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2 11A1- 50 QRS Eap BT 4 top 10 (2FR L2351 BIS%3)

200641 A (Jan-06) Total clock: 320 20062 H (Feb-06) Total clock: 315
Lab. (%) | Clocks Lab. (%) |Clocks
1 |USNO(Washington DC)| 40.126| 80 1 [USNO(Washington DC) 40.27| 81
2 |[NICT(Tokyo) 8.65| 18 2 [NICT(Tokyo) 7.731] 16
3 |F(Paris) 6472 24 3 |PL (Warszawa) 6.05| 12
4 |PL (Warszawa) 6.453 11 4 |F(Paris) 5.93] 22
5 [NIST(Boulder) 47221 14 5 |NIST(Boulder) 5.009] 14
6 |TL(Chung-Li) 3.762( 11 6 |PTB(Braunschweig) 3.986 7
7 [NTSC (Lintong) 3.65| 18 7 |TL(Chung-Li) 3.629] 11
8 |SP (Boras) 3626| 12 8 |NTSC (Lintong) 3.622| 18
9 |PTB(Braunschweig) 3.083 7 9 |SP (Boras) 2.706[ 12
10 INAO (Mizusawa) 2.399 3 10 [NAO (Mizusawa) 2.501 4
20063 5 (Mar-06) Total clock:317 2006 =4 H (Apr-06) Total clock: 316
Lab. (%) | Clocks Lab. (%) |Clocks
1 |USNO(Washington DC)| 40.169| 81 1 [USNO(Washington DC) 36.47| 79
2 |[NICT(Tokyo) 7.113] 18 2 [NICT(Tokyo) 7411 17
3 |PL (Warszawa) 5.389 12 3 |F(Paris) 6.613] 23
4 |F(Paris) 5388 23 4 [NTSC (Lintong) 6411 17
5 [NIST(Boulder) 4725 14 5 |PL (Warszawa) 5.242] 12
6 |[TL(Chung-Li) 4528 11 6 |NIST(Boulder) 4959 14
7 |PTB(Braunschweig) 4126 7 7 |TL(Chung-Li) 4551 11
8 [NTSC (Lintong) 3607 18 8 |PTB(Braunschweig) 3825 7
9 |NAO (Mizusawa) 2.615 4 9 [NAO (Mizusawa) 2718 4
10 [SP (Boras) 2.328| 13 10 [SP (Boras) 2.645] 14
2006=5E (May-06) Total clock:317 20066 = (Jun-08) Total clock:326
Lab. (%) | Clocks Lab. (%) |Clocks
1 [USNO(Washington DC)| 34.206| 80 1 [USNO(Washington DC)[ 35.53| 81
2 |NICT(Tokyo) 6.715| 17 2 [NICT(Tokyo) 6.155| 16
3 |F(Paris) 5.795 23 3 |F(Paris) 5.51f 23
4 [NTSC (Lintong) 5.733| 17 4 |[TL(Chung-Li) 5277 11
5 |NIST(Boulder) 4775 14 5 |NTSC (Lintong) 5271 17
6 |PL (Warszawa) 4693 12 6 |NIST(Boulder) 4.799] 15
7 |TL(Chung-Li) 4339 11 7 |PL (Warszawa) 4.512] 12
8 |[PTB(Braunschweig) 3.626 7 8 [NAO (Mizusawa) 3272 4
9 |SP (Boras) 2.767| 14 9 |PTB(Braunschweig) 3.161 7
10 [NAO (Mizusawa) 2.547 4 10 |SP (Boras) 2.925| 14
2006E7 H (Juy-06) Total clock:323 2006 =8 E (Aug-06) Total clock:321
Lab. (%) | Clocks Lab. (%) |Clocks
1 [USNO(Washington DC)| 37.323| 80 1 [USNO(Washington DC)| 39.44 &3
2 |NTSC (Lintong) 5.901 16 2 [NICT(Tokyo) 6.005| 17
3 |F(Paris) 5.768| 24 3 |F(Paris) 5.657| 23
4 [NICT(Tokyo) 5.293| 17 4 |TL(Chung-Li) 5.582| 11
5 |TL(Chung-Li) 5.218| 11 5 |NTSC (Lintong) 5.101| 18
6 |NIST(Boulder) 4618 15 6 |NIST(Boulder) 4.673] 15
7 |PL (Warszawa) 44721 11 7 |PL (Warszawa) 4.576] 10
8 |SP (Boras) 3.41 14 8 |SP (Boras) 3.546| 14
9 |PTB(Braunschweig) 3.251 7 9 |NAO (Mizusawa) 3.245] 4
10 |[NAO (Mizusawa) 3.08 4 10 |PTB(Braunschweig) 2.775 6
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2006 =9 F (Sep-06) Total clock:313 2006 F10H (Oct-06) Total clock:326
Lab. (%) | Clocks Lab. (%) |Clocks
1 |USNO(Washington DC)| 41.394| 81 1 [USNO(Washington DC)| 41.6[ 80
2 |NICT(Tokyo) 6.143| 17 2 [NICT(Tokyo) 6.085| 18
3 |NIST(Boulder) 5138 15 3 |NIST(Boulder) 5.35| 14
4 |TL(Chung-Li) 4.931 11 4 [F(Paris) 4.918] 20
5 |NTSC (Lintong) 4797 19 5 |NTSC (Lintong) 4904 20
6 |[PL (Warszawa) 4762 11 6 [PL (Warszawa) 47651 11
7 |F(Paris) 4117 19 7 |SP (Boras) 3.986] 13
8 |SP (Boras) 3.842| 13 8 |TL(Chung-Li) 3.029] 11
9 [PTB(Braunschweig) 2.953 6 9 [PTB(Braunschweig) 2.571 6
10 [VSL(Delft) 1.687 6 10 |SCL(Hong lkong) 1.458 6

% 11A2 W% RS Boadp s € £ & top 10 (2006 £ 1-10 * T 35E)

2006%=1-10 H (average)

Lab. (%)
1 [USNO(Washington DC)| 38.65
2 |NICT(Tokyo) 6.70
3 |F(Paris) 5.78
4 |PL (Warszawa) 5.09
5 |NTSC (Lintong) 4.90
6 |NIST (Boulder) 4.88
7 |TL(Chung-Li) 449
8 |PTB(Braunschweig) 3.34
9 |SP (Boras) 3.18
10 [NAO (Mizusawa) 2.80

3x: USNO (USA); NICT (Japan); F (France); PL (Poland); NTSC (China); NIST
(USA); TL (Taiwan); PTB (Germany); SP (Sweden); NAO (Japan)

2 1LILA3 -2 F R34 0R% R FaipitEL (2006 £ 09 7))

B+ 487 5 BE | TREL(%) | TIFRE(%)
5071A High performance | 194 79.5130 0.4003
5071 Standard performance | 029 4.2220 0.1709
Hydrogen Masers 078 12.8960 0.1828
Primary Clocks 003 2.4060 0.7037
Other Type 009 0.0840 0.0388
TOTAL 313 99.322 0.3173

(LLA4 R * 2 22 F

T ESS EEE FC T TSRS S RN P P S P
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(1.1B) £# 22 ®= 2 £ 5 (BIPM) » £ | @ an 2 # BUTC)Z K% R+ F(TAD)
(EEH R 95/01-95/12)
* & & BIPM Circular T227(2006 December 13)7] 4 ® > #7E 7 £ [ £ 2 24F 0L i pF2

I {08 2 3 heT

CIRCULAR T 227 ISSN 1143-1393
2006 DECEMBER 13, 16h 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 2006 January 1, Oh UTC, TAI-UTC = 33 s.

