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EF(TAI) (=8 /F :105.01~105.12)

105 & BIPM Circular T346(2016 NOVEMBER 10)% & F#L¢ » #ihgx £ I %
PR R 2 R PR B R Ao T AT

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
TH
available at ftp://ftp2.bipm. org/pub/tai/publication/notes/explanatory_supplement_v0. 1. pdf

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

From 2015 July 1, Oh UTC, TAI-UTC = 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
A0S  (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 5.9 59
BEV (Wien) 29.0 26. 2 20.0 23.4 24.1 26. 2 41.6 0.3 2.6 2.7
BIM (Sofiya) 4670.3 4699.5 4735.6 4763.9 4784.2 4809.8 4856.5 1.5 9.2 9.4
BIRM (Beijing) 5.4 6.5 8.5 8.8 6.6 7.1 8.0 1.5 20.0 20.1
BY  (Minsk) -4.5 -2.17 -2.6 -4.3 2.0 2.1 6.4 1.5 8.6 8.8
CAO (Cagliari) -15673.6 -15783.9 -15893.0 -15997.5 -16107.6 -16216.5 -16321.9 8.0 20.0 21.6
CH  (Bern-Wabern) 4.7 4.7 5.6 6.0 6.3 7.5 9.3 0.3 1.6 1.7
CNES (Toulouse) -1.9 2.3 3.7 1.7 0.8 -1.0 -4.2 0.4 4.1 4.1
CW  (Queretaro) 3.2 6.3 6.5 0.1 -6.1 -10.3 -7.9 2.5 11.2 11.4
CNMP (Panama) - - - - - - -
DFNT (Tunis) 7160.7 7344.7 7538.8 7746.5 7933.3 8120.3 8309.3 0.7 20.0 20.0
DLR (Oberpfaffenhofen) - -13.3 -17.0 -29.0 -29.2 -28.0 18.9 0.7 2.7 2.8
DMDM (Belgrade) 0.0 13.2 3.9 4.0 -8.1 -22.5 -19.9 0.3 7.3 7.3
DTAG (Frankfurt/M) 129.4 130.8 134.1 133.4 138.0 146.5 155.9 0.3 7.6 7.6
EIM (Thessaloniki) 8.3 -4.3 10.5 9.6 13.1 10.2 6.7 2.0 7.9 8.2
ESTC (Noordwi jk) 2.8 1.0 1.1 2.3 2.3 1.2 2.3 0.3 5.5 5.5
HKO (Hong Kong) 476.5 483.9 491.5 503.3 508. 3 523.3 531.8 0.3 7.3 7.3
IFAG (Wettzell) -936.9 -938.1 -941.7 -942.0 -953.7 -952.7 -961.4 0.3 5.4 5.4
IGNA (Buenos Aires) - - - - - - -
IMBH (Sarajevo) - - - - - - -
INCP (Lima) 9.4 -0.2 7.5 18.2 26.3 18.5 23.7 5.0 20.0 20.6
INPL (Jerusalem) 174.5 174.9 175.8 190.1 183.4 189.5 192.9 1.5 87 8.9
INTI (Buenos Aires) 88.1 93.4 56.9 124.1 125.2 125.7 140.8 2.5 20.0 20.2
INXE (Rio de Janeiro) -23.6 -27.6 -33.3 -37.4 -37.2 -40. 1 -37.3 0.4 20.0 20.0
IT  (Torino) 3.0 2.9 3.0 3.2 4.2 3.8 4.1 0.3 1.3 1.4
JATC (Lintong) 1.2 3.4 4.3 7.5 7.2 6.8 7.6 0.5 10.1 10.2
IV (Kjeller) -83.1 -79.9 -85.5 -90. 7 -92.5 -94.4 -94.1 0.7 20.0 20.0
KEBS (Nairobi) -6568.8 -6850.7 -7132.5 -T7423.6 -7694.7 -7976.0 -8260.7 1.5 20.0 20.1
KIM (Serpong-Tangerang) 1542.7 1554.5 1569.7 1593.2 1626.0 1621.1 1653.0 2.0 20.0 20.1
KRIS (Daejeon) -0.3 1.7 5.1 8.5 12.8 17.0 20.6 0.3 11.0 11.1
KZ  (Astana) -72.8 -59.3 -44.5 -33.7 -25.17 -13.2 -12.0 1.5 8.6 838
LT  (Vilnius) 1514.9 1521.7 1520.0 1548.6 1545.4 1548.2 1547.3 2.0 11.2 11.4
MASM (Bayanzurkh) -231.6  -257.1 -278.5 -22.1 -40. 3 -62. 2 -83.1 0.4 20.0 20.0 (1)
MBM (Podgorica) -149.7 156.6 474. 3 771.6  1091.2 -243.7 62.2 5.0 20.0 20.6 (2)
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MIKE (Espoo) 16.0 14.7 13.3 11.9 10.0 7.5 5.6 0.7 4.1 4.1
MKEH (Budapest) -51342.2 -51546.4 -51738.7 -51956.9 -52165.1 -52361.9 -52567. 1 1.5 20.0 20.1
MSL (Lower Hutt) -113.4 -90.4 -99.7 -95.6 -106.7 -80.3 -63.3 1.5 20.0 20.1
MTC (Makkah) 699.8 707.3 716.1 726.7 735.0 T47.5 4.7 0.3 7.3 173
NAO (Mizusawa) 23.6 20.6 21.4 14.7 3.7 1.9 9.2 2.0 20.0 20.1
NICT (Tokyo) -0.4 0.0 0.0 1.3 2.0 2.7 4.2 0.3 2.1 2.1
NIM (Beijing) -2.5 -3.8 -3.9 -3.9 -2.9 -2.4 -1.8 0.3 1.7 1.8
NIMB (Bucharest) 1307.1  1322.2 1337.4 1349.2 1349.4 1359.1 1385.8 4.5 7.9 9.1
NIMT (Pathumthani) 244. 8 241.7 231.7 227.7 229.5 230.3 225.1 1.0 20.0 20.0
NIS (Cairo) 329.7 511.4 709.4 894.9 1070.2 1244.5 1432.5 1.6 20.0 20.1
NIST (Boulder) 4.1 5.6 5.5 5.5 4.5 3.3 1.8 0.3 1.7 1.7
NMIJ (Tsukuba) -2.9 -2.5 -2.6 -3.0 -2.8 -3.1 -3.3 0.3 2.2 22
NMLS (Sepang) -614.8 -621.1 -624.4 -632.7 -624.9 -626.5 -634.8 1.0 20.0 20.0
NPL (Teddington) 11.0 8.6 7.2 7.0 7.1 8.5 10. 1 .o 7.1 7.2
NPLI (New-Delhi) 5.8 7.3 5.1 1.7 -0.7 -2.3 -0.4 0.3 19.9 19.9
NRC (Ottawa) 7.6 17.1 19.5 26.2 24.5 26.7 30.6 0.7 11.2 11.2
NRL (Washington DC) - -54.3 -74.1 -90.7 -102.0 -109.8 -115.1 0.4 20.0 20.0
NTSC (Lintong) 0.0 2.4 2.9 4.7 2.5 2.5 3.5 0.5 1.7 1.8
ONBA (Buenos Aires) -2187.0 -2189.9 -2209.0 -2188.4 -2188.7 -2190.8 -2218.7 2.5 11.2 11.5
ONRJ (Rio de Janeiro) 3.8 2.8 -2.7 -5.0 -3.3 -1.2 4.8 1.0 7.3 1.4
0P  (Paris) 0.9 1.3 2.0 2.3 2.6 3.5 3.8 0.3 1.3 1.4
ORB (Bruxelles) 0.0 1.2 1.5 1.6 2.1 3.6 4.5 0.3 5.4 5.4
PL  (Warszawa) 3.3 9.5 17.0 5.7 5.7 -0.4 -0.5 0.3 3.3 3.3
PTB (Braunschweig) 2.1 2.3 2.9 2.9 2.7 2.8 2.6 0.2 0.9 0.9
ROA (San Fernando) 5.0 3.6 3.7 3.3 5.2 5.6 7.2 0.3 1.3 1.4
SASO (Riyadh) -389.2 -391.5 -396.4 -397.9 -392.8 -397.3 -402.1 0.7 7.3 1.4
SCL  (Hong Kong) -11.4 -15.0 -14.6 -17.7 -22.0 -23.0 -26.2 6.0 14.1 15.3
SG  (Singapore) -2.4 -1.5 -2.4 -7.1 -9.5 -8.0 -4.4 0.7 5.8 5.9
SIQ (Ljubljana) -1663.8 -1685.6 -1670.9 -1650.9 -1675.3 -1659.3 -1694.2 0.4 7.2 1.2
SMD  (Bruxelles) -1.8 0.4 5.1 6.1 3.0 2.3 -2.3 0.4 7.3 7.4
SMU (Bratislava) -910.0 -913.3 -913.9 -929.4 -938.3 -941.6 -947.9 1.6 9.2 9.4
SP (Boras) 0.7 1.1 2.2 2.8 3.4 3.3 3.0 0.3 1.3 1.3
SU  (Moskva) 2.3 1.8 3.0 3.7 3.7 3.3 3.8 1.4 6.5 6.6
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 1.6 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 1.3
USNO (Washington DC) 0.6 0.7 0.4 -0.2 -0.1 0.3 0.4 0.2 1.0 1.1
VMI  (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
- Notes on section 1:
(1) MASM : Apparent time step of UTC(MASM) of about -275 ns on MJD 57672.125.
(2) MBM : Apparent time step of UTC(MBM) of about 1650 ns on MJD 57680. 0.
(3) WMI : ERRATUM, Corrected values of UTC-UTC(VMI) in Section 1 of Circular T345:
MJD UTC-UTC(VMI) /ns
57634 6.9
57639 1.3
57644 3.2
57649 -9.1
57654 -13.1
57659 -2.5
2 - Difference between the normalized frequencies of EAL and TAI.
Interval of validity f(EAL)-f(TAI)
Steering correction 57659 - 57689 6. 483x10%*-13 (2016 SEP 28 - 2016 OCT 28)
New correction 57689 - 57719 6. 483x10%*-13 (2016 OCT 28 - 2016 NOV 27)
New correction foreseen 57719 - 57749 6. 486x10%%-13 (2016 NOV 27 - 2016 DEC 27)
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3 - Duration of the TAI scale interval d.

Table 1: Estimate of d by individual PSFS measurements and corresponding uncertainties.
All values are expressed in 10%*-15 and are valid only for the stated period of estimation.

