝑡௠ െ 𝑑𝑡 2⁄ , 𝑡௡ െ 𝑑𝑡 2⁄ ሿ                     (2) 
The volume of a frame transmitted to a receiving point or satellite repeater is calculated 

using the following formula: 
𝐼௦  ൌ  𝑟 ∗ 𝑡ைே            (3) 

The time required to transmit a frame to the receiving station is calculated using the 
following formula: 

𝑡௦  ൌ  𝐼௦ 𝑉௦⁄             (4) 
The time required to transmit a frame to the satellite repeater is calculated using the 

following formula: 
𝑡௦ீ௄஺ோ  ൌ  𝐼௦ 𝑉௦ீ௄஺ோ⁄                     (5) 

The generalized algorithm for calculating the efficiency of delivery by one spacecraft of 
remote sensing information from one object of observation to a data reception point, 
including the use of a repeater satellite, consists of the following steps. 

Step 1. All time moments of discrete modeling (calculation points) are enumerated. 
Step 2. For the current calculation point, for each spacecraft, a field of view is constructed 

in accordance with the specified requirements for the conditions of imaging of the object of 
observation. For the object of observation, the possibility of imaging by the spacecraft is 
calculated. 

Step 3. The event at this step is compared with event A and the moment with events B 
and C is searched for. Between event B and C the event that occurred earlier is searched for, 
it determines the efficiency of remote sensing information delivery: 

 А. At the current design point, the spacecraft has the capability of imaging the object 
of observation, while at the previous design point it did not. 

 B. At the calculation point (after the current one), the remote sensing information is 
delivered to the receiving point from the spacecraft. The delivery occurs at the 
earliest moment of time after the event A, before which the spacecraft had the 
possibility of radio communication with the same data reception point during the 
time of entering into communication 𝑡ௗ and the time of frame transmission 𝑡௞. The 
condition of successful remote sensing information delivery must be fulfilled; 

൫𝑡௝ െ 𝑑𝑡 2⁄ ൯ െ ሺ𝑡௟ െ 𝑑𝑡 2⁄ ሻ െ  𝑡𝑑 ൒  𝑡𝑘      (6) 

 
 C. At the calculation point (after the current one), the remote sensing information is 

delivered to the reception point using the retransmitter satellite. Delivery takes place 
at the earliest moment of time after the event A, before which the spacecraft was 
able to communicate with the repeater satellite during the frame transmission time 
𝑡௞ீ௄஺ோ. 

The condition of successful remote sensing information delivery must be fulfilled: 
ሺ𝑡௡ െ 𝑑𝑡 2⁄ ሻ െ ሺ𝑡௠ െ 𝑑𝑡 2⁄ ሻ ൒  𝑡𝑘𝐺𝐾𝐴𝑅      (7) 

The found delivery intervals form a list of remote sensing information delivery operability 
times, from which the average, minimum, maximum and probabilistic remote sensing 
information delivery operability (𝑡а஽,  𝑡୫୧୬ୈ,  𝑡୫ୟ୶ୈ,  𝑡௣஽) are distinguished. 

Figure 1 shows a block diagram of the generalized algorithm for calculating the efficiency 
of remote sensing information delivery to the information reception point, including the use 
of a repeater satellite. 
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Fig. 1. Block diagram of the algorithm for calculating the intervals of remote sensing data delivery to 
the receiving point using a repeater satellite. 

The block diagram depicts the algorithm for calculating the intervals of remote sensing 
data delivery to the receiving point, including the use of a repeater satellite. 

From the data set of intervals for all spacecraft in the orbital constellation, maximum and 
minimum values are selected for each observation point (in modeling - Earth points within 
the selected grid frame) and average values are calculated. The array of selected values 
characterizes the operability of remote sensing information delivery in different Earth surface 
currents. 

The algorithm of modeling of RS spacecraft information delivery efficiency at different 
variants of building a network of relay satellites uses the ground object field - 1 or several 
information reception points and a grid of observation objects to obtain the distribution of 
delivery efficiency values over the entire Earth surface. 

The parameters of the observation object location grid (number of grid points in latitude, 
number of grid points in longitude, grid step in latitude, grid step in longitude) are set as 
calculation parameters. These parameters determine the discreteness of the distribution of the 
calculation distribution of information delivery efficiency on the Earth's surface. 
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4 Conclusion 

The result of the calculation is a display of the values of the delivery efficiency statistics at 
points on the Earth's surface. The gradient values correspond to the palette of the distribution 
of delivery efficiency time, which may vary for different variants of the orbital constellation 
construction depending on the maximum values of delivery efficiency. 

The time intervals between the following pairs of events are calculated to obtain the 
information delivery operability: 

First event. At the current calculation point at least one satellite from the constellation is 
visible from the current point of the Earth's surface, and at the previous calculation point no 
satellite from the constellation is visible from the current point of the Earth's surface. 

Second event. At the current calculation point, the satellite that was visible in event 
number 1 establishes radio contact with the receiving site or has direct line-of-sight with the 
repeater satellite. 