Date 2006 Oh UTC OCT 31 NOV 5 NOV 10 NOV 15 NOV 20 NOV 25 NOV 30 Uncertainty/ns Notes
MJD 54039 54044 54049 54054 54059 54064 54069 uA uB u
Laboratory k [UTC-UTC(k)1/ns
AOS  (Borowiec) -1.1 1.7 1.6 0.6 5.3 5.0 -9.2 1.5 5.1 5.3
APL (Laurel) 10.3 8.8 8.8 -10.0 -2.7 4.6 12.4 1.5 5.0 5.2
AUS  (Sydney) -246.2  -243.5  -247.0 -238.5 -226.1 -207.8 -177.7 1.5 5.1 53
BEV (Wien) 8.5 9.0 14.4 9.6 6.6 -2.2 -8.9 2.0 5.1 5.4
BIRM (Beijing) -2295.4  -2316.0 -2337.5 -2362.5 -2374.0 -2392.6 -2413.8 3.5 20.0 20.3
CAO (Cagliari) -897.7  -890.8 -879.6 -880.3 -892.1 -887.7 -857.7 1.5 7.1 1.2
CH (Bern) -31.5 -30.8 -32.4 -31.4 -29.6 -17.0 -23.3 0.7 5.1 5.1
CNM  (Queretaro) 33.3 7.7 3.6 -2.7 -1.3 -11.5 -5.5 5.0 5.1 7.1
CNMP (Panama) -5963.3 -5994.2 -6003.5 -5787.7 -4821.9 -3883.8 -2910.2 3.0 5.1 5.9
CSIR (Pretoria) -1777.4 -1844.1 -1906.4 -1977.6 -2040.5 -2119.6 -2174.8 2.5 20.0 20.2
DLR (Oberpfaffenhofen) - - - - - - - - - -
DTAG (Darmstadt) 266.9 280.2 290.8 304.8 319.9 335.6 - 3.0 10.1 10.5
HKO (Hong Kong) 6.5 3.5 7.4 4.1 -7.1 -13.1 -17.7 2.5 5.1 5.7
IFAG (Wettzell) -382.2  -397.2  -391.7 -383.7 -382.3 -370.0 -376.8 0.7 5.1 5.1
IGMA (Buenos Aires) 768.5 767.6 767.2 756.8 756.8 759.5 756.7 2.5 5.1 5.7
INPL (Jerusalem) 157.2 156.6 160.8 167.1 170.9 172.6 177.8 5.0 10.0 11.2
IT  (Torino) -6.6 -8.7 -8.4 -6.8 -3.3 -0.6 2.4 0.6 1.5 1.6
JATC (Lintong) -7.2 7.8 9.6 11.4 12.1 11.8 9.7 1.5 5.1 53
IV (Kjeller) -2274.5  -2184.0 -2095.5 -2039.5 -2002.4 -1930.1 -1857.8 5.0 20.0 20.6
KRIS (Daejeon) -8.6 -7.6 -9.6 -10.0 -6.8 -5.5 -13.4 0.7 5.1 5.1
LDS (Leeds) 849.1 873.6 896.8 926.5 991.7 1016.7 1053.2 3.0 20.0 20.3
LT  (Vilnius) 74.2 74.0 69.0 64.8 74.5 62.2 65.1 1.5 5.1 5.3
MIKE (Espoo) -80.3 -92.3  -100.0  -120.3 -98.1 -78.6 -62.8 5.0 19.8 20.5
MSL  (Lower Hutt) 7.8 -12.2 -19.8 -9.0 8.5 -11.7 -10.9 1.0 20.0 20.0
NAO (Mizusawa) 252.2 246.0 241 .4 235.1 237.6 239.0 230.9 3.0 20.0 20.3
NICT (Tokyo) 2.9 0.8 1.4 -1.2 -2.9 -3.8 -6.0 0.7 4.8 4.8
NIM (Beijing) -46.4 -51.7 -47.2 -53.8 -52.2 -48.4 -50.8 1.5 19.8 19.9
NIMB (Bucharest) -1067.1 -1078.2 -1098.7 -437.4 -343.3 -352.8 -369.8 2.5 20.0 20.2 (1)
NIMT (Bangkok) -1158.6 -1164.4 -1168.8 -1164.6 -1167.2 -1165.7 -1178.4 1.0 20.0 20.1
NIS (Cairo) 245.6 249.3 261.5 268.5 287.9 236.2 159.7 2.5 7.1 1.5
Date 2006 0Oh UTC OCT 31 NOV 5 NOV 10 NOV 15 NOV 20 NOV 25 NOV 30 Uncertainty/ns Notes
MJD 54039 54044 54049 54054 54059 54064 54069 uA uB u
Laboratory k [UTC-UTC(k)1/ns
NIST (Boulder) -4.9 -1.9 2.7 6.0 9.8 9.9 11.6 0.5 4.9 4.9
NMC  (Sofiya) -4878.6 -4877.2 -4881.0 -4898.5 -4941.1 -4915.5 -4902.9 5.0 20.0 20.6
NMIJ (Tsukuba) -8.3 -8.4 -6.0 -4.9 -3.9 -2.6 -1.2 0.7 5.1 5.1
NMLS (Sepang) -555.3  -565.4  -583.0 -592.9 -598.2 -608.4 -612.5 2.0 20.0 20.1
NPL (Teddington) -12.5 2.4 2.6 3.3 10.8 11.3 10.4 1.5 5.1 5.3
NPLI (New-Delhi) -44.9 -46.1 -22.4 -6.8 11.4 21.3 43.8 4.0 7.1 8.1
NRC (Ottawa) -10.4 -8.5 -0.8 7.5 15.5 29.9 43.6 0.7 5.1 5.2
NTSC (Lintong) -4.8 12.2 7.2 10.9 11.4 8.9 9.1 1.5 5.0 5.2
OMH (Budapest) 11607.9 11615.8 11621.1 11622.2 11615.4 11631.2 11645.0 2.5 20.0 20.2
ONBA (Buenos Aires) -12970.7 -12920.0 -13006.0 -12912.0 -12864.8 -12710.6 -12620.4 5.0 5.1 7.2
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ONRJ (Rio de Janeiro) 8797.1 -25.5 -28.1 -31.6 -13.5 -14.4 -20.6 4.0 20.0 20.4
OP  (Paris) -32.9 -30.3 -24.6 -22.2 -23.5 -29.4 -28.5 0.5 1.4 1.5
ORB (Bruxelles) 34.0 29.6 26.5 23.0 19.1 13.2 4.6 0.7 5.1 5.1
PL  (Warszawa) -16.7 -23.2 -22.0 -15.5 1.2 4.9 10.2 1.4 4.9 5.1
PTB (Braunschweig) -3.8 -3.8 -3.1 0.1 1.6 7.7 9.2 0.3 1.1 1.1
ROA (San Fernando) 36.0 24.0 20.8 10.5 0.2 -7.3 -8.9 0.7 5.1 5.1
SCL  (Hong Kong) -34.9 -36.3 -40.1 -44.2 -38.6 -30.9 -32.0 4.0 9.9 10.7
SG (Singapore) 56.2 33.2 32.6 35.5 33.1 39.9 42.1 2.0 5.1 5.5
SMU  (Bratislava) -64.4 -65.8 -76.2 -93.6  -101.2 -102.1 -115.9 5.0 20.0 20.6
SP  (Boras) 11.6 11.3 7.0 6.0 7.4 9.8 17.1 0.5 1.4 1.5
SU  (Moskva) -11.9 -12.8 -12.3 -11.4 -10.8 -9.9 -8.0 3.0 5.1 5.9
TCC  (Concepcion) -3398.8 -3413.1 -3433.8 -3476.0 -3506.0 -3543.5 -3535.5 1.5 19.9 20.0
TL  (Chung-Li) -12.6 -13.3 -10.8 -11.1 -11.0 -6.4 -2.7 0.7 49 4.9
TP  (Praha) -41.4 -38.0 -33.4 -35.6 -29.9 -33.1 -26.8 1.5 5.1 5.3
UME (Gebze-Kocaeli) 27.2 14.7 6.5 4.6 5.1 7.0 1.3 1.5 7.1 1.2
USNO (Washington DC) 3.3 4.6 5.3 4.6 5.1 3.8 4.1 0.3 1.3 1.4
VSL  (Delft) -21.7 -29.6 -35.1 -35.3 -36.9 -43.5 -49.0 0.6 1.5 1.6
ZMDM (Belgrade) 3922.6  3950.2 3985.4 4020.9 4061.7 4095.9 4127.5 2.0 7.1 174

- Notes on section 1:

(1) NIMB : Time step of UTC(NIMB) between
(2) ONRJ : Time step of UTC(ONRJ) between

MID 54049 and 54054 due to
MID 54039 and 54044 due to

cable re-calibration.
master clock and GPS receiver changes.

2 - International Atomic Time TAI and Local atomic time scales TA(k). Computed values of [TAI-TA(k)].

Date 2006 Oh UTC OCT 31 NOV 5 NOV 10 NOV 15 NOV 20 NOV 25 NOV 30
MJD 54039 54044 54049 54054 54059 54064 54069
Laboratory k [TAI-TA(k)]/ns
CH (Bern) 53624.2 53638.0 53649.5 53663.6 53678.5 53695.4 53702.2
F (Paris) 168335.1 168333.3 168332.3 168332.7 168333.9 168332.8 168335.7
IT  (Torino) 57702.3 57831.6 57965.2 58096.7 58229.3 58360.1 58489.7
JATC (Lintong) -40903.7 -40942.1 -40977.1 -41012.4 -41049.6 -41083.4 -41116.9
KRIS (Daejeon) 14215.3 14288.9 14360.0 14432.3 14508.4 14582.6 14648.7
NICT (Tokyo) 9.1 7.7 5.5 4.3 2.8 1.3 -0.2
NIST (Boulder) -45299095.2 -45299289.2 -45299481.6 -45299675.3 -45299867.3 -45300061.2 -45300253.5
NRC (Ottawa) 30150.4 30155.9 30167.6 30179.8 30191.7 30210.1 30227.6
NTSC (Lintong) 3597.0 3618.1 3641 .4 3663.9 3686.5 3711.2 3737.0
ONRJ (Rio de Janeiro) -870.0 -923.1 -933.4 -951.5 -1019.5 -1033.9 -1048.8
PL  (Warszawa) -3931.8 -3951.4 -3963.8 -3973.5 -3980.6 -3991.3 -4002.7
PTB  (Braunschweig) -358028.5  -358021.3  -358013.1  -358002.3  -357993.2  -357979.4  -357970.4
SU  (Moskva) 27242825.1 27242846.3 27242868.8 27242891.7 27242914.4 27242937.3 27242961 .2
TL  (Chung-Li) 509.3 511.2 515.4 520.8 525.7 530.2 535.9
USNO (Washington DC) -34986737.3 -34987039.8 -34987343.8 -34987648.6 -34987952.5 -34988257.9 -34988561.0
- Note on section 2:
(1) SU : Listed values are TAI-TA(SU) - 2.80 seconds.
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—%— TW-P3 AV(equal weight)- 33.1 ns
2
£5
8
£ X
| >
74
o
5
EST
F
-10
53615 53665 53715 53765

MID (Sep. 2 2005- Feb. 1 2006)
B 2.1.A.6 TWSTFT £ P3(All-in-View)!* ¥ 74 & USNO-TL 4z £ 8 14 i

At R 8 GPS vt L TWSTFT eha 45 > 7 11 g s fit Hpr 7@ 8 S 4n §
A o 10 NICT-TL E 450t 52 % % 2 &) > GPS Vi 4p Lipli2 &2 TWSTFT #p ot > H R3¢
A 8% % 0.56ns° @ GPS P3(All-in-View)2? TWSTFT et % 4pit » B4R HE X 5 X %A 0.7ns -

1 #* PTB-TL ¥ USNO-TL et $+5% % » %’a‘r’“,% SRR g s AL s A FF S E A
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Wt ek Fad - Ko

QILAAEY 2 50
RS R NA D AR RS2 AFR A BEHEDS 2L - A TR &
ZNREFAEFATE 0 T F 8 ¢ & RenF 2o

QR.LAS)A ka1 ir€ g
A R F ~ 3 48 (space clock)ervif &4 ~ BB Galileo fkh 5 sl Vi@ 8. ZHpeg B - f*
Tz? e AR L OEF TS R AR F A RS B LA R
fEidk iz 2 ERERFFERFEESIEER Rz AEF TS RNEET aads BT 26
& B @R fHeaR cha BE GosE S EEP BB F LR GPS(2¢ space clock, Galileo 3 ) 3L
FH RS TR B DTN PR EESRD IR S TR T L E R
L

(2.1.A.6) f 2527 1% 3%
GPS B $4 8 p 5 pAfAE AR £ R s - AP %3 F pIEFeT GPS EHE £
gLggLip] ~ GPS BHF 7 i i & e 2LELRI(GPS CV) ~ GPS ?" AP = BLP(GPS CP) ~ BIPM GPS
P3 BUp & B E v 4 3R 2 B % BIPM 2 22 B 30 A 47 ftp e 3k i BIPM & 2 8 {8 4F

|

P KRR AERE FELBFY o f T P b TRRIE FERL > EL BEL R
FAA4 2 TR EFRBBFTR BT ERB A BT s &2 REOF e
TR BPELHER TR R S A A B s LR E L H TR A T E R F R
oo AR S ATEAGEE B 0 AT RIS GHEPE R SR G R e
Wy > A BB PR R I AR R irE R F LY Egrg

P EREBRGT IR FRANABGETRE M ERAFHTLF A ZGPS & R
IR > 05 E AR R E X § - L GPS B R AR 4 4 NRETR 0 S iga
P d (e R H A 4 5L (SBAS) GPS 3 % R AT 4. E)Bl . P AR A
kg B arER o
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(2.1.B) GPS #p =3 & pLip| & $747 1

(2.1.B.1)if & 77 #

% % GPS 4p 48 #5 BLip] A 4748 2 (95.12)

