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(1.1B) £ # 22 ®WER € #/5 (BIPM) > £ F afFiaas PFUTC)2 B'%E R+ FF(TAI)
GLiIT8 R 1 94/01~94/12)
~ # & BIPM Circular T215(2005 December 13) 4~ ¥ > #7h8 77 & Ip %2 afF i & pF

2RI AR R % R AT 4

CIRCULAR T 215 ISSN 1143-1393
2005 DECEMBER 13, 14h 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 1999 January 1, Oh UTC, TAI-UTC = 32 s. From 2006 January 1, Oh UTC, TAI-UTC = 33 s.

Date 2005 Oh UTC OCT 31 NOV 5 NOV 10 NOV 15 NOV 20 NOV 25 NOV 30 Uncertainty/ns Notes
MJD 53674 53679 53684 53689 53694 53699 53704 uA uB u
Laboratory k [UTC-UTC(k)]1/ns
A0S (Borowiec) -8.7 -11.1 -10.1 -13.0 -7.7 3.5 -7.8 16 5.2 5.4
APL (Laurel) 70.2 71.4 55.8 57.5 50.9 36.2 25.6 1.6 5.2 5.4
AUS  (Sydney) -670.8 -678.1 -675.3 -705.3 -710.3 -722.9 -740.1 3.2 6.4 7.2
BEV (Wien) 1.2 8.7 6.4 5.3 3.8 1.7 1.6 1.6 5.2 5.4
BIRM (Beijing) -971.5 -991.2 - -1026.4 -1050.3 - - 2.8 20.4 20.6
CAO (Cagliari) -2176.8 -2137.6 -2124.2 -2093.9 -2084.2 -2038.7 -1994.5 1.6 7.1 7.3
CH (Bern) -13.1 -18.0 -18.7 -14.4 -16.3 -16.7 -15.3 0.8 51 5.2
CNM  (Queretaro) 29.1 31.3 23.2 19.2 18.7 20.7 16.6 5.0 20.4 21.0
CNMP (Panama) -3833.6 -3852.4 -3890.7 -3914.6 -3955.3 -3973.6 -4008.7 40 7.1 8.2
CSIR (Pretoria) 3496.8 3428.0 3380.8 3316.3 3250.0 3201.6 3142.1 3.0 20.0 20.3
DLR (Oberpfaffenhofen) -17.8 -21.1 - - - - - 0.8 5.2 5.3
DTAG (Darmstadt) 15.6 3.0 3.0 -7.6 -3.7 -3.4 -24.7 3.0 10.1 10.5
HKO (Hong Kong) 14.2 11.4 13.2 13.6 15.6 17.5 18.4 3.2 6.4 7.2
IEN (Torino) -23.9 -26.6 -29.2 -27.2 -20.1 -12.3 -9.9 0.7 2.0 2.1
IFAG (Wettzell) -87.4 -79.3 -82.4 -87.2 -87.4 -81.7 -91.8 0.8 5.2 5.2
IGMA (Buenos Aires) 413.4 416.3 415.3 400.5 394.9 394.1 395.8 5.0 20.1 20.7
INPL (Jerusalem) 72.4 98.6 113.2 131.6 151.1 161.8 184.5 4.0 10.1 10.9
JATC (Lintong) 3.3 4.3 8.1 10.3 8.8 6.6 8.9 2.7 21.0 21.1
JV  (Kjeller) -5586.6 -5614.8 -5612.6 -5604.4 -5589.7 -5587.3 -5532.0 5.0 20.0 20.6
KRIS (Daejeon) -7.8 -5.6 39.8 13.7 -3.5 -5.3 4.7 28 6.4 7.0
LDS (Leeds) 3743.9 3776.2 3817.9 3857.7 3896.5 3923.6 3955.5 3.0 20.0 20.2
LT  (Vilnius) 1370.7 1530.0 1672.2 1770.3 1828.4 1919.7 1982.8 1.6 5.2 5.4
MIKE (Espoo) - -354.7 -319.8 -295.9 -263.7 -222.9 -192.5 5.0 20.0 20.7
MSL  (Lower Hutt) 56.5 48.6 40.9 23.3 32.6 35.8 24.8 2.3 20.4 20.5
NAO  (Mizusawa) 125.4 120.4 136.0 144.6 151.0 166.9 182.4 3.2 20.1 20.4
NICT (Tokyo) 23.8 26.6 25.9 17.3 27.0 22.5 17.7 1.2 4.0 4.2
NIM  (Beijing) -58.3 -54.4 -54.4 -59.8 -64.7 -55.1 -48.0 3.2 20.3 20.6
NIMB (Bucharest) -620.9 -626.8 -644.7 -670.3 -672.6 -662.9 -662.7 2.5 20.0 20.2
NIMT (Bangkok) -383.9 -421.7 -455.0 -507.3 -536.6 -576.6 -627.5 1.6 20.4 20.5
NIS (Cairo) -31.2 -22.4 -13.2 -14.2 -9.3 -11.3 -19.4 3.0 20.0 20.3
NIST (Boulder) -7.8 -7.2 -5.1 -4.3 -1.1 0.1 0.6 0.6 4.9 5.0
NMC  (Sofiya) -4132.2 - - -3898.6 -3910.7 -3939.8 -3967.6 5.0 20.0 20.7
NMIJ (Tsukuba) 20.0 20.1 12.4 10.6 10.2 1.4 -0.9 1.4 6.4 6.5
NMLS (Shah Alam) -298.8 -295.0 -292.8 -298.2 -289.2 -293.5 -290.7 3.2 20.4 20.6
NPL (Teddington) 56.6 62.4 69.0 71.0 75.8 69.9 64.3 1.5 5.1 5.3
NPLI (New-Delhi) 107.3 123.7 139.4 139.3 157.3 151.5 -86.2 25 7.1 7.6 (D
NRC (Ottawa) 36.2 28.6 24.0 17.6 11.2 11.2 10.9 3.0 14.8 15.1
NTSC (Lintong) -5.0 -6.3 1.5 1.4 2.7 4.0 4.7 2.7 6.3 6.9
OMH  (Budapest) 10560.2 10579.8 10587.7 10616.1 10627.4 10625.0 10639.5 2.5 20.0 20.2
ONBA (Buenos Aires) -3019.1 -3089.8 -3145.6 -3169.6 -3285.4 -3418.6 -3567.7 50 7.1 8.7
ONRJ (Rio de Janeiro) 4876.1 4934.2 4987.6 5034.4 5091.0 5146.7 5207.1 5.0 20.6 21.2
OP  (Paris) 2.8 8.4 5.5 6.9 9.4 5.2 -0.3 0.6 20 2.1
ORB (Bruxelles) -71.4 -67.4 -64.5 -64.7 -62.3 -61.8 -64.3 0.8 5.2 5.2
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PL  (Warszawa) -16.6 -9.8 -2.2 0.0 -4.4 -5.8 -0.2 1.5 49 5.1
PTB (Braunschweig) 3.5 6.2 10.7 11.5 5.0 2.4 4.9 0.4 14 1.5
ROA (San Fernando) -95.5 -88.6 -91.0 -89.6 -78.0 -72.3 -66.9 0.8 5.1 5.2
SCL  (Hong Kong) -25.7 -22.8 -16.0 -18.1 -15.7 -16.8 -23.8 4.1 10.6 11.4
SG  (Singapore) 24.4 18.7 18.8 17.1 20.4 25.0 24.0 3.2 20.4 20.7
SMU  (Bratislava) -101.7 -93.3 -91.0 -82.4 -88.0 -102.2 -102.3 5.0 20.0 20.6
SP (Boras) -5.3 -9.3 -8.5 -12.4 -4.6 -3.9 -6.4 0.8 9.8 9.8
SU  (Moskva) 3.2 9.5 7.7 8.4 8.5 8.5 8.7 3.0 51 5.9
TCC (Concepcion) -2017.0 -2053.9 -2075.5 -2101.3 -2130.4 -2162.1 -2167.3 50 20.6 21.2
TL  (Chung-Li) 26.6 26.1 25.4 21.2 24.6 22.6 17.8 1.4 6.3 6.5
TP (Praha) -37.9 -30.8 36.9 46.3 34.9 40.7 48.8 2.5 52 5.8
UME  (Gebze-Kocaeli) 954.3 961.7 960.2 961.9 966.8 975.3 978.8 15.0 20.0 25.0
USNO (Washington DC) -6.5 -5.6 -5.5 -5.7 -4.2 -5.3 -3.8 0.5 14 1.5
VSL  (Delft) -50.5 -58.8 -63.7 -67.9 -71.6 -71.4 -70.6 0.7 3.3 3.3

- Note on section 1:

(1) NPLI : Time step of

UTC(NPLI) of about 240 ns on MJD 53703.
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(1.5) ‘=i gp4p {8 < A R
(1.5.A.1)it % 55 B

%R I AR TR BRI H 2 TR R £ (94.06)
(15.A2)% 7 ) % (4 78 7 : 94.01~94.06)

BTG - M 5 B pF > A PF 3 (Time Domain) + % * Allan Deviation 3¢ % & 4 7

HAEF 42 TR > 4f & (Frequency Domain) t B # 3 4g 3 % & (Power Spectral Density, PSD)

derd N Ao AN pERF R RE 3 #ic B (Time Interval Counter) & £ 38 B F e » & A pFit b {F 5]
PR EEE Tl 3 0.5 Fy e TR v TR R 3 d SO et SO CE % R & s o0 Allan
Deviation F — #c8 + a3k B (5% &0 4ot — R 7 #4p e £ ] cnlicdp i 3k G PR
PR E s A X IERFHPRFIECTU 0 TR AMB A REF RN R ET Y -
e o B9 BciEff 42 02 2 Power-law model & 4 FUAkdR P B F Eik gt B P o

pooks

,cL

SRR RATSIAR e 60HZ 11 &2 B R AL 4N E R AR o
PR L PR B2 F o
(1.5.A.3) % %

U EOERPEHF TS BT A p FAZ T B e A i g R R
JA A NEEFE A RO RES SR LT LG - R RES B LBAL 7
FELZ gL w4 or BB ff 4~ 2 Power-law model e0% % > B~fkpFpETd 0.001 £/ 1045 -
¥ r2g digt random walk frequency, flicker frequency, white frequency = &3] i chfg st @
TOORPREEET Y L RN o P A A 2 B e % G b Ko 30 flicker
phase 2 white phase # &3] i erfest > Atd 0.001 53 10 §)chge BIP 305 fddeh- KL -

PR IR A R R T F R A N RS R K 2T R
3 'fig ik ARy hH R S EBCE A A 23 E 0 Allan Deviationo (1) 9= 0] o

PfiprEETd 0001 452 10 4) 0 4oB] L5A2 5157 o ¥ 115 11 R R A fiuAn & B AT 0B

ppiu|

F1l% % ant % > 2 Allan Deviationc (1) 57+ ] § SEF PR PFRE T S d b T R g E

Fla PR ¢ o 30 5L R AR (Sensitivity) € ST F PP EES I F i o

4 ¥ 11 Power-law model 3+ % Allan Deviation 2. & > % 3§ & ¥+ 7 7 T RAEN 0 3 5

i
]

S
w

o fF 0] 7 H AR o Bt WS 2 BT IR R R BT 4T o BT T
e Allan Deviation £ % & #c @ #f » cn % & 7w g 4B L5A3 #7957 o 71U —g diw

fe B~ 4% pF §E 1 =0.001~10(s) 1% | & Allan Deviation  {%4% eh— R iz & F 5 ot -
fe AR R 7 flicker phase ¥ white phase @ fag 4| s> iz A n T 27
BlREE-Reo M1 iFE % FRLAPRFEL-F Tt PHEF e r EpHiFL R
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Random Walk Frequency Test Flicker Frequency Test

1.0E-11 LOE-12
1.0E-12
1LOE-13 - .
= gut®® \ -
= . 2 10E-14 -
e = 3. = H
“ LOE-14 ! b +
- +
. LOE-15
LOE-15
LOE-16 - L.0E-16 : : :
0001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
TAU({sec.) TAU(sec.)
White Frequency Test Flicker Phase Test
1LOE-11 LOE-10
. LOE-11 |—
1.0E-12 . .
'°| ® a
; Poneg _ LOE12 -
- - ®g
2 10E13 . g ",
HHoL H LOE-14
i \
10E-15 : L . LOE-15 L . .
0.001 0.01 0.1 1 10 0.001 0.01 01 1 1o
TAU(sec)) TAU(sec)
‘White Phase Test
1.0E-10
LOE-11 T ) .
. + Numerical Integration
a
S Ll ok .. o Power-law model
@ s
“ L0E-13 e

L.0OE-14
e
LOE-15
0.001 0.01 0.1 1 10
TAU(sec.)

