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(http://jjy.nict.go.jp/mission/index-e.htmIWeights of Atomic Clocks(NICT)

= Nov-03 Dec08 _ Jan-10 Feb-10
USNO{Washington DC) 28.882 USNO{Washington DC) 21737 USNO({Washington DC) | 27.411 USNO{Washington DC) 27.338
2 NICT{Tokyo) 9.400 NICT(Tokyo) 9979 NICT(Tokyo) 10.103 2 NICT{Tokyo) 9.458
F(Paris) 7.793 F(Paris) 7.889 F(Paris) 7.740 F(Paris) 7.794
NTSC (Lintong) 6.989 4 _|TL{Chung-Li} 457 4 INTSC (Lintong) 6.37 4 [NTSC (Lintong) 6.247
TL{Chung-Li) 6.2! NTSC (Lintong) 026 5 NIST(Boulder) 5.17 NIST(Boulder) 5.731
6 [SP (Boras) 4.4, SP (Boras) 087 [i TL{Chung-Li) 4.90! TL{Chung-Li} 5478
7 |NIST{Boulder) 8. NIST(Boulder) 481 7__|SP (Boras) 4.78 SP (Boras) 4.620
8 [PL (Warszawa) .6 8 PL_(Warszawa) 81 8 PL (Warszawa) 4.08 8 |PL (Warszawa) 4.459
9 |PTB(Braunschweiq) 004 9 |PTB(Braunschweiq) 15 9 |PTB(Braunschweiq) 2.93! 9 |PTB(Braunschweig) 030
10_[IT(Torino} 372§ 10 [IT(Torino) 3264 10 |IT(Torino) 26521 10 |SU{Moskva) 2.228
Mar10 == =10 VEy-10 Jun-10 ]
USNO{Washington DC) 26.138 USNO{Washington DC) 25.028 USNO{Washington DC) | 25.461 USNO{Washington DC) 27.92
2 [NICT(Tokyo) 10.574 NICT(Tokyo) 10.B6 NICT(Tokyo) .513 2 |NICT(Tokyao) 22
F(Paris) 8.340 F(Paris) .54 F(Paris) 505 F(Paris} 392 |
4 [NTSC (Lintong) 6.516 NTSC (Lintong) .86 4  |TL(Chung-Li) .155 NTSC (Lintong) 29
5 |TL{Chung-Li} 5222 TL{Chung-Li) .204 § |NTSC (Lintong) 4.999 TL{Chung-Li) 5.16
6 |SP (Boras) 4707 SP {Boras) 4.740 6 NIST{Boulder) 4.896 SP (Boras) 4.74
7__|[PL (Warszawa) 4.606 NIST(Boulder) 4607 | 7 [SP (Boras) 4664 7 [NIST(Boulder) 4.725 |
8 [NIST{Boulder) 4.549 8 |PL (Warszawa) 794 8 |PTB{Braunschweiq) 206 8 |NMIJ(Tsukuba) 25
9 |PTB(Braunschweig) .138 9 |PTB(Braunschweiq) 182 9 [NMIJ({Tsukuba) 197 9 |PTB(Braunschweig) .58
10_ISUMMoskya) 220 10 NN Toukubal gool 10 IPL (Warszawa) 9571 10 1Pl (Warczgwa) 230
Jul-10 Aug-10 - Sep-10 — Oct-10
USNO{Washington DC) 28.242 USNO({Washington DC) 28.138 USNG{Washington DC) | 28.412 USNO{Washington DC) 28.085
2 |NICT(Tokyo) 10.004 NICT(Tokyo) 10.677 NICT{Tokvo) 11.172 2 [NICT(Tokyo) 11.328
F(Paris) 8.73 F(Paris} 9.127 F{Paris) 547 F{Paris) 474
4 TSC (Lintong) 5.20 NTSC (Lintong) 4.947 4 |NIST(Boulder) 4.330 4 |NIST(Boulder) 4.72
5 NIST{Boulder) 4.7 NIST(Boulder) 482 5 [TL{Chung-Lil 4.736 5 TL{Chuna-Li} 4.71
6 [TL{Chung-Li) 4.3 SP (Boras) 4.34 6 |NTSC (Lintong) 4.730 6 |NTSC (Lintong) 4.50
7 |SP (Boras) 4.24 TL{Chung-Li) 4. 1__|SP (Boras) .199 1 __|SP (Boras) J7
8 PTB{Braunschweig) .0 & |PTE(Braunschweig) 0 8 T{Torino) .187 8 |IT(Torino) .04
9 T(Torino) 56 9 |IT(Torino} ) g NMIJ(Tsukuba) 384 9 |SU{Moskva) 398
10 4631 10 ieon) 1 10 __PTBIBraunschweig) 341 10 _IKRIS(Daejeon) 2957
. NETETE =1
USNO{Washington DC) 27.39
2 [NICT(Tokya) 10.195
Fi{Paris) 8.324 USNO: USA NPL: United Kingdom NAO: Japan
4 TSC (Lintong) 5.641 F: France VSL: The Nederlands SCL: HongKong
5 ITL(Chung-Lj} 5163 NICT: Japan IT: Italy BEV: Austria
6 [NIST (Boulder) 4.750 NIST:  USA IFAG:  Germany NTSC:  China
7 |SP (Boras) 4.494 17 B3 Taiwan NIM: China ONRJ Brazil
8 |PL (Warszawa) 122 PTB: Germany ROA: Spain KRIS: Korea
9 |PTB(Braunschweig) 2.891 PL: Paland NRC: Canada SU: Russia
10 |IT{Tarino) 2,380 MMIJ: Japan SP: Sweden
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(1.1.5) £ ¥ 22 W= R £ 474 (BIPM) » & b afFfan £ B (UTC)Z R i =
pE(TAI) (3478 BF 0 99/01~99/12)
A~ # & BIPM Circular T274(2009 November B)w F#l? » 787 & b %8
GRS R A R R R

CIRCULAR T 274 ISSN 1143-1393
2010 NOVEMBER 10, 11h 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

1 - Coordinated Universal Time UTC and its local realizations UTC(k). Computed values of [UTC-UTC(k)]
and uncertainties valid for the period of this Circular.
From 2009 January 1, Oh UTC, TAI-UTC = 34 s.

