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MepcnekTUBHbIE TPeOOBaHUSA K TOYHOCTU reoae3nyeckoro U apemepuaHo-BpemeHHoro obecneyenus NMOHACC

Future requirements for GLONASS geodetic and ephemeris-time support

In accordance with the Federal program "GLONASS" for 2012-2020 should be solved problem
of increasing the accuracy of the following indicators:
NOrpewHoCTb onpeaeneHus MecTononoxeHns 6e3 UCNoNb30BaHMA AONONHUTENbHbIX CUCTEM
positioning accuracy with no additional systems............ccccoiiiiiiimi <0.6m (2.8 m);
NOrpeLHoOCTb onpeaeneHUs MeCTONoNOXeHUs C UCNONb30BaHMEM JOMONHUTENbHbLIX CUCTEM
positioning accuracy with additional systems

B onepaTUBHOM pexume (on-line operation)........ccoeeeeeiiiiericcesssss s s s e esiee e <01 m (1m);
B anocTepuopHom pexume (in the posterior mode)......euvvvvvveerrrerrereeeereeennnn: 0.03m (0.1 m);
NOrPELHOCTb ONpeaeneHns BpeMeHN NoTpebuTens B CMCTEMHOMN LUKane BPeMeHM
uncertainty in determining the time of the user in the system time scale...........cccerrrrrrrrriririeeeeeeennn, <1 Hc (5 Hc);
MOTrPELHOCTb NPMBA3KN rOCYAaPCTBEHHON reOLIEHTPUYECKOW CUCTEMbI KOOPAUHAT K LIEHTPY Macc 3emnu
uncertainty of reference of the Federal Geocentric Coordinate System to the Earth center of mass............ <0.01 m (0.5 m);
norpewwHocTb nepeaayn napametpos ' CK achemepugammn NMOHACC
uncertainty of translation of the Federal Geocentric Coordinate System by GLONASS ephemeris.............. <0.02m (0.2 m)

U

ToYyHOCTb onpeaeneHns n KOHTPONA reoge3nyecknx, apeMepuaHbIX U YaCTOTHO-BPEMEHHbLIX NapaMeTPoB
FMOHACC pgonxHa ObITb NOBbIWEHA A0 YPOBHSA AECATbLIX A0NEN CaHTUMETpa N AeCATbIX [OMEeN HC

The accuracy of geodetic, ephemeris and frequency-time parameters of GLONASS must be improved
to the level of tenths of centimeter and tenths of a nanosecond
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INazepHble TeXHONOrMM NOBLIWEHNA TOYHOCTU Freoie3nyeckoro n apemepuaHo-spemeHHoro obecneyequs NMOHACC

Laser techniques to improve the accuracy of geodetic and ephemeris-time support GLONASS

C uenblo NOBbIWEHUA TOYHOCTHU reoae3ndeckoro u apemepuaHo- BpemeHHoro odecneyeHusa NMOHACC
pa3paboTaHbl HOBbIE Na3epHble U3MepPUTENbHbIE TEXHOMOMM, KOTOPble peanusyroTcs Yepes
MEeXCMYTHUKOBYHO Na3epHY HaBMraLuMOHHO-CBA3HY CUCTEMY U HA3eMHYIO CeTb fla3epHOW AaNbHOMETPUM

In order to improve the accuracy of geodetic and ephemeris-time support GLONASS developed new laser
measuring technology, which are realized through
inter-satellite laser navigation and communications system and Russian laser ranging network

MexcnyTHMKOBasA nasepHan HaBUraLyMOHHO-CBSI3Has CUCTEMA Poccuiickan ceTb CTaHLMK NasepHON AanbLHOMETPUU

Inter-satellite laser navigation and communications system Russian laser ranging network
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The use of laser data to improve the accuracy of GLONASS ephemeris support

MoBbiweHMe TOYHOCTH 3cheMepuaHoro obecneyeHmns ¢ UCNONb30BaHWEM ABYXCTOPOHHEN NazepHO AanbHOMETPUM

Pesynbtat npumeHenus B NNTOHACC

KoHTtponb TouyHocTu achemepua MOHACC
C MUNIMMETPOBLIM YPOBHEM NOFPELHOCTEN

KoHTponb ToyHoCTM nepeaayun napametpoB M CK
acemepupamu [TIOHACC ¢ mMunnUMeTpOBLIM
YPOBHEM MOrpelHoCcTen

MeToa n3mepeHun ¢ ucnonb3osanmem KOC

CpaBHeHMWe nasepHON AanbHOCTU U NPOEKLMU IpeMepUaHbIX AaHHbIX
HKA Ha HaknoHHyto panbHocTb. CpaBHeHue opoutbl HKA,
NOMyYeHHOU NO na3epHbIM WU3MEPEHUSIM MONHOCTHH Pa3BepPHYTOM
cetm KOC 1 no u3amepeHMsAM WITaTHbIX PaAMoOCUCTEM