B 15A1~ T fafein A fs &4 = BB 4 % Power-law model +* #ih%% %

ADEY from Numerical Integration Method

1.0E-10

1.0E-11 iﬁh\\\

1.0E-12

—©— Spurs removed
—*—Raw Data

ADEY

1.0E-13

1.0E-14

1.0E-15 . . :
0.001 0.01 0.1 1 10

TAU(sec.)
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1.0E-09

1.0E-10

1.0E-11

ADEY

1.0E-13

1.0E-14

1.0E-12

ADEYV from Both Methods

+ Numerical Integration
© Power-law model

1.0E-15 . : .

0.001 0.01 0.1 1 10

TAU(sec.)

B 15A3~ ¢ L BT R % R L ECEM 4 2 Power-law model +t i %

(L5AMNRE* 2 2k

FERE AR FF R REAZ TR 05 R HAE F TR E
AE N A iRy o I i@ ff 4 % 1 2 Power-law model & {7 ;¢ AT
HF 3 ehF SO R R &4 L PR ehAllan Deviationze FF e S ik 50T
PR A AR AR o

d Power-law model3* & ‘& #f #f S & & ¥ — & ¥ ) White PM, Flicker
PM, White FM, Flicker FM % Random Walk FMI #3233 fi crp B 7%
Boodtdm O AT A RRTIFS L AR EREE REFRA B F R
@ 57 S P o
HWEHPFREAAFAAMIZH T 2 E T ARFE AT ik #H -

(15.A5) 4 %1 it & gk

% WA B et FOE % B 2R P2 oh Allan Deviation B A& ch3 2 e g S R ke 4

AR ERREL

Blriin AR BFr T REBEEROERES -

(L5.A6)p 3= 12 2%

g ) E A 7 R AT S PR A BB (B e MR B SPHE R A B A P AT R

PR R PR BT R) 0 BB A D NP E BT g S AR L - B H kR



P15 e 1=0.004(s) © § f=nx250(Hz) > sin(#f7z)=0> H ¢ n £ FHc- &7 R4HH TR K
P f =12500~97500(Hz) #= &l b » P~ ﬂé«ﬁﬁﬁ H_250Hz iR B T4 T M R i E
A a0 PAEF M o RfRA EFET L APRFIETT 1 4 > # FHREHA
BRI, F e T NIRRT DT R E M HEF A AR RE

S EV I E RGO e o
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(1.5.B) ‘=& ¥ F TR & RIBFL & B
(1.5.B.1) &= p

x e AR TR BRI % 8 (94/12)
(1.5.B. )% 7 ] % (34 7 [ : 94/07~94/12)

BTG - FEE M 0 AP E (Tine Domain) + % * Allan Deviation =’ % &
o B AR # (Frequency Domain) * R 3 # I 4 3% % & (Power Spectral
Density, PSD)4vrs % o d 2453 chrt FHE# % R 2P 0 Allan Deviation 7 — #c& ¢
RN T o Aot - R T Rp e O enlicdp g S R % o B P B A

EE-AEFBP R R RV UL FRAEEE D S AV HEFR A AL M

e P de T AT A2 60z 2 B G E R i 75 02 ALY — 48 Power-law model

MrEEED e a0 d P B4 E & 47 &k (Fast Fourier Transfer, FFT) &dg 5 B~k e
FUPLEAT G S REHAZAYRRIEL B P R F)E R SR BN

P\ 7)61“ = 4( 'l'/‘ %‘%‘g‘} (<]

(1.5.B.3) %%

TR ARA L e B R R A P ae R BT S R P B hikdp e d R
FFEE A VLU » ZRDE % 0 B0 VR RN REERE g S DR 4
RS EEH R R B R B BT R "$ (NS S B BBEM A 235 1 Allan Deviation
st oo B PR T 0 0,000 £33 10 40 4cB] 1.5.B. 1 #9751 o ¥ 00 T RARI i Ap

¥ AROREIS % g Y 2 Allan Deviationo (1) i /| g SEF PR FRET G 4e @

e

TR AT AR NP E R AR (Sensitivity) § L F PR PFEED BT F

z

o

w4

ADEV from Numerical Integration Method
1.0E-10

1.0E-11

1.0E-12

—2— Spurs removed
——FRaw Data

ADEV

1.0E-13

1.0E-14

1.0E-15
0.001 0.01 0.1 1 10

TAU(sec.)
B 1.5.B. 1~ iR (G #4523 )% Allan Deviationo, (1) 3+ & 82 58
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# ¥ 11 Power-law model 3+ % Allan Deviation 2 & > 7 & ¥ 7 7 T RN THEHF B R I*

R ﬁrz RS o ’ﬁ

Allan Deviation ¥ #

FIE2 e Bt W4 A H T RN THIH R REFT L 17 o B8 I eh

B A S XA dof] 1.5.B.2 %R o T2 g DA fE 5

aP~ e iET=0. 001~10(s) ¥ | Allan Deviation F %43 - Rt o

ADEY

1.0E-09

ADEYV from Both Methods

1.0E-10

1.0E-11

+ Numertical Integration

1.0E-12

0 Power-law model

1.0E-13

1.0E-14

1.0E-15

0.001 0.01 0.1 1 10

TAU(sec.)

Bl 1.5.B.2 2 #- T mpem s % B B4t 4 2 Power-law model 38 ehid %

R ood g

AR R

f =n x 250(Hz)

EATRAMEFEAROFEF AT N EHFA 240 R aE
PR E R E L o B kI B PEFIET=0.004(s) 5 F

sin(Afz) 3 0> B¢ n £ Ffk- a5 hifddRERTR

f =12500~97500(Hz) #= I P > B~Fk BL3R 8L 250Hz hig s > &4 7 $1=0.004(s) A 5 >
S IR B A SR E0 0 AR i K o SRR 0 TE AT R R ke PR gk

PP REPEPETAT BT A8 Y MG 0 4ol 1L5.B.3 R o

ADEVY

ADEYV from Both Methods

1.0E-09
1.0E-10
b
b
£
1.0E-11 e
1.0E-12 + Numerical Integration
o Power-law model

1.0E-13
1.0E-14
1.0E-15

0.001 0.01 0.1 1 10

TAU(sec.)
Bl 1.5.B.3 AEF Bt T S ficlaff A2 o B3 4
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LR PR L ARRMIETT 1A > R FHREFAS G EREIRLS T ORE bl
£ t=kxlog2(s) k & #c> F #® 1.5.B.1 2 B 1.5.B.3 #7* enfici@ff~ w4 * st 45> 5%
FHRBRPHMIETG AT U] 0 ¥ - B R A MR AT A TR TR E(E A E A 7 R MO
%%ﬁﬁ?ﬁ%ﬁ$ﬁ%%ﬁﬁﬁﬁm)~#”&mﬁ¢ ﬁ”?ﬁ’&%ﬁ@éﬁ%@&
BRAZNEER G AR TETE 1 iFS R B AR L - B T g ik #p 47

TR ERIFMTZ A

(L.L5.B.DOJ* 2 »c

° ﬁ@%Bﬁ%ﬁ@@@?&%ﬁ%?ﬁ+%ﬂ5ﬂﬁ@$ﬁ$%iﬁﬁ%ﬁﬁi
&gy | * Frequency Domain# F#7 % % & cn'¢ % # 3 5 Time Domain™
Allan Deviation¥ F »xfi# 4+ if A* 4E o

0 TR REAGEHIMEIOFERLEFOPLE d FENREETUER TR
Mz AFEF AP F AR BRI FE TR LR FP GV A KRR Y D
%ﬂ%ﬁl&%ﬁy%?%zﬁﬁ%?ﬁﬁﬂo

®  Power-lawmodel:* & ‘&8 4f 4 < & @ ™ ¥ I1White PM, Flicker PM, White FM,
Flicker FM # Random Walk FMI f&fesu ] f& ek > A 4745 23030 3 & h R ik

e e i ;;z,_«}; AR B R Ma gk oo

® i‘éﬁ‘ﬁi’ﬂa’t’ WARMIZAF E T 3 E A RIFEANFEL hA#H -

(1.5.B.5) & k1 it & 2

P A A s R R D) S R D RIE 1 e 3 A T A R iR B
h
LW

Eh-A RERPRP ARA AR PFRAPFEESGBOERES > TV & Ee (I
RAEASFHRBE DR D)DFERGF PP SIMHRRFCEPEREEG 4 2 & -

(1.5.B.6) p 7™£12&3%

U FEEABENE ST RERPARDT R L EER A P I FRETR
PLERR R PRFIET R XU R A R OT B E R IR A RL 2R
Sl PR T PRI R B RIS R TR R Y E o
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(1.5.0)=x pri L P m P 4F S 8 T R £ pIF e =
(15.C1) &+ p

% o =% Mok BL(~1.8GHz) m ) 4F 5 48 & £ Rl B =
(L5.C2)H =) % (78 7 : 94/01~94/12)

PETRATAT 2 - pHAEp AR R LY R

2

SpectraDynamics = & #74 & it fe g 48 LNFR-400 #7#% i > % Sb & o & 7 i 3
-177dBc/Hz (5MHz PM, at Fourier Frequency 100 kHz) = + - %§{é 5 7 & 3 £ R R » U
cross-correlation £ i3t fiefe & FEAL A Poid @AV A 4T & T RGP IR AR TR g 2
BIHARN20dB 2+ o bt kI R ERIH R FERTE Mok 2 S EAE S EE

