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Part one: GLONASS Federal Program Status and Update

It is supposed, that general performances of GLONASS, such as ballistic structure and orbits as well as GLONASS system basic elements are well known at present [1], [2]. Thus, this presentation focuses in the modern political and state aspects of GLONASS Federal Mission Oriented Program status and development (Slide 4).

Nowadays we are considering GLONASS as double purposes (dual use) system, which in fact is strategic element of the Russian national security issue. At the same time it is provided an open access to the GLONASS civil signal structure for user equipment manufacturing, application development and services without direct user fees for civil GLONASS services.

Besides, due to compatibility and interoperability of GLONASS with GPS and future GALILEO it is possible to use combine GNSS receivers on the Russian territory. All above listed items allow consider GLONASS as the element of GNSS global market (Slides 5).

All formulated above key political elements in the area of GLONASS are based on the following documents (Slides 6):

· President decree, 1999;

· Government decision, 1999;

· Federal 2002-2011 GLONASS Program, approved by Government, August 21, 2001;

· State Concept of Russian United Positioning, Time and Navigation Service System, November 2005.

Let us pay attention to documents, which determined Russian State policy at GNSS area, such us Federal GLONASS Program and last Presidential initiatives (Slides 7. 8).
The initial main regulations of the Federal GLONASS Program, which is directly funded from the Federal Budget with annual adjustment, are Slide 7:

· Sustainment and development of GLONASS system (Roscosmos, Ministry of Defense):

· Minimal operation capability (18 satellites) by 2008

· Full operation capability (24 satellites) by 2010-2011

· Development and production preparation of the GNSS user equipment for civil and governmental users (Agency of Industry, Ministry of Defense)

· Combined GNSS receivers

· Integrated systems based on GNSS techniques

· Components manufacture

· Navigation technology introduction in the transport infrastructure (Transport Agency of Ministry of Transport)

· Geodesy system modernization (Mapping Agency of Ministry of Transport).

Figure on Slide 7 illustrates the way of the Federal GLONASS Program management. The main position is as the following: due to double-purposes properties of GLONASS this Program is conducted simultaneously by Ministry of Defense and Russian Space Agency (RosCosmos) and development of GLONASS is obligation of both branches: civilian and military ones.

Actual situation with GLONASS Federal Program and, therefore, with GLONASS development and update is determined by new Presidential initiatives, such us [3], [4] (Slides 9):

· Directive issued at January 18, 2006

· To ensure GLONASS minimum operational capability (constellation of 18 NSV) by the end of 2007

· To ensure GLONASS full operational capability (constellation of 24 NSV) by the end of 2009

· To ensure GLONASS performance comparable with that of GPS and GALILEO by 2010

· Directive issued at April 19, 2006

· To ensure the navigation equipment mass production: encourage the industry in the manufacture renovation

· Mass market development

According to above listed Presidential initiatives Federal GLONASS Program is updated as follows (Slide 10):

· Speed up of the constellation deployment

· GLONASS performance (accuracy first) comparable with GPS

· Multi system receivers and end-user systems development

· Manufacture renovation for mass production of the user equipment

· Pilot projects implementation

· GNSS equipment combination with ground based radio-navigation systems ("Chayka" (Gull) like)

· Non-classified navigation maps production (100 m and 50 m scale)

· Legal basis establishing for mass application of GNSS techniques

· Communication system modernization

Let’s discuss now very briefly the technical aspects of GLONASS status, development and upgrades. The actual GLONASS status at September 2006 is shown at Slide 11: 16 SV in orbit, 15 operational: 12 GLONASS SV, 3 years lifetime plus 4 GLONASS-M satellite, 7 years lifetime. One from GLONASS-M satellites is equipped by L3 civil signal (frequency  1201.703MHz, with step 0.423). Next launch is planned on December 2006: 3 SV should be inserted into orbits, namely 3 SV GLONASS-M. Slides 12, 13, 14 present Integrated and Instant actual GLONASS constellation availability as well as constellation status according to GLONASS Information & Analytical Center  (IANC) data [8], [9].

As it was said above, GLONASS ground control segment includes the following elements (Slide 15):
· GLONASS System Control Center:

· Krasnoznamensk, Moscow region.

