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(1.13) £ 22 @M= A £ 75 BIPM) » £ F @ mae § pFUTC)E M™% R
+ P (TAD) (3 =8 7 98/01~98/12)

A~ # & BIPM Circular T262(2009 October 12)% & T4 ¢ > “7h 1 & |p 58 4

Fiae R PR R 4o 7T

CIRCULAR T 262 ISSN 1143-1393
2009 NOVEMBER 12, 13h UTC
BUREAU INTERNATIONAL DES POIDS ET MESURES
ORGANISATION INTERGOUVERNEMENTALE DE LA CONVENTION DU METRE
PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 70 70 FAX. +33 1 45 34 20 21 tai@bipm.org

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

Date 2009 Oh UTC SEP 30 OCT 5 OCT 10 OCT 15 OCT 20 OCT 25 OCT 30 Uncertainty/ns Notes
MID 55104 55109 55114 55119 55124 55129 55134 uA uB u
Laboratory k [UTC-UTC(k)1/ns
AOS  (Borowiec) 4.7 6.2 10.0 10.9 12.2 9.1 9.3 1.5 5.1 5.3
APL (Laurel) -7.4 13.4 22.4 36.6 32.4 18.5 -0.7 1.5 5.1 5.3
AUS  (Sydney) 969.9 942.2 923.9 896.6 879.5 857.7 838.0 1.5 5.1 5.3
BEV  (Wien) 32.6 30.5 31.3 33.7 41.0 41.2 49.0 1.5 3.2 3.5
BIM (Sofiya) -7038.9 -7022.7 -7007.8 -7004.1 -6995.1 -6996.2 -6983.0 2.0 7.1 7.4
BIRM (Beijing) -8814.9 -8858.9 -8895.6 -8932.7 -8976.5 -9014.9 -9049.3 2.0 20.0 20.1
BY  (Minsk) 42.6 43.0 43.9 45.5 43.3 43.6 54.7 2.0 7.1 7.4
CAO (Cagliari) -3471.9 -3475.5 -3481.3 -3519.9 -3535.4 -3570.8 -3609.4 1.5 7.0 7.2
CH (Bern) -3.7 1.8 4.9 9.6 13.8 9.9 10.0 0.5 1.4 1.5
CNM  (Queretaro) -21.3 -17.7 -22.9 -12.2 0.9 1.0 8.5 2.5 5.1 5.7
CNMP (Panama) 12.9 12.0 27.6 36.0 40.6 40.7 43.7 3.0 5.1 5.9
DLR (Oberpfaffenhofen) 32.8 43.8 51.6 57.17 65.6 74.7 72.9 0.4 5.1 5.1
DMDM (Belgrade) 5999.0 6028.9 6064.6 6107.3 6145.0 6172.9 6207.6 2.0 7.1 1.3
DTAG (Frankfurt/M) -288.4  -296.7 -314.8 -335.9  -350.0 -350.6 -381.3 1.5 10.0 10.1
EIM (Thessaloniki) 1.8 - - - - - - - - -
HKO (Hong Kong) 4.6 8.7 13.9 17.5 12.2 15.1 23.4 2.5 5.1 5.7
IFAG (Wettzell) -145.2  -157.7 -160.6 -149.9 -149.3 -151.6 -153.1 0.4 5.1 5.1
IGNA (Buenos Aires) - - - - - - - - - -
INPL (Jerusalem) - - - - - - - -
INTI (Buenos Aires) -10.6 -5.3 -14.4 -25.9 -7.4 -10.6 -3.5 4.0 20.0 20.4
IT  (Torino) -2.2 -2.9 -4.0 -3.7 -2.3 -2.6 -1.7 0.5 1.6 1.7
JATC (Lintong) 5.9 6.3 -0.1 -2.4 0.9 4.0 6.6 0.5 4.9 4.9
IV (Kjeller) 3941.5  4201.2  4455.4  4724.1 4961.4 5240.0 5522.6 5.0 20.0 20.6
KIM (Serpong-Tangerang) -187.0  -204.5 -180.1 -149.0 -145.0 -166.1 -154.4 3.0 20.0 20.2
KRIS (Daejeon) -17.4 -4.0 -1.9 -5.6 1.5 -3.8 -3.7 0.4 5.0 5.0
KZ  (Astana) -1527.7 -1571.7 -1610.5 -1651.5 -1690.5 -1735.3 -1774.6 2.0 20.0 20.1
LT  (Vilnius) 804.7 811.6 809.0 795.7 813.8 812.9 820.5 2.0 5.1 5.5
LV  (Riga) 3633.4  3651.5 - - - - - 1.5 7.1 7.2
MIKE (Espoo) 162.4 -5.5 -4.3 -4.5 -3.9 -3.3 -2.4 1.0 7.1 7.1 (2)
MKEH (Budapest) -26058.2 -26268.1 -26464.1 -26676.6 -26886.2 -27101.0 -27303.6 2.5 20.0 20.2
MSL (Lower Hutt) -46.5 -77.6 -99.4  -101.8 -103.3 -118.3 -126.3 1.0 20.0 20.0
NAO (Mizusawa) 77.5 80.5 86.5 91.5 102.8 109.6 113.3 3.0 19.7 19.9
NICT (Tokyo) 8.2 3.2 0.5 -0.2 -2.7 -2.6 -2.8 0.3 4.6 4.6
NIM (Beijing) -17.2 -17.9 -17.8 -19.4 -17.8 -20.0 -20.5 1.0 20.0 20.0
NIMB (Bucharest) -311.9  -305.0 -301.2 -304.9 -294.5 -301.6 -307.6 2.0 20.0 20.1
NIMT (Bangkok) -564.3  -582.0 -598.2 -608.7 -627.6 -647.2 -664.3 1.0 20.0 20.1
NIS (Cairo) 15.2 11.3 13.7 11.3 9.7 7.4 11.6 1.5 7.1 7.2
NIST (Boulder) -8.3 -5.2 -2.7 0.6 3.3 3.9 5.2 0.5 4.9 5.0
NMIJ (Tsukuba) 15.7 17.4 18.3 18.1 16.1 9.4 7.2 0.4 5.1 5.1
NMLS (Sepang) -259.5  -282.4  -303.3 -333.7 -365.6 -397.9 -423.6 2.0 20.0 20.1
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NPL (Teddington) 35.0 36.7 38.8 40.3 43.1 44.7 47.3 1.0 5.1 5.
NPLI (New-Delhi) 5.4 -5.5 -1.3 -3.8 -8.8 -22.7 -40.4 2.5 7.1 1.
NRC (Ottawa) -68.6 -59.6 -63.1 -61.3 -57.3 -57.8 -60.4 0.4 5.1 5.
NRL (Washington DC) 5.2 6.6 7.1 7.4 7.7 7.7 7.5 0.4 5.1 5.
NTSC (Lintong) 9.8 10.7 15.8 8.3 7.6 8.5 9.1 0.5 4.8 4.
ONBA (Buenos Aires) -2402.5 -2420.1 -2438.5 -2465.5 -2495.2 -2515.3 -2532.5 2.5 5.1 5.
ONRJ (Rio de Janeiro) -9.9 -11.9 -5.9 -3.6 -6.2 -5.9 -13.7 3.9 19.7 20.
OP  (Paris) -18.5 -20.0 -19.8 -22.9 -18.7 -10.3 -3.3 0.5 1.5 1.
ORB (Bruxelles) 29.3 29.5 31.2 33.8 34.4 33.3 31.5 0.4 5.1 5.
PL  (Warszawa) -31.7 -33.0 -20.1 9.4 -6.7 -3.9 9.8 1.5 4.9 5.
PTB (Braunschweig) -12.5 -9.8 -7.2 -8.5 -5.4 -5.2 -0.2 0.2 1.1 1
ROA (San Fernando) 17.3 17.1 18.9 19.8 18.8 18.1 16.6 0.7 50 5
SCL  (Hong Kong) 10.5 -0.6 -4.2 -5.8 -8.7 -4.1 -12.5 3.0 10.0 10
SG  (Singapore) 17.7 16.6 16.3 13.1 9.6 8.2 2.8 0.7 5.1 5
SIQ (Ljubljana) -541.2  -539.9  -531.2 -533.5 -512.8 -515.8 -523.0 5.0 20.0 20
SMD (Bruxelles) 33.2 30.1 26.7 26.5 24.5 16.7 13.7 1.5 19.6 19
SMU (Bratislava) 27.1 27.7 21.2 21.1 18.1 16.2 16.7 1.5 20.0 20
SP  (Boras) 1.1 3.6 3.2 4.0 5.1 5.4 6.1 0.5 1.4 1
SU  (Moskva) 8.4 8.0 11.1 9.6 10.1 7.1 9.1 1.5 5.1 5
TCC  (Concepcion) 157.4 152.6 166.2 171.6 186.3 203.2 205.4 0.4 19.8 19
TL  (Chung-Li) 1.0 1.5 3.4 2.9 3.3 2.9 2.1 0.7 4.8 4
TP  (Praha) 9.4 5.0 14.8 9.8 12.8 12.2 4.4 0.7 5.1 5.
UA  (Kharkov) -90.6 -97.0 0.6 -5.1 -5.5 -3.0 -0.2 2.5 6.1 6.
UME (Gebze-Kocaeli) 177.4 174.9 171.3 164.8 158.3 152.1 154.5 1.5 7.1 1.
USNO (Washington DC) 3.4 5.5 5.1 6.0 4.4 5.9 4.4 0.4 1.3 1.
VMI  (Ha Noi) 26.7 28.4 25.7 9.7 0.0 -0.1 -4.5 1.0 20.0 20
VSL  (Delft) -20.8 -10.8 4.8 4.6 -2.1 -9.7 -3.7 0.7 1.5 1
7ZA  (Pretoria) - - - - - - - - -
- Notes on section 1:
(1) Erratum, corrected uncertainty values for Circular T 261:
uB/ns u/ns
DIR : 5.1 5.1
KRIS: 5.0 5.1
NMIJ: 5.1 5.1
NRL : 5.1 5.1
ORB : 5.1 5.1
(2) MIKE : Time step of UTC(MIKE) of about 169.7 ns on MID 55105.5 due to change of receiver.
(3) TP . Time step of UTC(TP) of -16 ns on MJD 55113.58 due to change of calibration.
(4) UA : Time step of UTC(UA) of -100 ns on MJD 55109.38.
2 - International Atomic Time TAI and Local atomic time scales TA(k). Computed values of [TAI-TA(k)].
Date 2009 Oh UTC SEP 30 OCT 5 OCT 10 OCT 15 OCT 20 OCT 25 OCT 30
MJD 55104 55109 55114 55119 55124 55129 55134
Laboratory k [TAT-TA(k)]/ns
CH (Bern) 48562.8 48521.0 48476.3 48430.9 48387.5 48343 .4 48297.9
F (Paris) 168030.7 168031 .4 168028.3 168021.5 168022.0 168023.4 168022.0
IT  (Torino) 86217.5 86359.7 86505.6 86648.1 86795.6 86941.2 87085.1
JATC (Lintong) -46822 .4 -46846.6 -46871.3 -46896.3 -46923.2 -46949 .4 -46972.9
KRIS (Daejeon) 29477.7 29556.9 29625.6 29689.1 29762.8 20824.8 29892.0
NICT (Tokyo) 102.3 97.3 95.0 93.5 93.3 91.3 91.3
NIST (Boulder) -45339865.2 -45340057.1 -45340249.6 -45340441.3 -45340632.6 -45340826.0 -45341018.7
NRC (Ottawa) 30081.6 30056.3 30021.0 29988.8 29958.8 29924.2 29887.9
NTSC (Lintong) 9201.0 9228.3 9253.4 9280.7 9305.0 9329.0 9355.4
ONRJ (Rio de Janeiro -5677.0 -5709.1 -5740.4 -5773.3 -5808.2 -5843.3 -5882.2
PL  (Warszawa) -5866. 1 -5885.3 -5898.4 -5914.6 -5930.5 -5950.4 -5964.8
PTB (Braunschweig) -356655.5  -356647.8  -356640.3  -356636.5  -356628.6  -356623.6  -356613.5
SG (Singapore) 6741.7 6740.6 6740.3 6737.0 6733.6 6732.1 6726.7
SU  (Moskva) 27256977.4 27257098.9 27257223.8 27257344.1 27257466.9 27257586.1 27257710.4
TL  (Chung-Li) -219.4 -228.5 -237.3 -247.0 -256.4 -265.2 -274.7
USNO (Washington DC) -35051067.4 -35051364.3 -35051663.7 -35051962.7 -35052262.4 -35052559.8 -35052859.3