BRlap B 5 1510,100MHZ » 2@ » £ & $47 R 2 b SRR & BRI G chE R

FRPG 2R RFAGF IR F A AR A S e Ot A R 2t
AR 2 b FpteE x-S Rd MOE T B2 R ERE R R
(1.5.C.3)% %

AF B E % 2005 & & pE o~ Aeroflex PN9000 i 7] 2 & - 7 & PRI I 4 B &

2MHz~1.8GHz(# % ¥ # % 3 140GHz) > 4 45 & P £ 45 # A4 1Hz 1 IMHz > & s & (T
ge2n -k & Noise Floor) & i 4] £ 47 5 10 kHz p#*t Std. Level #55% ™ ¥ i $]-168dBc/Hz- % High
Level #ic58 ™ % -178dBc/Hz » %% 3 3d A #1ik B ¥ < 2. Anritsu MG3633A #f & & = B (4 &
# [F] 10kHz~2700MHz)*t# & > # &3 DC FM Rl I & SR AR ] 1S 4 A B 50
AB(FERTE Srds ~ 485 )EFT R ot 0h o BV 74 PNO845-04 - » 7 Ak b

PENIEER

@ 1.5.C.1 -~ Aeroflex PN9000 # Std. Level ¥2 High Level #-5¢ & Bl B
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B 1.5.C.1 7 » a8 a4 w5 Std. Level ¥2 High Level 5% ™ &7 Noise Floor » F it & SuifF
BXZ & 344 esiama i F 23 Biget kg kaht o T A g

-

e > 23 2 5.9 Noise Floor & & % S g e B o #7100 » R EFIE endd i g 23 1

BLARE R o ipd o FERE RN R &P 2 R s ) kst iz § )
NP rask-
A st o g WPNOO00O * ER R R TS L BRI 0 T R R T K

#E 2 % B H e S P2 ch Allan Deviation > 4B 1.5.C. 2 #17% o

L\EROFLEX | Variance vs Seconds
TEST SOLUTIONS
10E-9-
IE9
100E-12
10E-12
1E-12
100E-15
\\ =
10E-15-4 &
1,00 10.0u 1000, 1.0m 10.0m 100,00
Sourcel 404 Start Freq. LOOOHz .
tiode MNoise + Spurs Stop Freq. 1.000M Hz Var}ance 242E-15
Freq. carrier  500.000M Hz Time (ns1.00E+3
Comments :

B 1.5.C.2 ~ WPN900O0 i % #-5 F 47 3% % & &4 5 Allan Deviation

(15.CA) s * % »c ¥

) wm&.@ﬁﬁgjg*%«p&]wﬂr}m‘aﬁﬁ’m,ﬁn @J@f’ﬁvg&:%?mﬁ%g
VAL o AR B AR TS FREAMKE RBLARELY > HER

ST BT 2 S
® i Bl EEETARE AR RF G 4R REAF ST dn

it A 4 e #Eﬂ [ 7 A —“z AT e iz 2 2.1510,100MHz & & ¢
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Bk FpaEs A g F H R

(15.C5) 4 %k 1 i+ ¢ 8
j\ ’z‘{ (’_A

SN

fl

2005 # 117 B fo B R FRITRREY  FRABAKIT TR I N
R PRRELFSRE R B2 A b R BRFREMT E RF RIRE S N
NIST > # & kit Z RRIEM B PHEHE 13 AT 2 b g R AP BE 3K 3 e PRA% o

(1.5.C.6) p 3= 1% 2%

A AT I E G R R B S RS R BRE Y S i

=\

»

H o v P 20 %RFHREFHHEBEFE FAFLEPFET L hindy o
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(1.6) ¥ pr% & 2 Bjiv
(1.6.A) #Ev pr i 78 R P PR & Sorm f 204
(1.6.A. 1) :Z=mp :

o g R R AR P R R S B4 (94. 07)
(1.6.A2) HF P 5 (F 78 F 1 94.01~94.07)

93 RN FE R LBERFR M IRIGCBAA A it fd] ) AERTEFH P
PRBaGF R i B8 p At IRIGBFRFBEEN BE R IR R LR aié
Hodrto AP - 25d Ta R PSIN @32 [RIG-BP B 48 ch @R & s 35 d dial-up
SRR —“ﬁ*ﬁ % & PEAEPF Access ) BB W EE e [RIG-B PR /8 o A2RF[HE-7 2 FIRE
TR LW OB e o
(1.6.A3) & 3RF1H %

AP B MG ART AL T2 XA 5 T S P
A, AR

B A A G o P RRITT ) L TR R A

® WRMALES AT -FHAIFEIMN NG tinebase p 4 FTHTE A oD
PER% o o P DA EE o
® R R KR ng SIpFE A IRIGB B~ o R R ET ASL
1 BCD #&5¢
® FHAELFAN L AFEYTHLAINAIRICDB A AL ok I~ B
Pl >d p 3% time base £ ¥ k ,?qu%Fé“‘ﬁi%J:". o
B. PSTN /i & # it
SRBEF RS R AR Jﬁl& RIRIG-Bp F 75 PR A% » 7 L R3] 2 sb B33
60k diae p #R-2 Bt (Hook-of f) » &P & r B @ =i 2 3 4k > T IR,
TR @RS o i o B N IRIG-BRF R A TR 0 A R Y F R F R
Lo gt Pk Bis JF A STENE ARAREL OB R Y ke b PIRAIRE PR G LS
i R Wy STARR o RUIR G BT H F oo STAL Rl 2 ST AAE Xk Acip M
ﬂé’ﬁ%%TiMMINm%ﬁnﬁ%ﬂ—xﬁwﬁo
C. #3% &+
WP AL IR Bl MR E R R R TIRERR > F R B RE
TR B £ 4 0 dogF N3 %%ﬁé&%%éiﬁ%%ﬂ&oSﬂxﬁﬁ—%%%ﬁ%

Pt PR R L E P 8- AT IT S e AR R R h S o
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(1.6.A.4). L RIIp 7
W IRIG-BA 2 etk 7 344 : bms (binaryl) , 2ms (binary0) , 8ms o F]u* & f#

TR TR ;Lﬁ*u\’» BEHEZ AR R e 1 ehde (T uBCDE & 0 KT R @ E R

oo ARG AT e 3R 0 € * 3 "Lk i (Finite State Machine) ®R3[F Rtk
MBIEREE 2 F 0 TRAE S BRI A L RN FE- B2 g5 (Black-box) &
RI2H fo Bl kdw it > B ¥ C T BBCDR N BE & 2 =8 AT I e [ o 5 LR T
i 24 Moore s Mealysit a8 o mpt i@ * Mealyk 48 L 515 oG "Lk 6 th > 2 iy
am%@aﬂaﬁm%@aﬁ»a%m%@%%ay@L&Aﬂﬁ»aﬁmxdﬁﬂrﬁ

8 g T hIRIG-BDC-Level » 3 — & 5| e% iz 85 » prda 12 85 5 1KHz > & » Reset 3 507 4
i SLp ﬁﬂ%@??]&%&oﬁ% T ELR * 40k Ak WEBCDHE ;N 9348 B4k o bms(binaryl ) © 2ms

(binary0) 8ms o FIPt A dTEs TR K ;*f]*w/- AT = A RR Ok g ) g (T Y

BCD& & -

IRIG-B |

DC-Level _
II:)RCIGLereI 4 i@g{uon' uln
- K b B
Decoder = [F Patterm
Reset ——— P
Clock 4’>

B 1.6.A. 1 IRIB-B 278 ¥ % k> H.H

Bl 1.6.A.2 IRIB-B f&45 Bt ik )
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(1.6.A5) #4]1 &

A i * SOPC (System On a Programmable Chip) #icAl %8 55 & 2k 3Bk - #-A1 8 % 3L
MOEGHRRG FR a H BEORIL B 0 ¢ ER A PP e BB ke
gy x0T 222 T2 ERC* Altera « @ P Quartus [
THEEMEREEE T AR BT BET R E % Md > $ e s @ * SignalTap Logic
Analysis:E{F R AITHL 1T o 52 71 FAFHA BRI F47 5 % S A R
Q’ﬁW?QwﬁmIlw%ﬁ?&ﬁﬁﬁﬁéﬁﬁiﬁﬁﬁoﬁﬁ—L%mﬂ#’£W%
RS T HRE RS 0 v I R RGBS B R e TR E DR
FREFRAL

(1.6.A.6) p =iz
ARFEEEE IR T L AL ERTIcH P - FREFERE S Z2EX RER Fh
BBEFAAPFEERE - Lpw o FRARPES 2 RN IRIGBBPFRF PR i @
wdEd IRIG-B & ch* = @ Figd &R Y e * o i IRIG-B 45 chiRis- 3 &
*%’ﬁﬁﬁﬁRM$%%@nmﬂmfﬂ@m4o%ﬂﬁ&’ﬂw%%@ﬁmm$@g
PEFEEFORE o Bldhe AR A SO A FEEIR AR B D
IRIG-B 7S st (U M AMA KA g 2EW) ok B D AEcnfE A o @ 4 p e A7
PO FAAREYARG A Sl A RIF SR Bl R Y F RN Bk
BoroAat@Rtmpd > FrAPE R e ki rs o Eaaridape. ¥, np
@ 2 IRIG-BAS @ik F enpr ~ p ) - e b AR T A0k R R Y g
BT E - B BFCEEERY  F - TR AT NBWLRF TR 0

BAERL Y R EAREH- BFY B ik
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(1.6.B) #gt por 78 f o PR SLf ]
(1.6.B.1) &E=*smp

%o B R AR ROPF PR % 5] (94/12)
(1.6.B.2) #imp 7 @G FHF 1 94/06~94/12)

TEEZFR L ETRYIZ PR AF R S RPN (TR m R S 1 F
Kz F2oorig v cn[RIG-BAE ) 5 A& > AR FEM P % N o 22 > IRIG-BPF 45 PR 4 suf
A o TR FRE R BN EH Ao %IrIRIG—B%?] » 1% B PLL¥ e 2 #%i?*iﬁf%"ﬁ%] A E ke o @
1%@@“%@%&%@%%%%ofﬂﬁmm$ﬁ%@éiﬁ£%a’ﬂWiﬁﬁuﬁﬁ
PRSI A PR R BRI BIER A S R TR {3 F Ed e kAT

%

'

i

VP S R E R e h TR PIREERRE - TR
o send A R0A) o

7 R

(=
3

IRIG-B IRIG-B »1pps PLL [
> decoder
EX 5MHz
) bivs » 1M_PPL
IN 1MHz 4
status
A A\ A A 4
AT bus [ System [ IRIG-B »| PSTN

interface | timer Generator interface

A 4

Bl1.6.B.1 IRIG-BA 2 #iCe§ %4 B

BI1.6.B.15 e s L Bl > @ * i BIEIDLK -1 & k&7 5 Seeh@ 170 4 R4
84 3 IRIG-Bid plf2s5 8 ~ ~ IMHz % 1PPSesppix pe 8 ~ > k sipssa 8 ~ > [RIG-BA 2

12N

BEH A0 ZATRIE G5 8 2o A J S~ § 8 §0e - 30 LIRIG-BRF I 5 4Ly ~ - &

¥ % 2 R IRIG-BPF 48 & st ph38A F\ﬁl?ﬁ“f%ﬁ;ﬁvkﬁj_ Ly - AR KA W R

A LA fF ARSI RS IF R ET £ bR A e D
BEPR RGP L RS o B RIRIGBEFES AL R G 0 R

* e EéﬁHDLJ LhkeFAY o A R4S AA G BODRF A RS~ ~ 100x1 % 10x1 %
2R HE o f FERE AL RBT R AR N2 (54 1KHz
T35 5538 % o BCDPE AR P~ Hlie > A B # i 5 A Fachph 4R 1L % WP 4 erBCDAS - % %

