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2015 # 10 * & A pRap R sk E b TALfEE o #

4 USNO 28423  0.599/30 0.126/51 0.334/85
28 su 808 0.898/09 -/00 0.898/09
83 sp 6825 0.612/08 0.102/19 0.253/27
I NicT 5.995 0.337/03 0.166/30 0.182/33
5 F 5.86 1.010/04 0.096/19 0.255/23
6 NIsT 5394 0.697/05 0.191/10 0.360/15
7 NTSC 4739 0.351/04 0.115/29 0.144/33
8 T 3476 0.758/04 0.112/04 0.435/08
9 ApL 3423 1.010/03 0.131/03 0.571/06
BI0N nm 325 0.326/06 0.185/07 0.250/13
41 rTB 2567 0.345/03 0.167/03 0.321/08
28 NPl 2083 1.010/02 0.063/01 0.694/03
I3 TL 1926 0.163/03 0.111/13 0.120/16
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L12)EH 22 FAER EHFAHBIPM): £ b aFBL ABUTC)2 SRS B
% ¥ 104.01~104.12)

(TAI)
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104 A& BIPM Circular T334(2015 NOVEMBER 10)%
BAFEAL R AR R R % E AT AT

CIRCULAR T 334

2015 NOVEMBER 10, 11h 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

2.
|

=

ISSN 1143-1393

1 - Coordinated Universal Time UTC and its local realizations UTC(k). Computed values of [UTC-UTC(k)]

From 2015 July 1, Oh UTC, TAI-UTC = 36 s

Date 2015

Oh UTC
MID

Laboratory k

AOS
APL
AUS
BEV
BIM
BIRM
BY
CAO
CH
CNM

CNVP
DENT
DMDM
DTAG
EIM

ESTC
HKO

IFAG
IGNA
IMBH

INPL
INTI
INXE
IT
JATC
v
KEBS
KIM
KRIS
KZ

LT
MASM
MBM
MIKE

MSL
MTC
NAO
NICT
NIM

NIMB
NIMT
NIS

NIST
NMIJ
NMLS
NPL

NPLI

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

(Panama)
(Tunis)
(Belgrade)
(Frankfurt/M)
(Thessaloniki)
(Noordwijk)
(Hong Kong)
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OCT 19  OCT 24
57314 57319
0.1 -1.0
0.2 0.5
-481.6  -461.4
16.2 15.2
2907.4  2938.6
-181.4  -190.6
5.4 2.3
-8612.6 -8720.8
1.9 2.5
-1.5 0.0
2.0 -3.9
14752.2 14939.5
-23.6 -23.2
94.1 93.3
8.6 9.6
10.0 7.1
7.0 17.3
-844.5  -854.7
344.8 428.8
90.7 100.2
-32.1 -45.1
-27.17 -16.7
0.0 0.2
3.9 5.7
-29.2 -28.8
924.1 933.1
-3.9 -4.8
-601.2  -587.4
1028.1  1032.4
- -255.0
618.6 937.3
-1.1 -1.2
-37166.6 -37360.8
275.3 279.1
8.0 -5.4
17.4 17.3
-0.9 -2.2
1040.2  1064.5
-19.9 -24.6
11.6 9.6
2.9 1.9
-211.4 -218.3
37.1 34.1
-0.6 0.3
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NRC (Ot tawa) -8.1 -1.5 8.4 13.3 18.1 23.4 24.5 0.4 5 5.0
NRL (Washington DC) -6.5 -20.5 -136.8 17.8 66.9 20.7 0.3 5.1 5.1
NTSC (Lintong) 5.7 2.6 0.2 0.7 3.1 4.9 4.8 0.3 4.3 4.8
ONBA (Buenos Aires) -2745.0  -2762.8 -2773.5 -2776.9 -2781.0 -2801.5 -2797.3 2.5 50 5.6
ONRJ (Rio de Janeiro) 2.3 1.3 3.3 2.3 2.4 1.8 0.5 1.3 6.9 7.0
OP  (Paris) 1.1 1.6 1.3 1.2 1.0 0.9 1.2 0.3 1.2 1.2
ORB (Bruxelles) 3.8 3.7 3.1 2.1 0.2 -0.9 -1.1 0.3 5.0 5.0
PL  (Warszawa) 2.0 2.7 -4.6 -5.8 5.7 4.0 8.2 0.3 50 5.0
PTB  (Braunschweig) 1.2 1.4 1.6 1.3 0.4 0.2 0.5 0.1 0.7 0.7
ROA  (San Fernando) 2.1 2.0 1.7 3.7 4.1 3.6 1.7 0.3 1.2 1.3
SASO (Riyadh) -205.7  -209.0  -209.3 -215.7 -216.0 -215.3 -217.1 0.3 7.0 7.0
SCL  (Hong Kong) -120.1  -121.0 -100.3 -98.2  -105.4 -102.5 -104.3 6.0 10.0 11.7
SG  (Singapore) 13.7 14.8 15.0 15.5 17.3 16.3 19.1 0.7 5.0 5.1
SIQ (Ljubljana) -1588.6 -1587.7 -1602.4 -1615.9 -1601.3 -1605.6 -1607.3 0.3 7.0 7.0
SMD  (Bruxelles) 1.8 5.6 1.0 7.0 10.9 13.5 25.3 0.3 7.0 7.0
SMU (Bratislava) -449.9  -451.3  -459.8  -474.5 -473.2  -479.3 -485.2 1.0 20.0 20.0
SP  (Boras) -3.1 -2.8 -2.2 -2.2 -2.5 -2.8 -3.0 0.3 1.2 1.2
SU  (Moskva) 2.7 2.5 2.7 2.9 2.3 2.3 2.4 0.9 4.6 4.7
TL _ (Chung-Li) 5.0 6.3 5.2 5.8 6.8 8.4 10.9 0.3 1.8 1.8
TP  (Praha) -13.0 -5.3 6.7 3.9 -0.6 0.6 -3.3 0.3 5.1 5.1
UA  (Kharkov) -45.1 -37.0 -31.9 -27.8 -43.7 -68.1 -57.2 1.5 7.0 7.2
UME  (Gebze-Kocaeli) -915.5  -938.2  -954.0 -980.4 -1003.5 -1014.5 -1035.8 1.0 7.0 7.1
USNO (Washington DC) -1.1 -1.7 -2.0 -1.6 -1.6 -0.8 -0.2 0.2 1.0 1.0
VMI  (Ha Noi) 19.9 16.5 23.4 30.1 35.7 45.3 48.7 0.4 20.0 20.0
VSL  (Delft) -0.7 6.4 16.2 18.1 15.1 9.8 16.9 0.3 1.2 1.3
7A  (Pretoria) 2594.0  2561.1 2541.1 2510.2 2477.8 2433.7 2394.0 0.4 20.0 20.0

