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1 - Difference between UTC and its local realizations UTC(k) and corresponding uncertainties

From 2017 January 1,

Date 2018
MJD
Laboratory k

Oh UTC

AOS
APL
AUS
BEV
BIM
BIRM
BOM
BY
CAO
CH

(Borowiec)
(Laurel)
(Sydney)
(Wien)
(Sofiya)
(Beijing)
(Skopje)
(Minsk)
(Cagliari)
(Bern-Wabern)

CNES
CNM
CNMP
DFNT
DLR
DMDM
DTAG
EIM
ESTC
HKO

(Toulouse)
(Queretaro)
(Panama)

(Tunis)
(Oberpfaffenhofen)
(Belgrade)
(Frankfurt/M)
(Thessaloniki)
(Noordwi jk)

(Hong Kong)

ICE (San Jose)

IFAG (Wettzell)

IGNA (Buenos Aires)
IMBH (Sarajevo)

INCP (Lima)

INM  (Bogota D.C.)
INPL (Jerusalem)

INTI (Buenos Aires)
INXE (Rio de Janeiro)
IPQ (Caparica)

SEP 28
58389

-6.
1.
-47.
18.

15.
-821.
-3.
-6944.
-5.

-939.

-19.
-14.
-520.
-45.

DN O W wWwwWw | ©UlhNdw

> o oo | oo O

0CT

3

58394

SO R 3 oo w3 DD RO 9O

O O AW Www
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8
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1.
-25.
18.

12.
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-T148.
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14.1 12.0
-907.3 -936.4
-2.0 -2.5
-T252.2 -7356.4
-4.9 4.3
15.9 15.3
0.4 1.3
7.2 -15.2
595. 6 785.8
20.7 10.8
-125.4 -135.3
5.7 3.0
0.1 -1.4
411.0 431.3
=3.7 0.1
-883.1 -877.1
4.4 3.8
4.2 -0.1
-28.6 -57.9
-8.3 -8.8
0.1 -29.0
-50.6 -57.8
-7.3 2.1
14.1 25.0
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IT (Torino) 3.6 3.4 3.7 3.9 1.5 0.9 2.2 0.4 1.7 1.7
JATC (Lintong) 0.7 2.9 3.5 4.2 3.7 4.8 2.1 0.7 2.8 2.9
JV (Kjeller) 27.5 13.8 4.1 -0.7 -10.6 -17.7 -22.4 0.4 20.0 20.0
KEBS (Nairobi) - - - - - - -

KIM (Serpong-Tangerang) 735.1 748. 7 737.6 778.7 786. 7 796. 4 803.5 2.0 20.0 20.1
KRIS (Daejeon) -3.4 -4.6 -5.9 -7.5 -8.9 -10.5 -11.9 0.4 3.1 3.1
KZ  (Astana) -157.6  -118.4 -102.9 -98.5 -62.9 -36.3 -47.5 1.6 12.3 12.4
LT (Vilnius) 392.2 405. 6 406. 9 425.7 417. 4 453. 6 449.0 2.0 11.3 11.4
MASM (Bayanzurkh) -81.4 -107.8 -129.7 -161.6 -186.2 -224.3 -255.4 0.7 20.0 20.0
MBM (Podgorica) - - - - - - -

MIKE (Espoo) -10.3 -11.3 -10.5 -8.2 -3.8 1.0 5.0 0.4 4.6 4.6
MKEH (Budapest) -1279.1 -1508.4 -1709.2 -1925.3 -2143.0 -2362.2 -2585.6 1.5 20.0 20.1
MSL (Lower Hutt) 516.5 487.6 489. 4 467.0 500. 2 503. 1 483. 3 1.5 20.0 20.1
MTC (Makkah) - - - - - - -

NAO (Mizusawa) -210.3 -217.7 -220.2 -227.5 -234.0 -240.2 -248.9 2.0 20.0 20.1
NICT (Tokyo) 9.6 11.6 13.9 12.1 9.2 7.8 7.3 0.4 2.5 2.5
NIM (Beijing) 3.6 4.1 4.1 3.3 2.1 1.6 1.6 0.4 2.4 24
NIMB (Bucharest) 3493.4 3544.6 3596.4 3643.4 3689.6 3734.8  3780.6 0.5 7.5 1.5
NIMT (Pathumthani) -335.7 -333.7 -337.7 -331.7 -336.5 -340.6 -340.7 1.b 3.7 4.0
NIS (Cairo) -10.6 -22.0 -22.1 -26.0 -16.6 -8.0 - 1.6 20.0 20.1
NIST (Boulder) 0.5 -0.1 -1.3 -1.1 -0.6 -0.1 0.1 0.4 2.1 2.1
NMIJ (Tsukuba) 6.1 5.7 5.0 4.6 3.8 4.0 3.5 0.4 3.3 3.4
NMLS (Sepang) -2204.8 -2243.2 -2272.0 -2308.2 -2342.7 -2378.3 -2415.0 1.b 3.7 4.0
NPL (Teddington) 1.3 0.9 0.7 0.4 0.3 0.9 0.5 0.4 3.1 3.1
NPLI (New-Delhi) 15.5 4.5 -0.5 -2.8 -4.3 -3.6 0.4 0.4 2.8 2.8 (4D
NRC (Ottawa) -8.1 0.9 -8.4 -7.5 -9.8 -13.9 -13.2 0.4 2.8 2.9
NRL (Washington DC) - - - - - - -

NTSC (Lintong) -2.1 -1.4 0.6 2.0 -0.4 -0.1 -2.6 0.4 2.5 2.5
ONBA (Buenos Aires) -2120.3 -2120.1 -2137.3 -2138.7 -2128.4 -2147.5 -2161.8 2.0 11.3 11.4
ONRJ (Rio de Janeiro) -2.2 -5.7 -14.0 -5.2 4.9 -9.6 4.4 0.4 7.9 7.9
OP  (Paris) 2.6 2.4 2.3 2.1 1.9 1.8 1.5 0.4 1.7 L.7
ORB (Bruxelles) 0.6 0.4 1.2 0.4 -0.4 -0.6 -0.7 0.4 3.1 3.1
PL  (Warszawa) 5.7 6.0 6.6 7.6 9.0 11.6 14.3 0.4 3.1 3.1
PTB (Braunschweig) -1.8 -1.8 -2.1 -2.0 -2.2 -2.5 -2.5 0.2 1.2 1.2
ROA (San Fernando) 4.4 4.4 4.7 4.7 4.6 -5.8 -5.9 0.4 1.9 2.0
SASO (Riyadh) -1196.8 -1205.3 -1212.5 -1222.7 -1240.8 -1249.6 -1254.5 0.5 3.1 3.2
SCL  (Hong Kong) 87.1 62.5 49.7 60.9 68. 6 78.8 - 1.0 20.0 20.1
SG  (Singapore) 0.3 4.9 12.8 23.9 35.0 39.9 31.9 0.4 6.6 6.6
SIQ (Ljubl jana) 360. 1 360. 2 375.6 388.0 390.0 350.0 344. 2 0.4 7.5 1.5
SL  (Colombo) -16.5 -23.9 -30.5 -49. 3 -51.4 -44. 8 -49.1 0.7 20.0 20.0
SMD  (Bruxelles) -8.5 -12.4 0.4 0.2 -5.3 5.8 10.7 0.4 3.1 3.2
SMU  (Bratislava) -1960.9 -1960.4 -1972.6 -1972.9 -1976.3 -1976.4 -1934.1 1.5 12.3 12.4
SP  (Boras) 0.3 -1.3 -4.6 4.7 -4.6 -3.9 -3.1 0.4 1.6 L.7
SU  (Moskva) -0.6 -1.2 -1.8 -1.7 -1.8 -2.3 -2.6 .3 7.0 7.1
TL  (Chung-Li) -1.2 -1.3 2.1 2.4 -2.6 -2.6 -2.7 0.4 2.6 2.6
TP (Praha) -34.2 -22.2 -19.2 -13.1 -7.0 -0.8 -5.0 0.4 6.7 6.7
UA  (Kharkov) 5.9 -8.6 -9.6 -15.1 -8.7 4.6 8.0 .o 9.0 9.2
UAE  (Abu Dhabi) - - - - - - -

UME (Gebze-Kocaeli) -470.6 -442.8 -443.6 -465.2 -466.2 -452.7 -443.0 0.7 3.3 3.4
USNO (Washington DC) 0.1 0.2 -0.1 -1.0 -0.9 -0.7 -0.2 0.3 1.5 L.b
VMI  (Ha Noi) -22.4 -22.8 -13.1 -8.9 -7.0 -2.7 -5.2 3.0 3.7 4.8
VSL  (Delft) 4.4 -13.5 -15.1 -20.6 -10.6 7.2 11.3 0.4 1.8 1.8
ZA  (Pretoria) -2.6 4.2 -3.3 -1.4 1.3 2.7 4.1 0.4 4.4 4.4
- Notes on section 1:

(1) APL : Apparent time step of UTC(APL) of about +6 ns on 58409

and about -7.9 ns on 58417
(2) DFNT : Apparent time step of UTC(DFNT) of about +1700 ns near 58392.6
(3) INPL : Time step of UTCCINPL) of -600 ns on 58399. 29

(4) NPLI :

28

Time step of UTC(NPLI) of about 49.4 ns on 58391 due to calibration



2 - Difference between the normalized frequencies of EAL and TAI.