If event 1 occurs more than once for the same spacecraft and the same point on Earth 
before event 2 occurs, each event 1 shall be counted. 

Radio visibility with a data reception point is established if the slant range between the 
spacecraft and the data reception point is less than or equal to the specified maximum slant 
range of the data reception point, the angle of elevation of the spacecraft above the data 
reception point is greater than or equal to the specified minimum elevation angle of the data 
reception point, and the radio visibility session time is greater than or equal to the minimum 
communication time of the data reception point. 

References 

1. V. Agapov, News of Cosmonautics 8(211), 31-34 (2000) 

2. I.N. Kartsan, P.V. Zelenkov, V.N. Tyapkin, D.D. Dmitriev, A.E. Goncharov, IOP 
Conference Series: Materials Science and Engineering 94(1), 012010 (2015). 
https://www.doi.org/10.1088/1757-899X/94/1/012010 

3. S.V. Efremova, I.N. Kartsan, A.O. Zhukov, IOP Conference Series: Materials Science 
and Engineering 1047(1), 012068 (2021). https://www.doi.org/10.1088/1757-
899X/1047/1/012068 

4. A.A. Aleksakhina, B.A. Kucherov, A.S. Khromenkov, Cosmonautics and rocket science 
6(91), 140-148 (2016) 

5. V.N. Tyapkin, I.N. Kartsan, D.D. Dmitriev, A.E. Goncharov, International Siberian 
Conference on Control and Communications (SIBCON), 7147244 (2015). 
https://www.doi.org/10.1109/SIBCON.2015.7147244 

6. A. Zhukov, M. Prokhorov, A. Zakharov, A. Biryukov, I. Kartsan, V. Skripachev, 5th 
International Scientific Workshop on Modeling, Information Processing and Computing, 
MIP: Computing-V 3091, 33 - 37 (2022). https://doi.org/10.47813/dnit-mip5/2022-
3091-33-37  

7. V.M. Artyushenko, B.A. Kucherov, Applied Informatics 6(48), 6-14 (2013) 

8. I.N. Kartsan, S.V. Efremova, V.V. Khrapunova, M.I. Tolstopiatov, IOP Conference 
Series: Materials Science and Engineering 450(2), 022015 (2018). 
https://doi.org/10.1088/1757-899X/450/2/022015 

9. I.N. Kartsan, P.V. Zelenkov, V.N. Tyapkin, D.D. Dmitriev, A.E. Goncharov, IOP 
Conference Series: Materials Science and Engineering 122(1), 012010 (2016). 
https://doi.org/10.1088/1757-899X/122/1/012010 

, 060 (2023)E3S Web of Conferences https://doi.org/10.1051/e3sconf/20234430600808 443
ETESD-II 2023

6



10. Yu.L. Fateev, V.N. Ratuschnyak, I.N. Kartsan, V.N. Tyapkin, D.D. Dmitriev, 
A.E. Goncharov, IOP Conference Series: Materials Science and Engineering 155(1), 
012016 (2016). https://doi.org/10.1088/1757-899X/155/1/012016 

11. I.N. Kartsan, A.O. Zhukov, O.А. Platonov, S.V. Efremova, Journal of Physics: 
Conference Series 1399(3), 033071 (2019). https://www.doi.org/10.1088/1742-
6596/1399/3/033071 

12. I.N. Kartsan, N.A. Shumakova, A.O. Zhukov, O.A. Platonov, S.V. Efremova, Journal of 
Physics: Conference Series 1515(4), 042022 (2020). https://www.doi.org/10.1088/1742-
6596/1515/4/042022 

13. A.O. Zhukov, B.A. Kucherov, Technologies for obtaining and processing information 
about dynamic objects and systems, Proceedings of the II All-Russian Scientific and 
Practical Conference, 01 October 2021, Joint Stock Company "Special Design Bureau 
of Moscow Power Engineering Institute", Moscow, 300-309 (2022) 

14. I.N. Kartsan, V.N. Tyapkin, D.D. Dmitriev, A.E. Goncharov, P.V. Zelenkov, 
I.V. Kovalev, IOP Conference Series: Materials Science and Engineering 155(1), 
012019 (2016). https://www.doi.org/10.1088/1757-899X/155/1/012019 

15. I.N. Kartsan, V.N. Tyapkin, D.D. Dmitriev, A.E. Goncharov, P.V. Zelenkov, 
I.V. Kovalev, IOP Conference Series: Materials Science and Engineering 155(1), 
012017 (2016). https://www.doi.org/10.1088/1757-899X/155/1/012017 

16. I.N. Kartsan, S.V. Efremova, A.O. Zhukov, IOP Conference Series: Materials Science 
and Engineering 1047(1), 012104 (2021). https://doi.org/10.1088/1757-
899X/1047/1/012104 

17. M.E. Barkova, A.O. Zhukov Technologies for obtaining and processing information 
about dynamic objects and systems, Collection of conference abstracts of the II All-
Russian Scientific and Practical Conference, 01 October 2021, Joint Stock Company 
"Special Design Bureau of Moscow Power Engineering Institute", Moscow, 25-28 
(2021) 