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

Date 2015 Oh UTC SEP 29 ocT 4 ocT 9 OCT 14 OCT 19 OCT 24 OCT 29
MID 57294 57299 57304 57309 57314 57319 57324
Laboratory k [TAI-TA(k)]/ns
CH  (Bern-Wabern) 18952.7 18898.3 18843.6 18790.1 18736.9 18684.6 18633.5
CNM  (Queretaro) -1186.8 -1229.9 -1252.7 -1268.8 -1288.2 -1306.4 -1325.7
F (Paris) 167617.4 167616.9 167617.3 167616.1 167615.6 167616.1 167615.0
JATC (Lintong) -58313.5 -58336.5 -58359.3 -58381.3 -58402.1 -58423 .4 -58446.7
KRIS (Daejeon) 46587.0 46604.6 46622.0 46639.7 46657.2 46675.0 46694.7
NICT (Tokyo) 1452.3 1456.4 1463.0 1468.2 1473.4 1477.9 1485.3
NIST (Boulder) -45422849 .4 -45423033.4 -45423217.2 -45423401.3 -45423585.6 -45423769.6 -45423953.4
NRC (Ot tawa) 20866.3 20856.7 20830.1 20805.3 20786.5 20764.8 20752.0
NTSC (Lintong) 21995.8 22030.0 22066.8 22104.5 22143.2 22180.1 22217.3
ONRJ' (Rio de Janeiro -23329.8 -23365.6 -23397.1 -23434.2 -23466.4 -23500.3 -23535.1
PL  (Warszawa) -7243.1 -7250.0 -7261.1 -7272.9 -7277.0 -7282.3 -7292.8
PTB (Braunschweig) 2004.8 2005.0 2005.1 2004.8 2004.2 2003.9 2004 .4
SG  (Singapore) 21363.7 214348 21495.0 21565.5 21627.3 21696.3 21759.1
SU  (Moskva) 27291048.2 27291048.0 27291048.2 27291048.4 27291047.8 27291048.1 27291048.6 (1)
TL  (Chung-Li) 14.4 17.8 20.0 22.4 20.2 21.9 22.7
USNO (Washington DC) -35178626.5 -35178912.6 -35179200.4 -35179488.2 -35179775.6 -35180062.6 -35180350.2

- Note on section 2:

(1) SU : Listed values are TAI-TA(SU) - 2.80 seconds

6 - Time links used for the computation of TAI and their uncertainties

The time links used in the elaboration of this Circular T are listed in this section. The technique for the link is
indicated as follows: GPS SC for GPS all-in-view single-channel C/A data; GPS MC for GPS all-in-view multi-channel C/A data;
GPS P3 for GPS all-in-view multi-channel dual-frequency P code data; GPS PPP for GPS Precise Point Positioning technique;
GPS GT for 'GPS time' observations; GLN MC for GLONASS common-view multi-channel C/A data; GPSGLN for the combination of
GPS MC and GLN MC links; TWGPPP/TWGPP3 for the combined smoothing of TWSTFT and GPS PPP/GPS P3; INT LK for internal cable
link and TWSTFT for two-way satellite time and frequency transfer data.

For each link, the following uncertainties are provided: uA is the standard uncertainty accounting for measurement noise
and random effects with typical duration between 1 day and 30 days. uB is the estimated uncertainty of the calibration.

The calibration type of the link is indicated as: GPS EC for GPS equipment calibration; TW EC for two-way equipment
calibration; LC (technique) for a link calibrated using 'technique'; BC (technique) for a link calibrated using
"technique' to transfer a past equipment calibration through a discontinuity of link operation. DIC is used for direct
internal calibration.

The calibration dates indicate: the most recent calibration results for the two laboratories in the case of EC and
the most recent calibration of the link in the case of LC and BC.
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NA stands for not available, in this case estimated values are provided.

Link Type uA/ns uB/ns Calibration Type Calibration Dates
AOS /PTB  GPSPPP 0.3 5.0 LC(GPS P3) 2011 Jun
APL /PTB GPSPPP 0.3 5.0 LC(GPS MC) 2012 Sep
AUS /PTB GPSPPP 0.3 5.0 GPS EC/GPS EC 2010 Oct/2015 Jun
BEV /PTB GPSPPP 0.3 3.0 BC(GPS MC) 2012 Mar
BIM /PTB GPS MC 1.5 7.0 GPS EC/GPS EC 2007 Nov/2006 Sep
BIRM/PTB  GPS MC 1.5 20.0 NA /GPS EC NA /2006 Sep
BY /PTB GPS MC 1.5 7.0 GPS EC/GPS EC 2008 Jun/2006 Sep
CAO /PTB GPS MC 8.0 7.0 GPS EC/GPS EC 2004 Nov/2006 Sep
CH /PTB TWGPPP 0.3 1.0 LC(TWSTFT)/BC(GPS PPP) 2008 Sep/2009 Aug
CNM /PTB  GPS MC 3.0 5.0 BC(GPS SC) 2008 May
CNMP/PTB  GPS MC 3.5 5.0 GPS EC/GPS EC 2004 May/2006 Sep
DENT/PTB  GPSPPP 0.3 20.0 NA /GPS EC NA /2015 Jun
DMDM/PTB  GPS MC 1.5 7.0 GPS EC/GPS EC 2007 Jan/2006 Sep
DTAG/PTB  GPSPPP 0.3 10.0 LC(GPS MC) 2009 Jul
EIM /PTB GPS MC 7.5 5.0 GPS EC/GPS EC 2007 May/2003 Aug
ESTC/PTB  GPSPPP 0.4 5.0 GPS EC/GPS EC 2012 Nov/2015 Jun
HKO /PTB GPSPPP 0.3 5.0 LC(GPS MC) 2013 Apr
TFAG/PTB  GPSPPP 0.3 5.0 GPS EC/GPS EC 2003 Jun/2015 Jun
IGNA/PTB NA
IMBH/PTB  GPSPPP 0.3 7.0 GPS EC/GPS EC 2014 Nov/2015 Jun

Link Type uA/ns uB/ns Calibration Type Calibration Dates
INPL/PTB  GPSPPP 0.5 7.0 GPS EC/GPS EC 2009 Jun/2015 Jun
INTI/PTB GPS MC 2.5 20.0 NA /GPS EC NA /2006 Sep
INXE/PTB  GPSPPP 0.3 20.0 NA /GPS EC NA /2015 Jun
IT /PTB TWGPPP 0.3 1.0 TW EC 2014 Jun
JATC/NTSC INT LK 0.2 1.0 DIC /2006 Sep
JV /PTB GPSPPP 0.3 20.0 NA /GPS EC NA /2015 Jun
KEBS/PTB NA
KIM /PTB GPS MC 2.0 20.0 NA /GPS EC NA /2006 Sep