Standard Period of d uA uB ul/Lab ul/Tai u uSrep Ref(uS) Ref(uB) uB(Ref)

Estimation
PTB-CS1 57659 57689 -20.97 6.00 8.00 0.00 0.13 10.00 PFS/NA T148 8.
PTB-CS2 57659 57689 -8.74 3.00 12.00 0.00 0.13 12.37 PFS/NA T148 12.
IT-CsF2 57659 57689 -0.80 0.43 0.17 0.22 0.20 0.55  PFS/NA T318 0.19
NIM5 57664 57684 -0.94 0.60 1.40 0.20 0.28 1.56  PFS/NA T340 1.4
PTB-CSF2 57659 57689 -1.51 0.13 0.20 0.04 0.13 0.27  PFS/NA T287 0.41
SYRTE-FORb 57659 57689 -0.80 0.20 0.28 0.10 0.20 0.41 0.7 [1] T328 0.34

Notes:

(1) Continuously operating as a clock participating to TAI

(2) Report 02 NOV. 2016 by INRIM

(3) Report 03 NOV. 2016 by NIM

(4) Report 04 NOV. 2016 by PTB

(5) Report 04 NOV. 2016 by LNE-SYRTE

[1] CIPM Recommendation 2 (CI-2015) : Updates to the list of standard frequencies in Proces-Verbaux
des Seances du Comite International des Poids et Mesures, 104th meeting (2015), 2016, 47 p.

Table 2: Estimate of d by the BIPM based on all PSFS measurements over the period MJD
57299-57689, and corresponding uncertainties.

Period of estimation d u
57659-57689 -1.25x10%%-15 0. 22x10%%-15 (2016 SEP 28 - 2016 OCT 28)

4 - Relations of UTC and TAI with predictions of UTC(k) disseminated by GNSS.

[UTC-UTC(USNO)_GPS] = C0’, [TAI-UTC(USNO)_GPS] =36 s + CO’
[UTC-UTC(SU)_GLONASS]= C1’, [TAI-UTC(SU)_GLONASS]= 36 s + CU’

For this edition of circular, S0’= 1.1 ns, S1'=6.3 ns

2016 Oh UTC  MID C0'/ns NO° CI'/ns NI

SEP 28 57659 -0.2 89 212.7 76
SEP 29 57660 0.0 89 217.2 72
SEP 30 57661 0.8 89 219.6 70
0CT 1 57662 -2.0 90 222.6 81
0CT 2 57663 -4.7 89 225.9 7T
0CT 3 57664 -4.5 86 225.6 86
O0CT 4 57665 -1.8 89 221.3 85
0CT 5 57666 -1.3 90 217.0 83
O0CT 6 57667 -1.0 89 215.7 87
O0CT 7 57668 -0.5 89 217.6 86
0CT 8 57669 -3.2 89 220.9 88
0CT 9 57670 -2.2 89 223.1 90
OCT 10 57671 -1.5 89 221.3 88
O0CT 11 57672 -2.0 89 220.6 89
OCT 12 57673 -0.7 89 224.0 82
0CT 13 57674 -4.2 86 228.5 88
0CT 14 57675 -9.9 80 227.7 89
OCT 15 57676 -1.9 89 226.2 84
OCT 16 57677 -0.6 89 226.3 87
OCT 17 57678 -0.3 90 224.0 90
OCT 18 57679 -2.2 89 223.8 89
0CT 19 57680 -1.7 89 225.8 87
OCT 20 57681 -0.4 89 226.4 89
OCT 21 57682 1.6 89 226.1 90
0CT 22 57683 0.5 89 226.5 89
OCT 23 57684 0.8 89 229.0 89
OCT 24 57685 1.3 89 231.4 88
0CT 25 57686 0.7 90 231.5 89
OCT 26 57687 0.0 89 227.7 89
0CT 27 57688 0.6 89 222.8 89
0CT 28 57689 0.3 89 221.1 89
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5 - Time links used for the computation of TAI, calibrations information and corresponding uncertainties.

Link Type Equipment Cal_ID1/Cal_ID2  uStb/ns uCal/ns uAg/ns Al/ns YYMM
APL /PTB GPSPPP  AP__ /PT07 NA_Al /1001-2014 0.3 11.2 10 24.3 1511
AUS /PTB GPSPPP  AUO1 /PT07  1002-2010/1001-2014 0.3 5.8 3
BEV /PTB GPSPPP  BE1_ /PT07 1012-2016/1001-2014 0.3 2.5 0
BIM /PTB GPS MC  BM37 /PT07  2004-2008/1001-2014 1.5 9.2 6
BIRM/PTB GPS MC  BIRM /PT07 NC /1001-2014 1.5 20.0
BY /PTB GPS MC BY46 /PT07 NA /1001-2014 1.5 8.6 5
CAO /PTB GPS MC CA__ /PT07 NC /1001-2014 8.0 20.0
CNES/PTB GPSPPP  CS22 /PT07 1101-2016/1001-2014 0.3 4.0 0
CNM /PTB GPS MC  CNOO /PT07  NA_Al /1001-2014 2.5 11.2 10 -27.3 0804
CNMP/PTB NL
DFNT/PTB GPS P3 DN__ /PT07 NC_Al /1001-2014 0.7 20.0 10. 3 1507
DLR /PTB GPS P3  DL05 /PT07 1012-2016/1001-2014 0.7 2.5 0
DMDM/PTB  GPSPPP ~ ZM68 /PT07  NA /1001-2014 0.3 7.3 2
DTAG/PTB GPSPPP  DTO1 /PT0O7 NA /1001-2014 0.3 7.6 3
EIM /PTB GPS MC EI__ /PT07 1011-2007/1001-2014 2.5 7.8 6
ESTC/PTB GPSPPP  ES04 /PT07  1012-2012/1001-2014 0.3 5.4 2
HKO /PTB GPSPPP  HKO2 /PT07  NA_Al /1001-2014 0.3 7.3 2 11.6 1509
IFAG/PTB GPSPPP  IF13 /PT07 1011-2011/1001-2014 0.3 5.4 2
IGNA/PTB NL
IMBH/PTB NL
INCP/PTB GPS MC CP__ /PT07 NC /1001-2014 5.0 20.0
INPL/PTB GPS MC  IL02 /PTO7  NA_Al /1001-2014 1.5 8.7 5 -45.5 1209
INTI/PTB GPS MC IN__ /PT07 NC /1001-2014 2.5 20.0
INXE/PTB GPSPPP ~ NXRA /PT07 NC /1001-2014 0.3 20.0
JV /PTB GPS P3 JV__ /PT07 NC_Al /1001-2014 0.7 20.0 130.0 1509
KEBS/PTB GPS MC KE__ /PT07 NC /1001-2014 1.5 20.0
KIM /PTB GPS MC  KI02 /PT07 NC_Al /1001-2014 2.0 20.0 -30.6 0901
KRIS/PTB GPSPPP  KROI1 /PT07  1003-2005/1001-2014 0.3 11.2 10
KZ /PTB GPS MC KZ01 /PT07  2002-2008/1001-2014 1.5 8.6 5
LT /PTB GPS MC LTOl /PTO7  1007-2006/1001-2014 2.0 11.2 10
MASM/PTB  GPSPPP  MN__  /PT07 NC /1001-2014 0.4 20.0
MBM /PTB GPS MC ME__ /PT07T NC /1001-2014 5.0 20.0
MIKE/PTB GPS P3  MI04 /PT07  1102-2015/1001-2014 0.7 4.0 0
MKEH/PTB GPS MC  MKO1 /PT07 NC /1001-2014 1.5 20.0
MSL /PTB GPS P3  MSO_ /PT07 NC /1001-2014 1.5 20.0
MTC /PTB GPSPPP  MC02 /PT07  NA_Al /1001-2014 0.3 7.3 2 32.6 1503
NAO /PTB GPS MC NA__ /PT07 NC /1001-2014 2.0 20.0
NICT/PTB GPSPPP  NCO1 /PT07  1001-2014/1001-2014 0.3 2.0 1
NIMB/PTB GPS MC  MB__ /PT07  1007-2006/1001-2014 4.5 7.8 6
NIMT/PTB GPS P3  MTTO /PT07 NC /1001-2014 1.0 20.0
NIS /PTB GPS P3  IS_1 /PT07 NC_Al /1001-2014 1.6 20.0 +16.4 1303
NMIJ/PTB GPSPPP  NMOD /PT07  NA_Al /1001-2014 0.3 2.0 1
NMLS/PTB GPS P3  LSM1 /PT07 NC_Al /1001-2014 1.0 20.0 +3.3 1311
NPLI/PTB GPSPPP  LI2P /PT07 NC /1001-2014 0.3 20.0
NRC /PTB GPS P3  NRIC /PT07 1001-2003/1001-2014 0.7 1.2 10
NRL /PTB GPSPPP RL__ /PT07 NC /1001-2014 0.3 20.0
ONBA/PTB GPS MC ON__ /PT07 1002-2004/1001-2014 2.5 1.2 10
ONRJ/PTB GPS P3  RJO1 /PT07 NA_Al /1001-2014 1.0 7.3 2 +5.6 1302
ORB /PTB GPSPPP  OR1Z /PT07 1001-2012/1001-2014 0.3 5.4 2
PL /PTB GPSPPP PL_3 /PT07 1101-2013/1001-2014 0.3 3.2 2
SASO/PTB  GPS P3  SA00 /PT07  NA_Al /1001-2014 0.7 7.3 2 32.8 1312
SCL /PTB GPS MC  SC__ /PT07  1001-1993/1001-2014 6.0 14.1 10
SG /PTB GPS P3  SGBK /PT07  1001-2010/1001-2014 0.7 5.8 3
SIQ /PTB GPSPPP  SI01 /PT07  2002-2014/1001-2014 0.3 7.1 1
SMD /PTB GPSPPP  SD21 /PT07  2002-2011/1001-2014 0.3 7.3 2
SMU /PTB GPS MC ~ SMOO /PT07  NA_Al /1001-2014 1.5 9.2 6 57.8 0908
SU /PTB GPS MC SU19 /PT07 NA_Al /1001-2014 1.5 7.1 5 -7.8 1411
TL /PTB GPSPPP  TLT1 /PT07 NA_Al /1001-2014 0.3 2.0 1
TP /PTB GPSPPP  TP04 /PT07  1002-2009/1001-2014 0.3 5.8 3
UA /PTB GPS MC  UA0O4 /PT07  2003-2011/1001-2014 1.5 8.1 4
UME /PTB GPSPPP  UMO1 /PT07  NA_Al /1001-2014 0.5 7.3 2 25.4 1507
VMI /PTB GPS P3  WM__ /PT07 NC /1001-2014 1.3 20.0
ZA /PTB GPSPPP  ZA__ /PT07 NC /1001-2014 0.3 20.0
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Link Type Equipment Cal_ID uStb/ns uCal/ns uAg/ns Al/ns YYMM