OnpepeneHve KoopAMHAT NYHKTOB MO na3epHbIM ganbHocTaM Ao KA
Nareoc (Bnuu) u cpaBHeHMe UX C KOOpAMHATaMM TeX e MYHKTOB,
nony4YeHHbIM no nasepHbiM AanbHocTAM Ao HKA [noHacc wu
achemepuaHbIM JaHHLIM HABUFaLMOHHOIO COOBLLEeHMSA

Improving accuracy of the ephemeris support with two-way laser ranging

The result of applying in GLONASS

GLONASS ephemeris control with millimeter level
accuracy

Control of translation of the Federal Geocentric
Coordinate System by GLONASS ephemeris with
millimeter level accuracy

Measurement method using SLR

Comparison of laser range and the projection of the ephemeris data
NSC to the inclined range. Comparison orbit of NSC obtained from
laser measurements and obtained from monitor stations

Determination the coordinates of sites from laser observation of SC
Lageos (Blits) and comparison with coordinates of the same site
obtained from laser observation of NSC Glonass and data of
navigation message
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MpumeHeHne NasepHbIX AaHHbIX ANSA NOBbIWEHUA TOYHOCTU 3dhemepuaHoro obecneyenus MOHACC
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anIMeHeHVIe Na3epHbIX AaHHbIX ANnA nNoBbilWeHUA TOYHOCTU reoae3nyeckoro obecneyenuns NMOHACC

The use of laser data to improve the accuracy of GLONASS geodetic support

MoBbIweHMe TOYHOCTM reoae3nyeckoro obecneyeHusi C UCNONb3OBaHWEM ABYXCTOPOHHEN! Na3epHON AanbHOMETPUM

PesynbTtat npumeHenus B NNTOHACC MeTtop n3mepenun ¢ ucnonb3oBaHnem KOC

YTOyHeHWe KoopAuHaT NMYHKTOB  U3MEPUTENbHbIX OnpepeneHne KOOpPAUHAT NYHKTOB MO Na3epHbIM AaNbHOCTAM
cpenctB, ytouHeHne npuBAsku ITCK k ueHTpy Macc po KA MNareoc (Bnuu) u nowHacc, B TOM uucne B y3nax
3emnu, ytouHeHue napametpoB cBA3n TCK ¢ ITRF ¢ konokauun KOC u BUC

MWUNIMMETPOBLIM YPOBHEM NOrPELLHOCTEN

®opmupoBaHme KOMOMHMPOBAHHbIX pelleHnn, Onpeaenexvne nasepHbIx ganbHocTen go KA Nareoc (Bnuu) B
B3aMMHasi yBfi3ka Mopened M3MepeHW napameTpoB yanax konokauwu KOC, BUC, PCAB

opoUT, KOOpAMHAT MYHKTOB, NapaMeTpoB BpaLieHUs

3emnu, yTouHeHWe ¢hyHOAMEeHTanbHbIX reofe3nyeckmx

napameTpoB MUIIUMETPOBLIM YPOBHEM MOrpeLHOCTEN

Improving accuracy of the geodetic support with two-way laser ranging

The result of applying in GLONASS Measurement method using SLR

Refinement of coordinates of measurement means, Determination the coordinates of sites from laser observation
refinement of reference FGCS to the Earth center of of SC Lageos (Blits) and network adjustment, including
mass, refinement FGSC to ITRF translation parameters collocation data SLR and GMS

with millimeter level accuracy

Formation of combined solutions, harmonization of the Laser observation of SC Lageos (Blits) and NSC Glonass on
measurement model of the orbit, Earth orientation collocation sites SLR, VLBI, GMS

parameters and sites coordinates with millimeter level

accuracy



Stations of the Russian laser ranging network

Third-generation SLR station (in operation since 1982 in Komsomolsk-in-Amur)

T 6 Ecs S e e P
S P 3o

Telescope with two optical systems with a diameter of 500 mm for laser ranging
and angle measurements and technical building
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Stations of the Russian laser ranging network

Fourth-generation SLR station (in operation since 1999 in Moscow region)

Telescope with two optical systems with a diameter of 600 mm and 200 mm for
laser ranging and angle measurements and its shelter
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Stations of the Russian laser ranging network

Fourth-generation SLR station (in operation since 2003 in Savvushka, Altay region)

Telescope with three optical systems for laser ranging, angular coordinates measurements and for obtaining
detailed images. General view of the first stage of the Altay optical-laser center



