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Table 1.1.1 2008.01-11 & % pFAg 7 % % & TAIEE = - L2 %

2008.01 2008.02 2008.03 2008.04
1 | USNO | 27.913 1 | USNO | 27.527 1 | USNO | 29.225 1 | USNO | 28.792
2 | NICT | 11.36 2 | NICT | 11.358 2 | NICT | 12.039 2 | NICT | 11.911
3 | NTSC | 7.072 3 | NTSC | 7.242 3 | NTSC | 6.979 3 | NTSC 7.452
4 F 5.778 4 SP 5.099 4 F 5.72 4 F 5.324
5 SP 5.061 5 F 4.679 5 | NIST | 4.604 5 | NIST 4.827
6 | NIST | 4.302 6 | NIST | 4.413 6 SP 4._.356 6 PL 4.475
7 PL 4.145 7 PL 4.106 7 PL 4.341 7 SP 3.782
8 | PTB 3.217 8 ROA 3.311 8 PTB 3.249 8 TL 3.326
9 | ROA 2.88 9 PTB 3.24 9 TL 3.036 9 PTB 3.218
10| TL 2.795 10| TL 2.781 10 | ROA 2.722 10 | ROA 2.887
2008.05 2008.06 2008.07 2008.08
1 | USNO | 30.029 1 | USNO | 28.129 1 | USNO | 27.595 1 | USNO | 28.794
2 | NICT | 11.762 2 | NICT | 11.612 2 | NICT | 10.880 2 | NICT | 10.827
3 | NTSC | 7.374 3 | NTSC | 7.248 3 | NTSC | 8.018 3 | NTSC 8.332
4 F 5.666 4 TL 5.966 4 F 7.488 4 F 8.184
5 | NIST | 4.902 5 | NIST | 5.707 5 TL 5.772 5 | NIST 5.544
6 PL 4.574 6 F 5.314 6 | NIST | 5.663 6 TL 5.374
7 SP 3.699 7 PL 4.636 7 PL 4.000 7 PL 4.384
8 TL 3.550 8 SP 3.534 8 SP 3.220 8 SP 3.209
9 | PTB 3.256 9 T 2.880 9 IT 2.564 9 PTB 2.595
10 IT 3.012 10 | PTB 2.517 10 | PTB 2.551 10 | ONRJ 2.565
2008.09 2008.10 2008.11 2008.12
1 | USNO | 27.349 1 | USNO | 27.111 1 | USNO | 29.079 1
2 | NICT | 11.222 2 | NICT | 10.266 2 | NICT | 10.404 2
3 F 8.937 3 F 9.244 3 F 9.146 3
4 | NTSC | 7.382 4 | NTSC| 6.781 4 | NTSC | 8.150 4
5 TL 5.503 5 TL 5.574 5 TL 5.726 5
6 | NIST | 5.002 6 PL 4.806 6 PL 4.591 6
I PL 4.461 7 | NIST | 4.402 7 | NIST | 4.254 7
8 SP 2.918 8 SP 3.025 8 SP 2.613 8
9 | PTB 2.588 9 PTB 2.985 9 PTB 2.531 9
10 | ONRJ | 2.480 10 | ONRJ 2.718 10 | ONRJ | 2.393 10
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#* & & BIPM Circular T250(2008 November 14)% # F 4L ® » #7h 7 & | 22
MAFRAL T P2 AR B ORI B F Ao 7T

CIRCULAR T 250 ISSN 1143-1393

2008 NOVEMBER 14, 13h UTC
BUREAU INTERNATIONAL DES POIDS ET MESURES
ORGANISATION INTERGOUVERNEMENTALE DE LA CONVENTION DU METRE

PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL.+33 145077070 FAX.+33145342021 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, 0h UTC, TAI-UTC = 33 s. From 2009 January 1, 0h UTC, TAI-UTC = 34 s.
CIRCULAR T 250 ISSN 1143-1393
2008 NOVEMBER 14, 13h UTC

BUREAU INTERNATIONAL DES POIDS ET MESURES
ORGANISATION INTERGOUVERNEMENTALE DE LA CONVENTION DU METRE

PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL.+33 145077070 FAX.+33145342021 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. From 2009 January 1, Oh UTC, TAI-UTC = 34 s.
Date 2008 Oh UTC SEP 30 OCT 5 OCT 10 OCT 15 OCT 20 OCT 25 OCT 30 Uncertainty/ns
Notes MJD 54739 54744 54749 54754 54759 54764 54769 UA uB u
Laboratory k [UTC-UTC(k)]/ns
AOS (Borowiec) 15.6 15.1 14.3 13.8 14.1 12.9 14.0 0.6 5.1 5.1
APL (Laurel) 8.0 3.0 5.7 10.4 4.9 1.6 0.9 1.5 5.0 5.3
AUS  (Sydney) 429.2 449.5 469.4 485.1 508.4 528.7 552.6 1.5 51 5.3
BEV (Wien) -28.2 -27.3 -35.1 -38.4 -34.1 -36.3 -49.3 1.5 3.2 3.5
BIM (Sofiya) -6718.1 -6729.4 -6750.4 -6739.3 -6748.6 -6759.2 -6753.8 2.0 7.1 7.4
BIRM (Beijing) -6210.1 -6245.9 -6290.6 -6319.2 -6349.2 -6384.3 -6416.8 2.0 20.0 20.1
BY  (Minsk) 37.1 24.7 63.2 74.1 84.9 111.4 135.1 7.0 20.0 21.2
CAO (Cagliari) -2298.4 -2324.6 -2344.5 -2366.6 -2375.8 -2365.5 -2379.2 15 7.1 .2
CH (Bern) 3.3 -3.2 -0.5 1.7 5.4 8.3 8.0 0.6 1.5 .6
CNM  (Queretaro) -2.9 0.8 -9.0 -4.3 5.2 8.2 9.9 2.5 5.1 7
CNMP (Panama) 12.3 -6.0 -14.0 -5.5 -6.1 -0.5 -12.1 3.0 5.1 5.9
DLR (Oberpfaffenhofen) -8.3 -7.5 -12.1 -19.9 -17.4 -11.6 -17.0 0.7 5.1 5.2
DTAG (Frankfurt/M) 28.3 33.4 46.5 58.2 64.2 43.5 45.2 4.0 10.0 10.8
EIM (Thessaloniki) 4.7 9.9 6.3 3.7 10.5 8.9 9.1 3.0 5.1 5.9
HKO (Hong Kong) -54.7 -52.8 -58.4 -61.4 -61.6 -64.3 -58.3 25 51 5.6
IFAG (Wettzell) -148.8 -152.5 -152.5 -150.4 -150.6 -148.0 -145.2 0.7 5.1 5.1
IGMA (Buenos Aires) - - - - - - - - - -
INPL (Jerusalem) - - - - - - - - - -
INTI (Buenos Aires) - -152.5 -130.2 -171.7 -189.7 -182.0 -189.4 7.0 20.0 21.2
@
IT  (Torino) 20.7 20.9 19.7 18.6 22.0 24.3 30.0 0.5 1.4 1.5
JATC (Lintong) 7.9 4.8 -0.1 -2.0 -1.1 17.9 14.0 1.4 4.9 5.
JV  (Kjeller) 11961.8 12126.3 12179.3 12270.1 12374.4 12462.4 12533.5 5.0 20.0 20.6
KIM  (Serpong-Tangerang) -215.6  -206.5 -222.2 -235.6 -243.2 -236.9 -227.7 3.0 20.0 20.2



KRIS (Daejeon) 15.0 -2.2 -6.6 -4.0 -10.4 0.2 8.1 1.5 5.0 5.2
LDS (Leeds) - - - - - -

