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i Time and frequency laboratory

e Time and frequency keeping and international

comparisons

+ e Experiments on Ybion atomic clocks

e Internet time services: Network Time Protocol (NTP)

+. {alibration services + +



International Systems of Units

o
?

1 second is the duration of 9,192,631,770 periods
of the radiation corresponding to the transition
between the two hyperfine levels of the ground
state of the atom, defined in 1367 +

+ S| base units



i Time and frequency laboratory

Atomic clocks GNSS receivers GNSS antenna .
+ (Caesium frequency standards e Timing e Choke ring with radome
e Active hydrogen masers e (Geodetic

+ . .+



Time and frequency laboratory

Keep time links with the TAl and UTC scale (rinex 3.x and cggtts 2E) using 3 sets of
receivers (mtti and mtme)

o GNSS timing receivers: two MESIT GTR55 units
o  GNSS antennas: two NOV-850 units
o  GNSS receivers need to be calibrated mtti Cal _ID 2002-2021 and mtme Cal _ID
2003-2022
Provide positioning and timing references (mtth and mtni)

o  GNSS : multi-constellations, multi-frequency, multi-channels

o Post-processing and real-time positioning services (NRTK)

http://103.150.106.114/
http://103.150.106.117/



i Time and frequency keeping

BIPM resolutions on leap seconds:
s — _ ..Leap ;ecppds crea’ges .
clocks - Weighted —p TA| discontinuities that risk serious
~80 laboratories average malfunction in critical digital
1 infrastructures including GNSS,
telecommunication and energy
utC transmission systems
‘ e Leap seconds would possibly be
negative because of recent Earth
observations on rotation rate (UT1-
uTC)
https://www.bipm.org/.../2012646

4811223/Resolutions-2022.pdf

Leap second

Thailand +7 hours
. —
standard time UTC(NIMT)

+ International Atomic Time (TAI)
Coordinate Universal Time (UTC)

Universal Time (UT
L Oy .+



https://www.bipm.org/documents/20126/64811223/Resolutions-2022.pdf?fbclid=IwAR2LVhiMqK2LfvLhUBCkJv55RM0X2TCoUWm4dNFwaujOtc3cTnT6GHGRyKU

Time and frequency keeping

Geographical distribution of the laboratories that contribute to TAl and time transfer equipment (2021)

Two-way and GNSS Equipment
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+ TAI Contribution Laboratories: https://webtai.bipm.org/ftp/pub/tai/other-products/maps/planisphere-2021.png +



Time and frequency comparisons
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available at https://webtai.bipm.org/ftp/pub/tai/other-products/notes/explanatory_supplement_v@.6.pdf
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Time and frequency comparisons
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Time keeping
The contents of the sections of BIPM Circular T are fully described in the document "Explanatory supplement to BIPM Circular T"
available at https://webtai.bipm.org/ftp/pub/tai/other-products/notes/explanatory_supplement_v@.6.pdf
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N Time and frequency comparisons

o . S
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N Time and frequency comparisons

e . Y

UTC time link / 10 MHz| GNSS time and
- > frequency 10 MHz
: receiver MTME — -
GNSStimeand | | 1
frequency —
receiver MTTI L
_________ m.
Frequency distribution Pulse distribution Measurement delays are on:
TSC4036B 6602
10 MHz 5 MHz e GPSL1C/A
Frequency
doubling | e GPSLTP
5 MHz _ ~ o GPSL2P +
+ > Microphase stepper HROG-5 <=
i https://webtai.bipm.org/data
1
Caesium frequency standard ] .
+ . 5071A option 001 base/calid _gnss.hgml +




Nanoseconds

Time and frequency comparisons
UTC-UTC(NIMT)
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Time and frequency
disseminations

Calibrations
Internet time transfers

Speaking clocks



) Time and frequency
disseminations

Calibration .
BIPM SI units

GNSS allows us to:

e compare atomic clock at the level of @ National Institute of Metrology
1-10"13to0 1-10-14 P
&

e synchronisation to UTC of better than 4
10 ns &

Reference
standards
e obtain stability of better than 1-10-"2 Calibration laboratories

per day

Measurement instruments Industries

Traceability is: +
“the property of result of a measurement or the value of standard whereby it can be related to stated references,
usually national or international standards, through an unbroken chain of comparisons all having sgated
uncertainties.” +



¥ Time and frequency
ol disseminations

Caesium frequency Rubudium frequency Universal frequency
standard standard counter +

T



+ Time and frequency
eetiime disseminations

Internet time servers
e time1l.nimt.or.th

time2.nimt.or.th

time3.nimt.or.th

time4.nimt.or.th
time5.nimt.or.th https://www.nimt.or.th/main/?page_id=36t86 +
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+
Time and frequency
Speaking clocks disseminations
e The announce Thailand

Standard Time with traceability to UTC(NIMT) through a standard method for
time comparison called GNSS common-view.

e Access by dial and listen to the time via speaking clock and make a
setting at the beep!
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N Time and frequency
GNSS ground station netdjddemiiations timing

e 228 stations: homogenously distributed nationwide

o Provide positioning, GNSS observation achieves, online data post-processing and
NRTK services (VRS)

e Fitinternational terrestrial reference frame version 2005, 2008 and 2014

o (Collaborative project amongst government institutes, academics and international
agencies

https://ncdc.in.th/portal/apps/sites/#/ncdc

T. Thongtan, S. Sawatdiaree and C. Satirapod, "GNSS time and frequency transfers
through national positioning, navigation and timing infrastructure," Journal of Applied
Geodesy, vol. 16, no. 2, pp. 123-130, 2022.
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