?r
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AR HE B HEBRGE SRAER T 17, (07, P’ # % 3faduty

pattern °

(1.6.B.3) %%,

P APLLAR 4 R b S f - s d koo ST o 4 AR B X R e )
1.6.B.2» o > #pig * 2- ik AAE S 5 IMHZ » #rre o] 4 idp % 360/1000000% (lus) °
Yok RAMEF LR 0 PIT A Achip = F (] o B1.6.B.35 B AR = Z lus (FF% ) hpF B

interval
/ qt aqv
RS
l{e] Type
pll_out |
- i clk INPUT
[F IJJ‘#@V‘ o Id INPUT
AP TSR B 110 Type data_in[19..0] |INPUT !
external o\ 10| Type rst INPUT strob OUTPUT | [
Co—He— et [INPUT_| 5 [en INPUT | [ P [incdec OUTPUT
15 local INPUT clk INPUT qa OUTPUT
clk INPUT q[19..0] |OUTPUT veq OUTPUT
interval |OUTPUT] ) qt[19..0] OUTPUT
instl &]
B
inst3 [~ inst &L P o T
IMhz —— e ol [
=
pll_use — ; ey ey
GW—G o 100K[&HESE T4 LFﬁmf%(a‘aé
110 Type E' 4 110 Type T
AND2 clk INPUT ! ck [INPUT E’
reset |INPUT ! st reset [INPUT
out_1k [OUTPUT| | % [inc |INPUT
st i strob |INPUT
inst H
t |OUTPUT
~ o
GND
inst12
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B B G G thd- SBAS o B BT Y R MRS S AR O
vt oKk o
(2.1.A3) % %

Ay IR h kAR sk s x 45 Mulit-functional transport satellite (MTSAT)
Space-based Augumentation System (MSAS) » i L7 H 82 % % WAAS 4p i1 > f i Suid R e fe
b gted poAE TS 3 MTSAT » fed 50 % - IR A pea £ 2 P 5 b i
RABFTH D SF S AT R AT EK PR R RE hiE (7 Rl B 21AL
2 21A2 A iR AP 0 L AR ELIE R Jﬁﬂﬁiiz- v b fFsaps Rl Ku 2 Ka #f
g Et @ B 21.A2 5 MTSAT ## & AL ] d Y MTSAT &2 e 2 2 003

EPRFE > A F R TREEAECHPE MR T R Y T AR REETRE -

68
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(2.1.B.1) £ p

% 2 % < lonospheric effects and modeling on GPS time transfer % # > 19" EFTF, March,
2005
(2.1.B.2)# {7 % (3478 7 : 93/09 ~ 94/03)
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TR DB T ks EAT R s Tf{j%ﬁ/é] M G ETS AP E R
P15 > GPS Ll en T Btk BLR) & & IGS 97 2  en 2 3] GIM B2 32 L s (7 A f7 3 aE =
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Differences between Measured Ionospheric delay and Model

Results
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Cornrmon clock results
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% 22A1 ¥ o R F
EQUIPMENT EARTH STATION | EARTH STATION | EARTH STATION | EARTH STATION
(1) (Ku-band) (2) (Ku-band) (3) (Ku-band) (4) (C-band)
Application TL-NMIA (Pas-8) | TL-NICT TL-VSL (PAS-4) | TL-NMIA
TL-KRISS TL-NIST
TL-NICT (Pas-8) | 1 _nsc (NSS-5)
TL-NMIJ
TL-SG
(JCSAT-1B)
Antenna Prodelin 1.8 m
(model 1194) Andrew 2.4 m Andrew 2.4 m Andrew 4.6 m
Modem SATRE (66)/ | ATLANTICS 135/ SATRE (66) SATRE (63)
ATLANTICS 135 | NICT modem
Up- and Down | CODAN 5900 CODAN 5900( CODAN 5900( EFData CST-5000
Converter (8W) (8W) (8W) Satellite terminal
(5908 SSPA, 5582 | (5908 SSPA, 5582 (5908 SSPA, 5582
power supply unit) | power supply unit) | power supply unit)
IF-cable Andrew SFJ1-50A | Andrew SFJ1-50A | Andrew SFJ1-50A Andrew SEJ1-50A
Others Satellite-simulator/ | - -
SATRE calibrator ]
Counter Agilent/HP 5370 B
Power splitter Agilent/HP 11667 B
Reference UTC (TL), H-maser
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Foprgrr pod NICT #258 haT 33 485 ™ 4L 5 NICT Modem) » 5i§ £ 273 & 5 g

VAV P

B Sy 3 4 E(2005) P OB b (7 1L enpLiR] o P SERLRIEE B F 2 foik T S UTC
00:00 ¥| 00:20 12 i f p5 FF ey % & 2 5 & ITU-R TR1153-2 Type 1 5 38 2 3 chiicd 4 2
H o R R KR T RR T %

F%@* ok d p Ak NICT #4% > & J JCSAT-1B(150°E, BW=2.5MHz)
PAS-8(166°E, BW=2.5MHz) - ¢ > NICT modem £ + 8 Bl » VR PF2 B H 3 &

FRE P S RETREFEEASAILTA B

JCSAT-1B: NICT, KRISS, NMIJ, TL, SPRING and NTSC.
PAS-8: NICT, KRISS and NMIA.
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TL NICT|  Atlantis modem

NICT modem — —o—
SATRE modem ————
JCSAT-1B / \
NTSC / NMLJ
KRISS SG
NICT NICT
PAS-8
KRISS \NMIA TL MIA

B 22A2 Tix RiFh e Bppy

He » XpENTSC FlEk K FenfP4E 3037 15 p 8 €474 » F 8%k > A74e P35 8
15p 244 rFk e

Bl 22A2 2 P d; 2 ¥ R e Bppek » ¥ JCSAT-1B e B prp % » Al -
FREPR > PF IS efe BFF% PR - o b- PRI BAKRT R
TP- BHEEARBEEY B4 ARLSHRHEAB A DT 5 TN 2 EFHRE
FI7 & eni %o fk et (CIN)Y 5 58dB/MHz & £ T ¢ = = fit o &2 £ £ HRMS
9 % 0.4ns~0.6ns -

d A R AP PR g F B R BT 7 03 & clock drift ShR AR 0 2 ik
B E e o A PR F R (7 H P A (closing errors)ehA 47 o 4 TW(NICT-TL) » TW(TL-NMIJ)
o TW(NMIJ-TL)AS & — 44 FF 4a5%, > VP oG AR o FEL 0 A PR PR %
TH G FFL B 22A3 5 NICT-TL-NMU ##h o @it P e L - 2 L1595 -1.43ns»
L 024 nso 22F chfp FlAER 7 b joite B e d B v & o £ 3 dog 0 3 MID
53464 11 {53 SR L 5 018 ns Bom R A OMA G E F AR G - K o
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TWNICT-TL+TW(TL-NMLNH+TW(NMIJ-NICT)

0
5] ‘ ’ ®
* ’ z‘ : s ‘ t I
' ; § %58 o0 fglere §

Z, oy :
- ¥
E
CEL'
Z 3
o

-4

_S L L L L

53380 53400 53420 53440 53460 53480 53500 53520

MID

Bl 2.2.A.3. NICT-TL-NMUJ closing error from MJD 53402 to MJD 53510

NICT modem #7i& {7 e @ pEF s> 0= 7 Dlw ¥ W & codiedpie 7R E 1 (F(NTSC v
SG heh) s RN Ed pARERFELLLAERLFHBIPM) 0 # BIPM Fisnis -
NICT modem #-¢ B~ Atlantis Modem & ;% & # *5 Iy ~ 3 ® D@ P RE Y od %% F T
Bt Ep T WA RO AR T AR BB VT ROBARF I ROR -
¥ ook sz NMIA kA 2 * SATRE modem 4p 7 chdfcdp e 7w B % > o
WHHT R AMHz 2L AHEE o ACE P AP BT A B R 0 T A ) R
o BRI E TR R o

‘Mh&

B. &7 VSL 2. % & ¢ & [ 8 pFidigs

Py a5 o PR A PEERFVSLEF AL e OISR 2 ~7 B
* VSL 27 F %k 3 # ;%i B EEEe IR R iR - L3 o T
R > VSL 37+ H2% q¢j~mﬁdwaPAS4fﬁ s F R AL AP B oo

-

E] ﬁ:ﬁ?%ﬁfﬁ:&ﬁ?%lﬁf ’E‘ & ‘E-f1| %{»r‘t”%ﬁmlF pé" \lﬁ'ﬁ“ Fm'ﬁpﬁ-f‘f'ﬁ’:‘;ﬁ *T
IR T TR ARFIToRLEFE SDIIR B G LR —E-Lp,u;'g_@mq T om oA
1 e g vg G OBLRIGE G o B T e i VSL & B Y Gk o sb iR BT YT K 1k access
’ /{E_

\

APRHRE P HBCFITDINLP WS AT AT H R P ¢ 35 SATRE modem
Shp a0 B Bir414250 0 Time interval counter shir 418 FAl e > 12 f B A 4
ITU-R RV afe 8 2 PR E «c pREF2Ep & K dfE s 2 K2 PlEL
f%,fée‘;L?ﬁt; 1 éﬁ;—;;\;c

YFOABRLBPTB ehE iv3- %0+ X FIRMIFE B B s @ B 0f 8a oefg >
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~2

SRR G R S BB B > T - At e
C. iR % 3

B ERGFEL E B L 2RBREOEE - BN P RR IR E S BT g
(NIST) ~ 2 W74 Z P *T(USNO) g L #F A 7 HE AT R L AP R Ewhp o b kd &
dERLFREHEN I G S TREHL W ko4 p A NICT 25 &
IR RS 2 R0 AT LB G AP MK H o TR | v A Kaual | e WWVH station
BEREPE 0 ST - TR o

AFHREXLINERFIEPHIFDRE RAB S 5% g A NICT s g 2k 1
BEBEHRORA » RF AP E R Y B E & sdp E H SATRE modem > @ p &= 6 #f
i pFAEANICTmodem s i & 5 % 2 G sbePfp BV i o 9700 > PR AP L f 4R
LTH I EL B e Y TR E RS - Wt o
Q22ANRE* 2 »
RANRGEAR 2 S FrFEEHELFE o AT I RETARTFE T UL
FRAAH BB BEFPTE e W% E TR T o
(22A5) 4 %1 v 2
%%’%%ﬁﬁmufﬁﬁﬁﬁ

® BRBL - F RFA@e B3P R RIUP I FETR -
® BEFVSL b 7R skp d it T 2RI L o

® BEIRFEHRTEFLEY BEFMAR

o EEFRE B G R 1 0F o

(2.2.A6) p i=e1sE R

AERL Pk RFLE Ee 3L 374~ 35 B KRISS &2 3748 SPRING @ 5% 0 18 A4
Bl Al BT S MRS Sor ) ~T ) FFd A VSLEFF S #a82 5 L e B
e G AR Benthee > TL-VSL Fak#7ie 0 — 3 o 2307 7 &> VSL a7+ % & - 7
T G Hhdp e PAS-4 Fh o LHFTRLLE TLOF SR RITEFRFEE pHICEE I T F i
&5 5~ BIPM 6] (7 R ¥ ? o
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(2.2.B) wWh e BpFp 6 3 (T
(2.2.B.1) &= p

RN EEEe B &V EL TR L (94/12)
Q.2.B2O)#HGFN FHRHFHF £ 94/01-94/12)

