How UTC Is computed:
the Circular T behind
the scenes
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Disclaimer: examples of real UTC laboratory data are shown.
These are intended purely for illustrative purposes.
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Circular T computation

What happens at the BIPM Time Department each month before the
publication of Circular T?



Data collection

By the 4t of the month, each laboratory should send the data of the month
before:

e Time transfer: CGGTTS, RINEX, TWSTFT, Fiber...
e (Clock: clocks file, PSFS

To obtain the results, we also collect IGS analysis centers' data (open access

on the web):

e Broadcasted and post-processed ephemeris for GNSS satellites,
ionospheric maps




GNSS data collection For internal use only
http://193.104.127.98/utc/filelisting/cggtts.pl
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http://193.104.127.98/utc/filelisting/cggtts.pl

RINEX
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Clocks collection
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|GS products collection

lonosphere information
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Reminders
Example of missing data |:> Data completed after the reminder

UTC(k)-UTC(PTB) UTC(k)-UTC(PTB)

TAIl reminder

|. ) ‘ 3 Reply ‘ % Reply Al Contact the lab

Dear Colleague(s),

Could you please complete or confirm missing CGGTTS data from MID 608777

Thank you very much in advance.

Kind regards.
BIPM Time department




Reminders - Statistics

Laboratories Data

On average, around 10-15 (out of 8ot
nearly 85) laboratories receive 2ol
reminders each month. =
o
= 60
Of these, almost always more than % 50
half upload data later. = a0t
£ 30}
The rest confirms the lack of datadue ¢
>
to problems or does not respond. = 207 15%
10} 8%
) R

Total labs Reminders Upload data

Data on FTP repository is downloaded automatically, but a mail from the lab is
appreciated (not to miss late submission!)



Missing data

If the one or more measures are not available, the UTC(k) results in Circular T is:

Date 2825 éh UTC JUN 28 uL 32 juL & JuL 13 JuL 18 JuL 23 JuL 28 Uncertainty/ns Notes
MID 68854 608359 60864 68269 60874 608879 68234 uA LB u
Laboratory k [UTC-UTC(k)]/ns
1818.@ 1811.8 1884 .09 I - - - IlBll.E!l 8.7 3.1 3.2

Typically, every month, 5-7 labs have missing data in the Circular T.

uTcC UTCr
After one year of no A A
data, we exclude the N
lab from CircularT. E‘:
S 7
2ol
Currently 4 lab have no 9
data since several ® o
months. Contact the lab % 55
"2-50
%45
40
3 2{; 15 : 20|| 6 : 20" 7 : 20|| 2 : Eﬂl 19 : 20|20 : 20|2 | : 2{;22 : EOI'E 3 : 2(}'2 4 1(]'2 5

Year




Information from the laboratories

Electrical Failure and UTC(k) time step

| ©) | €3 Reply | % ReplyAll
e To Tai

@This message was AutoForwarded.

Dear BIPM Time Department,

I would like to inform you that at MID 60880, there was an electrical failure in our laboratery till MID 60381.
And in MID 60881, we made a time step around 305 ns

| hope this information will help you to understand our RINEX and CGGTTS Files' missing data or data corruption.

UTC(k)-UTC(PTB)

Letting us know about the
specific problem helps us to
interpret the data correctly.
If needed, we include a note
in the Circular T.







Intermediate data checking

Links collection and
reminders

Clock collection and
format verification

Links

computation

Links verification:
continuity checks,
links comparison...

UTC algorithm

Clocks verification:
clocks check,
residuals...

The UTC algorithm can only be run once all the
necessary data (links and clocks) have been
collected and meet the required specifications.




Link continuity graphs - AOS

groeraicd om MO05-GE-OTTIA 8002 2358946 - coremurivcheck 307

Al o-FI13 ) GPSFPP

Example of time
transfer measurements
between the AOS
laboratory and the PTB
(used as the reference).

Different receivers and

techniques (GPS,
TWSTFT..) are
computed.

