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                  AREAS BEING SERVED 
            

 

          Coordinated Universal Time (UTC) 
 

          International Timing Centers 
 

          Global Navigation Satellite Systems 
 

          Telecommunications Industries 
 

          Two-Way Satellite Time Transfer  

              (TWSTFT) 
 

          Two-Way Optical Fiber Time Transfer  

              (TWOTFT) 
 

          Power Grids and other Industries 
 

          As Research and Comparison Tool 
 

          Other 

 



Topics 
 

●  Rapid UTC  

●  Fiber optic time transfer 

●  2017 CCTF Meeting 
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Characteristics of BIPM UTCr 

– Based on daily data reported (daily) by 

contributing laboratories 
 

– Weekly access to daily values of [UTCr-

UTC(k)] 
 

– Automatically generated weekly solution 

over four weeks of data (sliding solution) 
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Implementation of BIPM UTCr 

• September 2011: UTC contributing laboratories 

have been invited to participate on a voluntary 

basis to a pilot experiment. 

• January 2012: Pilot experiment started, with the 

target of reporting to the CCTF in September 

2012. 

• July 2013: Operational production of UTCr. 
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Impact of a rapid realization of UTC 

• On UTC contributing laboratories: 

– More frequent assessing of the UTC(K) steering, and 

consequently better stability and accuracy of [UTC(k)]; 

– Traceability to UTC is enhanced. 

 

• On users of UTC(K): 

– Access to a better “local” reference, and indirectly, better 

traceability to the UTC “global” reference.   

 

• On GNSS: 

– Better synchronization of GNSS times to UTC, through 

improved UTC and UTC(k) predictions: case of UTC(USNO) for 

GPS, UTC(SU) for GLONASS, UTC(k) used in the generation of 

Galileo ST, BeiDou ST and Gagan ST.   
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Publication 

 
• Every Wednesday before 18:00 

UTC 

• on 

• ftp://tai.bipm.org/UTCr/Results/ 

 

57th CGSIC Meeting - Portland, Oregon, 25 September 2017 



Oncoming Optical Fibre - TWOTFT 

 

• Long-term goal: Compare the optical clocks ~10-18@day 

• More than 14 UTC laboratories actively involved 

• Already operational UTC(AOS)-UTC(PL) by AGH  

• Immediate Applications in UTC: 

   - Validate the BIPM GNSS calibrator with uB ~ 200 ps 

   - Validate the new GNSS and TWSTFT techniques  

• New challenges 

  - the theoretical issues 

  - the practical issues: data processing, format, programs … 
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Location  Length  Performance (*)  

Check Rep/Austria  550 km  
TT, evaluating accuracy 
30 ps/20s  

China  50 km  FT 20×10− 15/τ  
Finland  900 km  TT 1 ns  

France-Germany  1400 km  FT 1×10− 16/τ  
France-UK  800 km  FT ×10− 15/τ  
Italy  1284 km  FT 0.2×10− 15/τ  
Japan  120 km  FT 0.8×10− 15/τ  
Poland  420 km  TT 70 ps - FT 35×10− 15/τ  

Optical Fiber Links: realized long hauls  

(*) accuracy for Time Transfer (TT) 

Allan deviation for frequency Transfer (FT), extrapolated to 100 km (scaling law L3/2).  

[adapted from D. Calonico et al., European Phys Lett, 110 40001 (2015)]  



First Operational Optical Fibre Time Link  

420 km between UTC Laboratories AOS-PL 

Combined uncertainty 112 ps 

Optical Fibre - TWOTFT 
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In conclusion Optical Fiber Links : 

 

● The Optical Fiber Links techniques have grown fast. Over thousands of 

kilometres, a coherent fibre link can compare clocks with an uncertainty 

of few parts in 1e18 in 1000-10000 s.  

 

● But, only one laboratory in Europe, the AOS, regularly reports data to 

BIPM connecting a remote atomic clock. The implementation of fibre links 

reporting data to BIPM shall be encouraged and pursued more carefully 

in the past to take benefit of a widespread optical fibre network.  

 

● Fibre links comparisons demonstrated to be the only suitable 

means to compare remote optical frequency standards. More 

comparisons shall now be realized in order to achieve the 

identified in the roadmap for the possible redefinition of the SI 

second, collecting more and more comparison of optical 

frequency standards with an uncertainty of parts in 1e18.  

 



Polish Optical Clock - FAMO  
National Laboratory of Atomic, Molecular and Optical Physics 

A system of two independent strontium  

optical lattice clocks.  

The system consists of two atomic standards  

interrogated by a shared ultra-narrow laser,  

pre-stabilised to a high-Q optical cavity and  

an optical frequency comb 

Expected future stability 

~10-18 
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Under construction  

in cooperation with  

British NPL 

 

 

CsF-1, December 2016 

 

CSF-2, November 2017  

Two Caesium Frequency 

Standards  
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21st Meeting of the  

Consultative Committee for Time and Frequency  

BIPM, 8-9 June 2017  

 

Recommendations 

(excerpts) 
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RECOMMENDATION CCTF (2017)   

on recommended frequency standard values for applications 

including the practical realisation of the metre and secondary 

representations of the second  

 
The CCTF,  considering that  

 

 🔴 a list of Secondary Representations of the Second (SRS) has been maintained 

following the  

        recommendations of the CIPM 

…. 

