Conference Summary
26th SAINT PETERSBURG INTERNATIONAL CONFERENCE 
ON INTEGRATED NAVIGATION SYSTEMS 

On May 27–29, 2019, Concern CSRI Elektropribor, JSC, held the 26th Saint Petersburg International Conference on Integrated Navigation Systems, which annually brings together scientists and engineers working in the field of navigation and motion control.  The Conference is supported by the Russian Foundation for Basic Research, the International Public Organization "Academy of Navigation and Motion Control", the National Research University ITMO, the American Institute of Aeronautics and Astronautics, the Institute of Electrical and Electronics Engineers – Aerospace and Electronic Systems Society (IEEE-AESS), the French Institute of Navigation (IFN), the German Institute of Navigation, and the Gyroscopy and Navigation journal. The experts represented 9 countries: China, Finland, France, Germany, the Republic of Korea, Russia, Switzerland, Ukraine, and the US. The conference was attended by 293 people; 35 of those were the representatives of 23 international companies, and 258 were the employees of 78 organizations from 23 cities of Russia. 
The Program Committee of the Conference was headed by Professor V.G. Peshekhonov, the General Director of Concern CSRI Elektropribor, Academician of the Russian Academy of Sciences. The members of the Committee were Mr. C. Dedieu (France); Professor O.A. Stepanov, Doctor of Engineering Sciences; Yu.A. Litmanovich, Doctor of Engineering Sciences; B.S. Rivkin, PhD Eng.; A.V. Sokolov, Candidate of Engineering Sciences (all from Concern CSRI Elektropribor, JSC); Professor G. Trommer (Germany); Dr. A. Trusov (USA), B.V. Shebshaevich, Candidate of Engineering Sciences (Russia); and Dr. G. Schmidt (USA).
The conference was opened by the Chairman of the Program Committee Professor V.G. Peshekhonov, Academician of RAS, (General Director of Concern CSRI Elektropribor, JSC). He noted that most of the reports were dedicated to the main topic of the Conference, i.e. the integrated navigation systems. Compared to previous conferences, there were more papers on solid-state gyroscopes. V.G. Peshekhonov drew attention to the fact that this year a new session appeared: Gravimetric Systems and Their Application in Navigation. In Russia, the gravimetric technologies are developing rapidly, and Russian manufacturers occupy 55% of the global market of mobile gravimeters.
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Ms. Irina Ganus, the First Deputy Chairman of the St. Petersburg Committee for Science and Higher Education, addressed the audience with a welcoming speech. She congratulated the scientists with the Conference opening and noted that Concern CSRI Elektropribor is one of the largest research centers hosting regular significant scientific events, including the St. Petersburg International Conference on Integrated Navigation Systems, and conducting serious scientific research. Ms. Irina Ganus wished fruitful work to the Conference participants, and to the researchers from other cities of Russia and other countries — to find time for enjoying the beauty of St. Petersburg and take in the spirit of innovation which was historically laid by Peter the Great. She said that the city government pays special attention to the science development issues and is always ready to provide any assistance.
V.G. Peshekhonov noted that most of the accepted reports addressed the problems of science and technology. Among the poster presentations there were works of young specialists under the age of 35. Five young scientists were delegated to the Conference by the Program Committee of the 21st Conference of Young Scientists with International Participants "Navigation and Motion Control" without paying registration fee; four of them presented poster papers.  

Traditionally, the event consisted of three sessions: traditional Integrated Systems and Inertial Sensors and Systems, as well as a new session Gravimetric Systems and Their Application in Navigation. 