AOS /PTB  TWGPPP  AOSO1 /PTBO1 NA_AlL 0.4 2.5 0
CH /PTB TWGPPP  CHO1 /PTBO1 0284-2012 0.3 1.4 1
IT /PTB TWGPPP  IT02 /PTBO1 0374-2014 0.3 1.0 0
JATC/NTSC INT LK INTDLY 0.2 10.0 10
NIM /PTB TWGPPP  NIMO1 /PTB03 0417-2016 0.3 1.5 0
NIST/PTB TWGPPP  NISTO01/PTB01 0393-2015 0.3 1.5 0
NPL /PTB TWGPPP  NPLO1 /PTBO1 NA_Al 1.0 7.1 1
NTSC/PTB  TWSTFT ~ NTSC02/PTB03 0418-2016 0.5 1.5 0
Op /PTB TWGPPP  OP01 /PTBO1 0377-2014 0.3 1.0 0
ROA /PTB TWGPPP  ROAO1 /PTBO1 0380-2014 0.3 1.0 0
SP /PTB TWGPPP  SP01 /PTBO1 0381-2014 0.3 1.0 0
USNO/PTB  TWGPPP ~ USNOO1/PTBO1  0395-2016 0.3 1.0 0
VSL /PTB TWGPPP  VSLO1 /PTBO1 0295-2015 0.3 1.0
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L 44030101025
7
R CAES .
T 52 % P
23 |FTC-2016-03-10-2 |.."," [, . |Keysight/53230A/MY5| 105.03.11 | 105.04.27 8,500
mFEE 0004089
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i AR E

~ 2 g
24 |FTC-2016-03-11 3 . ‘; 2 SRS/FS-725/84211 105.03.21 | 105.04.11 16,000
PR E A
1 R .
5 B Unlversql
25 |FTC-2016-03-12 g Counter/Agilent 105.03.25 | 105.04.11 8,500
=¥ ® | 53132A/MY47001971
S ffu'? ,'56%
3
SR g
26 |FTC-2016-04-13 i f\d; Y SRS/FS-725/84913 105.04.12 | 105.05.04 20,000
ORI o
27 |FTC-2016-04-14 %fi;i " SR?;;Z}ZJ%Z]%O?SZO 105.04.22 | 105.05.04 16,000
A A e
28 |FTC-2016-04-15 i SRﬁiz??;i/ZfZiﬁlOQ 105.04.27 | 105.05.16 16,000
WY
Solp FARER-T LA
S RIRE 4 ® Wavetek
29 |FTC-2016-05-16-1 |, &% =+ 909-keysight 105.05.04 | 105.05.25 16,000
¥ % ¢ | 33522B/SM009090017
47603-MY52812554
S SRR E-T LA
S RIRE 4 ® Wavetek
30 |FTC-2016-05-16-2 |, &% =+ 909-keysight 105.05.04 | 105.05.25 16,000
¥ 5% ¢ | 33522B/SM009090017
47603-MY52812554
i1 - :
s s & aﬂa’%#}%iﬁ’%
31 |FTC-2016-05-17-1 7;1?25;; FTS/1050A/407 105.05.11 | 105.05.25 8,500
R g
5 oo B PP
32 |FTC-2016-05-17-2 7;1;‘%\5;; HP/5335A/3145A 15055 105.05.11 | 105.05.25 8,500
B AR B R
PEE R Symmetricom
33 |FTC-2016-05-18 k& ## | 5071A-HP 5345A | 105.05.23 | 105.06.08 16,000
¥ 53 |OPT12/US45382352-31
03A13918
TRFH] ol SRR E
34 |FTC-2016-06-19 >3 *Y|FEI/FE-5680A/0803-14 | 105.06.03 | 105.06.20 16,000
A 07005
AR AR E
35 |FTC-2016-07-20 1 ¥ | RACAL-DANA-9475/ | 105.07.06 | 105.07.25 16,000
3 Ra RIC1913
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Fr 7 R

ASANS
LA oiE FAR R E - R
" SRS PRS10-HP
-2016-07-21-1 | % *2 07. 07.
36 |FTC-2016-07-21-1 | > F " s3130A1031592-3546A 105.07.11 | 105.07.29 | 16,000
o 02654
G L .
i Solf FARHEE
-2016-07-21-2 | >4 2 F 07. 07.
37 [FTC-2016-07-21-2 |5 ] SRS/PRS10/0a 570 | 1050711 | 105.07.20 | 16,000
LT % BK
,, PRECISION
-2016-07- iyl 07. 08,
38 |FTC-2016-07-22 Y 1893m/1823112450001 105.07.29 | 105.08.08 8,500
o F 0013
AU Rubidium
-2016-08- i e 08. 08.
39 [FTC-2016-08-23 "1 Counter/SR625/5910 105.08.04 | 105.08.10 | 16,000
e AL "R &
40 |FTC-2016-08-24 |44t i | MONARCH/Phaser-Stri 15 08 16 | 105.08.24 | 8,500
% g a obe Pbx Kit
FoEar 115/B2580213
- -00-25- sL B AR () : St 77 =
41 |FTC-2016-09-25-1 |f ﬁ,\z SRO/ES. 798 /6ay | 105:09.06 | 105.10.26 | 16,000
B w
F R
L BN R R
- -09-25- sL AL (> i .09. .10.
42 |FTC-2016-09-252 | fj,\ »| sReFs-725/65722 105.09.06 | 105.10.26 | 16,000
poiRAE
41 ar | SRSIFS-725_ESCORT/
-2016-09-25-4 | Lk AL > — .09. 10.
43 |FTC-2016-00-25-4 ¢ i,\ | EFe-3209A65722. 981 105.09.06 | 105.10.26 8,500
oo 10081
s ipiy BT REE TS
4 ar | SRSIFS-725_Agilent/A
. -09-25- SR I — .00. .10.
44 |FTC-2016-09-255 | f fj\ | G533IAIGET22. (ISM 105.09.06 | 105.10.26 8,500
per 1-A)
WELA 4 B-dolp
S RRE = Agilent
45 |FTC-2016-09-26 |;#% 3| E8257D-Wavetek | 105.09.19 | 105.10.19 | 30,000
ok ¥ < |909/MY45470469-SMO
0909001747603
T T QUARTZ
‘ WATCH/CLOCK
-2016-09- iy L
46 |FTC-2016-09-27  |* 1 ANALYZER/TA] | 105:09.30 | 105.10.12 8,500

TIEN/QWA-3B/101
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47

FTC-2016-09-28

P Y ] R
SOUKOU/CTS-1000/1
4C110015

105.09.30

105.10.17

8,500

48

FTC-2016-10-29

HOAT 5 0
HP/5065A/2816A01581

105.10.03

105.10.17

16,000

49

FTC-2016-10-30-1

B SRR R
PTF/PTF4211A/903000
6201

105.10.12

105.11.07

16,000

50

FTC-2016-10-30-2

TH4E B Advantest
R5373/130400856

105.10.12

105.11.07

8,500

51

FTC-2016-10-31

ESG-D SERIES
SIGNAL

2> |GENERATOR/E4433B/

MY 43350264

105.10.13

105.11.07

8,500

52

FTC-2016-10-32

Bz A
Agilent/34410A/MY 47
023474

105.10.20

105.10.28

8,500

53

FTC-2016-10-33

LR
HP/5071A/3249A00682

105.10.24

105.11.07

16,000

54

FTC-2016-11-34

P 4
iRl F 2

o

S0 R0 B3 B
SRS/FS725-Agilent/531
31A/121100

105.11.02

105.11.09

16,000

55

FTC-2016-11-35

AL
2l

no

GPS £ 1< -4l & £
% = TOPCON/NET

G3-STANDFORD/FS7
25/401-01629 - 107448

105.11.07

105.11.30

20,000

56

FTC-2016-11-36-1

=R
S AW
JENTY
)
P2a] ‘W

»
) =t

Microsemi/ SyncServer
S650/SCA161500003

105.11.29

105.12.07

8,500

57

FTC-2016-11-36-2

=R
)

JENTY

=

A ¥

wp
) =t

)

Microsemi/ SyncServer
S650/SCA162300029

105.11.29

105.12.07

8,500

58

FTC-2016-12-37

- A @

/El I

NEH

R R

BT RS T B AP R
TAI
TIEN/QWA-5A/5A121
2001

105.12.08

105.12.28

8,500
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o R .
. _19.28. o a B R R
59 |FTC-2016-12-38-1 s{mx\.j SYSTEM.2000/659 105.12.08 | 105.12.20 16,000
SERR] w3k = PTS
Tt | ST T e 12. 12.
60 |FTC-2016-12-38-2 s{mx\. J GPSL0RB/101016 105.12.08 | 105.12.20 16,000
- R IR E
61 |FTC-2016-12-38-3 |¢ X * 7} |Agilent/53131A/MY47 | 105.12.08 | 105.12.20 8,500
L AR 008331
o A AR
, i S AR R
- 19- sL AL (> 12, A2,
62 |FTC-2016-12-39 7; i\: FlUke/910R/ 286844 105.12.08 | 105.12.21 16,000
R =T F
Szt 804,000

(1.2.2. ) B % 25
S gh R PRI > i 2 2 BIRME RA S 0 8 S R

F R m s R R ANES R TRT E D g g R B HGER P

(1.2.2.5)% %1 ¥ £ 8
AR 2 T PR RAE > R E T E R R LER P RD R
2GR ARBAFFRBALE A R 70 o HFFREFREEPTe

PR RIGE UELRAPN AL X R g Ko

&
(1.2.2.6) p3=@eE&k

HHRBAIRE > LaPFpf raa e 8-tk B L0 2F M
FREH LR B R BRE PRI T RIE S R F] 0 4 - I8 PR~ B % b
deo Ak FHMEL GRS LT BB Grigd @ E)d LR
Mg AR TS > 2 BRI OE R .

2L
F

Ik
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(1. B M ARIEF ERIFEIF L
(L3. D373 P

WRRFHFTEE R I ER AR 2 PR L - K (2016/11) ¢
(1.3.2)# 7 2 (& F :105.01~105.12)

AP 2014 E T BT EE KT T (TR 0 XN RE b end
EELFEERDRFL A L A BT L R E SRR % 3 I D
EFRoo AL BRI R ER T T R AT HEERE G S 3 (T
WU )edir PHRAERE IR AEFR FRANOORTIRED AR
EREEF Rkt A ARG 2 3 AEn T @RI GEESD Y FT
(PR NE EIR R i M A i A S E O o 1 BT S SRR SR A o

(erbium-doped fiber comb laser) > H E#g & &k en i3 5L 447 3 F & 5 3
1200~1800 nm > #* & i@ & s B i AEEr] 100 mW e 1 A & hig
FAREETHREEFTE LT HTEMFE D L8 ABH A BE (S

>

RIEF MR ELAAE S BE 2 - A2 E BRI TR D
e %%@ﬁ@éﬁﬁi%jé—i&%:%%ii{@ﬁ@@ﬂkﬁﬁ
bW b A NEPIGHRE AT RR Y RPEATRE
FrT o |t 2015 EAv e D R kD éf:aﬁwa‘*ﬁa#ﬁ e e 5 QA K &
TS R FIAE B KA R R ks IR EL Y R A HEE B

‘5-\%\1»

T\

N
o

HRGE o B R H W ERG MO R RERIFEREIRT

TR ¥ 2L Jrp e e FR T S8 R SRR G S edp AE D SUIE S T UL
FrMeFFHe e o $ A R R R RS RS LE o T
PR R DA e r ik 2o S FARH S B wE R o 2R

Ao 2016 E S EAPRE 2 chde » 2 R FR T G skl £ 0 £ (]
PR TR ER AT R FIRELE L) PRS- K

(1.3.3) &%
Bl- LhF g p i iy 2 L ERIEHET LH - RELE T HE
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R e B AR 4 53T 1200~1800 nm o & T E i [ F =
3100 mW o ¥ ¢k A gE oh 3% i T78~884 nm AR EE A o0 74 & 3N 10 mW e 7E 0o
Bt A KE G AR T o

TRBY FRAEDT AL PR R E AR RE R e g
s kA2 fi=nxfrot fo? dn @ FIAE K472 5 120MHz @ €44 F fra
= D00MHz » 4ept — k4 2 €355 n B o H 7T KRB ERBRR R T 522 7P
TEEFpME o TR R ERESRE ST EE 0 d R ERIFEH 1 Glz

»/J.