Interval of validity f(EAL)-f(TAD)
Steering correction 58389 - 58419 6. 501x10%%-13 (2018 SEP 28 - 2018 OCT 28)
New correction 58419 - 58449 6.501x10%%-13 (2018 OCT 28 - 2018 NOV 27)
New correction foreseen 58449 - 58479 6.501x10%*-13 (2018 NOV 27 - 2018 DEC 27)

3 - Duration of the TAI scale interval d.

Table 1: Estimate of d by individual PSFS measurements and corresponding uncertainties.
ALl values are expressed in 10%*%-15 and are valid only for the stated period of estimation.

Standard Period of il ud uB ul/Lab ul/Tai u uSrep Ref(uS) Ref(uB) uB(Ref) Steer Note

Estimation
PTB-CS1 58389 58419 5.06 8.00 8.00 0.00 3 11.31 PFS/NA T148 8. Y eY)
PTB-CS2 58389 58419 -6.59 5.00 12.00 0.00 .13 13.00 PFS/NA T148 12. Y ()
PTB-CSF2 58389 58419 0.26 0.20 0.20 0.07 0.13 0.32 PFS/NA [1] 0.17 Y (2)
SYRTE-FO1 58389 58419 0.32 0.20 0.32 0.06 0.26 0.46 PFS/NA T301 0.37 Y (3)
SYRTE-FO2 58389 58419 0.40 0.20 0.20 0.05 0.26 0.39 PFS/NA T301 0.23 Y 3
SYRTE-FORb 58389 58419 0.57 0.20 0.25 0.06 0.26 0.42 0.6 [2] T328 0.34 Y (3)

Notes:

(1) Continuously operating as a clock participating to TAI

(2) Report 01 NOV. 2018 by PTB

(3) Report 02 NOV. 2018 by LNE-SYRTE

[1] Advances in the accuracy, stability, and reliability of the PTB primary fountain clocks.

Weyers S., Gerginov V., Kazda M., Rahm J., Lipphardt B., Dobrev G. and Gibble K. Metrologia 55, 789, 2018.

[2] CCTF Recommendation 2 (2017) : Updates to the CIPM list of standard frequencies in Consultative
Committee for Time and Frequency Report of the 21st meeting (2017), 2017, 56 p

Table 2: Estimate of d by the BIPM based on all PSFS measurements identified to be used for TAI steering
over the period MJD58029-58419, and corresponding uncertainties.

Period of estimation d u
58389-58419 0.36x10%%-15 0. 20x10%*-15 (2018 SEP 28 - 2018 OCT 28)

4 - Relations of UTC and TAI with predictions of UTC(k) disseminated by GNSS.

[UTC-UTC(USNO)_GPS] = C0", [TAI-UTC(USNO)_GPS] = 37 s + CO’
[UTC-UTC(SU)_GLONASS]= C1’, [TAI-UTC(SU)_GLONASS]= 37 s + CU

For this edition of Circular T, S0’= 0.7 ns, SI’= 6.5 ns

2018 Oh UTC  MID CO0'/ns NO° CI'/ns NI

SEP 28 58389 -3.6 89 9.8 83
SEP 29 58390 -3.7 89 9.4 87
SEP 30 58391 -3.0 89 10.3 88
0CT 1 58392 -1.4 44 1.7 87
O0CT 2 58393 -2.0 45 10.7 83
0CT 3 58394 -2.7 87 9.4 86
OCT 4 58395 -2.5 89 9.9 89
0CT 5 58396 -2.4 90 10.0 88
0CT 6 58397 -2.8 89 5.8 57
OCT 7 58398 -3.9 89 - 0
0CT 8 58399 -3.8 89 5.3 12
O0CT 9 58400 -3.9 90 8.1 89
OCT 10 58401 -4.9 88 8.9 8
OCT 11 58402 -3.8 89 8.0 8
OCT 12 58403 -3.5 89 6.6 86
OCT 13 58404 -4.7 90 4.8 8
OCT 14 58405 -4.6 89 4.6 86
OCT 15 58406 -2.1 89 4.8 89
OCT 16 58407 -3.0 89 3.1 89
OCT 17 58408 -4.6 83 1.8 89

29



0CT
OCT
0CT
OCT
OCT
0CT
OCT
0CT
0CT
OCT
0CT

5 - Time links used for the computation of

Link

AOS /PTB
APL /PTB
AUS /PTB
BEV /PTB
BIM /PTB
BIRM/PTB
BOM /PTB
BY /PTB
CAO /PTB
CNES/PTB
CNM /PTB
CNMP/PTB
DFNT/PTB
DLR /PTB
DMDM/PTB
DTAG/PTB
EIM /PTB
ESTC/PTB
HKO /PTB
ICE /PTB
IFAG/PTB
IGNA/PTB
IMBH/PTB
INCP/PTB
INM /PTB
INPL/PTB
INTI/PTB
INXE/PTB
IPQ /PTB
JATC/PTB
Jv /PTB
KEBS/PTB
KIM /PTB
KRIS/PTB
KZ /PTB
LT /PTB
MASM/PTB
MBM /PTB
MIKE/PTB
MKEH/PTB
MSL /PTB
MTC /PTB
NAO /PTB
NICT/PTB
NIM /PTB
NIMB/PTB
NIMT/PTB
NIS /PTB
NMIJ/PTB

18
19
20
21
22
23
24
25
26
27
28

Type

GPSPPP
GPSPPP
GPSPPP
GPSPPP

NL
GPSPPP
GPS MC
GPS MC
GPS MC
GPSPPP
GPS MC
GPS P3
GPS P3

NL
GPSPPP
GPSPPP
GPS MC
GPSPPP
GPSPPP
GPS MC
GPSPPP
GPS MC
GPSPPP
GPS MC
GPS MC
GPSPPP
GPS MC
GPSPPP
GPSPPP
GPS P3
GPSPPP

NL
GPS MC
GPSPPP
GPS MC
GPS MC
GPS P3

NL
GPSPPP
GPS MC
GPS P3

NL
GPS MC
GPSPPP
GPSPPP
GPSPPP
GPS MC
GPS P3
GPSPPP

58409 -4.0
58410 -3.0
58411 2.7
58412 -1.8
58413 -1.5
58414 -2.4
58415 -3.0
58416 -3.1
58417 -2.2
58418 -3.1
58419 -3.6

Equipment

A0_4
APO2
AUO1
BE1_

/PT02
/PT02
/PT02
/PT02

BIO1
MABM
BY46
CA__
CS21
CNOO
MP1_

DN

/PT02
/PT10
/PT10
/PT10
/PT02
/PT10
/PT02
/PT02

IN68
DT05
EI__
ES04
HKO2
CE1_
IF19
1G02
BHO1
P__
IC__
IL05
IN_
NXRA
P05
JAO1
Jvo1

/PT02
/PT02
/PT10
/PT02
/PT02
/PT10
/PT02
/PT10
/PT02
/PT10
/PT10
/PT02
/PT10
/PT02
/PT02
/PT02
/PT02

K102
KRG1
KZ01
LTO01
MN__

/PT10
/PT02
/PT10
/PT10
/PT02

MI04
MKO1
MS0_

/PT02
/PT10
/PT02

NAT2
NC4S
IMO6
MB02
MTTO
IS

NMOD

/PT10
/PT02
/PT02
/PT02
/PT10
/PT02
/PT02

89 1.9 86
89 4.4 86
89 5.2 87
90 3.0 87
89 3.2 84
89 4.8 89
89 3.8 89
90 4.6 86
89 10.1 84
89 9.5 80
89 4.5 86

Cal_ID1/Cal_ID2

NA_AL /1001-2016
NA_AL /1001-2016
1002-2010/1001-2016
1012-2016/1001-2016

1015-2016/1001-2016
2004-2014/1001-2016

NA /1001-2016
NC /1001-2016
1101-2016/1001-2016
NA_AL /1001-2016
NA_AL /1001-2016
NC_A1 /1001-2016

1011-2016/1001-2016
1015-2017/1001-2016
1011-2007/1001-2016
1019-2016/1001-2016
2002-2012/1001-2016

NC /1001-2016
1016-2017/1001-2016
NC /1001-2016
2004-2016/1001-2016
NC /1001-2016
NC /1001-2016
2002-2016/1001-2016
NC /1001-2016
NC /1001-2016
NC /1001-2016
1201-2018/1001-2016
NC_AlL /1001-2016
NC_AlL /1001-2016

1017-2017/1001-2016
2002-2008/1001-2016
1007-2006/1001-2016
NC /1001-2016

1102-2015/1001-2016

NC /1001-2016
NC /1001-2016
NC /1001-2016

1001-2016/1001-2016
1001-2016/1001-2016

NA_AL /1001-2016
1013-2017/1001-2016
NC_AL /1001-2016
NA_AL /1001-2016

TAI, calibrations information and corresponding uncertainties
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NMLS/PTB
NPL /PTB
NPLI/PTB
NRC /PTB
NRL /PTB
NTSC/PTB
ONBA/PTB
ONRJ/PTB
ORB /PTB
PL /PTB
SASO/PTB
SCL /PTB
SG  /PTB
SIQ /PTB
SL /PTB
SMD /PTB
SMU /PTB
SU /PTB
TL /PTB
TP /PTB
UA /PTB
UAE /PTB
UME /PTB
VMI /PTB
ZA /PTB