- Note on section 2:

(1) SU

: Listed values are TAI-TA(SU) - 2.80 seconds.
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e
(142.2) 70 FGELAE R 1 98/01~98/12)
(a) HFHRAFHERTORPEZ PERRET ORI NRBERLET
IR Rt PF RIS 0 R RFP T ek F p R L R
(b)) BFRMHTARE * HPFRG > MR ERISFTORFLARE * PR
oORERPRIBFTREFREF Ko
(c) BYREFEPFT T W aFLANNE LKL LHPED S R 7IE
W2 BT g o
(d) BFPFFRCR AT FEFT > BEIFE 3¢ B2 JRBST o &
RPFREXZBERR TTEI R ERNT CREG S BE
LR AR K o (TG RPEIRE f S B R R o MR D 2
Sk 5 L

FERBECNEES
fi
UTC (TL)
EEPETEE
U0 mmnpagass <3 msagdgs {107

LAFCEFRB AT - r L EEy -

(107 ‘ FETIELPYTEY T o ' ':=[ﬂ.. w i B w A

BHEE03AUSNT ()

=
R £ s § A atm "".ﬂ'ﬁ‘ G (107
AR-A-400) #Rnﬂé;ﬁﬁﬂi | el EXFHNLE
L EVp—— E ¥ 3 1
(107 -III * a<l k}ﬁ\-—#(“?l
Vike}, ®ts 552 1 mymn w107
(1074 Fo2 2 U WAk Y- [C] 5

Bl 1.19 ~ B 73R8 B e ) PRA%T & B
(14.23) & %
b 7R RPFIRGE > Ae BN T ONRROPE K AL S R R R R R PFIRIEE o JRIE
FRGEE CHE L2 P2 TR AT 20 FRT S AT bk
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EAMEE R OFEBEE TR -
(14.2.4) B+ &ox i

AE R F RS IR RPEIRIE > e BN T PR kS s S R R PRI
EoRBERGEEIAF RIS PP ERCREF 27 FHG A
T EIHEARFFRLOFEAFATEREET SRS o L EFER R IRIEDT R
TEP R G AT R REFFC ARG 17 oL@ - gt L1
FIFEL Y > EERRIEPEFIRIAP 87 F 6 " TN BT £ > & p IR

(1425) A k1 ivEm
S AP L BT R RS 0 R L R R g R Bk

FTPZ A 2 BRI (Ao AT AT R 1 S ) R AL € A R iR pF

AE 2B o

(1.42.6) f =123k
@i@*kt%ﬁ%YJ’ﬁ%ﬂiﬁigﬁwﬁﬁﬁkﬁﬁﬁ’ﬁﬁﬁ%

= i°?ﬁﬁﬁf%k$$—ﬁ’lﬁ BE 2 PTG o Rm

=
=

g

NS

m

It

g

R

NS

)
g

FIv A F Rk Rt BT o MR R R R AR 5
Homagery X AR DG 2 E AL TRk 4 ARG
5o

Vit A R guE 2 2 aF 0 P g Eaf 2 u o n e Ey e
FRA TR > B X E D s ihE R EEF L .
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(=) POIRHCP 3

AERMLIFH P AR ZEGFP REREFLHTHEY 2 GPS W% W &
BER R B BB o U IF 0T o
QD Esfrrk BiF aFa TR s 47
(2.1.1) GPS Commmon View Common Clock Calibration
(2.1.1.1) =5 F

GPS 4Rz £ & & % &0
(2.1.1.2) A p FEUAEHE C98/01~98/12)

Gt 7 BP0 B L 2 Bl T2 R PR
e SRS 3 CGPS AR RA KA AR GPSEFFRE TR
ARV A Y R ARE R B AR o GPS R ARZ £ 41" GPS ik 2 5L

FEEARZ2Z LT AN REFPREAF FHRIFHE 2 VH ad % 3F 2R

(\s

2 KSR 2 GPSE Tty PRIV KB - EEEF IS RG - 40T B 2.1
0 % R R E K12 K28 (7t o SRUESEES EEE N Il o
Eeva gl TR B Rk UTCApt > L 5d TR T - H A 47

Clock(K1)£: Clock(K2) R srapd FF £ > g 28 H 54 i1 ﬁ-‘:% Gl L AR HEH

GPS Satellite S

dgyr dskz

GPS Receiver
Clock1 1pps

GPS Receiver
Clock2 1pps

Time Interval Time Interval
Counter Counter
Start Stop Stop Start

Data Processing Data Processing

Data Exchange

K1 K2
Bl 2.1 $anieh g ¢
THE 22 A GPS AR kY FRREPN A FHRFTPEHF - 5 GPS
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PSS T RolCEEGE SELE I E L S 2 S U
PR AL S IPPS RHE R R E N IPPS LB 7 TR R
BB r 18 3] cnficdf e sl 0 £ 50 A 47 GPS 2 jc i rik i enpipl £ 028 1 il
IPPS 5L GPS PR erng i » SF & P Bcdp ¥ e & GPS B4R 48 ~ T4k 2
R WA & 9 AR CGGTTS $234 8 11 eh GPS £ AR v H T o (4rF] 2.3
907 ) o B 6 B I AP B 2. CGGTTS F# ¥ & (7 GPS £ 4Ri% 2 2 4Ri2 v 41 -

Processor
Unit

Bl 2.2 GPS £ 4R7% ks it o s
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FTTS GP3/GLCNASS DATA FORMAT VERSION = 04
T_DATE = HXXX—HX-XX
R = Trimble ThunderBolt

= & [(GP3)

i = 99999

i = TL

© 0 [GPS)

: 0 [GPS)

: 0 [GPS3)

\ME = ITRF

IMENTI =

S DLY = 0 ns (GPS P1), O ns (GPFS Pz)

3 DLT = 0 ns [(GPS)

T DLY = 0 n=s

= TLHM3

iUM = 00

I CL MJI» STTIME TREL ELV ALITH REF3V 3RV REFGP3 SRGPS  D3G IOE MDTE SMDT MDIO SMDI MSIO SM3I ISG FR HC FRC CE
hhrmss = .1dg . 1dg .in=s .1ps/s .1ns .1ps/s .1ns .1ns.1p=/=.1ns.1ps/=.1ns.1ps/=.1ns

¢ FF 54931 000200 780 999 9999 99995929995 9993599 862 g g 999 9999 9399 9995 2999 9999 9999 S92 0O 0 L1C FF

b FF 54931 000200 780 995 9393 99993359935 959395 g70 =73 § 995 93593 9339 5935 5993 95959 9599 5933 0 0 L1C FF

1 FF 54931 000200 780 999 5995 959959939599 959995 876 =30 § 999 9999 95999 5995 9999 9995 9595 593 0 0 L1C FF

¢ FF 54931 000200 780 999 5995 9599599399599 9539995 §70 -85 § 999 9999 95999 5995 9999 9995 9595 593 0 0 L1C FF

i+ FF 54931 000200 780 993 9993 99999990993 9959399 ais -18¢6 4 995 99599 9999 9999 9999 9999 9399 939 0O 0 L1C FF