B

=

YL R ATR 0 B R g R SR e & (B R £ AR 5 o
E X BEFHANMNERI - NI T E %) P plpEagitv
WX BRI R KRR R B F Y L nRF K A BAH A B %% L * RF

A BRSO AR S > F R AEF R AT REFADM L R o E
ﬂﬁ%ﬁﬁﬁ&%jgﬁ%mgaiﬁﬁﬁﬁa?%iam:é“%@%i*

EF P EER AT kAT o R R R M E % SR620 - BB T £

=

RE 5 300 MHz o o R E SR R4 T SHdp R - T3 - B ] > 250 Mz

HE o WRET SIS A S 500 Miz - X > TR E T T BT B e Ap St
"E -
Optical Phtotodetect
Synthesizer 1 Spectrum erocetector RF Low pass
f, | Analyzer »
frep ! = Filter
fs fiber laser e \
comb - RF Amplifier
T at grating 1}
! waveplate
L » PowerMeter o /2)p = Frequenoy | r—r froquency
Signal i
Narrow Linewidth Laser /mwror Analyzer coun ef
I
|
" . Wavelength Waveform |:| PC

meter Analyzer E

£

FETRRFATF BB AT g @ iT > £ R PR 32 (D) RBRRT

S BB R AR F B A A B (FRIT RIS ER) > AR R A
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(A) RS K n T brb iy Rl
T E M FEAFF (TOEM S A (fe)iRIZE > REEZE AR 1.3 #7o0 » fr 0
SRR feo A WIAFFI- 5254 4 B(SYNL 40 SYN2)F 5 d port 3 iR f.
fry - oA d BN F4E L | kHz S Ml ik 2 > d 58 F e
ErHAE AR TR - &R Allan deviation % > H | FyapfE e R Bo) 3t
330 5x10™7e i £ 4 I ARIEER] R £-2f (RIT] 0 oo A - FEIUFF P ICE
WEH B I RAAER > L RAAER (1)) 100 mHz (3~ = 7 A K
waveplate) © £4:F BT Afr 2 IR L E X INEAFF IR IAR > ok
EASFOEIRIABEIEERE > BT P EREMRE > B NS ML &
SRR o

3

1 GHz 1 GHz-1 kHz
J@*—*-ﬁ(% SYN3 |
Fre
L | _, Frequency
counter
Port 3
2xfr 1 GHz
Er:fiber laser ' . BPF X SYN1
ceo
Comb, 500 MHz [ er | o——
L ‘ counter
& HvV | | Loop

AMP filter

Pump LD

Current Loop ’
« SYN2
driver filter -

All SYNs and frequency counters are referenced to H-maser or Cs clock.

W) 1.3~ 47 2 A7 3 (£ 24 5 18 (fou) R824

mit @ ghz S EA 4 BA W 5 Agilent E4400B (SYNI » OQutput Power:
7dBm) ~ HP 83630L (SYN2 > Output Power: 0dBm)' %2 Agilent E4423B (SYNS3 -
Output Power: 7dBm) > %% “t 4% F R 7L EF %2+ 4855 - d port 3 1
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| fr feiz 54 4 B SYN3 " 4F 3 1 kHz 538 M8 gk 160 d #F 5 3-8 B (Agilent
53132 » %% MHAEZ Bk F R 4B )ekE - FeE SRR S 18I0 (B AR
Fo 3R E x0TV B R) o feo PR ARIEF R A F % F 2 Agilent 53230A

P HEB(FT I FTREAE)NP > 7 RETEDI 24T o 5l P
Tehd ficis > Allan Deviation(F ¥ = > 224p &)~ 9% & 84.5 mHz =+ (#

& A1 >+ 100 mHz 0 & f) -

(B) skt #g & £ ip) % sox an IR (IFRI S s 3 £0p)

g ?&rlff] 1.4 #57 > BFRITE(UEFRE T B 5 0)D)Jok R T 7%
whd 3dBenkik{g & B(fiber coupler)$8 & - 42> 5 d ® ¥ E(collimator)
# 7 {5 % PBS(Polarization Beam Splitter)#-3 &+ &L B DI F - = » (4o
FEERE SR FRIT S AR BRI AIE O PBS gt ) o £ kiR ki
d kR ERIFApAE > BE N A Big A 0 B d R F T e A F
FRIAZR~7E EFFRG MR IR - 5 R T SR T

& combmode » MR T AT AL 0 MR A R RTE Ao

Eli }IJ ',—L'L o
8 801 L E, | Wavelength |
3 B G [ 3 de meter
coupler !
| R TL | A
collimator pgas 1
_—
T
o Frequency 1 BPF or P i
g]l. 4~12 3% counter Ny | LFF ‘gg\:"!:‘f‘u':& &,:J—ﬂ
. RF AMP
B FRlg 3"]’*‘}'? =5

T EAp 5 fueavR— 7] comb mode #TiE R A E o B PES *ﬁfé P sk g iR
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7 feo > BLRIAIF R 1 RZ|ET feo et § 7B o A AIRIREY > 1R B35
(nftfeco)— fi=fo > B¢ feo= +99 MHz » fu =314.5 MHz » £1=192496. 765 GHz (i
EREDTHEF ) RAPBBCEF » o B RN F I n B 384994 (iRt
SR RCIE ) o Flpt R T SRR T2 FRF SR S £1=384994%x500 MHz+99
MHz-314. 5 MHz=192496. 785 GHz - iz B & &2 kL & R & Fladg 5 3 20 MHz i £ >
5iW%§iﬁglﬂf’ﬁZ#AF%BnﬁMGmAMR%%Lﬁ$$H§
520.2 ppm (32x107) » T B IIE & F E LA RN o F b AL ol
o BRI R FRIT MRS RTR > FERE Y ARBGET
- BHPRPE > - f R AR ER L 2.3x107

(1.3. )& 2 »cF

(a)iE 2 kAR §ip|r P o fo A R 2 B chif smdd s (340 RAZ U4
ﬁiw&%%ﬁﬁﬁﬁ’%W?ﬁﬁ%ﬁ?%z%nﬁ%pﬁ&¢ﬁﬁmﬁ
TPRFECh > R L S RP MR R EA Y B me o URGET B~k
FRE MK AN DES -

(b)) = RHFF 7 A > FFRAPM AT L AR B 4o & R 4B 1 sub-THz A £ -
AT S A St B 2 DONATARAER T BB F RS -
(OARFFHEFRRP p A R HRIEPAT LT ER L AGHILE D

(1.3.5)x ka1 i*£ 8
(@) 7 HiplE SR HLE B4R R - WA R PZMET ARB I 2 R
Z AR ES A7 AN e B g he s A4 0.5GHz~1GHz~1.5GHz
2 GHz---% 500 MHz #f & AEBc 2 Bcrn i3 5L38 35 v 7 B BP KL o Fac fic & 3f § ek
Bk~ > & 3ERBRIE it Bfos F2xx Bz 2503 5404
o g wev uAd 40 GHz v F - BEES00 Mz £E v R+ &5 5 R
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SR AR 1 B 0 B IR F 4D PRI £ 4 40 GHz st %2 o
(D) k@EERTH L P2 FREBEER LA PHRIBE 5 mA
(1.OE-13)d p % W7 F Sk x> e £60 40 GHz B plit 28/ 2 3 kA4 £
(1200~1800nm ¥ 3 >+ Lk 2 #F3) o 22 a P * 50 A H 1550 nm = & <h
BrEH(FEERES )T FREIARAEE 2 R ERAFEY G 2-3

TR E S o B BREITE S 2 BRI R R 4 o FE R T
IRF ARG M SRR AR ESE R FRA

WEERERFRE S NG F B R SR e 4 o

W

BEForF @R TREMMFIER ARG ELE LTS 6 o0t F o RFA
*%*Wﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁ%iﬁﬂﬂﬁﬁﬁﬁ%@?ﬁ%ﬁﬁw
(mode-locked) Kk e 8 £ » M PFZ R MAE A ML ERIIR Y hd BRI fe & F 5=
FEMSE % By i % b g T S ERARK PN R R S
LRV RWHAM I AR o FREHBE I F I e ] i 3 g B

’}” Gl T'—%Fl' F& g Ao
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(=) PR

AER AP AR LD D EER R GRS 2 GPS B e

2GEh e B L JHEEGET T o H TR 40T it
(2.1) GNSS:E =B PF4g R I+ & SLpF T 3 jmddipiad

(2.1.1) GNSS:g =g P4 R it & Suad = 2 3f jRhR & gt =
(2.1.1.1) =5 p :

GNSSif =4 FF4F e it % Suvt $Ha% 8 a4 2 i jrpdpe T ejg 2
(2.1.1.2) #7p F A AR £ 105.01~105.12)

GNSS @ P 5 P w0 2 IR B Fa ePPFAE v S FBLIT2. — o QLIS R SRR B
L RERPN AR R PRI ARV H S G o PR R R S
I 5 ®W*% Rk + PF (International Atomic Time, TAI) 2 & & 2% 3 p&F
(Coordinated Universal Time, UTC)3* & endE & ixdg o LR PFAFIE A2 5 o
FoE P AFTFE2 GNSS B Pt khirnad 2 0 R = BE P g iRl ko
REHDREERZ B & TP RE R o

B OESUEE BT O 2 SRR R AR ph PN ;R —ﬁ
W A RHR R L2 BB R ME R 0 TR A M BB
T RIL2 B F 0 TV R FTRAPEH T RRRIRE o R S F T
i BRI 03 oGNSS @Rt it kst R RY 12 HRI 102 557 2 (7
FEEE< D ns) e

v2 GNSS gk @ 2 o GPS 53 4 & N4 kLo AR TR HPF 0 i
¥ v sengs B (<1000 km)# * 4 4R72 (Common-View)BLiR] ¥ 7 ?;Q:E'v’ﬂiﬂ"‘ﬁ =
BLBIRER Y R anEA E o Mk B A o GPS R ARE B GPS ki &
TREERR REFEF FHRZIFLZEM > 3 TR LE S FIFEIR R
BEFD -~ FHFIEIRSERTREFFRZERDT R B | 5 FifFph i
BT AR F&F KL 2 K2 2Fmap > §5% 3 BRIk
AR Fh ATEL ) MR E g R e R kg UTC(TL)RE R ARt » £ i0d TR
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# ¥ & - #H 247 Clock(K1) % Clock(K2) B ehpb £ o ot 24550 AL 5 il
LA H A

GNSS Satellite S

dskq dsk2

GPS Receiver GPS Receiver

Clock1 1pps Clock2 1pps

Time Interval

Time Interval
Counter Counter
Start Stop Stop Start
y Ad
Data Processing |« » Data Processing

Data Exchange
K1 K2

Bl 2.1 $4nfrk poig it 57 3 B

TrgF 5 & & GNSS pF i ek qe(de @ 2 B GPS ~ 8% B 21 GLONASS -~ % P

Galileo ~ ® W Beidou) » GNSS & 54k e % & ABBIFA 2 ML 5 3R

9@$éﬂﬁi%ﬂ%m\i&&%@kﬁ%?é%wwﬁﬁﬁ’i%a@?