QAIB)H P (R FH R 1 95.01~95.12)

Altitude, kilometers

THLA P €75 7 RRM (ionospheric irregularities) & &+ & % £ 0 EROT LA 7 LR

ERETRDH > RUE? RPMAOT A A2 IRIFE 4p =% (scintillation) » *# i

GBI G BB R R R T RRM L 20§ 30 & 0 AT
%%%@%ﬁ’ F A LRGN o MR T R ZIERDRFRA T L RR

Bk 3 P4 > »]4c ionosonde, VHF/UHF incoherent radar % - %] 2.1.B .1 [4§ A

Rottger, 1982] i ¥ — B 4 % B % %% 6|+ » 3% % 3 £ > Nature # 7| Vol. 196 > [

AUPER B R R R B - R MR B R

Jicamarca incoherent radar —FI (AA W) 3K R T AE T RRE > ki P A

e LRI B gATens & SR ] e B 07 R R AR R g e AL

BN
Jicamarca Vertical Bockscaiter of 3 meters
March 21, 1872
Q00

1900 ECD 21:00
Locat Time

B 2.1.B.1 4 F & Hic? SLp 4 L B o [4 p Rottger, 1982]

GPSHELp Wh #5647 BT A REF 5 > FL A DR HIBPT4E 7 R8> T*u
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§ % TIF AR AT IR KB RPER R - T - 56 0 £ T RNGPS RAT
SRR AL BRI R T A B RIS ER R el S K-
FEAR P Pl it

Wanninger [1993] #_% - =238 * 30 4 IGS (international GNSS service for dynamics)
data AT 3R 7 P48 (ionospheric irregularities) #7 3 74 » 518§ 3k total electron
content (TEC) % i* 5 g i% (Index of the rate of TEC, [rot) - #- GPS pLip| 3k thp-a# 4p =
Bkt S TR P RPIM - BB ETE

Aaronsetal. [1996] & ;4% 1 GPS 4p =& BLA BT GPS A R H L HFF LR H F
HEo A Rk BB R B o EE AT RS E S T GPS A R L B B A
FwREFAFEREF FOT YA 7 P2 BRI o Aarons etal. [1997] & * GPS 4p i=3f &
FOCT AR RIS 2 Ik A7 1993-1995 £ R R BT ALK A AP 0F 2
A5 o Mendillo et al. [2000] &3k 15 4~ 45 ¢ = #ip =3 # 3 1% f, (15-min median phase
fluctuation index) ¥ & /| FF4p = 3f # :}F 1% Fp (hourly phase fluctuation index) ' /% &_{ %
FRFFFPMHARETHA FREBETEOPY R 0 Bl “f“ﬁﬁmq‘%

(glitch, noise spike, cycle slip) » & {FELP|F AL * 3 T HREF 7 LT S o

*F 3 %< Wanninger [1993], Aarons et al. [1996, 1997] 2_4p =4 & BLA »

Eig 1
Mendillo et al. [2000] 2. = % > & * f ¢ HGPS FALA 474258 > - Hdp B dp ik fp &
Fpo» S48 e Umams B 2 ik o T ¥4 5 TEC 810 55545~ p 03 847 87 ¢ R
ip g do 82 0 3%t b Mendillo et al. [2000] SANT iRl=k 1996 & 10 * 23 p ipliE % &

et Rap o

(2.1.B.3)2 %
- 3FE IS 247 =P u*a‘%ﬁvjﬂ #% f, (15-min media phase fluctuation index)#_fx 15

AR RN - A AP A TR G HHE S Y o ST R AR L TR B

ATEC
min

S, (n, h, i) = Median |——

Zomi o B op 27 L %5 (PRN#1—PRN#32) > h %77 FF (0—23) > i

[id
&
f-‘ﬂ
S
q
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L - ] PR Y] (0—3) °

- iRz s ] pRAp 3E F 45 F, (hourly phase fluctuation index) #_fe— -] F#p B

Plab Wpif IR T A 4 LRI RIE PR (level)r 913 ¥ HJCHFE o f, B ehT 35

Znsm{zf nh z)/k}

nsat (h)

F,(h)= 1000

Eﬁkf‘?\ F, et st > B¢ psar - ) PFR T 4T Lentrh 8P o k2 - ) RFERE ¥
h f, BB o B U S LA R f, 94 7 3% e Mendillo etal. [2000] # F, %A 412 BHEF

F,= 50 % 77 # § 42& (background level) 77 A4 ; 50 < F, = 200 %7 7 » /LR
(moderate level) =7 P[4 5 F,> 200 * & D3Rz 3 742K (strong level) 77 Rp|

i

AR EFATEIZO] 3L A B ACERFE 2 E 150 R R f,
datken® 2 o K FE 3 0P A %V it £ 3 Mendillo et al. [2000] 7 Fp A~ 475 % -

A Y R *AE P2 (window method) 3%k 3+ - % finite impulse response (FIR) & i jg ikt
® o L% ¥_* Hamming window ° FIR ¢f¢ #ic (order) ®_50 > 1y ",4rf v £ 25
A ki e B ABE 1Y cut-off frequency ®_1/(25x60) Hz » #1718 3| chjjg it B §_F B 8 ?
FitAp = @t cut-off ki3 ¥ (normalized gain) £_ -6 dB o #icb =t P& 188 I 50 FF
F P0G RS Heeh 30 fy PR 5 TEC Fof o ac § okehid 2L TEC 4 % 1 AR %
(de-trend) P 3o
BT REL g EAp eIt R S 2o jiEE TECEHR R ifp g A 5
ERL A EREERAES - AL EL A BEYHIE LI0RH I ATIE 3R
TRFEA BHBAERTPELE PG AR R LA EL R
FIE S EEMERPBEY  HLGER 2 PBEE c AT R LABREFLAEY

]
RN S Ve

B R IR NS #4857 2 fcAp 23 #dp % f, (15-min media phase fluctuation index) e
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TEC /MIN

Mendillo et al. [2000] ¥ 3% f, ;}%1‘%—{ 15 2 4adp P ch— A 484 3 TR BB HE (S
e o e AN F T B R 5w o 8k A ficF 3R 4P 4EF (phase fluctuations)
Blengs@o MFOL@g Rt e d B LIS AR aa > FRuE B
JEFEER IS A EwRE KRB f) )Tkv o BRA A S B F ehgp i He o 2 —‘F%B’»E' e f,
B Zfi”ﬁﬁh1§aUﬁBC%§%ﬂ§°V?héf%ﬁL’gﬁﬁﬂﬁéﬁwq‘1@5@5
FoF-HEAPRADER I PFLBISABFROY e AWML TE S F o H A
BPERETASHE IS A BERADIS 2R 7 AT 15 28T FB? i >

AL E D EZEFRF L LR FEDEANBEMNBREL f, 58 Fw

F_

B ERP S F L TBEL e
(b) Equivalent Vertical TEC
30
40F
5 30f ]
]
L
= QOM J
ob o
0 1 2 3 4 5 6
(c) Phase fluctuations (d) Median Phase Fluctuobons( 5)
7Jannnanns — J 1.00
1F 0.751
of - 0.50}
-1 0.25}
-2 : s . . ] 0,00
0 1 2 3 4 5 6 0 1 2 3 4 5 B
Universal Time Universal Time

Bl 2.1.B2 [, AJELiEAE - (a) 5k #LF 5 (b) VTEC SEFF Y cn% it 5 (c) 48 i
B SEPER RS it (d) f, SR % 1 o [4 5 Mendillo et al., 2000]

® 2.1.B.2 [# p Mendillo et al., 2000] 1+ SANT /B|=k 1996 & 10 * 23 p g R F#L 5 B
+ o B R BARAEH 1S 247 dcdp i dp ik f, o B 2.1.B.2a £ GPS PRN# 15
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fFh i Ly B 2.1.B.2b €. % »x€-8 TEC (VTEC) ;® 2.1.B.2c €.4p =3 #; § 2.1.B.2d

15 2480 dcdp B4 fR £, o B12.1.B.2c-d B & 02UT 2 05UT 353 413
P OB LR RE o

(@) Satellite Pass (PRN# 15) &) Relative Vertical TEC (elevation>15°)
-20 : : : 50 : : : : :
40 -
_25 4
o 5 - 301
o -30 1 8
3 4 =
O 20 -
3
-351 2
b ) 10 A
-40 0
-80 -75 -70 -65 -60 0 1 2 3 4 5 6
Degree
(© Phase Fluctuations (@ Median Phase Fluctuations (fp)
L L L L 1 1 L 1 L 1 L
2 4
0.75 1
z 1
= 0.5
> 5
O 04
m ||
'_
1] 0.25 1 IIIII
-2 0 | L
0 1 2 3 4 5 5} 0 1 5 6
Universal Time Universal Time

Bl 2.1B3 &8 AITEAL o (a) L FLE 5 (b) VIEC SERE R g ib
(c) AP B FERE T Rt 5 (d)f,EPFF gt o

Bl 2.1.B.3 £ & F"  EJZ e SANT iR|=E 1996 # 10 * 23 p FpLipl T4 - B 7 R B4 4k
B 15 A 4a Y fcdp g R dp iR f, o Bl 2.1.B.3a o fh RS ST R Siph AP TR Y

W A E_GPS PRN# 15 f#h il i #Li™ > £ 00UT B 42 DI Prd |20 1S B 5 0k 0 B8x
A_SANT Blzk =% ; B 2.1.B.3b &% TEC; ® 2.1.B.3c €4p =4 # ; B 2.1.B.3d 4_15
AgsY Bl g R AR f, o B 2.1.B3c-d Br & 02 UT & 05 UT %175 HRP &
% LRIAE o 2t % & Mendillo et al. [2000] 4= 5] % % {33517 o
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(a) 1 Minute dTEC/dt SANTIAGO UT Date: 10/23/96

A v _—
kgt T
o
el

il
T-‘— ettt
R A ——————
| :l:‘_'___.. -
]

llllllllulllh‘l Illql

SAARARAI
TECU /MIN

N=OO-IGnMESO-IRLRWE~

T T T |'|Tl'é'|"-

Satellite Number

T o et ot et o i et

23

i

|

]
i

o N nnnnn

12 16 20
Universal 'I'ime

(b) Hourly Phasc Fluctuation Indcx(F,)
T T : T L e — 1 L S | E

150

100

50

0 4 8 12 16 20 0
Universal Time

Bl 2.1.B4 Fp rdZi#% o (a) *7TF fFh cofp 3 d - 2 p 1 5 (b) Fp
- X P it o [# p Mendillo et al., 2000]

