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» TL is responsible for the time and frequency standard of Taiwan

» An associate member of CGPM, and TL has attended CCTF meeting as a guest since 1999.
-- ITRI/CMS has joined in CCL and CCAUV as an Observer
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1. Introduction

+ Reference clocks of TL

» 10 Microsemi 5071A cesium clocks with high performance tubes

4 active Hydrogen masers
located in the 4 EM shielding chambers with stabilized temperature (23+1°C)
and humidity (50£5%) .

+ UTC(TL) & TA(TL)

« TA(TL) is a weighted result of our cesium-clock ensemble. The output
frequency of our master hydrogen maser is steered by a micro-phase-stepper
(Microsemi AOG-110) to generate UTC(TL).

o The performance of UTC(TL) was checked by referring to TA(TL) and the
Circular-T data to ensure its accuracy.

e The phase difference between UTC(TL) and UTC was kept within £30 ns,

and its stability is about 4E-15 with averaging time of 5 days.

Contribution to the calculation of TAl ~ about 1.3% (Ranked about 15)



TU's link on BIPM webpage

Bureau . Search facility:
|nternahona| dBS - the intergovernmental organization through which Member States act together | | @
Poids et on matters related to measurement science and measurement standards.
* Mesures ' ) | site map | News | Contact us | [FR ]

ABOUT US WORLDWIDE METROLOGY INTERNATIONAL EQUIVALENCE MEASUREMENT UNITS SERVICES PUBLICATIONS MEETINGS

> You are here: BIPM > Associates > Chinese Taipei > links

4 N Ald N N >
General info. H CIPM MRA ” Links Other Associates
N [—= Select State/Economy W/ |
Metrology institutes
BSMI** (Bureau of Standards, Metrology and Inspection) N Related articles
TL* (Telecommunication Laboratories, ChungHwa Telecom Co. Ltd.) A :
Services available to
CMS* (ITRI Center for Measurement Standards) i
. .  Nuclear £ " N Associate States and
INER™ (Institute of Nuclear Energy Research) Economies
MML {Mational Measurement Laboratory) The CIPM MRA
B Participants in the CIPM
National legal metrology authorities MRA
. B List of Member States
Bureau of Standards, Metrology and Inspection (BSMI)
National accreditation bodies N Meetings:
Taiwan Accreditation Foundation (TAF) .
B NMI Directors and State
Representatives
=* Signatory of the CIPM MRA ; * Also participating in the CIPM MRA.
Metrology area: AUV EM L M PR oM RI T TF u

Copyrigh BIPM all rights reserved

BIPM - Pavillon de Breteuil F-92 res Cedex FRANCE




TL's CMC Publication on

BIPM KCDB

Calibration and Measurement Capabilities

Time and Frequency, Chinese Taipei, TL (Telecommunication Laboratories, ChungHwa Telecom Co. Ltd.)

SIIKE€DB

Measurement
Calibration or Measurement Service Measurand Level or Range Conditions/Independent Expanded Uncertainty
Variable
Is the
Quantity Instrument or | Instrument Type or | Minimum | Maximum Units Parameter | Specifications Value Units Coverage Level of ut::‘clfrl:;ﬁ?y NMI Service Comments
Artifact Method value value pe factor Confidence arelative Identifier
one?
Included best
. : . DUT's effect
. Time difference Direct time interval 1PPS NSTF-ICT-
Time interval source measurement -1000 1000 s amplitude =056V (k01 1.0 ns 2 95% No SRE20A-005 Agpﬂr:\‘;e:: |?n
2015
Meas_urement 86400 s
time
Slew rate >0.5Vins
Included best
. . DUT's effect
Time scale Local clock vs. | Comparison against 1PPS NSTF-ICT-
difference Ut predicted UTC 05 05 $ | amplitude | Z05V(50Q) 100 ns 2 9% No' |sre20a.005| Agbroved on
2015
Meas_urement 86400 s
time
Slew rate =>0.5Vins
Included best
. DUT's effect
Time scale Remote clock vs. | GPS common-view P MNSTF-ICT-
difference ute time transfer 05 05 s Averaging time 1d 35 ns 2 95% No RTFCS-002 Approved on
10 March
2015
|Baseline length
from TL < 1000 km
Included best
. DUT's effect
Frequency | Ceneral frequency | Direct frequency 1 30E+08 | Hz | Measurement 86400 s 30E-12 | HzHz 2 95% Yes NSTFICT- | 5 ooroved on
source measurement time SR620B-005 10 March
2015
Amplitude > 0.5V (50 0)
Included best
DUT's effect
Local uen . Measurement NSTF-ICT-
Frequency al frequency | prace comparison 1 1 MHz Sre 86400 s 30E13 | HzHz 2 95% Yes | amronr nne| Approved on