A total of 72 papers were heard at the Conference: one invited paper, 18 plenary and 53 poster ones. 
The workshops of the Integrated Systems session lasted for two days, May 27 and 28. The Integrated Systems session is the most representative in terms of the number of participants; it reflects the Conference specifics. Integrated systems are considered in a very broad sense: from traditional navigation systems (marine, space) to terrestrial ones, including the applications for pedestrian navigation. The session was consistently conducted by the chairmen B.S. Rivkin, PhD Eng. (Russia), Mr. C. Dedieu (France), Professor O.A. Stepanov, Doctor of Engineering Sciences (Russia), Professor Wu Yuanxin (China), Professor A.A. Golovan, Doctor of Physics and Mathematics (Russia), N.G. Skidanov (Russia), Yu.A. Litmanovich, Doctor of Engineering Sciences (Russia), and Professor G. Trommer (Germany).
Experts from Canada, China, Finland, Germany, and Russia made 10 plenary and 25 poster presentations. Traditionally, the authors of poster papers had three minutes each to present their ideas at the plenary session. The discussion continued at the demo posters during the breaks.
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Mr. Stephan Wolkow (Germany), a specialist from the Institute of Flight Control at the University of Braunschweig, made a presentation of invited paper Integrity Enhancement of an Integrated System with Optical Sensors. The presentation included an overview of past and current research on the applications of optical sensors in aircraft. In spite of the fact that the optical sensors are currently available and widely used, their capabilities are not sufficient for all-weather operation. For this reason, current developments are aimed at multi-sensor systems that integrate various modern technologies.
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Several papers were distinguished by the Conference chairpersons as the most interesting ones. In the first session, it was a plenary report Alternative PNT Based on Iridium Next LEO Satellites Doppler/INS Integrated Navigation System by Dr. Hamza Benzerrouk from the Laboratory of Space Technology (Electrical Engineering Department LASSENA, Canada). The speaker presented an integrated navigation system which estimates the aircraft location and speed using the signals from low-orbit communication satellites Iridium Next. This allows navigation in emergency situations in the absence of signals from global navigation satellite systems. The author presented the results of simulations and flight tests, which demonstrated sufficient accuracy of the system for practical applications.
The plenary paper Real-Time Image Matching and Tracking for Autonomous Quadrotor Helicopters by Karsten Mueller from Karlsruhe Institute of Technology was dedicated to the development of an algorithm for autonomous search for the path to a specified target by a quadrocopter. The target is selected by an operator as an image point located, for example, in a window of a building. An algorithm was developed, which allows processing of a sequence of images with a high frame rate in real time, and is characterized by a high degree of reliability in case of significant changes in the camera view direction.
On May 28, the workshop of the Inertial Systems and Sensors session was held. 
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The Inertial Systems and Sensors session is also an important and permanent element of the Conference. This year, the chairmen of this session were famous scientists: Professor Yu.V. Filatov, Doctor of Engineering Sciences (Russia), A.V. Motorin, Candidate of Engineering Sciences (Russia), K.K. Veremeenko, Candidate of Engineering Sciences (Russia), and A.Yu. Sokolov, Candidate of Engineering Sciences (Russia).
Mr. I.A. Chistyakov, a representative of Huawei Technologies Co. Ltd (Moscow, Russia) presented a plenary paper Pedestrian Dead-Reckoning Algorithms for Dual Foot-Mounted Inertial Sensors. The work addressed the development of an algorithm for plotting the closed trajectories of a person’s walk, based on the data obtained by inertial measuring units fixed on the bridge of the foot. The results of the algorithms debugging using the experimental data were presented to confirm the efficiency of these algorithms on trajectories with duration up to 15 minutes.
[image: image6.jpg]


The joint paper Calibration of a Timing Skew between Gyroscope Measurements in a Strapdown Inertial Navigation System prepared by the teams from M.V. Lomonosov Moscow State University and Moscow Institute of Electromechanics and Automation was presented by A.V. Fomichev, Cand. Phys. Math. He outlined the idea of how to improve the accuracy of strapdown inertial navigation systems (SINS) in autonomous mode of operation, installed on aircraft with receivers of satellite navigation systems onboard. The algorithms perform automatic calibration of the SINS and use the weighted estimates of instrumental errors of inertial sensors, obtained from complex processing of SINS and GNSS data in a series of previous flights. These estimates are given the weights that reflect their validity and are calculated based on the characteristics of previous flights.
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The Conference participants were also quite interested in the paper by Dr. Wu Yuanxin from Shanghai Jiao Tong University (China). The speaker presented a new approach to the construction of numerical algorithms for solving orientation and navigation problems in SINS, called iNavFIter, which is based on the iterative procedure of integration of the initial differential equations, using the approximation of the measured parameters at the step of solving the problem with Chebyshev polynomials. According to the author, this approach reduces the methodological error of calculations to the level of instrumental error determined by the number of bits in the calculator.
 During the session, 6 plenary and 26 poster paper presentations were made by the scientists from China, Russia, Ukraine and the US. All the papers excited the interest of the audience and were followed by lively discussions.
On the last day of the Conference, there was a workshop of the Gravimetric Systems and Their Application in Navigation session, where four presentations were made.
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The session was moderated by the members of the Program Committee: O.A. Stepanov, Doctor of Engineering Sciences, and A.V. Sokolov, Candidate of Engineering Sciences, both from Concern CSRI Elektropribor, JSC. 

