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The paper focuses on methods of alignment of the strap-down inertial navigation system 
(SINS) on a moving base. A special feature of the methods is the direct estimation of the 
SINS errors in determining the horizontal accelerations of the aircraft relative to the cor-
responding signals of the Global Navigation Satellite System (GNSS). This approach al-
lows us to reduce the time of the transient estimation process in comparison with the 
usual approach, when the Kalman filter is used. In addition, the volume of a priori in-
formation required for evaluation is reduced. The study gives the results of full-scale 
tests of systems of low and medium accuracy classes on the Mi-8 helicopter. Further-
more, the paper considers the issues of reducing the preflight preparation of the SINS 
due to the horizontal alignment on a fixed base, with the azimuthal alignment being car-
ried out using the GNSS tracking angle and the subsequent evaluation of the drift angle 
from the SINS error measurements at speed relative to the GNSS. 
 
Keywords: SINS, alignment, INS/GNSS, navigation, AHRS 

REFERENCES 

 Titterton D.H., Weston J.L. Strapdown Inertial Navigation Technology. 2nd ed. 
American Institute of Aeronautics and Astronautics Inc., 2009, 558 p. 

 Groves P.D. Principles of GNSS, Inertial and Multisensor Integrated Navigation 
Systems. Artech House, 2013, 800 p. 

 Salychev O.S. Verified approaches to inertial navigation. Moscow, Bauman 
MSTU Press, 2017, 368 p. 

 Zorina O.A., et al. Giroskopiya i navigatsiya — Gyroscopy and Navigation, 
2017, no. 2 (97), pp. 18–34. 

 Korkishko Ju.N., et al. Giroskopiya i navigatsiya — Gyroscopy and Navigation, 
2014, no. 1 (84), pp. 14–25. 

 Salychev O.S. MEMS-based Inertial Navigation: Expectations and Reality. 
Moscow, Bauman MSTU Press, 2012, 208 p. 

 Pazychev D.B. Nauka i obrazovanie: electronnyy nauchno-tekhnicheskiy zhur-
nal — Science and Education: Electronic Scientific and technical Journal, 2011, 
no. 3. Available at: http://technomag.bmstu.ru/doc/168994.html (accessed No-
vember 25, 2017). 

 Tereshkov V.M. Metodika polunaturnykh ispytaniy korrektiruemykh besplat-
formennykh inertsialnykh navigatsionnykh system. Dis. kand. tekhn. nauk [Iron 
Bird Test Techniques of Updateable Strapdown Inertial Navigation Systems. 
Cand. eng. sc. diss.]. Moscow, 2011, 133 p.  

 Tereshkov V.M. Nauka i obrazovanie: electronnyy nauchno-tkhnicheskiy zhur-
nal — Science and Education: Electronic Scientific and technical Journal, 2010, 
no. 8. Available at: http://technomag.bmstu.ru/doc/152269.html (accessed No-
vember 25, 2017). 

 Emelyantsev G.I., Stepanov A.P., Blazhnov B.A. Giroskopiya i navigatsiya — 
Gyroscopy and Navigation, 2017, no. 2 (97), pp. 3–17. 



O.S. Salychev, V.I. Mkrtchyan 

10                                            Engineering Journal: Science and Innovation   # 11·2018 

 Stepanov O.A. 8. Optimal and sub-optimal filtering in integrated navigation sys-
tems. Aerospace Navigation Systems. Wiley, 2016, pp. 244–298. 

 Farrell J.A. Aided Navigation. GPS with High Rate Sensors. McGraw-Hill, 
2008, 530 p. 

 Tereshkov V.M. An intuitive approach to inertial sensor bias estimation. Inter-
national Journal of Navigation and Observation, 2013, vol. 2013. Available at: 
https://www.hindawi.com/journals/ijno/2013/762758/ (accessed November 26, 
2017). 

 Kurdukov A.P., Stepanov O.A. Avtomatika i telemekhanika — Automation and 
Remote Control, 2016, no. 1, pp. 3–4. 

  Li W., Wang J. Effective Adaptive Kalman Filter for MEMS 
IMU/Magnetometers Intergrated Attitude and Heading Reference System. The 
Journal of Navigation, 2013, vol. 66, no. 1, pp. 99–113. 

 Motwani A., Sharma S.K., Sutton R., Culverhouse P. Interval Kalman Filtering 
in Navigation System Design for an Uninhabited Surface Vehicle. The Journal 
of Navigation, 2013, vol. 66, no. 5, pp. 639–652. 

 Zhou J., Knedlik S., Loffeld O. INS/GPS Tightly-coupled Integration using 
Adaptive Unscented Particle Filter. The Journal of Navigation, 2010, vol. 63, 
no. 3, pp. 491–511. 

 Lee J.K., Jekeli C. A Dual-IMU/GPS based Geolocation System. The Journal of 
Navigation, 2012, vol.  65, no. 1, pp. 113–123. 

 Tereshkov V.M. Closed-loop estimation of oscillator g-sensitivity in a 
GNSS/IMU system. IEEE Transactions on Aerospace and Electronic Systems, 
2016, vol. 52, no. 3, pp. 1471–1477. 

 Tereshkov V.M. A Simple Observer for Gyro and Accelerometer Biases in Land 
Navigation Systems. The Journal of Navigation, 2015, vol. 68, no. 4, pp. 635–645. 

 Goodall C., Carmichael S., El-Shemy N., Scannel B. INS Face Off. MEMS vs. 
FOGs. Inside GNSS, 2012. Available at: http://www.insidegnss.com/node/3123 
(accessed November 26, 2017). 

 
Salychev O.S., Dr. Sc. (Eng.), Professor, Bauman Moscow State Technical University, 
Designer General, TeKnol Ltd. Author of a number of scientific and educational works in 
the field of inertial navigation and optimal filtration. e-mail: salychev@teknol.ru 
 
Mkrtchyan V.I., chief specialist, Department of inertial systems and software develop-
ment, TeKnol Ltd. Author of 10 research publications in the field of inertial navigation 
systems and theory of mechanics. e-mail: v.mkrtchyan@teknol.ru 

 