9 items with 7 calibration systems




TL's information in Circular-T

CIRCULAR T 346 ISSN 1143-1393
2016 NOVEMBER 10, 15h UTC

BUREAU INTERNATIONAL DES POIDS ET MESURES
ORGANISATION INTERGOUVERNEMENTALE DE LA CONVENTION DU METRE
PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 70 70 FAX. +33 1 45 34 20 21 tai@bipm.org

The contents of the sections of BIPM Circular T are fully described in the document "Explanatory supplement to BIPM Circular T"
available at ftp://ftp2.bipm.org/pub/tai/publication/notes/explanatory_supplement vO.1.pdf

1 - Difference between UTC and its local realizations UTC(k) and corresponding uncertainties.

From 2015 July 1, Oh UTC, TAI-UTIC = 36 s. From 2017 January 1, Oh UTC, TAI-UTC = 37 s.

Date 2016 Oh UTC SEP 28 OCT 3 OCT 8 OCT 13 OCT 18 OCT 23 OCT 28 Uncertainty/ns Notes

MJD 57659 57664 57669 57674 57679 57684 57689 uA uB u
Laboratory k [UTC-UTC(k)]/ns
AOS  (Borowiec) -1.5 -0.2 0.9 0.9 1.0 1.0 1.1 0.4 2.7 2.7
APL (Laurel) 2.7 2.5 2.1 0.8 -1.7 -2.7 -2.0 0.3 10.9 10.9
AUS  (Sydney) 862.1 894.0 914.3 924 .4 955.5 967.0 982.5 0.4 59 5.9
BEV (Wien) 29.0 26.2 20.0 23.4 24.1 26.2 41.6 0.3 2.6 2.7
TL  (Chung-Li) 6.1 7.6 8.9 9.1 9.7 10.2 10.6 0.3 2.2 2.2
TP (Praha) -24.8 -17.4 -14.0 -7.7 -2.9 2.1 9.4 0.3 5.8 5.8
UA  (Kharkov) 8.2 5.0 -1.1 -0.7 1.4 6.4 17.2 1.5 8.1 8.3
UME (Gebze-Kocaeli) -62.4 -68.1 -71.3 -73.9 -69.2 -74.8 -77.1 0.5 7.3 7.3
USNO (Washington DC) 0.6 0.7 0.4 -0.2 -0.1 0.3 0.4 0.2 1.0 1.1
WMI  (Ha Noi) -2.5 2.3 18.9 23.6 19.1 22.5 19.9 1.3 20.0 20.1 (3)
VSL  (Delft) 1.7 -4.4 -9.3 -13.4 -10.6 -1.1 4.7 0.3 1.3 1.4
ZA  (Pretoria) 6.9 6.0 7.5 9.0 7.6 5.8 6.1 0.4 20.0 20.0

i — ———
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Participate in the ongoing key comparison ~
CCTF-K001.UTC
e Report GPS measurement data

continuously to BIPM
e Contribute to the generation of TAl and

PolaRx4

.

GNSS time transfer sYstem - Antennas and receivers



Annex 5
%1.0-15 Apml 2014

Group 1 and Group 1 laboratories

Omn the basis of the criteria establiched in section A3 1 and at the request of the BIPM, Regional
Megology Organizatons proposed laborstoriss for being inclwded in the Group 1. Letters of
comrnitment from the relevant suthorities in the Group 1 proposed laborstories have been received.
Tahle 1 shows the conmibudng lsboratories in each region, the Group 1 in red charsceers, the
Group 2 in black characters.
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» TL is one of the Group-1 Labs in APMP

» Participated in BIPM Group-1 GPS calibration trip (Phase 1, March-September 2016),
BIPM —TL — NICT — NIM — BIPM