Date 2010 Oh UTC SEP 30 OCT 5 OCT 10 OCT 15 OCT 20 OCT 25 OCT 30 Uncertainty/ns Notes
MJD 55469 55474 55479 55484 55489 55494 55499 uA uB u
Laboratory k [UTC-UTC(k) ]/ns
AOS  (Borowiec) 2.6 1.7 -1.0 -1.9 -3.4 -3.9 -3.8 0.5 5.2 5.2
APL (Laurel) -8.3 -5.4 -7.5 -7.3 -9.7 -10.9 -2.6 1.5 5.2 5.4
AUS  (Sydney) 146.3 151.7 158.3 165.7 170.9 180.9 196.2 0.4 5.1 5.1
BEV  (Wien) -0.6 -3.5 -3.5 -0.8 -7.6 -16.1 -15.1 1.5 3.2 3.6
BIM (Sofiya) -6540.6 -6543.3 -6526.0 -6501.5 -6486.0 -6474.7 -6474.1 2.0 7.1 7.4
BIRM (Beijing) -11601.2 -11633.9 -11675.2 -11719.5 -11759.1 -11799.4 -11830.4 2.0 20.0 20.1
BY  (Minsk) -27.8 -16.4 -7.4 1.3 5.3 10.1 13.1 2.0 7.1 7.4
CAO (Cagliari) -4660.6 -4680.1 -4697.8 -4708.1 -4722.4 -4742.6 -4740.8 1.5 7.0 7.2
CH (Bern) 7.5 4.6 3.8 2.8 5.2 6.1 5.0 0.6 1.6 1.7
CNM  (Queretaro) 16.9 27.1 33.9 22.4 16.8 6.7 -0.4 2.5 5.1 5.7
CNMP (Panama) -29.5 -33.5 -42.7 -41.6 -44.8 - -46.7 3.0 5.2 6.0
DLR (Oberpfaffenhofen) 32.3 39.0 34.2 28.1 24.6 22.7 9.3 0.4 5.1 5.2
DMDM (Belgrade) -47.4 -50.5 -48.2 -42.2 -40.1 -37.6 -21.3 2.0 7.1 174
DTAG (Frankfurt/M) -545.3  -540.3  -526.4  -510.8 -484.5 -468.4 -441.5 0.4 10.0 10.0
EIM (Thessaloniki) 5.0 -0.9 2.8 0.1 1.3 -2.3 6.6 3.5 5.2 6.2
HKO (Hong Kong) 56.8 58.8 64.5 71.6 38.8 93.1 97.7 2.5 5.2 5.7
IFAG (Wettzell) -58.6 -59.1 -54.7 -49.5 -43.9 -40.4 -36.3 0.4 5.1 5.1
IGNA (Buenos Aires) - - - - - - - - - -
INPL (Jerusalem) - - - - - - - - - -
INTI (Buenos Aires) 137.8 210.6 169.2 148.2 129.3 80.6 42.4 4.0 20.0 20
IPQ (Caparica) -15.3 -19.6 -17.1 -22.5 -29.3 -28.0 -37.8 1.0 7.0 7.1 (1)
IT  (Torino) 1.7 1.2 -0.7 -0.9 -1.0 -0.7 0.1 0.6 1.7 1.8
JATC (Lintong) -12.8 -4.5 -7.2 -15.0 -14.9 -6.4 -7.6 1.5 50 5.2
IV (Kjeller) -39913.9 -39979.1 -40057.8 -40133.6 -40193.6 -40251.1 -40308.1 5.0 20.0 20.7
KIM (Serpong-Tangerang) -119.9  -132.8 -124.2 -118.9 -118.8 -117.6 -129.6 3.0 20.0 20.2
KRIS (Daejeon) -9.0 5.5 -13.8 -9.2 -1.0 -11.1 -10.3 0.4 50 5.1
KZ  (Astana) -5.9 -12.7 -14.0 -11.8 -8.5 -10.6 -9.3 2.0 20.0 20.1
LT  (Vilnius) 1263.2  1284.8 1287.2 1303.6 1284.8 - 207.2 2.0 5.2 55 (2)
LV  (Riga) 3834.4 3835.1 3831.6 3824.8 3812.8 3799.0 3782.7 0.8 7.1 1.2
MIKE (Espoo) 9.9 9.1 8.0 7.7 6.6 7.2 8.1 0.4 7.1 7.1
Date 2010 Oh UTC SEP 30 OCT 5 OCT 10 OCT 15 OCT 20 OCT 25 OCT 30 Uncertainty/ns Notes
MID 55469 55474 55479 55484 55489 55494 55499 UuA uB u
Laboratory k [UTC-UTC(k) ]/ns
MKEH (Budapest) -41167.0 -41369.7 -41577.7 -41799.6 -41993.1 -42202.4 -42401.7 4.0 20.0 20.4
MSL (Lower Hutt) 217.7 289.4 366.1 448.3 492.2 528.7 569.4 1.0 20.0 20.0
NAO  (Mizusawa) -2.5 -3.7 -5.6 -6.2 -0.9 -12.0 -10.8 3.0 19.8 20.0
NICT (Tokyo) 7.9 9.2 9.5 11.3 9.3 10.5 10.8 0.3 4.6 4.6
NIM  (Beijing) -29.6 -29.2 -30.2 -28.5 -25.9 -21.4 -17.3 0.7 5.1 5.2
NIMB (Bucharest) -296.4  -294.9  -264.4  -251.6  -257.7 -271.1  -255.3 2.0 20.0 20.1
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NIMT (Pathumthani) -525.9  -496.6  -460.6  -432.0 -399.6 -368.6  -332.5 1.0 20.0 20.0
NIS (Cairo) 42.8 41.1 42.7 38.9 34.4 39.4 34.3 0.8 7.1 1.2
NIST (Boulder) -3.3 -4.0 -4.6 -3.6 -3.7 -2.9 -1.6 0.4 49 4.9
NMIJ (Tsukuba) -0.5 -1.5 -2.4 -3.0 -2.0 -0.1 2.1 0.4 5.0 5.1
NMLS (Sepang) -1042.9 -1075.3 -1101.3 -1132.4 -1161.7 -1200.9 -1234.4 2.0 20.0 20.1
NPL (Teddington) 16.1 11.6 9.2 8.4 5.7 1.8 - 4.0 5.2 6.5
NPLI (New-Delhi) -12.6 -12.0 -15.1 -8.5 -15.6 -3.2 -12.5 2.5 7.1 1.5
NRC (Ottawa) 95.9 90.9 89.4 82.4 81.1 75.5 63.6 0.4 5.1 5.1
NRL (Washington DC) 6.7 5.7 5.7 2.1 -1.3 0.1 -0.6 0.4 52 5.2
NTSC (Lintong) 5.4 9.7 10.1 10.1 13.4 18.2 6.6 1.4 49 5.1
ONBA (Buenos Aires) -3801.1 -3832.9 -3853.2 -3875.5 -3885.8 -3913.5 -3947.0 4.0 5.1 6.5
ONRJ (Rio de Janeiro) 6.7 7.7 2.2 -7.2 2.2 8.6 8.1 3.9 19.7 20.1
OP  (Paris) 34.0 47.1 38.1 30.4 22.5 15.9 0.1 0.7 1.6 1.7
ORB (Bruxelles) 27.1 - 28.3 31.9 35.0 37.8 43.3 0.4 52 5.2
PL  (Warszawa) -12.6 -7.6 -9.4 -9.1 -22.0 -21.3 -18.5 1.5 5.1 5.3
PTB (Braunschweig) -2.3 -2.8 -2.8 -1.9 -2.4 -2.3 -3.0 0.2 1.3 1.3
ROA  (San Fernando) 17.3 18.9 21.0 24.1 24.7 25.1 24.2 0.6 5.1 5.2
SCL  (Hong Kong) 24.9 34.9 36.6 43.2 47.0 46.6 47.8 3.0 10.0 10.5
SG  (Singapore) 31.0 32.5 29.6 24.9 23.2 20.1 14.4 0.4 52 5.2
SIQ (Ljubljana) -231.6  -231.9  -251.9 -263.6  -287.5 -297.3  -298.7 5.0 20.0 20.6
SMD  (Bruxelles) 5.7 0.8 -12.4 -13.7 -3.1 3.3 1.6 1.5 19.7 19.8
SMU (Bratislava) -139.5  -125.8  -120.4 -113.0 -95.8 -84.4 -76.3 1.5 20.0 20.1
SP  (Boras) -2.6 -5.6 -7.6 -6.0 -3.9 -3.7 -2.9 0.6 1.6 1.7
SU  (Moskva) -6.2 -7.0 -6.7 -3.7 -1.2 2.1 4.9 1.5 5.0 5.3
TCC (Concepcion) 797.1 810.3 816.4 833.7 846.0 849.1 869.1 0.4 19.9 19.9
TL  (Chung-Li) -10.8 -9.4 -12.8 -14.3 -14.4 -15.3 -13.8 0.4 49 4.9
TP (Praha) 21.1 24.8 23.6 27.5 22.9 18.1 18.4 0.4 5.1 5.1
UA  (Kharkov) - - - - -39.2 -50.1 -59.4 1.5 20.0 20.1 (3)
UME (Gebze-Kocaeli) -587.4  -607.3  -626.2 -647.0 -657.6 -663.9 -678.8 1.5 7.1 7.2
USNO (Washington DC) 1.3 1.4 0.3 0.5 0.7 1.1 0.8 0.5 2.4 2.4
VMI  (Ha Noi) 37.9 21.6 15.2 8.5 -0.3 4.1 -1.2 1.0 20.0 20.1
VSL  (Delft) 2.8 -8.6 -10.3 -4.17 -7.2 -4.6 -4.7 0.8 1.6 1.8
ZA  (Pretoria) -1987.9  -2077.7 -2157.3 -2209.6 -2272.2 -2342.8 -2439.4 1.5 19.9 20.0
- Notes on section 1:
(1) 1PQ : Time step of UTC(IPQ) of +15 ns on MJD 55494.2.
(2) LT . Time step of UTC(LT) of +1200 ns on MJD 55494 .0.
(3) UA : Time step of UTC(UA) of +100 ns on MJD 55473.0.
Change of receiver on MID 55487.