The session was dominated by Russian participants representing Concern CSRI Elektropribor, ITMO University (St. Petersburg), Institute of Marine Technology Problems of FEB RAS (Vladivostok), and N.N. Krasovskiy Institute of Mathematics and Mechanics of UB RAS (Yekaterinburg).
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The plenary paper The Evolution of Gravimetric Systems Developed in the CSRI Elektropribor was presented by D.A. Krasnov, Candidate of Engineering Sciences, Head of Department. The paper provides an overview of the gravimetric complexes developed by Concern CSRI Elektropribor for various geophysical and geodetic applications. The gravimetric complexes of the fourth generation, developed by Elektropribor, are widely used by Russian and international customers both for commercial geophysical surveys within oil and gas exploration, and for various geodetic studies of the Earth shape. The discussion of potential development of gravimetric equipment and, in particular, the creation of tools for measuring the absolute values of gravity and deflection of the vertical at sea, was of special interest among the audience.
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The second plenary paper in the session On Interrelation and Similarity in solution of Navigation and Gravimetric Tasks in Underwater Robotics was presented by L.V. Kiselev from the Institute of Marine Technology Problems of the FEB RAS (Vladivostok). The speaker considered some information-computing models related to solving the problems of navigation and gravimetry in underwater robotics. Based on the available experimental data, he presented the probabilistic estimates of the accuracy of trajectory measurements and mapping of gravity anomalies, and the estimates of informativity of an anomalous gravitational field for navigation by a plotted gravimetric map. Such systems have been used in a number of deep-sea vehicles created in various years at the FEB RAS Institute of Marine Technology Problems.
As for the foreign participants of the session, the representatives of the Institute of Advanced Interdisciplinary Research of the National University of Defense Technologies (Changsha, China) are worth mentioning for their paper Assessment of the Impact of the Measurement Noise on the Gravity Anomaly Matching Technique.
Besides the presentations mentioned above, there were a lot of other talks that aroused the interest of the Conference audience. The plenary and poster papers were actively discussed. In the opinion of the participants, the International Conference was a success and confirmed its status of Russia's greatest scientific event in the field of gyroscopic and navigation technologies. It has been already more than 25 years that the Conference has been an important event for the scientists and specialists from many countries. During the Conference, the participants had a chance to discuss the current state of scientific and technological development and challenges in the field of navigation and motion control, to obtain new relevant information and to exchange the ideas. The event was held at a high scientific and management level.
For the convenience of all the participants, simultaneous translation from Russian into English and from English into Russian was provided. Before the Conference started, the soft version of the Conference proceedings in Russian and English was prepared, including full texts of plenary and poster papers (with only Russian-speaking authors published in Russian). The materials were given to the Conference participants on USB flash drives. The texts of the papers in English will be placed in the electronic library IEEE Xplore, and indexed in the Scopus International Database of Scientific Citation. The papers in Russian will be registered in the Russian Science Citation Index (RSCI). The texts of papers selected by session moderators and the members of the Program Committee have been recommended for publication in the format of articles in the Russian and English versions of the Gyroscopy and Navigation journal.
During the Conference, a thematic exhibition of equipment prototypes was organized. For instance, Ostek-Test company (Moscow) showed the model of a one-axis attitude simulator. The simulator is intended for testing and calibration of inertial systems, sensors, gyroscopes, SINS, and MEMS. Representatives of Michurinsk Plant "Progress", JSC presented a solid-state gyroscope with a metal resonator. The exhibits aroused great interest among all the visitors.
On the third day of the Conference, the guests were taken to boat tour in the rivers and canals of St. Petersburg, as well as on excursion to the Russian Museum. The participants enjoyed these activities very much, gave positive feedback and thanked the Organizing Committee for such an interesting and informative cultural part of the program.
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