LT  (Vilnius) 556.8 545.1 547.5 553.0 571.8 566.4 584.4 1.5 .1 53
LV (Riga) 2184.6  2210.6 2232.4 2256.5 2282.4 2305.8 2324.1 20 7.1 7.4
MIKE (Espoo) -91.4 -93.2 -78.7 -76.0 -79.6 -70.3 -66.0 4.9 19.8 20.4
MKEH (Budapest) -10988.6 -11191.8 -11388.4 -11582.1 -11786.9 -11995.8 -12197.8 2.5 20.0 20.2
MSL  (Lower Hutt) -816.0 -798.4 -786.3 -756.4 -721.2 -676.2 -636.6 1.0 20.0 20.0
Date 2008 Oh UTC SEP30 OCT 5 OCT10 O0CT15 OCT20 OCT25 OCT30 Uncertainty/ns Notes
MJID 54739 54744 54749 54754 54759 54764 54769 UA uB u
Laboratory k [UTC-UTC(k)]/ns
NAO (Mizusawa) 16.8 20.9 18.6 - - - - 3.0 20.0 20.3
NICT (Tokyo) -1.9 2.6 2.8 3.1 8.0 5.1 4.0 0.5 4.6 4.6
NIM  (Beijing) -55.2 -69.3 -70.2 -78.0 -65.7 -69.3 -59.5 1.5 20.0 20.1
NIMB (Bucharest) -165.2 -158.9 -148.5 -144.2 -134.6 -148.9 -161.5 2.0 19.9 20.0
NIMT (Bangkok) 387.6 382.0 375.0 373.3 358.1 344.3 339.9 1.0 20.0 20.1
NIS (Cairo) -15.5 3.4 7.6 16.6 21.9 29.0 37.2 15 7.1 7.2
NIST (Boulder) -4.7 -5.5 -5.4 -5.4 -5.7 -5.3 -3.3 0.5 4.9 4.9
NMIJ (Tsukuba) 53.5 59.4 64.6 67.8 65.7 61.7 73.4 0.7 5.1 5.1
NMLS (Sepang) 477.1 470.4 460.0 4546 449.1 448.5 435.0 2.0 20.0 20.1
NPL (Teddington) -41.2 -20.8 -22.7 -23.6 -22.4 -22.2 -21.0 0.6 5.0 5.1
NPLI (New-Delhi) 2.1 -4.6 -10.2 -10.0 -2.9 -8.0 -3.6 25 7.1 7.5
NRC (Ottawa) 74.1 78.1 79.0 69.2 59.8 50.8 36.8 0.7 5.0 5.1
NRL (Washington DC) 14.4 13.7 11.9 11.6 13.6 10.2 10.7 0.7 5.1 5.2
NTSC (Lintong) -3.2 1.7 13.1 10.1 9.7 10.1 8.0 1.4 4.8 5.0
ONBA (Buenos Aires) -1329.0 -1338.9 -1351.5 -1355.5 -1366.9 -1381.4 -1395.0 2.5 5.1 5.7
ONRJ (Rio de Janeiro) 6.2 -8.7 13.1 0.7 -11.8 -12.2 -4.5 3.9 19.5 19.9
@
OP  (Paris) 0.5 9.3 8.6 -0.4 -2.0 -7.8 -11.0 0.5 1.4 1.5
ORB (Bruxelles) 9.8 17.7 17.3 15.6 14.6 12.0 9.3 0.7 5.1 5.1
PL  (Warszawa) -19.4 -14.9 -8.1 2.3 8.2 5.5 -4.9 1.4 4.9 5.1
PTB (Braunschweig) 39.2 34.2 28.5 25.0 24.4 15.4 11.7 0.2 1.1 1.1
ROA (San Fernando) 101.1 102.6 93.2 78.0 91.4 94.8 92.8 0.7 5.0 5.0
SCL  (Hong Kong) -24.6 -35.2 -35.4 -36.8 -41.3 -47.4 -51.9 3.0 10.0 10.4
SG  (Singapore) 1.0 1.4 4.1 1.0 -1.4 -9.6 -14.3 3.0 5.1 5.9
SIQ  (Ljubljana) -490.0 -522.0 -527.0 -543.6 -599.0 -648.3 -636.0 5.0 20.0 20.6
SMU  (Bratislava) 44.3 47.6 54.9 42.9 47.4 62.0 46.3 5.0 20.0 20.6
SP (Boras) 32.1 29.9 28.1 28.2 26.6 26.8 28.1 0.7 5.0 5.0
SU  (Moskva) 12.7 11.5 11.5 10.1 10.2 8.8 10.0 3.0 5.1 5.9
TCC (Concepcion) 158.5 163.2 166.7 171.2 179.6 186.0 192.5 1.5 20.0 20.1
TL  (Chung-Li) 29.0 29.7 27.4 24.9 24.7 20.9 22.3 0.7 4.8 4.9
TP (Praha) 10.1 19.6 22.1 26.2 27.7 24.6 23.7 0.9 5.1 5.2
UA  (Kharkov) 38.1 45.1 41.7 43.6 45.3 46.2 49.5 2.5 6.1 6.6
UME  (Gebze-Kocaeli) 244.9 249.2 258.9 260.6 261.5 264.9 263.4 1.5 7.1 7.2
USNO (Washington DC) 7.2 8.0 7.8 7.9 6.3 8.0 7.4 0.4 13 1.4
VMl (Ha Noi) -69.2 -54.4 -49.9 -50.7 -59.9 -52.9 -45.5 1.0 20.0 20.1
VSL  (Delft) 49.1 59.0 58.2 57.6 58.2 59.7 57.2 0.6 1.5 1.6
ZA  (Pretoria) - - - - - - - - - -
ZMDM (Belgrade) 3832.9 3866.8 3890.3 3909.3 3938.4 3971.7 4006.2 2.0 7.1 7.3
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SAOE43480000416CCCCDA620FBIS44BF754040F 6114000000000 |
2008-08-18 01:06:35 |
5A12434800004184CCCDA5ES42DACS19DIDBA0F 6114000000000
2008-08-18 01:06:35
5A0C43480000418199944602C4C0C505AE4440F 6114000000000
2006-05-15 01:06:35

6D6D0D00000N00000000000000003 FenoooosF1EcoE1zo |

B 2.1.4 #25;%4z & GPS Receiver RS232 ﬁ%l b e
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I B WINAZE E 31 ITERE
Clock A lpps M#.EIII Port B &E0IM Fort
WH A & WH A &
‘“m”““*" YT 0 7 41
Iata l'.nq:.haru::e
Haay IR tEN
ex: Linear Tili ex: Linear Fiil

i

A N

B sk

NIST

GPSH & Seal o
{Clock A - 8) - (Clock B - 8) = (Clock A - Clock B ) + (dg, - dsg)

B 2.1.5 p 278 GPS iR P HPF & LT & B

65



(2.1.2) Bernese GPS Software 5.0 & 1T 1 (L p

(2.1.2.1)iE =38 p
# B “= = Bernese GPS Software 5.0 4% i£3r 2 (97.07)

(2122)31 65 FEREFHE 1 97/01~97/12)
GPS $ it 4p BRI E 5 GPS fiFh JU5L? B S A cHRIBE R 5L 1% 2 gLl 2
¥R S PO O R R ) T Inso L Ap Pl B i P 5'\?]
* PPP (precise point positioning) = jiFiE (7 4 47 » @ * IGS #73& i& ck Fe (#
5 U Bth s B PI/P2 RABRRIT LA 482 2 0 3k g i phiE & 1A Sk
Iy v E A - BB GPS FAPFRF AR RTEFRL > IV
- H @D EBEERRE WA AP R o P P AIL A ¢
#d L mE <8 (University of Bern) #7% & ¢ Bernese GPS Software 1 %
* P-4 21 & fx (Massachusetts Institute of Technology) *#7# & ¢ Gamit
GPS Software - ~F 5% % % 7 f » 1 Bernese GPS Software 4.2 # 5 ** Linux

X ELHE 1T > % ¥ Windows "= A i3 (5.0 kA ) > & * H R TR L 4D

T ﬂ AR B N R A A E B A A KR Rl (PR
E 3 g o

(2.1.2.3)2 %
t% % = Bernese GPS Software 5.0 & » AR FH v« 7B Lf 5
GPSDATA 74 % » R ¥ 4 45 EXAMPLE % % » o 30 f 6l i+
AR R mﬂ}%““"" FrAMG o FP A F TR {0 EFH 7 Bernese #i kY >
¥ # EXAMPLE 1% % » 2% % P 5 (session) » #% % 34 (7 PPP.PCF (3 % & %_i~
R B3 = 2% 4B 2.1.6 77 o

PPP_021430 27T-MBY-08 17:27

LOCAL GECDETIC DATUM: IGS00 EPCCH: 2002-05-23 12:00:00

NUM STATICN NAME X (M) ¥ (M) Z (M) FLAG
1 BRUS 13101M004 4027893.7751 307045.7658  4919475.0690 I
2 FFMJ 14273M001 4053455.8973 617729.6009  4869395.6576 A
3 MATE 12734M0O0S 4641949.5875 1393045.3614  4133287.4049 n
4 ONSA 10402M004 3370658.5746 711877.0835  5349786.9125 A
5 PTEE 14234M001 3844059.9766 7O9661.2499  5023129.4920 a
6 VILL 13406M001 4849833.7186 -335049.0885 4116014.8363 Y
7  ZIMJ 14001M006 4331293.9545 567542.0772  4633135.6641 A
8 ZIMM 14001M004 4331297.0871 567555.8146  4633133.8814 I

Bl 2.1.6 34 i PPP.PCF #F % &8 T =42 % 55 %
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w44 (7 PPPPCF >0 BB =8 - BRE @ §2xh> % > Ra g% ) -

__\1

-

ST INA BN A R E e m‘“ﬁfj » Bdr A T LR k(T T R AiE 2 vTA] S B
PlebPlceh GPS THF Z EHTHAE - Flt o FR B - B SRES
FH ¢ — giplsk @ * GPS H4g 4L » PPP.PCF Fer a1 BB T
@ AR 1SR R M Bl i TR B R e 1T A
BB - BRTenE 2T o4k p TWTF 2 TG12 & B @R =k 0 GPS oo A
4 - 375 % MYFIRST » &5 F #-0 T e &~ i\l T TR o3 7 Tk s HY
wwww %_GPS % #f >d €_GPS & # eh% ¥ X syyyy £ & (2 2#) yy & (=
T f)m mm EFE R B
(a)d ftp://igscb.jpl.nasa.gov/pub/product/wwww

