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Abstract. The main requirements for spatial data are reliability, efficiency and timeliness of their acquisition. The implementation 
of these requirements can be achieved by ensuring the necessary accuracy of geo-linking of target information (images) 
obtained from Earth remote sensing spacecraft. To formulate the requirements for the accuracy of navigation and orientation  
of the spacecraft, it is proposed to apply a mathematical model of average square errors corresponding to the determination  
of spatial coordinates by the method of direct photogrammetric serif for an arbitrary surveying case: for any values  
of the elements of the external orientation of the surveying system. The error model takes into account 22 parameters. The problem 
is solved for the most common systems of external orientation angles (Euler angles). The proposed approach makes it possible  
to determine the contribution of any group of parameters (or a separate parameter) to the final error in determining spatial 
coordinates for a given orbit of a spacecraft, to choose the optimal combination of error values corresponding to different groups 
of parameters and thereby form requirements for the accuracy of navigation and orientation of the spacecraft, requirements  
for the survey system.
Keywords: spacecraft, navigation error, orientation error, spatial coordinates geolocation
For citation: Bezmenov V.M. Substantiation of Requirements for the Accuracy of Navigation, Orientation and Parameters  
of the Spacecraft Survey System Based on Photogrammetry Methods. Rocket-Space Device Engineering and Information Systems. 
2025. Vol. 12. No. 1. P. 30–41.

References

1. Andronov V.G. Matematicheskie modeli, metody i metodiki avtonomnoy fotogrammetricheskoy obrabotki 
kosmicheskikh skanernykh snimkov [Mathematical models, methods and techniques of autonomous photogrammetric 
processing of space scanner images]. Dr. Sci. (Engineering) thesis. YZGU, Kursk, 2016. (in Russian)

2. Voronin E.G. Issledovanie problemy nadezhnosti fotogrammetricheskoy obrabotki optiko-elektronnykh 
kosmicheskikh snimkov [Study of the problem of reliability of photogrammetric processing of optical-electronic space 
images]. Dr. Sci. (Engineering) thesis. Research Center 27 of the Central Research Institute of the Ministry of Defense 
of Russia. Moscow, 2016. (in Russian)

3. Voronin E.G. Dostovernost’ resheniya obratnykh zadach analiticheskoy fotogrammetrii [Reliability  
of the solution of inverse problems of analytical photogrammetry]. Moscow, INFRA-M, 2023. (in Russian)

4. Bezmenov V.M. Primenenie metodov fotogrammetrii v voprosakh tochnosti obespecheniya prostranstvennogo 
i uglovogo polozheniya snimkov distantsionnogo zondirovaniya Zemli [Application of photogrammetry methods  
in matters of accuracy of ensuring spatial and angular position of Earth remote sensing images]. Sovremennye problemy 
distantsionnogo zondirovaniya Zemli iz kosmosa [Modern problems of Earth remote sensing from space]. 2020,  
Vol. 17, No. 5, pp. 45-52. (in Russian)

5. Bostelmann J., Heipke C. Modeling spacecraft oscillations in HRSC images of Mars Express. ISPRS. 
International Archives of the Photogrammetry. Remote Sensing and Spatial Information Sciences. ISPRS Hannover 2011 
Workshop. Volume XXXVIII-4/W19. Pp. 51-56. 

6. Akhmetov R. N., Filatov A. V., Myatov G. N., Yudakov A. A., Nonin A.S., Kozlov A. N., Klebanov Ya. M., 
Eremeeev V. V., Kuznetsov A. E. Nauchnyy podkhod k povysheniyu tochnosti geodezicheskoy privyazki izobrazheniy 
ot kosmicheskikh apparatov vysokodetal’noy optiko-elektronnoy s”emki Zemli [Scientific approach to improving  
the accuracy of geodetic referencing of images from spacecraft for high-detail optical-electronic survey of the Earth]. 