(S IR T AR FE TSt a TS S SR Ak Sy
R BN D FM T L e QB A SRR TR f o Ak
4 EARD FERAIR R e @RS B ORI B R G R MR S ER M

Pt b e AVAR L A

LI RO ST

RS232

5 MHz TCP/IP
Distribution MODEM
reference Amplifier
UTC(TL)
Distribution 1PPSIN
1PPS Al 1PPSTX |1PPSRX

SWITCH GP1B
CONTROL P start lstop
N \\ \ 4
RS232

»Time interval counter'

GPIB,RS232,LAN interface

o -

FTP site

Rk il

B2.2B.1~ f &0 Gk e BP0 & S8 1]
Bl 22B1 ZpditfEk e B BHR 0 50 R 6] Renp B0 gk 0P
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0 F ARG ARFOR R EALS 0 A R STl AR KA B R LR SRk
ok T R R BT SRS R R R R 0 B - B
SRR A Rloth 0 R Al B UAES R RS (T o F] 22B2 5 p FER D

PARAT SN o

. TWSTFT scheduler FE&
Help

2005/10/19 03:01:38

Wednesday

Label3

Status  Next command: [REF]; due in 16645 s

B 2.2.B.2 ~ TWSTFT scheduler 2 ;¢ (% 7+ UTC P %)

B 2.2.B.3 % modem 414 & > SATRE modem 7 7 & Bendfd| T & iv ¥ ko> ¥
mE R et Sl i 0 B R AR meﬁ%F’“‘ f’rﬁé ® 5 B+ modem s (F3L 4 e
FATeh o > 07 e T Ko @ RO e e R TF AR BT T 00 538 R 84 modem £
DREE S -

%éé?‘%%(E) %%EE(E) %ﬂE(Q; ﬁ%ﬁ(n} ZILR) ﬁﬁ(‘i) SREE(H)

SATRE TMSTFT Hudem bb ."ilmeTech GmbH 1994- 20. _19 Oct 05.01:37:16 + NIP1
ﬂransm1tter feceiver geasurement [Jisplay glabal et Modules B Tuit

Scheduler rumming daily command [TWSTFT USL]1 due in 21704 s
-——— References: fron laboratory ————-
—————————— 1pps in sync ext. SMHz
Conf ig : Station_Loop GPS antenna error
Frequency : 70,000,003.000 Hz
RF Output D nuted ZOMCh PN 0 i Delay [nsl

146 0.000 O
————————————— 146 0.000
Conf ig : Station_Loop 146 266,259,960.925
RF Frequency : 70,000,001.969 Hz 146 266,259,948.896
RF Input : -32.8 dBm 20MCh PN 0O 146:52 266,259,937.072
C-No : 147:02 266,259,925.457

147:12 266,259,913.749
Lock status : idle 147 266,259,902 .065

147:32 266,259,890.468
- 14 Errors, last 05-/10-12 20:41:00 —- 147:42 266,259,878.997
Tx: 2, Clk: 12 147:52 266,259,867.628

-—— idle - no lock ——
[ || [ANSI TCR/P DBiaE oo | v

%] 2.2.B.3 ~ SATRE modem scheduler #2358 34 {7 4 i

YR EALY 0 PFR 2N B (TIC)*r 8 Blehid 4 IPPSTX-1PPSRX » & @ % 4 13 7 &
f % TIC chfs s » 2814 £ 8] UTC(TL)-1PPSTX chit » B~ 20 f) e $278 5] - & #ict » £ 4
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BET-BRPS%kof TR DERD T EBEAIH switch> p & 27 3 TIC chde s »

A TrEEe SRR TIC ER T FS%EIR:F - LT 5
TR SR A B TR R B AT BT L S R RS R -
R o AP NTPEFRF PIREF & S 4818 (7— CRE > d 30 3R NTP & a3g i 9 2
0.03~0.155 > e &Azs 2 T 4 GIIE B AL > MBF L PFR LR Vb Tk S R

Berphfe » ¢ HER ~AEHERTRS >0 ZENRPBEER I BE AT HRETREY > §IF

S o B i -0 P S Bcdp (raw data) 772 & 1S data 4% % -

DRFHE R L ITURTRIG32 cifest » ¢ 5 A FALE Bdhp 53304 > 2 F
P EFHRFF R ot ST BGP FEHEBFTTN - I AP N E R
HERERU-NE NN R § N i&@%ﬁvﬂ‘ﬁ\i‘:&-ﬁﬁiiﬁdfiiiﬁ SR By o APIER
JeJRAR G W i P B R TR BT AL B ARSI E - T HRA D R

LA E (s R A AF kK F o ftp x 1 (ftp.stdtime.gov.tw/pub/twstft/) » ] e g % g ¥ oL H

anonymous e gL E » 18T Ll 0 RIS T AT o d T F R AT BRpEFE MR

TORELA o @ AT LS P R RS AR R AT Rt TR AL kT
A 132 if- ZEFE R ftpbt el i WERAFHR AT Ao 2 > A D Faen
Ahk oM PR EBAF P AR > F - BRAEAREFES RN E P B RERIR T
WAL R SR TR AISTE Y SARIEEE RS § B R A WD A
Hjo%kk%ﬁ%%%ﬂ%*%?mnmﬁﬁﬁﬁ’H%F—@ﬁﬁﬁﬁ’wﬁ ¢ 2

83 5 EBATOIR S 0 AU B SFTP BN s i BRI FTP sh b o 248

=%
b

e
&
=
i

& l?mﬁj%‘ CRL o T DB IET A2 A AR A o

GOANER AMT R BRI IR TRAED & A SRS gl 7R
Seodrpt - ko MR EE G AL SRR AR LED ¥ R BT A AR %R

(e ol ¢ % & e pr o

9

(2.2.B.3)= &
BEXSH STenipl3f 2 120 DR PRIV ERIT R ALe 300 & 80 A KALPE T34 P 1
NP o2 (T MAe N Bt P AR B AL A AT AR 0 1k Ben R

EEENE A

e

(2.2.BA) " 2 5k
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dAp F LT AN H R P A PR ERH ke SHE - S p LD
Foo@HPig s P iR BT RBPEIFRETFLE SRR T A2 T
g}:ﬂ_o

s i e sk (P2 FTORASL ks %0 T TR L B T L e B g
o BAWAA GIREDAF o EFABIFIT AR > AP A W EE e B

R R o HWE- HRBAPEFEEFEE R 0 €5 S PEbE o
(22.B5) &« ka1 ir& g

FHREEPIEARN B B p BTN 0 R aH R e d o
(2.2.B.6) p =3k

fds i R Sk (T2 FORASE F A T FRFS L P FET R e @R % B
TETRSE SRR S R R S S Y Y 1LY SR
B A g R e AR -
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(2.2.0) n= Tzpprgape 2 2> e | £4

(2.2.C.1) &= p
= DiRak @ phsdpe 2 2 = & 'add | PR 2 (94/11)

2.2.C.2O#RAFN F(EHFHRE 1 94/01-94/12)
#h e B R (Two Way Satellite Time and Frequency Transfer, TWSTFT) » &_
Pt B b & PR 2 - o PR BEE B R AR Y P E IR E FF
ok mF o THASHIIE T S G PFER R AL T AP A BBkt en
BpEHR oomd W ELE e BpFH Y 73R (precision) 2 2 & (accuracy)
Bt 2L FIMRERE EFH (BIPM)*H 1989 & 2. CCDS-Rec. S6 ¥ » &3k & &
BRI R S E I Fh e BPFENE TP R 1T R AR kAR § R el
WA R B 3 'flj’* pUOEREIR TR PR e 2 1F o @ BIPM 4 Bk e @ pFant
HER S BAZZFERERF PF(TAD hizdy o
SRBGPHIE FEREL T TR ERATHREIMBRE - KEFLE G 2 iR
mEEL e REREIHRTLFEE GRS F o 2 2 Y - ERLFLE
w G pEAAR o A KRBT IAE SR I E R LR po NP PR TE 2R

Pr4dRE | P R o

Bl 2.2.C1~ 2% 35 P 5832 LG9 hirk @RS Hag
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(2.2.C.3) %%

poav A % B PTR T A AR T R L R e (DB P ARTF AL
WA E B(NICT, = ¥ % CRL)Z fFh e @b (700 fh4ap > T e REREREF
BT i BB RS B (TAD ehikdpz - 5 @ d 3t 548 NICT modem 2. 31 i& %“gvﬂ S8
prsdipr S TL A e W B 2 BF%3 e3P > NICT 2 NMIT ~ J24 NMIA ~ 2 R
KRISS ~ = p NTSC ~ #74c st SPRING % :& {74 49 2% - (2)2 j7 i %28 £ %~ 3 2 (VSL)
2 F Lk e BRRARR o gt 2 0 iR At e TR e g L (DERES T
2 Fopert 3 Bu(PTB) ~ & < 4] IEN % ;2 B OP et 57 2% ~ (2)& £ /s & @Lip]»7(USNO) ~
FREEEF T ER(NIST)Z2 p A NICT & ie2. T-F V{7 % > 2 (ERNVEEE
B 7 Fe(NMIA)fep & NICT & iv2. = = @k B pFg 5% o

(2.2.C.HJE™ 2 2xF

81 p ANICT#TA H2 LWk Bt > LA HFE2Fh B P Fss -
od L gARL 2 VTR NI KBIPM (FR P ETAIZ E R Ry 0 R K F LR

F

=

< H8RB o Hsdad R NMIAYE 2 WINISTeng Sk4dnt > A2 @837 F Flep o R
AEERREE e FREm A I F R SR L AA I Y hiEk RRAE R S
S B iRl # > 4oPN-codetn T F IR G T ] £ 0 B R S B EF B R T E
THRERS -

E¥EH S G o TL-VSLehfE s B AR g & 2 il 8 37 0 BRI E
BT 0 B H @ BRI 2 2 2 8 AR 01 o (doke it P ANICTE 4G B
PTBR @ prdhpt 2 22 ) 3% 5 R B F R 2047 & (T B Bar gy 4 s
FEIRESE L T AT R AL LR gl HE NS G 0 PR
#1¢ > Hawaii 5 ® Mxbo7iz = 2 TL/NICT - Hawaii — NIST/USNOZ two-hopd; % fFk
B G prsapt > P R S TRIRGFE e DR 2 RS RS RI Y R-E T
TR E Ar - § TPAAR o TRIRGAR L R PTIRE O s R S o
(2.2.C.5) A& ka1 fv& gk

R PR AHFE R A o AR YRR B ATARL DR B U A
HREVHFEFEREEES R PR AT RETAFL GRS G R A e g
Tlig® &5 REPET G FIK A X R S R T T AR W Bt R
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T HFHRNSTLEE HAABET A R BRI HaR R T o
(2.2.C.6)p =223k

FEk S AFHFREIFAFLHDI S B EK TR

BERSTRE > @ EATHMGN G BEEE BN RS

Efa SR % BV L Rl B3 R

SHPE YA AR PR AR FRAE 2R F

HHEIRFE > ot s FHRFTHORBERE L Tfad > {1 W EF AP

R L B PN c o
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(3) it # Bk H R AL
AERALIITHD 2K a@%*ﬁ R kst R &kt - Software radio i SL2E 4 A REAR
AE 2L EIE D o M e T e T A
(3.1) EZMF D hiez 3R &
(3.1.A) Z=#if F el iz JaR
(BLAL) &5 p
R AR I RD Ak £14% 4 (94.8)
BLA2H 7} % (R YR : 94.01~94.12)
RpEFFE SRR EFRAEIRE AR2BE 2 AF&#T 7 2 P 2 S0E
IEF P NEFAREEFARPIL (T AT ST RBIE I REE D R R A

FoHFEAFERRRFF M- X o dopt B 5 A FFERY L T AF LA
Yrk P M ARD A RS I A ERE AT REIRIEFRI LT T
ERALECHEFER - H REI LA I BT A w2 AR S R R R R K

-—\\

TEFHRE > X PR GPS Wi A G L KEA 1T I E 2 IR ETE
FREEZ I L L T RBRI AT EIATEFBHFAE BRI AR Lo Ak sd AR L -

ERFE S BB e P TR KA R L A PR E R T R AE AT RS
EAEP g F L FHE SRR F Rnd i g o

(B.LA3) &%
93 i i1 i 1SO17025 =i -
94 FLF -t b ATICE Rib & -
BLAAE™ 2 5

i#* REBAE SR

L PR SRR R TS L
(3.1LAS5)4 %1 i ¢ 8

WRHFRIARTEBRFE Y RP A AN RESREIEY A ko S K et
- ATRE EFEo A Rl P ER e B Ao RE EATr o A kEaE 2 g B A 3 RH
BHIRE - R R .