IGSwwwwd.PRE — MYFIRST/ORB/

IGSwwww7.IEP — MYFIRST/ORB/
IGSwwwwd.CLK — MYFIRST/OUT/

(b)d ftp://ftp.unibe.ch/aiub/bswuser/sta
IGS_00 R.CRD — MYFIRST/STA/
IGS_00 R.VEL — MYFIRST/STA/

(c)d ftp://ftp.unibe.ch/aiub/code/yyyy
CODwwwwd.ION — MYFIRST/ATM/
P1P2yymm.DCB — MYFIRST/ORB/
P1C1yymm.DCB — MYFIRST/ORB/

B {6 B TWTF 2 TGI12 s8R #5H(RINEX #2 7%)3 3] MYFIRST/RAW ¥ % = #7
FTAFAEE BT ABANE T LS 0 W 4 40T o 3"RINEX > RINEX
utilities > Extract station information" 2~ 17 gLip| =k 74 28 {& &"Campaign > Edit
station files > Abbreviation table" ™ £ > ELip| =k éﬁﬁ-‘@“a % ; A"Service >
Coordinate tools > Extrapolate coordinates" ™ 12 *h 3R 2= = & % 2 1 & gp|=b

AR EKETFEER g A @ {8 3Y"RINEX > Import RINEX to Bernese
format > Observation files" #-ELip|#% 4 & k 57 RINEX #% ;% #& 5 Bernese #ic 48
EX RN ET %k A"Orbits/EOP > Handle EOP files > Convert IERS to
Bernese format"™ #-3+ ghig & T d i k 7 [ERS/IGS #. 3V #& 5 Bernese #ix 1

VX ;8 > 2@ JERS &_International Earth Rotation & Reference Systems
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Service mﬁﬁ ; #X 1 2+ "Orbits/EOP > Creat tabular orbits" #-# Frreig d = 3 4
TR ki L X R AT AR k5 £ 3Y"Orbits/EOP > Creat standard orbits" #-fz+
B ofuag B 8 5% 5 B F A "Processing > Code-based clock

\\‘ﬁ*

ETTNS
sl

synchronization" ST PF Y enig ¢ § 5 3% F 3 "Processing > Baseline file

2L g
creation" & # — =t X BLip| B 5 R15 D
AP BLRB R AR R R
MAR T X A2 F S8EE od AP Y B pplsk TWIF i ko &

o LRIz TGI2 chiz ¥ » FI F Rl iy <%0 7 £ 84
"Coordinates fixed"2 "MANUAL" > 4B 2.1.7 #7757 o #7F 58k 2418

B3 7 piplek TGI2 (g gt 8§ 2 2 % bof] 2.1.8 #77 o

& "Processing > Phase preprocessing" ™ 3, {7

| % 48 ¥ ; & {& **"Processing > Parameter estimation"

—\

G

| Boreeac UPS Software Vermon 30— gl
Configure Campaign  RINEX  OrbilsEOP Processing Serice Comyersion  BPE User  Help

GPSEST 4: Datum Definition for Station Coordinates

DATUM DEFINITION TYFE

- Fres network solution
" Coordinates constrained il |
F-  Coordinates fixed [MANTAL 4 |

A PRIDRI SIGMAS

Horth BECSLE
East EErars
Op I7l mEtars

A | 3 |
"TN W Mt w Save"As 'Sm! 'ﬂ:.m. JI "_ ot ) Fartin
User: welee Campaign SPYMYFIRST SY+0s2007 $5+0=1130 Fie ¢!

B 2.1.7 = 518 P~ gx B T AR LR 2k

TEST 02-JUL-0B 15:33
LOCAL GECDETIC DRTUM: IGO0 EPCCH: 2007-04-23 16:19:45
HUM STATIOH HIME X [H} T (M) Iz (M) FLAG
1 ALGD S0104M00Z2 918129.3396  -43460T1.7921 SL613TT . BELY
2 ASC1 F0E0IHI01 E118526.045% 1572344 . T483 ATE451 . D656
3 AUCH S00Ee001 =>105681 2495 46156%. 078 -JTOZLIEL, 94962
4 BARHR 24301M002 3633808. 7400  4425275.5T05  2T799EEL.5379
S8 YARZ S0107HODE =2WI026.0152 SOEITLL . 9FLL  -UOTELI0. 2195
5% YELL 40127HO003 12249452.7150 26A9216. 1515 SRIIGIR.IETT
Edl ZHEHN 20071 ZLNEN2S 315 2155398 S22 il L T AL
&1 TGE12 =2994432. 3830  4951304.T360 26744%3.3681 P
€2 TWIF 236035002 -2594420.0200 4951309 . 2000 2674496.5100 F

B 2.1.8 Pzt TGI2 A fkemnt 5 2 %
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(a)Bernese GPS Software 5.0 ¥3% ;\ S dn LR i 15

B -
(b) & = & # 4 34 17 BPE (Bernese Process Engine)™ 77 PPP.PCF 4% F 2% &_11i% ¥
Fiven™ NEFREDFEE Sd (o * AR O TR &H R D

AiR) FRE I ALk o

(2.125)4 k1 v ¢ 8
Bernese GPS Software 5.0 3% (425 40 5 4 f2 > — B 403F 5 B %Er/?-bi’ *F B
FZmehb CEATAR LN E FEPHAFOE G LR E B
A R RRFFF R A AR AR 2 LR L R i3 AT
S 1 Gl ol T

(2.1.2.6) p 3%82 1% 2%,
Bernese GPS Software 5.0 3% 4 4p = LRI £ & 47 5 5 % * chwd o > 7 1Y
it T M S RFDEE o dolrh PUE 2 AL T 22 % f A
W T EB T~ FE BT B IR R A 2 IR i o
Be¥ o mHE AR AR A R E > Patdp BRI R 2 LB D

B R R FE AL S A o
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QOGE e BpF iz 2 LR E

(22.1) #Fh e BPrE ~ I AR R E B IR

(22.1.1)i& 258 p
i 240 R PTB (R % PR v 34 ¢ ) e s e B Pl $348§(97.03)

QR2IDFGFN FEFHF 97/01~97/12)
Wk o B (TWSTET) AP # B4 & chid ool S H e 5 A7 ) R4 1 28
ARFEHRED- R AFRIFERFIEPAMREE TR e8P 4
NICT ~ NMIJ ~ # B NTSC -~ §& B KRISS ~ #74c 3 SG & ¥ % 3 & (vendy = ¥
FEEEe B3R TSR A VSLERRI %R E o K S
£ BTy 4 5 A 2008 £ 3 0 B4 4G R PTB iR (7 R h B BpE L ¥
FPEFEF- P o d SR B T R (PTB) AR % & + B (TAD
WA B Eh e AR aE 2 o BT - AR A RFRERRF S
RZEEpf vl goalimg T HBFHRZTOELM o

ANEHRE AW LEh e @ HaR T LR E BT R
® 2002 # 37 » %= ¥E i Ku-band earth station &7k ¥ » 2R {s FI5:f & Fk
2B R B E o TE T B ORRE e
® 2003 &3 1 A PR 2Tk - BT (A TL)Z 54 (i i VSL)
ik B PR o B4F - T A X k| T T B o
® 2005#%# 7" »p ANICTE4KRPITB&ZE ¥ - if% Iy (Fh o B4R -
S NICT 2 #5824 55 B KRISS 3% % ko 3biE = B4R PTB ehid prgd
o 2X@m NICT-PTB thfgrk e B F 4> 5 p 5 X 1.5ns e PR

%T*(ﬁm

%o W mEfRA o (24 TL 2 j7 i VSL #% & NICT 2 PTB R 55% ¢ b
Bh) o

® 2005 # 9" AFHRIFAFFEFE T BFEABFITE THRIL R F
AR EFASFJEL P o A PRI RFFTERRR G - X - o
S8 2005 & 9 % HFF T 2006 £ 2 7 4w o 215 FAEH FlAEE A A A
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SR gt

2006 &£ 8 7 > WA FAeT 77 R iR oiEk EAE R Y AR SRR R
P g §oxh MOT f2 4R 1t e 4E o

2007 £ 9 4 5 AipE* poA NICT chfr b #2179 % > R4k o % TL &7
W VSL chiipFib %> & & ) pFig {7 — =@ 5% 2008 & 4 7 F] VSL ch 5 2k
T EATIED AR o

2008 & 1 % > i A p & NICT erfaBb T 2 & 1 G #h et SUPJEE o

2008 & 3 % 5 s > g4 W PTB enfirh B g $h4dpe > & ) pFRiE (7

— ;)("?'%E o

B 2.2.1 Fh = o LR Y
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TMP » HUM - PRES

RS232

5 MHz TCP/IP
Y Distribution MODEM (SATREG66)
reference Amplifier
UTC(TL)
Distribution 1PPSIN
IPPS Amplifier 1PPSTX [1PPSRX
A A 4

SWITCH GPIB
PRI (HP 59307A)
CON Le start  [stop
N y A

S— RS232
Time interval counte
SR620

GPIB,RS232,LAN interface

om -

FTP site

P s ffrr*fﬁﬂf.