B 2.1.B.4 [48 i Mendillo et al., 2000] & 7= SANT iRl 1996 & 10 * 23 p chjp = 3f 5 22
E o] AR g F g iR F, o B 2.1.B.4a LTI & AL SUELOAp 4R F o F] 2.1.B.4b
A5 pEAp AR g F, 0 BT & 00—08 UT § #1307 LA -
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Santiago Phase Fluctuations (23 October 1996, elevation1>10°, elevation2>15%)
| | | | | | | | | | | | | | | | | |

for e

-

(4]

—
(=]

Satellite PRN#
o

20
25 . —
e et
30 ks
T T T T T T T T T T T T T T T T T
0 4 8 12 16 20 0
(b)
Hourly Phase Fluctuation index (Fp)

250 | | |
200 -

0 4 8 12 16 20 0
Universal Time

Bl 2.1.B.5 &5 Fp AJZiEAZ  (a) “TF Wk Ofp s - X P eng

it S (b)Fp — % pengit o

B 2.1.B.5 Z_ &8 7 r&J2 7 SANT iP5k 1996 # 10 # 23 p cijp (=3 & 82 5 /] PFAp (2 4F &
datk Fp o B 2.1.B.5a B4 e e g SE A A 5Ledp 4g 8¢ > B 2.1.B.5b 5 | prAp 4
E‘ﬁa‘;ﬁ%’:—Fp v Bt e 0008 UT 5 IR P[> A 09-23UT X3 7 RRAIEE (F, 95
20 F 7)o gt % ¥ Mendillo et al. [2000] 4 0] 5% % (31T -
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d e Bk 'ﬁ Mo AT R F RS kg R A 7R © e 59 £ IR Mendillo
etal. [2000] a7 % o #7100 > AR 7R H#0 % Mendillo et al. [2000] 7 F), :f;] LN TN
B HA DA AR D3RP 7 F,<50 &7 F FARR 97 A S0<F,
<200 #5 3 ¢ ¥42& (moderate level) 17 LAY ; F,>200 £ D3R4 5% 7] 42 &

(strong level) 17 Hp|§E o
WA BRAEREHELL > LT

B A A_GPS Ff g B 5% o g2 2% Mendillo et al. [2000] 3@ * 8 fiFh i 4 £ 3% 5

B GPS A 8§ 5B 7 ¥ S GPS FALAr (A4 BB R M & £ 0 10 B D
FA A SRR EFEE LA IS ROTAH c AL BAnprs O REHE S S REE
GPS Tl o I EFHR* P RZEEHE® Wi 230 15 RGPS T > #Tu T I #-€ 5
-3 o Gl "ﬁ% 0154 UT 124 PRN#25 # & -] 3% 15 & ¢ phase fluctuations » #-7
e BFEOOUT enF,; # " 08 UT 7 PRN#2 shiphase fluctuations> » #-+ i £ 307 UT
F, e PR AL AFL Y S (8- Fetient B4 G gtk kg B GPS

ok A F B i F -RT (zero-level crossing) PliE o

- BRIEEY L3 TEC kA 474p 4 3 E4F 03 2 o d 30 L3 TBC i ¥ (¥t
ER R N 3 Foindt 3 TEC» jrig IGS Bipl g ) PRk 7 L
TG T R PREn L UE T fohdE TEC, { 7 % 32 fi & 3 o SRR R
SRlEb T o AT AFTF S - BT B R * AL TEC chdp R A 5 ETS 2 0 3

GPS Ap (=4 #° BRI AR T % o

“J

Pz é"-}ilél kil

A

Q.1.BA)E* 3 »cF
AATS A RS R T AL A RRIRIE AT 0 ¢ 22 TGPS 4p 4 F LR A 3L | -
BoT3 @ B & 2006 # % 36 & Committee on Space Research (COSPAR 2006) F
¢k P4 L £& 8 2 B Digisonde spread F and GPS phase fluctuations observed
in the equatorial ionosphere during solar maximum ; 7 3 # % — & # %> Journal of
Geophysical Research » i BE % & » ¥4 & 12 % 6 p 0 Vol. 111 7] & 155 » v SCI
7] 2. impact factor % iE 2.78 ¢ ¥ ¢t > )L GPS AP R AT 2 HE F T HE 7 R
PIA 87 AT A f A S B
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2.1.BS)A k1 iv& gk
AR IFF 2 o - FHEL LR T GPS BB TR > bl4cR R T % F - P 523t GPS
BLR|ge 2 ? LT e GPS BLRI e & GPS Rk cnFR o = £ GPS Ap i3 & LR & 5P
BRSNS A 2RI IR ST PO R PR L

(2.1.B.6) fi 371 3%

kAT g ez p e chGPS TR AITAES - GPSAp g b da ik o &2 Fpo2 20 f
1 GPS 4p ff_#;&ﬁ%/n\ 1 34T o chE B dk 0 s AR E f A 1R B
Z e ¥ Ay d & %W% SCI# 7| Journal of Geophysical Research F 4% % # 7 =
B, AR A o

GPS #4p =4 A 473 F #-  7 T A 7 R0 23 2 GPS B R rrcit » #m o
FAHTHAE 2 R PEEGPS T AT WH]F & { BT % TG 30 F
GPS data 2 * » 4 % & § Bk F cnF L > bilde 0.1 §) GPS data > & { %0 0.02 §) GPS

data > E R B M P REEF L P ARRRA -
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(22) Wi e GpF 2222 AR TRE
QAR E W R -k o Bprgd B2 RIS E
22.A.1) & &7

B2 p ANICT & 1% 2 g Henv 3558k = o b kw11 F 5% (95.03)
(2.2.A2)F SHP (3L 1 95.01~95.12)

%&%@@%ﬁﬂ*%@%ﬁﬁﬁﬁﬁﬁ%%%%%@&@’@agﬁﬁﬁﬁﬁwﬁi

Poebo B A G kI 0 d SR E LE REAT b o B R R SR B

e P AR NGB A R R EERE R o R 2 2 W(D)BEH e
PFAFRACE (40 GPS #ii9); )i * Wk B ARE; Q)fI* v FEF G kv
i o HY s PN FEEr e RE D ARET P R RGO ER > BEOTHRES
Bor o S HERE DiFh Be @R HEB R LT T AT L] Fins) e

*F %% % 22 p & NICT (National Institute of Information and Communications Technology »

iy ARRERF) - £ fm,i;iﬁ;?fs%ﬁvg TR a0 ik B BEES G o S 2

Vo¥FAARE 3T 2000 & 6 P iE 2 > 2 (S MAFR S k] (T F S 0 2005 # ot § g

simodem > E{TH X 24 | PFRFE - fyE L B IS Tl BT RAEAL

By oo Ri- HHELESEFFVHaoHERE 0 AFHRETYE NICT > 27T 5

BTN FEER G R R R o

PR BRI p ANICT# %2 ¥ 34 3% # % 2 & =k (portable station, PS) » ¥ % % % % 7

Ku-Bandf#h e @pFk o Sh8 (7RI F 5% o @ * NICT#r42* JCSAT-1B(150E) I #) #uig

#h 125 MHZME B e B A > b o 1 e — & B B G h & 6 28 Tl ot
o T A Rk e kR EFERDL R E - B22A15 F %R F R HIAEE LT (A)

Fop AP ANICTERF > - BRF&GYF PN E LT R BENICTHF 2 F 2

Mg b E TN L KR e @R R AR IR AL R - (B)F -
EVINGEE B G b EF] SHTL FATEEL G FHEMER - BRIGE X F PR
WAL R SBTLRG 2 ARk b2 PR Fh B oe bR 7 e @ R AR H

FREERFERZ R o (C) PN FEF G BRI P A LHHIRA)DT &R (A)
BB S E T U

P EEPINICTETLS B HE o AP HOREPFFERELR > &
AR eh#icE o kBT E P F SR o
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h
=

o
=
g

ﬁ%ﬁ**ﬁ;

| nieT | | s | lps| | 1L |
| | | |
| Clock(NICT) | | Clock(TL) |
A. Common clock difference B. Common clock difference

BI2.2.A.1 ~ F %7 & B

(2.2.A3)% %4z

B R L E Tk 2450 KD PR B F 1T 02006 F = § A B
B NCC RREHHAMEH LI A2 2R FT R 23T HAGFLY 5 FF] 2
Mg T R L 4 o p A NICT R)% Dr. Hideo MAENO ~ Mr. Masanori AIDA % Dr. Miho
FUJIEDA = /5% ¥ % chB ok & 0 (BT 3 G 2b 3k i D K~ ik 4o~ 1 SURIGE
FETREFHIFT T - FHROREFHRFFA AL REERFrT Ko REY
p A& o ¢ > Dr. Hideo MAENO » "83g r2jgadenn™ 38 41 5 NICT fpd P20 5 % ~ G
Ao G A RBEER O MR PIIRE S B F RIS SR 5%

SO € BT B PR 0 SR Lt h g TERE R o

2/17-2/20: tep & NICT i& {7 4 p(A)hfE = B pF 5 %

2205 - ) MF S FELEE T ED o F

226(h 4 p): B A= kRIS

227(% 8 - ): F & K~ % X4 JCSAT-1B et SURJGE > B 4o Z(B):hy %
2/28( & #p = )-3/2(E e ) &7 BB BT &

328w )T I B FH AT R K

3458 ) p Az =B RIS

3/13( 8- ): 455Nk 5 2k438 w p A NICT

3/15-3/16: tp 4 NICT £ AT {7 B(A)eh i @ pF g %
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B 22.A3 ()7 #H#E = o 203 P 413K % (¢ 45 2 channel modem ~ up/down
converter ~ counter % 7 #| % "o %) o (+)k T i B(i * kK @ﬁ;f]’% B/ T EL) o
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B22A4 - 75205 @E2 2R - VERZSHFTL THB G P &~ NICT -

(22.A4) %%
AP TASHSA AT ABABRHRENFLS 3 AT OPFFERL
UTC(A)-UTC(B)=REFDELAY A-REFDELAY+0.5(TWA-TWp)}+CALR (1)
REFDELAY=UTC—REF -+ + « « « « « « « « v « v « v o o« « o )

#¢ > UTC 4o REF 4 W4 7349 % % UTC & ¥ @ ch ¥ % 8% modem 9 IPPS %%
PR Bend ~ Bk o @ 7 4543 & 5k PS 4 NICT B 2% & # 57 common clock @ ¥ 2
BE AT 40T

REFDELAYNICT—REFDELAYPs@NICT— INTDLYps@NICT+ O-S(TWNICT_TWPS@NICT)
+0.5(dnicr — dps@nicT) =0 ¢ ¢ s e e e e e e e e e 3)

INTDLY = REF — IPPSTX  + + = + + = « « o o o v e v v v v v v 4)