2 - International Atomic Time TAI and Local atomic time scales TA(k). Computed values of [TAI-TA(k)].
Date 2010 Oh UTC SEP 30 OCT 5 OCT 10 OCT 15 OCT 20 OCT 25 OCT 30

MJID 55469 55474 55479 55434 55439 55494 55499
Laboratory k [TAI-TA(k)1/ns
CH (Bern) 44872.77 44813.7 44758.2 44702.8 44648 .4 44593.8 44537.7
F (Paris) 167877.2 167876.0 167871.8 167869. 1 167864 .2 167864.3 167864 .1
IT  (Torino) 96441.5 96580.3 96718.9 96856.7 96995.3 97133.5 97270.6
JATC (Lintong) -48527.6 -48552.0 -48580.7 -48609.2 -48634.77 -48657.1 -48683.5
KRIS (Daejeon) 33978.6 34052.6 34074.8 34132.7 34197.5 34231.6 34282.2
NICT (Tokyo) -148.0 -149.9 -149.5 -151.5 -152.1 -152.9 -153.1
NIST (Boulder) -45353906.0 -45354099.7 -45354293.3 -45354485.9 -45354680.0 -45354873.2 -45355065.9
NRC (Ottawa) 27869.4 27839.3 27812.3 27779.9 27753.3 27722.3 27685.1
NTSC (Lintong) 11084.9 11109.0 11130.3 11153.2 11176.5 11200.8 11223.9
ONRJ (Rio de Janeiro) -8116.1 -8148.7 -8176.7 -8207.9 -8238.8 -8267.2 -8298.3
PL  (Warszawa) -7693.6 -7721.0 -7751.6 -7780.7 -7809.6 -7836.2 -7858.5
PTB  (Braunschweig) -329401.2  -329396.8  -329388.2  -329379.3  -329369.2  -329363.0  -329352.2
SG  (Singapore) 7002.0 7013.5 7022.6 7030.9 7041.2 7051.1 7059.4
SU  (Moskva) 27266359.3  27266503.2 27266648.2 27266793.8 27266937.5 27267082.1 27267227.5 (1)
TL  (Chung-Li) -562.9 -565.5 -562.3 -562.5 -563.8 -561.8 -559.3
USNO (Washington DC) -35072835.4 -35073131.8 -35073429.2 -35073725.4 -35074022.4 -35074319.4 -35074617.1