Link

CH /PTB
IT /PTB
NIST/PTB
OP /PTB
ROA /PTB
SP /PTB
USNO/PTB
VSL /PTB

GPS MC
GPSPPP
GPSPPP
GPSPPP

NL
GPSPPP
GPS MC
GPSPPP
GPSPPP
GPSPPP
GPSPPP
GPS P3
GPSPPP
GPSPPP
GPS P3
GPSPPP
GPS MC
GPS MC
GPSPPP
GPSPPP
GPS MC

NL
GPS P3
GPS MC
GPSPPP

Type

TWGPPP
TWGPPP
TWGPPP
TWGPPP
TWGPPP
TWGPPP
TWGPPP
TWGPPP

LSM1  /PT10
NPLZ /PT02
LI2P /PT02
NRC4 /PT02

NTP1 /PT02
ON_ /PT10
RJIO1 /PT02
OR1Z /PT02
PL_3 /PT02
SASO  /PT02
SC05  /PT10
SGO1  /PT02
SI01  /PT02
SLO1  /PT02
SD01  /PT02
SM0O  /PT10
SU19  /PT10
TLT1 /PT02
TP04 /PT02
UA04  /PT10

UMO1  /PTO02
W__ /PT10
ZA02  /PT02

Equipment

CHO1 /PTBO5
IT02 /PTB05
NIST01/PTB05
0P01 /PTB05
ROAO1 /PTBO05
SP01  /PTB05
USNOO01/PTB05
VSLO1 /PTB05

1013-2017/1001-2016
1014-2017/1001-2016
1013-2018/1001-2016
1019-2017/1001-2016

1001-2016/1001-2016
1002-2004/1001-2016
NA_AL /1001-2016
1018-2017/1001-2016
1014-2018/1001-2016
1020-2017/1001-2016
NC /1001-2016
NA_AL /1001-2016
2002-2014/1001-2016
NC /1001-2016
1014-2017/1001-2016
NA_AL /1001-2016
NA_AL /1001-2016
1001-2016/1001-2016
1002-2009/1001-2016
2003-2011/1001-2016

1011-2016/1001-2016
1013-2017/1001-2016
1102-2016/1001-2016

Cal_ID

0284-2012
0434-2016
0393-2015
0437-2016
0440-2016
0441-2016
0395-2016
0295-2015

—_—O O OO OO O OO0 O DNO o o o =

Ol W W U U1 W] Wwohkwwwow

Lo WO W WO W W W W

W w w Ul

o =3

—

DO

OO NP2 =N

Ju—

4

D U1 © Ol

C.C).C.O

— o e e e

O D= DN OO U0 OO0 DND W

Ju—

uStb/ns uCal/ns

LN DN TN 0D ©

0o
Q1 —

—_

S

—_ = ) O

SRR e

o w o1 Ul

o1 o1 OO © O

B N - =

[e=]

+5.6 1302

-114.2 1802

57.8 0908
-7.8 1411

uAg/ns Al/ns YYMM

(==l e e e e N o =N

[c=RNS2 IEN EE NI I 2

31



(1.2) &2 > FPFAE L Rl X
(121)Eet TAF 2 3 % 8% > 2 2RI E R 4
(1.21.1)iE 25 p
P ABE A 2RRLEAEE(TAR) 282 A REFH T 2 7F %
15 % o
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(12.1.6)p =22 3%
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(1.2.2) % & B F R IRTE
(1.2.2. D =358 p
HEFHFRREBERIIRE  BERP RPE RE Fi®m1 B REE -
(L2.2.2)# i, Z(RAFHF - AFI07.01~107.12)
AERFERRE T 32 FoftiE 2 Hgt 85 ok r 5 1 #74 % 1,200,000
;L»g,}/fo
RN FEERD 20T
(a) #fd & REFFARRPEE Lo WEAE R (BIPD 2 R%RE
B FEFP RRREERZ KR -
(b)) H &3 HAE 2 &K EAF F DL JRFE o
(c) fed& TAF 23850 > Gt WWEEN L7 A2 KT LR 218
rzxeaF R RS BFIR
(d) *F % ZHFFHAIRAEETF BPFRE I TR TR > N ATER > T
e o LR EREARER % 403 3L 53R (Global MRA)z A& A~ F
Fo THRERPXEFTHRETITE 57 o
(1.2.2.3) % %
AERERBPT 32 ForriE gt 80 oo S cATR 1,200, 000
iﬁ-‘.&r'r

4
4

VETRAIRIO7ER 1M2 7 R FL BT A

Ha ¥ 3F 4 bl B RERB(RW/ATR) | 2P | 2P H | W&

T
T R(RTT

3 AL [N uz‘[\

GPS RECEIVER

1 |FTC-2017-11-43-1 B AR R 106.11.27 | 107.01.24 16,000

"”’j ) Fluke/910R/SM888781
7o aE
& & s
5 rﬁ:«;ﬁ% GPS RECEIVER
2 |FTC-2017-11-43-2 ; M‘U m‘{ BoAf S R R 106.11.27 | 107.01.24 16,000
f”’j )‘ ~ | Fluke/910R/SM888781
7 Si
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Nl

ERACE & PR
3 |FTC-2017-11-43-3 | - "7, " " |Fluke/PM6681/SM8867| 106.11.27 | 107.01.24 8,500
Sy }i 2 1
7o) 0
PR
(kR | RS REEEE
4 |FTC-2017-11-43-4 | " "7 T % pendulum/CNT 81R/N | 106.11.27 | 107.01.24 | 16,000
RN ) C 9446 100 81676
\: i
IQE%H,J .zu
1R | B RESEE
5 |FTC-2017-11-43-5 | /"7, "\, "\ | pendulum/CNT-81R/N | 106.11.27 | 107.01.24| 16,000
~7F C 9446 100 81676
7o ﬁ)
1o SR Ao SRR
6 |FTC-2017-12-46 | 54027 Fluke/910R/286844 106.12.13|107.01.17| 16,000
7 |FTC-2017-12-47 ﬂ:ﬁ f‘_;b\*f’? ' s = SRe20/5028 | 106.12.29 | 107.01.15 8,500
. " Quartz Watch/Clock
8 |FTC-2018-01-01 ;’fiﬁ’ﬁif Analyzer/SIGMOTEK!/ | 107.01.03 | 107.01.11 8,500
R R QWA-3A/267
o121 oA £ AF R B
9 |FTC-2018-0102 1, >4 ' 7 |HP/5071A/3249A00522 107.01.10) 107.01.221 16,000
MBI A p 7
B Fi kP
1R
10 |FTC-2018-01-03 | f (f};}f 3+ p¥F E TS001/002 | 107.01.10 | 107.01.22 8,500
#3739 2}; P
i#)
SERFIE|] AW REE
11 |FTC-2018-01-04 |~ S aan | FE/S650A/00862 107.01.15 | 107.02.14 | 16,000
SRR
LR RN
S G R
- -01- o8 (8 p A o .01. .01.
12 FTC-2018 0108 g ,(\E’; ’?,Jj,\ HP/5071A/3249A00735| 070119 107.01.29 116,000
> Sy RN
7R Ex)
PABE AR o R E
13 |FTC-2018-01-06 | i7" % F- | Symmetricom/8040C/1 | 107.01.16 | 107.02.02 | 16,000
e 13830101008
2 mnpd | aFRES
14 |FTC-2018-01-07-1 | "~ CE/680A/SN Loass | 1070131 107.02.26| 16,000
CES LT FRE
15 |FTC-2018-01-07-2 |~ —,_ . . ' |MF/1601A/SNMT-0458| 107.01.31 | 107.02.26 8,500
R 2. ¢
5
3 F 3N (> ) ”‘:‘%:g'%_" BB
16 |FTC-2018-02-08-1 | X 7 &7 %0 S IHEE |07 ) 051 107.0214| 16,000
j

SRS/FS725/65164
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REFRF R e MERTE
17 |FTC-2018-02-08-2 Mg FTo1050A/020s | 107:02.05 | 107.02.14 8,500
EY TERTEN [t
18 |FTC-2018-02-08-3 | . - . . |AGILENT/53132A/MY | 107.02.05 | 107.02.14 8,500
poeeT 40003244
EY TERTEN s
19 |FTC-2018-02-08-4 | ~ . -~ | AGILENT/53150A/US | 107.02.05 | 107.02.14 8,500
oo 40501620
SARKPK|] rELMETE
20 |FTC-2018-02-09-1 | 7 ° s n | FTSI050A/407 107.02.21 | 107.04.03 8,500
R PR
21 |FTC-2018-02-09-2 | 7 ° S  |HP/5335A/3145A15085 107.02.21 | 107.04.03 8,500
RETFNG| rHLWETE
22 |FTC-2018-03-10 Y ia e | HPI0SBI2848A01892 107.03.01 | 107.04.11 8,500
T TI  ErEY
23 |FTC-2018-03-11 Sia | SRS/FS-725/133582 107.03.02 | 107.03.12| 16,000
AR PERR RS _
FFT T - Unlvgrsal
24 |FTC201803-12 | oy o Counter/Agilent/53132 | 107.03.05 | 107.03.14 8,500
BER S AIMY47001971
F&RE
SRR | Aol % R PTS
25 |FTC-2018-03-13-1 S ia | GPSIORBN/OLIEY 107.03.05|107.03.21| 16,000
S HOR Sty AR X
26 |FTC-2018-03-13-2 |, | " Pendulum 107.03.05|107.03.21| 16,000
e 6689/011/378831
AL v R E
27 |FTC-2018-03-13-3 | " 17"~ |Keysight/53230A/MY5 | 107.03.05 | 107.03.21 8,500
e 0010630
H P HOL v R E
28 |FTC-2018-03-13-4 | ", 17"~ |Keysight/53230A/MY5 | 107.03.05 | 107.03.21 8,500
o 6410119
SR Rl Solf F AR
29 |FTC-2018-03-14 S e SRS/ES.7o5/ad013 | 107:03.26 | 107.0423| 20,000
BRI o
30 |FTC-2018-04-15 | § 22 7 -37 mﬁiif&iizo 107.04.20 | 107.05.02| 16,000
# PRARER
MW ap| EMAGEE
31 |FTC-2018-04-16 | ., |WAVETEK/909/009090| 107.04.25 | 107.05.09 | 16,000
~ ' 01747604
DRIRBAE Sl FARE R
32 |FTC-2018-05-17-1 | 5715 7 | FLUKE/910R/384936 107.05.16 | 107.05.21| 16,000
2RIRF AR PR
33 |FTC-2018-05-17-2 | . . /=" " | Agilent/53132A/MY40 | 107.05.16 | 107.05.21 8,500
op 007106
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G REE