🔴 the Working Group on Strategic Planning of the CCTF has prepared a roadmap for a 

future  

•redefinition of the second using optical frequency standards;  

 

recommends that 

 

🔴  the institutes put effort into operating their frequency standards as secondary 

representations of 

   the second in such a way that they routinely contribute to TAI via reporting to the 

BIPM,  

🔴 the best optical standards be compared with uncertainties that are comparable to the  

    uncertainties of the standards themselves,  

… 

🔴  formal milestones for a redefinition are identified and the CIPM be informed about the 

current 

    process.  



CCTF RECOMMENDATION  

On improving Two-Way Satellite Time and Frequency Transfer (TWSTFT) for UTC 

Generation  

 

The CCTF realizing  

 

 🔴  that atomic frequency standards have achieved unprecedented precision and 

accuracy, and that further rapid advances in this field are underway …. 

 

considering  

 

  🔴  that the experiment of using Software Defined Radio (SDR) receivers in the Asia-

Pacific region showed the SDR TWSTFT significantly reduced the diurnal and 

measurement noise … 

  

 recommends   

 

  🔴 that the laboratories operating TWSTFT stations continue to study the SDR TWSTFT 

technique by maintaining SDR operation or installing SDR systems in stations, and 

providing SDR TWSTFT data to the BIPM in parallel to the data from the currently used 

TWSTFT equipment … 



CCTF RECOMMENDATION  

On the utilization and monitoring of redundant time transfer equipment in the 

timing laboratories contributing to UTC  

 

The CCTF realizing that  

 

  🔴  atomic frequency standards have achieved unprecedented precision and accuracy, 

and that further rapid advances in this field are underway …. 

 

recommends  

 

 🔴  that laboratories participating in UTC-generation maintain at least two (three in the 

case of G1 labs) independent GNSS systems, some of which being state-of-the-art if 

resources are available … 

 🔴  record and maintain both external and relevant internal temperature and humidity 

information and report to the BIPM, calibrate at least one operational link every two years 

 

 🔴 continue to study the use of redundant time transfer systems in UTC generation;  

add in the timing data base the station temperature and humidity information … 

 

                                             

 



CCTF Recommendation on the definition of time-scales 

 
The CCTF considering that  

 

 🔴  Resolution 1 of the 14th CGPM (1971) requested the CIPM to give a definition of 

International Atomic Time (TAI);  

 🔴 no complete self-contained definition of TAI has been officially provided by the CIPM …  

 

recognizing that  

 🔴  the CGPM is responsible for defining metrological standards, while the IAU) and the 

IUGG) with the IAG are responsible for defining reference frames for Earth and space 

applications, and the ITU is responsible for coordinating the dissemination of time and 

frequency signals and making relevant recommendations … 

 

recommends the following definitions of UTC  

 

 🔴  Coordinated Universal Time (UTC) is a time-scale produced by the BIPM, based on 

TAI. UTC has the same rate as TAI, but differs from TAI by an integral number of 

seconds. The procedure for UTC adjustment is described in an ITU Recommendation. 

The difference TAI-UTC is published by the BIPM … 

 

 and further recommends that  

🔴  all relevant unions and organizations consider these definitions and work together to 

develop a common understanding … 

 🔴  all relevant unions and organizations work together to further improve the accuracy of 

the prediction of DUT1 … 
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Obituary Notice 

Bernard Guinot (1925 – 2017) 

passed away on March 6, 2017, at the age of 91.  
Officer in the shipping department, he become an astronomer at 
the Paris Observatory in 1952;  
In 1958, he obtained his doctoral thesis on the Danjon astrolabe, 
an instrument used for observations used for polar motion and 
Earth rotation determination;  
Director of the Bureau International de l’Heure between 1965 and 
1985, located at Paris Observatory in the Department of 
Fundamental Astronomy, today SYRTE;  
He officially transferred the BIH activity on time scales to the 
BIPM in 1985, organized and headed the Time Section.  



He made made outstanding contributions to space and time metrology  

 

–  He designed newalgorithms for the calculationofUT1and the polar  

coordinates,  

–  Hecontributed to the transiton from optical measurements to space geodesy 

techniques, and proposer their use for the measurement of the Earth’s rotation 

and the maintenance of the global geodetic system,  

–  He proposed in 1979 the definition of a new equatorial origin which was 

adopted by the IAU in 2000,  

–  He created the algorithm for TAI,«ALGOS»;he was strongly involved in the 

establishment of UTC, and he strongly supported to stop leap second 

insertions.  

    –  He had anextraordinary clarity for presenting his ideas. His book,co- 

authored with Claude Audoin, « The measurement of time », is a clear and 

exhaustive compendium of time and frequency metrology at about 2000.  

–  He was a member of the CCDS (today CCTF) between 1978 and 1984, and 

a member of the CIPM.  

 

His competence, his rigor and his scentific authority have been 

unanimously recognized. We have lost with him a prominent 

personality  

 



Thank you ! 
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