- Note on section 2:
(1) SU : Listed values are TAI-TA(SU) - 2.80 seconds.
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(2.1.2) GPS Remote Time & Frequency Calibration System
(2.1.2.1) 375
GPS ‘2R i jm4die RIRR (P 7 % 2 A7+ )2 M L A7
(2.1.2.2) A7 FEUAH R 1 99/01~99 /12)
GPS: A2 5 # k- E A2 F A WMALBPAEIHRT T KEBEFFH R
Bl e PR NER AR A KB TR R R AR 2 o

¥ ~
PR R TR I R PRAHER S (D S AR @“ﬁ“
TAWE BEB AR LT P RN RS Y B M S AR B YRS

PEAT I $1 0L R D GE Rt o

GPS Satellite S

dSKl dSKZ

GPS Receiver GPS Receiver

[ Clockl 1pps ] Clock2 1pps ]

Time Interval Time Interval
Counter Counter
Start Stop Stop Start
Y A
[ Data Processing ]: :[ Data Processing ]
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K1 K2
B 2.1 Faafprh pragt %
IHEgEE A o GPS LA BN A K AR * GPSiEA R T Ry AR
VORFPE L Y EARE 3R B AR o GPS £ AR 290 GPS Fh 2 MELIT L
THEURE TR S B R SR E PR 4 o B 2.1 5 $ARhEk PO
Bz Kl 2 K2 i (7 b $4pF » 9 5 3 30 By % f
AE o TR E R ERRE UIC Apvt > £ 35d TR AT E-
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# & 4% Clock(K1)#2 Clock(K2) B e £ » o 2 4555 1AL 5 i h 2401

Tl 3 -3 R B I e A 4 IPPS 8L g s% 2 1 1PPS
BELIE T TR IR BB T B ehlicdh e s 0 S A 45 GPS B
WA e aELp £ 0 4R T s IPPS gL GPS PP g £ 5 S & 11 Lg@;

PS A #H 5 & ~ TAEA » $0 K 02157 & @ 12 COGTTS #2504 & ¢9 GPS
HALGE VTR o (AoR) 2.3 #77 ) o B ts B AT Ap M 2 CGGTTS FAL 7 g7
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B 2.2 GPS £ 4R 5 ki~ it o =

1G6TTS GPS DATL FORMAT VERSICH = 01
Z REV_DATE = 2010-05-23

3 RCVR = Trimble ThunderBolt

4CH = & (GPS)

& IMS = 99999

6LAE = TL

7% = 24.95358 (GPS)

&Y = 121.16458 [GPS)

9% = 196.09726 [GPS)

10 FRAME = ITRF

11 COMMENTS =

12 INT DLY = O ns (GFS Fij, 0O ns (GES F2j
13 CAE DLY = 79.5 ns (GPS)

14 REF DLY = 11.1 ns

18 REF = TLHS

le CKSUM = 00

17

12 PEN CL MJD STTIME TREL ELV AZTH REFSWV SRV REFGPS SRGPS  DSG IOE MDTR SMDT MDIO SMDI MSIO SMSI ISG FR HC FRC CK
19 hhmmss = . 1dg . 1ldg .1in= .1ps/= .1in= .1ps/= .1n=s .ins.lpsf=.1ins.1ps/=.1ns. 1ps/=. ins

zn S5 FF 55350 000z00 780 324 799 99599995599 999099 lea? ] 37 599 9593 95999 95939 93993 9999 9939 939 0 0 LIC FF
21 9 FF 55350 000z00 780 507 17z1 995599955395 5393395 1650 -39 45 999 93993 9599 9535 9393 9599 9533 939 0O 0 LiC FF
Zz 15 FF 55350 000200 780 586 52 99959595599 553939 1ez3 =7 55 5999 9995 59999 9599 0995 9999 9599 939 0O 0 LiIC FF
Z3 18 FF 55350 000200 780 226 3080 995939395599 953993 1875 -105 53 5999 93993 9599 9535 9393 9599 9533 939 0O 0 LiC FF
Z4 z1 FF 55350 000z00 780 376 3151 99939355399 955593 1740 -117 56 5995 93993 9999 9535 9393 9999 9553 939 0O 0 LIC FF
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€7 29 FF 55350 000Z00O 780 236 2341 9995993935333 35593939 1673 [15) 71 999 9939 9333 95993 95993 95393 959599 933 0O 0 L1C FF
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Data Poirmis 1 thru 531 of 531 =8.6000000e+02 File: HUKOW.002
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E ! = =
i ot Tﬂu Sigma
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Common Clock Link 14 %2 f&fpif jmédap2 i & 47 BHma e §:23 L1 C/A
TRE T LR o K K327 Medium 2 Long Baseline GPS Common View
Measurement I & {7 % fe 4t 2 iy vh fe? 37 A ATE F p 2 GPS =
St o Rt AHT > FEHRFTRIFF AT S P GPS HAR K Fenf i 3 i
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4r:Galileo ~ Glonass ~ Compass ~ QZSS % » A RPFAEFH T » L L4447 B
&7 Lk 2 i - AR

—\

!

BB BT BRI 2 ] 0 KR
AP B AR F LN LMY o L ATH AL B RE 0 F
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A EBEH G B AR 97T E 39 B4 E PTBIE (7 64 B @ L
¥o & | pFiEiT- Pk - A F %5 A4 NP3 ER ITU-format =2 21 300
FrenRbelicdy o B SR E W RnY BEA S - X% FREEFAE P P
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B2 ek o (HAAIFSUEPBRRYT TR 2 AT 0 AT
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GEAKFEEREE LA EY S AP 8 RTBARIFE 27
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2 PRPRE T EELEPTB ¥ BB T2 L R(NIM) ~ p ANICT 29 %3
AT HRPE-APTN107 1p FALFLLEH K PTBE 7 6] (7w
GpEF sk 2 8¢ RINIM 2 ¢ R RRE RIEpF? < (NTSC)s &> 10 % 11 p
2 117" 15p e pfF 5% o
Q) I ~ Wk B BpFiaR