KRIS/PTB  GPSPPP 0.3 5.
KZ /PTB GPSGLN

(=}

GPS EC/GPS EC 2005 Aug/2015 Jun
GPS EC/GPS EC 2012 Dec/2006 Sep

—_
[}
-
(=}

LT /PTB GPS MC 2.0 5.0 GPS EC/GPS EC 2006 Oct/2006 Sep
MASM/PTB  GPSPPP 0.4 20.0 NA /GPS EC NA /2015 Jun
MBM /PTB GPS MC 5.0 20.0 NA /GPS EC NA /2006 Sep
MIKE/PTB  GPSPPP 0.3 7.0 NA /GPS EC NA /2015 Jun
MKEH/PTB  GPS MC 1.5 20.0 NA /GPS EC NA /2006 Sep
MSL /PTB NA

MTC /PTB  GPSPPP 0.3 7.0 GPS EC/GPS EC 2013 Aug/2015 Jun
NAO /PTB GPS MC 2.0 20.0 NA /GPS EC NA /2006 Sep
NICT/PTB  GPSPPP 0.3 1.7 GPS EC/GPS EC 2014 Mar/2015 Jun
NIM /PTB  GPSPPP 0.3 1.7 GPS EC/GPS EC 2014 Jun/2015 Jun
NIMB/PTB  GPS MC 5 20.0 NA /GPS EC NA /2006 Sep
NIMT/PTB  GPS P3 0 20.0 NA /GPS EC NA /2015 Jun
NIS /PTB NA

NIST/PTB  TWGPPP 0.3 5.0  LC(TWSTFT)/BC(GPS PPP) 2005 May/2009 Aug
NMIJ/PTB  GPSPPP 0.3 1.7 GPS EC/GPS EC 2014 Feb/2015 Jun
NMLS/PTB  GPS P3 1.0 20.0 NA /GPS EC NA /2015 Jun
NPL /PTB GPSPPP 0.3 7.0 LC(GPS P3) 2008 Sep/2009 Nov
NPLI/PTB  GPSPPP 0.3 7.0 LC(GPS P3) 2012 Jun
NRC /PTB  GPSPPP 0.4 5.0 GPS EC/GPS EC 2003 Nov/2015 Jun
NRL /PTB  GPSPPP 0.3 5.0 GPS EC/GPS EC 2002 May/2015 Jun
NTSC/PTB  GPSPPP 0.3 5.0 LC(TWSTET) 2014 Nov
ONBA/PTB  GPS MC 2.5 5.0 GPS EC/GPS EC 2004 Jul/2006 Sep
ONRI/PTB  GPS P3 1.3 7.0 GPS EC/GPS EC 2011 Dec/2015 Jun
OP /PTB TWGPPP 0.3 1.0 W EC 2014 Jul
ORB /PTB  GPSPPP 0.3 5.0 GPS EC/GPS EC 2012 Oct/2015 Jun
PL /PTB GPSPPP 0.3 5.0 LC(GPS MC) 2012 Mar
ROA /PTB  TWGPPP 0.3 1.0 TV EC 2014 Jul
SASO/PTB  GPSPPP 0.3 7.0 GPS EC/GPS EC 2012 Nov/2015 Jun
SCL /PTB  GPS MC 6.0 10.0 LC(GPS SC) 1993 May
SG /PTB GPS P3 0.7 5.0 GPS EC/GPS EC 2010 Mar/2015 Jun
SIQ /PTB  GPSPPP 0.3 7.0 GPS EC/GPS EC 2014 Aug/2015 Jun
SMD /PTB  GPSPPP 0.3 7.0 GPS EC/GPS EC 2011 Sep/2015 Jun
SMU /PTB  GPSGLN 1.0 20.0 NA /GPS EC NA /2006 Sep
SP/PTB  TWGPPP 0.3 1.0 TW EC 2014 Jul
SU  /PTB  GPSGLN 1.0 5.0 LC(TWSTET) 2014 Nov
TL _/PTB GPSPPP 0.3 1.7 GPS EC/GPS EC 2013 Nov/2015 Jun
TP /PTB GPSPPP 0.3 5.0 GPS EC/GPS EC 2009 Feb/2015 Jun
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UA /PTB
UME /PTB
USNO/PTB