» Host Group-2 calibration campaign (February - May 2017, MEDEA ILC project)
TL - NMIT — NMIM — VMI - TL
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I 1 R L 1 1 I
[ vEL | ] L | | |
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Table 1. Group 1 {ved) and Group 2 {(black) UTC conmibutings labomtories m the BEMWOs (as in April 2014)
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Tlme and Frequency Transfer -- TWST e

'VNIIFTRI f
g N\ QUK NTSC, cese
Ny CNPE
AMC-1 . Telstar 11N . iV aM2280°E() Eutelsatl?ZA
257°E -5 346 W | ABS2AT5°E(?) 172 E
L - & TBD ” -

> TL has been devoted to the TWSTFT activities since 2002, and established the first
Europe-Asia (VSL-TL) link in 2003.
» TL still maintains four earth stations for the TWSTFT experiments:
Asia-Pacific link ~ Europe-Asia link, and North America-Asia link




Two-Way Satellite Time and Frequency Transfer Experiment

Dual Pseudo-Random Noise (DPN) Codes

0 Lower tone at 66.4 MHz . ‘ .
i Chip rate: 127.75 keps |= : :
(=) | DPN Modem -10 || BW: 200 kHz | Upper tone at 86.4 MHz |-
1
i A TX RX 20 & 20 Mz —
! £
! \ m -30
o
i (erF ] [ BPF ] o 40
| ‘Up/Down converter| |Up/Down converter|: [ AWG ] [ s ] T g0
! Y 3 ! ampler 5 o
__________________________________ w70 "
USB " mﬁ[t, I‘Mm]f‘ MF'IMFW"WI
' e 80 . ! W ! ! MMW’,{
DPN Modem DPN Modem PC
(Software correlation) -90
60 65 70 75 80 85 90

1 PPS, 10 MHz

Time Deviation (ps)

a DPN-based TWSTFT system.

Frequency (MHz)

Two narrow PRN coded signals are separated
by 20 MHz

TDEV comparison between DPN and GPS PPP

for the NICT-TL link

» Cooperation between NICT and TL in 2010

» the performance of DPN Results is as good

as the GPS PPP results.

/JL
100 -
ey
,{.ﬁ =
e
/&\h AT k
__/ | A
PPP & | [ 1
10— 4
[ i
10° 10° 10* 10°

Averaging Time (s)



TWSTFT Software Defined-Radio (SDR) Receiver -

TL has been devoted to the development of TWSTFT SDR
receiver since 2014.

The preliminary SDR experiments among TL, NICT and KRISS in
2015 showed good results.

The BIPM and CCTF WG on TWSTFT established a pilot study
group (PSG) in 2016, to evaluate the feasibility of contributing
SDR technology to UTC generation

Up to now, the SDR receivers have been installed in many Labs,
e.g., PTB, OP, NTSC, NIST, NIM, VNIIFTRI, INRiM, AOS, and
METAS, ... etc.

Measurement results using SDR receivers show good stability.
In particular, the diurnal phenomenon in several links was
effectively reduced

ADC sampler PC with GPU cards software

SATRE modem

SDR receiver

BPF, amplifier, attenuator



Pilot Study on applying SDR technology to UTC generation—

e

: o . 1
_ Telstar 11N ‘ﬂr ,,_j*j
A =

e,

March 2017
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Comparison of TWSTFT results by using

Conventional and SDR receiver

Time Difference / ns

Time Difference / ns

4 2 2 e
=1 B i
2 1 S il ’ﬂ'ﬂ"“
% 0 - B . ool \F‘ il “ I
0 5 A 11"1“""‘»-",‘||1w
£ -1 ] ol L 'i"”'"
2 - a ,:.'“";"’"’if-"l‘i“’ 1!
g2 I
4 UTC(KRIS) — UTC(TL) T3 UTC(PTB) — UTC(OP)
'6 T T T '4 T T T
57370 57380 57390 57400 57410 57650 57660 57670 57680 57690
MJD — Conventional receivers MJD
1 — SDR receivers
2] UTC(PTB) — UTC(IT) Yo UTC(PTB) — UTC(AOS)
h' “ . : l,""l E 4 J'ii k : i
-5 ] “’ | ait e T A ‘1”‘“;‘ i', LC) 2 ! ‘ ! { ‘ ‘; !" g
¢ 1|| ol gy L2 ] 1 | ALP I 1 1l
i il g1 *'I!if ‘a“‘ﬁ H
-7 ‘ [‘l .‘:g = V_‘!w\‘li' i 19y ‘ L
5 0 TR PR
o u ,lh "““"fl“ 11 = ;
it 3
-11 . . . -4 . . . . .
57750 57760 57770 57780 57790 57785 57790 57795 57800 57805 57810 57815
MJD MJD