Intranet rnet

Bl 2.2.2 Fc Ir 4B (5 3 5 2k K L 2E 4R

(2.2.13)% %
B 223 5 A PE4E PTB cr@ it Hfcdy > o 30 X BFR L 84 -9 ns~
-2ns mg%l?]]?\ @ PG BRI B enE p o R R % - MID54570-54610
213 1~2 ns ¢ diurnal variations > MJD54610 2z_ {8 21 22§ Fc &
variations = MJD 54677(7/30)~MJD 54727(9/18) % i+ # 2% » iz B PFF R PTB it
FRIMP G B d o s 4E L TR T FRSORIE  FRNA P K
%R AR B G o2k 2 AR R E AT AT S K F {803t MID54727 (9/18)
AR B X G| TP B o AT SRS S4B 2240 3 ¥ 1~2 ns ¢ diurnal

variations °
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nano second

nano second

5 : : I..ITt'.?tF":I'E‘J-LIT':I:TL]I by TW

Pk
sk Y 3 ll_ ‘ :.| ;.;.‘Ii_ E
A ﬁ%ﬂ%%

-15 F Ih.i:l'. i | "

:[ |
20 f o } 1,5}'"5-14' -

t[ h
: (il

&,IL i |

.35 L i i i
54540 54580 54580 54800 54620 5-4540 545613 24680
MJD

Bl 2.2.3 #2146 & PTB ehiirh o (b pr i &

25 UITC(PTB)-UTCI(TL) by TW :

20 L | | | ; ;
54730 54740 54750 M.SJ%YSO 54770 54780 54790

Bl 2.2.4 2246 ® PTB ehiirh o P & (= oh 2k & 1 5715)

214k * 2 »x

(a)

Fh e B AR G R E O SR @ /AR PTB A R % 4 &
Pl 49 E 42 PTBE A ik e BP5 L 4 § BRI AR
ik A o R R BE AR - S o

(b) ik o @PE Seenie (70 ¢ dE Y A HE B R TRE 02 0

B A WL S R £ T P 4 T g
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g R 2R ke & 2 4G R PTB ¥

2
W
:_\\
=i
st
>~

A

)
bt
bl

P 4 i .

(c) LB PTB £ % i Poflng k2 F e & & [ 2 — o @ Bofleg 2- 3 chpeip
TAlY e PR EEFLEe QPR R ER ORI R TR
PERF L4 AN kY G e B ok R PR R AR
¥t o

(22.1.5)A k1 (F¢ 8
AT P EE PTB et ey - * P j M8 1S ns ey PR % -
PR R At F 5% 3 2 PTB enf Selicdy 0 AN F o SgiE— h fEL
~ B9 %E o
Ph g BAB S S g s TR T 5% T 0 ¢35 ENTSC *ENIM -~ p 4
NICT ~ p + NMIJ ~ % B KRISS ~ 46 B PTB ~ ;2 B OP ~ /7 jf VSL % % %
Food MEEAMEART F AT 0 2 G TRt RS > RAdbz 3R P
ANICT # €98 # 4 " A> L F 3% F ic M & o o ™ V42 % ik #EsE o

oy e Frd hod 2210 mE M ALT ¢

3221 k% GEEAEEARY § 0 i (NICT A#LE 481 (0 23 7] ek b))

Institute | Contribution Institute | Contribution
OP 1 month/1 year NIM 1 month/1 year
PTB 1 month/1 year NMIJ 2 months/1 year
V5L 1 month/ 2 years NTSC | 2 months/1 year
KRISS | 1 month/1 year TL 1 month/1 year

B AT 4 p 91 Intelsat FrE AWM E 40 BN PILPEE @ * e [S-4 beam 7

IR T p B ayFE B E DL R IRF I chbaR o
(2.2.1.6)p == 2%

B PTB AR pAg v 3 w32 B & AP RIEBFEPTB # ¥ & & i3

FEREw B FRAR RS o 1A & ORFRER R 0 S FT
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LYy A ¥ AL E 322 BEF PTB chferk e @t $H4aE 5
FOP PR - KPERH e RO R E > - LT WE R T T e TAI
BEAR KA > B LAY %&ﬁﬁ%ﬁ*%:iﬂ—%&ﬂ’m{
Flifrhiar P07 FR2ETR:- Ay  RELIFRTIGE
FHAE > A%~ Hei SR - AT AP IHEY S > 2 HE
LQ?FJ:#SUEEE o
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(222)FE b i IR
(222.1) # 77@ p

18 fFh e BFr a1/ 3rE AP RS AQ
(2222) HER FEFHEF 1 97/01~97/12)

FhAEe B LR T RS RS | 2 LB T 2
nano-second e lEl o AT EHER e B PEER B3 BETh 0 K
FIEMREF R AT F RS TR E - & 18K tFh B BpFE G hdc
Bl 225 57 » FHEFELFIRBEAY F BRE 2 FFEBLS T o
7 1.8 3F Ku-Band #:%] % B4l ~ODU % #f 2 35~ 2 4 @5 73 » K
RIEARL PR FRFEFTRAY L EARE f R AT IRAR R
R > Yt AR 2 BT 2 B B KK v o

Prodelin 1.8 m antenna dish

H fifAntennaiiz {8 5 Outdoor Unitf#fiit
B12.2.5 1.8 fiFkh e @ pFe 6 2

(22.23) &%
184 ik o BPFs G A G R FHRPEFRA L LATE R > A ai
ZEAEP W B IRTIEERFEF I RT PPN ERATRI IR AA
BE k SL2 JRIRE o AR B RIERACT
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(@)#-1.8F fFk X M2 o3 Gl AP % T2 BEASH - 1Y Ko F 2
BAE (7 A B AR AR R 2 ek D F o
(b)iRI:R 42 ¥ 5 2 © HE(Beacon) s 5 # AEH & b AL % M T A E2Yc kA

4rT % % PanAmSat satellites2- Beacon frequencies °

PanAmSat satellites - Beacon frequencies

Satellite C-band Ku-band
Galaxy 12 No Beacon No Beacon
4.1985 GHz (V
Galaxy 13 2 (V)
4.1995 GHz (V)
Galaxy 14 No Beacon No Beacon
Galaxy 15 No Beacon No Beacon
4.1985 GHz Linear (H) 11.699 GHz Circular
Intelsat 3 -
4.199 GHz Linear (H) (RH/LH)
4.199 GHz Linear (H) 12.5 GHz Circular
Intelsat 4 -
4.1995 GHz Linear (H) (RH/LH)
11.2005 GHz Li H
Intelsat 6B GHz - ncar (H)
11.201 GHz Linear (H)
11.457 GHz Li H
Intelsat 7 3.698 GHz Linear (H) z Linear (H)
11.453 GHz Linear (H)

11.699 GHz Linear (V)
Intelsat 10 12.7495 GHz Linear
(H)

(c) 4 B®|2.2.6%77F % Modulation Signal; 5LiZf<tekm LB @ 7 L1 e B pF
B E P Modem)# F 3 R 255227 dBm2 # F > PIEERIB1Z 28 F B
EArT BT R # FEFFIN 0 EFRATRITZ T 7R 5LE I Modem2.
Tosd o RIFFRRIBEIALE B E4cT BIFE 5 2 7 F B4 FI N T e % SATREHR <
5 C/Nratio®_F £ 3| 50dB/Hz & E_F av "EJ14 A & & iz 5L o
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GAIN (dB)

-0.05 +60 -1.4 +35 (+35 to +10) -1.3 @70MHz -18%1 15
-43+ 6.5 dBm
— r TRF CABLE » DN CONV » CABLE
T=26K -117.3dBm -57.3115dBm -58.716.5 dBm -23.71 6.5 dBm 25+ g.%TdBm
T=90K 3mRF Coax 30m IF Coax R‘;{
ANTENNA eg Belden 9913
18m SATRE
NOMINAL LEVEL (dBm) X
-0.15 +49 2.0 +15 (+20 to-5) -1.3 @70MHz -10% 15
-— W/G CABLE |« UP CONV « CABLE
+28+35dBm 21135 dBm -19135dBm -34dBm -32.7dBm -22.7 dBm
5908 2m RF Coax 30m IF Coax ATT
eg Belden 9913
8]2.2.6 Modulation Signal 3 5Li% 2 # % 7 & B
(2224) B* 2 2% F
Pagoks i = kKu-bandferk o @ g > B9 W5 A=tz 2 1.8F
Tk

Bk X LR BORE 0 TIRFE G G EApRE 2
2°ﬁﬁ%%@%“%%ﬁﬁ

A Ay i L

B B FT
e T

ﬁﬂ/i ﬁ_{ig?i’p
FH B Bt 2 AH o T HI MY

PTG

FEF Y HEEe R Pt gk 2

G HE R A AKBEENE
PR 2 B A BB AR LARBEE R 3G [k e
-‘;’L:o

(2.2.2.5) A k1 ivF 2
PAF OB FERES B AR S AERNTIHIE
EirE I B F

! S B R £ R o 3 CCTF TWSTFT 1
BRCRE L FA B

Rt %Lfi&‘j‘géf?/g% ’ #ﬁﬂ 7"?'%5
(2.2.2.6) p 3=ra 3k

B om

EREA G -
BRI AT E R RS % i L
BT %R O RT AT %

b
B
e
w
Ik
o
3
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Mo @ GEE Fre BEEBOLEENES 2 { X o B Shichp A ¥4 2

