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1057 < BIPM Circular T3 46(2016 NOVEMBER 10 NMY'™H y Q°
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CIRCULAR T 346 ISSN 1143 -1393
2016 NOVEMBER 10, 15h UTC
BUREAU INTERNATIONAL DES POIDS ET MESURES
ORGANISATION INTERGOUVERNERBEE LA CONVENTION DU METRE
PAVILLON DE BRETEUH9R312 SEVRES CEDEX TEL. +33 14507 70 70 FAX. +33 145 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
™
available at ftp://ftp2.bipm.org/publ/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, TAl -UTC =36s. From 2017 January 1, Oh UTC, TAI  -UTC=37s.

Date 2016 0Oh UTC SEP 28 OCT 3 OCT 8 OCT13 OCT18 O CT 23 OCT 28 Uncertainty/ns Notes
MJID 57659 57664 57669 57674 57679 57684 57689 UuA uB u

Laboratory k [UTC -UTCK)]/ns

AOS (Borowiec) -15 -02 0 9 09 1.0 1.0 1.1 04 27 27

APL (Laurel) 2.7 25 21 0.8 -1.7 -2.7 -2.0 0.3 109 10.9

AUS (Sydney) 862.1 894.0 914.3 9244 9555 967.0 9825 0.4 59 59

BEV (Wien) 29.0 26.2 200 234 241 262 416 03 26 27

BIM (Sofiya) 4670.3 4699.5 4735.6 4763.9 4784.2 4809.8 48565 1.5 9.2 9.4

BIRM (Beijing) 54 65 85 88 66 7.1 80 1.5 200 20.1

BY (Minsk) -45 -2.7 -2.6 -43 20 27 6.4 15 86 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) 47 47 56 60 63 75 93 03 16 17

CNES (Toulouse) -19 23 3.7 1.7 08 -1.0 -42 04 41 41

CNM (Queretaro) 32 63 65 01 -6.1  -10.3 -7.9 25112 114

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 -280 189 0.7 2.7 238

DMDM (Belgrade) 0.0 132 39 40 -8.1 -22.5 -199 03 73 7.3

DTAG (Frankfurt/M) 129.4 130.8 134.1 1334 138.0 1465 1559 0.3 7.6 7.6

EIM (Thessaloniki) 8.3 -43 105 9. 6 131 102 6.7 25 7.9 8.2

ESTC (Noordwijk) 28 10 11 23 23 12 23 03 55 55

HKO (Hong Kong) 476.5 4839 4915 503.3 508.3 523.3 531.8 03 7.3 7.3

IFAG (Wettzell) -936.9 -938.1 -941.7 -942.0 -953.7 -952.7 -9614 03 54 54

IGNA (Buenos Aires) - - - - - - -
IMBH (Sarajevo) - - - - - - -

INCP (Lima) 9.4 -02 75 182 263 185 237 5.0 20.0 20.6
INPL (Jerusalem) 1745 1749 1758 190.1 183.4 1895 1929 1.5 8.7 8.9

INTI (Buenos Aires) 88.1 934 569 1241 1252 1257 140.8 2.5 20.0 20.2

INXE (Rio de Janeiro) -236 -276 -333 -374 -372 -401  -37.3 0.4 20.0 20.0

IT (Torino) 3.0 29 30 32 42 38 41 03 13 14

JATC (Lintong) 12 34 43 75 72 68 7.6 05 10.1 10.2

IV (Kjeller) -831  -799 -855 -90.7 -925 -944  -941 0.7 20.0 20.0
KEBS (Nairobi) -6568.8 -6850.7 -7132.5 -7423.6 -7694.7 -7976.0 -8260.7 1.5 20.0 20.1
KIM (Serpong-Tangerang) 1542.7 1554.5 1569.7 15932 1626.0 1621.1 1653.0 2.0 20.0 20.1

KRIS (Daejeon) -03 17 51 85 128 170 206 03 11.0 11.1
KZ (Astana) -728  -59.3  -445 -337 -257 -132 -120 15 8.6 8.8

LT (Vilnius) 1514.9 15217 1520.0 1548.6 15454 1548.2 1547.3 2.0 11.2 11.4

MASM (Bayanzurkh) -2316 -257.1 -2785 -221  -403 -622  -83.1 0.4 20.0 20.0(1)
MBM (Podgorica) -149.7 156.6 4743 771.6 1091.2 -243.7 62.2 5.0 20.0 20.6 (2)
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MIKE (Espoo) 16.0 147 133 119 100 75 56 0.7 41 41

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) -1134 -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 7350 7475 7547 03 73 7.3

NAO (Mizusawa) 236 206 214 147 37 19 92 20 200 20.1

NICT (Tokyo) -04 00 00 13 20 27 42 03 2 1 21
NIM (Beijing) -25 -3.8 -39 -39 -29 -24 -18 03 1.7 18
NIMB (Bucharest) 1307.1 1322.2 1337.4 1349.2 1349.4 1359.1 13858 45 7.9 9.1

NIMT (Pathumthar) 2448 2417 237.7 227.7 2295 230.3 225.1 1.0 20.0 20.0

NIS (Cairo) 329.7 5114 709.4 8949 1070.2 12445 14325 1.6 20.0 20.1

NIST (Boulder) 41 56 55 55 45 33 18 03 17 17

NMIJ (Tsukuba) -29 -25 -2.6 -3.0 -2.8 -31 -33 03 22 22
NMLS (Sepang) -614.8 -621.1 -6244 -632.7 -6249 -6265 -634.8 1.0 20.0 20.0
NPL (Teddington) 110 86 72 70 71 85 101 10 7.1 7.2