The continuity with
respect to the previous
month is verified.
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For internal use only
http://portal.bipm.org/utc/pctsoft//2507/Plt/continuitycheck/AOS.html



http://portal.bipm.org/utc/pctsoft/2507/Plt/continuitycheck/AOS.html

Delta t /ns

Link continuity graphs - AOS

Delta t /ns

Name of the receiver used by PTB

Name of the receiver used by AOS

Technique used to compute the link

AO_5/PT13|/ GPSPPP

Example of the same receiver
with two different techniques
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Delta t /ns

Delta t /ns

Example of two different receivers
with the same technique

AO_5-PT13 / GPSP3

10.1 8.8 79
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uA: 0.70 / sigma: 0.61

ud: 0.70 / sigma: 0.66

AO_4-PT13 / GPSP3
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wh: 0.70 / sigma: 0.50

wh: 0.70 / sigma: 0.53



Link comparison

Single graph showing all receivers and
techniques available for the AOS laboratory
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Receiver align | arcs | cycles antenna tot_dly cal_id uSth | sigma | align | arcs | cycles antenna tot_dly cal_id uSth | sigma
PPP (AO_4PT13) - 1 b OK 179.54 1012-2024/1001-2022 0.3 0.03 - 0 0 OK 179.54 1012-2024/1001-2022 0.3 0.03
GAL (AO_4PT13) - - - - 172.7 1012-2024/1001-2022 0.5 0.52 - - - - 172.7 1012-2024/1001-2022 0.5 0.53
P3 (AO_4PT13) - - - 179.54 1012-2024/1001-2022 0.7 0.5 - - - 179.54 1012-2024/1001-2022 0.7 0.5
P3 (AO_5PT13) - - - - 75.6. 1012-2024/1001-2022 0.7 0.66 - - - - 75.63 1012-2024/1001-2022 0.7 0.61



http://portal.bipm.org/utc/pctsoft/2507/Plt/linkcomparison/LinkComparison_AOS.html
http://portal.bipm.org/utc/pctsoft/2507/Plt/linkcomparison/LinkComparison_AOS.html

Clock verification on UTC(k) — clock measures
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http://portal.bipm.org/utc/pctsoft/2507/Plt/clockscheck/index.html

Example of “good clock”

_ Laboratory code

1403841 10038 / Clock weight in

each month
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Modified Julian Date
Each 5 days thereisa *
representing the measures of
the difference of UTC(k)-clock



Example of jump on

UTC(k)-clock

UTC(k) - dednift clk /ns
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The jump is on the clock or on UTC(k)?

s Ifthe jump is on UTC(k), it should also be visible on UTC(k)-UTC(PTB)

UTC(k) - dedrift clk /ns

and UTC-UTC(k), as well as on all clocks in that laboratory.
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UTC(k)-UTC(PTB)

Lab Weight in 2501: 0.062 %

Lab Weight in 2502: 0.004 %
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The jump is on the clock or on UTC(k)?

s Ifthe jump is on UTC(k), it should also be visible on
UTC(k)-UTC(PTB) and UTC-UTC(k), as well as on all
clocks in that laboratory. Contact the lab
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UTC(k) - dednift clk /ns

s If the jump in on the clock, either there is a precise jump
declaration by the lab, or the clock is de-weighted




Example of declared “time step”

UTC(k) - dedrift clk /ns

Validation of the jump declaration sign
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Clock prediction residuals

In the monthly algorithm of UTC, each clock contributes with:

e [ts weight: to optimize the long-term frequency stability of the
time scale, a clock weighting procedure has been designhed so
that the sum of all the weights is equal to one and the weight
value is limited.

» The prediction of its frequency. If the clock is correctly predicted,
the clock is stable and will gain weight.




Clock prediction residuals Residuals

The analysis of the prediction is important each month to detect anomalies.

We evaluate the residual: the difference between the clock prediction and
the “true” value obtained through the processing of the measures.

Weighted Residuals during 2507

for ALL clocks
v & Al < v - v = v = A4
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—— 1350039 - CAO
Coees of one month.