AL d e 2 s B h(KPGOW 2% 2 fp i H B ehd 2,00 &
7% 20 40 2 B USNO:%:E § = % ¢ -+t KPGO® p ~ NICT z\'ﬁxaf—rﬁ' [
* 5 GPS2 QZSSiFh Hiw,k Suehd & PFAF L 4 4AF o £ & AATS a0 LT
T oo RGO ABREREFVE T e 2 o R R aupE o A
Bepr* F i chmodemie PR | wb & ¢ ek dep A NICT 2579 & o
(2.2.1.3) %
(DAFR* T Fg S nBmEyy  B* Mgy - P X ERY Fi
o BPFEIRAL 2% 0 2 F A SCIYTH 1k R%E &%~ 547
2hR%Eme T EF L > V5 3 SClH Hm~ i fmF a® o
(2) B 2.9 18 < & (stability)fr # 7z & (accuracyRk. & 17+ & Bl o B pFib 4 & b
PR Z AN G R 0 R REAER WY iR L e gkt

AR ¢ et o {8 R 8 1T (calibration)k i 3 -

Accuracy, Precision, and Stability

Precise but Not accurate and Accurate but Accurate and
not accurate not precise not precise precise

Time Time Time Time
Stable but Not stable and Accurate but Stable and
not accurate not accurate not stable accurate

B 2.9 & = & (stability}{-# 7z & (accuracyk, & 7+ % B
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(A ML F PTB2 fFh o BpF it $aape i 97 # 37 B4 § 2105 98 #
19 3 99% 2% - Zehigprd % o d W AR TL 2146 W PTB ehp F g2 2 242
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B 2115 & W2 PTB i+ @ prape 4% %8 MDEV 4 1%

pa
o
)
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#H

B2 5 IS-AfFh 4 onis > IR BT AM2 fFh > 447 24
xR 5 0 ST e AM2 Fh 3 iR (beacont: BL)4R § 2 4F (4B 2.12) ¥
5 mgﬂ} 5}_}5 {4 ég‘ _'r,’q-,‘g.]gﬁg B o

AT ZLIZZIZE WJUN 29 z@i@

REF -E2.E dEm 18 dB FE THELE
SMPL B . . s - - - s - OH OFF
LOB : : : : : : : : :
s FE SORT
48/ | FR®  AnMP
| PK MODE
oL
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#% i PKI providersnps & R R52+ % (time stamping server; TSSE 4% & fa & pr
AP R e PKI 3 1V Rt o

B v SRR A% > 2R Nﬂr-% (American National

Standard Institute)* 4] ANSI X9.954%# » wm sk S v FF 45 (1) Time
Source Entity & & &% %2) ~ (2) Time Stamp Authorlty (TSARFRREFEFT
JF,") » (3) Requesto¥: (4) Verifier» 4-B) 3.5#17+ - H ¢ » Time Source Entitie$f &
3| B 3.4 7 NMI clock - Trusted clock @ Time Stamp Authorityt & 3| ] 3.4 <
Time Stamping Servery “t > Requestor: 3 & PFFRF R aig * PRI B £ > Verifier

v

= a,;ﬂ

: D:g.zzn
Masler Clock Data

D|gm|
Data
'\ . Request Vs \ 1 // \\
wnstream \ MC/ = =
Downstream Q ‘ Response [7s7] I\\ / \_ /

“\.__Time Source Entities v Time Requestor Verifier

(1) Aunority 2) ® @

B35 pPFRRe BF A (B p ANSI X9.95)

AFE Y NP 1‘%}&{? Fo—- fA7 E Fdcirif e X9.95 Time Source Entitiels
W I B AT Y T BT B0 IE PF PRI o ANSI X9.954% vt L w3
e RFC 31612 ISO/IEC 18014% %24 » ¢ # RFC¥ ISO/IECP 5 i 37
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B 3.6 7% F #ci 13 df pF A s ﬁﬁfﬁ Bl P -t fe s ag i3t g ke %3
4 %o & Time Source Entity # 7 en¥t % 5 B33 & fbiendei=pFds > ¢ 35
NMI clock ~ trusted clocks #ic i1 if foPFig 2 o B¢ 't Bgor 17 Be3F * chf B4
Brupiat &4 h34 (CS) 4 A+4 (HV) -4k + 48 (RU) 23k k5
(GPS) 2 2 one pulse per second (1PPI8jer-Range Instrumentation Group (IRIG)
SRR AR o Bor R B RS T R B - AR P > 124 B2 10 mse
M fciig R feg 2 NMIE~TC &2 TSS, S s mE %z i s - 13
TSS & Time Stamping Clientf] 2 > A2 3 2 = > 2 r2F 3 ¢ A H*
OpenSSLz i# shareward] it TSS 2 2 p {7 # 8 RFC 3161 compliant i % time
stamping client

=

o8 M 7PERFE ¢S, RU. 1PPS, | Rru.1PPS.
T stgas  GPS.IRIG oo | GPs, IRIG, ete.
l o BT | HEARs : l AR &%
NMI | #5ci | Trusted| 758 Stij‘?
> . |, | otampmg
Clock| #inmz Clock | sz | Server
| | &
I%Mﬁ%(%ﬁ
1PPS, IRIG, 1PPS, IRIG, |
tc. tc. Time
ete ete | Stamping
I Client
BIMA K

W 3.6 T F Hci o pF R AT HE )
AP G AT G BRI - 30 > W H 99 & B e TERF o

VOERECETRESEE R T ERT SRR T EH0 8 a2 H gk
A 2R RERT  RALEERZ AENFLITEP P F4od 3157 ¢
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431 AEHNFIIEEP
97 oA R R AT R P PR F IR 0 R 3 G e

£ FEL AT AR - BRI R va iE 10 ms F & oo
B
gg | EFR T EEGEMEE L g sl (digital
P traceability mechanism) *RZ| ~ F (T2 pE ; & 7 w3 GV
W AL B 2 BYHETERER - SEBBPFRRD
i P o YT LR 10 ms e
B 6 A e P B e R e S % 003 Time Source
19 Entity #3] > £# & TC préasr TSS WIRF 2L F nffdeiest
5 (middleware) » F M BEE PR LM p R ¥ F B ISR e

