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Broadcasting System Time Scales Offsets
In Navigation Messages. Assessment of Feasibility

GNSS System Time-Synchronization

Operational and emerging Global Navigation Saeelftystems
GPS, GLONASS, Galileo, BeiDou and others providghtaccuracy
determination of position, velocity and time fondh marine, im and
other kinds of users.

To achieve this the time scales of all space. vesicare
synchronized to System Time and the System Tinsynshronizeco
the Reference Time.

Thats why GNSS System Time synchronization IS neceskEary/.
interoperability of different GNSS to provide usamh positiming'and
timing services by signals from space vehiclesitdéiient GNSS
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GNSSGNSS SystemTime Scales offsets

Users can get the information on GNG8ISS System Time
offset (GGTO) on the base of:

- processing navigational signals themselves \fromc&pa
Vehicles (SV) of different GNSS;

- corrections for GNSS-GNSS System Time offset
broadcast in navigation messages.
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GGTO Calculate in Users Equipment

Users calculate GNSGNSS System Time offset in accordance with
the following formula:

ATsri—srj (1) = ATg_yer (1) — ATSTj user (£)
where:

AT, thayffset betweeif'n j" GNSS System Time;

ATz theffset of the uses time relative ta" GNSS System Time
- the offset of the us&s time relative t¢" GNSS System Time.

ATgy e (1)
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GGTO Calculate in Users Equipment

The offset of the usies time relative to each GNSS System Time is caledla
In accordance with the following formula
AV S_(D/C_ Trel _Tion _Ttrop _TLl-LZ _TS\/ _Tuser) +AT5V
where:
S - measured pseudorange between SV ang user
D - geometrical range between SV and user
c - Speed of light
ST corrections for Earth rotation, for ionospheric arpospheri@&fiects
“2 _ correction for the frequency difference in L1 argihands
I'sy -signal delay in onboard SV equipmgnt
I« - signal delay iruser’'s receivin@quipmernt
ATg, - the correction for the S¥ time offset relative to GNSS system; time,
transmitted in navigation message
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GGTO Calculate in Users Equipment

As a consequence, the accuracy of the calculatEstobetween
useis time and GNSS System Time depends on the folipwin

- the error of onavay range measurements;

- the error of the calculated range including thereaf ephemids
and usess current position coordinates;

- the error of processing otway measurements including'the error
of all calculated corrections in above formula;

- the error of the correction for the offset of 'SMime relative to
GNSS System Time
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GGTO Calculate in Users Equipment

To use the above method in general situation meisessary fothe
user to have no less than 4 visible SVs from ond&NISS. It maks
Impossible using signals from different GNSS inligmging envionment
where only 3 or even less SVs from different GN&6 loe visible

Possible solution is to store the calculated valble&NSSGNSS
System Time offset and to use the stored values.

However this approach brings additional error beeawf the
growing error of the stored values.
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Using Broadcast GGTGOs

Using corrections for GNSGNSS System Time offset broadcast in
navigation messages users can get navigation aolatid. deterine their
position in any environment.

Corrections for GNS&NSS System Time offset are generated on
the base of processing measurements of SV sighdifferent GNSS, by
ground measuring facilities in accordance with abfmrmula.

However, the accuracy of GNS&NSS Time offset is considerably.
higher because of reducing the errors of sevenapoments, mdly the
error of measuring facility coordinates.
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Using Broadcast STUTC(k) Corrections

Corrections for System Time (ST) offset relativethe referene
time are also broadcast in navigation messagels GNSS.

As a rule, national realization of universal tineoinated s C(k)
IS used as the reference time.

All UTC(k) are kept close to UTC with predetermingccuracy and
as a resulGNSSGNSS time offset can be calculated




Broadcasting System Time Scales Offsets
In Navigation Messages. Assessment of Feasibility

Using Broadcast STUTC(k) Corrections

GNSSGNSS time offset can be calculated with using theseectionsin
accordance with the following formula

ATSTi -STj (t) - ATsri ~UTC (t) - ATSTj -UTC (t)
rae:.

ATg, _zikig offset betweeiu j'" GNSS System Time

AT ;iHe)offset betweer" GNSS System Time relative to UTC

AT thgoffset betweeji' GNSS System Time relative to UTC

-UTC

However, the accuracy of GNSSINSS time offset calculated by this methoed
depends only on the UTC(k) synchronization to UTCtuaacy, andisn't
influenced by GNSS characteristics and now is loagicomparedavith the two

methods mentioned abave 10
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Conclusion

Nowadays the method of using GNGBISS coerrections
broadcast in navigation messages provides the auosirate

navigation solution with using signals from SVsdifferent
GNSS
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Thank you for your

attention!