NPLI (New Delhi) 58 73 51 17 -0.7 -23 -0.4 0.3 19.9 19.9
NRC (Ottawa) 76 171 195 26.2 245 267 306 0.7 11.2 11.2

NR (Washington DC) - -54.3 -74.1 -90.7 -102.0 -109.8 -115.1 0.4 20.0 20.0
NTSC (Lintong) 00 24 29 47 25 25 35 05 1.7 1.8

ONBA (Buenos Aires) -21870 -2189.9 -2209.0 -2188.4 -2188.7 -2190.8 -2218.7 2.5 11.2 11.5
ONRJ (Rio de Janeiro) 38 28 -2.7 -5.0 -33 -1.2 48 10 73 7.4
OP (Paris) 09 13 20 23 26 35 38 03 13 14

ORB (Bruxelles) 0.0 12 15 16 21 36 45 03 54 54

PL (Warszawa) 33 95 170 57 57 -04 -05 0.3 33 33
PTB (Braunschweig) 21 23 29 29 27 28 26 02 09 09

ROA (San Fernando) 50 36 37 33 52 56 72 03 13 14

SASO (Riyadh) -389.2 -3915 -3964 -3979 -3928 -397.3 -4021 0.7 7.3 7.4
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) -24 -15 -24 -7.1 -9.5 -8.0 -44 0.7 58 5.9
SIQ (Ljubljana) -1663.8 -1685.6 -1670.9 -1650.9 -1675.3 -1659.3 -1694.2 04 7.2 7.2
SMD (Bruxelles) -18 04 51 61 30 23 -23 04 7 3 74
SMU (Bratislava) -910.0 -913.3 -9139 -9294 -9383 -9416 -947.9 15 9.2 94
SP (Boras) 0.7 11 22 28 34 33 30 03 13 13

SU (Moskva) 23 18 30 37 37 33 38 14 65 6.6

TL (Chung -Li) 61 76 89 91 97 102 106 03 22 2.2

TP (Praha) -24.8 -17.4 -14.0 -7.7 -29 21 94 03 58 538

UA (Kharkov) 82 50 -11 -0.7 14 64 172 15 81 83

UME (GebzeKocaeli) -62.4 -68.1 -71.3 -73.9 -69.2 -74.8 -771 05 73 7.3
USNO (Washington DC) 06 07 04 -0.2 -0.1 03 04 02 10 11
VMI (Ha Noi) -25 23 189 236 191 225 199 1.3 20.0 20.1(3)

VSL (Delft) 1.7 -44 -9.3 -134 -10.6 -11 47 03 13 14
ZA  (Pretoria) 69 60 75 90 76 58 6.1 04 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) VMI : ERRATUM, Corrected values of UTC -UTC(VMI) in Section 1 of Circular T345:
MJID UTEUTC(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 5768 9 - 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 TAIl 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 Periodof d uA uB ullLabul/Tai u uSrep Ref(uS) Ref(uB)uB(Ref) Note
Estimation

PTBCS1 5765957689 -20.97 6.00 8.00 0.00 0.13 10.00 PFS/NA T148 8. 1)
PTBCS2 5765957689 -8.74 3.00 12.00 0.00 0.13 12.37 PFS/NA T148 12.
IT-CsF2 5765957689 -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 T34 0 14 ?3)
PTBCSF2 5765957689 -1.51 0.13 0.20 0.04 0.13 0.27 PFS/INA T287 0.41 (4)
SYRTH-ORb 57659 57689-0.80 0.20 0.28 0.10 0.20 041 0.7 [1] T328 0.34 (5)
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 (Cl - 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.

[UTGUTC(USNO)_GPS] = CO0', [TAFUTC(USNO) GPS] =36 s + CO'
[UTGUTC(SU)_GLONASS]= C1', [TAUTC(SU)_GLONASS]= 36 s + C1'

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

2016 OhUTC MJD CO/ns NO' Cl/ns NI1'
SEP 28 57659 -0.2 89 2127 76
SEP 29 57660 0.0 89 217.2 72
SEP 30 57661 0.8 89 219.6 70

OCT 1 57662 -20 90 2226 81
OCT 2 57663 -47 89 2259 77
OCT 3 57 664 -45 86 2256 86
OCT 4 57665 -1.8 89 221.3 85
OCT 5 57666 -1.3 90 217.0 83
OCT 6 57667 -1.0 89 215.7 87
OCT 7 57668 -0.5 89 217.6 86
OCT 8 57669 -3.2 89 2209 88
OCT 9 57670 -2.2 89 2231 90
OCT 10 57671 -15 89 221.3 88
OCT 11 57672 -2.0 89 220.6 89
OCT 12 57673 -0.7 89 224.0 82
OCT 13 57674 -42 86 2285 88
OCT 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 2240 9 0
OCT 18 57679 -2.2 89 2238 89
OCT 19 57680 -1.7 89 2258 87
OCT 20 57681 -04 89 226.4 89
OCT 21 57682 1.6 89 226.1 90
OCT 22 57683 0.5 89 226.5 89

