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Navigation by “moon” observation
and time measurement

Beidou.gov.cn

Measuring a time of flight, with
atomic clocks, we estimate
position

An error in time of
1 nanosecond = 10 second

correspond at least to an
error in positioning of 30 centimetres



All the system clocks have to be highly synchronised to a reference time scale

If they are also synchronised to the “international
standard time UTC", the GNSS system can offer the
service of
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GNSS: Where are the clocks and why?
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The Navigation Message transmits a prediction of (UTC - GNSS time)gyss
as for example the predicted (UTC(USNO) - GPStime)gps
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A navigation system is also a mean for

UTC tme disseminatian

Waat.is the Universal Time Coordinateq?



For centuries

The time was given by the rotating Earth

0

on which we set the clock (%)

From 1967

~ = The time is given by atomic clock

used to study Earth rotation




The rotation of the Earth is not regular

The Polar
is higher...
The Pole is moving!

The Polar star
seems lower!

in 1850

Lnsummer we spin faster e \«‘ \ \
A. Scheibe, 1936 Berlin

N. Stoyko, 1936 Paris (BIH)
~—— /

with crystal clock the day was measured shorter of about 1.2 ms \ )/
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the rotational day is getting longer

Secular slowing down

LENGTH OF DAY exceeding 86400 s
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Advance of one second per year

Delay of one second per year
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Now we have about 450
atomic clocks in 80 time
laboratories

= Two-way and GNSS Equipment
# GNSS Equipment




Clocks need to be compared

diffté??e%ce
4

Lab A timescale }§

GNSS timescale
16:38:11. 03]

The most used
clock comparison
techniques is
based on GNSS

_time
difference

Lab B timescale
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Computatior

Atomic time is p¢g§
is the angular poi#
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Some users need to know the relationship between the
Universal Time UT1 (rotational) and the Atomic Time

nanwdinaf
"ea 1[]15

The Universal Coordinated Time (UTC) is a trade-off
defined with the same time unit as TAI but with
insertion of additional leap second to keep the
agreement with the rotation of the Earth

TAI-UTC = n seconds n=0,+1,+2, ...

Universal Time UT1 is UT1-UTC|<0.9s

related to the angular
position of the Earth
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When the rotation of the Earth
(UT1 time scale) reaches a one

Universal Coordinated Time and leap seconds -
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"»l Computation of UTC (monthly) at the BIPM

~ 450 atomic clocks
in 80 laboratories

weighted average

EAL

~ 10 primary and
secondary frequency
standards

frequency steering

Measurement of
Earth’s rotation (IERS)

TAI

leap seconds

UTC

:[UTC - UTC(k)] I BIPM Circular T I

Echelle

Atomique Libre

freq stability
3x 1016
@ 30-40 days

International

Atomic Time
freq accuracy ~10-16

Coordinated
Universal Time
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The contents of the sections of BIPM Circular T are fully described in the document " Explanatory supplement to BIPM Circular T "

available at ftp://ftip2 bipm org/pub/tat/publication/notes/explanatory_supplement v0.2 pdf © UTC-UTC(K)
© | _Difference between UTC and its local realizations UTC(k) and corresponding uncertainties. From 2017 January 1, 0h UTC, T4I-UTC =37 5. 23; ggRJ
Date 2019 0h UTC MAR27 APR1  APR6 APR11 APR16 APR21 APR26 Uncertainty/ns sor — PTB
MID 58569 58574 58589 58594 38399 uy  up u a0+ _::;T _3:No
Laboratory & [ e — Y'Y
A0S  (Borowiec) g |2 19 22 27 24 4307 76 17 L
APL (Laurel) g |~ 0.0 0.8 35 6.4 32 04 112 112 5 20l
AUS (Sydney) had |2 1325 -1380  -1403  -1351 -139.9 -1521  -1559 04 64 64 §
BEV  (Wien) had |~ 38 33 -15.0 249 -35.2 477 -60.1 04 31 32 o 10r
BIM (Sofiya) 23 A - - - - - - - g ol
BIRM  (Beijing) had |2 74 30 05 14 33 44 67 07 31 32
BOM  (Skopje) g |~ 18196  -18421  -18609 -18834  -19058 - 20295 15 83 85 A0
BY (Minsk) g |2 15 1.8 14 0.6 0.2 0.1 04 15 122 123
CAO  (Cagliari) had |2 106134 -107203 -108258 - - - - 15 200 201 27
CH (Bern-Wabern) g |~ -14.0 -11.7 -10.0 8.6 -10.4 9.3 87 05 19 20 30 s . . . . . .
CNES (Toulouse) :113: E 31 07 41 68 63 71 19 04 45 45 Jul 2014 Jul 2015 Jul 2016 Jul 2017 Jul 2018
CNM  (Queretaro) s |2 22 43 03 8.3 5.6 3.2 03525 112 113 Years
CNMP  (Panama) had |2 -0.1 -116 1.7 04 14.6 14.4 173 05 74 74
DENT  (Tunis) had |2 51174 53053 54809 56707 58830 61192 63141 07 200 200
DLR  (Oberpfaffenhofen) had |2 - 626.2 6273 6379 648.6 6651 6748 07 32 33
DMDM  (Belgrade) had |2 19.1 154 112 141 6.8 58 67 04 31 32
DTAG  (Frankfurt/M) hag |2 -1879  -1897  -1846 -18235  -185% - -1827 04 28 29
EIM (Thessaloniki) g |~ 23 54 6.7 18 11.1 1.0 28 30 112 116
ESTC  (Noordwijk) g |~ 0.7 0.0 03 0.1 0.3 0.2 -10 04 29 29
HKO  (Hong Kong) g |~ 286 265 315 285 -19.8 195 -175 04 78 78 19
ICE (San Jose) had |~ 575 494 513 412 36.7 341 446 50 200 206



The BIPM Circular T also informs on the GNSS transmitted UTC

© 4 _Relations of UTC and 1 30
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The BIPM Circular T also informs on UTC disseminated by GNSS
g p—

This section will soon be updated to add
Beidou and Galileo time service
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Leap seconds in Global Navigation Satellite System time scales

GNSSs prefer not to apply leap seconds (except GLONASS), their time scale is easily available all over the world inside the
navigation message and these reference time scales differ from seconds

[N
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Several international
organisations created working
groups to discuss this topic.

It is important we evaluate all the
possible issues for the next ITU
World Radio Assembly in 2023
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Coordinated Universal Time can help interoperability?

It was recently proposed that each constellation broadcast only one information: the time offset between its time scale
and a reference common to all GNSS. Can the international time UTC serve as common reference?

UTC vs GNSST, via navigation messages

20—
——Brdc UTC(USNO) - GPST

Each GNSS transmits a prediction of B U - 5T

15 Brdc UTcnuidnu - BDT
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—> The broadcast predictions of
(GNSST-UTC) are based on different

Time Offset [ns]

UTC/UTC(k) time scale but in I‘_f
agreement within few nanoseconds "t

58120 58130 58140 5815\(;1 58160 58170 58180
Decision CIPM/108-41 International Committee for Weights and Measures (CIPM)

The CIPM decided to support the International GNSS services (IGS) and the International GNSS
Committee (ICG) in exploring the capacity of GNSS providers to ensure multi-GNSS
interoperability, based on Coordinated Universal Time (UTC), with the final goal of avoiding
the proliferation of international reference time scales.
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https://www.bipm.org/en/committees/cipm/meeting/108(II).html
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