H ¢ H INTDLY % 7+ REFE?J » gLF|modem A # 1PPSTXPF & 13 5L e R4 12 » TW 2 modem

Sl S % > dP & T EE G ok B R BT SRR £ o
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#22.A.15% F % 0E Pl#Iy - REFDELAY 2 INTDLY % i * SR620 time interval counter &
Blens % > B PEOAN A FER AT J BehpenT 592 R L 2 B R R BaE A FE <R B 249
ook R Sl o
B22A55 BRleonichr B > o BpFnd % £d 5 48 7l endicdp B 5 | pFenT 35{8 5 o
A P ANICTE FenfEe BRRRERXRAREY | ALHEFOEr BER R A B
RARTEHE LR TG 0047 ns e BT HRPTD LB G T RAPE DO AETR O RIE - H 6
s T TR B 50.033 ns (0.047/2) 0 FIA TSGR B G sk g
0.5(TWxict — TWesanicr) % 0.5(TWrL — TWapsgr) # 2 ficdy ch g ip] » F]pb i i B 3
TR A (0.033%+0.5(0.033%)? = 0.04 ns
dNTRBEER § R PU R R TEBAY AR A PR R R
FrarB g PR E8-12TC  fop AR %PFA R N RAPIT » SRS R %7 4R
THEFE -

% 22.A1 ~ F % B

Parameters Uncertainty
Type A Type B
Items Values [ns] P P
[ps] [ps]
REFDELAYnict 477.955 171 500
REFDELAY ps@nict 411.404 171 500
REFDELAY 1 31.591 6 500
REFDELAYps@tL 33.438 6 500
INTDLY ps@nict 44.254 8 500
INTDLY ps@te 42.071 19 -
O.S(TWNICT -
-56.175 48 40
TWpsanicr)
0.5(TWrL —
162.418 73 40
TWps@tL)
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-55 163.5
a)in NICT, before shipping b)in TL
-55.5 163
ZE zk
56 = 1625
}Z b
E | I =
= =
-56.5 162
-57 - 1615
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50
time[h] time[h]
55 -56
¢)in NICT. after shipping d) in NIET
meanvalue before and after shipging
56.1
55.5
z z '
=z £ -56.2
= o e
= 6 ’ '\| -+ |1 == '
=z . Sz
= p .| *4 e
s Tty 5 563
) [ ] -". <
565 4 5
L 3
56.4
difference = -56.173-(-36.222)
=0.047:[ns]
= -56.5 i
10 15 20 25 30 35 53780 53785 53790 53795 53800 53805 53810 53815

time[h]

BI2.2.A5 ~ plendicdy B(B L § v B4 7 5 ) I amioR)

MID

()bt p ANICT:E Fend 52 % > T35 5-56.175ns > (b) o & ¥ TLiE (7 chP % i %

T35 5162418 ns o ()X A REw P & (S

P ANICT= {63 X F %4 R 50047 ns o

O.S(dN[CT - dTL ) =152.378 ns

ATIE TR B K 0 TI5E 5 -56.222 ns 0 (d)

()

AP FETR U= Jul +u? =J02582 +1.119° = 1.148ns - - - (6)

WEAPT U ENICTE TL S BR%E H e o b il

PR3 AFTFEF G EE FAHFELPHEE 2 IR #2072 = ehSagnac effect

=-63.090 ns ° & {4 (@ PINICTE TLigF kL e @it ¥ 589.288ns o

Ve 22005 %5 3 GPS P3T A5 v R i ik 7 Tl et 5% % 89.006 ns 0 —‘F% F 3
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B Pl $aap o 3% % i3 modem v B FE X 24 | PR F - f’?ﬁjF’?F'a”L Heor2F%kZE
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(2.2.B) ¥k v G prgapt 2 2B 2 Bdp A 1
(22B.1)iE xgp

%A R B @ PR A 45 2L R 2 (95.12)
(2B TN FELFHF 1 95.01~95.12)

AEREZEE- R AFH%Z fﬁt’fﬁ%f%‘:é B B ¥ s GPS P3 7 A5V HR S i L
T2 GPS §Ljdp Rl % g de o B ¢ Gk o BPF AP W B OO RPN L -
B P ETEF B Ry 2 RS REREFABIPM) Y kB RE RS PF
(TA)ehi & FHL o

A58 % T 5%

AR E LR A NICT(2004 £ 4 7 i ff 5 CRL)Z v 4 132 2000 # 6 7 2 2 > 2
BAEEEA XDV FF R B R CEET AT AR R R o f 2002 & -
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S E o

2003 # 3 " AR %% %K 5 coNICT modem - ek e en { #7827 £ 8 a3 15 3R]
32005 #F 20 1SN * T 6 {7 eOBLBDY 4 o F] % i i modem fngkt > T e pEE S
BB FAH 2005 £ ERFEDL B T L B GRS R & 458
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B TL %= BRFF RIS bl ke Pt $H4aR > B 75 X @ § v
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A B 8 NICT ARG iFEhs (v A dfolii 7 Aot $F T 4p 5 chjicdd M % -NICT
AL AP R P AR ANE AR R AR ERBEFETRISY 0 5
A gy o BB NICT 33 2B 4 o bldo > AP E 32003 & 3 1 ApsE+ 2% -
E AR (5% TL) 2 B (e fF VSL)enfirh e @ prdapt > @ p A& NICT £ 44 PTB »¢
2005 & 7 7 4 2 F I ik e B PEAARS o 2 12 NICT 4 #1284 55 B KRISS 3 B 7k #
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F 2005 & 9 7 T 2006 F 2 7 A4 0 2 {SFIAEA PIEH U A FEAEE > FHR T EFHE -
doTHEF R PR PR SN AP Y B A &% 38 NICT
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¥ 25 A 2005 & 2 2006 # 1 * GFh R E R S R wmiEh B oG SRR A 4T 0
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P A B ERE IR G R R4 22800 B¢ B oG sk TL-02 # % Ay % ¥ F @
S > TL-03 i * t %50 8 5 > TL-03 22006 & 7 7 2 &3 6 b2 B 7 J23 b fa it
= o enfs B o

TL-01 % B0 & % 20 pIR 9 %40 4 1.8m¥ o b4 7 B KOwedp i 4z p #
S [k TR ARt BT A G skl (S8 AB/HZ) ¥ R AL 0

ES

modem 4§ 2 % L C/N vt 3t 43dB/Hz ot F* 3L 1 F 24 TL-04 ILFF L T 0L 3 8 * o

AP EE RS B G R IR F I BL ORI R F AT o Fp g
R N AL AN S e %”ﬁ G R R A AT -

% 22B.1~ ¥ bk # £

Earth stations

Earth Station TL-01 TL-02 TL-03 TL-04
Labs to be linked Test NICT, KRISS, VSL -
NTSC, NMIJ, SG
Satellite PAS-8 JCSAT-1B PAS-4 -
Band Ku Ku Ku C
Antenna Prodelin-1194 Andrew Andrew Andrew
1.8 m 24m 24m 4.6m
Modem SATRE (073) NICT muti- SATRE (066) SATRE(063)
SIW: 4.11.8 channel SIW: 4.11.8
UP/Down Codan 5900 (8W) Codan 5900 (8W) | Codan 5900 (8W) | EFData CST-5000
Converter (5908 SSPA, 5582 (5908 SSPA, 5582 | (5908 SSPA, 5582 | Satellite terminal
Power Supply Unit) | Power Supply Unit)| Power Supply Unit)
IF Cable Andrew SFJ1-50A | Andrew SFJ1-50A | Andrew SFJ1-50A | Andrew SFJ1-50A
Counter SATRE internal NICT internal SR-620 HP5370B
OP and Analyzing - Operated by NICT Automation -
Software operating by TL
Others SATSI M (Satellite | Power Sp|ittEI’.' and | Power split;er and -
simulator) 70 MHz BP filter VHF switch

(22B.3)% %

A GAEHREECHE %
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TAr FREFELEY BEFREIB 22B2%7 c AFFHF P EL X8 % 5B R RE
F % % NICT ~ NMIJ ~ NTSC ~ KRISS ~ SG i& 7 o prRF L 44 > 18 % NICT #742%
JCSAT-1B(150E) ¢ # #uig -k + 2.5 MHz 4 % cndg 4F B4 B > 12 i if modem 3% § &
FEXBFE P o

JCSAT-1B

/ NMI1J NTSC \
PAS-8

NICT

NICT KRISS

KRISS NMIA

N <

B 22B2 L 44 % RZHEs e Gpe

ERAFRELE%AEEFHBIPM)HF R L F | - £ > % B RECOMMENDATION
ITU-R TE.1153-2 [Jent& 3% » B~ 5 & 48(7° 300 ) 0dkdyp © QUADRATIC FIT # # - #i
¥ T 7 e pb: HTTP//WWW3.NICT.GO.JP/W/W114/DATA/TWSTFT/JCSAT/ -

B 22.B.3~7 5 364 1 $H4085 sk vk 3 W) 0 PP 4L2005/11/26 3 2006/11/11 = fopt
2w A TL 2 ¢ M KRISS ¢ 3% & R348 % 24 2%k A p ~ NICT ~ NMIJ ~
ABENTSCRI Al D MR AT e Rd BRI BIHST RI 40 BIF UER
SR ER ERCRE S LY X

20 UTC(NICT)-UTC(TL)

nano second

-15

-20
53700 53750 53800 53850 53900 53950 54000 54050
MJD 53700 - MJD 54050 (2005/11/26-2006/11/11)

95



nano second

nano second

nano second

B 2.2.B.3 ~ NICT-TL Link (P % & 5 -2 % * %)
UTCI(TL)-UTC(KIRIS)

100 , , )
95 ‘ ‘ M
90

. % % 5 5 /'s" 5 M

80 | iy S S | o .
L e S e S S o & . T
70 f f 5 f :

65 |- T B . ..
%0 A PTRY BTN : v

55
50 Bq e

45 ; ; | | | |
53700 53750 53800 53850 53900 53950 54000 54050

MJD 53700 - MJD 54050 (2005/11/26-2006/11/11)
B 2.2.B.4 ~ TL-KRISS Link ( & # ¢ W -§5 B+ v )
UTC(TL)-UTC(NMIJ)

10 ) )

60 | | ; a ; a
53700 53750 53800 53850 53900 53950 54000 54050

MJD 53700 - MJD 54050 (2005/11/26-2006/11/11)
B 2.2.B.5 ~ TL-NMIJ Link (% * #-p & it)
145 UTC(TL)-UTC(NTSC)

140
135
130
125
120
115
110

\/

105 ‘u

100

o ; ; ; ; ; ;
53700 53750 53800 53850 53900 53950 54000 54050

MJD 53700 - MJD 54050 (2005/11/26-2006/11/11)
) 2.2.B.6 ~ TL-NTSC Link (5 ¥ # -+ F}: &)
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UTIC(SG)—UTC(ITL)