PRARIRE R ok 20 2 o i 2 9 ANST X9.95 2 7 {7 Hjiv

(3.3.3) & %

3 SNBSS 2 AeB) 37977 o NMI 3 TL %)% I R pF2n g » b gidad
TCehpF%] 5 T2 5§15 » TC £ »% T3 RF%] ¥ di R pFsn sl » @ s gidsd NMI b
Py s T4o 2P Tl TAE_NMI phgaer & - T2 T3 TC e & @
NMI péggr TCpras2 3 &G Offsetfp @ pri 414 » NMI &2 TC R b p 3+
B B i 22 F (roundtrip delayp i (T4-T1) - (T3-T2) 2 & gt
FF4s 2 criclock offsetiz 3-8 0 5 [(T2-T1) + (T3-T4)]/ 2-

T2 T3
TC
Cconnect A)I .? ?T‘? 4 disconnect
By send
T2, T3
NMI
T1

T4

local clock offset: 6 = [(T2 -T1) + (T3 -T4)] / 2
6,: the true offset of TC relative to NMI

Bl 3.7 G BT R

86/143



F NMI &2 TC A Bprsal > o fﬁ—«‘i 0 =0 hf /™ » £ RF HTE I D
0 B~ 'J‘JI‘L»M: Fpedipld 8N e BpE-2 2 REFFLABE - LK Ee BpF
el i R > 2 E_# * common clock 7= 7 B i &0 clock offseteo =0 #71LfE 3t
B 6=[(T2-T1) + (T3-TA]/ e F pr I FAL L « LFL L & MR K R - Bedyp o
IR B TR PE S 5L E delayse

B B 2 4@ 3.8 477 o NMI 2t Clock A 3 ) pfads pi Y [ Fi 3 B B
(Time Interval Counter; TIC)# 403 pF ¥ e TC BERPFEE ¥ - > 5 >
TC 7+t Clock B #j gt TIC & o NMI @32 {2 pF 2 85 o NMI 0 TIC Jc 3 j&_
TC i % entepr s BLjeib b TIC PRI AR L R(A): ¥ - 2 6 > TC P
TIC <3 NMI i@ % eieph i gLje b ok TIC 3 p% (9 £Ip# Y 1R5F i R(B) > NMI
2 TC gt pFész. A ericlock offsetd 2 A-B=[R(A)-R(B)]/2 +[thg - Osga] / 2 -
27 RA)E RB)Z E & hE Pl > dag &7 da &_trip delay- 3K trip delay (¢
AL R >~ B d O RIIRFL LY delaysi v WA 0 T dag =
dsa ° P clock offsetd %>+ [R(A) - R(B)]/2-

Clock A Clock B
NMI TC

' P

Time Interval Time Interval
_oimter Conter
: Difference
R(A) -RE@) _ s _py_ She= s
2

If path delays are reciprocal, ie. dayg = s ReAY) —R(B
then clock difference A -B = A) 5 B)

B 3.8 e @ pFT B
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B @i -2 trip delay & § F AR R 0F BHHEA > § NMI &
TCH B Frédle fﬁ»ﬁ%ﬁ_m%% 0p=0 ehifimT™ » £ R % 717 3len [R(A)
-R(B)]/2 2 @ins ] jhic F ph it e S fEe P Gk R L AR R« RIE
2 &1t * common clock =¥ A=B- #r2 [R(A)-R(B)]/2 FerE pe gL ¥ -
[dag - dBa]/2 -

% 32 5 - BRI G B R e GRS Elc B A F A
B R R St o PSS 0 B ¥ i 3msok & (B3 10ms)»

T AT e B pE TR BT A RGN B pF o

4 3.2 TR - Sicip o @

Path PBX Local Subscriber
Loop
Metho mean standard mean standard
deviation deviation
Master-
slave 2.447 1.687 2.728| 2.460
Two-way 2.049| 1.630 1.996| 1.394

# 3.3 % - HEcdp i Pl BTy o - IR S S 4 point-to-point
protocol (PPP)} & {7 g @ pF - B2 2R EE 4 € 31 i Internet protocol (IRy>7 7z 2
Bl LR SREFET BNV ??’ééﬁﬁﬁ’é'ﬁ‘}fﬁ B 95 3msokE o

# 3.3 - ARicdp it Rl By
Path Local Subscriber

Loop

standard

deviation

Two-way 2.282 1.487

Metho mean

AET T Y - ed NMI FIRE ~TC RPIRE - fv TSS RIRBH = A
R EERA D F NMI PIRERr TC PIREDpF4s ~ 1 ¢ 2edr TC/TSS PIR
BRI e s AP S ONMIE RIRERAE TC PIRE ™ P ) 1w
PR EFIRGE > B TC IR Eebkorfhen TSS R B ehpd FF BRI
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?1‘ f6» 4 TSS PIRER KL 7 HREEF EHPFFRIRGE S8 PR
RS kPR & NMlI RIREHE - TC FIRBH T3
FONMI PIREE A2 - % TC RIRBEh&4H > T F HZ £4H 1 &
VU EGGER AR RER P G ok (Pl 120] BF) > S EERE S AR
% ¢ (delegation-by-warranty* 32 & & -
dp b A S REL NI E 0 Bt Krawczyk e % > §
JREFIEF e X 2PN IERE G o

bl T 9 ﬁ ‘m\i- q:
pull'y

i

=
-\’”15

NMI Clock |remote || Trusted Clock| local |Time Stamping |:
Server (NMI) channel Server (TC) |channel| Server (TSS) |!

(gERTWf, SKp) (CER?}C, SK) {(CERT}, SKdye=s .

_____________________________________________________

(thMr P W QKMW(IDAMfr PKre M)

(e, PKey W, Zoe (PKoe, PK., W)

B 3.9 = i’if&;ﬁ!}_fé—g—_@';%ﬁﬂl

9

B39:mp X dARERTE TR - FRwe LT 2R ETH4ma 2
Feml Az BEES AL (1) NMI pFB IR E S CERTwi £
d BERFT B L E B
PKwwmi))» 2 @ IDca % CA m%"%’%*f% PKawi E_ NMI g2 B £ 4% > Ssia(IDca,
PKanwi) %2 CA & * H 24 SKea H*WERFEPM 7 8 F =8 & > SKyw A
P e % %460 (2) adfiE TC prah i PR § 3k i-1h-2F p5 18 JRTHPF > NMI
PIRE § AL NIy P, IR SKrc, 2 212G E CERT, £
SKrc F‘zzzﬁﬂ»??é@i{; TC #JR% > CERTrc shai & p % ¢ 5 (IDywi,
PKre, W, Zsipu (IDnmiy PKre, W))W E_delegation warranbsgy,, (PKami, PKre, W)
L NMI RPREHTRAEE P 5 B F B § 0 (3) TC A FIRE ik
TSSHEHFRFRPIRBEARFEIRIRDBEF > QAL T Boe X >t IT o4
{PKtzr,.r> m 2% 4& {SKie,., » 112 g le 7 {CERT}e,., o H ¥
{SKipter,..,T R ERT FE B TSS f?PR% » CERT, ehi & p 74_; &%

g7 L& pF 45 (IDca PKumi, Zskea(IDea,
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(PKrc, PKy W', Zskre(PKre, PK, W) » W' &_delegation warran®sk,-(PKrc, PK,
W) £ TC PIREHHRES M G & F ol g T

