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The purpose of this work is to determine the current trends in the development of low-orbit constellations of
spacecraft with synthetic aperture radar (SAR), which have a number of significant advantages in Earth remote
sensing. It is shown that the demand for Earth remote sensing data and products and services based thereon
continues to grow worldwide. The applicability of SAR to Earth remote sensing is considered. The main
differences and advantages of image acquisition using SAR spacecraft in comparison with optical spacecraft are
shown. The main directions of using low-orbit SAR spacecraft in Earth remote sensing are identified. Land and
water surface observation using SAR spacecraft is shown to be one of the most effective remote sensing methods.
In particular, it is shown that low-orbit spacecraft constellations can be used to advantage in solving many tasks in
the socio-economic sector and tasks aimed at continuous real-time monitoring of various objects. The
characteristics of the various Earth remote sensing spacecraft constellations, in particular low-orbit commercial
ones, launched into orbit during the past decade are considered. Problems in and prospects for the development of
low-orbit SAR spacecraft constellations are elucidated. Existing and planned SAR spacecraft constellations with
traditional and mini-satellite platform technologies are overviewed. It is shown that the performance
characteristics continue to improve, thus allowing one to get data from any area of the Earth at any time. It is
shown that small spacecraft in low and ultralow orbits have significant benefits over traditional spacecraft in
power characteristics, but are outperformed by them in the duration of communication sessions and active life.
The results obtained make it possible to work out recommendations on the designing of low-orbit constellations of
domestic Earth remote sensing spacecraft, in particular on the development of orbit determination models and
algorithms and spacecraft dynamics models.

Keywords: Earth remote sensing, low-orbit spacecraft constellations, synthetic aperture radar, spatial
resolution, swath width, scene, revisit time.

1. Dvorkin B. A., Dudkin S. A. Newest and prospective Earth remote sensing satellites. Geomatika.
2013. No. 2. Pp. 16-36. (in Russian).

2. Danilova T. D., Nafieva E. N., Tarasova P. D. Results of the ERS spacecraft launches in 2018 and
further prospects. Geoprofi. 2019. No. 1. Pp. 16-19. (in Russian).

3. Baklanov A. I. New horizons of space systems for high-resolution optoelectronic Earth observation.
Raket.-Kosm. Priborostr. Inf. Sist. 2018. No. 3. Pp. 17-28. (in Russian).
https://doi.org/10.30894/issn2409-0239.2018.5.3.17.28

4. Volosheniuk O. L. Global trends in the development of low-orbit space systems for optoelectronic
Earth observation. Teh. Meh. 2020. No. 3. Pp. 39-53. (in Ukrainian).
https://doi.org/10.15407/itm2020.03.039

5. Moreira A., Prats-Iraola P., Younis M. A Tutorial on Synthetic Aperture Radar. IEEE Geoscience and
Remote Sensing Magazine. 2013. V. 1. No. 1. Pp. 6-43.
https://doi.org/10.1109/MGRS.2013.2248301

6. Lysenko A. A., Ulybyshev S. Yu. A method of satellite constellations orbital construction for
operational global monitoring problem solution. Engineering Journal: Science and Innovation. 2017.
No. 11. P. 9. (in Russian).

https://doi.org/10.18698/2308-6033-2017-11-1699

7. Neronsky L. B., Mikhailov V. F., Bragin |. V. Microwave Instrumentation for Earth Surface and
Atmosphere Remote Sensing. Synthetic Aperture Radar. Saint Petersburg: GUAP, 1999. 220 pp. (in
Russian).

8. Fomin A. N., Tyapkin V. N., Dmitriev D. D., Andreev S. N., Ishchuk I. N., Kupryashkin I. F.,
Grechkoseev A. K. Theoretical and Physical Foundations of Radar and Special Monitoring.
Krasnoyarsk: Siberian Federal University, 2016. 292 pp. (in Russian).



9. TDX (TanDEM-X: TerraSAR-X add-on for Digital Elevation Measurement). URL:
https://earth.esa.int/web/eoportal/satellite-missions/t/tandem-x (Last accessed on December 6, 2021).

10. Leukhin A. N., Bezrodnyi V. I., Voronin A. A. Remote sensing of the Earth by synthetic aperture
radar. Uchenye Zapiski Kazanskogo Universiteta. Seriya Fiziko-Matematicheskie Nauki 2018. V. 160.
No. 1. Pp. 25-41. (in Russian).

11. Paek S. W., Balasubramanian S., Kim S., De Weck O. Small-satellite synthetic aperture radar for
continuous global biospheric monitoring: A review. Remote Sensing. 2020. V. 12. No. 16. P. 31
https://doi.org/10.3390/rs12162546

12. Cosmo-SkyMed (Constellation of 4 SAR Satellites). URL:
https://earth.esa.int/web/eoportal/satellite-missions/c-missions/cosmo-skymed (Last accessed on
December 24, 2021).

13. AOCS for TanDEM-X Formation flight at 200m separation in low-Earth orbit. URL:
https://elib.dIr.de/67867/1/Man204529.pdf (Last accessed on December 26, 2021).

14. What is the RCM? URL: https://.asc-csa.gc.ca/eng/satellites/radarsat/what-is-rcm.asp (Last
accessed on January 24, 2022).

15. Observing Systems Capability Analysis and Review Tool (OSCAR). URL:
https://space.oscar.wmo.int/satellites/ (last accesses on January 23, 2022).

16. New Space Index. Concise original overview of commercial satellite constellations, small satellite
rocket launchers and NewSpace funding options. URL: https://www.newspace.im/ (Last accessed on
February 24, 2022).

17. NovaSAR-S. URL: https://www.sstl.co.uk/Missions/NovaSAR-S/NovaSARS/NovaSAR-S-Small-
satellite- Synthetic-Aperture-Radar (Last accessed on February 24, 2022).

18. Filippazzo G., Dinand S. The potential impact of small satellite radar constellations on traditional
space systems. 5th Federated and Fractionated Satellite Systems Workshop. Toulouse, France, 2017.
P.12.

19. Golov N. A,, Usachev V. A., Koryanov V .V., Toporkov A. G. Promising technical solutions for the
space complex of the earth's radar sensing based on small spacecraft and light-class launch vehicles.
Engineering Journal: Science and Innovation. 2019. No. 5. P. 20. (in Russian).
https://doi.org/10.18698/2308-6033-2019-5-1881

20. Peral E. et al. Radar technologies for earth remote sensing from cubesat platforms. Proceedings of
the IEEE. 2018. V.106. No. 3. Pp. 404-418.
https://doi.org/10.1109/JPROC.2018.2793179

21. Monitor Any Location On Earth In Near Real-Time. URL: https://www.iceye.com (last accessed on
February 25, 2022).

22. SAR Constellation Technical Specs. URL: https://umbra.space/sar-specs (Last accessed on
February 26, 2022).

23. Capella X-SAR (Synthetic Aperture Radar) Constellation. URL:
https://directory.eoportal.org/web/eoportal/satellite-missions/content/-/article/capella-x-sar (Last
accessed on February 26, 2022).

Received on May 22, 2022,
in final form on June 9, 2022



