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Circular T « Section 4 »

W 4 - Relations of UTC and TAI with predictions of UTC(k) disseminated by GNSS.

S e Ct I O n 4 p u b I I S h e S t h e [UTC-UTC(USNO)_GPS] =Cy', [TAI-UTC(USNO)_GPS] =37 s+ Cy'
d . f f b [UTC-UTC(SU)_GLONASS]=Cy', [TAI-UTC(SU)_GLONASS]=37s+Cy'
I e re n Ce etwe e n For this edition of Circular T, 69'=0.9 ns, 6y'=7.1 ns
U TC 2022 Oh UTC MID Co'/ns No Cy'/ns Ny'

APR 30 59699 04 89 40.4 87

MAY 1 59700 0.5 90 41.1 85

a n d t h e MAY 2 59701 0.3 89 419 83

. . MAY 3 59702 -13 89 419 85

pred |Ct|on Of UTC MAY 4 59703 21 89 424 88
MAY 5 59704 -13 89 435 87

broadcast by GNSS o & =" . E
Date of appearance in Section 4 :

GPS in 1988 (circular T 12)
‘“‘i.??;’:‘mﬁoml dos GLONASS in 1990
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Recommendation 2 of the 20th CCTF (2015)

¢ recommends that

Section 5* of BIPM Circular T be retitled “Relations of UTC and
TAIl with predictions of UTC disseminated by GNSS”, and adds
similar information on new GNSS as they become operational.

* Now Section 4

https://www.bipm.org/en/committees/cc/cctf/20-2015/resolution-2
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New Naming Convention

Introducing new abbreviation: bUTC s
(GNSS = BDS, GAL, GLO, GPS)
“broadcasted prediction of UTC via [GNSS]”
Ascii : bUTC GNSS

Which will be computed as :

) e Comes from Circular T section 1

UTC — bUTCgnss = (UTC — UTC (k)
+ (UTC(k) _ GNSStlme) . Comes from calibrated receivers

measurements, sent by selected

+ (GNSStlme — bUTCGNSS) G1 labs

\ = AUTC, Comes from GNSS systems through navigation
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Current Section 4 Processing Chain

1 lab per GNSS constellation, specific file

1GS OP

AQOS

GLONASS
preprocessed
data

Navigation GPS
messages preprocessed
(A UTC) data

UTC-
bUTCps

UTC-
bUTC;, o
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New Section 4 Processing Chain (Metrologia paper published soon)

Pool of calibrated G1 labs, regular rinex file, independent A UTC calculation

1GS NICT NIM NIST OP

Navigation
messages
(A UTC)

Multi GNSS Multi GNSS Multi GNSS Multi GNSS
Rinex files Rinex files Rinex files Rinex files

Advantages :
* Redundancy

* Ability to handle changes of receivers
e Evaluation of variability

* Ability to integrate Galileo and Beidou
ICG 17 —17/10/2023 - Madrid * New rinex parsing (accepts Rinex 4) 6

UTC-bUTC p5, 610, G, BDS)
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15t step : A UTC

A UTC = (GNSStlme o bUTCGNSS) AUTC polynomials GPS (July 2022)
difference between GNSS system * e
. . . . i brdc
time and a UTC prediction realized P — brdm
—— BRD4
by the system operator 10- interpo median DUTC
’ "'Q}\\. » = ~
o o . il .y > P - S oy
Found in Rinex3 nav headersandin 5 o] =# == N %
: : Z Dt 7T
Rinex4 nav data (as polynomials). 547
_1{]_
Different satellites can broadcast 15 |
different polynomials, some S N N AN R A N I R
I' . 59755 59760 59765 59770 59775 59780 59785 59790 59795
M|D
outliers exist. MATE: single recejziver (in Matera, Italy), rinex 3
pureau brdc: 1GS /CDDIS, rinex 2
Poids et ~ brdm: DLR/GSOC, rinex 3
‘ T | Moseres ICG 17 - 17/10/2023 - Madrid  goo 1/ R 16s0C. rinex 4



2" step: UTC - broadcast prediction of UTC (bUTCgyes)

UTC-bUTCgps (L3P)

(UTC(k) — GNSStime)
determined by generating 2 R
CGGTTS files, estimating the NISG

—+— NC55

REFSYS for each epoch then ' —— s
filter (24h sliding average). 2- ==

I I I I I ! I
59760 59765 59770 597175 59780 59785 59790

At/ ns
=

(UTC — UTC(k)) MD
Interpolated from Circular T
section 1. UTC — bUTCgnss = (UTC — UTC(k))
+ (UTC(k) — GNSStime)
Bureau + (GNSStime — bUT Cgpss)
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Comparison with Current Publication over 7 Months

An upcoming Metrologia
paper will detail the
method.