CER TMWL oA
'
CER TT{; AT
!
¥ ¥ ¥
CER TT_%J o | |CER Trg 7C CER Tr55 TC

CERT iy 4 I8 @ long term certificate

CERT - ppyr is @ short term (e.g. 12 hour) certificate

CERT{ES =1, 7T, are short term (e.g. 30 min) certificates

B 3.10 7 & & > NI 2 IG5 IH4A

Bl 3104 7o % > R I22 G 4T LBl o d Y B X aig#EY CERTy v
Z.7 o NMI Rl 2 d CA % % chE 7 1§ CERTum, ca © &= NMI 5 ¥ TC ix 8y
ML g REFESH2ZHFRT Faed 2 ARl RERE CERTTC NMI
TCo= % TC# p NMI engefgla @ { AT > )I*u? o X > NIE R R E G
7% {CERTrss 1dt=1,.. 7 &97F " TSSe

# Time Source Entityt | £ * e BpF= 2 275 v % > AT & ficr
B i oo - R lcdp s %&Fﬁ'” B3 10ms: @ £ - LR RRT B RS
Fix% f(accuracy §) 5 14)); ¥ - * 6 > @

& Krawczyk 42 fa e » ¥ FE 2 5 »afd o

AT e B R A ABE FE D S8 R o 3
AR FATERE T LGB HIRGE > BERIA TS \%E&ﬁ% L 1T o

T A TSS 72 3t 27§ 2 gaa@ (TSS e ey E_pF R R &
FHEFTRE < /% F 2 2 & PKI service providetjg * H’f R E) AT
3 & Time Source Entityrif iz 8 B > # iR B g e i i g i 6 o
BTSSR EFE P # Y F AR TIRE
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SignedDatal ISTinfol

encapC::;HtentInfﬂ j

extensions
-1 certificates |77 TT T TITTT }

~+-1__signerInfos

SignedData2 J TSTinfo2
encapContentInfo extensions
certificates |
signerlnfos

I
1
1
|
By

—————

1
1
1
1
1
1
1
1
1
1
L—-[Signer: Tssm] !
1
1
1
1
1
1
1
1
1

[Signer: TS5

B 3.11 RFC 3161 time stamp extension

M Az (middlewarefns i 822 = extended time stamp tokeni-#] 3.11
B S AP RATT o B TSSHade pe o oo AR Az -7 TC 3 )5 TSSehit g
b {SKdie, 10 12 32488 % {CERT}wy, 7 1RIRIRIBB AP “7 LG 22 1T
EREBFET SR R4EY TE A R4 TSSc k & F extended time stamp token
+F TSSE x| kp i@ + fhtime stamp request > L5 d MfRAE pF AT
o= BASA ¢ (1) 2= SSLconnection # 358 2 TCP/IP:g % 3 TC» & # SSL
library 4= 4z i+ 5 (2) = TCB~FHLEPFE - p 422 extended time stamp tokef
TSTinfo2: * k¢ B SSL connection(3) * ‘& 12 % 4% TSSc & ¥ extended time
stamp token I p q'i*v?« 42 RFC3161 time stamp toke#r TSTinfol 2. extensions
% extended time stamp tokeh = & - iI%‘u'% I TSS- 4indz o § TSS= = 11 & &y
B TSSA RE R RERE  HETREGE reply $R ¥ ¥ - A3 2 %@
extended time stamp tokep (7 2 pFRF)Z & NMI &3 (NMI £ o> mena B
E4) WAIREAREEETZ S o EEAL DA Kd oA
TSS*7 4 # 1 extended RFC 3161 time stamp tok&rig s * = 24 % o

Fyakemdlgd g e ke g o2 & 6" & Conference on Precision
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Electromagnetic Measurements (CPEM 20¥0j% % % - & IEEE El %< “A
digital standard time distribution architecture twits applications - ¥ * » # g

&

IEEE Transactions on Instrumentation and Measurei®@éh # 7 < “A Digital
Standard Time Dissemination Architecture for Trustivy Time Stamping @ £+
R0 Fp P A (100 &) B AR o

BsAH@?£ﬁ§

(@) 37 ﬁ&\éiﬁﬁ\ﬁ@%iﬁ%ﬁﬂ»&&%@ﬁ@%@%@
ﬁﬂviﬁﬁ#@%@%oﬁ 3R AF e 2 AN AR R R
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PrR Rent dg e @ 3 PKI PR3 ﬁ—’I-'J“ » AR X FA PR PRIEZF R o

(b) PKI M3k sed — mmjlerg bl > £ 3 2 & ehp 3 (What)z & 91 %
(Who)» @ B>t < 2 endi 2 2 (Whenf| w3 — < ¥ 50 o 287 % 520 PKI & s
Fipzo v B A g 2 f g A 0 B ’—"“r?f)gl\‘- o

(C) FRPBIRBR ST AAFABERIG G VR OFF & B BEXRE T I
*Wﬁ?w$£ﬁ%&wﬁﬁiﬁﬁmﬁ%»%pi¢mﬁmﬁ%??m%@
BIRGE B R R D R PR o

(3.45) A ka1 iv£ gk
H_,""&]:I ipfﬁﬁ&\‘% ﬁﬁﬁ& Eﬂ)? N IF' PR/J /bp]?