(3.1.A6) p 32712 3%

hGSREART 0 JBE S B A FER R 0 — B 5| ISOL7025 W i 0 ¢ ST 4 D
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FPRAF . R F AR E LG DRI F

B
TEBRCNER FHAFTHRTEE RS

20MHz

?

20.46MHz

| GPs Receiver

5MHz O0MHz

HP 5071A &
AOG-110

-bl SDI FS040

i
[ ]

Master Site

l Ddld

L-REMOTE-01

or 1

......

Remote Site

B 3. LALE=EIE F I %53 HF
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(3.1.B) Bypipprir £33 €
(3.1.B.1) i 238 p
By PR £ 5373 ¢ (94/8)
(3.1.B.2)# {7 A % (34 {78 B 1 94/01~94/9)
BRL ARAAE2 - Hma 2 il § o P4t L F R 2 B R IREE o
pPa RPNt R EGREY CF R E e B RS A REA R G (BIPM) 2 {5

HFEPERL - By PRAAFTAL BRI F832 236 515 2 FRREZ
ZTREZPE L REERP P RRBEALINED AT %R T RAESE R RIERE R
FHEREEDBFAFE” > €7 MM LGP RIGDRAE -FHRRIZAAETAASITE LT
AR T PR AKREAE R 28R 2 7 REFTFEELE W% -

o

(3.1.B.3)% %

i #Z}Fﬁaﬂqg BEI 0B FHRIAPMALTERFEREN AT P V2RI i

EE T IR o P € ¢ o 4 BRI AR B DT R BGRP o TR TR ant B BRI R
ﬂﬁ#@ﬁﬁ$°%ﬂﬁgﬁ’#@aﬁ%%ﬁﬁ E— R RD i g g
/?'J°£H€T}§'}”:\94E8g 23 P % F QBLBE AR B e B PEo j\?( SN IS §-

ﬁﬂixz\—#ﬁfbgiﬂ)"‘]-S BH 20 4 fbe o X FREGARZE A 2RRREALEE TR BL S
BEfRdpde §Rd AR AP A F QAL FEE IR > RATPRF 2 R R H
R R A o £ TEERE REA S TR RTATR TR RI RS 2 T
R R R RGRwanfiih o § 88 5L M CNLA SR FArIin - £30P - ks
S AEHEAR A OB bR AL AR EAARAAL Y Y £
13 BRISSR - §RERE > AFRFEMRFrRZIPERED T AFHTARY
Eengd o fRPET 44T
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4 31B1~F3 g I 4
per Y it g E g
0830 ~0900 |4F 31

0900 ~0910 [ F &3
0910 ~0930 | P IEEFTH T 1 5
0930 ~0950 [CNLA R 53w 4 &

AR IR

iy &

MBI A R RGER 4

0950 ~1030 , ¢
*FE TR E A
1030 ~1050 | break o3 1% A2
AT RO PRI Z CH R P o e
1050 ~1130
AP eI R A B % Bl x A
*Fokit 4 RS AR ALY
’ *CNLA 3% 4p M T % o[h T 4+
1130 ~1200 | 4T3t _ .
*HEAS B AR AR %% %
RO BRxRFLR

1200 ~1230 |5F & 3tm

(BlBA) R * % 2
B EY p BT RIS OTERFAP AFL I V2RI EFBHEFEER
FHEHAFHZRTEBRONER od BA IR I EERERE RE GG w5 ¥ Y
5B R ARG 0 fRehk S RIS RFARLE S POt R A R FHOR

WA o AR B IRE AABRERAER G IS - X AEFE LR LR E

(3.1.B5) A k1 iv& &

A E L AR EF HRFEBRN L L s g’ﬁ BAST R AR B R T
ﬂ’#?Ee'liﬁﬂﬁ?f#ﬁﬁﬁ%i‘g@ﬁﬁoj\ai TRARLINRP ¢ L R B g R £
Pt 95 E R BBV P PRSI K Y AP ER BTN 4 B

a1 0% o

(3.1.B.6) p 2= 12 2%
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B lLOFEAZEL
(3.1.C.1) &= p
=R ER A8 AT 94/10
G LC2O#RGFM FEFHEF 2 94/01~94/10)

WM E R AERIMF S H A ERPHLY R IR R § L g
R p}\’!ﬁ ﬁﬂﬂb%ﬁ*fiﬁ\f&L%.ﬁ’léii’L J'E_,ijg_)%fg{gb T;L‘ E Rl o

(3.1.C.3) %%
P L2 N REA LR R A o

(3.1.C.4) p=rrEk
AERPAERET LSRR EDA L L EPRET P A B R R K R 2 PR
BEHAZTI Z2EHN P D AIHRTOTREFHEIRBZ AL I AAEETFNERSR
PR L TR EREBAAF RN R0  FoAAFEEF O AEARFL AP
ZIR RN W ‘r‘-")%/&m -;E—"%ﬁmffﬁj\ A K H-1 Féﬁ‘i%ééﬁ’%*;gﬁ%rﬂ,u
DHAER PRI G ET REFR LA Fr B f# o

(B.1.C.HA Rk fFE gL
ARBHEFILRE LA L X RA B2 PR 0 RSB R E & R E RO R
Beng R &a RFNFEE H% LA R & PP RS o

(3.1.C.6) p =gtk
AERNIAERRERL FA L RPN SR A 0 WA H R URE 2 fen
’%1\’ #\jﬂﬂ&-ﬁ 8- I,“J_F ép%ﬁﬁz‘:}h F%EL #%}%1 ’ IZ /ué}ﬁdvﬁq;?r g_‘ w'}i"&@]wﬁg
el eng foo R RAIH B DR LA LR X RAG R PP IRS -
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SIS 17 (3

Bk SRR U R K RS e ARET YR
- EAE E IR R I TCTS) 1%
ERLA TR TCTS M%7 RL: 2 < 15
[T TCTS VEe i ? L FRe ~ = Fi- > - &
@ phe—
IXfi ™) TCTS gkl E R Reps P LRy ~ iy ~ LIV~ LR
E'H] TCTS 175, [/’ﬁ»[ Wif i flfm\ﬂ”ﬁjnjzj‘”:lfé A
= AR F (NP
fuj\fq_“ F'l U NTP JR#57 RL: 4 F 13
[P ] NTP I 51 &EIF?DEJ Frees s L= k- @ ~ [1=#E- 0 -
=& Py~ *@Q) -
0™ NTP ASERL ¢ R Reotfp LR~ CIgmg @) ~ CIED ~ L)
EH NTP AR50 i ’@”T(#’p”e@ FRIERL I ] T“’Di LI
=~ FIHT R E AR B T /ﬁ"ﬂ‘*" g At LR e Fel)
P4~ FLHT S R HTRIEE - YR N IR T ,.MTF.
K li“f"l‘il'—i 1, ‘b4, 200~500:3, 1000~1500 :1, ?Eﬁf{‘k
» SRR WiRRE I PR AR (A TR i SR AR S
R PUER
OEE‘J“ [t 1pps Tiri_ F#EH EMI £HH] QP Pulse Generator . 3f1#?
[ et e S R
K Iéifl@: (B ES:
ﬁf—%ﬁﬁ?@ﬁ 14 (e o L
BTN ltﬂ%%g];]@y%ﬁﬁ‘lﬂgﬁf TR L, KL
I0E-9 ™ 4 10E-10 : 2 10B-11: 2 10B-12 1 F:5
(BT YRR %P?fﬁvl?iﬁﬁ“ EJF;? JER?
OSUIRT RS A FH -~ B
ST o TR IREE K EEI R I RREYR - BRI -
T~ HEERY X
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(3.2) Software radio i sL7E & PR AR 38 2 77§
(3.2.A) Software radio i ¥u7f 4 & AR AR 3 2 A7 3
(32.A1) i x3Ep

= = Software radio i ¥o7 1§ e PR AR 3 2 47 7 (94.12)
(B2A2# TP F (R FHF : 94.01~94.12)

MEFPREEAE T REF AR R R EPIEI3 chE s HAp M B BIR # 4
FREZ AT P ETE o AP A F P T A S BB AR Rt A4 g
2 Bpl o 1% software radio & {7 A 233 RJL 8 (FARR 3R] 0 FRH T E A AP A
Rl e Fla P o AT e 0 BT AR il 2 O ek si—Software radio - # 3¢
BT R AL BAEERA L2 1 TN GBS S kA AR LA .
PP R R R AR R A 20MHZ £ %0 F 3F 5 R 2 dedic i B 1 (A /D) & dc i AT B (DSP)
e A ST AR L Ao @ PRTHRIE & 972 3 2 41 5 5MHz £ 10MHz
Y p w2 A ARIT o T ALY FLTH AP RFEERNZHB MNP EIPEEESTE
Bleng Ko Pm AL AEFMAREFTY > TREFAPM XA DFEE F LN BT TR

(3.2.A3)% %
AVHRFEF BRI KRB CASEF B HR I B RR G H R g
B i BADC)B~H > ¥ 5 d #eie 3 BLAUT B(DSP) E s @ B H A S B
RIE - o RERE R DT ERE & 1§ GATE-TIME HE RIX CfRTR S &
le-10 o & % SLB 3 N eng R KBV Al 1§ GATE-TIME ¥ » fi#47 B ¥ i 3e-13 -
w23t 1§ GATE-TIME thE i3k 2> 8 GATE-TIME & 3% %35 1) » 4ot
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Gate Time
@ 3.2.A.1 System resolution in every gate time.
o
=3 s
= - Tau  Sigma
T 1.93e—-13
—_— 2 118e-13 |
LH 4 B.8Be—14 |,
10 3.00e—14
B 21 1,97:714
o 4B 1.138—14
& 100 1.0%e—14
M —
!
3
o]
=)
=1
]
aN
b
5 i
10° 15 2 W s 2 10*