VMI /PTB
VSL /PTB
7ZA /PTB

GPS MC
GPSGLN
TWGPPP

GPSPPP
TWGPPP
GPSPPP

7.0 GPS EC/GPS EC
7.0 GPS EC/GPS EC
1.0 W EC
20.0 NA /GPS EC
1.0 LC(TWSTFT)/BC(GPS PPP)
20.0 NA /GPS EC

2011 Mar/2006 Sep
2005 Dec/2006 Sep
2014 Jun

NA /2015 Jun
2006 Mar/2009 Aug
NA /2015 Jun
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(1) 295z 255 EHL B X B (7 40 GHz Motk 4 & £ B % 7 3 4p
B FE R B AE TR 0 R A 1T R e 48R3 (common clock test)pF € T IR A
RiLBE o REREFETR(- f))REE 72 1.5E-12~3.0E-12 > 24 i =
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%?i%ﬁﬁ:%%i— GREGHRPNRF ARSI AIRFT R A
Rt NP IE G - TR RRbz = %%%W*F&%i i
:_é’_:_j_qjq\l °i§t—%; ‘g‘v‘}vm/i‘%%%ﬁb—%?ﬁ %P’DQ’E* .E.—’?'J/%‘

4L

Boo 3t 2015 £ 4 2 R R BGEER T 8L Poo e PEE AR MK F &

RN BRI PR FEIREEE A RWTT K E > P e
2 AR AR AL A PRS- F o

(1.3.33)% %
Bl 1O F AF%k3 P =iz kag & p _T_%‘_r’&]%] A RART

Ak E A g R A FHRMXE o A F %3 P % HPB3630L - Agilent
8257D & AT & & BA W] K4 LT ()b S f, fof

MAEE fopr d 30A THEF & A Beith g % 43 2 B pBBHT F > 4ot — %

R T B EAT D ke B AR b A 3 1200~1800 nm o & R
Foenge {0 H o 430 100 mW e § ¢k ¥ 3E ok 3% 1 778~884 nm A A i
PEAIOMW SREFE B A RE B 2 G gy o KA T sk
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G BT R RQQP)KRE R HEAFFHE LT o T HF AT R K FE R
2(9) -
TLEY (AR L FRNT S FEE ALK RO)E R H Pk e B 12
R fmnxfgt o @ s FIL K RenfEir R 5 120 MHz > @ £ 44 5
frp » 500 MHz » 4rpt = %4 7 3820 n id o &7 K5 E L KK (13)R %
T BTEER T SR T AR 0 300k 0 R B (10) Rk 1 B A R T 5L d b
3%k R B4 L GHz 1 a5 2 AR o FIet R g @I B anid & (7
VU E AR S I 5 8 A AR T AR AR - P ET R & %
%) PMAp A EE DR T P T RTRO)ABEF - RFY £ D
RF 8 ik B(13)RH 7 & e % > £ % RF 3+ B(13)H#-1& cfp A = F
ko TR AF SR AL 47 R (7)(B)E (T AR M B R LR o B & POl ik
P AT ERT M RERERTARG R AR F P RE
felietrn kB FA - T3 I F 3-8 E % SR620 > &% ¥ & R4
ZF G 300 MHzod 3 EFRI G STk R T SH4p4E - 25 — B -] *t 250 MHz
(hiE > Tk d MHE K E4F 5 500 MHz ch— X > F)pl & 3 ¥ ¢hpEE B i 4
FPHEFLAAFHRIIPE G -EERFL AT REE EF A
KR AARS 0 R R B g seflr AP i S ek R E % (12)
B B U R B o A e BT - SRR BB S B (1)

f’-[:‘;‘; &%%ﬁ_ﬁ\i'}f o
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Synthesizer 2

Optical Phtotodetector(10)
- Spectrum otodetector
Synthesizer 1 ¢ | Analyzer(283) e | RF Lowpass
frep 0 = Filter (13)
y ¥ PBS(13)
fs fiber laser \
comb (1) H — RF
: grating(13) Amplifier(13)
waveplate =
“ --+ PowerMeter(9) (2)(13) L Frequency
Signal
Narrow Linewidth Laser(4) % Analyzer(6) RF requency
. counter
| ror(13)
L N Wavemeter Waveform l
() Analyzer | |
(7&8)

BT AERZECER Signal Shelf E

AR EHEERSRE Ge?ﬁfj‘w (12) PC

B 19 4 %% Rbl2 2o pl% 7 L W

(1.3.34)k* % 323
(a) 2 0wt AR F 2 A BRI HE 237 R S 0 BT R SRR RIE P Tk
ARz Finig mdh > RRPIFEFE I RS A EP v AR E S
R JRARE o g A S S FP R EEF L B me oo
b)FEFHAFHTHERL L EHR D RME > A KT F BIPM it
IR P A RYE L &R B R R o
(C)i = kHFA T i > JFE M T AR B 4o @ M 4pE T sub-THz i
Bos KT B AR B2 3T AR BB PR IE o
(1.335)A k1 irE£ g
BEREEREE B PR REEFTHRZTDREFT T AFL 5 E
F oA P AR(1~2 &)L (7 T P R P AR AR 2 B i el
M PN AR R Rk ki P B PRGBS E)RIBEAAMATT A

oL AEREMAEE T sub-THz LB~ BB T & kv * B8 2 1 3037
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(1.3.3.6) p 3%27 12 3%
Poav g Rl kT SR A e kg R kAL B AR KB
Bk R RE R MF R R EA S R G REE G R