My wpg) RS
-2018-05-18-1 | &= § I & s ymmetricom 107.05.17 | 107.06.1
34 |FTC-2018-05-18-1 E;a’,n c071A/USa5382380/13 | 10705 07.06.19 16,000
B 5941-US45382380
AR - SRR E
B L F Ipendulum/CNT-91-Sym
35 |FTC-2018-05-18-2 |#= § [ % it metricom 107.05.17 | 107.06.19 25,000
ER 5071A/135941-US4538
2380
I AL B AR R
36 |FTC-2018-05-19 . sa~ = |FEIFE-5680A/0803-14|107.05.24 | 107.05.31 16,000
s 07005
B T R B
o REFHI T SRS PRS10-HP
37 |FTC-2018-05-20-1 S ia e |53132A/031592.3546A 107.05.29 | 107.06.06 16,000
02654
SIEAHOLG | Aol S E
38 |FTC-2018-05-20-2 . SRS/PRS10/031570 | 107-05.29 | 107.06.06 16,000
ML T BRI RK
B4 REE > TAI
39 |FTC-2018-06-21 4 U2 P | TIENJQWABA/SALZL 107.06.15 | 107.07.13 8,500
2001
PAEZE A p A
BOEGR M| TR R R E
40 |FTC-2018-06-22 | $p o R . d JAD43/001 107.06.22 | 107.07.18 8,500
2NN
kg PP LS FRE
41 | TL-107FMMA-01 4 Keysight/53220A/MY5 | 107.05.17 | 107.08.02 16,000
oF 0011446
S PR
42 | TL-107FMMA-02 ;;l,,\,‘ o o | Keysight/53220A/MY5 | 107.05.17 | 107.08.02 16,000
=7 p e 0011446
PR A S Soff 4R R
43 | TL-107FMPT-01 3w | SRS/FS.725/134182 107.05.17 | 107.08.02 16,000
e 4 4 R kg o 4R R
44 | TL-107FMPT-02 I SRS/ES.72E113418p | 107-05-17 | 107.08.02 16,000
x-SR BoHE & B
45 | TL-107FMPT-03 I SRS/ES 72113418y | 107-05-17 | 107.08.02 16,000
ERPHELS | s R E
46 | TL-107FMPT-04 . SRS/FS.7on/12n1gy | 107:05.17 | 107.08.02 16,000
R >Rk
e o BoAE FARE R
- - 22 BL (A B N v .05. .09.
47 | TL-107FMPT-05 | lyqp SRS/FS. 705/ 13u1gy | 107-05.17107.09.10 16,000
P
B AL ok i SodE SR 0 R
48 | TL-107FMPT-06 I SRS/FS.7on/12n1gy | 107:05.17 | 107.08.02 16,000

37




N

Seip AR E

49| TLAoTRMPT07 | T T e e tantgp | 1070517 |107.0806| 16,000
R 7P LFL
0 | TL107EMPT.08 |5 ;z:;ji e 1070517 |107.0813| 16,000
T LR T
51 | TL-107FMPT-09 :prg?} e 1070517 |107.0813| 16,000
o
52 | TL-107FMPT-10 ii‘fz’ffﬁt R 1070517 |107.0802| 16,000
53 | TL-107FMPT-11 Efjﬁ;;;j e 1070517 [ 107.0822| 16,000
54 | TL-107FMPT-12 ‘ijéia"”\ R 1070517 |107.0802| 16,000
55 | TL-107FMPT-13 ‘";ﬁ%gj"’\ R 1070517 |107.0802| 16,000
56 | TL-107FMPT-14 Eiij‘ﬁif% R . |107.05.17 |107.0802| 16,000
57 | TL-107FMPT-15 ?Eﬂ 4;5;5 ? R |107.05.17 |107.0802| 16,000
5 | TLAOTFMPT-16 |~ . 7 e . |107.05.17 |107.0802| 16,000
59 | TL-107FMPT-17 "’ﬁf‘g"‘ Bl 11070517 |107.08.08| 16,000
60 | TL-107FMPT-18 ‘1:%%&‘\%} R 1070517 |107.0815| 16,000
61 | TL-107FMPT-19 “{? ETET] e R 1070517 |107.08.02 16,000
62 | TL-107FMPT-20 fi?;f?"’\ e . |107.05.17 |107.0802| 16,000
63 | TL-107FMPT-21 i?éﬁ?"”\ e . |107.05.17 |107.0802| 16,000
AR R
64 | FTC-2018-07-23 ;iiffﬁf MONARCHPRaser-St 107.07.19 | 107.08.02| 85500
115/B2580213
65 [FTC-2018-08-24 | ?rii?l} R“gigguglggfgter 107.08.01|107.08.07| 16,000
66 |FTC-2018-08-25-1 iifﬁff A B |107.0816]107.0012| 16,000
67 |FTC-2018-08-25-2 igfif% A B |107.0816]107.0012| 16,000
68 |FTC-2018-08-25-3 iif PR s & | 107.0816{107.0012| 16,000
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B F R R
SRS/FS-725_ESCORT/

69 |FTC-2018-08-25-4 LA A 107.08.16 | 107.09.12 8,500
Wi L P |[EFC-3203A/65722 981 s '
10081
S 3 R SROFS 25, AGToniA
F LR -725_Agilen
70 |FTC-2018-08-25-5 % 12 P | G5313LA/5722 (ISM 107.08.16 | 107.09.12 8,500
1-A)
AR
HET I A St 5 AR E
71 |FTC-2018-08-26-1 | "\ .. 1 L, |keysight/53230A-Micro| 107.08.17 | 107.08.27 25,000
=7 F T lsemil8040C/MY582601
18-181530101009
EEAEL R
AFps gyl BTIEER
72 |FTC-2018-08-26-2 | "\ ., 1 L, | keysight/N5171B-Micr | 107.08.17 | 107.08.27 25,000
7T 0semi/8040C/MY57281
011-181530101009
E it Ly Universal Counter
73 |FTC-2018-08-27 |~ . .. . -, |Keysight/5334B/2937A|107.08.29 | 107.10.08 8,500
R 11092
eI PEE - 4
PATF 3 T GotE SR E
74 |FTC-2018-09-29 s 4 o HPIS065A/2816A01581 107.09.17 | 107.09.28 16,000
FH%E
X LR Quartz Watch/Clock
75 |FTC-2018-09-30-1 | ~ ' = . _ Analyzer/TAI 107.09.18 | 107.09.26 8,500
Fosec TIEN/QWA-3B/101
% %7 5 | STROBOSCOPE/SHI
76 |FTC-2018-09-30-2 75‘ o A o |MPO/DT-311N/A59A0 | 107.09.18 | 107.09.26 8,500
N 4 F 08
QUARTZ
£ gt WATCH/CLOCK
77 |FTC-2018-10-31 | .~ ' 7| ANALYZER/TAl |107.10.05|107.11.14 8,500
=7 S T I TIEN/QWA-5A/AL708
001
GotE F AR %
EE A 5 55L& 4 B Wavetek
78 |FTC-2018-10-32-1 | , _ s 909-keysight 107.10.26 | 107.11.14 16,000
* ’ 33622A/SM009090017
47603-MY53802677
P 4 iz 5L A 4 % Wavetek
79 |FTC-2018-10-32-2 | , _ s 909-keysight 107.10.26 | 107.11.14 16,000
b ’ 33622A/SM009090017
47603-MY53802677
80 |FTC-2018-11-33-1 | %3k i $ *2 Sl 5 R B 107.11.01 | 107.11.30 16,000
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X PTF/PTF4211A/903000
6201
BRI > | 2hag B Advantest
81 |FTC-2018-11-33-2 g m537a1130400855 | 1071101 | 107.11.30 8,500
GPS #: 4 %-
HoIf SRR
A gest@ s p|  TOPCON/NET
82 |FTC-2018-11-34 . o G3-STANDEORD | 107.11.01 [ 107.11.30| 20,000
R RESEARCH
SYSTEM/FS725/401-0
1651 - 107385
SRR A IEEE
83 |FTC-2018-11-35 |71 34020 Fluke/910R/286844 107.11.12 | 107.11.14 | 16,000
PAEE AL E L g
84 |FTC-2018-11-36 245 = SRG20/3836 | 107.11.20 | 107.12.19 8,500
;I’jl,{h‘lﬁ iL fm
ATUHFAEE | e SRR
85 |FTC-2018-12-38 |#1% 1> *T2 | RACAL-DANA-9475/ [ 107.12.07 | 107.12.22 | 16,000
Pams s RIC1913
3| 1,200,000