Time transfer via optical fiber

TW time transfer experiment through a common-path optical fiber link
eprovide good reciprocity in both directions
ecommon clock test through 25-km long spool of fiber

Common-path optical link

70 MHz, :
@cable 25 km SMF
\41'
saTRE ™[ | ] ™2 gaATRE
MODEM MODEM
1 Rxl[ :| Rx2 >
5 T

Ref 5 MHz
Ref 1 PPS

Time deviation (TDEV): 7 ps 3 - Tuoway diference |
frequency stability : 2E-16 (@ 1 day) ¢
ey L 17

1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Averaging time (s)



Other Researches:
Fiber delay fluctuation on reference injection-locked Ol

Reference Probe signal in

10 km fib —
9 MHz m Hber Probe signal output
Frequency |RF PD1
: PC 1
Synthesizer
----------- E

Injectfon Path "a ¥ 40 m fiber PC: power combiner
Fc2 (Pe)™
1PPS  1E, }@J
ATT.
PD 2

RF

output
——(Fs1): 00—

~A AMP
RF Power Splitter RF Filter ATT.

We have proposed a structure of OEO, based on optical fiber loops to act as a high-Q cavity,
which can generate stable radio-frequencies (RF) signal.
» TIC was used to detect the time shifts between OEO output & the reference.

» TWSTFT modem was used to monitor the fiber delay. P
— 5 OEO: OptoElectronic Oscillator



Core network
over optical transport network

Mobile backhaul

over packet transport network

Mobile
Backhaul +

GNSS receiver GNSS receiver
End node base station

The performance of time transfer through a mobile backhaul network was evaluated. With the
support of IEEE 1588 v2 packets and Sync-E, very stable results were obtained. The accuracy of time
transfer experiment is about of 100 ns.



Microwave Frequency Measurement Capabili

€ The range of microwave frequency calibration at TL using a down-

convert technique : 300 MHz ~ 26.5 GHz

€ An active microwave amplifier doubler has been used to extend the
upper limit of our system from 26.5 GHz to 40 GHz since 2014

€ By using TL's system, the frequency stability of the common clock
test is about 3.0E-13 (carrier frequency 40 GHz ; t = 1 sec)

f
(S
Std. Frequency ‘
—[Ee257>

f+fa

f>=1.0GHz fa = 10MHz

Features

® |nput 10.0to 25.0 GHz B LineRegulation<0.01%+3mV

¥ Output 20.0to 50.0 GHz B LoadRegulation<0.01%+3mV
 +20 dBm Typical Output Power , B Ripple 8 Noise<1mVrms
B 25 dBc Typical 3rd Harmonic Suppression

Fig 1. Diagram of the microwave frequency measurement
at TL using a down-convert technique

Fig 2. An active microwave amplifier
doubler and a power supply

20/3



Optical Frequency Measurement

€ Since the end of 2015, TL has extended its frequency measurement
capability from microwave (~40 GHz) to optical (1100~2200 nm, or
136~272 THz) field based on the fiber laser comb technology.

Synthesizer 2 )
optical Phtotodetect
| Synthesizer 1 f Spectrum ittt | RF Low pass

frep o [Anahzer _@; | Filter
‘ . PBS
fs fiber laser L) \ |
comb /4 - RF Amplifier
! ot grating |
! waveplate
- = PowerMeter (k/2)p = Frequency
Signal RF frequency
Narrow Linewidth Laser /mirror Analyzer countef
1
L Wavelength Waveform PC

» Diagram of the optical frequency measurement setup at TL

21/3
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» NTP is the major time dissemination service of TL.

» TL has provided this time synchronization service though Internet since June 1998.

» In 2014, TL renewed its monitoring system to maintain the NTP services and record the
request counts. The amount of NTP requests is more than two hundred million per day.

500 -
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Requests per Day / million count
=)
o

L
=
|
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|

2014/111
2014/3/1
2014/5/1
2014/71
2014/91
2014/11/1
2015/11
2015/3/1
2015/51
2015/71
2015/9/1
2015/11/1
2016/1/1
2016/3/1
2016/511
2016/711
2016/9/1
2016/11/1

» The request count of the NTP service from 2014 to 2016



Dissemination: Robust Speaking Clock Desi

» TL has provided “117 speaking clock” service for more than 50 years, and the
old system was replaced by an IPC-based digital system since 1994.