' FF 54931 000200 780 999 9999 99995929995 9993599 843 -9z 4 999 9999 9995 9995 9999 9999 05999 S92 0O 0 L1C FF

¢ FF 54931 001500 780 995 9393 293933532935 959395 91z 50 4 995 99539 9535 59993 59395 959559 9595 5933 0 0 L1C FF

I FF 54931 001500 780 9599 5995 959959939999 9539995 =l -1z 5 995 95999 95999 95999 9955 9999 99599 995 O 0 L1C FF

1 FF 54931 001500 780 999 5995 9599599399599 959995 Q09 T3 § 999 9999 95999 5995 9999 9995 9595 593 0 0 L1C FF

: FF 54931 001800 780 993 9993 99999990993 9959393 880 47 § 993 998939 93999 9999 9999 99399 9399 939 0O 0 L1C FF

t FF 54931 001500 780 295 9393 29993359935 959395 Q27 —-&0 4 995 99539 9535 59993 59395 95959 9595 5933 0 0 L1C FF

* FF 54931 001500 780 995 9393 993933559935 959395 &7 40 5 995 99539 9535 59993 593935 95959 9595 5933 0 0 LI1C FF

B 23 p 1 GPS = mﬂﬁiEGHS%i%

L7 Bt % ¥u(GPS Common View Link)z 424 & #p popt % siic 38R 1 K

PESBEFRERY DEDRFORP PR R A TLF RN BT

tmﬂ
B
N

GPS £ 472 X 45 % P 2 & it (Common View Common Clock Calibration)§

M ERERLE T ARNEY EREARZER ST 2 Ry o

LR AR EZ P AN GPS XA k2 B @z GPS £ AR
EABERS N KBTS c B 2487 GPS HAREEBERZ L% BE KT
AP AAREAEERE2Z TIEE L L-964ns 0 1B %

2
GPS 4L 4 A SR 2 Stk B A SR 2245 % p* Cable Dealy %

Receiver Internal Delay %384 > Flpt Vi e i # pL £ p|T35E L ¥ p 1 44 GPS

£ AR % $LiE {7 Calibratione pb #h 28w s B Rz B R 2ehkT kivs £ 2 A

-~

B AR KEFY K 42 GPS Common View Link 4 5% 3% 27 $iz - B 2.5
GPS £ 4i% & 48 ¥ PHE 5 42 & (Frequency Stability)2. & % »#g I fE 2 & T 5

TR

- X hEA K 1.3x107 e B 2.6 5 GPS X ARi £ 48 # ip| P ¥ 4 A& (Frequency
Stability)2. & % > PRV £ % & T 39— % fhid 4 0.48ns o
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Difference (ns)

(Topcon-Trimble) GPS Common-View (uncalibrated)

-60
=70 | * * o S . .
* * *
‘., . A . . . *
~ $
_80 ’6 . - ? ¢ o 0‘
0” :,“.‘ "g\ 38’ oto"” 3‘ QQ “ g‘ :‘ “0; Cf:
'90 5 P sl 3 3 < Y 3 'm T
FE R NI
SERIRCRANE Ty F oy e i e
-100 ’x::: ((}dw‘ : ;,>»:~’/ 2 vt <N
>y e A ‘ ‘ R 2 3 ,h
"R ;,.w g dL SV P SO
BEOFA A0 L3 (R Bk 1 2 - i MRS A S AR A
PR s, . }0: o o, 4 :' A he . :
120 | .
-130
54926 54928 54930 54932 54934 54936

MJD

EtE)

y( 10-1

Mod EsE
-12

»

10

Modified Allan Deviation

= 10714

=)
[
]

B 2.4 ~ (Topcon-Trimble) GPS + AR % 45 § |5 % (4/5~4/14)

FREQUENCY STABILITY

54926 54935 aIIIn VIew 006

-:‘ Tou Sigmo

|1 9.60e+02 3.49e—12
11,92e4+03 1.47e-12
| 3.84e+03 8.07e—13 |
) 7682403 3.07e—13 [
11.54e+04 1.48e—-13 |
| 3.07e4+04 4,30e—14 |
Sl B 1de+04  1.37e—14 [

102

10° 2 104 2 10°
Averaging Time, EtE, Seconds

B 2.5 ~ GPS £ 4= & 48 & B Frequency Stability(4/5~4/14)
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TIME STABILITY

9 54926_54935_allin_view.006
w&, T ; ] ; T
< Tau Sigma
c 1 9.60e+02 1.93e—09 |]
S 41.92e+03 1.63e-09 |
Q i 3.84e+03 1.35e—-09 ||
e 1| 7.68e+03 1.36e-09
= W1.54e4+04 1.31e—09 |1
ndl] L1l 3.07e+04 7.863e—10
E ol W B A4e+04 4.85e—10 |
5
mei ———————————————————————————————————————————————————————————— —
=]
S
=
[--]
v
-
Q
a
O af
g S : oL
o Ll . ; ; i L ; R
T
102 2 103 10* 2 10°

Averagmg Tlme EtE, Seconds
B 2.6 ~ GPS % 4R;* % 48 & /P Time Stability(4/5~4/14)

(2.1.1.4) B&* % »c %

GPS = 4R «uii#r%ﬁd BicipF L @2 GPS 3% 28 ¥ L )G 7
b B 22 PRV IRE X o GPS L AL s iz 2> v A T RPN & X%
BE R o aE 2z EORE N IR R AR
(2.1.1.5) A ka1 iv& %

Pavp A GPS 248 % %ve & TL i& {7 Near Zero Baseline GSP Common
View Common Clock £ /> Common View Common Clock Link 2_# & + % 5 10ns
Pl A ot ih2 GPS dR o kAT A Ap e Tt ad S F A R T A
AR 3Lz F o A REEMY 7 24k 2 GPS Disciplined Clock i& {7 Short %
Long Term Baseline GPS Common View Measurement I & {7 7 o 4§ 2 14 3¢ b %
BT E A TEE P L GPS EAR K SeARL 2 R o ¥R R A
GPS = & ei &~ W d & B ~ 3 & 2 3 B8 s g ¥ GPS Common View Link

HR2ZBPeFPHFET -

67/200



(2.1.1.6) f 2= 1% 3%
Pa TL e p 7P LMEGPS 2418 % 57 A TL § % % :&2 7 GPS Common
View Common Clock Link 2_ 5 & 47 HfFrmm R ¢ £E 5] L1 C/A 7 /57 £
%ok # o A K #:2 {7 Short 2 Long Term Baseline GPS Common View
Measurement I & 7 % f4afL 2 i R o4 kL AR F p A GPS &
AL E S c R RAH T BB AT L i GPS £ ARk Senld
WPy TEAHARG pW R o Bt R T A T

RIR & aFoRE @Y o 2 R RN PO R, -
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(22)ih o Bk hE 2 2 RHF R B
(22.1) W~ T EE e B4R ER
(2.2.1.1)i + 5 p

® = ISA4FEEAEY § % AT ¥ T (98.2)

® = 272 & OP (Observatoire de Paris) &% B i PF4é§2(98.03)

® PTB 4. s 474 % % % & 2009 EFTF-IEEE IFCS (EI conference)

(98.05)

QR21IDFFP 2 EHEEFFHF 1 98.01~98.12)
SOOI BMBREE LR Y e ) AR > UHERE S TR R TR
»EHEE B B BB @y o AP £ 3P 22 R PTB 2
#h e BpEL hsaE o B 2.7 52009 £ 37 350 ehigpk Rk > 4 ® PTB A
FIE AL 49 o > s f9 B 422 PTB 2 7 ffrk e @5 4 > 5 BN R 4
AR ek > B o gﬁf}—'é & p i‘*?‘ BIPM ftp =- + 22009 & 2 * j& » 3\ i es
AW OP 4 % & Fh fEo it $HahRe i = > BEFA 5% 4oF] 2.8 0 d 35 OP ¥
B A S RS TRABET ORI TERG 2R A RFL o

LIITC(Dtb)-U'II'C{tI) by T‘J:V

nano second
[\]
N

20

3
18 gﬁ
16 - %4
14 . S S—
12

54900 54910 54920 54930 54940 54950 54960 54970 54980
MJD

B 2.7 ~ PTB-TL &% v B2 %
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100 UTC(OP)-UTC(TL) by TW

50

nano second
o
N
N
.
.

Y A
-50 + i FNM
-100
54910 54920 54930 54940 54950 54960 54970 54980 54990 55000
MJD
B 2.8 ~ OP-TL &k o B %
I 4aEk % * 1S-4 £2009 7 ded 29 BIATE B ARLEL L

(e & 1) @ 455 NTSC(B) 7325 ¢ )~ < B NIM(Y B2 #2187 3
o)~ P & NICT ~ p ~ NMIJ ~ % ® KRISS ~ 46 PTB ~ j* ® OP ~ j# % VSL %

PR AFHRT ALY PenfEh ARt ¥ o d 30 IS4 fFE #2011 &£ 3
ZEIY > RBELIEHATOFE T HLRAFHRIFREFE T o

%200 R R ATE AT B A ik

Year 2009 2010
Month 4 5 8 7 8 9 10 11 12 1 2 3
NICT NICT | NTSC | NTSC | AIST TL KRISS | PTB NIM VSL AIST OP
PayEd by T PP e EE PN e e e Y P PP
Japan | Japan | China | China | Japan | Taiwan | Korea | Germany | China | Holland | Japan | France

ARHKIEFFEFTNE LY SR PTB adF e v ARt 0 L7 3T M4
PoEE VRN ARE RS F(TADGR 5 b > AT Hmahk 47 > T8
FHF A LA ERALELDFERHBEFAGE L o AR FERES B
(TWSTFT)% GPS §* & 4p = (Carrier phase) i # & & % » 3 3 PTB-TL 42§ 7k &

w BRSPS BT - X A A l~1.5ns>
Bl 2.9 @ s 130 X T > @k e BPFE GPS thF LA 4 4T 5 ns eh
PR RS o ) 2.10 5 B B £ ek (BIPM)#3% & f6 i ps # jircn? 75 2% » GPS
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HFiFetype B2 TR 5 Sns A e BFOA TR S Ins AP anE g i

A R TR e RN o
B 2.11 §22K OP 2. &
v %] 5 7A0.6~1ns-

+ 4Bt

i E % (# “f drifty o » 5 PP Ag s p %

’ — tw(ptb-tl)-igsc(ptbb-twtf) ‘

2 a4l

ns
—

1) A

-2

-3

54770.0  54790.0

54810.0

54830.0 54850.0

54870.0 54890.0

B 29 i e @pFzx GPS {4 4p = h Double difference s % © igAZ *

$1GPS F 4L % fi ¢ IGS final 2 % -

A
L
5
S e luB /CA/P3/PPP]
Uncertainty
/ns B
3
2~ ‘
P S A \ _\L:;__\_ ___________
0 T T >

MC/CV

MC/AV P3/AV TW PPP

Bl 2.10 BIPM =& S8 8) @ Pt
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Comparaison maser LNE-SYRTE - twtl du 18 04 2009 au 06 05 2009
1e-09 ! ! ! !