· Satellite operation

· Orbit determination and Tracking Station (OD&TS)

· Telemetry, Tracking and Control Stations (TT&C):

· St.Petersbourg region

· Schelkovo, Moscow region

· Yenisseysk

· Komsomolsk-Amur

· System clock (Central synchronizer):

· Schelkovo, Moscow region

The overall view of a GLONASS satellite is presented on Slide 16 [7]. The feature of GLONASS-type satellite is availability of an optical retroreflector system onboard which enables Satellite Laser Ranging. A GLONASS-type satellite was developed in late 70-s. Due to this fact the performances of GLONASS-type satellite are not correspond to modern requirements, especially solar panel pointing accuracy, which results into problem of accurate ephemeris generation.

A next generation GLONASS-M satellite substitutes GLONASS satellites. The main performances of GLONASS-M satellite are presented on Slide 17. This satellite has improved performances, namely [7]:

· Previously reserved bytes are used for additional information, including divergence of GPS and GLONASS time scales, navigation frame authenticity (validity) flag, navigation data age;

· Filters are installed which reduce an out-of-band emission;

· On both frequencies L1 and L2, dual signals are transmitted which contain digital data and ranging codes for pseudo range measurements.

· Introduction of an inter satellite radio link for distance measurements and data exchange between the satellites orbiting both in the same orbital plane and in different orbital planes.

· Improvement of a navigation signal stability up to 1*10-13 thanks to the Cs clocks precise temperature stabilization.

· The reduction of a solar pressure uncertainty thanks to the improvement of the solar array pointing accuracy.

· Satellite lifetime is increased up to 7 years.

· In the nominal mode a satellite longitudinal axis is continuously Earth pointed with the accuracy of 0.5(, and a satellite lateral axis coincides with a Sun-Satellite-Earth plane with the accuracy of 0.5(, solar arrays are Sun pointed with the accuracy of ±2,0(. Satellite pointing is provided by momentum wheels periodically desaturated by electrical magnetic units.

The prospective of GLONASS SV modernization is given by GLONASS-K satellite with performances, illustrated by Slide 18 [1], [2].

Compared with Glonass-M satellites, a Glonass-K satellite has the following distinctive features, including:

· third frequency introduced in L-band to improve reliability and accuracy of user navigation solutions;

· satellite lifetime increased up to 10 years;

· satellite mass reduced twice;

· Search and Rescue payload accommodated onboard a satellite.

Glonass-K satellite design is based  on an unsealed equipment box physically divided into a platform module and payload module. In a nominal mode, satellite longitudinal axis is Earth pointed with the accuracy of 5,solar arrays are Sun pointed with the accuracy of 1.

Frequency standards are locally thermally stabilized within the range of 5С. For the rest equipment guarantied temperature is within the range from 
–10 to +50C.

The glonass constellation deployment schedule is illustrated by Slide 19 [3], [4].

The actual results of Government GLONASS program implementation are illustrated by Slide 20.

This slide demonstrates reducing the gap interval in GLONASS positioning depending on number of operational satellites. Thus, at the period of three last years this gap is reduced till to 2,9 h and percent of Earth surface, when the reliable positioning with GLONASS can be performed is increased till to 76. The main points of GLONASS service modernization as the result of GLONASS program performing are presented on Slide 21. There are:

· Second civil signal at L2 frequency band since GLONASS-M in 2003 for higher accuracy

· Third civil signal at L3 frequency band since GLONASS-K in 2008 for higher reliability and accuracy, especially for safety-of-life applications

· GNSS Integrity information in the third civil signal (GLONASS-K, tbd) – reliability of navigation service

· Global differential ephemeris and time corrections in the third civil signal (GLONASS-K, tbd) – sub meter real time accuracy for mobile users

· Search and Rescue service (extension of COSPAS/SARSAT service) – shortening time of precise positioning and rescue for people in distress.

The main performances of GLONASS L1, L2 and L3 signals are illustrated by Slide 22. This slide demonstrates the bandwidth of the L1 and L2 signals according to 2006 years regulations:

L2 band corresponds to 1242,94(1247,75 MHz and L1 band corresponds to 1598(1604,25 MHz. As it is known, the final decision about L3 GLONASS band is not made at present. Slide 18 demonstrates also possible L3 bandwidth. Let us recall, that one from operational GLONASS-M satellites (slot #23) is equipped by L3 civil signal (frequency  1201.703MHz, with step 0.423).

The frequency ranges (0.511 MHZ and 5.11 MHz of L1 and L2 bands correspond to standard and high accurate signals.

The number of GLONASS satellites, equipped by civil signals is given by Slide 23.