Averaging Time, EtE, Seconds

oz

#] 3.2.A.2 Frequency stability in the 1s gate.
B2Ad)E* 2 »x ¥

1% software radio i& {7 ZAHAF fE 3 rJD T 38 17 AP T AR

FER

St

= TELER TR
Fol AP RRIRE QEFS o Grd  REHMTRRRE T A T P
WHeG b X e il o
(3.2.A5) % k1 i* ¥ &
FEBE I RRAAE BB AFHR T ERRE SRS BERA RS T F T R
2P oe
(3.2.A.6) p =i 1% %

hjse g gl k2 B oA kAR RERE G SRR 0 4 B8 T RS
Boo TR EER RO RRIK A o Aodp Bt RO S AR RIS 4T K o
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(32B) B# FHA I HE2L
(32.B.1) i+ p
%o B B OF R P ECE 28T 7 HOTER 4 (94/11)
(32B)#F F PN (R FHF : 94/01~94/12)
F)L PR A2 SEER A AR %83 2x101 | 5x1077 2 ki@ - 43t
WERTAE G 3100 A e R R BRfET A A2 AR BRI T R V- 26 o5

S
&3

N

A EAVEE Bl BT E DSP &2 § i chng it 2 Bk B ADC At g
BenE R L S EFHEATN R Mo B BRI B R i i 2 e B B
B AN RIE Y oom A RMEH G A 20MHz =+ 0 S A A% AR A i i 5L
R e AT AT B 2 BB RETS ADC 2 4% A 0 ¥ F F 1 ADC B BHIE A
[CREIER AN S S El-ay S S D@éﬂ'ﬁ[BPiQW%&%ﬁﬁﬁiﬁﬁlﬁ’%
PR BRI 0 TR B EROET R o Fli AR 2 HRETETL ADC 2 %
A T UERNERESRECH 2 AP LR Aot TR IS L EDREB T RD
p e

B ke > Ajpg 7 ADC B iF R ik mﬁﬂu o T AR-FTHEE T & FPGA
(Field Programmable Gate Array) ® - FPGA i & # iy & 3 AL a2 enig % - FPGA #-F 4L ¢
EA—F - Fengte > T RFTHR B DSP ok AUT o A i B F AR R 75 ADC 2 %% 4 5

-er}l‘?%‘%‘\;} B’*’fifﬁ?#i;f—f\g NEREEEF RIS L o B 3.2B1 5 kT R Bl o

frur=5MHz
DUT » ADC > FPGA P bDsp
L|f<=2()MHZ y
Frea. standard —» MUX PC
fsrn=5MHz

B 3.2B.1. %37 %W

AP AR B 2 B8 SMHz B4 3 20MHz ¥ 2 gt g 17 5 ADC z B4R
Foom FRCE g IS S SMHZ > dopt & PR BR ik 2 dp 2 4p £ 90° 0 B 3.2.B.2 5
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1us gate time

JA AN,
L

T=1/f;

® 3.2B2 BH7 & W

DSP ' 35 ADC B~ T4 » 1t ] & DSP AJZiE & 7R 4T » 72 AT 20MS/s ehF L »
AR 2 B dhgatetime B luse B T VR FTRLASE § T35 A T 3oy w] o A L -
AL T AL & & B gate time e ) & 7 40T o
% lpsgate pF > B~ AL A T & Satuse Spoapse Scipse Sdps:

Sa,lus :{al, do, ag,...aN}
Sb,lus :{bl, bz, b3,...bN}
Sc,lus :{Cl, Co, C3,...CN}
Sd,lus :{dl, dz, d3,...dN}

% 10us gate P » B~k Tk & 57 % Satous- Sbiops- Sciopse Sd,1ops:
Saops ={a1, A11, A21,..., A10xN+1}
Sh.10us ={ b1, b11, D21,..., Droxn+1}

Sc,10us ={C1, C11, C21,..., CroxN+1}
Sd.10us ={d1, d11, d21,..., dioxn+1}

# 1s gate 2= B’»’fi?ﬁ—'—% T A Sats- Sbis- Scise Sdis
Sats ={a1, 810%1, B2x10%+1, -+, Anx10+1}
Sp.1s ={b1, b10%+1, Daxao’+t, -+ -, Drsao 1}
Sc1s ={C1, C106+1, C2x106+1,---, CNX106+1}
Sa,1s ={d1, d10%+1, Gox10%1,- -+, Onxao®+a}

BB TS L BT L AT AT

i
N 1 Sa,Gt(i)_Sc,Gt (I) ii _
Py (i) =tan (Sb,Gt(i)_Sd'Gt(i)) 2z T, (=2) e @
WAL

Pa(i+1)—py()

Vi+p =P

R T )

i is an integer and 1<i<N
Gt: Gate time
fs: sample frequency

BT AL EG fesuan T Lps-gate ShfEHT R 9 & 1s-gate (7 10° B o i i en

F_*
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1s-gate Hf247 & 9 4 doi- B EEOfETRAPG o

FoEIE 5T AT o

A ek

\
¥
B
\.\.
0
\p,
\‘é
I
e

5 10ps gate X 3 ?7}"%\ T & Sa,lOus* Sb,lOus* Sc,lOus* Sd,lOus:
10 20 30 10-N
Sa,lOus ={ z an, z dn, Z dny..., z an}
n=1 n=11 n=21 n=10-(N-1)+1
10 20 30 10-N
Sb,lOus ={ z b, Z b, Z (. Z bn}
n=1 n=11 n=21 n=10-(N-1)+1

10 20 30 10-N
Sc,lOus ={ z Cn, z Cn, Z Cny.ery z Cn}
n=1 n=11 n=21 n=10-(N-1)+1
10 20 30 10-N
Sd,lOus ={ z dn, Z dn, Z (o P Z dn}
n=1 n=11 n=21 n=10-(N-1)+1
e Isgate PF > P~ T AL & T 5 Sats- Shase Scise Sdis:
108 2x10° 3x10° N x10°
Sa,ls ={ Z dn, z dn, Z an,..., an}
n=1 n=10°+1 n=2x10°+1 n=(N-1)x10°+1
108 2x10° 3x10° Nx10°
Sb,ls ={ Z b, Z b, z (. z bn}
n=1 n=10°+1 n=2x10°+1 n=(N-1)x10° +1
10° 2x10° 3x10° N x10°
Sc,ls ={ Z Cn, Z Cn, z Chyeeey Cn}
n=1 n=10°+1 n=2x10°+1 n=(N-1)x10°+1
108 2x10° 3x10° Nx10°
Sd,ls ={ Z dn, Z dn, z dn,..., dn}
n=1 n=10°+1 n=2x10°+1 n=(N-1)x10°+1

L EREFLTd (1) fo Q#EH - 4ot 5 TR > lus-gate (f#47 & % 1s gate

10° R o i ipliE (S 1s-gate hfRIT A 4 2x10R s A A K AR iT AR B 6 b —
15'7/'7, ‘fuc

(32.B.3)% %
A pRIEE
RGBT S ki p AR FL A Be- 4% WAE TR & 2x10™% “ gy ~ 3 ADC

(P S H ez L & 0] o ViR E (B gate time &

gate-time f£_1us F| 1so A i eplzad > AP i hF+ A Fiitsy ¥

W EY
&4%0%?%’j%ﬂﬁ%$w&?ﬁ$
Eoo A g Big K L A B gatetime 2 % % 4o 3.2.B3- LR Y ¥
time 7 9.+ 115 st T R e et 7
BRIHRER S $eh{ o oF B gatetime HET R ¢

TR gREFHA -
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1.00E-11

_ 193E-13¢

1.00E-13
1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00

Gate Time

¥ 3.2B.3. &% —B gatetime 2_f247 &

(3.2BA) R * % 5 ¥

AT - 2R HAER P 8 TRRE > f2T R F gate time & Bk E
BB R 1L o A ap|z e 0 A ls hgate time 9 & 1.93x10M8 0 &k sienfRis BB B
A R I P AR B B N O
(3.2B5) 4 k1 it 2

BA KAV ERG - R AEE R SR A DSP Y gt B R e lplens £ M ¥R
15 B ePR ' > HEF DSP Henie o A s E R ATen ek 3k 3 BRI R4 R hiRT o
(3.2.B.6) p i =& &3k

Arrie SR A AR ER A AANFHRER B ENRITAE S B LT D
BT RSEFERFFEERRAE > Aop D RBEp AL ITR AT TR K EY
FHME 2 F LB R LT E
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(A)H # 1%
(A1) MAEPFE R 4T o B 2 R
(41.1) E L p
ARG AR AR o
(A12)# P FELEHF 1 94.01~94.12)
BT MR AR MR R MR B R FLY  R 2 ERAFRE TR RFTER
RA SRR BT s R PR DRRRE SR R F
(4.1.3)% %
FEIAAZE RS g s P FRMENY o PR EBIERENEFT L2
Ko iEd Ak g < Bk Bl I chum SR R 4 RAE o
(4.14)* % 22 ¥
T MR PR R AR PR AR 2 R oL E [ i e
O MAFRIHAPER A T R 100 ps(BFpar ke dv) o Fpt { BrrenpE Rl LT 2
BB r > dop BRI PSS 2 WR Y I [ LAY R
X ?é_mra Wooo PR BCHINT A AFe s B 0P B 2 EARR RS G
A g o LR 7 20% 1kt BlendBdk G gt p BRI hA R e
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® HEGE AREWERIEE BTV EERHEEFFCE LIFEF RS2 R
FEgpdleng Koo
@ FTHAA R IARVEBFBER RPN INPEFER > FIPFFFH DT o
° %ﬁ%%ﬁ%%%ﬁﬁﬁ&ﬁélm%w“ FHRERBCH SR ORESY G

’

° &ﬂ*?iQ5~?ﬁ%%2?\;M1%‘km@@lgg 57 3% B 4 e KE
RIFEE > b BT a s i@ o
(4.15)A k1 iv g gk
SREALE L R A L flenR AR BRI 2 A K T E B RS
BREY O RGLI AL  RRER AL ST R SR RSP R T S22
(4.1.6) 5 =52 %
MAER R R LE RSB § E S R P B R F BN TR
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(4.2) FFRpS 37 wiFhe e $K B E
(4.2.1) &=5Hp
AT TR E o A TR
(4.2.2)3 P 7 (RFHF 2 94.05-94.6)
NSPO (R Z @) 20 5/20 p 22 TiFh o gosbad e RE TS | BH & Rz
FIFH =3 I ek b oo bR TR REFAGE B FIFE B U Fh 2 iy

\ii&-ﬁ@.?ﬁ%ﬁi}ﬁ?&glf%oj\?);giﬁé i‘:?,i; \ﬂ#prﬁgﬁlﬂé o4 s EiE j\b ng_%?