-,—

WEE XN SR EF ﬁgq] PEFTEREES

AR cHFSER BT ZFY
S 5 KBMEU LR ESA o F]pbr F R kg

,\h\

s i A GNSS Hojpterr
R OF R ABpEL kAL
TRFRP ARG IR AT R T A 2012
#4222 7 GNSS @ pFot 3 % %e(TTS4 ~ GTR50 ~ PolaRX4):2 & &2 { 37> A& &
2016 @3F A GNSS @ pF it $F 4 %02 X AL 72K & 4oB 2.2 0

Bt B R R s AR R R AT2
Hp 5 2@ L RS

52/168



Bl 2.2 3% % @pF GNSS @pF b 4 k 3Lz X L7

B AF R AR AARL O R (Ae Bl 2.3~ Bl 2.4) % & RE AR R -
RoTHEFFHLORE 2 FFEFF LR FHREp 2013 #42 5 GNSS & =4 p*
ARk Sk i iF > W A £ ¢ (Taiwan Accreditation Foundation) 2 ¥
Y RSEHE S TP % F GNSS BEPEAE LT i 4 BT RE R £ #75 (Bureau
international des poids et mesures, BIPM) B 42 % F 4 & ¢ (key
comparison database, KCDB) » # & B*% ISO/IEC 17025 4> % 23f4p3 3L+
% % (Mutual Recognition Arrangement)z. & $ o 2015 & 42373 F = pF 4
%] 0 % 5 E 4 BIPM KCDB i - 7 sz 2 & & 35 ns( 7 #f -k # 5 95%) o iR
AR G AR RD P L R AR A 2. 0E-13 ok
B RPERFERFIEREIHRTIRHFERILEZE 2 8F > RERP A&
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FRF LRI R AR REBERZE B ST OBHERE ZF
g BT AP PP F R S 2 R R R R P
M PR F TEIRAE ZE Y AT @%Jm, R de o FF AP R B S e
T G R AL D FIBRE R h i ¢ o F LA VAR L S
LFER B R RT A 0 BRI RRE S A TR R B R B L
SFPRIFTES o B D S U G RREWEF S IR P Ko iFdidn CDMA
WIMAX-TDD ~ LTE-TDD % Smart Grid PMU(Phasor Measurement Unit) 4 it
e g KX K ikd) & s (micro-second) » P o & 7 gL & chfe 3 2 543
2 f& : TDM (Time Division Multiplexing) link ~ GPS, SYNC-E (Synchronous
Ethernet) link 2 IEEE 1588 PTP - # # GPS % F I ¥ &5 s 22—
BN BEAN AT L E Ny Sk G R FIRRIPN 2 P
Bl % g md Rend e > T2 E 2 817 GNSS By AT T 5 Suph A 3 o
PRz aE 2 o NHEFFE ME PN R R 2 FET R o B B AR GNSS @
Prvb SO T 2 BN PR R B AT R ELL NP R BERAEE R
AR S T 5 VHR-GNSS R P R H R IR AT %R T F
BAXRPF T B EH g mIRESIE mh RE e g £ 5ot
FIEARBHAFF(R A2 L3 RHRET ¥ HhF & oD B~ >
TERTEEIPEFTE > PORE REE ST T 02 NSS4 B is 0 e &
gk d o ARFEPQEERY AR (46 56)a 4 e st (Primary
Reference Time Clock) % B2 P& I ) criif @ o
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BIPM

Ng
EWE%E;;\\\,@%%ﬁ

-

UTC(TL)

20MHz Ext. Master

Bl 2.3 ~ GNSS #-47

Traceabili

N

Bl 2.4~ TL @z pF 3 pndhgl

1pps < ? 1pps 1pps
4’ |—>|GNSS Receiver }—’Founterlt—r| Remote Clock
soviEs| tovtzEe b | vtz
[re] o e e e
TWTF TLP1 or TLP2 Lf;fl_le_rffclr_. Remote
Master Site Remote Site
ik PR g R BB
Calibration
Labs
Instruments
used in
industrial,
commercial

Application Frequency Accuracy Time accuracy
GSM 5x 10° N/A
CDMA 5x 10° 1 us(l0us
holdover)
WiMAX (FDD mode) 5x 10° N/A
WiMAX (TDD mode) 5x 10° 1 us(25us
holdover)
LTE (FDD mode) 5x 10° N/A
LTE (TDD mode) 5x 10° 3us inter—cell
Smart Grid DME N/A Ims
Smart Grid PMU N/A dus

B 2.0~ &

55/168

PRPEF S AR



(2.1.1.3) %%

(a) BIP PFR4RELGE R2 5o T Sob i € 35 & 3 IR 1L JRAS
TR HREEHET P AEF2ZONSSiE AT kS kaE R R P ARRRE R
o gt %+ I 5 d Septentrio PolaRx4 PRO GNSSE#7 #Jc#% ~ SR620 %
FREGEREZ &L wes > 50 p &3 2 RECCETTS(CCTF Group on GNSS
Time Transfer Standards) i@ pe b $F 3500 i P fF 3 ot £ o gt b > 5 4 2
FToRFEARHZ BIRETAY FRENTIHEE O - k7

SO T RBERGEBRY o AERET RPN ERARNE L DER o

AN

T
\\\?{r

~

M
B

v

Bunig el WESIE 28 R iRiF - ko 1 5 4-BIPM KCDB (The BIPM
key comparison database)R 4\t 3L E ¢ B PFAT T A0 4 0 AeB]2.6 o

Galbration and Measuremant Gapablliies
Time and Frequency, Chinese Taipei, TL (T L JIKEDB
Catibration or Measurement Service Measurana Level or Range Expanded Uncertainty
Is the
expanded
mstrument o | mstrument Type or | minimum | maximum coverage | Lever or N Service
Quantity Artifact Method value value Units. Parameter Specifications Value Units factor Confidence Identifier <
a retative
net
T
sTFaeT. | DUTS effect
e mtervar | Tme amerence | owectume mervai | o0 | 1000 vees | o o . . _— no | msTEicr. | DUTs et
source ‘measurement piude Srazoagos | ARBroved o
015
o400
= vins
TrcToded Bt
Time sc: Local clock vs. Comparison against 1PPS NSTF-CT- DUT's et
amerence re Predictad UTE 05 os = | ampimge | ZOSVGO™ 100 ne 2 oa% No | dRez0acoos | Approved o
01
Roasurerment | gsa00
S
e
. i DUT's effect
Time scale Remote clock vs. GPS common-view y " " NSTF-ICT- -
dintorance Ore it sranarer o5 o5 *+  |Averaging time 19 d 2 oo% No | Rrecs ooa | Approved on
from TL 1000 ki
Treidea Dot
General frequeancy Direct frequenc: ' Measurement NSTF-ICT- DUT's effect
Precuency ral ireay wrect requenc 1 | aoe-os | e surer 88400 5 soe1z | Hare | 2 — L rtieiill REAbrs
01s
0.5V (50 (1)
Inclue ded best
BUTs o
Local frequency NSTFCT
Pracuency o) froue Phass compatecn | 1 1 Mz B840 5 soe13 | Hare | 2 — vos | TRl | Arrevedon
2015
= 0.5V (50 (1)
DUT's effe:
. i e
Frequency o w0 | Ta 20613 | vz | 2 - vee | RS [Aoeraa
2512
E— -
e e

The BIPM key comparison database,

B12.6 ~ TLaa+F 2 4-BIPM KCDBFT AL & ¢ 2 g =43 i £
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PolaRx4 vs TWT1

common view results 201606

2.00

) 11| S S— I ........... I O DA I I PRSP (OO PSS B _
‘-g 1.00 . i M | | ‘ LD ,
=t 'l ; ‘ ) -
o | ! 1
3 : ; : : ‘ 1
2 050 A R L L R S S R |
= 1 : : : : 1
i : : 5 5 5 ]
QS\ : : : : : :
A ]

1003250 33500 3750 4000 4250 4500 4750 5000 5250 530
Data Point

TLA# % 4BIPM KCDBF 4 & # e phag fe i it 4 2016

PPE - R 322 T AFREIRE SN HHRR oS (TE R D
(4cB12.7) > % # % Rnear real time PFAE - 4t H L 5P % T HE 2 LT
BiaE 2 R RPN R o v - R BRI SR T
e EE D EREREK %ﬁ%}ﬂﬁ 10 MHz 2 % 5L

(DA F B (Ie®2.8) 1 [(fr - £ )/f-] = -6.6x10"

(2) TR (4B 2.8)

=

P R (F)) SR TR
9.6000et+02 4. 24E-12
1.9200e+03 1. 89E-12
3. 8400e+03 1. 29E-12
7.6800e+03 6. 88E-13
1. 5400e+04 5. 87E-13
3.0700e+04 5.49E-13
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6. 1400e+04 2.50E-13
1. 2300e+05 2.20E-13

Btk s 2.9x10" i EFF 12

BI2. 7T~ * = R+ &eif 0 2 G o g i
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PHASE DATA FREQUENCY STABILITY

UTC(TL)-Tal Yi RB 2016 0413_0420 @, UTC(TL) Tai Yi RB 2016 0413_0420
me :
a2

.
a
-1.00 _";
'§ 1.50 =
- 2
9 -2.00 2
e E=1
S 250 =%
= ®
. -3.00
g 2
o
= 350 G
2 2
-4.00 gl
2
-4.50 E“-’o
_5' ......................... i
00y 100 200 300 400 500 600 700 =g 1 10° 105