18. V.N. Tyapkin, I.N. Kartsan, D.D. Dmitriev, S.V. Efremova, International Siberian 
Conference on Control and Communications (SIBCON) 7998452 (2017). 
https://www.doi.org/10.1109/SIBCON.2017.7998452 

19. V.I. Kudymov, V.V. Brezitskaya, P.V. Zelenkov, I.N. Kartsan, Yu.N. Malanina, IOP 
Conference Series: Materials Science and Engineering 450(5), 052009 (2018). 
https://www.doi.org/10.1088/1757-899X/450/5/052009 

20. V.E. Chebotarev, V.V. Brezitskaya, I.V. Kovalev, I.N. Kartsan, Y.N. Malanina, 
A.O. Shemyakov, IOP Conference Series: Materials Science and Engineering 450(2), 
022029 (2018). https://doi.org/10.1088/1757-899X/450/2/022029 

21. A.O. Zhukov, E.G. Zhilyakov, I.I. Oleynik, S.G. Orishchuk, P.A. Fedorov, I.N. Kartsan, 
Journal of Physics: Conference Series 2094(2), 022005 (2021). 
https://doi.org/10.1088/1742-6596/2094/2/022005 

22. D.K. Mozgovoy, D.N. Svinarenko, S.V. Kapustina, R.Y. Tsarev, T.N. Yamskikh, 
I.N. Kartsan, A.M. Saleh, IOP Conference Series: Materials Science and Engineering 
537(5), 052037 (2019). https://doi.org/10.1088/1757-899X/537/5/052037 

23. K.A. Okhlopkov, M.K. Bondareva, Issues of control of economic activity and financial 
audit, national security, system analysis and management, Proceedings of the VI All-
Russian Scientific and Practical Conference, 28 December 2020, Federal State 
Budgetary Scientific Institution "Expert Analytical Center", Moscow 533-536 (2021) 

, 060 (2023)E3S Web of Conferences https://doi.org/10.1051/e3sconf/20234430600808 443
ETESD-II 2023

7



24. I.N. Kartsan, A.E. Goncharov, I.V. Kovalev, V.N. Tyapkin, D.D. Dmitriev, IOP 
Conference Series: Materials Science and Engineering 255(1), 012009 (2017). 
https://doi.org/10.1088/1757-899X/255/1/012009 

25. I.N. Kartsan, A.O. Zhukov, InterCarto, InterGIS 28, (2022). 
https://www.doi.org/10.35595/2414-9179-2022-1-28-383-393 

26. I.N. Kartsan, Y.N. Malanina, A.O. Zhukov, R.Y. Tsarev, S.V. Efremova, IOP 
Conference Series: Materials Science and Engineering 537(2), 022029 (2019). 
https://doi.org/10.1088/1757-899X/537/2/022029 

27. I.N. Kartsan, V.S. Averyanov, N.A. Shumakova, A.O. Zhukov, O.A. Platonov, 
S.V. Efremova, Journal of Physics: Conference Series 1515(2), 022032 (2020). 
https://www.doi.org/10.1088/1742-6596/1515/2/022032 

28. I.N. Kartsan, M.O. Petrosyan, S.V. Efremova, V.V. Khrapunova, IOP Conference 
Series: Materials Science and Engineering 450(2), 022006 (2018). 
https://doi.org/10.1088/1757-899X/450/2/022006 

29. D.D. Dmitriev, A.B. Gladyshev, V.N. Ratuschnyak, I.N. Kartsan, IOP Conference 
Series: Materials Science and Engineering 450(2), 022028 (2018). 
https://doi.org/10.1088/1757-899X/450/2/022028 

30. A.B. Gladyshev, D.D. Dmitriev, V.N. Ratuschnyak, M.A. Golubyatnikov, I.N. Kartsan, 
R.Yu. Tsarev, IOP Conference Series: Materials Science and Engineering 537(5), 
052011 (2019). https://doi.org/10.1088/1757-899X/537/5/052011 

31. A.O. Zhukov, I.N. Valyaev, V.P. Kovalenko, Z.N. Turlov, A.S. Novikov, I.N. Kartsan, 
Y.N. Malanina, Journal of Physics: Conference Series 1515(2), 022044 (2020). 
https://www.doi.org/10.1088/1742-6596/1515/2/022044 

32. N.L. Dembickij, V.A. Pankratov, A.V. Timoshenko, A.O. Zhukov, I.N. Kartsan, 
N.S. Chefonov, V.S. Chefonov, Journal of Physics: Conference Series 1515(4), 042076 
(2020). https://www.doi.org/10.1088/1742-6596/1515/4/042076 

33. A.O. Zhukov, E.G. Zhilyakov, I.I. Oleynik, S.G. Orishchuk, P.A. Fedorov, I.N. Kartsan, 
Journal of Physics: Conference Series 2094(2), 022013 (2021). 
https://www.doi.org/10.1088/1742-6596/2094/2/022013 

 
 
 

, 060 (2023)E3S Web of Conferences https://doi.org/10.1051/e3sconf/20234430600808 443
ETESD-II 2023

8