BT HE o F2E RN A SIS RF L TR R RPN AR SR

s

W2 g pmphcrudE 2ol w s BN CEAEE Pk SuaiE B oo

- I BRI L R TSR R R P MR A
ERAGWY FRRA FEAE A M A F P A AR F ey A
Fig S ARG AR R R o BT F TR T S SRR
54 geab e GPS IdIIA MR & - A B AA R RN 5 10107 2R
FIREEH P HRE D BT AR LR 12 BcE s o RE R RS K
Bt BAER 3 KR ARR PR HF 0N - PRMTT A4
1&0W?ﬁﬁ%ﬁ?%iﬂﬁﬁﬁ%ﬁ&éﬁﬁﬁﬁ&%%me“’

FrAARM RS TT ARPM RN ] B T - 2 e B

P
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(=) PRI
AL TFIR P 3R RSB (T GPS R SN ke B SRR
BRERraRy o WA H LB W RRAEEER TR 7 o REFA AT
Brit L

(2.1) $inferh prag X Jpe §

(2.1.1) GNSS:& 2 PFAE e It & Supd [V 3 jm g st =

(211.1) F+®p :

® E{TGNSSiEHpFFiEmT SiF >

@ FriRl ki RS FEgs TAFRE

O < IRIPIERE KA e 2 2 A T AT RFL

(2.1.1.2) 347 % - (104.01~104.12)
"EEF AR RR DY 2 BEEOER TR BN R RFARAEER (M pin)2 {
SR EELT R g R ER o F Mo R LR 2 NN
(Primary Reference Time Clock, PRTC) % ‘a4 pF & ¢ 4 e ,m,ihﬁaﬁ,ﬂ A0 % B
G PR REABEIURRERF I B2 U)E LR F R &
Ao REBFLARET R{EB 2 H)F e PHA - 7. Tyt F K
T 7 BT GNSS B PRl % SePF Y e ) 3f pRsdape T 52 3E 2 4r@ 211
ATIT 0 TR PR ARRLE RN R RGE TR c B AT R E R
BRI VPREFPEGAFHBIARAFTEROT Ko gt £ 280 =%
R HmEFAOFREFEFEESATSZELT CEIFERIFRIEEFR
UTC(TL) > 5 d R FIFAEF 2% 303 B SIH =0 gt 3 ;U sg st mp
AL SRS R Bt 4 & B o T2 R R 2 BRI o 4~ 8
PAREaE - PP pndape T o o HPEE R PF R A gt 2 o R
BEBHEFRRNZ EROT Ko
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11‘—1

o
) BIPM p &
EFEIRRS HREE

|
|
|
UTC(TL) ‘Jiu /NS ‘Ji« v

I g : Micro eNode
10MHz Iops Ipps 1 c? Ipps ‘lpps
T4-057 & SDI . " -
A0G.110 HPDA-15C | GNSS Receiver |—+{Count terfe PRIC
| . T
20MHzEx tl 10MHz Ext. l o ,NMHZ
SDI Master Remots )
I R H
PDA-15RM-C] f ? Generater | 131;';11-1;E:t.
TLP1 or TLP2 I TLPLorTLP | l--------t mote
20MHz Ext. Master Master Site | Remote Site

BN IR IE WS E TG <

B 2.1.1 ~ GNSS g3 pr fF if =T 551 & B
(2.1.1.3) &%
() Wp PFRGRR G R2 S5 T o2
Pav @k sH* p B2 GNSSizE Rt s vk ¥ RPN pF T 4aRs i
B FE TN RERLRAN AL IRAEABT RS PT R B2.1.2
P WRS H T R ETEE DR R ARRE R L d
Septentrio PolaRx4 PRO GNSS 47 4 < % ~ SR620FF ¥ [ [f3- #c F % o4k

\\\?{r

+ T
,J_I

T
,dm

T o Zpp P A4 EECGGTTS(CCTF Group on GNSS Time
Transfer Standards) i@ p vt 34 35 4L B pF [ 3 ot o o B)2.1.397% 5 %4 T
ok 520 ?‘}ﬁ:i@;ﬂf“ fengdk o ptvb s S RA B LT DR EL M
2 RIAREV RN FHRENTRHEE T - A AART LT RET

AP % FETGNSSEH R F g RE R (-B2.1.4) -
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B2.1.2 ~ R pr R 4AELE 2 54 T 0

TWT1 - TLP2 20151015 - 20151105

N —=

PR R 1_‘_1‘.