» The amount of speaking clock service is hundreds of thousands per day.

» Recently, a supporting system with protection and monitoring functions were
developed to make the service running smoothly and reliably.

Protecting subsystem (Located at Voice Time Broadcasting Station)

4+ the protecting sub-system

B The sub-system with - - "EE:
multi-time selecting and Holdover A AN soesing
back up functions was S
designed to prevent any

possible failure. T

Splitter Switch

Speaking
clock

Lock

IPC-Base
Conftroller

IRIG-B

Announce voice

1
1
50km: RicB| IRIG-B

A {2nd)

4+ the monitoring sub-system
B Measure the input and

Daily Report
4

Data network

M V \ A'thlgi:tion Magag;ment \ )
QU p Ut RSsC O Qﬁ IRIG-B (Eg‘&s.) s %Mts) Vynlr;;r;ge
. Wa rﬂlng message alert Mational Standard Time ;ﬁl‘__ .
operator in case an error %

happens.

Monitoring subsystem (Located at National Standard Time & Frequency Lab.)
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International cooperation activities:

Actively participated in the CCTF relative activities
CCTF TAI contribution labs
CCTF WG on MRA
CCTF WG on GNSS
CCTF WG on TWSTFT
CCTF WG on ATFT N W =, ’, W }# /

L] //

of the CCTF wé on TWSTET




International workshops, training activities

TL is full member of APMP, and has actively participated in the TCTF activities
» Support the intra- and inter- RMO CMCs reviews for APMP WGMRA

> Since 2011:
invited by KRISS, NICT, NMlJ, NIM, NMIM, RCM-LIPI as Peer reviewer

Workshops and Training activities:
2012 APMP TC initiative project — GPS calibration Exercise
2013 host ATF workshop (as joint sessions of AP-RASC’13 Conference)
2013 host 2013 APMP GA and TCTF meeting
2014 host ATF workshop (join with IEEE IFCS as a technical co-cosponsor)
2014 proposed MEDEA workshop on Participating in UTC (host by NIM)
2016 host MEDEA kickoff workshop on GPS time transfer and calibration techniques
2017 GPS Inter-Laboratory Comparison (ILS) — G2 calibration campaign (MEDEA)
Expert Site-Visit, and Concluding Workshop (MEDEA)

* MEDEA (Metrology-Enabling Developing Economies in Asia) : funding support by PTB



S A

Kefresh

e ———————— Bt = I

GPS receiver calibration systemx 2

GNSS receiver
Antenna

Antenna cable
Personal Computer
Time Interval Counter

Aluminium Tripod

00009
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General Information

B— I:I Sept. 3-6 ATF 2013 Workshop :
Scope & Welcome | —_
Committees : 60 papers |
Sessions & Conveners 2 Plenary sessions, 8 Oral sessions, and one poster session I
Sponsorship | I
Important Dates | :
O Sept. 5-6 CCTF WG on TWSTFT meeting |
Technical Activities I |
L L] L] — — —_— —_— _— _— _— —_— L] L] L | L] — — —_— —_— _— _— _— —_— L] L] L] L] — — —_—
Program Assemblies and Scientific Symposia. The objective of the AP-RASC is to review current research
Information for trends. present new discoveries. and make plans for future research and special projects in all
>ession Presenters areas of radio science, especially where international cooperation is desirable, and a particular
General Lectures emphasis is placed on promoting various research activities in the Asia-Pacific area.

SPC Special Session
Scientific sessions composed of oral and poster papers will be organized at this conference in order

Student Paper Competition o A o
to cover all scientific activities by URSI Commissions A-K:

(SPC) Finalists List

Young Scientist Award

(YSA) Recipients List A. Electromagnetic Metrology

2nd Call for Papers B. Fields and Waves
1st Call for Papers

El: Young Scientist Award (YSA)
Paper Submission

O Electronics and Photonics
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2014 IEEE International . 2
Frequency Control Symposium §

T : B B - i
R . Y i i

General Chair: Authors are invited to submit abstracts covering recent and original work of interest to the frequency control

Wan-Thai Hsu community in the topics listed below. The 2014 Symposium aims to highlight manufacturing methods and