OCT 23 57684 0.8 89 229.0 89
OCT24 57685 1.3 89 2314 88
OCT25 57686 0.7 90 2315 89
OCT 26 57687 0.0 89 227.7 89
OCT 27 57688 0.6 89 2 22.8 89
OCT28 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__ /PD7 NA_Al /1001 -2014 0.3 11.2 10 2431511
AUS /PTB GPSPPP AUO1 /PTO7 10022010/100%:2014 0.3 5.8
BEV /PTB GPSPPP BE1_ /PTO7 10122016/100%:2014 0.3 25
BIM /PTB GPS MC BM37 /PTO7 2004-2008/100%:2014 15 9.2
BIRM/PTB GPS MC BIRM /PT07 NC /1001 -2014 15 20.0
BY /PTB GPS MC BY46 /PTO7 NA /1001 -2014 15 86 5

CAO /PTB GPSMC CA__ /PTO7 NC /1001 -2014 8.0 20.0

CNES/PTB GPSPPP CS22 /PTO7 11012016/100:2014 0.3 4.0 O

CNM /PTB GPS MC CNOO /PTO7 NA_AI /1001-2014 25 112 1 0 -27.3 0804
CNMP/PTB  NL

DENT/PTB GPS P3 DN__ /PTO7 NC_Al /1001 -2014 0.7 20.0 10.3 1507

DLR /PTB GPS P3 DLO5 /PTO7 1012 -2016/100%:2014 0.7 25
DMDM/PTB GPSPPP ZM68 /PTO7 NA /1001-2014 03 7.3
DTAG/PTB GPSPPP DTO1 /PTO7 NA /1001 -2014 0.3 7.6
EIM/PTB GPSMC EI__ /PTO7 1011 -2007/100%:2014 25 7.8
ESTC/PTB GPSPPP ES04 /PTO7 10122012/100:2014 0.3 54
HKO /PTB GPSPPP HKO2 /PTO7 NA_Al /1001-2014 0.3 7.3
IFAG/PTB GPSPPP IF13 /PTO7 1011-2011/100:2014 0.3 54
IGNA/PTB  NL

IMBH/PTB  NL

INCP/PTB GPSMC CP__ /PTO7 NC /1001 -2014 5.0 20.0
INPL/PTB GPS MC IL02 /PTO7 NA_Al /1001 -2014 15 8.7 5 -45.5 1209
INTI/PTB GPS MC IN__ /PTO7 NC /1001 -2014 2.5 20.0

INXE/PTB GPSPPP NXRA /PTO7 NC /1001 -2014 0.3 20.0

o O w

11.6 1509

NNNOOOWNO

JV /PTB GPSP3 JV__ /PTO7 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 /PTO7 NC_AI /1001 -2014 2.0 20.0 -30.6 0901

KRIS/PTB GPSPPP KRO1 /PTO7 10032005/100:2014 0.3 11.2 10

KZ /PTB GPS MC KZzZ01 /PTO7 2002 -2008/100:2014 15 86 5

LT /PTB GPSMC LTO1 /PTO7 1007 -2006/100%:2014 2.0 11.2 10

MASM/PTB GPSPPP MN__ /PT07 NC /1001-2014 0.4 20.0

MBM /PTB GPS MC ME__ /PT0O7 NC /1001 -2014 5.0 20.0

MIKE/PTB GPS P3 MI04 /PTO7 1102 -2015/100:2014 0.7 4.0 O

MKEH/PTB GPS MC MKO01 /PTO7 NC /1001 -2014 15 20.0

MSL /PTB GPS P3 MSO_ /PT07 NC /1001 -2014 15 20.0

MTC /PTB GPSPPP MCO02 /PTO7 NA_AI /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 /PTO7 100:2014/100:2014 03 2.0 1