-100

-120

-140

-160

-180

nano second

-200
-220

-240

-260 5 5 5
53700 53750 53800 53850 53000 53950 54000 54050

MJD 53700 - MJD 54050 (2005/11/26-2006/11/11)
B 2.2.B.7 ~ SG-TL Link (F7+4c - & ¢ )

d R RERT 0 SR T FHENP M D LR NICT-TL Fi8wdis 45 o B
2.2.B.8 % Modified Allan Deviation =& T & » 17 » ¢ #&1FL v B pF(TWSTFT)2 GPS
P3 AV (all-in view data)eh3 420t g > 2% i 7 2 R § UpIEE R 2 5x10° £ » TWSTET
F P AR GPSP3 cfE R A ; F PR A 5x10° 4 - AR TR Pl GPSP3 £ - — 4
7 o TWSTFT to ]t - % el £ 2R € B3t GPS Fal > 30— X cnTiopp| i >
FlAAET RS S RF 10 BN > LR 2 Y ek w - TWSTFT £ GPS ?
AT R €483 - Rod WTLEEF G X P HPHP RFLRCPRE 245
ps~600 ps chsg i & > 70U L H A - X L L afg e R TWSTFT 4l ¢t GPS T 4

R ] e iR Rl T iEL e BRI R BT E 2R VA o

O

UTC(NICT)-UTC(TL)
MJD: 53773-53977

“ —e—TWSTFT }-
i| == Circular T}
| —*+—P3AV :
= ! —— -
= 10"
=
o}
0
=]
R R R S R R
=
R
o) 14
= 10 o
b=
16715 F33817 0 10 e A i
10° 10" 10° 10° 107

Averaging Time[s]
@] 2.2.B.8 ~ NICT-TL link & =_& » 47(¢ 45tk B+ @ P22 GPSP3 T #)
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®122.B.9 %k g @ pF(TW)2 GPS CP (carrier phase » it 4p =) #cyp ch L 855 B > o
3 GPS AR = FRLIL § B 0 #1114 - B offsct g - TW 82 GPS CP 4 & ik
% £ (Std. Dev.) &5 558 ps (FA44 & 1503 Bk) » ¥ 14340 % — 3R o §] 2.2.B.10 5 NICT-TL
ks v B (TW)2 GPS P3 AV ##(GPS all-in-view multi-channel dual-frequency P
code data) #c¥ynZ EE B o F F ¥ g MID 53734- MID 53744 w58 B % A2 ehlicdp (i
BpEF GPSCP L7 ficdy) > BB LW 694pse BedpendAo®is - g iuiws v Gpr
modem 4 ¥ 4% FHLORI AL 2 2006 £ = 7 A PATR PR EEL ) BANE ST R
5 4 modem 5 SLeps P X E 0 UEFLEAL o

9]

o TW-CP-(380.5 ns) |

(98]
T

(ns)

—
T

i
(8]

Time difference

-5

53664 53684 53704 53724 53744 53764
MID (Oct. 21 2005- Jan. 29 2006)

B 2.2.B.9 ~ NICT-TL link #% #+ @& pF(TW)2 GPS CP (carrier phase) F 4l enZ £

6
5 4‘ * TW-P3 AV(elevation weight)l .
24 4
=3 .
Q
:
O
=
=
<0 3
D)
£
=2
-3 .
4 ‘

53664 53684 53704 53724 53744 53764
MJD (Oct. 21 2005- Jan. 29 2006)

@ 2.2.B.10 ~ NICT-TL link f#% g+ & pr(TW)&2 GPSP3 AV Tl i B
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EANPE TR VSLEEFE X - XL 4P s> a VSLEwHH B F5%3iHEa | pF
BT R AR B o d 3T VSL LG B R i o GPS J2 Tl 0 B0 v iy o A
3% F T ch N4 B PTB G2 7L i o 4 ,T*’«Lfrffg‘ g @ pF TW[PTB-TL]H3% i85 £
¥5 B BpFEERE 5] 0 % TW[PTB-VSL]+TW[VSL-TL]; GPS P3 AV[PTB-TL]:% # R
£ F 880 o B 22B.11 B| £ TW[PTB-TL]- GPS P3 AV[PTB-TL] 1 * i» T enig
Bl B g iR L 5 420ps (AR 20 ) 220 M8 o XA 2 0 S FIAE R TIAE £

ﬁ’lﬁﬁ_&ﬁpﬁiﬁ v F B F]m AR o

10 TW-GPS P3 AV(elevation weight)+ 5.9 ns

©®e00 000, o 0,0, _cee *°%e

SV

Time difference (ns)
[w)

-10

53740 53745 53750 53755 53760 53765
MJD (Jan. 5- Feb. 1 2006)

¥l 2.2.B.11 ~ PTB-TL ik g+ @ pF(TW)22 GPSP3AV Falz £ 8

(22BA4) %
Fh e G LiEd B E U EHARE S 4 AL SRR D 4 AR -
fPRiEE T Ew o AP E 2 A(ns) s AER 5 A P BT 100 ps % B R
B B4meiR -3 F A hPod A1 FHEIT R FE X 24 A HFA
GRS SRR i B S
P m oo prdp AL T A GEh e B R A RS D 120 U
TR EEE R BRI B RS G R R R E R T
FE IR g B o

B 2007 & > A EENIST~USNO %2 p A NICT £ B # A2 5B L = % Fh + o 3k
FE2 L ke GRS o BB LERFEF G > TREFRRET &K R

PR R R 0 IR b £ R - -

PR T E o A E R L A R R A A AR AE o 2 p A
NICT-L?E:#%E;LPIFA\{EJ Erfé;'F’&’I? £ B ‘)‘bfa,«,r‘go
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(2.2.B.5) p ik

B e @RS R g0 2 {2 R ol R R T BA D

/k' fFa’ﬁ A _g @
= 4 B AT 2 e 4 I Rk S licdy TR L B - sai e R %

T kgt y £ 8o

BT - £ A iR e R R T s L 2

F PO PBEEG A

’E‘_E‘f’%ﬁ’%?-% ’ I/E.—)ﬁ ¥ I;; ﬁjbg W?P—?I%EE'QV’NMIJ ~ KRISS ﬁ-f;#ﬂﬁ;g Eﬁ/E'JEﬁl—é@; .
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(22.C) fFkh e G PEFE TR P LT £ 2 3

(2.2.C.1)iE 238 p
=k e BT R EFF 2 FRE (95.11)

QR2COHRFN F (R FHF 1 9501~95.12)

A BEREIR2 FFFTE
PEAR B3 Pk o BER SO R R > AR L R A B auEagr o F
BEE LA R 8 §FARRE N AFORE S RAFE DR § 0
BpF AR R > A G PR L B R e BRI E I B AP e pF A u B
e BT 0 F 3 ARG o R T P B R AR o
%a%&%é@%’ﬁ{ﬁW6%%ﬁ FHRZ > bl -FREERHFLEAIEES
gigd ;_:@@ﬁ%llﬁfﬁté’:f"‘ e 2 Bl LSRRI F AL 2L E B D] A 2N
ERAB PR L E A M EF L2 P o
Rype @il PEBE PR CEESRTTREEER PR > TP L 4

Boskm ok b (TR T FRT R $Hf(perfect symmetry) B £ IZ f hiEK o F B o
B2 n T ST BT HER TR B b2 o 4 T AT B kA DS R 2 R
i & i (Calibration) k & ip| 2 #F ¥

P ’Ts"?*ﬁ?,"f-i%% PR EIB R hp s BHRF

=z

(a) Sagnac effect
e R g AR R E T FE LS - R R HORFEF Y o B G
Bk e B e so s FIP B BB PR L S 4o 10 » # % Sagnac I o 4[]
22C.1 > F RS GBI PRl > B Gk A-B 2 Fh 03B B7 LY 1 i
ESFFRN ot BED 0 F B o B N K ERF > Ak og 2 ERY 3
g od A IR R U 2 D EL G e B B4 AT B Bl A SRS R R € H 4
pFE B Pl A R E RS - BARR R R o R BT N R s
20A/C7 ¥ CH kg oA r e mid R AL BEFE B B AK G
AR S A E G e 0 ol 22.C20 - AP T U FEEUEF R B L
LE 3G HAriFh S FRF T 358 Nisagnac B £ o BlAc AR %K E L P A NICT
F % 41" JCSAT-1B (E 150°)fFk #7i& {7 chfErk o i pF 7 B > sagnac 2 & £ % -63.090

ns e
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Satellite Motion

/Zm
® @

Earth Station Earth Station
A B

B 2.2.C.1~ Tk p g & chzbgp 3 5L
Satellite

Area (A)

L

B 2.2.C.2 ~ Sagnac = 3% ¢ G ff

(b) X5 &k & a2
B R dR T X A~ 4 B (transponden)#F i 2 F B X ARG AR IF cPEL T 0 R frk 1 Bt B
Ak > i fep & NICT # * JCSAT-1B f#Fkh #7i8 (7 cf Bk T H 3T igsg o L S 4305 &

PoporhindR it A B F Y 2 oS A B H A7 I fspotbeam > 3 p 7

vé:,mlp }bﬁfﬂr g ) AN 'Fa‘f\?f{‘wVSL ]% # PAS_4 W"EP h|-|-1g\_f—r m-ﬁ'\ggglj i_’—,;’\ L 3% lF\F' °

W EE O P A ek WS L 2 awr‘]* %43 ¥ S BT dSBA-dSAB h A B0 d ik

STIABRME T AEag Lo 4 AL EAR P EEL (98B ns) o

(€) ¥ G b3k oag ik

B sk B3 fodkjgne gL & > & 45 Up fv Down converter ~ Hcp8 % 2 2 % H ~

Y v I 7 s L 2p 2P 2 Bk o 4E R > “"o——, > o1 B »
ARG S FRE  SE g R EBEL S U ERE A B> AR F
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AR EBRAREIFELEE» B LN FUAS - I P HROW B ITRE - FlE AP EXF
ST EREELTERSECRBRFIZORE BRI EFR LS - AN s @R

FHEEPH R A(RAPH P o )T ABHY > A A 2 PR ERG FERE 2 W
wE o e @E‘*mﬁ*‘b_,fgﬁ 2 2RI HLE o

FLE-OEFZYFHFLE  ZFL OB ILIETF I FHMBLERFAGHE > NS

i\

WA A o B R 5 b foiek B RER > 1L R F L D ik k@

~=\

AR IR EER A e g BT HREFEEDETS €3 F o BRS A G
Aok BFapEdr L 5 1500 km > #7uisE ek (e P L 5 Smso FhE AR EATE £
B3¢ & 5 3m/s (24 10 ns/s) > Flpt 2hdp 3 AL L 0.05ns

W A BT RS CHELAR- BRART AT A X - PEFL P
F2ZHBEFRFTT A PR A DL ERS T I FHIA AEPEPN T AR
B KPR (BE )RR UF AT R 2 1 o AL e BpFEE | prmiE s
WRE R BRI o