On these plots : the shaded
area visualizes the
estimated uncertainty of
our measurement, which
should not be mistaken for
the uncertainty GNSS
receiver users may achieve.
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At / ns

At/ ns

UTC-bUTCgps

5 —
A I ! (-i . | \ l
WA laze ol BV i'_- g , a_‘f;l k w, o o W
Tt BN A The K R AR APk TR
0 'i!'.{. '7'{?5 . ! f _;I i;l g 'r-'-':l' _ " ‘ ! '
—+— current sect4 '
-5 4 —— new sect4
59775 59800 59825 59850 59875 59900 59925 59950
UTC-bUTCgL0
50 —+— current sect4
| —— new sect4 '1
A+ A ap
40 - %‘1 2 T ; v 2
‘.".!' £ A i . f‘ ﬁ ,-""‘;Ill. F'.._,?‘. .f
e ks L 4 N _oft X Ao RNV T ! A\
'!r i 1;'" -,N VYT "~'&F‘-:* pT LT : |
30 R "
59775 59800 59825 59850 59875 59900 59925 59950
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Expected Output (Provisional Version)
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4 - Relations of UTC with predictions of UTC broadcast by GNSS.

For this edition of Circular T:

sigma_GPS
sigma_GLO
sigma_GAL
sigma_BDS

DATE @h UTC

2823-088-28
2823-88-29
2023-08-38
2023-88-31
2823-09-01
2823-09-82
2823-09-83
2823-89-84
2823-89-85
2823-09-86
2823-09-87
2823-89-88
2823-89-89
2823-09-18
2823-89-11
2823-89-12
2823-89-13
2823-09-14
2823-89-15
2823-089-16
2023-09-17
2823-09-18
2823-89-15
2823-909-28
2823-09-21
2823-089-22
2823-89-23
2823-09-24
2823-89-25
2823-89-26
2823-09-27

=5 ns
=7 ns
5 ns
=5 ns

MID

e

[+ 2T~ RN = I W~ S W B+ TV B U= T B R I B S = = ST e BT - I VR L N i e V]

60184
60185
60186
60187
60183
60189
60198
60191
60192
60193
60194
60195
60196
60197
60198
60199
60208
60201
60202
60203
60204
60285
60206
60207
60203
608209
608218
60211
60212
60213
60214

[P T R S R TR Ty I T T T S o I e T e T O T+ T S e W T i v I I i vy |

>

UTC-bUTC_GNSS /ns

GLO GAL BDS
33.8 -5.8 11.1
32.@ -4.1 18.4
27.8 -3.5 18.6
28.2 =27 1e.7
31.9 -2.6 1.9
35.2 -1.3 11.4
43.1 -1.2 11.4
45.2 -8.7 11.7
49.7 -8.5 11.8
58.4 -8.2 11.8 —
49.8 -8.8 12.2
46.8 8.7 12.5
46.8 1.8 12.9
48.4 8.8 13.7
38.2 8.2 14.4
37.3 8.2 14.4
38.8 -8.5 13.9
37.2 -8.2 12.8
38.1 1.5 13.3
37.7 1.7 13.3
37.1 2.8 14.@
36.9 1.8 12.5
38.3 2.9 13.4
38.7 2.9 13.4
41.6 232 13.9
41.1 1.8 13.6
41.5 2.5 11.8
18.1 2.7 11.6
39.9 2.5 11.6
38.4 2.5 11.6
38.5 1.5 168.8

ICG 17 —17/10/2023 - Madrid

Uncertainty, fixed
values.

UTC-bUTC_GNSS
1 value per day.
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Thank you for your attention
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