Data Point Averaging T1me EtE, Seconds

B12.8~2016F = — T F g4 F R &%

(b) & 1A ® prgs PRTC(Primary Reference Time Clock) % Bl & *

LEF AR U R 2 B e R RRFR (M pi)2
LiPRAHEETH Heang frp B3 o Flitdom T P 1 & 23 PRl
(Primary Reference Time Clock) % a4F FF B e % ehig ,ﬁ%%ﬁuﬂ i BaE o P
wRE AR AR R Y R E (S FRER R R Rt R T

HAEEZ L ES L2 P (s)EBM PR - 4ol 2.9 % G e LE pr
& PRICEZBERI T AR BEIAFTHRIFTFER@ARET 5> VR AFAPEG A
FHBMHAFEFERDOT L gy [TU-T 68272 @ L&k * » PRIC oy ehps
Fopdeng oo f¢ > AR prgs PRIC ops i 0 4 #2090 7 ehps B4R
(et UTO) /a2 100 2 f) 0P c AERBEAFTHR TP LB 32 prilif jigd
BT Lo PR AR pRE PRTC BT RIF % HEREL
(Time Error)s B # £ TDEV( 7 )% % 4c® 2. 10 #17 » F %% % 87 % PRIC
P sy AR 0 0w oo B ARIE UTC(TL) E PR SRL 9 2 60 2 45 1 2 RIP
g A BEITU-TGO2T2 M2 F 4+ FEAFHRETP AFF 2L BRER
B ARV R NT R RREFER RS TR RERREIREF - H R EE
AATRIERIE LR EORHAPM T 0 20 E R A SRR Rk F R
T Y GNSS i P L ks b e iE e 3 BRI UTC(TL) > 59 B
FERFHRZERIRESIE o 3 Vg AR A LIS RIS T 2
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BIPM
EWE RS
— F (((w)))
( snssmmmese L
A0S
. B ' Micro eNode
= 10MH= lees Ioes 1
| 306G 110 HPDA-15C i
o : : 10MEzExt.
i DI ) Remots [pC | 10 e
PDA ! 10MHzExt
e = TLPlor TLP2 : TLPlorTLP? | (TR Remots
20MHzExt Master Master Site I Remote Site
— Ve
B AEF SRS H T E <
I
I
I

B 2.9 % A ES prgs PRTC %28 % BT = B

Common-View Results 20160121_0215

40

—4=—C1_CV

-30

AP STT DT DI DD DD
QY QY /O O (O (O QY O O O QY 5O S Q% o0 O O O
N AT TR T AT T S PP S S S

NV
Data Points (960 sec)

Time Difference UTC(TL) - PRTC

Common-View Results of

TDEV(T) [ns]

01 1 10 100 1000 10000 100000 1000000

Observation interval(T) [s]

B 2.10~ 3 &2 epe 83 prds PRTC o3 5 5 %
(C) & SLpHF R 3 5 i jgdps 2 FE TR o= 12 (2016 #)
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GATE AL RRTER S G 0 Moy (x) F 5 AN AL RUR R b i R o

B

R T AFTE o » APH* tinedeviation o) T#H- % % 1735
A #g2 FETRIFRG o "$ Td - BB E SRS AT E A e b R ER
TRk RB S dad 2L E PR B AR (B A REWAT i TR
oA R S RBEEEARAPEE) AR ER I RTAE T I it (o) BT o

A BEE R AR E R 0, B A H T TR 2 e AR S RS PERR B S %

Bafeddion. d A EMA LR PR IRTT RE L BRI TR
Uo=KyU2+U? » B KR 22 il RASTERaPT RS Gk 5K
Edp 20 RA T RRIEEY AT 95%G ok E 27 LB F L Y-Uc I Yile -

AERFGLEEHETIHRIEE RPN RFR ST L H PR S 5 jRshaps
i d R ST H o 4eB 2.4 977 0 2L A AT R A W5 35 ns %
20E-13 BER S B HAEFRFEEIFHZ EROE Lo

(2.1.1. D" % 25

BT ERMERRERE - R R2EPEFERE L REFHAREFY
EApmAng e O E R B ST L2 BV R APM R R B h

g Hong 4o

BB Rp Rt T2 RER

Pty

B R PR RS E i 4 BB
R RED Froodrd 4 o
2 B E R J(AREL A H FEF LT R(b)E 2 RP A EEFE
pgapt 2 B I o
S BMEM S EARFHARAFERN R 2 g o
(2.1.1.5) % k1 iv& 2

B B AR GNSS @ pFol sy o > R PR jRglR > AT R T E R
P o BRI RgARL S T L W - GNSS iR Hh PR R HLdE R T R

2

LB DI RBABRF R > BT HERI FE S ¥ g ke
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BAEH A XA o gt FIRARFHAFE(APE)E LI RHRHRT* 12
R AR @R S FETREPEFAYE  REERF S 5 RsaE £
T 52 GNSSBR @R mMaEand o AR QPR L ERR Y
(4G ~ 5G) 2 %% pr4a 1+ s (Primary Reference Time Clock) E iRl % FF R #
o BPRNAL B R FHEFT R RS e EM G o
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(2.1.2) $4afrk L BRP|HITF 7
(2.1.2. D&+ P

GNSS i jeip R BB T BB RMBIEATT -
Q2. 1L.2.2D)#Fp0 FEEHF 2 105.1~105.12)

THEXTFZEEHTEAA 2 ITH U B2 TREM B > £
WL E R KR o % GNSS A jeidmpl TR L Rk 2R+ 2 0 TF
AT RN L AR o & 0 GNSS e BB 2T F 220 F & A A
FREIPEFLDIRFCERL ) SERFLIET FHEIASLEFOERT LR
(frequency-dependent instrumental bias) - i % ™ differential code bias
(DCB) %77 o 2 L GNSS E e R F - FRTH L ERMEE - ¢ 4 H
- GNSSE |t RB-HE Gt 822 AT HRERBRTNBHFFRT > 0 &
POFRORIIB R E HREREE T Rt RE B L A ]
ns P> FERFEUFCTEREZALFF c DFRF TR RE T F L
W%ﬁ%%%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁagi v A H F MR R BELR
2 Bt RBEFEAT A ER TG o T HOGNSS Bt RECHEGEE
PRI ETREA PR M - INRITPBRECFEE R LB OB T
%m@,% s %‘%WT§¢ﬁm%%ﬁﬂ’@Wé IRE B EE
BESM2ZMGZ Vo AR PPREBECEEEIADR VLR VAL RERE
BEEALIREL > B (S o BEABEBELERFFTREFSL

%ﬁm%ﬁ?fﬁ%ﬁﬁﬁw%mﬁﬁiﬁﬁ’E@%%@—ﬁﬁﬁ°ﬁﬁ’
BEABREDERTRIPRECFERFZIRAET A ERETF FEL
?%%%’ﬁ?iﬁﬁﬂ%ﬂﬁiﬁﬁﬁﬁﬁ&“%éiﬁ%°5“’ﬁﬁ%
ELFAPRPR 2 AP EEZRT TR EIAP L FAUN 2 FFH AR KRB
K

(2.1.2.3) %%
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(2.1.2.3.1) - GNSSHR LB RFF2L 5532

H- Bt RBrBhi 32 I8N mRu BT LT 28300
- R SRBEAPRLfo ¥ - S THRK A LES 5 £ (oblique TEC)
WHERPER o @ A TEC s pe i 272 27+ 7 £ (vertical TEC)
VR PE R Ik L MR AL F) S o

- BTt R - 3E GNSS 7k crplip| B > 7 8 & GNSS ip) = A2 24T

P, :p+fi+k2

2
2

BY o i BRIIPEELROER ¢ k2 F 7229 BB
40.3- TEC: £, fo~ %% link 1, link 2 @ * o 5 M, M5 Joildp oigk
@ (ambiguity) ; & % link 1 eniFh 2 & B 2235 yei¥ e B B2 fv > b 5 link 2
fEh B R E BB fro 2B ARG 4 B AN fry 6 BAS
$eo ATl RiFrE - 7 o

SAk=h — k> AV=MN— B> GNSS gip| > f2 e B 4o !

1 1 1
Tz f2)+(k k,)+(N,—N,)= q(F—F)+Ak+AN
1 1 2

1 1 1 1
R-F =q(?_F)+(kl_k2)=q(?_F)+Ak
1

2 1 2
B2 Aksp A i E =8 > L GNSS fk DCB £ 4 4c i DB 2 fe = ¢4 -
THEN-BFZRRE 2T Z RO RN AT
(@, —D,) + (R, —P,) = 2(k, —k,) + (N, — N,) = 2Ak + AN
AL GIAE RIS BB R RS T R TAN R AT RE 2T 2 R

2_38 @q-
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Eﬁxﬁ-r gi s ¥

B

- =X

Sofc o 1 MMe)k T oo

2 (4, 5) ERRT ﬁm%&’”

R

I
% P

2

L
£

£ N R E 7 BLRIR AP

Y =

’ .E

ERE S

Skt TS (M) &

BRizE (4,

2iwFh ik (e

q=M(e)-VTEC =M(e)-(C, +C,-S+C,-S*+Cy- f+C, - fZ+C;-S- )

F, -M(e)-(c, +C -S+C, -S> +Cy- B+C, - BZ+Cs-S- f) +AK

Pl | R 2 8 40

HPY x4 7

Yi = Yoi =

I T

I *‘T‘]T\TEE;F'&}:\I‘)’]

/gyolf\
e Zep € 08 KET

Ly e

s FHcc - ¥ ALKT R A

E& m'ﬁ Kﬂﬁ/? ‘,& ’ G, /éji, Si

= L
BRI

BV TR B

g e x ‘\:'—:-r °

) A Sk T AT

N
E:Z(Yi_yoi)2
i=1
0E N oY.
—2. vy )L =0
7 ;M Ya) 5
2 Ak ™

=F,-M(g;)-(C, +C,-S, +C, -S> +Cy- B +C, - BZ +C5-S, - B) + AK

F, -M(g) (Co+C, S +Cp-S>+Cy- B +C,- BZ +Cs-S; - B)+AK — Y,

Fofd E R ES > REOE S S AR AT
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N N N
Flz'Z(Co+C15i +C28i2+03ﬂi +C4:Biz+cssiﬂi)‘M (ei)2 +Ak'ZM(ei) :Zyoi'M(ei)
i1 ) i1

N N N
F, 'Z(Co +C,S; +C,S +Cy B, +C, B +C5,5) M(g)’s, + Ak 'ZM (&)s; = zyoi ‘M (g))s;

i=1 i=1 i=1

N N N
F, ’Z(Co +C,8; +C,87 +Cy B8 +C, B+ 58, B,) M (g,)?s? + Ak 'ZM (e)s? = Zyoi ‘M (e)s?

i=1

Flz'Z(Co+Cls +C,S7 +Cy B, +C, 37 +C5,5,) M () + Ak - ZM(G )b = Zyol M (e)s,

i=1

F, 'Z(Co +GCS; + CZSiZ +C 8 + C4ﬂi2 +¢58,8) M (g )ZIBiZ +AK- z M (g, )ﬂi2 = Z Yoi-M (e )ﬂi2

