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OcHOBHOE Ha3HayeHue

= [lony4yeHne namepuTenbHbIX AaHHbIX ANst OOHOBMEHUS YaCTOTHO-BPEMEHHOM
NHOPMaLNM C ONCKPETHOCTbIO HE MeHee 24( unun 48) pas B CyTKN U
CyOHaHOCEKYHOHOMN TOYHOCTBIO OnpeaeneHnsa pacxoxaeHnst 6opToBbIX LKA
BPEMEHM NPU AUCNOKALUN HA3EMHbIX CPEACTB CUMHXPOHU3ALUMN TOSTbKO Ha

Tepputopumn Poccun.

* [lpoBeaoeHne MHOroKpaTHbIX N3MEPEHNI MEXCMYTHUKOBLIX JalIbHOCTEN C

NOrpeLwHoCTb0 He Boree 3 cM Anga Koppekuum apemepunaHon nHpopmayumn.



LASER GLONASS

I S L N C S Inter-satellite laser navigation and

communication system

Main purpose

= To obtain measurement data for update of time and frequency information at
least 24 (or 48) times a day and sub-nanosecond accuracy of on-board time
scale differences determination, with location of ground synchronization stations

on Russian territory only.

= To conduct multiple measurements of inter-satellite ranges with the error of not

greater than 3 cm for correction of ephemeris information.
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OCHOBHbIe TeXHU4yeckue XaAPaKTepPUCTUKH

Xapakrepucrtuka 3Ha4yeHune
HaBurauuoHHble JdanbHOCTbL AencTBusA ao 55 000 km
paguokaHanbl
MorpewHOCTb N3MepeHns aanbHOCTU (O) He 6onee 3 cm

Kanansi MITHCC

MorpewHocTL oOnpeaeneHnsi OTHOCUTENbHbIX He Gonee 1 He
COBUrOB  MeXay NpUGOPHbLIMKM  LIKanamm
BPeMeHM ABYX KOCMMYECKMX annapaTtoBs

CkopocTb nepeaayn uHgopmaumm Ao 50 kbut/c

nonycdepa:
30Ha nepeHauenuBaHus

~10 /c no
CKOpOCTb NPOrpamMMHOro nepeHauenMBaHus Kaxxaon
KoopauHaTe
BepoATHOCTL OWMOKM Ha GWUT nepenaBaemMoit He 6onee 10
UHcpopmaLmmn
Pexxum pabotbl CEaHCHbIN
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Main technical characteristics

Parameter Value

Navigation radio channels Operating distance up to 55 000 km

not greater than
3cm

Range measurement error (o)
ISLNCS channels

.. , , not greater than
Error of determination of the relative shift 1ns

between time scales of two spacecraft

Information transfer rate up to 50 kbit/s

. hemisphere:
Retargeting area

~ 10 /s in each

Program-guided retargeting coordinate
Probability error per bit of transmitted not greater than
information 104
Operation mode session
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NMpuHuun pencreua

= [lonyyeHne Ha ocHoBe 0OpaboTaHHbIX BCTPEYHLIX M3MEPEHUIN O4HOMYTEBbIX
aanbHocTen (ncesgogarneHocTen), ganbHocten mexay HKA v pacxoxgeHnn
bopToBbIX WkKan BpemeHn (BLLB) atnx HKA;

= [lo0 ecmpeyHbIMU U3MepPeHUsIMU rncesdodasibHOcmeu rnoHUMaemcs
¢ukcayusi Ha ezaumodelucmeyroujux HKA MomMeHmoe u3Jsly4eHUsi «CeoUuxX»
daJ/IbHOMEPHbLIX CU2Has08, NPpUémMa — «4yXXux», oripedesieHUe UHmMepeasna
epeMeHU MexxAy amuMu MOMeHmamu u obmMeHa pe3ysibmamamMu 3mux
usmepeHuu mexoy HKA.