Time leference (ns)

4 H‘ ,r y,. oy -

57310 57311 57313 57314 57315 57316 57317 57318 57320 57321 57322 57323 57324 57325 57326 57327

%213 K;P_I‘_@Bé;—;b-l»’i-u_gc
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Bl2.1.4 ~ GPS= s T 4

(b) & 3iid 48 R LR
o I}T:",f TR SRR SRR g mAARE x> E R W%
SIE =¥ SRR FLF - RFHRF2EFT - JFIREFHRITEF 238
WIRTARLE L BHEBITE o« 2 224 FAY » SEELFA 5%
» 434 E3Y EJE ERECMCSE A 1T - TLp 4 B % (HGNSS:i&
AR R A £ 4ot B 45xBIPM KCDB (The BIPM key comparison database)
MaE v HE R EY > FEFRERT o dwBl2.1.5%77 5 BIPMA e o o 4
Rl BATH 2 ML o TLATH el i £ 5 BBPFRRE > 3% GPSH 4R
E 2z Bt S U TR AT el R 5 35ns (v A AR TR ) ArBl2.1.6

):'l-i——,—r, o
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KCDB News SIKE€DB

N What's new ? Select the time interval using the box below

« Electricity and Magnetism -
coorer [ Access news|
15 March 2015

« Time and Frequency - "
Kazakhstan me interval January - March 2015 v

13 March 2015

s alloses ~> 15 March 2015
N KCDB Newsletters Electricity and Magnetism - COOMET
Publication of new and revised CMCs in Electricity and Magnetism declared by Cuba,

* Latest issue Georgia, Russia and Ukraine via COOMET.
« All issues

[Subscribe | [Unsubscribe | —> 13 March 2015
™ Related links Time and Frequency - Kazakhstan

« KCDB Statistics Update of the CMCs declared in Time and Frequency by Kazakhstan via COOMET.

« KCDB FAQs
+ KEDEVRaports ~> 13 March 2015
« CIPM MRA
« JCRB Time and Frequency - Chinese Taipei

* Find my NMI Update of the CMCs declared in Time and Frequency by Chinese Taipei via APMP.
* Metrologia

o
.
-

-

-

B12.1.5 ~ TLig =43 /= a € 1 8 F%ERE T ¥ 6-BIPM KCDB 7 L

(Calibration and Measurement Capabilities

Time and Frequency, Chinese Taipei, TL (Tt ication L ies, ChungHwa Telecom Co. Ltd.) (simDB
Measurement
Calibration or Measurement Service Measurand Level or Range Conditions/Independent Expanded Uncertainty
Variable
Is the
o 5 expanded ;
» Instrument or | Instrument Type or | Minimum _ - N _ Coverage Level of N NMI Service
Quantity Artitact Method value | value | UM Value | Units | Tractor | ity identifier | Comment
arelative
one?
Included best
” " - DUT's effect
o Time difference Direct time interval 1PPS NSTF-ICT-
Time interval source measurel -1000 1000 s amplitude =05V (50 0) 1.0 ns 2 95% No SRE20A-005 A%m:n
P o 2015
TLSHY
LI 5 .
Included best
. N - DUT's effect
Time scale Local clock vs. Comparison against 1PPS NSTFACT-
difference ute predicted UTC 08 0.5 s ampliude | 705V E0Q) oo ns 2 % No | sre20a-005 A‘:%WNE‘:,?"
2015
Measurement
fime 86400 s
Slew rate > 0.5 Vins
— e e
. N DUT's effect
Time scale | Remote clock vs. | GPS common-view S NSTFICT-
differ uTe lime transfer 05 05 s |Averaging time 1d 3B ns 2 95% No RTFCS-002 AA:%WN\:::n
_—_ et
Baseline length
from TL = 1000 km
Included best
General frequency | Direct frequency Measurement NSTFCT- DUT's effect
Frequency 1 3.0E+08 Hz 86400 s 3.0E-12 Hz/Hz 2 95% Yes Approved on
source measurement time ‘SR520B-005 10 March
2015
Amplitude | > 0.5V (50 0)
Included best
DUT's effect
Local frequency N Measurement NSTF-CT-
Frequency standard Phase comparison 1 1 MHz fime 86400 s 3.0E-13 Hz/Hz 2 95% Yes SRE20C-005 A%mﬁ:n
2015
Ampitude | > 05V (500)

F12.1.6 ~ TLATH ek s B et oy 3

(C) PFAFiE FR4BRE 7 FE TR 01T 1
PR LA FEE R 6 0 A P4 time deviation o, () T - % gl
féAﬁ%ﬁiﬁﬁﬁo%ﬁé—ﬁﬂﬁmﬁgﬁﬁygﬁ

STE AR B AR R RR S $d 2L 2 T F B A&

.