! ! ! Fy !
| Pararhetres: a=} 07095e-11 b=-1.1809e-08 ct-148859¢-05 J |
ae_m_lli i S i S i 8 PR S S— .
bl Lo |
B0 -t ] [ (N S i
il T T
R | o } Jrr |
4e-10 L+ AL | T S A ) LA _*__l' _____ _|
£ BRI YT T T
'E . I 1 ﬁ |l f ] || [ ! |
X 2e-10 |1 | | o | — | 1?' i _l. It.! i | _
w ot N [ T AT T, W REN I
CD !: | ""v ll ”"I ll * | HIEER! "I'. | I ]( |:: | ai -"I ,ll lf:‘ I
< 0tk I 1 ! AR . LRI & VA 1
T h } IJ 1 ,‘|]| b AT 1 ||| . 1| f [ i "' | | ,all l‘ ﬁ
Tl W frft 28 T I P N I
o o NI | !l | HE R | |
w2610 i I S R ; t 0 il ot - S S | Il Ay “"I.'_
w A Rt/ .fl \ l“;-l Pl WA
O | T A T L
4e-10 | LN - &SRR SUNLE SN ISR - N— 5 S - 2
L (I
} ¥ TR i | ' |
6e-10 |- R L S o ! T
§ 4 [ (
i |
T [ R L R i L i
-1e-09

54940 54942 54944 54946 54048 54950 54952 54954 54956 54958
MJD

B 211 2 2R OP 2 i k344K i % (B 07 drift) o » 7 P Agen® p i g
i

22.13)A k1 ivr€ gk

A4F A PS4 R PTB 12 2 2 R OP et $Hiicdf » %% &0 % P #4T 1 ns sk

PG o d LK PTB &2 2% TL # £ JE3E2E 4 3(9 5 8376 2 2)» &
PR MEEEE T R W R F R DRFAER S FAE O

—g\‘o

KEOLAR AL R G 6 R etk e BRI o BT X RO R AR

Bt BRI R B (4 600 ps PR )E BEG PR 0 F T A Lk F S BB B
SRR R s RS ARRL AR P AT BT i LFE AR I B PR AL o A K
APEFILRB KT IA YA R4 bR AT
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(2.2.1.6) f 32812 3%
R PTB LR P ot 7 o 2384 B 5 i B 4 PTB K 2 3 g2t 7
i e Bt SRR GE S o 15 E RERE PR 0 KD O
XY 4 > %A 4A2008 2 2009 & 3 ¢ 4 wjiE 2 B4 K PTB % 2 K OP 0
Wh e B AR 0 PR )RR T - AT o SRR B
- AL TR TAL R EAR AR L o B~ L P A e E R
XA T - BRE MEFSFELEY FEET TR LT HRT - A
Bril o WA P I R AR FHE A HR G B G R - AT o

AP ZEEY A RS ﬁ‘%&}i’/{ﬁﬁ ‘e
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(2.2.2) Gk ¥ & 3% A8 AE L R
(2.2.2.1)i& % 5 p

ERNE -2 fiEr ! "é':k 4‘5{@?’ ’ 'RT)E i = ¥ ?\f f%_‘_'.f_t %?’ @ F‘SLL "ﬂ"? .%?(98.05)
EFEL S E RFELEEe @ HF %(98.05~98.12)

(2222)F TP FELFHF : 98.01~98.12)
Fh B B AP o B il L SO 0 R R T B R R 2 R
Teh- kP 29 HREFRBFEPMBRES F353]- A2 p & NICT »
NMIJ ~ ¢ B NTSC ~ i B’ KRISS ~ #74c 3l A*star 39 5% 3 &£ 172 &7 = % 7
i e @pF > §i%51F 150°E 2. JCSAT-1B &4k £ (7% 5%  d 3% JCSAT-1B f#

5 & F8E P A NICT & %4$.2009 # 4 * 4=:x IntelSat 2> @ 2% 166°E

2 IS-8 fFk o fe & 2 b AF HF LR R Wi e @] IS-8 ko

PR F S TR 24 K AR m 2RI O0 £ 20 o d Ak g HE X

MESNARE LD PEARHE AR L2 BEERR A ELHFET

BORE A LBh T2 LR R R FERAFE NS AT I ERD A

BoooAm bR AT R BERKF B BB

AR S TN ERTRETCAMREFE ST EFAMRRETE
FEES BPRRE R BT 20 X 3 50 X o B ZAHRE AN G b2
MEIf o BEFPRAEEI P AL {ATAE > UFRTERIMARE 2%

> o

(2.2.2.3)4 %
M ITEs 3 BsRE 040 15 PARM A BT F s L R ieiT 24
Fom bR v 45 4 L R L AT WRT5-48 kg { AT © R
% % &4 2 Power Supply unit # 2 % P (F808 %) » * F4U/Z 2.0 mm (§ )1

z. DC 7 im#:d £ = *b solid state power amplifier (SSPA) unite 2% {5 33 & %
M2 fEhdy e o @ IS-8(166°E) ik 2 beacon 1 ¥Lid Fld + 2 JR 15 > 4o ()

212 g e s EATH T b 22 L ZE 4 % 30 p =S 3 IntelSat
A



bk o 7 a7 73 APEE(Uplink Access Test) » 4[] 2.13 > @& * SATRE

»

modem # 531 B 2 8L 0 SiEFE FTii )z B %2 C/Ny 5 58.7 dBHz - %
BELDNIRENTEAFTHRRZ AFFHAF 2RI EFERLZT
Boi it > #3058 7P 2RO e B o Bl 214 £ EATIR
BB S NICT 82 TL thigh e B 38 5% > B - g F R &

5,4%5%4p% a4 o P p A NICT ~ ¢ B NTSC - # B KRISS 4+ 5§
BEFHEK P A NMIJ Fli L o b ABEF I K4~ > 374 A¥star

Fle i ¥ * & IS-8 4 spot beam 4 ] JEDE k- B N S S

Spectrum Analyzer

CHT2.4M
i <1 M1: -55.45 dBm @ 1447.056 MHz M2: -77.54 dBm @ 1447.999 MHz
50,0 dBm E
dB/Div: -H5
50dB =
-60 +—
g 1l
70 £ U uR
E 75 I [l
m = v \ il
S o A A AR A A ASA A A At o
-85 -
-90
95 F
- M1 2
T o Q= S T T T T T T T I A T A
1446.6 1446.8 1447.0 14472 14474 14476 14478 1448.0 14482 14484
Frequency (1446.5 - 1448.5 MHz)
CF: 1447.5 MHz SPAN: 2.00 MHz Attenuation: 0 dB
RBW: 10 kHz VBW: 100 Hz Detection: Pos. Peak
Date: 04/30/2009 Time: 10:38:21
Model: MS2711A Serial #: 00116156

B 2.12 ¥k 2. 5 & (Beacon) g 3 o 23 B b 5 3hAE A R AT B AT R R 1S 0 U

3# IS-8(166°E) ik 2 beacon 3 % » i je - H 4T 355 A -
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.=== SATRE TWSTFT Modem 63 TimeTech GmbH 1994-201 30 Apr 09.06:45:33 + NTP1

i x Reuvl Rcvd geasurement [Jisplay §lobal $et Modules A Tit !
Module Do Rx1 ok —— ————- RxZ ok ~—— ———- Tx ok ————-
Config : 2.5MChip_Codel:0 Z.5MChip_Codel:0 2.5MChip_Codel
PN-Code D Z2.5MCh PN 1 Z.5MCh PN 1 2.59MCh PN 1

Frequency : 70,757,918.728 Hz 69,999,997.906 Hz 70,750,000.000 Hz
Pouwer : -48.05 dBn, Signal -36.86 dBm, Input -15.0 dBm, On

Tuner : 0 dB (sb inv) 0 dB (sb inv)

C/No : 58.7 dBHz

LockStatus : Code + Carrier

Lock Time : k0s» &O0ss no errors ———-—-—

HiRate Id : Id 63

Clock offs.:
Clock Drift:
——————————————————— General: 0K Mode: from laboratory ---—-———-———-—-——-—

1pps reference Frequency ref. Time reference Module temperature

in sync ext. SMHz (0K) NTP1 +48.5 (0K)

Bx1l: 256,019,104.478 ns. ~: 0.000 ns: s: 1.073 ns; wvu: + 0.0000 ns-s
Bx2: --- idle - no lock —--