(1.2.2.4) % * % »c &
?/:Q’ ‘g-#??‘]xﬂmféﬂ};?*ﬂ} y B>

B~ S A RRER MBI R

B2 g e ARMAFFMIAALE A W22 g o

i E IJ,%&;]_E]P\

H

» TR AT

2.5k ka1 ivd€ gk

4 5@«]‘&.}% 2 7

e b

(1.2.2.6) p =gz

>
P

W

:‘L'f&l‘ ’ "ﬁ Ej""/\g\ W\'é\—l%& Xz

LT TR
ZZ‘T"L f?‘lz LA

S A KA F M E N RS LTI}

B g ndan &
TR PRI ITRIEE R T

RS (driRd i
v R R RE R .
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- T o REFMF

— WA PRI T~ B 4

> RPFAEIE R ko R R R PEIE R ok

F2gng Ko 3 BT RAERP

E AR PRTS o SO TR R LR R R
P RER R ERFRT e R

;‘:Z»ﬁig‘)\?}'\-’;%j"\°
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(1.3) %M RIF L RIFIF L
(1.3. D% SRR T ST PR 5

(1.3.2):¢ 2 p
FARTARME T R R R E 2 & P RaRd - (2018/11) -

(1.3.3)4‘% FprF@EEFHEF 107.01~107.12)

ERR AR LB RE(R > F > &) A2 15 B 0 B At pen
el e lﬁ,f—‘r'ﬁ;ﬁ Fepic g8 ) 4~0 BECE B Tl R SRR enE R 2 3 A0H
B Begf BR-E LG Sl o 2 T @AM ARELE S T
e 105 T 2 hERT R AP R RR h sl > T
B+ 48 % s pr R (LOE-13)d P = B 73 B 3 3T B2 ch 50 GHz 2 85t £
e 3 RAFE(1200~1800nm) o AR @ o A AR MM A R sk B oA A
= kg E i § s+E 1908 (comb mode) 2 s E A 4F 5 (repetition frequency) 5 5k
TEHSEFLR > Td S RGERATDE RN 4 o FRILRELET B2
FRGIRE BT A RRE 0 B O F 5T 57 R R (linewidth)
EFAIMHzZA 225 AL BEF g EFEA RS FR2 20T 00

XL AAEA) DM AR 2 KRR AT T 23 2t kE s
i g Ft i ITRE g%k o
3 OTARAR T Senf sbiﬂwm; v B e Ar R B E gt B ARAE T Men
X IRS SREIFHPEHET 5 ED]F § 20E-12 =+ » fa 7 & k@
22 R BRI 4 TR c M HBEE YUY R R T A AT AR N
PRl BiE s (> AP uarh+ 778 X T FERBITS I Ryp o & B
FAE ey - R R G 0ot A 2 2 kAT B Rk Sena (R R
PR E 2 kSRR ST S E N E BT L IR 778~884 nm [ 5L
M) - L2 AT I RKREG ALDER N o % - BEAISBES AR

SRR Gh (BIPM)F 4t © 2R 5 7 LA & S b2 3k dp AT 2 ]

N
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ﬁ%%ﬁ’ﬂﬁ%ﬁ%f*%%5?”§ﬂ%%xﬁﬁibﬁﬁﬁﬁﬁpio

Z B RPN ENE e TP E O VEIERETRE R TR

F

AR oA 106 E T X EEF R AAPME R E A RS 107 & B 4hiE

(FREATR 7 B Ac D~ RELL P RATRIGE - A7 © S BRI H SR S
PR ATROY RS TR B ARTEEr TR T HAPM 2
&’%ﬂﬁﬂ%ﬁﬁ%iﬁ&&ﬁéﬁwgﬁﬁ$’é$%ﬁ£ﬁow%ﬁ$

a1l A AP L - KM R TR T MR RS R
);flﬂ"
(1.3.4) % %

F %4 * d Triad Technology Inc.#t4 & ehsee (TT-RB-12x25-Q-BA) » % d

7 # g 13 (Fused Silica)st& Bz 7 - %p AR ? 529 ®Rb {v ¥Rb & fiF =

F 0 BAUH il 1 S HAC R 1.6 Hrom

=0
2.9 MHz
=1 F=1
5.5 MHz 15.9 MHz
ey 230 MH F=2
o rd z
D 3Dsp & soMHz prosy—
5D X z z
m 9.4 MHz F= ¥ F=4
776nm | | 7781 am 6Ps;2 7781am 4 C
wdde g -
5P3 4202 nm
7781
778.1 nm
7802
=2
581 551 ——< 3.036 GHz .835 GHz
F=2
F=1
5Rb Rb

1.6 °Rb 2 STRb 4g4F i B 5 it 4 245 )

B 16 =®l#%+ Rb h+ ;i’%\;’ B Bl & 5 778.1 nm sk 3+ @@ RS s fgd

5Siyp = 1 5Dsp o Bf)f %%E’ o=t kS i e w 3] 5S100 H ¥ d 6P
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¥ 51 51 géi 420.2nm £h ko AR S TR BLE L - ¥k RADILATR

BopEide a4 o B 16° B2 LRI E_®Rb{- ¥ Rb { & - # g fmit PR
B Wi T BIPM F o otk 1%+ L8 F ORp 5S,(F=3)-5Ds,(F=5) &

% 3 e o AF Sk 88 385,285,142,375 (KHz) o I *t 4k ¥ Bk 3 wfca 2 H &
F BT F R A AT M F R RE R (ZIRT EE ms)iTig bRk B
H# % (Doppler broadening) » &% RAXE RIFEAF T SFecrd R L € T "F o
F* eng HE_Optromix = & gk % 5 %+(Optromix-DSE-778-0200-FS) > # ¢

sk £ G 778.1 nm (225 °C) » %ﬁ“ﬁ B R % (15-35 °C)¥ A F 4+ : £0.08 nm >
& % »cis(Piezoelectricity Effect)? 5 %]+ : 80 MHz/V (0~100 V) » 4 1 5 5 200
MW § 525 <5kHz o ¥ #F > d 3t h 3 5 PR BB o i eny 6 1 325 % ahjieds
@i % Sk F R H ¢ (Photomultiplier tube, PMT) 2z + 2 514 5 chF| » &3 * Py
"% 3] 5L & Hamamatsu R5983 » 1 iF 4 [l = 185~710 nm -

EENRERRLN O APLFTEUE- FEHE T AL F e IR
MGG A R R RHF (2 FRAY)S R AR R RE AN
Ky E R FIF L kT 4R o 57 RRRATHLE chfe e Bavd KRR T Sk A 4
h o AR - BRE kY § ﬁﬂi@—l A1 2L g Sk pE 3 = (Isolator)
WE R TR B BFEL A P (Half-Wave plate)? B imdr = » > £ d & &
S (Mirror)zz s (72> » 90 B > £ % #& i+ & & B (Polarization Beam Splitter, PBS)
gR-RT LT RiRs AR > KT RHRE - RE IR 5T Wi il frje
NEBHE  GERETE G - HBEOEE S TR KT HE LR F R
Wk S dopt - Ko Y SRk p 2 sk F
%%?%ﬁ%ﬁﬁ%“%ﬁﬁé%ﬁ%ﬂ§%¢Wﬂ%€%ﬁoi*%ﬁﬁ%
BRSO A M R R R T S k& R R E 778.1054 nm T
(Fd A ERER) T KL - TP T REEEF =100 mHz, Vyp= 328 mV)*s

v R R R T ok B T3 & (Fast Piezo Tuning)# sc k=2 F ﬁ,ﬂﬁ] I ek £

43



o AP B R LS P2 LR F) D

Rb Cell
(Enclosed)

PMT
(enclosed)

Fabry—Pérot
Cavity

B 1.7 ~

35

85Rb f} > '5 /FJ

g kL HAcR 1T 2 B 1.8 1w o

Laser Source

Isolator
Wave plate

Mirror

PBS

'mﬂ
A%
é_
=
AY
4

30 -

25 -

20

1.0 -

0.5 |

0.0 -

PeakSum 4

B 1.8~ MAFAEHR (R
d AP I E T R BT Ak R T e
BELAME S W PR kRGBS GE T

Time (s)

PR G)F DT EY R
@ﬁ;v%ﬁr}éb’q‘] ﬁ;?]ﬂ’l

0.328*80=26.24 (MHz) = + ¢h

R Mf 7 8Rb 5S1/,(F=3)-5Ds(F=5) sk + sxdc § # 4 ¢ » H 1 JRiT ehpg

84 BRD 5Sy,(F=3)-5Ds(F=4,3,2,1)+ +

BE Rz Fip L

4 315 (MHz) » d **

A o d B 1.8 eI M E B
LS s e Tt KR T iR
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2 & 15,75 (MHZ) » Flpb o st A #7254 R R BT 0 -H i E o P 078 4

%R F G L5 (MHz)®m 2 peind it @ 5 0.7 (MHz) i > Flet iv s 2 7

(1.35)&:* % »