ROCKET-SPACE DEVICE ENGINEERING AND INFORMATION SYSTEMS
2025, Vol. 12, Iss. 1, pp. 30–41

SPACE NAVIGATION SYSTEMS AND DEVICES. RADIOLOCATION AND RADIO NAVIGATION

Sovremennye problemy distantsionnogo zondirovaniya Zemli iz kosmosa [Modern problems of Earth remote sensing 
from space]. 2021, Vol. 18, No. 1, pp. 43–52. (in Russian)

7. Akhmetov R. N., Zinina I. I., Yudakov A. A., Eremeeev V. V., Kuznetsov A. E., Poshekhonov V. I., Presnyakov 
O. A., Svetelkin P. N. Tochnostnye kharakteristiki vykhodnoy produktsii vysokogo razresheniya KA «Resurs-P» 
[Accuracy characteristics of high-resolution output products of the Resurs-P spacecraft]. Sovremennye problemy 
distantsionnogo zondirovaniya Zemli iz kosmosa [Modern problems of Earth remote sensing from space]. 2020,  
Vol. 17, No. 3, pp. 41–47. (in Russian)

8. Samoylov S.Yu. Metod vybora proektnykh parametrov kosmicheskikh apparatov distantsionnogo 
zondirovaniya Zemli po zadannoy pogreshnosti geoprivyazki kosmicheskikh snimkov [Method for selecting design 
parameters of Earth remote sensing spacecraft based on a given error in georeferencing of space images]. Bulletin  
of FSUE NPO of S. A. Lavochkin. 2011, No. 5, pp. 18-25. (in Russian)

9. Boukerch I., Hadeid M., Mahmoudi R., Takarli B., Hasni K. Rigorous georeferencing of ALSAT-2A 
panchromatic and multispectral imagery. International Archives of the Photogrammetry, Remote Sensing and Spatial 
Information Sciences. ISPRS Hannover Workshop 2013. Volume XL-1/W1. R. 35-39.

10. Antipov I.T. Matematicheskie osnovy postroeniya analiticheskoy fototrangulyatsii [Mathematical foundations 
for constructing analytical phototrangulation]. Moscow, Kartgeotsentr-Geodezizdat, 2003. (in Russian)

11. Lobanov A.N. Fotogrammetriya [Photogrammetry]. Moscow, Nedra, 1984. (in Russian)
12. Mikhaylov A.P., Chibunichev A.G. Fotogrammetriya [Photogrammetry]. Moscow, MIIGAiK publ., 2016.  

(in Russian)
13. Lobanov A.N., Dubinovskiy V.B., Mashimov M.M., Ovsyannikov R.P. Analiticheskaya prostranstvennaya 

fototriangulyatsiya [Analytical spatial phototriangulation]. Moscow, Nedra, 1991. (in Russian)
14. Tyuflin Yu.S. Kosmicheskaya fotogrammetriya pri izuchenii planet i sputnikov [Space photogrammetry  

in the study of planets and satellites]. Moscow, Nedra, 1986. (in Russian)
15. Urmaev M.S. Kosmicheskaya fotogrammetriya [Space photogrammetry]. Moscow, Nedra, 1989. (in Russian)
16. Avanesov G.A. Istoriya i perspektivy razvitiya issledovaniy Zemli iz kosmosa v optiko-fizicheskom otdele 

IKI RAN [History and prospects for the development of Earth studies from space in the optical-physical department  
of the Space Research Institute of the Russian Academy of Sciences]. Sovremennye problemy distantsionnogo 
zondirovaniya Zemli iz kosmosa [Modern problems of remote sensing of the Earth from space]. 2015, Vol. 12. No. 5. 
pp. 9–32. (in Russian)

17. Bezmenov V.M., Safin K.I. Otsenka tochnosti pryamoy fotogrammetricheskoy zasechki dlya proizvol’nogo 
sluchaya s”emki raznymi kamerami [Estimation of the accuracy of direct photogrammetric intersection  
for an arbitrary case of shooting with different cameras]. Izv. VUZov Geodeziya i aerofotos”emka [News of Higher 
Education Institutions. Geodesy and Aerial Photography]. 2020, Vol. 64, NO. 4, pp. 415-422. (in Russian)

18. Robert A. Shovengerdt Distantsionnoe zondirovanie. Metody i modeli obrabotki izobrazheniy [Remote sensing. 
Methods and models of image processing]. Moscow, Tekhnosfera, 2010. (in Russian)