NIMB/PTB GPS MC MB__ /PT0O7 10072006/100%2014 4.5 78 6

NIMT/PTB GPS P3 MTTO /PT07 NC /1001 -2014 1.0 20.0

NIS/PTB GPS P3 IS_1 /PTO7 NC_AI /1001 -2014 1.6 20.0 +16.4 1303
NMIJ/PTB GPSPPP NMOD /PTO7 NA_Al /1001-2014 03 20 1

NMLS/PTB GPS P3 LSM1 /PT07 NC_Al /1001 -2014 1.0 20.0 +3.3 1311
NPLI/PTB GPSPPP LI2P /PTO7 NC /1001 -2014 0.3 20.0

NRC /PTB GPS P3 NRI1C /PTO7 1001-2003/100%:2014 0.7 11.2 10

NRL /PTB GPSPPP RL__ /PTO7 NC /1001 -2014 0.3 20.0

ONBA/PTB GPS MC ON__ /PTO7 1002004/100%:2014 25 11.2 10

ONRJ/PTB GPS P3 RJO1 /PTO7 NA_Al  /1001-2014 1.0 7.3 2 +5.61302

ORB /PTB GPSPPP OR1Z /PTO7 10042012/100%:2014 0.3 54 2

PL /PTB GPSPPP PL_3 /PTO7 1101 -2013/100%:2014 0.3 3.2
SASO/PTB GPS P3 SA00 /PTO7 NA_Al /1001 -2014 0.7 7.3 2 3281312

N

SCL/PTB GPSMC SC__ /PTO7 1001-1993/100%:2014 6.0 141 10
SG /PTB GPS P3 SGBK /PT0O7 1001-2010/100%:2014 0.7 58 3
SIQ /PTB GPSPPP SI01 /PTO7 2002 -2014/100:2014 03 7.1 1
SMD /PTB GPSPPP SD21 /PTO7 20022011/100%:2014 0.3 7.3 2
SMU /PTB GPS MC SMO00 /PTO7 NA_Al /1001 -2014 15 9.2 6 57 .8 0908
SU /PTB GPSMC SU19 /PT07 NA_AI /1001 -2014 15 71 5 -7.81411
TL /PTB GPSPPP TLT1 /PTO7 NA Al /1001 -2014 03 20 1
TP /PTB GPSPPP TPO4 /PTO7 1002 -2009/100%2014 0.3 5.8 3
UA /PTB GPS MC UAO04 /PTO7 2003-2011/100%:2014 15 81 4
UME /PTB GPSPPP UMO1 /PTO7 NA_Al /1001-2014 05 73 2 25 4 1507

VMI/PTB GPS P3 VM__ /PTO7 NC /1001  -2014 1.3 20.0
ZA /IPTB GPSPPP ZA__ /PTO7 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 AOS01/PTBO1 NA_AI 04 25 0

CH /PTB TWGPPP CHO1 /PTB01 02842012 03 14 1

IT /PTB TWGPPP IT02 /PTB01 0374 -2014 03 10 O
JATC/NTSC INT LK INTDLY 0.2 10.0 10

NIM /PTB TWGPPP NIMO1 /PTB03 0412016 03 15 O
NIST/PTB TWGPPP NISTO1/PTBO1 0393015 03 15 0
NPL /PTB TWGPPP NPLO1/PTBO1 NA_AI 10 71 1
NTSC/PTB TWSTFT NTSCO02/PTB03 04A®16 05 15 O

OP /PTB TWGPPP OPO1 /PTBO1 037-2014 03 10 O

ROA /PTB TWGPPP ROAO01/PTBO1 032014 03 10 O

SP /PTB TWGPPP SP01 /PTB01 03812014 03 10 O
USNO/PTB TWGPPP USNOO01/PTB01 -0B¥H 03 10 O

VSL /PTB TWGPPP VSLO01/PTB01 0292015 03 10
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A Yu A GNSS 1 = E 2 0 - & (Bureau
international des poids et mesures , BIPM) A N 4 M (key
comparison database, KCDB)Y | ISO/IEC 17025 usg TO K
A & (Mutual Recognition Arrangement) M~ E | 20157 O

n YN BIPMKCDB :: /1 & <t 35ns(— K& t 95%) °
Col YN TEAT SN G oe= =" 2.0E-13 k%
L A A+ F NoYYy =Y W B
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El
ouv 23 3 A AY 0 AT A" E w
v Yoy Vi® K N EA FY 1 A’
E 0 - Al T " APs2] .t An ~EX ' N
£ u | NYx/ TEyioa M | éB 'H
Ad 1 | 5t - 01 "EA EL P CDMA
WIMXTDR LTETDD, Smart Grid PMUPhasor Measurement Lhit) N MY
EA E€®” n (micro-second), 3 > - 0" AT ECOW ¥
x b TDM (Time Dvision Miltiplexing) link y GPS, SYNE ( Synchronous
Ethernet) link 1 IEEE 1588 PTP Z M GPX "E X1 ACJANCGY
m' G "ON K 0 O n A" E EJ. B 1
Ey EA= FY AU P GNSS + =~ EN
NMoUYwm = 1o B NN <) A - GNSS
1M 3 U J B YT A A T A3 1
5 ky YK GNSS 1 = /A3 3 B, |l Ay oL
vinY RZ 3 SI BA Eu, Z c LumyY
&Ww -1 (HT®B)uB. E- XKnAA EY -y ¥
T wn Y 5 XYy U GNSS N
AP2YaWwK s n° o M(4Gy 5Go 1 { (Primary
Reference Time Clock) s ~ EA 1
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BIPM

EEPR RIS
( ":afz:;:s: i

BRZAZE
UTC(TL)

-

Traceabili

20MHz Ext. Master

2.3y GNSS

TN

2.4y TL
Application Frequency Accuracy Time accuracy
GSM 5x10° N/A
CDMA 5x10° 1 P s(10P s
holdover)
WIiMAX (FDD mode)| 5 x 10 *° N/A
WIiMAX (TDD mode) | 5x 10 ° 1 Ps(25P s
holdover)
LTE (FDD mode) 5x10° N/A
LTE (TDD mode) | 5x10° 3P sinter -cell
Smart Grid DME N/A 1ms
Smart Grid PMU N/A <IPs

2.5y

Y

55168

mr
ml\

1pps é ? 1pps
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(21.13) Q
(@ B M 8 XY K = W AEW®
35 A D0 MGNSS ~ AN Wwo B 1 M

5 XKy L "M 8%y OSeptentrio PolaRx4 PRO GNSS | Yy SR620
4 YYéws W CGGTTSCTF Group on GNSS
Time Transfer Standards ) 1 N W m o L1TmVYe c
K QY A0 d 2CNwuw X
= B NA 5n71YN

8 XY w1
vy YKw = vinl AT - ’
" Yu = BIPM KCDB (The BIPM

E
X 3 Sl 8 ' =C Y
NAM «+ =~ £ 2Y, 2.6

key comparison database) A

Capabilities

L TL (T L ies, Chung Telecom Co. Ltd.) silkeEeDB

Time and Frequency, Chinese Taip:

Wessurament
sorv Mossurand Leval or Rang = encant
Veriable
Is the
expandod
uanury | meirumentor - funstrument rype or | i [waximun e | parameter | specinicaions | vawe [ unes | Cqueraoe || veveror o service | ommant
- N - - arelative a
T
crracr. | BT affoct
e mervar || Tmeamerance | ovscttime ntera | o0 | som | s sy To . . amne o | rsTeicr | puTs etect
A ampnnice dRazoaoos| Aoy
e
201
o saso0 s
Sewis |08V
Tocifed et
BUTS atect
Time scaie | Local cock vs. | Comparison saainst | g veps | NaTFCT- 3
amerance uTe Predictad UTC s os ® | ampruge | ZOSVGOD 100 ne 2 o Mo | SRoz0acons | Agprved on
201
e R
" o DUT's effect
Time scale Remote clock vs. GPS common-view o " " NSTF-ICT- -
Timo scale o el S common o5 | o5 | s |avemonoume|  1a » P - no | NeTeier | RS el
= 1000 *n
TS st
s ettt
Ganaral mequency | Direct requsncy - [r—— soer: . . NaTFcT-
Frequency at rea rect requenc 1| soeeos | e surer 88400 s seerz | vz |z - veo | dmmmacn| et
2015
Amplitude = 0.5V (50 1)
Included best
y rement NSTF-ICT. | DUT's effect
Frequency | LCBLITeReNCy | pase comparison | 1 v e 88400 s soers | |z - voo  |aemoich | A
i ssveo)
Remote frequeancy NSTF-ICT- DUTs effsct
Freauency ote, reau OPS common-view 10 10 wiiz | averaging time 1a 20613 | Hanz 2 L ves TS |Aperovea on
= 10 March
i
fram T1 000 K
1z

The BIPM key comparison database,

2.0y TL = BIPM KCDBN 4 MT1
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PolaRx4 vs TWT1

common view results 201606

2.00
1.50 I APPSR ST S ORI SUUR N TS -
@ ‘ ‘ | ‘I _
"9 ooyl i i
3 ol |
QO
2 0.50 | ]
=
o
Zﬁ 0.00 ;
QL
g
£ 0.50( ;
LG 5350 3300 750 4000 42504300 4750 5000 5350 30
Data Point
TL = BIPM KCDBN 4 M 1 © /E 22016
At b€ 1 04u = T EN Y Z JU P L
( 27Y W Ynearrealtme 1 W Y cIl A JU
~ud Yy B ] bIC | Z JU £ Q t
T E Qb 6 p 10 MHA1 -
(1) o(  2.8): [(f«-f VF.] =-66E0ON
(2) e = (, 2.8)
a 1 (n) ¥ -
9.6000e+02 4. 2412
1.9200e+03 1. 89E 12
3.8400e+03 1.29E12
7. 6800e+03 6.8 8E 13
1. 5400e+04 5.87& 13
3.0700e+04 5.49E 13
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vhe j-l
PR

6. 1400e+04

2.50& 13

1.2300e+05

2. 2013

¢ - 2.9 O

v

b2
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PHASE DATA FREQUENCY STABILITY

UTC(TL)-Tai Yi RB 2016 0413_0420 UTC(TL)-Tai Yi RB 2016 0413_0420

i :
2.8y 20161 bIC | T E Q
(b) - Q1 PRTOPrimary Reference Time Clock ) n
P A u 3 A Y O =1 (HT8®)uy
B "E- KnfA E wvV L. n J K Mo~ 1 f
(Primary Reference Time Clock) 14 =n " EA T L 3
> P ' 4 AF62GA T E EY < p
EB r On (ns) Wo <l . 2.9 - 01
PRTC Y% Y A Al Xy YK R B -
o1 A ELV ITUTG822MWE nO PRTC p Ax

J AT EYZMY O PRTCA 1 RT U KA
(. bUTC) 3 1000AWBL AT~ A Ak:s O Ma

XyY 3> - g PRTC P 1 Y Z+ J
(Time Error) 1 ) TDEWQ) Q 2.10"Hy Y Q y PRTC
1 pT U KA UTC(TLE Il 600nW B Y
T N Y ITUTG.8272 N EYbP' & Ae:s O M :

N K no - + C EN Y W A CE" E-
né uBy A" ET LnmYdms Hu A/ Ju
K O GNSS 1+ = AN 0" 3 A 1 UTC(TLY u O
A 1 s 3 SI Bl 1Ch Xtou B 1 7 U3
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e wy ~ Z |

T
BIPM
EMERRSI EEa
Tar UTC(TL
B, (TL)
=4 10MEz 1pps lpps |
| Teas7a “_—. i
| 10¢116 HPDA-15C i
[ 3618 r{rmovic] \
‘ lsm i i
e TLPorTLP2 TLPLor TLPZ | LTo-o-o) Remote
20MHzExt Master Master Site Remote Site

CilglSiif-isicy e

S N AL

2.9y — o1 PRTC ¥

Common-View Results 20160121_0215

40

—4=—C1_CV

-30

Time Difference UTC(TL) - PRTC

AP STT DT DI DD DD
Q" Q" 407 07 (07 (O AQY 07 O O QY 5O S Q% o0 O
RO S S SR SR RS SR IS SR SR S

Data Points (960 sec)