Ilicrel

Wan-Thai. micrel.com technologies that realize emerging products in MEMS resonator-based devices, quartz micro-clocks, and

advanced atomic frequency standards, so contributions in these areas are encouraged.
Technical Program Committee Chair:
‘Gregary Weaver The ATF zo14 workshop is a technical co-sponsor of the symposivm, so members of the APMP (Asia Pacific
{HU Applied Physics Laboratory Metrology Programme), TCTF (Technical Committee on Time and Freguency), and MMIs (National Measurement
gregory.weaver@jhuapl.edu Institute) are alse encovraged to submit abstracts. Paper selection and publication will follow past rules estab-
Local Organizing Committes Chair: lished by IEEE and the IFCS.

Shana-Shian | i

The ATF 2014 workshop is a technical co-sponsor of the symposium, so members of the APMP (Asia Pacific
Metrology Programme), TCTF (Technical Committee on Time and Frequency), and NMIs (National Measurement
Institute) are also encouraged to submit abstracts. Paper selection and publication will follow past rules estab-
lished by IEEE and the IFCS.

Editorial Chair-
\Aaron Partridge
SiTime

‘ap(Esitima_com

Tutorial Chair- H

Ganioea Prazes Organized and Sponsored by
‘Carnegie Mellon University
piazza(@eca.cmu.edu
Conference Management:
Lawren Pasquarelli
‘Conference Catalysts, LLC
laurenp{@conferencecatalyst
Eschibits:
Interested? Please contact
Sue Kingston
skingstoms14(Egmail.com
Awrards:

Send award nominations to
-gregory.weaver@jhuapl.edu

Important Dates:
Abstract Submission Dead,
January 10, 2014

Group 6: Optical Frequency Standards and Applications
‘Acceptance Notifications: A Optical lon and Heutral Atom Clocks

February zo, 2015 B. Optical Frequency Combs and Frequency Measurements

— . X C. Ultra-stable Laser Sources and Optical Frequency Distribution
5 (Final Paper Submission Deadline: 8y jitra stable Optical to Microwave Conversion
March 28, 2014

—

33

www.ifcs2014.0rg



ATF 2014 Workshop

ORGANIZERS

:@ Asia Pacific Metrology Programme

NFEEE




2014 Workshop on Participating in UTC (vepea profecs—

» Two-day workshop proposed by TL as a MEDEA project, and was held
by NIM on 5-6 Nov., 2014

» MEDEA Workshop on “Participating in UTC”
v" To equip participants with the technical knowledge to participate in UTC

v' To hear what the needs of the participants are and inform further projects
within the DEC




2016~ 2017 MEDEA project

“GPS time transfer and calibration techniques training activities

» A series of training activities in GPS time transfer and calibration techniques were
organized by TL in 2016-2017, to support the NMIs of APMP Developing Economies.

» Training activities included a kickoff workshop, inter-laboratory comparison (ILC), and
site visits by experts in the field.

» The kickoff workshop was held from Sept. 27-29, 2016 at TL. More than 20 delegates
from 15 NMls participated the kickoff workshop.

e e

5 oERETE
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2016~ 2017 MEDEA project (- contiune)

“GPS time transfer and calibration techniques training activities

» The ILC {GNSS receiver calibration campaign) among NIMT (Thailand),
NMIM(Malaysia), and VMI(Vietham) started soon after the kickoff workshop, and the
traveling system returned to TL around middle May, 2017. The ILC will be the first

extended GPS receiver calibration campaign conducted within the APMP.
¢

» Three experts were invited to visit 3 Labs
for providing on-site instructions.
» Concluding Workshop
The ILC measurement results, the lessons
learned from the ILC and the achievements
of the expert site-visits, will be presented in >

the Workshop at TL on October 25-26, 2017
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~ Summary ~

» Maintain Stable Time and Frequency standard
- Contribute to the generation of TAl and UTC (Ranked about 15)
- Provide time dissemination services

» Devote to the research of time and frequency transfer technologies
- One of the GPS calibration G1 Labs

- Host the first extended GPS receiver calibration campaign within the
APMP

- TWSTFT DPN and SDR technologies

» Actively participate in the CCTF and APMP activities
- Host meetings, workshops, and training activities
- Act as a peer reviewer of many NMls
- Promote international cooperation
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