F, ‘i(co +C;S, +C,8/ +C35 +¢, B! +C8,5) M (e))%s, 8, + Ak ‘iM (&)siB = iyoi ‘M (&)s, 5,

N

N N
F, 'Z(Co +C,8; +C,8 +Cy B, +C, B +C5,5) M (e) +Ak-Zl :zyoi ‘1

i=1 i=1 i=1

N

3o 23 Wwho- FEFLRPERF > o - X 3L

(fitting) & uEH - 2B HHE > 2q* 8 Fp (quiet day) "RF 2L &
RELHRE P TR RRFIIRA LI 2T T ET T RE S A5

T RMEREF R TREIRFDRET > DHRES ¥ IR T
THFZREUFAEER A RAF ot -z B - = 538

>
R4 P RBEREOGE S ETEFEF TR RS 0 A 04 - 07 LT p#
I3

{

L E 2R F I EY R R - ROEF AT 2T I EAELE
Ao ERFFFRADEHRS R PFRAN2TFZEEFR
BAF*® =2t 5 kdgik s Apiud > Ao BT e % =2 =0 5383 hdyik oo
Wit - BT R X PN IR E R R - 8 AkE TR A THcm
SfpE e AR AR CHZRF AN €50 4 BIE T g 4L s,

ar Gs, o S, ME o G BigdkAs £ 7N 40T

oY,
—L=F,-M(g)- -5’
6C6 12 (I)ﬂl i
oY,

—=F,-M(g S
8C7 12 (|)ﬁ
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oY,

—1L=F,-M(g)-s’

acg 12 (|) i

oY,

Zi_E..M(e)- 3

acg 12 (|)ﬂ|
AR o - e A% 1A TR S e o R AR ek PR
FRAKLE 2T G A SR PRECEL oo @2 R RLAP
T eRTE R o

te v IGS & CODE % R B0 dp 4 eribrh R B i o ¢ v
A ZREFINFLSBRIPBRECE 2 fro R RS FERECEE ’3]%'15'
FIB ol 6 F 2B 2 -

(2.1.2.3.2) E- GNSS&E B RE-H 2L E RS

ARFRR ERE I M4-0TLT A4k 2T 5 5 4% 1 R mMa
Gw s R G BADE AN M AR AN Z R B AE T

I FIEN R o HEN R S fpe T LT HAE LE TEC (0 - ¢) >
MR R B RIPRE RS (A -

FEORIPRECEL] (A GE RG> B 2 ik RECF
oW R BB - R REF BT AFE B (e.g 16S) 4
FH 23T 4% B (global ionosphere map; GIM) JE ¥ » #h &k B b
fo b - Aghe EAp g e R o L BREFBHISRY B & 2 ERIRE
PARPIFTHEFFLERFCFIRN SRBRERFCENGE o FF GIM
chi & %443 JPL (Jet Propulsion Laboratory ; vf S48 % S5 » 3¢
% W4 ") ~ CODE (Center for Orbit Determination in Europe ; % #iig i+
¢ gL )~ w2 ESA (European Space Agency 5 4 < 7 &%
g U)o @ GIM endt £ 845 IGS (International GNSS Service ;
B% GNSS PRA% ¥ o o 3% % B 4e ) ;5 IGS #- JPL ~ CODE ~ ESA & 31 & 4 %

TRPI G E AT DL A TN B KR ADGIM. i ESA (0 GIM 45 %
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PR RPRRBECRERRG A EEORBECREE > Ha GIM %
% L FER S LTI RBEEE o AP % 3 R TWIF spip) 370 %
JPL ~ CODE ~ £2 ESA # * > ¥ & JPL ~ CODE ~ ESA ~ & IGS e GIM #% % @ 45 3| TWTF
BB REBECEE o AL 0 TWIF BB F A RBIRBAFT L ATE B odajcid &
RixBZE 3 E o

2016 # day of year (Doy) 001 -005 (1 ®» 1 p %1% 5p) TWIF »* 04—
07 LT #p B 4% 413 GPS PRN 6, 17, 19, 28 2 4 %k FHL o & 1 & F"%E
ﬁ%%ﬁﬁ%&%g&ﬁﬁ(m)%ﬂkT:

% 2.1 JPL & & ehfirh K B

Doy 1 2 3 4 3)

JPL

PRN 6

-7. 027

-6. 986

-6. 975

-6. 990

-6. 980

17

2.833

2. 839

2. 850

2.904

2.844

19

5. 640

5.611

5. 622

5.676

5. 601

28

2.7798

2.7133

2.180

2.7799

2.7774

% 2.2~C0DE fo ¥ infErk R % =%

CODE

Doy 1

2

3

4

PRN 6

-6. 973

-6. 921

-6. 971

-6. 905

-6. 899

17

2.916

2.928

2.920

2. 930

2.954

19

5. 668

5. 681

5.678

5.133

5. 720

28

2.7770

2.711

2.7742

2.718

2. 689

% 2.3 1GS & ¥ ehirk RE -

IGS

Doy 1

2

3

4

PRN 6

-7.016

-6. 954

-6. 973

-6. 948

-6. 939
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17| 2.858 | 2.883| 2.885| 2.927| 2.899

19| 5.659| 5.646 | 5.650| 5.704| 5.686

28| 2.777| 2.722) 2.761| 2.738| 2.732
442134237 WERFECFELF e VHED0 Ins P o F
®t > CODE 7 #& &= * 32 ; GPS PRN 6, 17, 19, 28 i& 4 3ffEk cnix & =8 2

TiaE s s -6.922, 2.906, 5.690, & 2.754 > & Fitd 4
Sl KRR T i RE TS Ap g M o

J FRAG FESLBLIRI £ ol R R R A 2 AP CEEHLELRIE M B R 0 kAR R
pp £ % (alignment) I e BSFEILELRIE > 77 1Y

:((Dl_cbz)_q)l_q)z + Pl_ Pz

o3 0.1 nse

(@, -, ],
A0 RERRIEL 0 &
| AT RIT o TS
T EEN) BER
2016 = Doy 001 - 005

TR AuEERE LT

Pl FASIEREELRIE > § 1T AR A f’JﬁiE‘J??ﬁi °
Mk 2 HEE (e g - MR Z X 5IE5N) HW F- 71
ER R BB ERLEY &) 3 (e.g =
Jeid e s REBECBES o RS TR P RBE-EE
TWTF €204 - 07 LT PFEcp 5 4 3F 5 35 5 LR
o BF] TWIF et cnk B o @ o

24 -TWIF B e REBE-B T E 2%

TE %4t 2.4 977 o

%38 ;N #c | Doy 1 2 3 4 5
2 5.914 | 4. 032 [ 4. 567 | 5. 296 | 8. 356
3 4.162 | 2.740 | 2.996 | 3. 087 | 2. 807
4 4.535(2.2964.007|3.273|3. 443
5 4,593 | 2.447|4.162|4.015| 3. 565
AR NGHL 2 Bt RBCEERAEA 13 4.0-8.4ns 2B

A ]

‘\:kg’t? Sﬁ’lﬁlg‘lﬂﬁkg:ﬂ nf’/\"‘;"27 42ns7]—:'&o
FRERPEFEER M-0TILT YRR EOWFTRCEIFLF
R 2 EAF o T @ 4=

Fw o w* 3= 53N ATiR e B H =&
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BN E DS i@#‘}i”ﬁ T3 I HHF o AT 0 @ F 3 =538 N A RreuE
ﬁ o
2095~ TWIF £ ot & B =28 10 i

¥4 [ Doy 1 2 3 4 5
JPL | 2.921]2.389]1.8872.359 | 2. 314
ESA | 4.385|3.447|2.226 | 3.942 | 3. 651
CODE |3.210|2.751 | 1.793|3.024 | 2. 628
IGS |3.274]2.570 | 1.840 | 2. 691 | 2. 471
TL | 4.162]2. 740 | 2. 996 | 3.087 | 2. 807

# 2.5 Bgor = B A & 44 JPL ~ ESA ~ CODE & p TWIF ek B =& &
e 8 >7:iE1.4ns (e.g. Doy 1)~1.1ns (Doy 2)~1.6 ns(Doy 4) ~ 1.3
s (Doy D) ; &7 FRBPIHPEPRECEGETELL ][] nsiprt o
MEFRBPIHFOEITBRBECEGE EL B RRERRS » m T ERES
RECRESEERAMFE - FL ICS chic B PHEG B g T %P
LG PRI A e Y e RPN LR PR ERETE L
ns (JPL) ~ 2.1 ns (ESA) ~ 1.4 ns (CODE) ~ 1.4 ns (IGS) » 3" im &L #8:iT P #
£ 1 ns ¥ fs o SR AR RN & Doy 003> iz— % &R ENE)
K ’757?;"% Doy 003 > B% el § o “,f 7 Doy 003 z- #F > Doy 001 » &% % % i
EfEsp F o blde ESA B A mREE e AF%E (TL) i X @
IGSA® > 'z Doy 0032 #F > &2 [GSenL A+ & lns % %R FFP - Doy
003 iz = & RFsifentc @38k > @ Doy 001 &= #75 R @3k F > EF 54
TR ANTHRE 2T F T IR -
v ohsCODE + § 8 F BRIk R B - en ) TiHE R A<2016 & 1 7 & e TWIF
BB RECEY T35E 5 2,475 nso TR E T Doy 001 2 Doy 003 =
~dre 2 Y Doy 001 > Hep A X FAF%FmE ENTHL 2,908 ns>
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22 CODE en! T3a@EAp L 9 0.5ns> &1l ns ¥ LRBFFLZP o
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T ABEREETHRE ST SRR o PRI R R E R
RECFNFTIOEF AL FTETFEY FHEAFFPN 2RI FR FEFTH
BRAEMGZ AR L ERAZT HFRE R FTORAPRECEFT T

& (ns) 40 2.6 #71

# 2.6~ ~HiE# ) & TWIF DCB 2. & F Ti32E
ER |2 F FHE|TF i+ & TR
2006 | -5.193 | -5. 052 | -4. 875 Yes
2007 | -4.981 | -4.742 | -4. 647 Yes
2008 | -4. 826 | -4. 526 | -4. 441 Yes
2009 | -4.551 | -4.554 | -4. 463 | Not clear
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PR R S % & p e GNSS BRI T ZEH 0§ = o