R & - A
JINJ— i lf’“'\ =

P it 2 g RIARS > g E P ATy o
2o MPFHALER IR IR s v 3 &

FHFEFEE
FHRBAFTHRZ

% M- e GPS Heifit (7 T4 A 4900 0 12 P B BE4E GPS

S o
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(2.2.3) FEESGFE v @ prficdy 2 GPS #icdp 2 v R

(2.2.3.1)iF * 78 p
% A RFEHFL B @ P EchR e GPS #icdh 2 v RN 2 - £ (97.11)

(232D FR FELEHF 1 97/01~97/12)
LFLG I HFPERRIHEIRNRRIFTADDT GRS &~ &
B Bp AR e Ry AR FR L BRI REIDRFIET
HLYR L TR S U 0 1 AR P ] (7 AL BIPM 33 * o R EEMEOPE R @ik 5
FARE S PERR o TS E K FE S B (TWSTFT > 2T 8 5 TW)e
GPS # i & crigpedg@ s, R PR FF %R T 5 A REE w4 A
oA I HAEE o

TW ¥ GPS &7 3 HjiF & 5 H iR4% 2L 5)4c GPS PPP (time transfer using the

k

Precise Point Positioning technique) ] & 4% * GPS §* & 4p i (carrier phase) 3
Mon B3 RGP REIRE MR LARERD RORER ) v
BELR ¥ i € 7 bias ~ day boundary 7 i 2 2 K HpIEd £ RRE 0 1L G
AP EP A R R A TR (upgsins) o TW i a3t et 7 /ir TR
(wﬂmawgﬁéwﬁi&ﬁa’&ﬁﬁpiﬁﬁTW? diurnal
variations 3R % 0 Ak PR $H4ARL Y FR PR Dol I S F B R 8
LB PTB rhddiit » 2 R g F B 3 cruaRg o

A0 & TW & GPS #idgcr#7 1 + > & BIPM 7 Dr. Jiang 343 % & 1% 0 is |
* Vondrak-Cepek combined smoothing 737 j% & & & I8 Fjirenif gl » & 24 —
HrEe@p it 2 o pt— Z %2 p A NICT ~ 52 ® KRISS % 4¢ & PTB £
5 4 % ATF 2008 431 § o

(2.2.33) %%
2 Time Deviations (Tdev)4 5 NICT-PTB %2 TL-PTB ti# p § %% #icdy > 4o B
B 2.2.7 % §228 ¢ ik e & pF TW dcdf ~GPS PPP #icdf 2 2 TWHPPP
combined #cdy o 7 10 I TW ey % T diurnal e 58> H &) 48 < & v
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GPSPPP % - & » @ TW+PPP combined ey 3 & i chd % (Tdev & ) o

T
Tdev/s™ ) ‘l Zy
NICT-PTB 8.7 107
(_'!.‘?.\ 4
8.
4.5 !
iy 35 A
95 ) ) ‘__ S 3.7
CTW [« = ‘ﬁ“_(_l . 30
14
PPP 1.0 1 '
07 - ——
- . Combined
06 TW+PPP
. , ] \1“-.\ r:l‘lr 11:‘: tl:l‘: ] .;il , ".'\‘CC]\

@] 2.2.7 14 Time Deviations % ' % f& (i NICT-PTB @ pFFificdp: ¢ 3566k B
v @ pF TW ~ GPS PPP 14 2 TW+PPP combined #cdy °

o -0
09~ ¥ Tdev/s

27 /10 TL-PTB
G;E"'Hf ' ‘

Combined
TW+PPP

. d8 d4 d2 dav 3d

B 2.2.8 14 Time Deviations % +* &7 [ 7 TL-PTB & p ey :

¢35 E B B pF TW ~ GPS PPP 12 2 TW+PPP combined #c#;. °
(2234 ¥ % »c

R e By bldel F PR T AR PTB cndait > 23 P &
¢ diurnal variations; @ GPS PPP #icdp # % diurnal IR % * § & & e 48

K > e Z_GPS PPP 7 bias 2 day boundary 7 i 2 X R 48 - B & i53 JEH
o g T AmigEk (a)fR B e TR (b)IFEF TW R 2 T A2 &
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#p 48 TR R iR R (c)iR 0 TW #icd e diurnal + 35(d)i2 & TW 2 GPS #&
5 ¥ e 2 0 gaps, jumps, discontinuities and drift 3R % ° (e) P TW 2 GPS
By 0P B4 o (DA 2 { 5% Fleh@ pht hag: o

(2235)A ka1 ird gk
GPS PPP #i57 % it e fE € & > e &3 day boundary # i 5 | cn#ic§ #
AR Bewh e By d - BEET 2 9% F LR PTB
#h e @ pEgap on diurnal variationss P % v £ % A A f2e0updEc 41 GPS
#cdp * icd diurnal variations » H_& 12 3 2 o

(2.2.3.6)p =2
FEAPEREE A AP B & hiicdy o FFH AR Y > G B0
BREGEHEGROST c ARBFFERERTHRT &7 - HF 44
BerFT o= % > B AR R T N .
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(3.1) FFAE X x4 g £ B

G.L1)PHRE i 3 -4 a4 %3t € ¥ 7 (97/05/23)

(3.1.1.1) £+ p
%o PRER R IR i 4 RS € (97/05/23)

(3.1.12) #HiFp FHRFDHF 1 97.01~97.05)
LPe L SRR 2 520 £ KRR P kAR 0 @SN 4 Bk
LA 2 RG]0 8 ISO17025 M2 2 RREA £ ¢ (TAR)HREP 1
FoE S BHREROE R AFHRT2 ST 23 P AATEIHER
PRI RREEHHE o F P 2 RER L §(TAF) ¢ LR EE S
o~ B & BRI RRPFES P EE ek e ¥
g w P ORRAZL R S 45D 04 D (QTAF a4 ESAp M & R &
w2 EETREN BRERE P EH 2§ A R
WA HERD D FIAAMREE FR SR §REAE > TR
?ﬁ%%@ﬁ@?ﬁﬁ%ﬁ?%i%ﬁo

(3.1.1.3) &%
iR 7 MR AL — 0 A H B AN B EE DT R el P Pa
B AT AS S ERE c PRI ANABLALT Y > B BE T
Wi A XN P 1 ITE A4 ARG FIEL Fl A L g

PR e P PRI LA RS i g A

PR AR SRR RFREE DY FRE L G L RITER
R A =L L A L
(3.1.1.4) s+ 2 »c ¥

dREHHEL LA R AR AR A ER AR A A B
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Sptenk K2 FBEARR > L F DT R 2 W R MR R T HN
FOHEFHRAOTFE - PR RERZ S8R RBRER B B A
B IR FAEF T L
(3.1.1.5) & k1 f££ 2
%%%ﬁﬁﬁﬁ%%KDWﬁ*” ﬁ%ﬁﬁ%ﬁﬁﬁﬁ’@%ai@ﬁ
o ORPEEZ 0 REmEE L2 o H o R RITEARES o
Bypp 5 BRI 2 i RE 2 i BHRAF . HBE 0 AR R
TRREAIR L AR o
(3.1.1.6) p #=eriE 3k
P W I AR IR PR PR o fe AR MR PRI AR 3 3 e
%%’i%ﬁﬁ@%%ﬁﬁﬁi%ﬁ’%%ﬂi?%i%ﬁ%i?ﬁﬁi
4

A REAGNHER BT RS
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(3.1.2) E#%97 & B A £ 14573 €

(3.1.2.1) #4778 B
= Bk 12008 g B £ 034 R 3t € 0 (97.08)

(3.122) A FEN FEFH R 1 97/01~97/09)
AR AR B B SR R R T Sk L R E0 o A RD
“2 FEREFG S ET > HERPN EE R P H AT 2R B
PEERLE o PR REFRERI S ROT R AR E S £ 8 1 28

"P‘*}

Pigr B AT TRMAE TR ERRRTHE o ABHEN S

1%

® ¢RIH ALt R ERTy > B mEFE > FH ¢ R
RS BRI B EHRT 2 F A PRI ERLEIK)ART Y
B ERMAFFTH -

® i tHh B qur%~%%%%¢i&éﬁmﬁﬁég’%ﬁgﬁ

4 REEEL €0 M RFaRTES  §T v
fm & o

A EF AT AT

R

I A d M HIFELAEFER WEFHEAFRRH BT
ERCE NS R SRS 0 N S SR
Ok AT kA L .