Stations of the Russian laser ranging network

Mobile version of the fourth-generation SLR station
(in operation since 2006 at the Baikonur cosmodrome)




Stations of the Russian laser ranging network

%!
Serial fifth- generation compact SLR station

(Observatory “Svetloe" of the Institute of Applied Astronomy of the Russian Academy of Sciences)

Telescope with two optical systems with a diameter of 250 mm in the mount with gearless drive
and optical sensors for laser ranging and angle measurements and the tower
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Stations of the Russian laser ranging network

Fundamental site of collocation VLBI, SLR and GMS
(Observatory “Svetloe" of the Institute of Applied Astronomy of the Russian Academy of Sciences)
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Location of Russian laser ranging network stations

The main characteristics of the Russian network

Number of stations (2012/2013) ............ 10/24 i
Operation range..........cccovvvuveenrinnens >25000 km R,
Normal point accuracy..........c..eocuiiiinnas 3-8 mm - %, 3 '
Performance.............ccecvrennnennn 50-100 NP/day | ‘ - ” o [

\

.Hopmu:x

Enucenck

Taspuyeckas

i)

10 stations brought into service:

three stations (Altai, Moscow region and Komsomolsk-on-Amur) in the ground segment of GLONASS;
three stations form a collocation with VLBI stations (Svetloe, Zelenchukskaya, Badary);

two stations are part SVOEVP (Baikonur station and optical observations station Arkhyz);

Two stations are placed on sites of VNIIFTRI (Irkutsk and Mendeleev).
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Main tasks and technical tools
of the frequency-time support of GLONASS

Main tasks of the frequency-time support of GLONASS

*  Formation GLONASS system time scale, measurement and
’ maintenance of its differences from UTC (SU);
SC «Glonass» a & (SU) o SC «Glonass»
. e Measurement of differences between onboard time scale and “‘
system time scale and the formation of time-frequency
corrections.

Onboard Onboa[d_
synchronizing synchronizing
device device
GNSS GNSS Central GNSS Central
UTC (SU) (= monitor Two-way RF monitor |« synchronizer monitor |« synchronizer
station rangefinder station (main) station (backup)
a r 3 A
Calibration Calibration Calibration
tools tools tools
> System <
SVOEVP c¥)ntrol
> center <




,/ TOYHOCTb CYLIECTBYIOLMX CPEACTB U METOAO0B YaCTOTHO-BPEMEHHOro obecneyeHus:

The accuracy of existing tools and methods of frequency-time support

e [lorpewHoCcTb CNYeHUa GOPTOBLIX M Ha3eMHbIX WKaN BPEMEHU Ha MOMEHT U3MEPEHUN. .................. 2-3 Hc;
* [lorpewHoOCTb CNNYEHMSA WKan BPeMeHU YAaneHHbIX CTaHAAPTOB YacTOTbl U BPEMEHM. .........cccee.e..e. 2-5 Hc;
e [lorpewHoCcTb KaNnUOPOBKKU 6€33aNPOCHLIX PAANOTEXHNYECKUX N3MEPUTENBHbBIX CUCTEM. .......cevveunees 1-10 Hc.
» Accuracy of comparison of onboard and ground time scales at the time of measurement................. 2-3 ns;
e Accuracy of comparison of the time scales of remote time and frequency standards......................... 2-5 ns;
o Calibration accuracy of the GNSS monitor stations.............cccccvviieii 1-10 ns.

JKcnepuMeHTanbHas nasepHasn cuctema KOHTpons cuHxpoHusauum NMOHACC
NO3BOJNUT NOBLICUTL TOYHOCTb ONpeAeNneHUs YaCTOTHO-BPEeMEHHON UH(hopMaLuK:

o [lorpewHoCcTb CNYeHUa DOPTOBLIX M Ha3eMHbIX LWKaN BPEMEHN Ha MOMEHT U3MEPEHUMN. ..........uuvvn... < 0.1 Hc;
o [lorpewHoOCTb CNNYEHNSA WKan BPEMEHN YAaNeHHbIX CTaHAAPTOB YaCTOTbl U BPEMEHMU. ..............c.cuuee. <0.1 He.