Comparison of GPS and GLONASS ephemeris accuracy can be illustrated by Slide 20. Data, presented on this slide, obtained by Swiss Institute of Science Research and Engineering and demonstrate results of both GPS and GLONASS SV ephemeris accuracy estimation at the interval 20.03.2005(20.06.2005 as applied to each satellite. It is evident, that at present GLONASS ephemeris. It's important emphasize to                          that actual GLO NASS ephemeris's are significantly improved  in comparison  with presented data.

Slide 21 illustrates comparison of the GPS and GLONASS onboard clock performances in the terms of Allan variance. It is important to emphasize, that performance of the new generation GLONASS-M onboard clock and GPS SV onboard clock are comparable. 

Performances of both GLONASS GPS system time scales are given by Slide 26 [5].
Thus, now we can summarize all above listed directions and results of GLONASS upgrades, which allow to achieve GPS level accuracy by 2009 (Slide 27):
· Satellite modernization:

· Clock stability improvement

· Dynamic model improvement (attitude accuracy, eclipse passing algorithm 

· Receiving monitoring stations (RMS) network extension:

· Space Force network 

· Roskosmos network 

· Rosstandard Network 

· International cooperation (IGS network)

· Coperation with International GNSS services and foreign agencies

· GLONASS time keeping system modernization:

· New system clocks with high stability 

· Synchronization system modernization

· Orbit determination and Tracking Station software modernization based on one-way code and phase data processing.

· The process of User’s positioning improvement can be  illustrated by Slide 28

Let’s discuss now the benefits, which can be obtained due to both GPS and GLONASS constellations utilization. It is known, that such an opportunity gives full compatibility of GPS/GLONASS provided by design for existing signals. It is confirmed by joint statement signed on December 2004 as the result of Russia and United States cooperation’s (Slide 29):

· No direct user fees for civil GLONASS/GPS service confirmed;

· Cooperation at International organizations;

· Ensure compatibility and interoperability;

· SAR function implementation;

· Agreement preparation.

The advantage of Positioning availability for urban and canyon conditions can be illustrated by Slide 30. In particular, pictures on this slide show, that combined utilization of GPS and at least 9 GLONASS SV allows to provide not less than 17 visible satellites on the major part of Earth territory.

Next Slide 31 demonstrates benefit of both constellations utilization in the area of real-time precision navigation for construction and geodesy, as applied, for instance, Moscow region. It is shown, that it is enough to involve as additional satellites at least 9 GLONASS SV to provide mean level of 8 visible satellites during a day instead of 5 SV by utilization of GPS only.
Thus, the following conclusions can be formulated, considering all above presented documents and results (Slide 32):
· Positioning, Time and Navigation is a component of the critical state infrastructure for national security and economical growth

· GLONASS is a key element of the Russian Positioning, Time and Navigation service

· GLONASS remains as a dual use system

· GLONASS is open for civil use world wide. In combination with GPS can benefit users already now

· Governmental support to the spread use of satellite navigation in the different areas of national economy

· The goals of the international cooperation are to faster constellation deployment with new satellites, to provide better compatibility and interoperability with existing and future systems and augmentations

· New Presidential Directive: to speed up the GLONASS constellation deployment with performance comparable with GPS and future GALILEO

· 18 satellites in 2007

· 24 satellites in 2009

Part two: State Concept of Russian United Positioning, Navigation and Time System

Russian United Positioning, Navigation and Time System is based on all existing, updating and new developing Time-Navigation Systems. In other words, United Positioning, Navigation and Time System (UPNTS) is integrated system, consisting of the mutually connected structures and giving to User an opportunity to create own User’s systems to solve Positioning, Navigation and Time (PNT) problem according to User requirement. (Slide 2) [6].

The Systematic Study in order to define the way of this System implementation is in progress (Governmental Commission of 01.04.2005). The Management of Russia United Positioning, Navigation and Time System is providing by Interagency Coordination Board. The Government of Russian Federation defines structure and problems, being solved, of the corresponding Interagency Navigation & Time Commission.  

We consider UPNTS as basic state infrastructure, providing both national security and stability.

Development of the UPNTS will provide (Slide 3):
· Elaboration of the united state policy, 

considering requirements of the different 
Russian groups of Users

· The guaranteeing world quality User’s

 positioning service

· Development of Russian competitiveness

 hardware

· Development of Russian competitiveness 

PNT service

Slide 4 gives the basic specific features of UPNTS [6].