2.13 SATRE modem #4x % w ° C/Ny = 58.7 dBHz -

-16.5 UTC(NICT)-UTC(TL)

e ol
o e I b

_1 9 W‘\ . »JJJI{ \‘P“‘,
J/r’ P it N

-19.5 Nt \L

-20

nano second

-20.5

-21
54958 54960 54962 54964 54966 54968 54970 54972
MJD 54958 - MJD 54973 (2009/5/7-2009/5/22)

Bl 2.14  &AR 118 ehiEh e B pE e 2 5 (NICT-TL 4a)
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FREQUENCY STABILITY
9 UTC(NICT) UTC(TL)
[==) ] o : :
—t . Tau Sigma
1 3.60e+03 2.58e—14 | ]
L 7200403 1.15e—14
2 1.44e+04 514e-15 ||
| 2.88e+04 3.32e-15
5. 76e+04 3.01e-15 |
11152405 4.80e—15
af 42.30e+05 5.02e—15 I
2ie
%9 ”””””””””””””””””” 3
al
s
=) A B I R A R B R
10 2 104 2 10° 2 108
Averaging Time (s)

B 2.15 NICT-TL 4&g: 97 5 42 < & MDEV(Modified Allan deviation)~ 17
)

224" 2 %%
Fe S ARk cn{ > AP BT LRI X Rehdy e T IS8 R o 4
JPEHEE G R R M R (HABL DR MO RES
bz et Bampt > FEAY FRAEHY ¢ HFEY RRTHSMRKAE 2

> o A i 7 - Power Supply unit # & F p o K/f T3 A A GRAIREE > RTeh
L

o B AR TR T2 e S ded -

(2225 ka1 i€ gk
RANPED AEL B @EFEE 0 32006 E 1 TN GFE B G
ABESEA o RSGHERORE o Fli iR N2 A DI

p
SR ERMEFREFHR e RERFREORFRFEET - Pl RBFRD

77/200



)

A% E P = & Kuband #h e GpF 5 sb A0 2 2.4 F Kk
oo b d NI S L e BPERAAEL > 18 K FE B m o 3T TR (T RR
TR AR T4 -k 24 H B G NERM PR h B B
oo * BN E A B 2R Bry IR A fRiEF L

B0 BATP ERFREB TE > T H Power Supply unit £ 3 R o

(2.2.2.6) p =iz
Ap R Ee T FHEFIFLRI%RIEAT O RD AT KT B
i B RER LRE LR FUFEL P IR OELE > 2
X B e R P BB YA S AP R AR 2 BRI A
HED LAY FHF FARRED 3 AP L LERN I RIF D
P ITEIR TRBAFTRTRE % o A KR GPS #idpie 7R
A5 vt g LI AT IR EEYE GPS v $F k Sz gE

\\\?{r

+ o

78/200



(22.3) F1* B > e L o BRI 7Y
2231+ A

R PTIREE - 5 (98.10)
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—>x— by 1st network
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1000 | /
4;\ o / —&— Direct link

100
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TDEV (ps)

—<&—Dby 2nd network

1 10 100 1000
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B12.19 ~ NICT-KRIS4épz & ¥ §£ % & TDEVernt fieo 3 oo = B 5 B B4ape i %
Fobenw MA 12 25 e P2t 8 i % o

#2.13 & A+ &DFEw " AR TDEV a1 i

TDEV(1 h) (ps) Gain
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Direct
network network network network
NICT-TL 91 75.4 71.9 21% 27%
NICT-KRIS 88 87.4 84.8 1% 4%
TL-KRIS 121 89.4 89.7 35% 35%
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A1 IR P AT R e R - 3R A > R H 98 E R cha (E

BT RBEEFEREMTED 9T ERFERLREFT IFIF 9 ERR S o F
iﬁﬁﬁmhﬁiﬁwwﬂ%<ampw$%%ﬁ’mi‘Wﬁiﬁﬁﬁﬁl

—\

EIE PPN FAoR 3.1 Ao

231 AENFLIEFR

07 | g et g crbe HARL B TIAE M 0 4R 4 AGN R
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RFC 3161 & ISO/IEC 18014 % {&#:24 > ¢  RFC & ISO/IEC P 15 i 37 ezix
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Bl 32 AV Re BFAH A ANSIX9.95)

(3.23) %%
B33 AT F QPR RERE B i erffiztg g
T h I AT ¥ R 5 BT L Sienfic > PR 48 > ¢ 35 NMI clock - trusted
clock & i1 if RPFiE i o BP A BEor ¥ REY el Rt IR pR G & R
+48 (CS)~ 2 34 (HM)~ &k + 48 (RU)~ 23k 2 > % % (GPS)> 11 % one
pulse per second (1PPS) -~ Inter-Range Instrumentation Group (IRIG) % P F 30 55 -
B KPR AR ERTERR - SRR PRE . S LG e BE SRR
T2 fe o o BRFORTAIF 170 /8 3% BB GRIET & i B3 10ms
3 (3.2.3.1) & ¢ P o @ Foimig AR % NMI ~ TC &2 TSS > i = 32pF ~ i
MPBGFEF G 0 ¢ RARERFERONAERY] > THBEF LT 2 F
T8 » 30 (3.2.3.2) & ¢ P - I > TSS ¥ Time Stamping Client B # 43
AT 24 F 0 Y P A4R* OpenTSA i& B shareware ¥ T TSS» 1% g
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> « I ,| Stamping
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I Lo A 2 Ei@j
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7 NMI P4 s TC Prdbz [ 55 i offset Op @ iz {15 - NMI & TC 3Rt fib
L g pFiE g ek 2 (roundtrip delay) 8 5 (T4-T1) - (T3-T2) » ™2 % #
P pEsE 2 e clock offset w3t 0 2 [(T2-T1) +(T3-T4)]/2 -

§ NMI 2 TC & Btk # 4 e 0,=0 fm™ » RRIR &8 2o

AP e R ph g A G e B DR LR o LG S B pF
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send
T1, T4 disconnect
connect 7] 0
send
T2, T3

Measuring delay and offset

roundtrip delay: & =(T4-T1)-(T3-T2)
local clock offset; & =[(T2-T1)+ (T3 -T4)]/2

@ o: the true offset of TC relative to NMI

Bl 3.4 LAKG E BFET R R

5 B @ pE S 2 4o 3.5 #75F o NMI >t Clock A 3 4 p g s piF Y m*gx
® (Time Interval Counter; TIC) B 4p3tpr T fr e TC B RPFRL 5L ¥ -
% » TC 7=t Clock B # #) ¥ fc#s TIC ¥ » NMI & i & pF 2 55 - NMI 0 TIC <
PIE_TC @ & e pf iz Ju{*m? b TIC 3 E D EFRFIER ERA) ¥- 2 & >
TC 1 TIC fe I/ NMI @ % sriept i 5Lt ib b TIC 3 W31 F F B 1538 2
R(B)°NMI £ TC # pt FF4a 2. B crrclock offset 6 5 A-B=[R(A)-R(B)]/ 2+ [dag
-dga] /2 27 > R(A)E RB) 7 E & e Pl {E > dap ¥ dpa A trip delay © 3K
trip delay (& 4% &0 & & ~ Hp i85 3 2 0P 5L % delays) 27 i 44
7= dag =dpa > B clock offset 6 % >t [R(A)-R(B)]/2 -
fe 35 B @ pF e iy -2 trip delay £ F 5 AFARAR OF B HEA > § NMI
S TC A @Fprshle > 2 AR L 0= 0 PR > R A& ATE 310
[R(A)-R(B)] /2 2 (e ] i & prdi ot o ) G WP = 2 S A A2 R
B3R > 2 ¢ * common clock’ 7= T A=B> #7112 [R(A)—-R(B)]/2 ,T*F pe 1 2¥

8 - [dag - dBal/2 °
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Two-Way Technique

Clock A Clock B
|
Time Interval Time Interval
Counter Counter

[ Difference}

R(A) = A-B+dg, R(B) = B- A+dag

R(A) -2H{B) - (A-B)- dm;den

If Paths Reciprocal i.e. dAB = dBA Then Clock Difference A-B = ""‘LL“_H A -2H{B)

B 3.5 BHEs BT R B

032 H-o UBRBAASES GRS R Ee GRS ARG 2y
(EXTRCRE S S 3
L

HEEHT o AZfE

)
ﬂﬁ*\*ﬂﬁ%ﬁﬁﬁﬁﬁigﬁ&ﬁﬂ@ﬁo?