Eat ARCEEASF ARSI T U RAFEY - oG s GLg SRR
ABms EA S P ELE IR FL o

() THLk i1
Flat T FRELOTAME I IR TEEF P RGK ERDL S
40.3TEC(1/ )1/ f2 =1/ f2)
B » TEC: U HBREDETFER
c.: ki#

fdandfu: T /7t [TAFF

$3tKu-bandehfFk PRA% » — ST 72 FHF L fd =145 GHz #- fu=12.5 GHz » 3%
- A% T3 ER kR TEC=1x10"° (electrons/m’) » P % 3k 1 & % :
0.859 ns—0.639 ns= 0.220 ns

T e dAS;dSA_dBS;dSB 5B ) % 011 ns -
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B Mo RA ¥ 20GHZz 11T 1 5

GRS N F e

B. #1722

i gy

CFAAR R T

it ;94 NICT-TL 4 7 82 8 3 prfg 2 & en%) 3 o

},%‘!:J-é’lfp,, «Umxfy/};ﬂ’r_] 1};17

B R cnpE e VB > 2248 B0 & (elevation angle)~ Z F P kA F R 2§ ERZ

ARt L i N A ﬁ%{é PR A & el
REEFHNE B

1

P
AR TR 0 $ @A

~9 5% % TL 2 p ~ NICT
873 4

Boehde B G A ep§les o AR Bop A IR FE S B2 Rehoic g1 o
y—%aﬁwﬁl’%ﬁﬁﬁ¥%$ﬁﬁﬁﬂﬂ- R BARTARAT LHIE R
et B 22.C3 R FCRE S BRI £ H L TET R
ik e BpEL % DFF o

Antenna dish

Satellite simulator

69 MHz CW
Oscillator

SATRE modem

mmm--------------ifeed
1 - 7
! AP 12.405 GHz Ry
) I_)7 - | Up/Down Converter
1
H ‘
i | 14.150 GHz X A__TXIF RXIF
'| Antenna -
1 | unit « | -10dB
A -20dB
| | +16dB
1 VO |
1 1
i Local :
: Oscill. |
| 1.676 GHz CW : Ref- TX- RX-
! ! + cable Acable cable
: L
1 [
I 1
I -20dB I Lous
I 1 -
| 69MHZ CW 1 [ | 70MHz PN
I I
1 1
! ! X RX
1 1
1 1
1 1
1 1

“Satellite-simulator / SATRE calibrator’

B 2.2.C3~ 47k i Ben- B2

= #8 % PlB. IS 5 Bl 5 Measurement loop of transmission and reception path)

" SA-TIM-MA-1005, TimeTech GmbH 2002

1% 4
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(2.2.C.3)%4 %

6.5 UTC(NICT)-UTC(TL)
: By

5.5

nano second

2.5
53840 53842 53844 53846 53848 53850 53852 53854

%l 2.2.C.4 ~ NICT-TL Link 20 % 3 #(MJD 53900- MJD53920)

30 B
- 5.5
1]
g 2% 5
= 15 =
&
S w0 4 7
- =
E 3.5 3
E Z
5 95 ; 3
a2
g —e—tem ] [——mwsteT ]| 25
o0 2
53840 53841 sz 60843 53844 53845
0 7
= 6.5
=
s 25 6
= 5.5 2
s 2 5 7
£ 453
5 2
5 15 4
g
£ ——temp || THsTFT | 8.8
R 1] 3
53845 53846 53847 53848 53849 53850
30 MJD 7
- 6.5
-1
g % 6
= 55 =
S {5 T
g 153
E Z
5 15 1
a2
£ —o— temp | ——mwsteT | 35
R (1] 3
53850 53851 53852 53853 53854 53855

Bl 2.2.C.5~ ik e BT8R R Ol B

AtE

B12.2.C4 5 20 % 7 NICT-TL § S #icdy > A 07 10 iF £.05 315 B %) 500 ps e 12
FioR22CSHn MR RETL AR SRBERAL T F F BRI T RS
BT ELFFF AT o

a.¥ B =K B R TR Fl R R
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TL ¥ NICT “,‘a’ﬁi’%’ﬁ FhE R E 0 SRR L oo 2B PF 4 Y& (time delay) 8 & 35 o
Bl 2.2.C.6 & TL thiiEk & & =k delay ch%d T8 » {335 Bl (2 > BEL 5 e
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(22D.2) #EFPM FELEHF 1 9501~95.12)

AEFRLFLOFLCHI R AFHRFARIOEARATF R S ERE - & 24 X
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SATRE TUWSTFT Hudem b6 . TimeTech GmbH 1994-20i .27 Jul 06=07:47:51 x NTP1
ﬂransmltter Heceiver  geasurement [Jisplay Global et Modules i it

Two-Way Time and Frequency Transfer -——- References: from laboratory ---——-
__________ 1pps in sync ext. 5SMHz

Config : Station_Loop GPS antenmma error

Frequency : 70,500,000.000 Hz

RF Output :-10.0 dBm 2.5MCh i Delay [ns]
145:52 2b6,279,056.528

————————————— 146:02 266,279,044.275

Conf ig : TUSTFT_USL 146 266,279,033 .247
RF Frequency : 70,003,926.894 Hz 46 Z66,279,021.993
RF Signal : -58.14 dBm 2.5MCh 146 Z66,279,010.841
C-No : 55.2 dBHz 46 Z6b,278,999.788
146 Zbb,278,988.
Lock status : Code + Carrier Lock 47 Z66,278,977.
47 Z6b,278,966.
————————— no errors logged --—-———--- 47 266,278,955,
47 266,278,943.
remote control by Terminal 010.144.180. B?B
Delay : 266,278,924.753 ~: 266,278,925.662 s: 0.753 [ns]l wuv: -1.09196 [ns-sl
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> Laboratory’s
10 MLy Calibration System
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TL’s Calibration System

B 3.1.D2~ i # REEH P LT

kPR RVE TR AR R L Y RSk 2 T o UEn BERIFTFEEHRETZARESE o

Xi— X,

E
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% 3.1DI0~12 RS EFERFH T T B

Report No. X; Xief AX; Uogs(Xj) Uogs(Xrer) |Eq| |Ey|(corrected)
TL-PT2-01 | -3.0343E-09 | -4.30E-09 | -2.6E-10 | 1.19E-09 3.76E-10 1.01 0.81
TL-PT2-02 | -3.8000E-09 | -3.70E-09 6.4E-12 | 4.10E-10 | 4.68E-10 0.16 0.15
TL-PT2-03 2.5507E-09 3.00E-09 3.2E-10 | 7.32E-10 | 3.76E-10 0.55 0.16
TL-PT2-04 | -1.0000E-08 | -4.30E-09 3.3E-11 | 5.82E-09 6.83E-10 0.97 0.97
TL-PT2-05 | -3.0800E-09 | -2.90E-09 | -1.9E-13 | 6.18E-09 | 3.08E-10 0.03 0.03
TL-PT2-06 | -4.5250E-09 | -5.50E-09 | -1.0E-09 | 3.16E-09 | 3.76E-10 0.31 0.01
TL-PT2-07 | -4.4500E-08 | -1.40E-09 9.3E-09 | 8.96E-08 | 4.68E-10 0.48 0.38
TL-PT2-08 | -4.6000E-09 | -4.90E-09 1.3E-10 | 9.00E-10 | 3.76E-10 0.31 0.44
TL-PT2-09 | -2.3400E-09 | -1.60E-09 1.4E-10 | 9.13E-10 | 3.38E-10 0.76 0.62
TL-PT2-10 | -3.6330E-09 | -3.30E-09 1.5E-12 | 5.05E-10 | 3.76E-10 0.53 0.53
TL-PT2-11 | -5.6900E-09 | -4.74E-09 | -7.6E-11 | 9.20E-08 3.76E-10 0.01 0.01
TL-PT2-12 | -3.0000E-09 | -2.10E-09 | -3.2E-10 | 3.30E-07 3.76E-10 0.01 0.01
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The Jicamarca (11.95°S, 76.87°W) digisonde and Arequipa (16.47°S, 71.49°W) GPS receiver|
observed the equatorial F-region irregularities on the western South America from April 1999 to March
2000. The spread F measured by the digisonde is classified into four types according to its
height-range distribution, and the GPS phase fluctuations derived from the temporal variation of total
electron content are divided into three levels to represent the irregularity strength. Results show that]
the occurrences of all four types of spread F are higher in the D-months (January, February, November,
and December) than in the E-months (March, April, September, and October). For the GPS phase
fluctuations, both the seasonal and nighttime variations show that the occurrences of strong level are
higher than moderate level in the E-months, but the situation is reversed for the D-months. Moreover,
the ExB drift variations and generalized Rayleigh-Taylor instability can explain the occurrence
sequences of four types of digisonde spread F and three levels of GPS phase fluctuations.
Comparison between the GPS phase fluctuations and digisonde spread F/plasma bubbles show that the
GPS phase fluctuations can represent the appearances of digisonde spread F, and that the strong level of]
GPS phase fluctuations are associated with the occurrence of topside plasma bubbles. These results
indicate that the greater GPS phase fluctuation is related to the larger height-range distribution of]
irregularities.
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The GPS common-view method has recently been utilized with P3 code rather than C/A code in TAI

computation. Cases using both conventional and smoothed P3 code are investigated to understand the

characteristics of GPS common-view time transfer closures with IGS precise ephemeris. Analytical results reveal

that smoothed P3 code yields a lower uncertainty than conventional P3 code.
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This study compares the results of different kinds of the precise time transfer techniques and estimates
their qualities. Four laboratories equipped with the two-way satellite time and frequency transfer
(TWSTFT) stations and dual frequency GPS multi-channel receivers are chosen for the representative
sites of Europe, North-American and Asia. We investigate the difference between TWSTFT and|
different kinds of GPS data, including the continuous GPS code combined with Carrier-Phase
solutions, GPS Multi-Channel C/A code, GPS P3 code Common-View and All-in-View. This study
shows that TWSTFT and GPS data are in good agreement. The standard deviations of their double
difference could be in the order of sub-nanosecond.