» B criydae 0OHO3Ha4HO20 coomeememeusi Mex0y YemblpbMs USMePEeHUSIMU
MOMEHMO8 8peMeHU, - M0oJ1ypPasHOCMb MeX0y U3MepeHHbIMU UHMepeanamu
onpeoernsiem cosuz 6opmoekIX WKasi, 8 KOmMopPbIX OUKCUPYHOMCS MOMEHMbI
8peMeHU, a rosycymma — 0arbHocmb Mexaoy HKA.

= [1na obmeHa pesynsrataMn N3MepeHuin n nepegadun cnyxedbHom nHpopmaumn B
MJTHCC uncnonesyetca metogq OBUM (oTHOocUTEeNbHaa BpeMs-uMnynbCcHas
MOAYNAUMS).
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Operating principle

= Obtaining ranges between navigation satellites (NS) and differences between time
scales of these NS based on processed measurements of counter one-way ranges
(pseudo-ranges);

= Counter pseudo-range measurements between interacting NS are registration
of start time of “own” ranging signals, registration of reception time of
“other’s” ranging signals, determination of time interval between these
moments of time and exchange of these results between NS.

» |n case of one-to-one correspondence between four measurements of moments in
time, half-difference between measured time intervals will define shift between
onboard time scales used for recording of moments in time, and their half-sum —
range between NS.

= RTPM (relative time-pulse modulation) is used for exchange of measurement results
and housekeeping information in ISLNCS.
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Ouarpamma BpeMeHHbIX N3MepeHU

Time diagram of operations at the single laser ranging measurement
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OnpepneneHue reomeTpnyeckon ganbHoctn mexay HKA

Geometry connections for InterSat Measurements at determination
of the Time Scales discrepancy and a mutual distance between SCs
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LUratHaa MJIHCC

1 — 06bEKTUB NHPOPMALIMOHHOTIO
nasepHoro nepegaryvka

2 — 06bEKTMB NPUEMHOWN CUCTEMDI
3 — 0b6bekTMB Masika

4 — rmpobnok

5 — ONOpHO-NOBOPOTHOE YCTPOMCBO
6 — NnpnMBopHbIN BNoK

AkcnepumeHTtanbHaa MJIHCC KA oHacc-M 10
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Inter-satellite laser navigation and
communication system

Standard ISLNCS

1 — Information transmission
laser lens

2 —receiver lens

3 — beacon lens

4 — gyro module

5 — mount

6 — electronics box

Experimental ISLNCS GLONASS-M S/C 1
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CTpykTypHas cxema akcnepumeHTtanbHoun MJIHCC
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QY - onTnyeckoe yCTPOMUCTBO

®r1Y — cboTonpmemHoe yCTponcTeo

JINY — nasepHoe nepepatoLlee yCTPONCTBO
OlY — onopHO-NOBOPOTHOE YCTPONCTBO
A[-I1 — acTpogatymk — neneHraTop

CBY - cneumanbHoe BblYUCIIUTESNBHOE YCTPONCTBO 12

Kopnyc KA
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Structural diagram of experimental ISLNCS
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QY - optical module

@Iy — photo receiver

Ny — laser transmitter

Oony — mount

A[l-I — astro sensor — direction finder
CBY — computer 13

Kopnyc KA
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OCHOBHbI€e pe3yribTaTbl KOCMAU4Y€CKOIro 3KCnepnMeHTa

=  DKCMepuUMeEHTarbHO NOATBEPXAEHA BO3MOXHOCTL ONpeaeneHus
pacxoxgeHusa wkan spemeHn asyx tepmuHanos MJIHCC ¢ norpelHocTbo
(CKO) 0,1 HC

= [lokaszaHa BO3MOXXHOCTb U3MEPEHUA PACCTOAHUN MeXay TepMUHanamMmm co
cnyvanHon NOrpeLHoOCTb0 He npeBblwawen 3 cM N HeCTabubHOCTLIO
cucteMaTM4eCcKon OLLIMOKN Ha MECAYHOM MHTEepBarne He npesbliwatowen 10
cMm (no gaHHeim CBO3BIN)