1111111111

[Nanoseconds]

-0.01

-0.02
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SUM: 5.252e-04 SUM: 5.411e-04 SUM: 2.180e-04 SUM: 1.475e-04 SUM: -1.868e-04 SUM: 7.257e-04
Mean: 1.316e-06 Mean: 1.356e-06 Mean: 5.464e-07 Mean: 3.696e-07 Mean: -4.683e-07 Mean: 1.819e-06
Sd: 3.026e-03 Sd: 3.286e-03 Sd: 4.790e-03 Sd: 5.925e-03 Sd: 6.807e-03 Sd: 7.925e-03

MID



http://portal.bipm.org/utc/pctsoft/2507/Residuals2507.html

PSFS - Primary and Secondary Frequency Standards

The PSFS measurements must be in the file related to the month in which you want
them to be processed, even if the were carried out in previous months

Cirt: 2507 - - Ensemble estimate of d
PSFS frequency deviation from TAI - Error bar 1.0 sigmas 1.0 sigma d

SU-CsFO2
NTSC-CsF2
NRC-FCs2

NPL-Sr1

NIMS

KRISS-Yb1l

PTB-CS2

1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
NMIJ-Yb1l :
1
1
1
1
1
1
1
1
:
1
PTB-CS1 :
1

1

1

-1 -0.5 0 0.5 1 1.5 2
Deviation [10**-15]

Deviation = frequency of PSFS - frequency of TAI







Time transfer measurement interruption or format not compliant

s If the difference between UTC and UTC(k) is greater than hundreds of
microseconds, our system cannot process the data. In this case, we kindly ask

you to apply a time correction to reduce the offset. Contact the lab
dedrif 8.8 ns/d LAB-PTB / GPSPPP
20 -381273.7 397737 1-381185.5.381142.8-381098.0_381 055 9

-381455.7-381412.5-381366.8-381321.4 -381018.4

-380980.9

Delta t /ns

=20 4

60830 60840 60850 60860 60870 60880

2506 | 2507
uA: 0.30/ sigma: 0.21 uA: 0.30 / sigma: 0.20

arcs: 91_ cyc: 0 ant: OK

arcs: 69_ cye: 0 ant: OK

** When data from a receiver are interrupted, we need to switch to another receiver
or another time transfer technique, if available. We compare the available
measures with the backup receivers and other time transfer techniques (if
available) to verify that everything is consistent.

Ny
e

!E"’




[Manoseconds]

Lab Weight in 2505: 0.000 %)
~2200 2 :

—-2300

—2400

—2500

—-2600

—-2700

—2800

60799 60804

LLab Weight in 2506: 0.000 %)

GPS P2 - OFFICIAL 2505
(MK02PT13)

Raw data

Raw data
----- Smoothed data
—— Smoothed data
A sampled data
v Sampled data

GPS MC - OFFICIAL 2506
(MKO1PT13)

Raw data
Raw data
----- Smoothed data
'--.\ — Smoothed data
"' A Sampled data
e W Sampled data

60329 608324 e0839 60344 60849 60854



Different time transfer techniques not in agreement

Example of calibration of
TWSTFT time transfer

Lab Weight in 2506: 0.023 % Lab Weight in 2507: 0.026 %

2 TWSTFT

- o »
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2 e A
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2 N
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A Vi
4

GPS PPP -
receiver

60829 60834 60839 60844 60849 60854 60859 60864 60869 60874 60879 60884
MID

June 2025 July 2025




PPP missing antenna

PPP is the most precise technique, but the antenna type should be specified and

included in the IGS official list of “known” antennas.

R R R R R R R R HRR AR HREHARE AR R

# ANTENMA:
antenna type change in rinex file between MID 68852 and 68886
antenna type check from file /home/tai/GPSPPP/general/igs2@ bipm.atx (week change: 2375)

#station MID ANT # 4 [found/NOT found]

£8352 Unknown Unknown NOMNE

Contact the lab

PPP alert!

PPP link can’t be
evaluated (even if data
are uploaded) when the
antennais unkown

The IGS updated list of antennas recognized for the calculation can be found here:

https://files.igs.org/pub/station/general/igs20.atx
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Changes in headers

LAB-PTB | GPSP3

dedrift: -1.3 ns/d
192.0
€ 250 90.3  92.4 " 1.5
= 409 215 49.3 Ao A /_g 19.3 0.3 0.2 0.9 1.3 :
s | - - A A
§ OlAa A Dttt
—250 - T T T T T T
60830 60840 60850 60860 60870 60880
2507

2506
wA: 0.70 / sigma: 3.05

New header for llmo on MJD 60859

cggttsHD_totdly =401.800 -> 0.0
cggttsHD_tot_GP1=414.900 -> 0.0
cggttsHD tot GP2 =423.400 -> 0.0

ud: 0.70 / sigma: 0.66

We monitor and check all the
changes in the CGGTTS and HD
header file as they create jumps in

our solution

Contact the lab




1 The clock format is :

Clock file format

lab2507.clo

follow other 18-digit fields, as required;
each line may contain up to five 18-digit fields
for the TA and/or clock data