AN

B R AT RIYIERLFLEDZRREFR AR I S EFEEr OER R
AT BIRARM AR SR T B S RPRR G R F L BRI Y S
IS RPF SR
(4.2.3)% %

Brszd s TiEh e o b2k 8730 d » FREFLFH T Lop g b ifiva

EEGRAEFE RV MR FE 2 T B ek E 35 ¥~ Wi 10 &3 F 360
RARIGURL JRRATAE & A - 20 TR QR F B A R0 RET Lo L E
AT AW S MR FE R B L & i A S

FE IS TS LR 6 sk PR 2 A A AR ﬁﬁptomﬂﬁﬁfé,

=1

RAZGFEHLIFHEERFES B TRATBAS RRAR LT 7R - B
RFEAP > &ip b P ERRE Y ok b TP o
(4.2. DR * % »c %

FEY R e FP R Y RE AT TR E KA L ARE T B TR

J=
3k IRAHEE ﬁAﬁ%zﬁ@%%ﬁN@0@$%i£¢ﬁ¢*W“°W*b
57 OE @ SPUEE 2 40 RNE RIS A R R TIRC 2 Gk i R IR LA
(4.2.0)A k1 iTE€ &

*

o BT R L ERL R RZRA > FR T HREEH S TP E R AL 2
L&~ L lentrh @ Rprf e PRAR > (i Boxf s £ - P R R B L a R
RE W AP SR RY TEE -

(4.2.6) p =823k
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= % 7 ¢
%ﬁ— B Highly Accurate Real-Time GPS Carrier Phase-Disciplined Oscillator
£ 5 2 EF 5k P A AR
A
Eup# | ¢ £ R OUE 4 0 P |EBEs2FEk | £ 6 F
i3 % 9 1 P E R & ' ABR Wme i

Atmospheric delay

disciplined oscillator
M 423 |neuralwavelet

mEAER

A low-cost highly accurate real-time GPS carrier phase disciplined oscillator system based on a single-frequency
receiver is presented. In order to estimate the average frequency offsets of an oven-controlled crystal oscillator (OCXO)
with respect to the GPS, the OCXO was connected to a modified GPS receiver to replace its original oscillator. Hence,
the behavior of the OCXO was determined from the GPS carrier phase observations. The average frequency offsets of
the OCXO with respect to the GPS could be estimated by performing difference operations on carrier phase
observations of all satellites in view between two measurement epochs. To overcome the interference coming from the
atmospheric delay, a real-time dynamic neural-wavelet forecasting filter was proposed. The parameters of the filter
were obtained according to the results of a three-day experiment, in which the GPS carrier phase observations of aj
stand-alone configuration and a common-view configuration were compared. The compressed average frequency
offsets were then used by the neural model predictive controller (MPC) for steering the OCXO via D/A converters.
From our experiments, the normalized frequency offset of the disciplined OCXO could be improved from about two
parts in 109 to about three parts in 1014, and the frequency stability (MDEV) could be improved from about eight parts
in 1010 to about four parts in 1014 over 24 h.
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In this paper, the characteristics of time transfer using global positioning system (GPS)-smoothed|
P3 code and International GPS Service (IGS) precise ephemerides are studied. Recently, GPS P3
code has been used in International Atomic Time (TAI) computation as a substitute for GPS C/A
code; however, this observation still has large variations when satellites are at low elevation angles.
For acquiring more stable time comparison results, we adopt a carrier smoothing technique to
reduce this noise. The IGS precise ephemerides are also used to reduce satellite orbital errors in|
order to obtain better results. To test our program for use in international time transfer, we
processed GPS data between various laboratories using the smoothed P3 code and IGS
ephemerides. We then compared these results to those obtained using unsmoothed P3 code and
broadcast ephemerides. This test shows that using the smoothed P3 code and IGS ephemerides can
reduce the uncertainty of GPS time comparison.
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In this paper, the ionospheric effects on GPS time transfer and an improved model for this
correction are studied. It is known that the stability of time transfer using GPS common-view
technique in low latitude region, such as in Taiwan, is worse than that in other region. This
phenomenon is mainly caused by the great ionosphere fluctuation within + 20° of the equator. For
demonstrating this effect, the ionospheric corrections obtained from broadcast ephemerides, Global
lonosphere Map (GIM) and from actual GPS measurements are computed and the GPS
common-view data from several timing laboratories are analyzed. Based on our tests, the frequency
stability is degraded by using the GIM correction in low latitude region. On the other hand, using
the measure ionospheric delay, the frequency stability in low latitude region is as good as that in
high latitude. To compensate the difference between GIM and the measure ionoshperic delay, the
higher-order ionospheric effects are tested and the satellite-dependent model is proposed. Using this
new model, the ionospheric effects can be reduced; furthermore, this model can be adopted in local
region to improve the frequency stability when only single frequency GPS receiver is used in
frequency comparison.

120



UERRFFEARLTRAESRFRA

PR | v [ apRRST S R

g o The Maintenance and New Technology Establishment of National Standard for Time
R ‘ and Frequency

4 %%, |TL-001-P104(94)

HFH = vER BT AT HEHE (94EL1P 3 94 & 12
ER Gl # % 8 il A A i O
R R TS (03)424-4441
g
= % ¢ f . The effects of the pre-reversal ExB drift, the EIA asymmetry, and magnetic
‘ activity on the equatorial spread F during solar maximum
B B 4 ERE gt B. W. Reinisch
P 3R 1 il
BB ¢ % s R 94E 03 ¢ P lEBEsc2FEk | ¥ 1 F
iz e P oE R £ ) ABT W |d

lonospheric Irregularities

Equatorial lonosphere

B 43 Digisonde Spread F

GPS phase fluctuations

mEAER

We use a digisonde at Jicamarca and a chain of GPS receivers on the west side of South America to
investigate the effects of the pre-reversal enhancement (PRE) in ExB drift, the asymmetry (l,) of]
equatorial ionization anomaly (EIA), and the magnetic activity (Kp) on the generation of equatorial
spread F (ESF). Results show that the ESF appears frequently in summer and equinoctial months, but
rarely in winter months. The seasonal variation in the ESF is associated with those in the PRE ExB
drift and lI,. The larger ExB drift (>20 m/s) and smaller |l5| (<0.3) in summer and equinoctial months
provide a preferable conditions to development the ESF. Moreover, the late reversal time of upward
drift in summer also help the ESF onset. Conversely, the smaller ExB drift and larger |l are
responsible for the lowest ESF occurrence in winter months. Regarding the effects of magnetic
activity, the ESF occurrence decreases with increasing Kp in the E (March, April, September, and
October) and J (May-August) months, but not in the D (November, December, January, and February)
months. Furthermore, the larger and smaller ExB drifts are presented under the quiet (Kp<3) and
disturbed (Kp>3) conditions, respectively. These results show that the suppression in ESF and the
decrease in ExB drifts are mainly caused by the decrease in the eastward electric field.
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This work used digisonde and GPS receiver which located in Jicamarca (12.0°S, 76.9°W, dip
latitude: 1.2°N) and Arequipa (16.5°S, 71.5°W, dip latitude: 3.2°S) Peru respectively to observe
equatorial F region irregularity simultaneously during solar maximum (April 1999 - March 2000).
The spread F came from digisonde and classified into five types to demonstrate its characteristic of
height distribution. At the same time, GPS phase fluctuations were divided into three levels to
represent irregularity strength. The analysis includes comparisons of seasonal and night time
occurrence pattern. The results show that the disturbance range of spread F reflects the time
evolution of irregularity and can be explained by E x B drift time variation. The variation of GPS
phase fluctuation in equinox and December solstice also can be described by E x B drift time
variation. Moreover, the comparison of spread F and GPS phase fluctuation indicate that
disturbance height range might be an important factor which causes spread F and phase fluctuation
variation unsynchronized.
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This work is the first to complete the comparison of nighttime temporal variations of GPS phase
fluctuations occurred in both the magnetic equator and the equatorial ionization anomaly regions
along the same longitude on the west side of South America. lonospheric plasma irregularities
observed during a period of a complete solar cycle (1994-2004) by two ground-based receivers of
the global positioning system (GPS). One receiver is located near the magnetic equator and the
other one is located near the equatorial anomaly crest. The results show that stronger GPS phase
fluctuations relate well to solar activity variation in the both regions in equinoctial and local
summer months, but they seem no dependence in local months. Furthermore, the results are
consistent with those inferences of previous studies.
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This study focused on spread F and GPS phase fluctuations at Taiwan where is located in the
north equatorial ionization anomaly (EIA) region. The data came from an ionosonde (24.95 °N,
121.23 °E) and a GPS receiver (25.17 °N, 121.57 °E) both setup at north of Taiwan and the
observation period was during 1996 (solar minimum year) and 2000 (solar maximum year). The
spread F were divided into two categories, range spread F and frequency spread F, and performed
statistic analysis which includes monthly and nighttime variation. Analogously, GPS phase
fluctuations were performed the same process as spread F. It is the first time to compare GPS
phase fluctuations with ionosonde spread F in the EIA region, and the results of the comparison
show that GPS phase fluctuations and range spread F have similar behavior during both low and
high solar periods.
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The purpose of this paper is to describe a development of an intelligent real-time clock (IRTC) based on]
system-on-programmable chip (SOPC) and single-chip microcomputer techniques. The whole project is conceptually
composed of two parts. The first part is concerned with tracking and processing standard time signal from the Taiwan’s
computer time system (TCTS) through the telephone line [1]. The algorithm of their operation was investigated and
implemented on a MCS-51 single-chip in C. Design and implementation of the timekeeping module on the
field-programmable gate array (FPGA) device is the second part. We was using a finite-state machine (FSM) included
state graphs and timing diagrams to describe the hardware operational processes, systematically. Some designs, such as
offset adjustments, periodic phase modification, included in stuff/swallow counter were detailed to insure that the clock|
operations are always monotonic increasing and never run backwards. In addition, the practicable accuracy—keeping
algorithm was also devised.
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Because of the nanosecond time transfer capability of the Two-Way Satellite Time and Frequency
Transfer (TWSTFT), it is important to understand the quality of the delay difference between
transmission and receiving (Tx/Rx) paths inside TWSTFT earth station. An effective technique

using Satellite Simulator to separately calibrate the absolute Tx/Rx delays at each station was
developed by VSL (de Jong and Polderman, 1994 and TUG (Kirchner et al., 1995).

In order to investigate the rigorous calibration method in absolute mode, TL had installed a
calibration device, the satellite simulator developed by TimeTech, on a Ku-band 1.8 m earth
station. By using this device, we performed two serial measurements to obtain the delay values of
some internal loops in earth station, and then calculated the difference of the transmission and
receiving delays of the TWSTFT earth station. The system structure of the calibration device and
the measurement results are illustrated in this paper.

The measurement results show that the calibration device at TL is suitable to monitor the change
of the Tx/Rx delay difference precisely. In order to have further understanding of the delay
measurement of the TWSTFT earth station, more experiments would be performed at TL in the
near future.
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Most present common counters can’t be used to measure the frequency by using the gate time
less than 0.01 second. In addition, the frequency measurement resolution of common counters is
about 3x10™% in 1 second gate. In fact, the frequency resolution is inversely proportional to the gate
time. For improving the frequency resolution, using the high-speed digital signal processor (DSP)
to average the signal samples is created. We use analog-to-digital converter (ADC) to sample the
device under test (DUT), and the frequency standard is used to be the reference clock. The DSP
averages every ADC’s sample to represent one of the DUT’s measurements in the time interval of
the gate time. Because it is able to average the samples and record the measurements in the time
interval of each gate time that is specialized from 1 microsecond to 1 second, the DSP can measure
the continuous samples of the DUT. Additionally, the measurement noise can be reduced and the
measurement resolution can be improved by averaging the samples. According to the
measurements, the frequency difference between DUT and frequency standard can be evaluated.
Since the resolution in our design is inversely proportional to not only the gate time but also square
of the number of the samples for averaging, it is better than that of common counters when gate
time is larger. Additionally, the frequency stability less than one second is able to be evaluated in
our measurement system.
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