B  BHEe BT EaEaEly in)

REN
SR BRI R LI GRLALR) B 2 I R A
% 32 T RER- SRS Ee B
5 3 N = A A R
5 NF | TE | REL | TioE | L | 258 | L
e (ms) (ms) (ms) (ms) (ms) (ms)
BN
oo @ 2.529 1.958 2.447 1.687 2.728 2.460
% 2.166 1.889 2.049 1.630 1.996 1.394
o b . . ) . . )
AN BpEE 2 (97)& R F s T3afa 3t 10ms > &g S i R E
A3 10ms ; 4 (98)F = & A SV e B E kit o 7y F ORI EE) T

10ms » 7= T pF |5t £ = lﬁ‘“ 10ms o ¢t #F > fo o B B4 & ALt GV

w18 ];‘Ii“‘g‘_,‘b'ﬁ “r’? TendT > % ’F& 4 R T % %”l\ 10ms *F » = 'ﬁq/\ 4 SN %

@@%oFﬁ%é@%%{ipi&ﬁﬁﬁ%—&ﬁ%%*ﬂ“;&&@%%

WopE
=
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(3.2.3.2) Beizgephif

NMI @R E ~TC @IRE ~ fr TSS IR B - Lfb kN hg e
¥ NMI PR ER T TC FPIREaprss ~ £ ¢ a4k TC/TSS #IR B PRG35 45
EFEF S ONMI RPRBEAE TC PIRE AT X PRl 85 35 R pr
PRAE 0 P TC PPRBiedk( i o TSS 7 IR B ehph IV RIRAE o4 AL (5 4 32

1 TSS FURFH L § H M G opr BRI S PR L G
xR AF R A NMI PIREHE - TC PIRBHE FHRES - NMI
PIREE A2 - 2 TC RIREBDE4MGH T2 HZ&44H YL ET > o £4%

NS I 2 *ﬁ P (blde 24 o) FF) s gl N E R T L3
(delegation-by-warrant) 32 & F o

A SRR AR
FIREFE F a0 p X 2HARITER o R == A3 Krawezyk v v £ 2
W] el iz g g R AR AR

Krawezyk g $ 48418 % - BE$ o & 2 hjt et 2 BLF (7058
we & >ehptdicd 2 F (forward-secure pseudo random generator) FWPRG 4% =<

¥ %30 B Krawezyk ¢% » % > §

= -\ﬂ\y
&

22
o

- Bk A EEF koo A2 « x*‘mm@‘] b kg A on AadptdEc g, ik
R X dssgA 2 B (key generator) KG() i * » % {8 FWPRG * i *
Nk Ko (TE T - M AR PR BT  dok 5 - B BT kAt
&t—gax @ m&w ARt R R AT A S Ak P ke, Ky, L0 TR

=4
|3
\ 4~

>
7*

In

Ti1, Tepy ovn ©

Krawezyk ;s % %7 - ®2 % %4 (PKo, SKo)'PKo % & 566 %
# o (certificate authority ; CA) 33 > SKo Rl & 7= 8 (certificate) CERT},
CERT,, ..., CERTy 2 {4/% CERT; ¥ &% i P47 * &4 (PK, SK)
B B9 (PK, SK) 29 24522 % KG() 1 1 (%5 p dichiy » P enfiy 01,
PIE S e & 2 i 2 B FWPRG % 1 3417 pF ey )t e

NMI Clock | rempte | TC Clock local | Time-Stamping
Server channel Server channel Server (T SS)

(( FRTygp SKng) | (CERTq, SKpo)  {(CERT, SK)b, o |

- (PEep PRy Zsrea (PR PRypan)

Bl 3.6 #w % >iNIZEFF FRT
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N
5
N
>
.

3627w 2ARERECHI FRHe L 20N mERHFRL &
FEMEEE AN R BT 224 - SNMI PFaRIRE g% CERTww A

dOB I F LR DG B E LB P FEHE (PKea, PKavin Zskena(PKea,
PKawi)) > 2 ¢ PKea . CA a2 B £ 4% > PKawt % NMI o B £ 4%
Tskca(PKea, PKavr) &2 CA 8% H 24l SKea $*EFEPM F & F k& F -
SKawmr % PKawvr B0 % & R4k - ~ i TC PFéa P PR B4 B4R 8 pF Y PR
BFCONML PRE § A2 K24 PR, BB SKie M2 RIEEE
CERTTc, L ¢ SKyqe % Fi5ERSEE BFEY TC PIE » CERTr hi & p
% 7 (PKawi, PKrc, sk (PKamr, PKre)) * Zsianu(PKamr, PKre) £_NMI B
£ 4 *?#ﬁ‘é%i MEEF B ER = ~TC P4 RPIRE it TSS BRRF
JRBREFERRRMBAEF A4 THEoed 2enivm a4 (PK)e 1, A
B4 {SKder1, ME EEEE (CERTY e B¢ (SKJe.1 % 5B
TP BEYL TSS WRE > CERT, i & p 5 ¢ 7 (PKye, PKy, Zgkro(PKre,
PKy)) » Zskrc(PKre, PKy) 2. TC RIRFH B I M 3 8 F - ¥ o
ook PALEF e 33 407 0 &4 NML TC & k& chd 308 iF
TSS &4kgenT #7205 ~TSS ehEF 2 2 2 %> 2
2 58 KG() = RSA &£44 2 %2 > Zu() & Q%iiﬁ;iié sk L ER %
ﬁﬁfwmﬂﬁ%ﬁéiiﬁﬁﬁéi$wmmo;giﬁﬁﬁggmk;

:}j—ﬂ K ﬁ-q,’{%l SLen®

ERHREF £4°4 3.4 518 Advanced Encryption Standard (AES) #+4L3¢ 4
DA EER (Teowm e & j&ﬁ"ﬁ'{;ﬁ 4 B FWPRG -

#3.3 il = PR E A
Proxy delegatlon (by NMI server):
1. Choose a random seed k
2. (PKrx, SKr) « KG(x, k)
3. CERTwc = (PKwi, PKre, 2 sty (PKwi, PKre))

Proxy delegation and forward-secure certificate generation (by TC server):
1. Choose a random seed ko

2. For t =1 to T do

(kt, re) < FWPRG(kII)

(SKt, PKt) <— KG(K, I't)

CERT: = (PKre, t, PKi, Zse(PKre, t, PKi))
3. Erase ki, r:, SKi for t=1,....,T
4. Send ko to TSS as the secret key
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5. Send {CERT:}.;, r and CERTx to TSS

Key updating (by TSS):
l. (kl, re) < FWPRG(ktl)
2. (SKi, PKi) « KG(x, rv)
3. Retrieve CERT:, verify Xsq(PKw, t, PKi) inside, verify PK:
4. Store secretly ke and SKi and erase ki

Signing (by TSS):
1. Retrieve current certificate CERT: and secret signing key SK:
2. Output the proxy signature s = (CERTw:, CERTw , CERT:, X (H(tIIM)))

Verification: on message M, time period t, and signature string s

. Let s = (CERTwr, CERTw, CERT, o)

. Let CERTwt = (PK'a, PKwr, o1), verify PK'e = PKes, VERwe(o1) = valid

. Let CERTw = (PK'wi, PKre, ©2), verify PK'wu = PKwr, VERey,(c2) = valid

. Let CERT = (PK'x, t', PK:i, o3), verify PK'w = PKwe, t' = t, VERe(03) = valid
. Verify VERx, (o) = valid

wn W N

%34 #* ABS #RiwE2F Foiie % 2jlikd 4 B
Use 128 bit AES such that [AES«(x)| = Ikl = 128
At each period t, FWPRG(k:1) — (ki, 1v)
compute ki = AESk,,(0) and erase ki

generate a pseudorandom sequence 1t of a specified length as
re = AES« (1) 'l AES«(2) |1 AES«(3) II ...

AR E s Krawezyk (5 FBERER A e X > 4402 WITEHE
CERT; ¥ k32§ % » &> - & §F % chigisfy SKo AT F 217 R sATZ
EfFwweE 21 o phFmy P STSS#rE * $lenifg % {CERT,} 1 44 TC
PIRBE AL s F om A H_TSS WIRBAEL AT E & dopt ;‘}J"‘,/?”J TSS #RE
A ATIREPFITIE 7 o Krawezyk k SL33 gL o AT SRz me X 2RI R
FRYCEFERPBY O AFR Y LT E S L2 B pRRT L %0 R
Krawczyk % $uenss gk o

woe & inkﬂéi#ﬁ *F T LB e BP i * OpenSSL
Library 2 B# B1 & k& « A B e Fiw % 2 2442 2EFFL

e X PREHKRF X DEEFRY LE > L2 AR
B e A ek 35 £ 3.6 & 3.7~ & 38 %7 o

98/200



%35 wed > EigA 2 HEEGR

Key and certificate request generation procedure:
-Generate 2048 bits RSA key pair and assign it to RSA variable.
-Assign RSA key pair to EVP_PKEY structure.
-New X509 request structure.
-Setting each blank in X509 request (i.e. version, subject name, public key and
sign it with SHAT.
-Encoding X509 request to PEM

Using OpenSSL functions:
-RSA generate key(2048, e, keygen cb, NULL);
-EVP_PKEY assign RSA(*pkey, key);
-X509 REQ new();
-X509 REQ set version();
-X509 REQ set subject();
-X509 REQ set pubkey();
-X509 REQ sign(req, pkey, EVP_shal());
-PEM write bio X509 REQ(biofile, tc req)

%36 mwX>2EFEAZ

Certificate generation procedure:
-Decode X509 request.
-GetX509 request.
-Verify X509 request signature.
-New X509 certificate structure.
-Clear fields in X509 (i.e. version, subject name, issuer name, valid time, public
key and sign it with SHAT).
-Encode X509 certificate to PEM.

Using OpenSSL functions:
-PEM read bio X509 REQ();
-X509 REQ get pubkey();
-X509 REQ _verify();
-X509 new();
-X509 set version();
-X509 set subject();
-X509 set pubkey();
-X509 sign(cert, pkey, EVP_shal());
-PEM write bio X509(biofile, cert);

%37 #ekrEEsn

Certificate verification procedure:
-New X509 store structure.
-Set verify call back function.
-Add lookup to X509 store.
-Load Certificate Revocation List.
-Set untrust certificates.
-New X509 context.
-Set CRL check all flag.
-Initialize X509 context, X509 store.
-Verify X509 certificate (with CRL).
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Using OpenSSL functions:
-PEM read bio X509();
-X509 STORE new();
-X509 STORE add lookup(cert store, X509 LOOKUP file());
-load_untrusted();
-X509 V_FLAG CRL CHECK ALL;
-X509 STORE set flags(cert store, vflags);
-X509 STORE CTX init(context, cert_store, tc_cert, untrusted);
-X509 verify cert(context);

CRL generation procedure:
-Read signer’ s certificate and key who want generate CRL.
-New X509 CRL structure.

signing it with MDS5).
-Write it to file

-Setting each entry of X509 CRL (i.e. issuer name, valid time, version and

Using OpenSSL functions:
-crl=X509 CRL new();
-X509 CRL set issuer name(crl, X509 get subject name(cert));
-X509 CRL set lastUpdate(crl, tmptm);
-X509 CRL_set nextUpdate(crl, tmptm);
-X509 CRL set version(crl, 1); //version 0
-X509 CRL sign(crl,pkey, EVP md5());