155



B ERFMFEETH VIR S EHE L
g{,ﬁ—é

PR | 2 [ aPRRST S RS

24 e e The Maintenance and New Technology Establishment of National Standard for Time
R ‘ and Frequency

3 %% |95-1403-31-03

EA . PER BT HEHPF 95# 17 1 95# 127
B B £ B Bl i dE A [Fkkow
G BT (03)424-4441
v 2
= % ¢ e GPS Time Comparison Between All-in-view and Common-view Using Smoothed P3
‘ Code
a4 % £8 ¥R X0k
EBpY PoE 3R 95E 6 0 20 P ERE=2T# | ¥+ 4 F
2% Y W |d

Global positioning system (GPS)
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The GPS common-view method has recently been adopted with P3 code rather than C/A code in TAI
computation. Case studies using both conventional and smoothed P3 code are investigated to understand the
attributes of GPS common-view and all-in-view time transfer methods with IGS precise ephemeris. The
around-the-world closure characteristics of GPS common-view time transfer are also explored. Analytical results
indicate that smoothed P3 code has a lower uncertainty than conventional P3 code. GPS common-view using
smoothed P3 code has the lowest noise level and the strongest similarity with TWSTFT observations in shape

and trend among known GPS time transfer methods.
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We have done a few works to reveal that FFT sampling may induce some unreasonable ADEV values while
the numerical integration is used for the T&F conversion. These ADEV errors occur because parts of the FFT
sampling have no contributions to the ADEV calculation for some 1. Our lab has also found such errors in the
commercialized software. In order to solve this problem and not to purposely skip certain values of T, we try to
change the original FFT sampling in several ways, like dividing the sampling spaces into narrower ones or
shifting the FFT sampling frequency a small amount, etc. An interposition skill is used for related calculations.
According to our tests, the FFT sampling with logarithmic frequency space excels the others at improving the
ADEYV errors.

In addition, the power-law processes, each of which varies as an integer power of Fourier frequency with
corresponding coefficient 4,, are frequently used for describing spectral density. By locating each particular
noise process in its dominant range of Fourier frequency with standard regression techniques, the coefficient 4,
could be properly determined. ADEV with different T could be obtained easily using the Cutler’s formula with|
these coefficients.

It is almost inevitable that some spurs which are mainly from ac power and other periodical noises are
observed in spectral density of a measurement. Those spurs can’t be described well by the power-law processes,
so only the numerical integration is adopted while their influences on the ADEV calculation are estimated.
ADEYV generated from spectral density with spurs is compared with one while spurs are removed. Finally, we
find ADEV results using both the power-law processes and the numerical integration from the same spectral
density (spurs removed) are in good agreement with each other. That means the evaluation of coefficients /4, is
acceptable.
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For improving the frequency measurement resolution, we create the measurement system. It is using the
high-speed analog-to-digital converter (ADC) to acquire signal samples and then the digital signal processor
(DSP) to average the signal samples in the gate time. Additionally, the phase noise of the device under test
(DUT) can be measured by the system. In our system, the ADC uses the frequency standard to be the reference
clock, and samples the signal of the DUT. The DSP averages every ADC’s sample to represent one of the DUT’s
measurements in the gate time. Because it is able to average the samples and record the measurements in the
time interval of each gate time that is specialized from 1 microsecond to 1 second, the DSP can measure the
continuous samples of the DUT. In fact, the measurement noise can be reduced and the measurement resolution|
can be improved by averaging the samples. According to the measurements, the frequency difference between|
DUT and frequency standard can be evaluated. Since the resolution in our design is inversely proportional to not
only the gate time but also square of the number of the samples for averaging, it is better than that of common
counters when gate time is larger. Additionally, the frequency stability less than one second is able to be
evaluated in our measurement system. Because the samples can be transfer to the phase measurement, the phase
noise of DUT can be measured by the system. In our system, the power spectrum is used to analysis the phase
measurement that is transferred from the ADC sampling data. The DSP in our system can run the power

spectrum 1000 times to improve the phase noise measurement resolution.
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Telecommunication Laboratories (TL) operates the Quality System in accordance with ISO 17025(since
2001) and ISO 9001(since 2000). The accreditation bodies are TAF CNLA (Chinese National Laboratory
Accreditation of Taiwan Accreditation Foundation) and RWTUYV (Taiwan), respectively. TL has undergone
peer assessment in 2001 and the technical assessors were from NML, Australia and CRL, Japan. On October
2004, TL passed the audit of TAF CNLA to continue the ISO17025 certification and the technical assessor
was from NIST, USA.

This report covers the four most important activities on Time and Frequency area undertaken in Taiwan:
-Reference Clocks and Time scales : (a) Reference clocks and (b) UTC(TL) and TA(TL)

-Time transfer : (a) GPS time transfer by carrier phase observables and smoothed P3 and (b) Two-way satellite

time and frequency time transfer (TWSTFT)

-Time Dissemination : (a) Speaking clock service, (b) Taiwan’s computer time service (TCTS) and (c)
Network time protocol (NTP) service

-Other activities : (a) Phase noise measurement, (b) Software radio design in frequency offset and
phase noise measurements, (c¢) Planning of hybrid trust time stamping service, (d) Frequency
proficiency test, and (e) Research on intelligent RTC clock.
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Two-way Satellite Time and Frequency Transfer (TWSTFT) is one of the most precise time transfer
techniques. However, the environmental sensitivities of its earth station delay cause the instabilities.
This paper describes the measurements of earth station delay using a satellite simulator, including the
data of using 2.5 MHz and 20 MHz chip rate coded signals. The measurements of TWSTFT earth
station delay using a satellite simulator demonstrate the capability of monitoring the diurnal delay|
fluctuations. The SATSIM system will be applied to the VSL-TL TWSTFT link for calibrating the

delay variations of their earth stations.
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We examine ionospheric plasma irregularities observed by using several ground-based receivers of]
the global positioning system (GPS) located in the east side of South America during the period of]
1995-2005 (a complete solar cycle). The primary statistic results show that the occurrence probability
of GPS phase fluctuations, which caused by ionospheric irregularities, appears a broaden distribution
pattern and peaks at local summer months (November-February) with high occurrence rate about 90%.
In addition, the seasonal patterns of irregularity occurrences are similar for both high and low solar|
activities in local summer months, but in equinoctial months (March-April, September-October) the
occurrence frequency of stronger GPS phase fluctuations increases obviously as solar activity|
increases. By contrast, in local winter months (May-August), GPS phase fluctuations rarely occur and
they seem little solar activity dependence.

161



B ERFMFEETH VIR S EHE L
g{,ﬁ—é

PR | 2 [ aPRRST S RS

The Maintenance and New Technology Establishment of National Standard for Time

E A &2
Y and Frequency

3 %% |95-1403-31-03

HiTH - vER BT AT HEHE [95F 17 2 95 & 127
B B £ B Bl i dE A [Fkkow
R W RT (03)424-4441
¢
IS A - S e : .
# ~ | The spread F and GPS phase fluctuations at Taiwan
W.S. Chen J.Y. Liu C.C. Lee
B2
K R F.D. Chu
BB S E % B 95# 05" 30 P |EBEcARM | /¥ 4 F
2 L E AW &R P
Spread F
GPS Phase Fluctuations
M &E3F
rEER

The spread F and GPS phase fluctuations concurrently observed at Taiwan from 1996 (solar
minimum) to 2000 (solar maximum). It is the first attempt to study long-term variation of the spread
F and GPS phase fluctuations in north equatorial ionization anomaly (EIA) area. The spread F
obtained by an ionosonde (24.95°N, 121.23°E) are classified into two categories (range spread F and
frequency spread F), and GPS phase fluctuations which derived from three GPS receivers (~25°N,
~121°E) are divided into three levels (background, moderate, and strong) to represent the strength of
irregularities. The seasonal and nighttime variations in each year have been exam in detail. The
results show that the occurrence of spread F is higher than that of GPS phase fluctuations. Moreover,
the spread F and GPS phase fluctuations show anti-correlation in occurrence proportion.
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proficiency testing, En value, accreditation, uncertainty

B4t

nEFEER
In order to meet the requirements of ISO 17025 and the demand of TAF (Taiwan Accreditation Body) for
calibration interlaboratory comparisons, our lab, TL, has performed the proficiency testing activities of]
frequency calibration labs in June and July of this year. A HP 8662a frequency synthesizer was chosen as the
DUT with aging 5.0E-10/day and temperature coefficient 1.1E-10/°C. The DUT was transferred to each
participating lab with our calibration system according to the predetermined schedule, and measured by the lab’s
calibration system at the same time with our one. Results from both systems are then compared and analyzed.
There are 12 participants in the activities including 11 accredited labs and one under accreditation.

The En value is used to assess a lab’s ability to calibrate equipment within its accredited level of measurement
uncertainty. The absolute values of En of these 12 labs are all smaller than 1 after calculation, which means their|
calibration ability is all qualified in this time. Because the measurement uncertainty plays an important role in
the En calculation, we recommended these labs to include the factors, like individual lab’s best measurement
capability, the DUT’s aging and related temperature effect, etc. in their uncertainty budgets. In addition, if the
frequency standard of the attending lab is obviously frequency-drifted, its En value should be corrected. All the
related details are discussed in this paper.
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Remarkable advances of the time transfer method have been made in the recent years. The goal of this
paper is to compare these precise time transfer techniques and to estimate their qualities.

The two-way satellite time and frequency transfer (TWSTFT) and GPS techniques are the major methods
for the long distance time transfer. The TWSTFT data in European and North American have been used to
calculate the international atomic time (TAI). The first Asia and Europe TWSTFT link was set up between
VSL and TL in 2003. In September 2005, both VSL and TL have finished the automation of their daily
TWSTFT measurements and data processing. Therefore, we can compute the time difference data between
TL and the laboratories in European or North American via the VSL-TL TWSTET link.

The performance of TWSTFT was conventionally considered by the comparison with GPS common-view
method. The earlier time transfer used the single-channel and single frequency GPS receivers. The errors in
the ionospheric correction may be present in the results of GPS common-view method, especially for TL
that is located at tropical ionospheric latitudes. The multi-channel or dual-frequency GPS receivers have
progressively replaced the previous receivers, due to the advantage that they can measure and correct the
ionospheric delay. Furthermore, The International GPS Service (IGS) provides precise ephemeredes and
clock offsets of the GPS satellites. A GPS all in view method has become realizable to perform directly
time transfer between any two laboratories on the Earth.

On the other hand, a network of the GPS stations in Europe and North America has been routinely analyzed for the
continuous time transfer purposes using the carrier phase observations [8]. Since 2001, The GPS stations of “KGN0”
in NICT and “TWTEF” station in TL have been contributing to the IGS. The continuous GPS code combined with

carrier phase solutions could provide a precise time and frequency data.
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TWSTEFT, time transfer, satellite simulator, calibration, correlation

ETIE

Two Way Satellite Time and Frequency Transfer (TWSTFT) is one of the most precise time
transfer techniques. However, the environmental sensitivities of its earth station delay cause the
instabilities. The Telecommunication Laboratories (TL) had successfully installed a satellite simulator;
system on its TWSTFT earth station. The system has been applied to monitor the variations of the earth
station delay. This paper describes the measurements of earth station delay using a satellite simulator,
including the data of using 2.5 MHz and 20 MHz chip rate coded signals. The results show that the
effect of the temperature factor is obviously presented on the delay fluctuations, but the short-term and|
long-term temperature variations may contribute different degree of influence. In this paper, we also
propose a method for analyzing the correlation between the delay and temperature.
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