2. ¢ HER 4 TIE K :,mﬂuﬁ«j%4> R 2 %@la‘%,{ﬁm
GRS SREY T ERE AL SRR T - S
Cw%%ﬁ*%‘zéﬁﬁﬁ*ﬁ 3“%ﬁﬁghn4ﬂi*fﬁfﬁ)

3. R P A 2 & AT § 4R S 4

Hgin R’ g
C%%*%2¢ﬁ<%

4 BB L TR RRE )
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5.é$?%%ﬁ®?%§1%w% GPS 18 (=4 5 B
i \mk@?‘ﬁﬁﬁ_-ﬁlﬁl‘ﬁiﬂl‘%$m1
(Wi@ﬁpi%ﬁﬂik%
6.  x T XMy RETHE T RAFL L I GPS BBIE SR 51
wxdmmr’ogez 22302 %%?uf
(P ETEET I LA g-;z»%;ﬁ 5)
7. o8+ % GPSE T RAEFRREAGE R - SLFEZTHRET I TR
PRI & BRI T
LE TN N ey N L
(léi—kg‘zﬂ g,:g:;;p;‘bw%ﬂ;.;_gg;iag)
A1 GPS £ 4Rk k2 s =
TES TR FEE
(F ER L)
9. STV F ﬁﬁ%%ﬁfﬁfé&ﬂﬁziﬁ%ﬁﬁ)iﬁﬂp’“
T AR R TR T N AR
( SEAEAE Y ED )

(3.1.2.3) # 7%
72008 pEAE e
ReRERZALERE 7& 2 L
ﬁ%ﬁ\iﬁAﬁ\ﬁﬁ ‘rfﬁﬂ\m
ANF A SR AT RET G OMPAEHERE B D%
g BT HEA HHA LA ER RS

(3.1.2.4) ¥ % »c &

Yo AR 0 BEPEEOT LA € VO BRI A

5 A

ﬁ‘l‘" N ?—iiﬁl’m

-,-

FATEARLE >
FHRRFE B o R o
(3.1.2.5) A ka1 irdg gk
FRBFFEIELP €
BB g REFBRE R 2% 3

ZRARI T TR B RN A e g A

BNAE o NEREALE S ,ij—ﬁ#g
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(3.1.2.6) p =gtk
AR B RF LR SR D 2 2 HRE L L R
B

AR si Lo Fla 2R fp AN RFRLOERERE . B ARY

AR EE LG - A2E o ARSFEE > PIBTFEBRARN AL
Foo MPEAT AR [ PEIT R RthAd S > A A F IR R M g o
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(3.1. 3)‘?' 7 % 3 TAF CNLA it 4 #% 3 #ﬁ’f#;ﬁ%ﬁ?‘—

(3.13.1) £ 23 p
¢ 39 % 3 TAF CNLA & 4 :#5% 8 7 4 m8s

(3.132) # 7R FEFHF : 97.01~97.12)
TER 2BRLEA L E(TARNA N T R I NES AR PBHRES TE L0
R g T RRE AT 'K%i%ﬂ“’”" FREBE v # ILACGI3
¥ TAF FIRRES £ 974 » infF TR £ 1T 4 B%R P T RERERF
T A Heda b 4 B E 5% o
AR ERE TAF fadm 4 BHRP TP NEZEBR EWAERA LRGN
FHIRG 2 E2 22 ~3P@k2 ¥V 32 62 2% 4~ RIFEN R TTF
FHAF A E D 0F o #7098 A= il E {1 B TAF T it 4 % T84, 2

=7 =223
PO B

(3.13.3) &%

o]

PoAfREe 2R 2RERAE (2 SRR S A A A
GMWNDUM%ME@%%# RRTFERETE g BERL T X
kAzR w TAF & I8k 2 ¥ 5 o

(3.1.3.4) * %2 2% ¥
Byeic 3 Bokieth BEXKFTHRIREIALAAPIVCHOBE > R LT
REDFRPDE R A AT H TR 2ARPAERY h 1 T R IF
AFHRED ANRO2EA > ¢ MBS BME S RIS RREE o
Wpe £ TAFeRG] > £ & ~ ¥ Ll i 4 %R TRHERE > i X k4
FHRFTEMADN S RREF LG LA > X HNBEAER D
Ios BRI e B ERERPE DT R

(3.1.3.5) 2 k1 it€ B8t
ﬁﬁ%%?ﬁﬁ%iﬁ’uwﬁ@ﬂ£@ﬁ4$$ﬁﬁﬁﬁ1?¢$oi
FHEG A kAP AL FPM L FHRTZNET T

(3.1.3.6) p Fakik
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(3:2) 7 1% U7 Mol i 4 PR LA 5

(3.2.1) i £ 3f p
T Bl pE AR R G R 2 AT e

(3.22) # TN FEFHF 1 97/01~97/12)
ﬁﬁf?ﬁﬁﬁ%@%%&iééﬁﬁ\ﬁ%ﬁﬁ~%4ﬂ2éﬁ?4ﬂﬁ
Frefapios s B & 3E bR & PogkeiE e 2 B FDA Title 21 Code of Federal
Regulations Part 11 (21 CFR Part 11) 2 P § R 2T+ L8827 F R
ey ME RRGERRAEL Reoop A HEASD AR REFF i pER
(FR)VRIF REBEMRZEFEZ?P T I 2 EERaopPHR T R
AEFIRA Y § o LR FF T F FEREY PRIAFCR
FEDLITH P WA B Y - AT F PRI & ] 47 B4
Bl PR T - WA o VR R T EF R - AT S i
PERF PP E RS 0 2 2 T R S TR ORI IR Rl ) % T 3
Bk FRE ST T RPRI S R T T LRI BB R A
Rl B@E s - 7 G R % 4Bl 3.2.1 #77 -

Trusted Time Source Architecture
(Tracing Digital Time back to National Standard Time)

________________________ =
|
|! National Standard Distributed PKI Service Provider |
i Time & Frequency |
I! Laboratory GPS R — |
i e e Rubidium| | Trusted |
I |Cesium| | NMI Clock i<< Clock I
I | Clock | |Clock | POTS > | Digital ||
1l ! il
| I P Traceability |
_______ .:'-________'______l__.l
¥ ritori ] lime T e
Proxy stamp stan
server | :'-i;'::_-.;t
1 i ]
usted Trusted [ General
=Y. — -,::!i..'_ . . E- 1|_.|! l:l'_,.: r

321 TIEECHEFFREHET L

B0 AR T GO g B TR ST e B e B2 (R A
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% > )&_National Measurement Institute Clock (NMI Clock) » % &) 7FF ¥ &2 4F
FHEBEFHRZTP > RERFIRERFRT > AL REFEF R B+ 2 (R
+ 7 )&_Trusted Clock (TC) » 4 #¢** & Public Key Infrastructure (PKI) Provider
S P > Sd VT RARBEEERIRTIRERET > SHL TR o T
» &R pe b i@ TC & NMI 2 [ 25 % i #ic ¢ 3 )P » Trusted Clock %
i PKI provider :hpF R IR7+ B (time stamping server; TSS) i ¥ £ & 27 p& 7 4p
BenPKI 7+ 1 g+ o

AL IEIE P AV BB AR - e > AT H 97 &R a1 TP

FoPV CIE-EFRRNTED 7T ERFERIRGFT A9 ERREL o

T ERE GO E AR 2 S REFRF o RS E 2 4 EH

FIIPI P N FHACT £ AT

E%

2R HY T I CEETR - o ABF TN LR
*.*‘;*“i# CrEFERIPMEEF SR > P FIELF Rk

Z Poil gt B RN )V RUERE 7 0 i 7 NMI-TC R e & 02 2
B BT FFH B ET R BT FEIRE (Plain Old Telephone Service,

POTS) i AR B v B2t [0ms> B 28 ERET B3 50ms;
¥ohe B GE s 2 F IR o

BETFEEGERET 24 lf_%}’:ﬂ* iR (digital traceability
mechanism) 3]~ F (T2 R & 32 NMI-TC & TC-TSS % & %4 ¢h
98 Foim P ] 0 02 TC #ei= g R4 (TC m0n1t0r1ng
mechanism) ; ¥ — 3 & > #L F 2B hge AL KB G-
o M R R TS T AR - A s R R
Y7 AR B 10ms > @ 35 F 55 e i R B pE Y T T i 4R
T3t 50 ms o

99 TR R PERFAR G K S G PRAA S B2 BB R T E R
’ E T BPRITG 2 d o

B R

#
R

(323) %%
N R N S L1 AR R
RAPMBIEE ARG IR NG e kPR BERICE) 0 T R
FERAAF L BERARET o

T+ B iFEE?‘F"* R E T, NMI-TC~TSS = Bl » it o
Erdo P RRNE EFafz c i fe e BT R0 L IFE S »
o+ AFEITRAEE RE F I HA T o

91
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v NMI £ foi& = s A F 4o

fEynfed TC
S NMI %z TC £ & ~ TC %3 NMI £ & ~

T HG 0 E

HEREFRDE ~TC» NMI & £42482 - NMI #4248 2 @i 2 TC % E42 o
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EE R W R i) TC 4 40 4% 3 e 1]
FHMIREE Fom w3
¥ 1F % s R i R
B 324 R PR TSS & 1% /x A7 T E
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I B B RSt Y 22 LAY 37
f:{_.‘-'--\ -".-'L:.a
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B Afa P £ * OpenTSA iz freeware § (¥ TSS» W% p 7 F
RFC3161 compliant e % client o
(3.2.3.1) A SN RPES 2 T AR - BRI P RO ol