19. Avanesov G.A., Bessonov R.V., Kurkina A.N., Nikitin A.A., Forsh A.A. Voprosy obespecheniya geograficheskoy 
privyazki snimkov distantsionnogo zondirovaniya Zemli [Issues of ensuring geographic referencing of Earth remote 
sensing images]. Sovremennye problemy distantsionnogo zondirovaniya Zemli iz kosmosa [Modern problems of Earth 
remote sensing from space]. 2019, Vol. 16, No. 5, pp. 59–64. (in Russian)

20. Zaliznyuk A.N. et al. Vysokotochnoe navigatsionnoe obespechenie kosmicheskikh geodezicheskikh 
kompleksov s pomoshch’yu sistemy GLONASS [High-precision navigation support for space geodetic complexes 
using the GLONASS system]. Giroskopiya i navigatsiya [Gyroscopy and navigation]. 2019, Vol. 27, No. 3(106),  
pp. 18-30. (in Russian) 

21. Zharova N. E., Chibunichev A. G. Analiz tochnosti opredeleniya koordinat tochek mestnosti pri ispol’zovanii 
«sluchaynykh» stereopar kosmicheskikh snimkov [Analysis of the accuracy of determining the coordinates of terrain 
points using “random” stereopairs of space images]. Izv. VUZov Geodeziya i aerofotos”emka [News of Higher Education 
Institutions. Geodesy and Aerial Photography]. 2017, No. 5, pp. 79–86. (in Russian)



ROCKET-SPACE DEVICE ENGINEERING AND INFORMATION SYSTEMS
2025, Vol. 12, Iss. 1, pp. 30–41

SPACE NAVIGATION SYSTEMS AND DEVICES. RADIOLOCATION AND RADIO NAVIGATION

22. Zharova N. E. Kriterii vybora «sluchaynykh» stereopar kosmicheskikh snimkov i otsenka tochnosti  
produktov, sozdannykh na ikh osnove [Criteria for selecting “random” stereopairs of space images and assessing 
the accuracy of products created on their basis]. Izv. VUZov Geodeziya i aerofotos”emka [News of Higher Education 
Institutions. Geodesy and Aerial Photography]. 2017, No. 6, pp. 65–74. (in Russian)

23. Bezmenov V. The features of application of different systems of orientation angles at the processing  
of aerospace images. E3S Web Conf. Volume 310, 2021 Annual International Scientific Conference “Spatial Data: Science, 
Research and Technology 2021”, Article Number 04004

24. Hu F., Gao X.M., Li G.Y., Li M. Dem extraction from WorldView-3 stereo-images and accuracy evaluation. 
The International Archives of the Photogrammetry.Remote Sensing and Spatial Information Sciences, XXIII ISPRS 
Congress 2016.Volume XLI-B1. P. 327-332.

25. P.S. Titarov P.S. Kharakteristiki koordinat tochek mestnosti – CE i LE [Characteristics of the coordinates  
of terrain points – CE and LE]. Geoprofi. 2010, No. 1, pp. 52-53. (in Russian)

26. Antonushkina S.V., Gurov V.S., Egoshkin N.A., Eremeev V.V., Zenin V.A. et al. Sovremennye tekhnologii 
obrabotki dannykh distatsionnogo zondirovaniya Zemli [Modern technologies for processing remote sensing data  
of the Earth]. Ed. by V.V. Eremeev. Moscow, FIZMATLIT. (in Russian)

27. Akhmetov R. N., Eremeev V. V., Kuznetsov A. E., Myatov G. N., Poshekhonov V. I., Stratilatov N. R. 
Vysokotochnaya geodezicheskaya privyazka izobrazheniy zemnoy poverkhnosti ot KA “RESURS-P” [High-precision 
geodetic referencing of earth’s surface images from the RESURS-P spacecraft]. Issledovanie Zemli iz kosmosa [Earth 
Research from Space]. 2017, No.1, pp. 44-53. (in Russian)

Received 09.10.2024
Accepted 23.01.2025