Common-View Results of {(TE;(A)-TE;(B)) } 2016_0821-091

TDEV(T) [ns]

01 1 10 100 1000 10000 100000 1000000

Observation interval(T) [s]

2,10y - o1 PRTC Q

© N - N & <A K (20167)
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N ¢ KAWOIYWs®OWELA T &= KA VK ]+

- 1 ¢ KCIYrA n timedeviation s,¢e)kd CwWA QWi

A N1 &= K| 20CNw . MEH AA K1Y/l
=AW B Of . GA BAB K ( DN I XK A, Y
1Yy TR )L A n & -uKOQ As@ BY
~ B n G¢euw 1w UV NAT- £V A
-t EpAYO, N ¢ -%C& ~ Vv KE ) n -
U =KJU2+U2YZMK @ 5t ... YO ®@H “AK <H-1 W Y K
1l 2Y/ &Y QYoX 95 —i R YZXK L Y-Uc3 Y+Ug
AT K Q y A0 T B 8Ky YZa
3 SI 8| 2.4"Hy Y N A . &* =un o 35nsy
20E-13Y R 3 o1 " Euy A E|
(21.1.4) naui
£ 3 ''=C" Y 5 B NY R o1 E
L A EL "o s ky Ad XK RT E nA
EYZI t
v At Bl /A T Ya ;U3 2 Y
Xt U Il A Q2]
2y 1 xy @ wUb™ 1 A s (ou B 1
M L
3%y R duaw -1 Euy A EL

(2.1.1.5)a WLIW"

/ < GNSS™ i 3 U J B YA s
A3 | 1 8 Xy YK GNSS .+ = A3 3 B
I My 1o viinY RZ 3 SI BA Eu
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A EY. -y

8 XY U GNSS

(4Gy 560 & 1
Y D CE

N
(@]
a—
fim!
<

1 r

i

aw =1 (HT8)uB.
uT wn Y 1
2 AP2Yaw 3
(Primary Reference Time Clock)

E P TR ]
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(2. 1.2) =] 3 Wh
2.1.2.1) > 3

GNSS | B & A -  fynlj
2.1.2.2) pBA( P 1 105.1~105.12
n 1z A WAL Y D A A Yo
J AT "W | i GNSS | NWf & 7 1z YV XK
f A A 1+ L T~ W GNSS | 7 Lz Y ~J°
| T A 8 1Y T n’ 1 A
(frequency - dependent instrumental bias) Y W differential code bias
(DCBY®Y |, Avn GNSS | B V&) = flBuyud
C GNSS | B 1AK CRAY’ & A Rt Y X
R K A | B 1Y "H XA | B 17J)° 1
nsBY | B K 1 M L u n oY
"HK | B 1A - & YAaZgoe <
no B 1-7%X ~kV] XV Y GNSS | B K 1
A A A GRX |30 | B =M A Ny
naY Y 1 ¢ b6 b BtM13 £+ Yx/D20B B8 1
- oM ..LX 1 | B 1 <A 0 =Y B
K TAFT A JY " H-_ L1u1nY b b 0 A L
| B K CJAA K v B K 1 bl b = A
Fr F B K 1A 1w Y1 aw CE Lg” VY
bl b 41 0 | B 1 M K Nz & oA
YoTqudpdt1 b4 07 LemVY |
& A o X y fHE »nn= FH 1 B
R |,
(2.1.2.3) Q
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(2. 1.2.3.1) G GNSS | B NK CHA

C | B AK CHAY A A1 ®dYyD2Z ny
Ct T | A 1 TNEYeCtL n o1z (oblique TEC)
A 1 |0 TECA = 6GOYyD2EF 53 | 2 (vertical TEC) A
K A B |
C | 0Jc GNsSs +A YK 2 GNSS O |t

R=r +%
fl
R=r v k
f2
ZM X t | T A ] gt g 1z N YZ1t
40.3? TEC £, f2un t link 1, link 2 vinA ] N, N AT B
1 (ambiguity) J At link1l A FA 7 | A TMEY kt link2
A FA | A 1MN€é€) MG X 44CO nYt X 64a-

Y HW AE ¢ |
 k=kHkY N=NHNMGNSS CO B  t

Fo- F =q<fi12 fi) (k +) €N, W) c(f—l —{2-) k- N
R-P Ty 1) (K K bz D b
ZM_k 74 A B YT GNSSTDCB | DCBI&E| ¢nV
K pCHMNz n Lz A ..n tad
F.- B ® P 20k k)-(N ) 2 k =
Tk faey/,O0 M4 ..n Kwfoe N ~f n o1z

n 4q
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¢ CHAT FE'n 1z (VTIECQ®Y D B (H, s
At YKy E Axn_. aw L .1 (W FHP (9 A
t YO Mooy XV

q=M(@©ATEC=M(e)dc, +c,B+c,& +c,b+c, D* +c, BY)

ZM (H, s) T At A - < 85 A o <N AJITY
s ¢ @A | H® YHy 5 AM 8 |
oll’
I
F 2 1
12 .I:12.|:22

CONKB  t
Y =F,M(e)dc, +¢, B+c, 3 +c, D +c, B? +¢, BY) + Dk

-]