() F A AEME T ST 2 turnkey K & > AP B ARAE IR TR PR BE O F B TR ¢
P ASBHEPERTEDF & RFEaRE 5 H0i A kAT R
FEAREBERFTEAFTF L EE G AR TE o

(b)yE = fFmkH B Rl 4 » FHTHE R I NP I 2 Fep 3 8% > (F LB
k483 (T8 L H) kA -

(1.3.6)% k1 ir€ gk

(QBLFR P W ehL (72 4o SHBRPIFIF LT PR B Mo SFEERT

HoE pIE R 0 @ T AL g DGO R R F R AT R ch R i

¢ 7 % &2 % B (Electro-Optic Modulator, EOM), #-sk 2 % % (Acousto-Optic

"

Modulator, AOM) 2 sk 4 4p i34 % & (Fiber Phase Modulator) % =~ i+ 3% & A % 3
AR R R P DT RAGFT LEDFI AR PR B AR
ﬁﬁﬁxﬂﬁdvﬁﬂfiﬁﬁ@’¥ﬁ%%*ﬁw$¢?ﬁﬁ@£?ﬁ
R
O)d P o FRRATFE* > MEFEFHAAM L 300 Fob o w THIT
P R 4% 4 Boke(Pound Drever Hall Technique)4f % 4t 57§ 447 5¢
Rbedpg » 57 B8k F o 3 8% FH ¥ ERG %{mﬁgq]”"ﬁ 0
(L37)5 =t 3
RETHBEFTZORFE AR S F%RERAY FEF L2 i 82 0

SRR SRR il



(=) PIER P HITF 7

AERATIEIED AR FEEP RS AE B GR “THY 2 GNSS B L $H#

R Gk B PR R o 40T AT S
(2.1) $Aeferh Py X pojis

(2.1.1)iE =3 p :

Group 1¥ 5% ¥ GNSSHE TR I & 3t
(21.11) #ivp ZHRFFEF 0 107.01~107.06)

GNSS @ pF 5 P v 2 If S Fg cnPR I v S 2. — o LU R TR 8
PRIl E R RPN AL PEAEE R PRI o ARV H S G o PR SR 2
= I 4 W% K + pF(International Atomic Time, TAI) % & %34 p# (Coordinated
Universal Time, UTC):* & cnE & ikdg - ARPPFAEE R > 5 > % T p LA
2. GNSS iz Pdg it 5imaE = 0 R R P il ko R EH B RE
ERE B SO R D PRI o

SR BT B FEEANS P L T OER Q;@?ﬁ
WF Ak THRAE T2 BEE B M Z BT R A 0 T IEpeAn B e h BLIP
TR RIZZ FE 2 TFEFRPEHET G RERIRE o B SEF T
*RLRIE hA e o GNSS @ 4t kil R Y L2510 2 47 &

=\
3

(* FEE R <5nS) -

12 GNSS sk m 2 2 GPS 44 & (N4 k% AR (TR S
¥ mA R B (<1000 km)# * & ARi2 (Common-View)gLip] v F #c i)
GRELBER T Y S AR L R 0 B AR o GPS £ ARk 51" GPS iFk
r R ERFR REFER FHRZE A B3 VF R EE P TP
HREEEED - ZFHFIFENERZREFZ L2 E /DT F- B 21 5 Ein
EEPECHT AR F 9% T KLE K2IEFARAE P > 9 5% 35 BRI
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Eilckpiph Fh o ss T R2E nE 529 %z UTC(TL) R 4pr » £ 5
d TR LT 2- % A 17 Clock(K1)2r Clock(K2) R srps fF £ > - 2 2 L 5
Ak S AR R

GNSS Satellite S

dskq dsk

GPS Receiver GPS Receiver
Clock1 1pps Clock2 1pps

Time Interval Time Interval
Counter Counter
Start Stop Stop Start

N F1t

A 4

y
Data Processing |« » Data Processing

Data Exchange

K1 .
Bl 2.1 e PEAT L T R R

LeEE 5 & & GNSS pF i ek (4e ¢ £ B GPS - 8 %27 GLONASS ~ %
Galileo ~ ¥ B¢ Beidou) » GNSS s sedk g % & A BLRI TR Z AT 5 1|
e Rl pHAEY B R E R RS T SRR E o TR LR
WEAF AL A ER CPEFLERFLAIFE o FILLET 2
SR 5 h GHEmLrhEd o Fpw fh ks k i A # e GNSS Bt
oo AR AR KR HFLATEEE P E @ s g
HAFHRIFE S TAFRP PR EROERFIRE c A% T 101 &
Azip e 7 GNSS @ ps it 44 % #(TTS4 ~ GTR50 - PolaRX4)i: ¥ & { #7 > 107
Ea4F I GNSS Bl 3 S E X RS F AeR 2.2 o
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TTS4 GTR50 PolaRx4

Bl 2.2 G5z @pr GNSS Bprb % 4 %02 % 5L 7

B 7 MEE R PO AARL DV 3 R (Ao R] 2.3 ~ B 2.4) T &2 BRI iR -
Ro T FFHORE Z2TFELF B o P F p 102 &4 > GNSS itz pF
ARk Sk i iF > WL A £ ¢ (Taiwan Accreditation Foundation) 2 &% &
FEEE o ¥ 5 F GNSS B PR o 4 R &0 ¥ #+ £ (Bureau
international des poids et mesures, BIPM)R# 4+ #+ 7 42 & @ (key comparison
database, KCDB) » # & B% ISO/IEC 17025 *£# % 2>3f4p 3 32+ 4 2 (Mutual
Recognition Arrangement)z. & & o 104 #4237 FAF T £ %) > & S E &
BIPM KCDB 4 “o 7 /& 2% 5 35ns(f3 #f -k 2 5 95%) « R M#F F g iR > 6 » %
PUIR A SFRE AR $ IR L 7 AT T R 45 e dF B 2.0B-13 R I o B RPF R LR
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EREFHTRAPFERE AT 222 0 BERP AL RT ik prag g ndd
B BB RETRZEBST R REZ G K

W4 RS MHPTORE EE o S R R R R R p
Bo D EFTRERGEFET LT GHF R e AR 2O S R
Hig GeRartn ke R ad d o TSmO RS 7 IR L AL

ﬁr

FEy BiE 2 BT A 0 BRI RREF S X TR R B m o {e L R LD
JRAZ"E 5 o B 25 Z U R RERENEFEEIRFH T K & CDMA -
WIMAX-TDD~ LTE-TDD % Smart Grid PMU(Phasor Measurement Unit) s st @ >
e b e Fo K e ficf) & & (micro-second) - B W T B R AESRA G NG
#8 - TDM (Time Division Multiplexing) link ~ GPS, SYNC-E (Synchronous Ethernet)
link 2 IEEE 1588 PTP > # ¢ GPS 5 § Ml # $f sceh™ 2 2 — 4k # gt 3 N2
BEAN AATIEIES LI ERDRH T R FIRRAP A EEFFRFHE 3§
preng R Pk E 2 87 GNSS By praf e kS et > Y
LR N PEAR E R4ARL 2 2 FE TR o B B MR GNSS @ pFit T i 2 R
POREAEAE RAAR > R AR %R ER P R SERRE AR LT T L TR
GNSS g e fe it Ppde f 2 R * Group 2 PR R & 2 ~ RIP & X &R &% X
T2 RBERARPRY - R L HAERIME S| g kamaed g 44
Bt FAKRBHEFR(EHE)E L IRHEET Y Lnd £ 40T 1§
FEHBF - dA - FETRE PEFLE > P E R 53 T 52 GNSS i#
HBELF T RMAeENE I A RT B BN AR (4G~ 5G)1 £
% P4+t (Primary Reference Time Clock) & ip| 2 P& Fe ) eiig j# o
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BIPM

1B %A B PR IR B BERE
— & _——— UTCc(TL) ®

s o

10MHz 1pps 1pps ?
| G NSS Receiver

1pps 1pps

’—'lGNSS Rccei\'erl—'konmerlo—r—l Remote Clock
0
|
i

T4-057 &
i AOG-11

T
! 10MH;
20MHzEx{ {10MHzExt. l ! - “
sl Master || Remote LR
I e + 10MHz Ext.
' v HE 1 Generator
" = TWTF TLP1orTLP2 |  ‘“--------' Remote

20MHz Ext. Master Master Site Remote Site

B 2.3 GNSS # swfprh PFAR v 438 =T 3 B

(1875

BB R a4
I

A P o
4 ] A A )

CIPM (s

%
@ %%—‘l- % iﬁ/ l”%F\;BIP}wl 1875
£ AL - l‘;; g g e ma

SEAERERRE
%H A:: : ;
NIST NPI

B 24 TL gape g mide
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Application Frequency Accuracy

Time accuracy

GSM 5x 108

N/A

CDMA 5x 108

1 1£s(10 i s holdover)

WiIMAX (FDD 5x10°

mode)

N/A

WIMAX (TDD 5x10°

mode)

1 1£s(25 1 s holdover)

LTE 5x 108

(FDD mode)

N/A

LTE 5x 108

(TDD mode)

3 s inter-cell

LTE 5x10-8

(+ CoMP)

15 05 us

Smart Grid DME

Ims

Smart Grid PMU

<lus

(2.11.2) %%
() RPN PR 4R

\

Calibration and Measurement Capabilities

Time and Frequency, Chinese Taipei, TL (Telecommunication Laboratories, ChungHwa Telecom Co. Ltd.)