&%%E@émi#?%kvmﬁmﬁﬁﬂﬁa S BpE o BG BRI
HRAFRZES S5 ZORPITR I AT - RERpPEETER
o5 p @Bl g% 60ms 237 5 EREFELHILE KR A8
T ETATE SN (master/slave) B e BEE S E > 4o 3.2.6 7o 0 d B B AP
F % % S o @ g (NMIto TC and TC to NMI) 44 < NMI % T1 p¥ %) i
FePFEIEL > B diE TC ahpF %] 5 T2 55 {8 » TC £ 3% T3 FF%) % 4 & pFan
Booom g NMI erpd %] 5 T4 H ¢ T1 ¥ T4 £ NMI pFés g @ o
T2 T3 B TC Fr4aeivig &> m NMI pF4der TC PFész F 5 ér_’ﬁ offset 0, - &

iR > NML & TC ¥avdbp 35 I @Rl g eniif 8B (roundtrip
delay) 8 % (T4-T1)-(T3-T2)> 1 % b prssz [ chrclock offset O 5 [(T2-T1)
+(T3-T4)] /2 H ¥ >3 2 E B RIE > A 0P| EF 2 JESNRFFS 2978 5| ep

clock offset iz 2+ & o

Bl 3.2.7 % % % Master/Slave = w @R RS % o F 5% 7 Hdpibk 0
5 V2B MR ERA  MPFEREEEF{ I AN FRER
RAC) B 225 L ARBPBX) 2 P RB(H) P P T R T
oo b B BHLRE A dk: 100 X o B¢ bar £ 7 TS0 > FRIAELA TR
it o SR r i@l iigs 10mse 2 ¢ &g Rk
B Lt (54ms) i *REFFELES & 16 ms ¥ 100 B F 5% #cd; ¢
BEFG 9 BRFFLEARE 10mseF £ 3 E 2 Epu g RiTME T
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T3

send
T1, T4 disconnect
sen
T2, T3

T4

T2
TC
mnnt\ / |~ 7 u‘l
NMI
T1

Measuring delay and offset

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

Bl 3.2.6 T :2epdichpidl K8 RpFER

ms

HRiEEE i . o
E;%’%Egg ﬁlﬁ’%’%ﬁ EEffl:u ﬁﬁ%ﬁ% J fr:‘[%:@*’%’%

B 327 TiHeREHEPLANES » BpFIRLs

(3.232) o % 2 KR BHIET N EIRPE 2 R
NMI PJRE ~ TC PIRE ~ fr TSS WIRBEH - mpbh X e (TH3) - 4
NMI PR EH &t TC PIRE NP4 ~ £ 0 jedr TC/TSS IR B PRI
el AR 1S 0 NMI PR B4 TC PIRE 7 X R '35 4% i
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I pE R PRTE > e P TC PR Biedkz if e TSS PR B cnps PR G e b 7
FLigs 34 TSS PR FHR L 3 HFFRF E PR IR o Tl R RN
R R R RED iﬁﬁxﬁu NMI #IRBHE - TC FPREH T3
LR NMI PIREE AL - & TC FIREehe ¥ 7 3% & ¥4
LR S ERHT AFTEREP G oot (Blde 24 0] ) iR ESS A
3322 £ 2~ (delegation-by-warrant) I % F o
By b RE A SRS I E 0 12 Krawezyk g oe & > F R
KEIEF e 2POREER - Krawezyk (HE F #4188 * - BEL 3 =
PHGP A BRFF 2T e % 2aptdcd 4 B (forward-secure
pseudo random generator) FWPRG %< - B x -~ et #icfd+ k0 A2 «
l“'mmﬁig,] b ke M2 on At Ecr, ERIZE R m$éﬁ}§ 4 ® (key
generator) KG(-) # * » %g{¢ FWPRG * ¢ * 374 4 1k k> {75 F - =t
(7R B Aok R - BT k RSTEE BT st X R
pREFELD AL DR i ke, ke, o0 TUE T, T, Ll 0
Krawezyk s 5d B%F 5 - B 1 & F 4k (PKo, SKo) * PKo 7 E B EEH
® & (certificate authority ; CA) iz » SK, R| &%l iT = 1§ % (certificate)
CERT,, CERT,, ..., CERTt 2 {¢4V8 > CERT; A_f % i PFE AT * £ 4%
(PK;, SKy) g 27 (PK; SK) &4 £42 24 F KG() ™ 1 %5 j sy
)\Ba”rmﬁg.],,, Rl E e % 2 g 2 & FWPRG % 1 &t mft%év’ﬁ%]:'
Prlico TR AR ERREE L T E !Fﬁ%u 23 ﬁllf’& 2% CERT; ¥ & %t

XiEx»&>- 2 S RTINS

s
Ny
?,5’
i
ok
by
l’ﬂ
—%
;J

NMI Clock | rempte | TC Clock | 1ocat |Time-Stamping
Server channel Server channel | Server (I'SS)

((‘ERT SKg) | (CERTg SKpo)  {(CERT, SK)}, o

.....

- (PReg PRyqur Zages (PRea. PRyn))

B 3.2.8 5 #7713 & B mmﬁiw ek 2RI R R EERAD R e %
PHRTE ARSI B ZEBE A WA BIERY A2 1 - SNMI B

®
4 PIRE NG CERTwwi A4 BHENREY HF DL P73 20lg®E > L& p
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¢ 45 (PKca, PKamr, Zskea(PKea, PKam)) » 2 ¢ PKea 2 CA e B £ 4% »
PKawvi 2 NMI 2 B £ 4% 0 Sk (PKea, PKawvi) 2 CA &% H %4k SKca
W BHEMF EF sk g% > SKawi L PKawt HREE R %i% N S
P TC Prés PR B4k AR P B IRIP > NMI FIRE ¢ & 4 I 2 44
PKre, HI2%4% SKre, M2 18153 CERTr, 2 ¢ SKyc % 5ERTE
¥ B TC PIRE CERTe cha & p %2 7 (PKawr, PKre, Zskppn(PKaw,
PK10)) » Zskpp(PKam, PKre) 2 NMI IR B4 p 5 & F olici> %
F =2 TC P4 P IR B 424 TSS pF famﬁi’g‘-f%f%%mm% A e
T #5w% 2t odg {PKje 1, PB4 (SKe.r, M2 RERE
{CERT}=1,..1, ¢ {SK}ii,..,1 % /?2&@%% BBy TSS RIRE -
CERT, #hi & f % ¢ 5 (PKre, PKyy Zskpo(PKres PKY) » Sskro(PKrc, PK) A
TC WIRBH 3L N 5 55 b= & o

BREE R e & 2 RIEEFRAAeT L1 0 245 NML TC &
§ hd 2o ds (v TSS 44T 377 % TSS chg £ 22 %~ 229 «
SRRk eh® > 48O KG() 5 RSA £42 2 782 34() 28R FE
% sk 'E;vf‘~ % & 4 FWPRG() % % % % ey #cd 4 B » VER,()
pk R ERHREFEOR £k -

1))‘(

,Mli

&
i

tﬂw

Proxy delegation (by NMI server):
1. Choose a random seed k
2. (PKTc, SKTc) < KG(K, k)
3. CERTTC = (PKNMI, PKTC,ZSKNMI(PKNMI, PKTc))

Proxy delegation and forward-secure certificate generation (by TC
server):
1. Choose a random seed kg
2. Fort=1toTdo
(ky, 1) < FWPRG(ky.1)
(SKt, PKt) < KG(K rt)
CERT, = (PKrc, t, PKy, Zsko(PKrc, t, PKy))
3. Erase k, 1, SK; for t=1,...,T
4. Send ko to TSS as the secret key
5.Send {CERT}_, _and CERT1c to TSS

Key updating (by TSS):
1. (k¢, 1) « FWPRG(k¢.)
2. (SKy, PKy) <« KG(k, ry)
3. Retrieve CERT,, verify Zsk(PKrc, t, PKy) inside, verify PK;
4. Store secretly k; and SK; and erase ki
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Signing (by TSS):
. Retrieve current certificate CERT; and secret signing key SK;
Output the proxy signature s = (CERTnwmi, CERT1c , CERT, Zsk (H(t][M)))

N —

Verification: on message M, time period t, and signature string s
. Let s = (CERTxm1, CERTr¢, CERT, o)

1
2. Let CERTNMI = (PK'CA, PKNMI: ('51), Verify PK'CA = PKCA, VE RPKCA(GI) = valid
3. Let CERTTC = (PK'NMD PKTc, 02), Verify PK'NMI = PKNMIa VE RPKNMI(GZ) = valid
4. Let CERT = (PK'Tc, t', PKt, 03), Verify PK‘TC = PKTc, t'= t, VERPKTC(G3) = valid
5. Verify VERpk (0) = valid