AP TR e & 2 NI R R BT ARACR] 3.7 o 0 © i B T e R
AP BE i diciy o 1% TSS shenpr g i s o LI T R o TSS 3y ehpE

B ig pmig A PR B ehrequest & reply ke iE A

1
-

pL g 1% 2. request

22 reply #% “o 1§ =277 ASN.1 (Abstract Syntax Notation one) %14 %]4r ] 3.8 &2 [}

3.9 4o o
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NMI TC

TC generates key pair[ |

TSS

TC generate s

certificate reguest

_ TC sends certificate request
NMI verifies request and
generates TC's certificate

— 1
NMI sends TC's certificate

TSS generates key pairs

TSS generates
certificate requests

N

TSS sends certificate requests
TC generates TSS’s certificates

— 1
TC sends TSS's certificate

3.7 % 9% > RmE Pl

TimeStampReq ::= SEQUENCE {
version INTEGER { v1(1) },
» messagelmprint Messagelmprint,

46 X9.95 % #

» reqPolicy TSAPolicyld OPTIONAL, BE B9 38 ) A3
nonce INTEGER OPTIONAL, %-/Eﬁ 18 R
certReq BOOLEAN DEFAULT FALSE, //
extensions [0] IMPLICIT Extensions OPTIONA L+ 7

} e

Messagelmprint ::= SEQUENCE {
hashAlgorithm Algorithmldentifier,

hashedMessage OCTET STRING

}

Extensign’= SEQUENCE {
extnld fsf-ext-meth,
critical BOOLEAN DEFAULT FALSE,
extnvalue tsp-i tm-mac

}

TSAPolicyld ;= OBJECT IDENTIFIER

Bl 3.8 #ci=pF R iE R 2 request 1 ASN.1 i
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TimeStampResp::= SEQUENCE { PKIStatusinfo::= SEQUENCE {
status PKIStatusinfo, < status PKlStatus,

timeStampToken TimeStampToken OPTIONAL}| | Statusstring PKIFreeText OPTIONAL,
T faillnfo PKIFailurelnfo OPTIONAL}

TimeStampToken::= SEQUENCE({
ContentType id-signedData,
content SignedData}

- TSTInfo::= SEQUENCE {
SignedData ::= SEQUENCE { version 1,
version CMSVersion, policy Policyinformation,
digestAlgorithms DigestAlgorithml|dentifiers, messagelmprint Messagelmprint,
—*encapContentinfo EncapsulatedContentinfo, serialNuder INTEGER,

certificates [0] IMPLICIT CertificateSet OPTIONAL, genTime ie"em"zeggﬁgh AL

. o accuracy Accuracy ,
crls [1] IMPLIQIT CertificateRevocationLists OPTIONAL, ordering BOOLEAN DEFAULT FALSE,
signerinfos Signerlnfos } nonce Nonce OPTIONAL,

tsa [O] EXPLICIT GeneralName,

EncapsulatedContentinfo ::= SEQUENCE { extensions [|] Extensions OPTIONAL
eContentType ContentType, yooa - 5 3
eContent [0] EXPLICIT OCTET STRING OPTIONAL } \ 46 X9.95 A% #

: o H%Fa‘iﬁé;‘ﬁﬂ%% FAR A

F13.9 $cipF g 2 reply (0 ASN.L 241

d 30 TSS 7 3t 2 3 2§ (TSS ek jisr oo L pFfF R

# 7§ 3 > ¢ & PKI service provider i * i'sf? B E) o AR Y AR

OpenTSA i i shareware “ § TSS> ¥ % & OpenTSA i3 if P A i s 4] /1 3

B Ul AR o P (99 & )R i R o R PR RS & B B i pE

R % % (Time Source Entity) £27) % %> ¥ % B - £ TSS 4 £ ¢ middleware
AR o

L g

-~

(@) BT F R RFIFIA FHEFHOREY > RKEFF AR R4
EL o FREL GRAS AP LLE RS2 MG iR B RS
FREFOT RN FH 237 S 7§ malict B IR » 4 Rt iR e
PR R e dfE ® 3 PRI PRARE e 0 WUE & Bl PR JRIFZ F R

(b) PKI 7% s siv¥ — L B AR P M > F F 2 & cap % (What) &2 & o)

@ﬁM&wﬁﬁiﬁﬁmﬁ%»ip ‘ﬁﬁmﬁ% T B L
E’”‘PR%Z»éﬁﬁi PERFGE MR RIR R o
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(3.2.5) Ak ivE
WEGWH%§€&&£%§&&ﬁ%ﬁﬁ$%MP%AN&KMS%@%
7 %8 (Time Source Entity) $£3] % L @ # B F hF 2 - LTSS 4 &
middleware #ix %8 423\ E o

(3.2.6) p =Bk
AP S E SIS B 20012002 £yt E R B S 0 R PIRE (time
stamping server) # {78 P FAEFF R T E B AR T BB E]] > 4 EE
B AT g S o i PSSR d pi E AL R T BRI L
RMEA P ERAT A HLL > £ 2 52002 & 54305 - &£ HFR
gkl TRRIEE T %3 (R B 6~ PR P5apds 51 0 a s M pe 5k
Mo Rl BB RS F R Eah ) 2 ko Y LR PR e e
PKIZ A4 P & 2301l RigiE- HenT I I B ERA T 2 b g
Rl A A AT Bk THARE RS EHFRT G

ERF AT IR OER LK - 2004 & RGN - R BEHERG §®RPE
%ﬁﬂ@iﬁﬁiﬁémﬁﬁﬁﬁi?«%%mpé’%%§;4&ﬂrﬁﬁ
PRI pEE B vEde R 3 @Hi‘J%J‘?iiiiiJL%?JL%%’E{,
FETH o BAREAINS BAAFLTFREFEFY > w3 %+ 5 p 2005 £42

LB Il R %ﬁ%%@?ﬁﬁ?%zﬁiﬁﬁéﬁﬁﬁ

i}
B GHPRETRE S G U BEEEL FER -

3 F) A EHRER R AT S e R ERF R M2 RAST B
FIE 0 S AdET BT A AIRAE > H Bl o

ARt FEFL R TR P EAh IR T T RBEEFR S &0
ABRE o DHEAED FIRFETERRE LR Ra > WTIRFFER Y Ko
%&@£ﬂ7m$ﬁ%@ﬁ$°FEwik%ﬁ’%%ﬁéﬁiﬁ PR P
FRPIRE (RFC3161 compliant machine) @i ™ G A7 B & 3 1 B ehpF F
TRE T A BRI iR P %”'L'rééi‘iéi'lmﬁ 50 B4 %%‘\zl & pFR
R RPN 0 T PR A A DR A AR *J&ﬁ§ﬁiﬁ$
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Er gl
BB RIRERER DL LTI T G bR L o A § R R
WA E (2008 &) P o 3 =B RERF TR E 7k referee B¢ B A A F
fogr MR Bl TR T PRAILBAT L B B ARRH Y 2
oo L F| ¢ LTy BB d AR e paper manuscript #icit Ak ke R
REPER 9 0 > BRIFEE® RapflL et DR H- REL &R TRk
PRI RAFUSERORTES PSR ARET 2 139 0 44
i¥ time stamping server (14 > V¥ EE R F s A el EFEF I Eehs & &
EREDELFY R REGE o 2P A A trusted time 4oi® F IR o PF
B #1452 RFC 3161 ¥ KK 7 &7 trusted time » ISO/IEC 18014 %% % & B
B3k » £ 3 ANSIX9.95 7 € trusted time B_if j# B 735 PR 4 35 07 B iRF
RpB e d e ¢ GRPAET 3 RGBT > 20744
P 4% PR AR Wﬁ”ﬁ%%ﬂ}%% R FAE i RT R
IR AH ARG T IS E XL *ﬁ*’% Rl R iﬁjf?‘ﬁi?"i,T, S
ﬁﬁ@ﬁ%ﬁéﬁwﬂiﬂﬁ’%ﬁppﬁ&wo

%
e fs

o

il
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A1) R E 2 IR
(4.1.1.1) R {FAE P

PR EREE R CARPASEFT T ERERFI N TIRERFT -
(4.1.1.2) 70 5 (R FH R 98/02~98/09)

2000 & S HEHEE I E FawEE Y E BRI ERFT > ATERY
AR RN FE 2 REHREZ 281 S PR E R R0k

‘\'E\:

AR HLFZ AR RKE R gy gk 0T
ARBEE AT BV EREVAREPUIFERRAHZ S N DGR EE R

Fafp T T4 R ERER 4 2B SRR
Ke T AR A FEETT EZECR 4.1 A7) ¢

DPSEEFS S ER VLSS 35S SN S
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EXWH R T RE i&;,etgw,!rt ToA T Sk Al pEAE > HBAEp 4 XK
B 79B¢ Al FAET Su-d IF A3 2 B 40— RS -3 5 8 i
Wik h s hI RO gL ERe o lged jiit €81 g

Fl42 %20 sofs 281 Sl e ER R H B2 ko )

IR R EERK R RS - LR R B R E SR
YIF SN R B RPN 53 M RIS E R D Fo it
B A A '%ﬁﬁﬂﬁ787%ﬂ+ﬁ&a%ﬁiﬁ—ﬁlF

T2 AN AR c BRARERE R FA RPN P Al A
- EREE s R d R R RT A RD R RIRE R o T B R SR
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R FHET A BRFL SRR RFEFEREF RIS
BERPH e R EREFT R @ SHARREZ 32 FH4PN T3 PR
BoF B R RIRE PR B 5 B R Ao R 43 ST o g vk B R T g
b
¥ 2

4

BER s s R DA SR R R B A roRY et B B P E R
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& ke # I