FOyr b wl o Oy, 1 WA Yea, H, s @y
WAB~ s Yo ¥®V. 1 WA  1H 1

-

Y =F,M(e)Qc, +6, G +¢, G +c, B +c, B +6, 3 ) + DK
"y Co# C  kKvi HCO AWK |

~ -

M+ tw A 5Y Jt &y t o

Eza(Yi_ yoi)2

i=1

E N Y
lJl_zzé(Yi ¥%i LA
M X i=1 K

ZM xRy Co g Cs ‘kY"
Yi'yoi:Flzm(Q)QCo"'ClQ"'CzQZ"'Csch+C4®i2+05®ch)+u('yoi

W ot WY
HY ..
_I_Flz 7
s () §
3 H u kQ° LYy A 4CO |t
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N N N
F,@ (¢ +cs +0232+Csbi+C4bi2+05§bi)®|(a)2 +Dk@ M(e) =Q vy, M(eg)
=1 i=1 i=1

N N N
FL.@ (6, +cs +c,8° +¢,b, +c,b2 +c,s6) M (g)*s +DkEE M(g)s =& Y, M(g)s

i=1 i=1 i=1

N N N
FL@ (¢, +cs +C,8° +C,b, +C,b7 +C58)M(g)*S* +DkE M (€)' =8 Y, M ()5

i=1 i=1 i=1

N N N
F,@ (¢, +cs +C232+C3bi +C4bi2+C53bi)®|(e1)2bi +Dk@ M(g)b =4 ¥, M(e)b,

i=1 i=1 i=1

N N N
I:12(.35. (c,+cs +C232 +C;0, +C4bi2 +GS bi)dm (ei)zbi2 +Dk@ M (ei)bi2 =a Yo v (8 )bi2
=1 i=1 i=1

N N N
F.@ (c, +Cs +c,8° +Cb +c, b2 +c,;s8) D (g)’s b, +DkE M(g)s b =Q V., M (g)s b,

i=1 i=1 i=1

N N N
FLoQ@ (¢ +cs +c,8° +cb +e,b° tesb)M(e) +Dk@1 =av,a

i=1 i=1 i=1

LBz HUP A C YodAXI . n

-
(fitting) 1. A ] MK CA v w (quietday) o6 T
£

YM < W 7 1z Ky -_ Ajuno
L
TPa & Yvivg wo Y b XH HiwA Y
F' ' | z N v ynno uXLdo 3 E yu,
nf o B AK CA'™H A 0Q kV]L ~Y 04¢ O7LT
° Y E'p 1z D X CT A ] Xvy Lz M3
a L cVYy X AP nQo L1 oA 1z o4
twKatn. nw . ) TR YT ¥y E PXntun. nw |
> viay E 3y, NA fTE cfc . kQ74E° A Y
CO L~ vy E tn. nY _p 4M YXV &? H? S

c? H?s, a?S, Wy o? H) Z neoyn, t

HY _ . .
—=F b
Lo = @) 408

6

Y . ..
Eé:ﬁzmm)ab$
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=F, K(g) ¢

MY,
MG
5—:;=F12(a)b.3<’
HV tE ¢ c . kQ114&~ A UCO | G L
F'n 1z YWy = | B MéL GCA TAvY
nA L
b K IGSH CODE a T A T B 1]l vn
A CTAK B T | B MNMéY L k s 8 1Y
3| B 1]
(2.1.2.3.2) ¢ GNSS | B MK Q
Ta w M 04¢ 07 LT n 1z 513 o«
L cVYy X AP nQo Y 1+ +twWud E uX Kn
T nNw | pWA UCO KE F' TEC(0 ¢ co)Y
AT B e (. ki
T | 5 € (KWK pwLY kKB"A 5 B
1Y B 1 A 8 1 s 8 1% (e.g.1IGS) "H
XA 71 (global ionosphere map; GIM) Y T B A
K 1¢ B T . A ol . d ne€y A
1 uy N p B B | B AK | X GIM
Ao~ X JPL (Jet Propulsion Laboratory; A ASY B )

1 F N )y CODE (énter for Orbit Determination in Europe ] Q f
*PMi YBUO © )y Wwu ESA(European Space Agengy ©bl E Y
B owm21 ), ~ GIMA | 7 IGS (International GNSS Service |
GNS®» Mi YB U FN)] IGS JPly CODEESA o~ VAT
Zhu- A QF xdLYf &p QA A GIN o. ESM GIM ~
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>

MY & A B 1Thx, A B8 1YZ AGM M

dx, F . @ A B LA % TWTR N

JPly CODE ESA n YK  JPly CODEESA IGSA GIM = M~ B TWTF
| 8 1] dAvwn®m TWTF N W Avin A