United Positioning, Navigation and Time System
 (UPNTS) should met the following requirements 

(Slide 5):

· Continuity and globality

· Guaranteeing service

· Open access

· Compatibility

· Controllability

· Safety of operation and utilization

· Legality.

Slide 5 demonstrates, in particular, the needed 
positioning quality requirements, depending on type

of User. According to mentioned above
definitions and requirements United Positioning,

 Navigation and Time System consists of the following 

segments (Slide 6):

· Artificial navigation field generation

· Fundamental research

· Legal issues

· Use and applications

· Infrastructure

Let’s emphasize once again, that main goal of UPNTS is: to give all Users both necessary data and means   for positioning, navigation and time problems solution according to corresponding User requirement

The corresponding Systematic Study approved by Government Commission at April 2005 is dealing with both civilian and military aspects of the problem.(Slide 7).

Let’s consider more detail, but very briefly specific features of all listed above UPNTS segments.

Segment of Artificial Navigation Field Generation (Slide 8).

The main problems, being solved by this Segment consist in:

· Navigation signals generation

· User’s access providing to signals generating

The following basing systems are formed this segment:

· GNSS GLONASS

· Long Range Radio Navigation Systems (such as “Tchaika” (“Gull”))

· Wide area GNSS GLONASS augmentation (System of Differential Corrections & Monitoring)

· Artificial Navigation Field Synchronizer (System “Tsiel” (“Goal”)) 

Besides, the following regional and local systems are involved into this Segment

· Regional and local GNSS functional augmentation

· Local Radio Navigation Systems

· Radio Beacon Systems

The foreign navigation systems are involved also

· GNSS GPS (and future GALILEO)

· LORAN-C

· SBAS (WAAS, EGNOS).

Fundamental Research Segment (Slide9)

The main problem, being solved by this Segment, is: to generate data, needed for the Artificial Navigation Field Generation Segment operation according to formulated above requirements.

This Segment includes:

· Time & Frequency Etalon

· Extra Long Range Base Interferometer (Quasar KVO)

· Quantum Optical Tracking Stations Network

· Federal Astronomical & Geodetic Network

· One Way Tracking Stations Network

· Russian Centers for Fundamental Research

The foreign networks, services and centers are involved also;

· VLBI Network

· ILRS Network

· IGS Network

· BIPM Service

· IER Service

· Foreign Centers for Fundamental Research.

Legal Issues Segment (Slide 10)
The main problem, being solved by this Segment, consists in providing of the legal conditions for both guaranteeing and safe UPNTS service.

The following components are included into this Segment:

· UPNTS Legal Issues

· UPNTS Monitoring System

· Frequency Diapason Protection System

· Metrological Support System

· Certification Service

· Safety System

· Protection System.

The following international services and means can be involved here:

· ITU

· ICAO

· IMO

· International Certification, Standardization and Safety Centers.

Use and Applications Segment (Slide11)
The main goal of this Segment is: to provide necessary data to all hardware manufacturers and Users for efficient Positioning & Time problem solution.

This Segment includes:

· Civilian Users Service

· User Application Centers

· Pilot Project Implementation Service Centers  

Besides, the mission oriented Service Centers are involved.

The following foreign Centers and Services could be involved also:

· CGSIC of GNSS

· International Positioning and Time Organizations

· Foreign User Application Centers

Infrastructure Segment (Slide 12)

The main goal of this Segment is: to provide mutual cooperation between all UPNTS segments for maximal efficiency Positioning and Time problems solution. 

Slide 13 illustrates cooperation between UPNTS project and Federal Mission Oriented Programs (FMOP) as well as Federal Space Program.

The following Federal Programs are mutually connected with UPTSS project:

· FMOP GLONASS

· State Armament Program

· Federal Space Program

· FMOP of Russian Ministry of Transport

· FMOP “Electronic Russia”.

Conclusion (Slide 14)

· GNSS and corresponding regional and local functional supplements should be considered as the technical basement of UPNTS 

· Both Russian and International Fundamental Problems solution Institutions & Centers should be included into UPNTS infrastructure to provide it’s efficient operability

· Development, deployment and updating of UPNTS can be implemented only by mutual cooperation of the various Federal Mission Oriented Programs

· Federal Mission Oriented Program GLONASS can be accepted as the basic one by UPNTS implementation

·  Development, deployment and updating of UPNTS are considered as one from priority directions of Russian State policy.
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