AP TRz e & 2RI E R TR RS AFE 3T 7
T2 BT LR T Krawezyk i SLendE BREGR o 0 TR B AR 0
IEEE AINA 2008 # 3¢ ¢ % % (EI reference paper)
(32.4) s* % % F
a. AL TR A FHRY MART TLV S PR TR EAR Y R
Bl 0 o TR L AR R T o BRI E B P R
g (= ERIEHD PN FIBRF T G 40 # K i
#2) e 2 F2 R R R E DR iﬁfﬁﬁ%ifﬁ%ﬁﬁsm’?m?%
BRI R NM@ PR iR B SRR 3 A o
b. ® § FE BT ERE - LB PBILASE S PR 2 (2R
St Ay - B AR) Rt v iE 10 ms Ex o ox %K
Krawczyk # % % 2 8 3 5 $] o % *> fic P P 32 pFag i P ow e 10 4
2t > ¥ 2% % Elreference #H < 1 % o
FUERR AR ARRAORRY REFRFOREY gRGER
FRES GRG S o AFY A RF RS 2 ARG AR PR RS B
SRV GARM > EH R ST GV R pE P IRTE 0 Bk BN
B Rn e ¥ 3 PKIJRIME B > BAE & Al pr B RIF 2 F R
d. PKI 33 & ¥ — S EAREP @M 20 £ 5 < i i) 5 (What)$2 & 21 % (Who) »

h
e

"o

N

M B2 2 endi 4 2 4 (When) B |7m% -~ F 39 o AFF > PKI & KLZE
2 2 B d A L7 A By v’L’r?iFJe o
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This study investigated a long-term climatology of nocturnal equatorial F-region irregularities by
using phase fluctuations of the global positioning system during the solar cycle of 1996-2006 at the
west Pacific longitudes. The results showed that the distribution of the occurrence of irregularities is
a two-peak pattern, which peaks in equinoxes with a shallow/deep dip in June/December solstice
during high solar activity but with two about the same dips in magnitude in both June and December
solstices during low solar activity. Moreover, the most interesting longitudinal effect in the area is in
solstice occurrences of irregularities during high solar activity that the irregularities in December
solstice months develop easier in the west area but those in June solstice months develop easier in

the east area.
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In this paper we present a trusted time-stamping service which issues time-stamps with enhanced
security by a practical forward-secure proxy signature mechanism. This signature scheme
provides a way to verify the validity of the delegation from the trusted time source through the
common PKI certification hierarchy. The forward-security of this signature scheme provides
better protection against key-exposure attack when a time-stamping server gets intruded. The design
of this signature scheme is tied closely to the time-stamping service based on hierarchical
distributed time sources. The signature scheme is implemented with standard RSA signature and
verification algorithms. The computation of signing and verification in providing the
forward-security feature is absorbed into the proxy scheme. Only delegation and key-updating
require minor extra computation. In addition, one safety assumption made implicitly in Krawczyk’s
forward-secure signature scheme is identified and eliminated such that the security of our scheme

outperforms its predecessor.
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This study investigated a long-term climatology of nocturnal low-latitude F-region irregularities
at African (European) longitudes. The results obtained by using phase fluctuations of Global
Positioning System (GPS) during the solar cycle of 1996-2007 in East Africa showed that (1) the
distribution of the occurrence of ionospheric irregularities is a two-peak pattern which peaks in
equinox months with an obviously shallow/deep dip in June/December solstice months during high
solar activity, and however, with a slightly shallow/deep dip in June/December solstice months
during low solar activity; (2) the occurrence rate of irregularities is positively dependent on solar
activity; (3) during high solar activity period, the occurrence rate of moderate irregularities in June
solstice months can surpass that in equinox months although the rate of strong irregularities still
achieves maximum in equinox months. Besides, by means of comparing the results with early
studies that conducted in West Africa with other techniques, an interesting longitudinal effect can be
found in solstice occurrences of irregularities, that is, ionospheric irregularities develop easier in
June solstice months in East Africa but develop easier in December solstice months in West Africa]
during high solar activity period. This study facilitates the understanding of the effects off
irregularities at African (European) longitudes and would help the designs of experiment of GPS
time transfer.
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This study focused on the occurrences of ionospheric irregularities in Taiwan during solar
maximum. We used the data obtained with ground-based ionosonde, ground-based GPS receiver,
and satellite-born FORMOSAT-1/IPEI to observe the ionospheric irregularities during the year off
2000. The irregularities detected by ionosonde are called spread F, and which is further categorized|
into two types as range spread F (RSF) and frequency spread F (FSF). The GPS phase fluctuations,
which caused by the irregularities, are divided into three levels (background, moderate and strong)
to represent the strength of irregularities. Finally, the FORMOSAT-1/IPEI can detected plasmal
bubbles at 600 km altitude. In this study, the monthly occurrence rates of spread F, GPS phase
fluctuations, and plasma bubbles in Taiwan during 2000 were compared, and then to interpret the
sources of the irregularities. The results show that the ionospheric irregularities occur in equinox
months in Taiwan mainly come from the magnetic equator, and however, those occur in summer
should come from the midlatitude region. This study facilitates the understanding of the effects off
irregularities in Taiwan and would help the designs of experiment of GPS time transfer.
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Two Way Satellite Time and Frequency Transfer (TWSTFT) is an important method to
compare the atomic time scales between time keeping laboratories. The aim of this paper is to
analyze the Asia-Pacific TWSTFT network, in which the measurements are performed
synchronously by using multi-channel modems. As a result of the synchronous measurements, the
clock drift and the majority path instabilities could be neutralized in the calculation of the closure
links. This paper discusses what kinds of noise could be cancelled and what kinds of noise would
still be kept in the result of the closure links by taking all three stations at the same time into
account. From the re-examination of TWSTFT equations, we deduced that the time difference
between two laboratories could be obtained via relay stations without debasing the stability in the
synchronous TWSTFT measurements.

The results show that the noises of the closure links in the Asia-Pacific TWSTFT network are
very low. The smallest standard deviation of triangle closure is only 121 ps for the data over four|
months. The closing errors are closed to zero after removing calibration values. The analysis of]
Modified Allan Deviation confirms that the stability of data via relay station is in competition with
the direct TWSTFT link. This paper also shows that the stability of TWSTFT could be improved by
the weighted mean of the redundant TWSTFT links.
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'fhe time laboratories in the Asia-Pacific region actively contribute to the UTC/TAI generation,
e.g. with increasing weights of the clocks and primary frequency standards. These data are
introduced to UTC/TAI through the Asia-Europe intercontinental time/frequency (T/F) transfers.
Very long distance T/F transfer is always a challenge. In the recent years, important investments
have been made in GPS and TWSTFT (Two-Way Satellite Time and Frequency Transfer, TW for|
short) facilities. Many laboratories operate both techniques. However, only one link, either TW or]
GPS, is presently used for UTC.
In the paper, we give first a brief recall of the state-of-the-art in the study of combining TW|
with GPS and then concentrate on the improvement of the very long distance Asia-Europe time
transfer links. Although some of the Asia-Pacific TW laboratories are not linked directly to the PTB
(the pivot of the UTC network), they are linked ‘indirectly’ to PTB via the Asia pivot NICT. We
show by numerical examples that the result of combining the indirect TW and PPP is as accurate as
the direct TW combination in view of UTC/TAI T/F transfer. This implies that the indirect
Asia-Europe TW links could be linked to PTB with the help of GPS PPP. We also prove that the
combination GPS and TW can considerably improve the stabilities of time transfer.
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A newﬁscheme of frequency calibration based on adaptive neural-fuzzy inference system (ANFIS) is
proposed in this paper. In normal mode, an oven-controlled crystal oscillator (OCXO) is steered by
integrating time interval counter (TIC), fuzzy controller, D/A converter, etc., such that its frequency|
can follow a primary cesium atomic clock. In addition, the ANFIS is applied when the system enters
holdover mode. Experimental results show that the frequency stability of the OCXO can be
improved from a few parts in 10° to 10" for averaging times of one day, as well as the performance
could be maintained within a few parts in 10'° over one day in the holdover mode.
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A nevf scheme of 1 based on the IEEE 1588 standards, a precision time synchronization protocol
(PTP) is proposed in this paper. A remote oven-controlled crystal oscillator (OCXO) is steered by
integrating the PTP system, fuzzy controller and D/A converter, such that its frequency can follow a
primary cesium atomic clock used as the master clock of the PTP system. Experimental results show
that for averaging times of one day, the frequency stability of the OCXO can be improved from a|
few parts in 10° to 10'2.
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Asia-Europe intercontinental time transfers are the longest baselines in the UTC network.
Recent years’ developments in timing metrology in Asia-Pacific region require strengthening the

time links of inter-Asia-Pacific and Asia-Europe.

TW and GPS, both have their advantages and disadvantages. GPS PPP (time transfer using the
Precise Point Positioning technique) is advantageous because of its short term stability assigned by
the carrier phase information and the independence between the precision and the link distance. But
its accuracy is subject to possible biases, discontinuities and long term disturbances, as well as its
rather high calibration uncertainty ug=~5ns; TW is characterized by its absolute calibration|
uncertainty ug=~Ins and its long-term stability. However, studies have proven that TW is disturbed|
by diurnal variations up to nanoseconds, especially for the long distance links. Combining the two

techniques is a reasonable solution.

We also prove that the combination GPS and TW can considerably improve the stabilities of]
time transfer: reducing the influence of biases and gaps in the observations, and increasing the

robustness employing the complete independence between TW and GPS.
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