(3.4.6) i =i %
Bl VP EaoER I 22 3P AR 232 2p 327

+ fCFEC R s FoE o B om RGBT R &
“Trusted Time Stamp” P TR REE RF FILEFT o p A {H >~ EF
Jm > %1 Japanese Accreditation Program for Time-Stamping Services ™
FeEAN) AR PR OB ERRIRGE - £ 0 > pAY FiRSE TP
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ETTRS
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= % ¢ . Climatology of total electron content near the equator under geomagnet
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lonosphere
Equatorial ionosphere
P 1 LOTIOSPE
lonospheric dynamics
nERER

This study analyzes the TEC data during 1998-2663erved by the AREQ (16.5°S, 71.5°
GPS station to investigate the equatorial ionogphariations under geomagnetic quiet-conditigns.
The diurnal TEC values generally have a maximunuezabetween 1330 and 1500 LT an
minimum around 0500 LT. Besides, the semi-annuahtian apparently exists in the daytime TEC
with two peaks in equinoctial months. In contrakts semi-annual variation is not found in
nighttime. Furthermore, the results of the annuaiation show that the correlation between
daytime TEC value and the solar activity factdnighly positive.
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Time dissemination
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In this paper, an efficient and accurate two-taggndard time distribution architecture|is
proposed to implement digital time traceabilityski the system uses a clock calibration proceflure
based on two-way time transfer over a general gdisdlephone modem and achieves a couplp of
milliseconds accuracy. Second, the system usekegal®n time stamping procedure that employs a
forward secure proxy signature scheme to provideeced validity assurance and extends the RFC
3161 time stamp token to embed the standard tiedirrg. These let users eliminate the blind tjust
on a commercial time stamping server’s clock hamgli
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rEEE

Abstract—Two-way satellite time and frequency sfan(TWSTFT) is one of the major technique
compare the atomic time scales between timing &bdes. As moreand more TWSTH
measurements have been performed, the large nuship@int-to-point 2-way time transfer links |
grown to be a complex network. For future improvatraf the TWSTFT performance, it is imporf
to reduce measurement noise of the TWSTFT redDit® method is usingWSTFT network tim
transfer. The Asia-Pacific network is an exceptiaase of simultaneous TWSTFT measurements
Some indirect links through relay stations showdrethort-ternstabilities than the direct link beca
the measurement noise may be neutralized in a sinedus measurement netwalrk.this paper, th
authors propose a feasible method to improve tloet-s&rm stability by combining the direct 4
indirect links in the network. Through the comparns of timedeviation (TDEV), the results
network time transfer exhibit clear improved sherm stabilities. For the links used compare
hydrogen masers, the average gain of TDEV at awegdgnes of 1 h is 22%. As TWSTFT shoet
stability can be improved by network time transfdre network mayallow a larger number
simultaneously transmitting stations.
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Sagnac-Effect, TWSTFT, satellite
M &E37
rEEE

This paper describes how to eliminate the diunaalations caused by the satellite motion in
Two-Way Satellite Time and Frequency Trans{@WSTFT) data. Through the analysis of
NICT-TL link, we demonstrate that a precise Sagmacection is useful to improve the TWSTFT dita.
The time deviation (TDEV) at an 8-hour averagingdiis reduced from 159 ps to 73 ps aftel| the
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TWSTFT, GPS, long-term
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In this paper, we compared the TWSTFT and GPSPRPfalathe PTB-TL, PTB-NICT, and NICTL
time transfer links. We investigated the doubldedénce between the time transfer data of TWS
and GPSPPP from 2005 to 2010. The results showtita® transfer techniques had a spituously
inconsistency and the patterns of double differemeseilts were similar in PTB-TL and PTBICT
links. The double difference results of all dirdickks exhibited the annual varying patterns, wk
peak-to-peak phase difference in 1-day moving ayeceae 4.5 ns both for the PTB-TL and PNBET

links, and 2 ns for NICT-TL link.
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= % ¢ . Improvement of TWSTFT Short-Term Stability UtiligjrFull Time Transfer
‘ Network Data
H.T. Lin (k% v ) C.S. Liao (¢ £.40) F.D. Chu ¢ ¥ %)
B o8B 4 W.H. Tseng ¢ < %)
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TWSTFT network
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rEEER

7

In the Asia-Pacific Rim region, the two-way satelliime and frequency transfer (TWSTFT) link;
between 6 Labs, using multi-channel time transfedems, have composed a time-transfer netwoik.
To fully utilize the data of TWSTFT network and impe the short-term stability of TWSTFT, a
feasible method of processing data is proposed. p&ferm data analysis with practical time trangfer
data, and the results show that it is an effectie¢hod to improve the TWSTFT short-term stability.
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A

The two-way satellite time and frequency trangf@NVSTFT) is a precise time transfer technique|
has being used to generate the TAI since 1999. Naysm TWSTFT links have forad a worldwid
network and the large amount of TWSTFT data becbigkly redundantTo fully utilize the data ¢
TWSTFT network and improve the TWSTFT resuéideasible method of processing data is prof
in this paper. According to the stability of eadhk] we assign a weighting value to eadtateq
equation and then solve the matrix equation withwieighted least squares methdé perform dat
analysis with practical time transfer data, andrdsalts show that it is an effective method toriovg
the TWSTFT results.
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This paper proposed a new scheme to generate-ameapaper time scale by utilizing the enser
clock data and the two-way satellite time and fesuy transfer(TWSTFT) data among t
laboratories in the Asi®acific region. By integrating above data, withape weighting methodolog
and using fuzzy prediction, this research can farreference time scale to analyze the time difieg
with local UTC in real-time. The proposed schem@isestigated by conducting a three-month jong
fuzzy predictor which based on the calculated cleakembles from TWSTFT links amorgian
timing laboratories. The performance is accredi@tl respect to time scale of the UTC(Tlas wel

as UTC.
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Diurnal variation is one of the significant instigi®s in Two-Way Satellite Time and Frequency
Transfer (TWSTFT) data. It is necessary to cortieetdiurnal variation for comparing the time-scale
difference. We focus on up-/downlink delay diffecercaused by satellite motion. In this paper, we|
propose a method to derive correction term by usingd-trip delay measurement. There are four
laboratories, National Institute of Information a@dmmunications (NICT), Korea Research Instityte
of Standards and Science (KRISS) National TimeiSe@enter (NTSC) and TL, who join the
TWSTFT network by using NICT modem. Moreover, TIdaMICT are continuing DPN experiment
the end, we investigate TWSTFT data and perfornctineected result.
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