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

• Time transfer: CGGTTS, RINEX, TWSTFT, Fiber…

• Clock: clocks file, PSFS

To obtain the results, we also collect IGS analysis centers' data (open access 
on the web):
• Broadcasted and post-processed ephemeris for GNSS satellites, 

ionospheric maps
 



GNSS data collection

CGGTTS

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

http://193.104.127.98/utc/filelisting/cggtts.pl


RINEX

TWSTFT



Clocks collection

PSFS



IGS products collection
Ionosphere information

Broadcast 
orbits

Precise 
orbits



Reminders

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

Example of missing data Data completed after the reminder

Contact the lab



Reminders - Statistics

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

On average, around 10-15 (out of 
nearly 85) laboratories receive 
reminders each month. 

Of these, almost always more than 
half upload data later.

The rest confirms the lack of data due 
to problems or does not respond.



Missing data

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

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

After one year of no 
data, we exclude the 
lab from Circular T.

Currently 4 lab have no 
data since several 
months. Contact the lab



Information from the laboratories

UTC(k)-UTC(PTB) 

Electrical Failure and UTC(k) time step

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



Intermediate data checking

Links collection and 
reminders

Links verification: 
continuity checks, 
links comparison…

Clock collection and 
format verification

Links 
computation

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.



Slide 17

Slide 18

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.

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


Example of the same receiver 
with two different techniques  

Name of the receiver used by AOS

Name of the receiver used by PTB

Technique used to compute the link

OFFICIAL link 
used for the 
AOS 
laboratory



Example of two different receivers 
with the same technique  



Link comparison Single graph showing all receivers and 
techniques available for the AOS laboratory

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  
Slide 21

Slide 22

Slide 26

For internal use only
2507/Plt/clockscheck/index.html

http://portal.bipm.org/utc/pctsoft/2507/Plt/clockscheck/index.html


Clock code Laboratory code

Modified Julian Date

Each 5 days there is a         
representing the measures of 
the difference of UTC(k)-clock

Clock weight  in 
each month

Example of “good clock”



Example of jump on 
UTC(k)-clock



The jump is on the clock or on UTC(k)?
Contact the lab

 If the 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.



UTC(k)-UTC(PTB)



The jump is on the clock or on UTC(k)?

Contact the lab

 If the 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.

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



Phase step 
declared by the lab 
and applied by BIPM

Validation of the jump declaration sign Example of declared “time step”



Clock prediction residuals

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

• Its weight: to optimize the long-term frequency stability of the 
time scale, a clock weighting procedure has been designed 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
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.

This graph 
displays the 
value of the 
difference 
between the 
prediction 
and the 
measured 
clock values, 
every 5 days, 
over a period 
of one month.

Residuals

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

Deviation = frequency of PSFS – frequency of TAI



Potential issues



Time transfer measurement interruption or format not compliant

Slide 32

 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.

 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.

Contact the lab

LAB-PTB





GPS PPP – 
receiver1

GPS PPP – 
receiver2TWSTFT

June 2025 July 2025

Different time transfer techniques not in agreement
Example of calibration of 
TWSTFT time transfer



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.

The IGS updated list of antennas recognized for the calculation can be found here: 
https://files.igs.org/pub/station/general/igs20.atx

PPP alert!

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

Contact the lab

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


Changes in headers

LAB-PTB

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 

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

Contact the lab



Clock file format

https://webtai.bipm.org/database/
documents/clock-data_format.pdf

lab2507.clo

LAB
LAB

LAB
LAB

https://webtai.bipm.org/database/documents/clock-data_format.pdf
https://webtai.bipm.org/database/documents/clock-data_format.pdf
https://webtai.bipm.org/database/documents/clock-data_format.pdf
https://webtai.bipm.org/database/documents/clock-data_format.pdf


Clock data out of range

lab2507.clo

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



Clock jump wrongly declared
If your clock experiences a voluntary a time step,  it has to be reported as: 

NEW[clock value] - OLD[clock value]

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

LAB

WRONG SIGN!
The clock is 
automatically 
excluded.

We test the jump 
with opposite sign 
and 

sometimes 
it looks better.



Clock jump wrongly declared

60799 60804 60809 60814 60819 60824

MJD

6400

6450

6500

6550

6600

6650

6700

6750

6800

6850

[n
s]

Clock 1404439

opposite jump
declared jump

no jump



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



PSFS – Possible issues

 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

Contact the lab



Section 4 (comparison of UTC 
with prediction of UTC 

broadcast by GNSS) and the 
uncertainties of Section 5 are 

evaluated and checked

Draft Circular T is ready

Final verification by all Time 
Department

Final actions to improve or 
correct something 

Publication of Circular T



To sum up…

CIRCULAR T publication!
from the 

10th  
onwards

Final verification and last 
improvement actions

8th/9th UTC algorithm, section 4 and section5 
of Circular T.  Round of checks.

6th/7th 

4th/5th 
Data collection and 
format verification

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



Conclusions

• 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!

Key points for UTC computation



Thanks for your data 
and your support!
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