= OrtpaboTaHo nporpammHoe obecnevyeHne B3anmHoro Hauenmeanma MJIHCC
N HaBeOEHNA Ha HaBUrauMOHHble 3Be3bl

= [lony4eHbl gaHHbIE NO cO34aHMI0 WTaTHbIX 6BopToBbIX aniemeHToB MJTHCC,
B YAaCTHOCTW, BMepBble B MUPOBOW MPaKTUKe UCMbITaH B YCINOBUAX
KOCMMYEeCKOro norieta BONTIOKOHHbIW flasep

= OTtpaboTaHbl npoueaypsl nepenporpammmupoBanus CBY MJIHCC B
YCNoBUAX KOCMWUYECKOrO MnoJsieTa

14
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Main results of space experiment

= Confirmed possibility to determine difference between two ISLNCS terminals
time scales with RMS error 0.1 ns.

= Confirmed possibility to measure distance between terminals them with
RMS error of 3 cm respectively, with instability of systematic error of not
greater than 10 cm over a month (SVOEVP data).

» Refined software for mutual targeting of ISLNCS terminals and targeting of
navigation stars

= QObtained data for development of serial onboard elements of ISLNCS; in
particular, first time in the world practice a fiber laser has been tested in
space flight

» Refined procedures for in-flight reprogramming of ISLNCS computer

15
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CpaBHUTeNbHbIE XapaKTepPUCTUKU KOCMMUYECKNX HaBUraulMOHHbIX cuctem GPS,
Fanuneo n NMOHACC ¢ MJTHCC

Xapaktepuctuka

SISRE —

dKBUBarieHTHasAs MorpewHoCTb
nceBAoOAanbHOCTU 3a CYET
KOCMU4YEeCKOro cerMeHTa
(signal-in-space range error)

O6nactb NOKPbITUA
KOMMJieKca ynpaBreHus

CkopocTb
nepenayv nHcdopmauum

BHyTpUCUCTEMHBIN KOHTPOIb
M nepepaya cCUrHanos
HapyLleHUA LEeNoCTHOCTHU

GPS
(31 KA)

1,1™m
(2 0)

mobanbHo

MMOHACC
(2015 1))

NMOHACC

(6a3oBbIN
nokasartenb
B 2011r.)

Manuneo
(npoekT)

0,6 m 1,4m 0,7m
(0) (0) (0)

Tepputopusa Poccum
1 3apybexHble NyHKTbI
¢ gencteyowmmmn BUC

Mmo6anbHo Tepputopusa Poccum

no 0,5 kbut/c no 0,5 kbut/c

MOHACC
(24 MITHCC)

0,1 m,
He bonee
(2 0)

Fob6anbHo
(npn HazemMHOW NopAepxkkKe
npexae BCero BpeMeHHOMn
CUHXpOHM3auum KA
TonbKO ¢ Tepputopun Poccum)

po 50 kbut/c

EcTb,
OnepaTtuBHOCTL 6 C
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Inter-satellite laser navigation and
communication system

Comparison of characteristics of Space Navigation Systems GPS, Galileo and
GLONASS with ISLNCS

Parameter

SISRE - signal-in-space range
error due to space segment

Control system coverage area

Information transmission rate

Internal integrity check and
transmission of integrity
violation signals

GPS
(31 NS)

1.1m
(20)

Global

Galileo
(project)

0.6 m
(0)

Global

GLONASS
(base, 2011)

1.4m
(0)

Russian territory

up to 0.5 kbit/s

GLONASS
(2015)

0.7m
(0)

Russian territory and
stations abroad with
operational GMS

up to 0.5 kbit/s

GLONASS
(24 ISLNCS)

0.1 m,
not greater than
(2 0)

Global (ground support of time
synching on Russian territory
only)

up to 50 kbit/s

Yes,
Responsiveness 6 s
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Thank you
for your attention!
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