AR S EIETE TR ¥ S LTS BT

PR A%

KEDB

Measurement
Calibration or Measurement Service Measurand Level or Range Conditions/Independent Expanded Uncertainty
Variable
Is the
Quanti Instrument or Instrument Type or | Minimum | Maximum Uniits Parameter Specifications Value Uniits Coverage Level of u?t;ar?t;ji?l‘lj NMI Service Comments
y Artifact Method value value P factor Confidence a relativey Identifier
one?
Inciuded best
DUT's effect
Time difference Direct time interval 1PPS NSTF-ICT-
Time interval source measurement -1000 1000 s amplitude =05V (50 ) 10 ns 2 95% No SRE20A-005 A;;%rmv:rt:'?n
2015
Measurement
time 86400 s
Slew rate =05 Vins
Included best
. DUT's effect
Time scale Local clock vs. | Comparison against 1PPS NSTF-ICT-
differance utc predicted UTC 03 0.5 s amplitude |~ 08V (600 100 ns 2 9% No 1 sre20a-005 Aﬁ"é’ﬂ:f‘:;”
2015
Measurement
time 86400 s
ST T A —
nclu st
. N DUT's effect
Time scale | Remote clock vs. | GPS common-view - NSTF-CT-
differance fime transfer 05 05 s Averaging time 1d 35 ns 2 95% No RTFCS-002 Approved on
10 March
2015 4
[P
from TL m
Included best
. DUT's effect
Frequency | Generdl frequency | - Direct frequency 1 30E+08 | Hz |Messurement | geings 30E-12 | HzHz 2 95% Yes NSTEICT- | spproved on
source measurement time ‘SR620B-005
10 March
2015
Amplitude >0.5V(500)
Included best
DUT's effect
Local frequency N Measurement NSTFCT-
Frequency standard Phase comparison 1 1 MHz ime 86400 3.0E-13 Hz/Hz 2 95% Yes SRE20C-005 A;;%rc':::rt:'?n
2015
Amplitude > 0.5V (50 Q)
—
DUT's effect
Remote frequency - N NSTF-ICT-
Frequency standard GPS common-view 10 10 MHz JAveraging time 1d 20E-13 HzHz 2 95% Yes RTECS-002 :\g;:ur;;vrace: on
2015
‘from TL = 1000 km |
The BIPM key comparison database, 112
% #-BIPM KCDB §' #
Bl2.6 TLM&IF%F & MR R B

51




PRRSAEHEY f LB F L GNSSHEARE ks ki g B PR RE Y R 2
S T 5o )4 T 4 d Septentrio PolaRx4 PRO GNSS 47 £ {< % ~ SR620p% 7

Flp#cE 2 e foles 2 ppd g2 HECGGTTS(CCTF Group on GNSS
Time Transfer Standards) i pF vt $ 35 e o P 3f b o plob > SR A grh 4
PREASCHZ FITRETVIAM  FHRFVTRIREE Y - AT LT
F@%&%iﬁéyO%ﬁE%J@%Wﬁ i RpARLRE koeniE > vh o K ALIT i
3 RESIH e REAEE R - R ¥ i F &-BIPM KCDB (The BIPM key

comparison database)® 4t $HFHFE ¢ RAPFIFR I 0 4 0 4o F12.6 o

(2.1.13)&* % 32 &
RO BEREERERLS R E2RPFEFERR L BREBHAFT RS

Rigmeng fo PR EMF LT Sz B AV IR APMER B R D

IR REPp s RE D FERERAFT Z PR ERST 2 Hawie 4 &2

F BT Hangea 4 o

2 iRERERT D@QFBELAE FFEFCH AT EREDE RPN A LEFF Y R

4R 2 g IR o

CHERS A ARBHAEAFRERH 2 EROT Ko

(2114)A k1 € g
B 3o A GNSS i@t e i > R pragaf ngdis > £ AR %3 E
P tho BB Goupl F ok E M@ 5o 5 118 9 Group 7 5% 3 2 i i
Lo VA1 EARE ReARE 53T Lo W - GNSS sk IR R FE A 2 R
EAXBFHE R RBERAMPFRY > BAE I KESIE 2hf R
Mg H AE Ao b FIRARFHAEPE(NAp)2 { F FHGEHT* M
FROWTRECEATERTRZ PEFT L RN AR i el 4
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T 52 GNSS gy @@ iMéEad d > A KRB B LB et
(4G ~ 5G) i %+ pF4a 1+ it (Primary Reference Time Clock) % Bl 2 B B e % d0ig

pro HpER B - R S R TR R 2 R R R E T o
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(2.1.2) £+ 3@ P
#{FAPMP  G2##. 5 = RCM-LIPIZ #72 §f + MUSSDP* I {2 it PR 7%
(121D FPA F @ FH T 107.7~107.12)

R % E 5 APMPeh% - s (Group 1, G1)# # > 1195 BIPM#.4 > § +&.t APMP
% = 5(Group 2, G2) ¥t ch& 4% - £~ F % F *v106# ¢ **MEDEA i 7] % #- ¢
+F X APMP G2 % % (3 BINIMT > 5 % & NMIM - 2423 VMI% = # R % )
2 Rl o A F % F 155 L RCM-LIPIE #1 2 fF+ MUSSD3 & » #4 7
UTC(KIM)Z UTC(SL)#%# p# fF fe it o

RCM-LIP1# MUSSD 5 BIPM# 4 2. APMP G284 > * L7 0 7 5 T #
Bl E CEEEREEERREE > MRE e 2107£100 # i
FH108& 4 2 A Rl 0 £ G282 BIPME it S fen 472 3 o

(2.1.2.2)% %

)

Y B H T
Hd Chi Minh

‘e
SR
ala Lu

B 2.7 MEDEA * 3 2. GPS # o i I B4 3)
107 & A 109%;%5@%‘“@;}55—;1{;514,?‘;{{fé’ziiﬁvﬂ,,nz'ﬂ % K] 75 B
FRARTH PRI B Eaemail B 14 deiE GPS K B R 3L -
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Aol R TR P IRACR) 2.8 SR ERIEZ ERFFE CLPL2 P2
BARAFH I ST EEHBL PP EREE  FREY P2ERFEERY poRA S 2
Fy @ 3 BIPM R Her 2 FE Tt 5 25 2 ) 0 20 P10 &2 PR - T o
ARBREFRBIESRF] > Wl HIRECH - {HTRE T RS > Ao 8 RN
NMIA e £33 > Al BT TR P2 £ L FTH» SREKRBT T oM
BERAMFRIRLEPLR/DRTF)Z - o BIFEXTBRTF] TEFEEI AR

IR B R RERIE B

-232

-234 A A
iR mAw ¥
£ LAY
~ -240

W V !

Z 244 —c1
& 246 p1

-248

-252

58331 58333 58335 58337 58339
MIJD

Bl 2.8 Mictip| B = B CL Pl 2 P2 A9 %3 44 2 £ 48 4 chip
% o P2pFR > 107 & 8 8 p (MJID 58338) 4 % A is kiR I ¥

(2.123)* % 2%

AP %kE L L APMP h Gl > § e & BIPM e G2 3 f ~4p = f v
HHATNER FEREL LR G AN E L SRR T g - RG22 F
BRF KD N LEFRTEREEEREL A TR ML AT RE

S48 T PR AT A TR

\\\xy

55



(2124)x k1 i€ 8k

AR R A KT APMP G2i$ R AR 0 R ¥ I 7 5
oL ¥ 8@ - 2RI ER TR R E & 2R T AR
Eo A T RS G Ak M A WRPFRA R PR RIT 2 R G
REALST O R g R PE S PN T E% b ET L R

AT E A BT AR o
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(22) L o PO A S22 2 2 SR

(22.1) #Fh o B OE BB 22 BFRAA

(22.1.1) 2 XF P (HFHF : 107.1~107.6)

@ERZREGHFHEFL Y Fh o Pl BRFHERT R FER
R SR

(D) A F 53567 Ssb LW PTB & * 7k (o prig it (7 g o 4

21L2FFP %

BI%E b AR O cn B R B dp TR SRR R S iR R 2 B o
A0 fLz L PR @R o 7 & CCTF-UTC.001 Bf4E v & £ % ko iFih i
PEAR 87 R BB - M2 T REREBELEREAREE A (Bureau
international des poids et mesures, BIPM) » #* rz2+ & R * i &+ pF(Temps atomique
international, TAI) - &% v P4 @ £ (Two-Way Satellite Time and Frequency
Transfer, TWSTFT)E_p 5 &l & Gng jEpFr#p @iz — > HpE 2 e AT
#1024 &3 TR bR B X i#ﬁ%{rﬂ 2.9 #11 o

0o i

PRSI R PR TR B

B faf o e R R

®2.9 TWSTFT Hjmipl 8 R EpFR £ 2 % SR B > 2 & 1% PR g jos 4
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Two-Way Satellite Time and Frequency Transfer (TWSTFT) is a primary technique for the
generation of Coordinated Universal Time (UTC). About 20 timing laboratories around the world
continuously operate TWSTFT using SAtellite Time and Ranging Equipment (SATRET) modems for
remote time and frequency comparisons and for the generation of UTC. The precision of the SATRE
TWSTFT is limited by an apparent daily variation pattern (diurnal) in the TWSTFT results. The
observed peak-to-peak variation could be as high as 2 ns in some cases. Investigations into the origin of
the diurnals have so far provided no clear understanding about the dominant cause of the diurnals.
However, in 2014 and 2015, it was demonstrated that the use of Software-Defined Radio (SDR)
receivers in TWSTFT ground stations (SDR TWSTFT) could considerably reduce the diurnals and also
the measurement noise.
In 2016, the International Bureau of Weights and Measures (BIPM) and the Consultative Committee
for Time and Frequency (CCTF) Working Group (WG) on TWSTFT launched a pilot study on the
application of SDR receivers in the TWSTFT network for UTC computation.
The first results of the pilot study have been reported to the CCTF WG on TWSTFT annual meeting in
May 2017. It is concluded that SDR TWSTFT shows superior performance to that of SATRE TWSTFT
for all links. In particular, for continental TWSTFT links, in which the strongest diurnals appear, the
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use of SDR TWSTFT results in a significant gain in reducing the diurnals by a factor of between two
and three; for the very long inter-continental links, e.g. the Europe-to-USA links where the diurnals
have less effect, SDR TWSTFT achieved a smaller but still significant gain of 30 %. These findings are
supported by a comparison to the GPS IPPP technique reported in this paper.