FER B & p e TWSTFT ;USR5 AR T ks chag Bp > 7 % 1578 14 507 F %
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P AR R FE(HcF o L) Bii e - > HaEEEL L -~ TR
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WRABIAFOFF RO RS BT RAOEIMAS 0 £ F o adF UTC(TL)
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= % ¢ F| .. |Stability improvement of an operational two-way satellite time
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TR E Miho Fujieda Hiroshi Takiguchi
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two-way satellite time and frequency transfer

diurnal effect

R 430 software-defined radio receiver

mEAEE

To keep national time accurately coherent with universal coordinated time (UTC),
many national metrology institutes (NMIs) use two-way time and frequency transfer
(TWSTFT) to continuously measure the time difference with other NMIs over an
international baseline. Some NMIs have ultra-stable clocks with stability better
than 10 . However, current operational TWSTFT can only provide frequency
uncertainty of 10 " and time uncertainty of 1 ns, which is inadequate. The
uncertainty is dominated by the short-term stability and the diurnals, 1i.e. the
measurement variation with a period of one day. The aim of this work is to improve
the stability of operational TWSTFT systems without additional transmission,
bandwidth or increase in signal power. A software-defined receiver (SDR) comprising
a high-resolution correlator (HRC) and successive interference cancellation (SIC)
associated with open-loop configuration as the TWSTFT receiver reduces the time
deviation from 140 ps to 73 ps at averaging time of 1 h, and occasionally suppresses
diurnals. To study the source of the diurnals, TWSTFT is performed using a 2x2 earth
station (ES) array. Consequently, some ESs sensitive to temperature variation are
identified, and the diurnals are significantly reduced by employing insensitive
ESs. Hence, the operational TWSTFT using the proposed SDR with insensitive ESs
achieves time deviation to 41 ps at 1 h, and 80 ps at averaging times from 1 h to
20 h.
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two-way satellite time and frequency transfer
diurnal effect
software-defined radio receiver

B4t

nEFEER
The precision of two-way satellite time and frequency transfer (TWSTFT) is currently
limited due to instabilities of signal arrival time. We use a software-defined receiver
to measure the arrival time of code signal transmitted by SATRE modem, and then we found
1t exhibits the capacity against the TWSTFT diurnal variations. The SDR systems have
been successfully installed and performed at TL, NICT and KRISS. The SDR results show
excellent suppression on the diurnals. For data of the KRISS-TL link, the TDEV of the
SATRE modem shows a peak of 135 ps at 8 hours, where the TDEV of SDR is only 38 ps.
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The precision of two-way satellite time and frequency transfer (TWSTFT) is currently
limited due to unstable measurement of the signal arrival time. To improve the TWSTFT
precision without interrupting the main system, we introduce the software-defined
receiver (SDR) to measure the arrival time of the code signal. The SDRs have been
successfully installed among TL, NICT and KRISS, and time-difference results for more
than 20 days were obtained and compared. From the results, the SDR has better precision
and less diurnal, even when an earth station suffered from a bad condition.
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A conventional dual-loop optoelectronic oscillator (OEQ) usually employs a long and
a short optical fiber loops. However, the equivalent quality factor (Q) of a dual-loop
OEO actually acts as an average of the long-loop’ s high Q and the short loop’ s low
Q. Then, the quality factor of a dual-loop OEO is somewhat affected by the short loop.
In this paper, we propose an improved OEO that uses a long optical fiber as a common
path to construct dual fiber loops. The measurement results show that the proposed
OEO can generate a pure signal with phase noise of -82 dBc/Hz at 10-Hz offset. And,
the structure 1s also helpful to suppress the spurious modes.
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A mod%fiedpaper clock timescale weighted after removing the linearized frequency
drift of each cesiumclock inTL ‘s 12-cesium-clock ensemble is used to be the mid-term
prediction reference before the next coming BIPM Circular T announcement. After
removing the frequency drift pattern according to Circular T announcements, the noise
type of each cesium clock in ensemble is dominated by white noise when the average
time was less than about 100 days. To achieve approximately equal weighting and
rational upper limit, an inversely exponential weighting procedure is also used to
weight each cesium clock according to the inversely exponential function of their
Allan variance; for our 12-cesium-clock ensemble, a 4 years test shows the phase error
of the paper clock time scale i1s less than 10 ns in 45 days prediction.
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Two—ny Satellite Time and Frequency Transfer (TWSTFT) links were first introduced to
Coordinated Universal Time (UTC) generation in 1999 [1,19]. These TWSTFT links were
calibrated by alignment with the corresponding GPS time links, of which the nominal
uncertainty was b ns. In the past decade, the primary calibration technique for TWSTFT
link calibrations was based on a TWSTFT mobile ground station (MS) with uncertainty at
the level of 1 ns [2, 3,15, 21,22]. The use of an MS for TWSTFT link calibration is limited
by the availability of an MS, a common satellite transponder, transportation, and high
cost. For example, due to the lack of a common transponder, an MS cannot be used for a
stand-alone calibration of the NIST-PTB link (the link between the National Institue of
Standards and Technology (NIST) and the Physikalisch-Technische Bundesanstalt (PTB)).
Therefore, alternative techniques have been proposed and validated in recent years.

In 2008, investigations for improving GPS time link calibrations were performed [4,5].
In 2011 this triggered the BIPM (International Bureau of Weights and Measures) to carry
out a pilot study on using GPS link calibrations for the UTC TWSTFT time links [6]. The
study concluded that a link calibration uncertainty of 1.5 ns is attainable [8-14, 20, 26].
Given this, the ‘TWSTFT Calibration Guidelines for the UTC Time Links’ [7] recognizes
the GPS link calibration as an alternative technique for calibration of TWSTFT links.
In this paper, we first outline the new TWSTFT Calibration Guidelines for UTC Time Links
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(v3.0) [7], which was approved at the 23" meeting of the Consultative Committee for Time
and Frequency (CCTF) Working Group on TWSTFT. It authorizes several techniques, including
the GPS link calibration [10,27] and the Tringale Closure Calibration (TCC) [18,25]. We
then discuss the attainable uncertainty of the GPS calibration [14,16,17]. Finally we
provide in the Annex an example report of using a GPS calibrator for a typical UTC time
link calibration based on the US Naval Observatory (USNO) and PTB, UTC(USNO)-UTC(PTB),
TWSTFT link calibration [23,26]. Here we describe the characteristics of BIPM s
Measurement of Total Delay (METODE) Global Navigation Satellite System (GNSS) calibrator,
its setup at a UTC laboratory, Lab(k), measurements, and its results. In this calibration,
the GPS result differs from that of the TWSTFT MS by 0.9 ns with an uncertainty of 1.5
ns.
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The two—way satellite time and frequency transfer (TWSTFT) is one of the most precise
methods for international time and frequency comparisons. Due to the multiple access
interference (MAI), the stability of TWSTFT could be degraded. To suppress the MAI
for improving the measurement stability, we proposed a new scheme of TWSTFT receiver
by implementing the successive interference cancellation procedure on the
software-defined receiver. The results improvement with our proposed scheme 1is
demonstrated in this paper.
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In recent years, there has been a dramatic demand for stringent time/phase
synchronization due to the continuing evolution of mobile network technologies. The
primary reference time clock (PRTC) located in core centers provides reference time
and phase synchronization signal traceable to a recognized time standard UTC(*) for
other clocks within the telecommunication networks. The performance monitoring to
secure stringent time/phase is a key point for providing better Quality-of-Services
(QoS) in LTE / LTE-Advanced networks. In this paper, we demonstrate PRTC time/phase
accuracy monitoring against UTC(*¥) with our proposed time comparison system for
assuring network performance. Furthermore, the system can also be used to remotely
calibrate the PRTC by GPS common-view technique. The performance of GNSS-based PRTC
1s evaluated with direct measurement mode and the GNSS common-view mode by our
proposed system, respectively. The analytical results show that the proposed system
offers a worthy performance monitoring and remote calibration schemes for monitoring
GNSS-based PRTCs cloud in telecommunication networks.
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This study investigated GPS phase fluctuations over the high-latitude site,
Tromso, Norway during the year 2007 when the solar activity is low. The
phase-fluctuation index Fp was used to characterize GPS phase fluctuations. This
index essentially is the magnitude of differences of Total Electron Content (TEC),
which represents the irregularities with the scale size about 10 km. The
investigations include the climatology of Fp, the relation between Fp and Kp, and
comparing the Fp with the ionospheric electron density obtained from the EISCAT
incoherent scatter radar and the COSMIC satellite. The main results are that the
Fp>50 events (active GPS phase fluctuations) occur frequently in all months but
the occurrences in summer are lower than that in other seasons. On the other hand,
the Fp>200 events (highly active GPS phase fluctuations) tend to occur in the equinox
months. The Fp>b0 and Fp>200 events both are concentrated in the 18-03 LT period,
which coincides with the time that Tromsg is inside the auroral oval. This indicates
that the Fp>50 is related to the aurora (particle precipitation). For the relation
between Fp and Kp, the result shows that the maximal Fp and the Fp>200 occurrences
both increase as Kp increases, which indicates the intensity of GPS phase
fluctuations controlled by the magnetic activity. Finally, the radar observation
shows that the Fp>50 occurs when the structures of the E region electron density
sudden appear or extend to higher altitudes. This implies that particle
precipitation will create irregular electron density structures, which distribute
from the E to the F region and may induce the Fp>50. This is also supported by the
COSMIC electron density profile.
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The initial setup of TL' s microwave frequency measurement system was a
microwave signal synthesizer (~40 GHz) and a microwave counter (~46 GHz) by using
direct frequency measurement, but the resolution of this method couldn’ t meet
the requirement for calibrating a device under test (DUT) with high frequency
accuracy. Therefore, we developed an indirect measuring method, utilizing
down-convert technique, for microwave frequency measurement with better
resolution in 2012 [1]. In that system, a HP 83630L signal generator was served
as a DUT to output the nominal frequency signal (~26.5 GHz) for measurement, and
the Agilent E8257D synthesizer was adjusted accordingly to generate a constant
difference frequency output (10 MHz) from the mixer. The SR620 time interval
counter, rather than a microwave counter, was adopted 1in our frequency
down-convert technique since 2012. In 2014, an amplified doubler was used to extend
the DUT" s output frequency to the upper limit (40 GHz) of the E8257D synthesizer,
so the measurement capability of our system was upgraded to 40 GHz. In this study,
we followed our previse concept, but changed some of the equipment setup, to
further extend the measurement range to b0 GHz. The uncertainty budget was also
discussed in this article.
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This guideline contains parts of the instruction of the software-defined radio (SDR)
receiver installation, provided by Telecommunication Laboratories, Chunghwa Telecom
Co., Ltd. By following this guideline, one can build and operate the SDR receiver
software for Two-Way Satellite Time and Frequency Transfer applications. The
definitions of the SDR output are given, so that one can utilize, compare, and analyze
the exported data for research and scientific use.
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Precise time has been an essential service for the coming critical
infrastructures. The development of telecommunication synchronization networks
may facilitate the use of precise time, which will be a great benefit to a large
number of devices connected to the Internet. This report introduces a preliminary
work to evaluate the dissemination of precise time reference through a potential
telecom synchronization network. With synchronous Ethernet and IEEE1588v2 on-path
support (including Telecom Boundary Clocks), time transfer can be accurate at the
level of 100 ns. The other challenges of compensating network asymmetry and
establishing traceability to Coordinated Universal Time (UTC) are discussed in
the report.
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