(101 characters maximum) are accepted

2 The step format is :

DO000000011111111112222222222333333333344444444445
12345678590123456785012345678%0123456 78901234567

HENNH. XX CCCCCCC eccccccc.c bbbbb.bbb RARR 100YY
Description of a line containing clock step data:
. field 01 to 08 : XMXMX.XX is MID on 5 digits and the fraction of day of the step
¢ field 09 : blank character
¢ field 10 to 16 : CCCCCCC is the code of the clock on 7 digits
. field 17 : blank character
. field 18 to 26 : ccceccc.c is the amount of the time step in format F9.1, in ns
J field 27 : blank character
. field 28 to 36 : bbbbb.bbb is the amount of the frequency step in format F39.3, in ns/d
J field 37 to 40 : blank characters
. field 41 to 44 : ARAR is the laboratory acronym, up to 4 characters, left aligned
. field 45 : blank character
¢ field 46 to 50 : 100YY is the laberatory code on 5 digits

33344444444445
78901234567~~~ 68359 18634 1351793 00OE0EH.8 1353669 -801676.5 1483452 -801354.5 1411666 -9865447.9
68864 18634 1351793 0b0OE9E6.8 1353669 -0801167.0 1483452 -801434.8 1411666 -865511.5
68869 18834 1351793 000e888.8 1353889 -881274.8 1483452 -881523.6 1411866 -885590.9
Description of a line containing clock data: 68874 18034 1351793 0AGLEG6.0 1353809 -801368.1 1403452 -981682.3 1411866 -885666.2
field 01 to 05 : XXXXX is MJD on 5 digits 68879 18834 1351793 0000886.8 1353889 -881456.6 1483452 +886843.1 1411866 -885744.1
field 06 : blank character 68884 18634 1351793 0b0OO0E8.8 1353669 -0861561.3 1483452 -0060043.0 1411666 -9865835.0
field 07 to 11 : 100YY is the laboratory code 6887@.36 1351793 90Q0000.8 -0081.542 LAB 1@834
field 12 : blank character 6BBVE.51 1483452 -881538.8 00e0e.088 LAB 18a34
field 13 to 19 : 00200YY is the TA code of the lab if exists paas’.36 1351793 QRBaaaa.08 -aaal.037 LAB 16034
field 20 : blank character
field 21 to 29 : aaaaaaa.a is [UTC(lab) - TA(lab)] in format F9.1, in ns
field 30 : blank character
field 31 to 37 : CCCCCCC is the code of one clock on 7 digits
field 38 : blank character
field 39 to 47 : ccccececc.c is [UTC(lab) - clock] in format F9.1, in ns

https://webtai.bipm.org/database/
documents/clock-data_format.pdf
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Clock data out of range

: @ overflow
@ overflow
@ overtlow
@ overtflow
@ overflow
@ overflow
@ overtlow
@ overtlow
@ overtlow
@ overflow

: @ overflow
@ overtlow
@ overtlow
@ overflow
@ overflow
@ overflow
@ overtlow
@ overflow
@ overflow
@ overflow

: @ overflow

: @ overflow

: @ overflow

: @ overflow

value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :
value :

68859
608859
6B864
68854
68854
68859
68859
6B864
68864
68869
68869
6874
6874
68879
68879
68884
68884
60854
60859
60864
60879
60884
60854
60854

1488628
1415383
1415383
1328192
1326193
1328192
1328193
1328192
1328193
1328192
1328193
1328192
1328193
1328192
1328193
1328192
1328193
1351628
1351628
1351628
1351628
1351628
1352710
1352710

416935649,
578148191.
578148188.
155618882.
-373456877.
511877338.
187972628.
884693201.
-247148282.
234643336.
315386424 .
587375583,
-129499879.
-597355948.
444575221,
311948278.
14488693 .
-34582553.
-35218448.
-35811488.
-37693038.
-38301246.
-7941616.
-7941616.

(RS ST WERRT, R o I o sy T o T o R W Iy I T < I R o S R Wy N W

removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed
removed

Example of clock file with
MJD standard date NOT
correct. July standard
date were 60659-60XXX

Any clock data that does not
respect the required format or
whose value is out of accepted
range is automatically excluded
from the computation.