Bl46 282 BT RHEEI;FEORFEEFTFH

FRIHATRBP AR F R EE B2 2 @50 ENTP fite g 1 |
FIRMER > ST EG > PIREFEIRESIEN 79 B3 W ESgE2 87
BHETEINEFRFIFEFRET B ED 2 FEHE P T LSRRI
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(4.1.1.3) B* % ¥

rREEFRLETHFBEF > FEIRF R L F L PR LER]
oM REE FRYET- PR EFLRYIORGEIMLFLI P T2 R
FEp o R REFEEFEEFR IR EREIREFT R RRESETOB
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S A S . Nighttime medium-scale traveling ionospheric disturbances detected by

network GPS receivers in Taiwan
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Traveling ionospheric disturbances

Ionospheric irregularities
R 437 GPS phase fluctuations
Middle-latitude ionosphere

ETTE

Thf nighttime medium-scale traveling ionospheric disturbances (MSTIDs) are detected by the
network GPS receivers in Taiwan for the first time. The two-dimensional mapping technique (a spatial
resolution of 0.05°x0.05° in latitude and longitude with 5x5 pixels smoothing) is applied on the data of]
TEC perturbations (TECp) and GPS phase fluctuations (ATEC/min). The results show that the MSTIDs
move southwestward to latitude of 20.5 °N with a horizontal velocity between 100 and 160 m/s and a
wavelength of about 500 km. The wave fronts of the MSTIDs are aligned along the
northwest-southeast direction. Furthermore, the greater |JATEC/min| values are corresponding to the

wave peak and trough of TECp. This coincidence indicates that the MSTIDs play an important role for|

the generation of F-region irregularities in the low-latitude ionosphere.
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P 4 Ionospheric disturbances

Ionospheric irregularities
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This work is the first attempt to concurrently study the occurrence probabilities of spread F,
GPS phase fluctuations, and plasma bubbles near the crest of equatorial ionization anomaly (EIA). The
data were observed by an ionosonde, a GPS receiver, and satellite ROCSAT-1 during 2000, the solar
maximum year. Results show that the occurrences of the range spread F (RSF) differ from those of the
frequency spread F (FSF). For the seasonal variation, the RSF occurrence has the maximum values in
March and September; while the FSF occurrence peaks at June. For the nighttime variation, RSF and|
FSF peak at 2300 and 0300 LT, respectively. Regarding the GPS phase fluctuations, an index, Fp, is
applied to characterize the irregularity strength. The similarity between the 50<Fp<200 and RSF
occurrences demonstrates that the characteristics of F-region irregularities forming 50<Fp<200 are
mainly related to RSF. The occurrence of Fp>200 is almost absent. The rare event is also found in the
observation of plasma bubbles by ROCSAT-1. Furthermore, the seasonal variations in GPS phase
fluctuations at the EIA crest and the dip equator have similar trends. This indicates that the F-region|
irregularities of RSF and 50<Fp<200 at the EIA crest are originated from the equatorial ionosphere. On
the other hand, the seasonal variation in occurrence probability of FSF at the EIA crest is close to that
of spread F at mid-latitudes. This suggests that the generation mechanisms of EIA FSF and mid-latitude
spread F may be the same, but the further study is required.
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This study investigated a long-term climatology of nocturnal low-latitude F-region irregularities
at African (European) longitudes by ground-based observations of the global positioning system (GPS).
The results of irregularity occurrence obtained by using GPS phase fluctuations showed that in both|
Central and East Africa (1) The distribution of the occurrence rate is a widely broaden pattern during
high solar activity period or a two-peak pattern during low solar activity period, which peaks in
equinox months and appears a shallow/deep dip in June solstice months /December solstice months; (2)
the occurrence rates of irregularities are positively dependent on solar activity; (3) during some years of]
high solar activity period, the occurrence rates of moderate irregularities in June solstice months can|
surpass those in equinox months (especially in Central Africa) although the occurrence rates of strong
irregularities still achieve maxima in equinox months. Likewise, in West Africa, the occurrence rate
of irregularities is also positively dependent on solar activity and reaches maximum in equinox months.
However, the occurrence rates in December solstice months are larger than those in June solstice
months, which is quite different from the results in both Center and East Africa. There is an
interesting longitudinal effect on solstice occurrences of irregularities, that is, ionospheric irregularities
develop easier in June solstice months in both Central and East Africa but develop easier in December|
solstice months in West Africa during high solar activity period.
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frequency calibration
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B 48 adaptive neural-fuzzy inference system (ANFIS)
T TR

A new scheme 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.

135/200



BEAFMFFEFRIVERGAEHF LA

?
FELE | P |2 a B RRER SRS EE
24 e s The Maintenance and New Technology Establishment of National Standard for Time
PR ‘ and Frequency
3 E e 98-1403-05-05-07-04
HiTH - POET BT AT HiEFPHEHE (98 &1 " 1 98 & 127
ifl B ke Ay 2R
ATE A EA W RT (03)424-4441
¢ 2
SRR A .
# ~ |Remote Frequency Control via IEEE 1588
e o B R s B
S LR ¢ F AR 8ELY P EREATHE | ME: ST
i3 90 P E AR & AR B [
remote frequency control
precision time synchronization protocol (PTP)
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A new scheme of | 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'%.
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Two Way Satellite Time and Frequency Transfer (TWSTFT) is one of the major techniques to
compare the atomic time scales between timing laboratories. As more and more TWSTFT
measurements are performed, large numbers of point-to-point two-way time transfer links have grown
to be a complex network. For a future improvement of the TWSTFT performance, it is getting
important to reduce measurement noise of the TWSTFT results. One of the methods is using the
TWSTFT network time transfer.

The Asia-Pacific network is an exceptional case of simultaneous TWSTFT measurements. Some
indirect links through relay stations show better short-term stability than the direct link because the
measurement noise may be neutralized in a simultaneous measurement network. In this paper, the
authors propose a practicable method to improve the short-term stability by combing the direct and
indirect links in the network. Through the comparisons of time deviation (TDEV), the results of]
network time transfer show clear improved short-term stabilities. For the links based on H-maser, the
average gain of TDEV at 1h averaging times is 22%. As TWSTFT short-term stability can be improved
by network time transfer, the network may allow larger number of simultaneously transmitting stations.
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In this paper we compare the PTB-TL time transfer link data of TWSTFT and GPS carrier phase
solutions. We investigated in detail the double difference between the time transfer data of TWSTFT]
and GPS IGSC/TAIPPP. Our results show the PTB-TL link has a conspicuously diurnal effect. The
periodicity is almost exact 1 day and the peak-to-peak amplitude is about 1~1.5 ns. We also found a
phase drift which is about 5 ns between TWSTFT and GPS data during a period of 130 days.
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The Telecommunication Laboratories (TL) has provided timing for Taiwan since 1969. Its
Master Clock (MC) is the source of UTC(TL), TL’s realization of Coordinated Universal Time (UTC),
which has stayed within 30 ns of UTC during these years and within 15 ns in the past 12 months.
The data used to generate UTC(TL) and TA(TL) are based upon 14 cesium and 2 hydrogen maser
frequency standards in 4 electro-magnetic wave shielding rooms and TL’s time scaling algorithm.
TL disseminates time via speaking clock, Taiwan’s computer time service (TCTS), telecom lease line,
Network Time Protocol (NTP), GPS, and Two-Way Satellite Time and Frequency Transfer
(TWSTEFT).

To meet future needs of precision, accuracy, and robustness for UTC(TL), TL rebuilt the air|
conditioner system of clock rooms and their monitor system. The new system could maintain
temperature and humidity of clock rooms within 23+0.3°C and 50+5%, respectively. This paper also
describes some of the changes being made these years for international and domestic time transfer in

future developments.
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As an added-on system of the time synchronized speaking clock (TSSC), the time source selecting
and monitoring system (TSMS) together with its design and implementation are major concerns in this
paper. Service offered by TSSC is generally called “117” time service and the telephone number|
“117” seems to be a symbol of the national standard time in Taiwan since it is used frequently by the
public to calibrate their time machines. Due to its popularity in daily uses, it is very important to keep
the system running smoothly and providing reliable time service.
The paper describes how to construct TSMS including two sub-systems. One is for multi-time signal
source selection and the other for data monitoring and recording, which would strengthen reliability off
TSSC. Considering continuity of future development in TSMS, we chose UML (Unified Modeling
Language) to express abstract concepts of the system behaviors and to generate its blueprint.
Finally, TSMS has been successfully implemented according to this blueprint. At the present time,
the system is in operation and actual monitoring data are collected and analyzed. Charts of round-trip
delays and fluctuations of synchronized time signals could also be plotted. ~According to these results,
we see that the system has indeed brought evident benefits to enhance reliability of the TSSC system.
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' In order to meet the requirements of ISO 17025 and the demand of TAF (Taiwan Accreditation
Foundation) for calibration inter-laboratory comparisons, National Time and Frequency Standard
Laboratory (TL) [1], playing the role of coordinating lab, has periodically organized the proficiency
testing activities to provide the chances of capability comparisons for domestic frequency calibration
laboratories. The latest two activities were performed in 2006 [2] and this year (2009). The “Device
under Test” (DUT), together with TL’s calibration system, was transferred to each participant]
laboratories according to the predetermined schedule. The DUT was measured by participant lab’s and
TL’s calibration systems simultaneously. The measured results from both systems were then analyzed
and compared.

There were 12 and 15 participant labs joined the activities performed in 2006 and 2009,
respectively. All of them were TAF accredited laboratories. As usual, the En value was used to evaluate
a lab’s capability of calibrating equipment within its accredited measurement uncertainty.

In these two activities, the absolute En values of all labs were smaller than “1”, which means their

calibration ability was all qualified. In this paper, the related details of these two activity and the result
comparisons between activities in 2006 and 2009 are illustrated.
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