Based on these results, the WG on TWSTFT prepared a recommendation for the 21st CCTF meeting.
The recommendation suggested the introduction of SDR TWSTFT in UTC generation. With CCTF
approval of the recommendation, a roadmap on the implementation of SDR TWSTFT in UTC
generation was developed. In accordance with the roadmap, most of the stations that participated in the
pilot study have updated the SDR TWSTFT settings to facilitate the use of SDR TWSTFT data in UTC
generation. In addition, the BIPM conducted a final evaluation to validate the long-term stability of
SDR TWSTFT links, made test runs using the BIPM standard software for UTC with SDR TWSTFT
data and started using SDR TWSTFT as backup time links since October 2017. The use of SDR
TWSTFT in UTC generation will be implemented in 2018.
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Two-Way Satellite Time and Frequency Transfer (TWSTFT or TW for short) is one of the primary
techniques for the realization of Coordinated Universal Time (UTC), which is computed by the
International Bureau of Weights and Measures (BIPM). TWSTFT is carried out continuously by about
20 timing laboratories around the world. One limiting factor of the TWSTFT performance is the daily
pattern (diurnals) in the TWSTFT time links, of which the peak-to-peak variation could be up to 2 ns
in some extreme cases. In 2014 and 2015, it was demonstrated in the Asia to Asia links that the use of
Software-Defined Radio (SDR) receivers for TWSTFT could considerably reduce the diurnals and
also the TWSTFT measurement noise.

In 2016, BIPM and the Consultative Committee for Time and Frequency (CCTF) working group
(WG) on TWSTFT launched a pilot study on the application of SDR receivers in the Asia to Asia,
Asia to Europe, Europe to Europe and Europe to USA TWSTFT networks.

The very first results of the pilot study have been reported to the PTTI 2017. The results show, 1) for
continental (short) links: SDR TWSTFT demonstrates a significant gain in reducing the diurnals by a
factor of two to three; 2) for inter-continental (very-long) links: SDR TWSTFT displays a small gain
of measurement noise at short averaging times; 3) SDR receivers show superior or at least similar
performance compared with SATRET measurements for all links.

The CCTF WG on TWSTEFT prepared a recommendation “On Improving the uncertainty of Two-Way/|
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Satellite Time and Frequency Transfer (TWSTFT) in UTC Generation” for the 21st CCTF meeting.
One of the recommended items is to introduce the use of SDR TWSTFT in UTC generation. The
recommendation was approved by CCTF during the meeting in June 2017.

In the current setups, a SDR receiver and the collocated SATRE modem receive the signals
transmitted by remote SATRE modems, and the two devices independently determine the arrival time
of the received signal. Thus, a few setup changes are necessary to implement SDR receivers into
operational TWSTFT ground stations. On the other hand, the data computation, e.g. for calibrated
time transfer, needs some caution in the data processing and provision, which are not trivial. Thus, an
Ad hoc Group has been established to work out a procedure for the use of the SDR TWSTFT in UTC
computation.

This paper reports on the progress of the work for using SDR TWSTFT in UTC computation. Section
1 introduces SDR TWSTFT and the pilot study. Section 2 presents the considerations for using SDR
TWSTFT in UTC generation. Section 3 and 4 show the methods for analysing SDR TWSTFT and the
analysis results. Sections 5 and 6 discusses the further improvement of SDR TWSTFT and
summarizes the work towards using SDR TWSTFT in UTC generation.
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The Two-Way Satellite Time and Frequency Transfer (TWSTFT) technique is a primary method to
compare or synchronize two atomic clocks in different places. To compare clocks, a transmitter
driven by local clock sends a signal, and then a receiver driven by remote clock will catch the signal
and measure the time of arrival (TOA). The comparison precision relies on the propagation delay
uncertainty and how precise the TOA can be measured. By transmitting the microwave signal in
two-way mode, the propagation uncertainty can be reduced. Taking advantages of microwave link
through geostationary telecommunication satellites, the clocks comparison can reach as precise as
one nanosecond between two clocks over an intercontinental distance.

The Software-Defined Radio (SDR) was chosen for adapting various protocols in the physical layer.
The key components are a sampler, a signal generator, and Digital Signal Processing (DSP)
algorithms. The SDR provides more computational resources and more flexible platform for DSP
than traditional time transfer modems (e.g. SATRE). The features that the sampler has high sampling
rate and the samples have unique time stamps and uniform sampling interval benefit time transfer
applications. We have made a time transfer receiver based on SDR to analyze the received signal and
to measure its TOA. Experimental results show the SDR receiver can provide twice higher precision.
The two-way satellite time transfer by using SDR receivers has been considered as one method to
generate the Coordinated Universal Time (UTC).

For further improvement in the SDR receiver, we need components that can convert the Ku-band
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(10 — 15 GHz) frequencies, an implementation of time-interval counter that can relate the internal
time base to external references, and the time/voltage calibration between two samplers.
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We prﬁposed a new GPS (Global Positioning System) ensemble receiver model which CGGTTS
(Common GNSS Generic Time Transfer Standard)[1-3] outputs are the weighted results of all
calibrated receivers in ensemble for time transfer and calibration. Since the outliers and divergent
measurements of all receivers in ensemble are filtered out by weighting procedure, the equivalent total
delay of ensemble receiver CGGTTS would be more stationary than any physical receiver in ensemble.
The common clock difference and double clock difference tests demonstrate the ensemble receiver is
more robust and stable than any physical receiver in ensemble. The double clock difference of long
term GPS P3 all in view[4] time comparison and TWSTFT (Two-Way Satellite Time and Frequency
Transfer) also demonstrates that the GPS time transfer executed by ensemble receiver is much more
stable than the physical receivers both in short and long term.
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The roadmap for the implementation of BeiDou Navigation Satellite System(BDS) time transfer in
support of the generation of Coordinated Universal Time (UTC) network has been drawn up, including
a pilot experiment to evaluate BDS time transfer on multiple baselines. Following National Institute of
Metrology (NIM, Beijing), several laboratories contributing to UTC have been equipped or are planned
to be equipped with the NIM-made BDS time and frequency transfer receivers. Some institutes in
China and some stations from the International GNSS (Global Navigation Satellite System) Service
(IGS) network have also been involved.

The satellite signal coverages at different sites in different continents is characterized regarding the
satellite number, satellite elevation and azimuth. A correction for elevation dependent code bias has
been applied in the code-based comparison which has been based on least-squares fitting of a
second-order polynomial. This effect is evaluated and a slight improvement is obtained when analyzing
the code measurement noise. The stability and accuracy of BDS time transfer are evaluated on multiple
baselines. In addition, a time stability of about 1 ns has been achieved at some thousand seconds
averaging time in Common Clock Difference (CCD) experiments at BIPM.
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For steering UTC(TL) during the latency period between UTC monthly announcements, we create a
paper clock generated from a hydrogen maser ensemble according to the weekly published UTCr. The
frequency of hydrogen masers are modeled and predicted as a linear function calculated from the linear
regression of hydrogen masers vs. UTCr. The hydrogen masers with closer predictable frequency will
be given more weight to constrain the paper clock follows the frequency trend of UTCr. In the paper
clock simulation test, neglect the phase error accumulation affected by each frequency prediction error,
the phase difference of 10 days prediction span between the paper clock prediction and official time
scale are from -4 ns to 2 ns.
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This GPS receiver calibration trip is conducted by TL, started from January and ended in June 2017.
The traveling Time Transfer System will be shipped from TL(Taiwan), RCM-LIPI(Indonesia),
MUSSD(Sri-Lanka), and back to TL. The forwarder Yusen Logistics (Taiwan) Ltd. will be in charge

of the shipment of the whole trip.
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The multiple access interference (MAI) is one of the unstable sources of the two-way satellite time
and frequency transfer (TWSTFT), and would cause an estimation error of the signal arrival time. To
suppress the MAI, the successive interference cancellation (SIC) procedure is implemented on the
software-defined receiver. It generates the MAIs and subtracts them from the received signal to
become an interference-free signal. By performing TWSTFT with SIC, the short-term stability of the
UTC(TL) — UTC(KRIS) was improved that the time deviations were reduced from 0.67t2 to
0.48t2 ns, and the long-term measurement results were consistent with those obtained by the
conventional receiver.
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