BKC,jQ\L

201671 day of year (Doy) 001 € 005(1 b 1w3 1H 5w ) TWTR 044

| 3 GPSPRNG6,17,19,28

— B
r

1T (ns) ww, t

® 2.1y JPLK

AT

4 T

NL. o~

JPL

Doy 1

3

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

5.651

28

2.798

2.733

2.780

2.799

2.774

® 2.2y CODE A

_l_l_

CODEH|

Doy 1

2

3

PRN 6

-6.973

-6.921

-6.971

-6.905

-6.899

17

2.916

2.928

2.920

2.950

2.954

19

5.668

5.681

5.678

5.733

5.720

28

2.770

2.711

2.742

2.718

2.689

® 2.3y IGSK

AT

IGS

Doy 1

5
3

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| 2.758 | 2.732
O®213®23KdpY = B b K 3 0.1ns WB | ¢
U YCODR Wb%d1) GPSPRNG,17,19,28 4 A 8
Xd1mnt -6.922, 2,906, 5.690, 2.754Y . OM™Hw 1)
X HU 0.1ns| "Hw Y A = B8 1BT 1
A - NuT18 A -Yd T8
(alignment) 13 YXV W
[F.- B E.F 2F,- ER P
a’ Y WC 1 ot w NL £ 31¢ l Y]
W HCW A (eg. © 1 T n) 11 tw X L % L
A tw g n HBGW A (eg. 3} =T 1 n) K
| = B EY L B | 8 1] 20167 Doy 00X 005
TWTRA 04¢ 07 LT» 9 BX 4 5= NYun PpPK Lqgaxd
1Y BTWIF| A B 1LK  Q &24"Hy)
® 2.4y TWTF | B K Q
n 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 | 2.296 | 4.007 | 3.273 | 3.443
5 4,593 | 2.447 | 4.162 | 4.015 | 3.565
nn £ 21 Y | B 1 n ~HKO 40¢84nsn | T
nn £ 31 Y8 1 MoyT HOU 2.7¢ 42ns M | B~ 31 _
nqT ., 04¢ 07 LT 7 1z An o E wuX
ARYdna 3. n'™H BA Qwa 201" _ LcnYvia 41 'HS5N.
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n"H BA Qb hxnm 30A, L "HYvn 31, ngAE A

® 2.5y TWTF | B I

Doy 1 2 3 4 )

JPL |2.921|2.389|1.887|2.359 | 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 |3.27412.570|1.840|2.691 | 2.471

TL |4.162|2.740|2.996 | 3.087 | 2.807

®25 ytvo~ JPly ESA CODB, w TWTF | B K
174 YK 14ns(eg.Doyl) Vy 1.1ns(Doy2) y 1.6ns(Doy4)y 1.3
ns(Doy5 )] M = A | B K 1) HUOInsTwK Y
a - A | B K 1] o EY XV a o

B K 1 L. £t IGSAK 1, K1AF xdVYd
nhXop “Hw” ey Xuw B, ST AK K 1.1
ns (JPL)y 2.1 ns (ESA)y 1.4ns (CODE)y 1.4ns (IGS) Y 2 Qw
O 1ns A i TR~ Doy003 Cuw, AK 1 Ho
VY’ Doy003¥Y Q /A& | 7 Doy003Mt Y Doy00lp /1A G K

Awl YW YESA p?2 €AK 1] A A (TL) AK 1T
IGS YT 2 Doyo0o3nuyY IGSAJ P’ 1ns & B | Doy
003 wi, AK 1 a Y~ Doy0O1l w"HX K 7 Y1 202
Z WA n ez o]

¢ UYCODEYX X B Abxd 1 QAL 20167 1b GA TWTF
| B bHxXd1t 2475 nsY xd i [12 Doy 001 Doy 003A
€ L]~ Ns Doy00lY Z 4u A AK 1T A%dt 2.908nsY
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CODEbH%d1TJ ®05nsY’ 1ns M. |

Dst (The Disturbance Storm Time) Index
Woc for Geomegnetiem kyomJaNUary 2016

(nT})
0 M

oo W

=200

=300

=400

-500
26 31 6

2.11 Dst index 0

(Source: World Data Center for Geomagnetism, Kyoto U niversity)

- | <« GHAO™ A, MCL 20157 12% 31w
NCMBK M A Y Dst (the disturbance storm time) index
¥ -100nT 20157 12% 31w 20167 1b 1w A0 T®  (main
phase)Y 2B w 1 | (recoveryphase) | Dstindex A o 2.11"Hy Y
Nw twAUO € v *° N Mi (World Data Center for

Geomagnetism, Kyoto University) |

t 1% CODB 1t G TWTFDCB%d 1t VY u p UuwWA
7 1z © T8 D Y tHy|
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TWTF 2016/001
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w
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Vertical total electron contents (TECU)
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Phase fluctuations (TECU)
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2.12y 2016/001AF " 53 | 2 18 L

212 p Doy001(1 b 1w) AF" 5 | 2 (TEC) T8

(phase fluctuations) | Z B TECU ®@é %xCd Y oX 10°% | |
Dstindex 13 @ 1> Y i A 0 q L > oouT
(08LT) M> TWTF Q ABATOW, Y 416uyo,
Dt Ao, Y > ~ (heighty Oc 15 | =
Fl "H® 0OUT Qp T A TECl (ot I5TECY¥Zhw!l/ »ot
10TECU) ~ Dstindex = ¢ ° ¢ Y TWTF Q ABATOWN
Y - J |1z XAaWn] o018
m YH A  YHW, T BATECO /H J)T



ATB 5 P yp € <A (T vZhwl A8

TWTF 2016/002
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Vertical total electron contents (TECU)
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2.13y 2016/002AF " 53 | 2 T8 L
2.13 214nn p Doy002 O003MEF " 5 | 2 T8 L

ZwAOu (e.qg.04 HIOUT,ie.,12 H8LT) FE' 5 | 2z wn DoyO001
TE€e-_ YT 18 D =1 w Doy 001" Hb]
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