Experimental laser system for GLONASS synchronization control will improve the accuracy of time-frequency information:

» Accuracy of comparison of onboard and ground time scales at the time of measurement................ < 0.1 ns;
» Accuracy of comparison of the time scales of remote time and frequency standards ........................ <0.1ns.
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9 Principle of laser measurements of
differences of onboard and on-ground time scales

Onboard module

..O’
Onboard ima i
synchronizingf~T® Tm;g:lrl\‘ttil;val <«— Photoreceiver o
device SC Glonass-M

y

tstop (time of pulse arrival in onboard time scale)

Laser
retroreflector

AT  (differences of time scales)

Telemetry
radiolink

SLR station

tstop

On-ground module T

n
>

Photoreceiver

A 4

- two-way pulse delay
Lase.r SLR station Time interval
transmitter photoreceiver counter

Data processing

A 4
t <tart (Pulse start time in ground time scale) center

Time interval
counter i
l ‘ v
Local or Laser Laser Differences
Link < central pseudorange range of time scales
synchronizer

S= c(tstop - tstart) R=ct/2 AT=(R-S)/c




9 Composition and principle of operation of
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on-ground module of one-way SLR station

On-ground module A

CE Optical timestamp

Fiber link and loop

o

41

Laser pulse

Laser |_ 7 A

transmitter l/

P
A

p Time interval | .
Computer [« L counter [ Photoreceiver
l Two-way time delay
To line of

communication with data center

Photoreceiver
\ 4
Interface Time interval .
equipment counter
A
Time of laser pulse starts —
Central
synchronizer

Composition of module: interface equipment, fiber link with fiber loop, measurement photoreceiver and time interval counter.

Principle of operation: start time of the laser pulse is measured in the scale of CS using time interval counter by measuring intervals between optical time
stamp and laser pulse with the calibration correction continuously measured using fiber loop.

Uncertainties of a single measurement start time of the laser pulse

Uncertainties of a multiple measurement time scales differences

............................................................................................... not more than 90 ps.

......................................................................................................... less than 10 ps.
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Composition and principle of operation of
onboard module of one-way SLR station
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Onboard

Controlled

\ 4

\ 4

oscillator
200 MHz

A

-] Phase lock loop

y

synchronizer
device

Composition of module:

Principle of operation:

Uncertainties of a single measurement of arrival time of the laser pulse

Uncertainties of a multiple measurement of time scales differences

A

Synchronization unit

Processor | Memory

\ 4

Time interval
counter

i

Mosaic
photoreceiver

Onboard module

v

to

mosaic photoreceiver device, time interval counter, processor with memory,
synchronization unit with controlled oscillator and phase lock loop.

arrival time of the laser pulse in time scale of onboard synchronizer is measured
using time interval counter of the relative to stable time scale synchronized with

onboard synchronizer device.

Laser pulse
of SLR station

not more than 130 ps.

less than 10 ps.

telemetry
radiolink

Onboard module,
mounted on the SC Glonass-M
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Application of one-way SLR for improvement of accuracy

of the time-frequency support of GLONASS

Pesynbtat npumeHenus 8 NNTOHACC

KOHTpONb TOYHOCTH YaCTOTHO-BPEMEHHBIX NONPaBOK C
norpewwHocTbI0 Ha yposHe 0.1 He

KoHTponb TOYHOCTM NapaMeTpPoB pPacXoXAeHUs Ha3eM
HbIX LUKan BPpeMeHM C NorpewHocTbo Ha yposHe 0.1 HC

KannbpoBka 6e33anpoCHbIX M3MepUTENbHbIX CUCTEM C
NOrpPeLHOCTbI0 Ha CAHTUMETPOBOM YPOBHE

KannbpoBka 3anpoOCHbIX M3MepUTENbHbIX CUCTEM B

npouecce 3KCMMyaTauuM C MOTPEWHOCTbI  Ha
MUNNTUMETPOBOM YPOBHE

The result of applying in GLONASS

Frequency-time correction control with accuracy 0.1 nc

Remote on-ground time scales control with accuracy 0.1 nc

Calibration of monitor stations with centimeter level

accuracy

Calibration of two-way RF rangefinders with millimeter level

accuracy

MeToa n3mepeHun ¢ ucnonb3osanmem KOC

Onpepgenenue pacxoxaeHna 6opToBbIx wkan BpemeHn HKA ¢ cuctemHom
wkanon [NIOHACC no pa3HOCTM na3epHOM nCeBAOAANBLHOCTM M
nasepHou AanbLHOCTH

OnpepeneHune pacxoxaeHus LWKan BpeMeHW yaaneHHbIX atanoHoB YB no
Pa3HOCTU UX PAacXoXaeHWUn ¢ 6opTOBOW LKanow ogHoro u Toro xe HKA
CpaBHeHne  nasepHoW pagMoYacToTHOM
NceBAOAANbLHOCTLIO

ncesaoaanbHOCTU c

CpaBHeHue nasepHou A4anbHOCTU C PaANOY4aCTOTHON AANbHOCTLIO

Measurement method using SLR

Determination of difference of laser range and laser pseudorange
Comparison of on-ground time scales with a time scale of the same

NSC
Comparison of laser pseudorange and RF pseudorange

Comparison of laser range and radiofrequency range
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