Contact the lab

lab2507.clo

68859 18833 1353543
68594 18833 1353543
68599 18833 1353543
G8%ed 186833 1353543
68989 18833 1353543
68914 18833 1353543




Clock jump wrongly declared

If your clock experiences a voluntary a time step, it hasto be reported as:
NEWI|[clock value] - OLD[clock value]

(even if the value in the file is UTC(k)-clock!)

68799 18844 1361167 2147 .2 1361173 1151.1 1361629 4887 .6 1361732 2748.2
68799 18844 1361798 3115.4 1484439 6715.9 1484418 £15.3

WRONG SIGN!
cB2ed 1844 1361167 2123.3 1361173 1146.5 13615629 4184.9 1361732 2883.08 .
cB2ed 18844 1361798 J884.9 14844390 6661.3 1484418 £e3.2 The ClOCk IS

automatically
HB2eo 1844 1361167 2122.6 1361173 1163.8 1361629 428%.8 1361732 2866.08

excluded.
oB2eo 18844 1361798 3ga7.9 14844390 6626.3 1484418 £eL.o
6B214 18p44 1361167 2133.3 1361173 1166.8 1361629 4297.9 1361732 2028.9 .

We test the jump
6B214 18844 1361798 3839.08 14844390 655%.7 1484418 489.1 W|th OppOSIte S|gn
68219 18e44 1361167 2131.8 1361173 1168.8 13615629 4387.2 1361732 29491.7 and
68219 18844 1361798 jgle.4 14844390 6506.6 1464418 476.8 Sometimes
6B224 1844 1361167 2893.1 1361173 1178.2 1361629 4476.5 1361732 3e54 .6 -

it looks better.
6B224 18844 1361798 2972.8 14844390 6636.1 1484418 A58.6

68821.43 1484435 G8819°9.3 0000d.000 LAB leed4



Clock jump wrongly declared

[ns]

6850

6800

6750

6700

6650

6600

6550

6500

6450

6400

Clock 1404439

opposite jump
declared jump

no jump

60799

60804

60809
MJID

60814

60819

60824




Clock statistics

On average, less then 10% of clocks are incomplete each month, while 1% of
clocks is excluded from the computation because strange behavior

GNSS Clocks Statistics per Month

400
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3
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5 200 D '
2 —+— Deweighted clocks
=
-
=

100 |

0 & —— —— —— — = 4
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Month




PSFS - Possible issues

s Cases of offset >> 2 sigma

** Sometimes the PSFS evaluation period is modified to avoid
jumps of the clock or of UTC(k) or new calibration

*¢* In rare cases the PSFS data are withdrawn

Cirt: 2507 - = Ensemble estimate of d
PSFS frequency deviation from TAI - Error bar 1.0 sigmas 1.0 sigma d

Contact the lab SU-CsFO2

NTSC-CsF2

NRC-FCs2

NPL-Sr1

NMIJ-Yb1

NIMS

KRISS-Yb1

PTB-CS2

PTB-CS1

Deviation [10**-15]




Section 4 (com
with predic

parison of UTC
tion of UTC

broadcast by GNSS) and the
uncertainties of Section 5 are

evaluated a

nd checked

A

y

Draft Circul

arTis ready

A

y

Final verification by all Time
Department

A

y

Final actions

to improve or

correct something

A

y

Publication of Circular T




To sumup...

Data collection and
format verification

First check on the links, clocks verification
and recovery of missing data (if available)

UTC algorithm, section 4 and section5
of Circular T. Round of checks.

CIRCULART publication!

from the
10th
onwards

Final verification and last

improvement actions W




Conclusions

Key points for UTC computation

The availability and the good quality of the input data are essential

We rely on tools and checks to keep the process under control

With the CBKT secondees, we are developing tools to improve your preliminary
data checking

Possible issues during the process:
O Missing, empty, or incorrectly formatted data
O Undeclared or incorrectly declared data changes (clock step, UTC(k) steps,
discontinuity of the time link...)
O Discrepancies between techniques (GNSS receivers or GNSS vs. TWSTFT)
O The expected application of calibration is delayed

The prompt support from the laboratory is fundamental!
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