EE

Sk
R

&
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(% 4 L7 T E o doA WA B2 RARBEE) AN

s

iR A
FET R, 73 FPildo,@ @5 > BEERA MR LHET 2 TR
AP EARR B RBOERBI A IS d L ER I EEAE T
feB R TT LF 8 L BRI FAATAEU =KU2+U,2 B P K& $FA ko
REMFRAT ARG KB FKEHT2 PEATEREEY 897
B Ew ks BV FF/AZ Y-UcT Y+Uc =i kMt 95k 32 % 2 K

'

NPER ST L HPER i RaRE R T R SIE 4cB) 2.1.7 (R FE T
B3NS BERLBHAEBEEHZ RN Ko

BIPM

TN

Traceability

Calibration
Labs

Instruments
usedin

industrial,

commercial

B 2.1.7 ~ TL g2 pF [ i jmidipd

(114" % 55

A OREERERE - RO ZE2RAPFEFERY L REFHAFRET RS

2w o TLY F2IpI v B > PUBL A H WM E ENE
SRES S FSLT o i AR ER - 2 P EREE pepI T I A

% A TL % GNSS ikzh @ pF b 3t © X RS H o )t R 4

T LeuE BV R EARM R R Y hF R

I R Rp 5 f%E R+ 2 RERAFE > P ERIST 2 B
BB e RS B L 4o

2 EAERERT CQARAELAF REFCH 2T RO)E AP A LB
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i RghRe 2 BB R o
3 BERLEAKFHAME RN Z Eimag Ro

(2115 & k1 iv &€ gk

W B B AR GNSS @ gt e jE > R PRI RddEL 0 AT HRFE
L np R o BRI ReARE 54 T L > 7 - GNSS i o PRI R Bk
RIFPEZBFTHRE L F2RBAARPREY » BEHAE»T RESI
Hiramg RiRied g £ ot oh s FIRARFHAFF(S4p )2 5
B RET* g Lo i@ FERREIPEFTE > BRE
sghls 54 T 5 2 GNSS sk @ i 1 M atand & > A K7 -t fi
Bt ALk ? (4G~ 5G)L 43 PF4a 14 s (Primary Reference Time Clock)
SRR PR g m oo
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(2.2) tFkh @ @pt S
(221) FhigEe GpF fz 2> 2 B FR A
(2.2.1.1) £ x5 B
MEFLE A e @ pRLAR
(22.12) #HFP FEREYF ¢ A F 104.01~104.12)

RIESEESE R el RUOE S Ek S SRR S Bk Sl s
A0S BRBEC S HERG T T Y AR RIR S RR R

Bep— Mz b FEE R EVHELEE AR E 74 (Bureau international
des poids et mesures, BIPM) » #* 123+ 3 ®* k4 pF(Temps atomique
international, TAI) - &% g+ & pr(Two-Way Satellite Time and Frequency
Transfer, TWSTFT)E_p & & e @ pk it S5z - > 2RI 22T R
TEZ e TG TR p2 R R B K BRI 22.1 41T o

M sgms armrgns 4
i ELRAE & R b

T v 'y
BF R L B R S E A

[

)

B 5 R

%221%“TW$TP&%@F@%»%1#$@ @ﬂ?%@ﬁﬁ%%‘

(ZERE RS S 2L E AR L L AR RS
SRR En FIESERL

ﬂ@

5 €& BB B2 - > TWSTFT it 49 A @eanfF P 3k 8 igd%en
BT A Z AL MO SRS Bt K ik UTC(TL)E W%
HEUTC - R P AR R E &% & MOIE 58 B s B REHE
THE BB R RO RETEFETALE BmA 102 -k 1)
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TR EARE > L E BB A o dok BRI o § MRS
BERm A R P T s UTC(TL)E & 3% % 2% & > 64 5SMHz
A e S IPPS A Br A AR A BE > R B H ¢ - Bk IR LT
ERMWERBEE IER 2 RF > s ISORE - 7 > 2 FEFEF
Bt % § #2 UTC(TL) - 4% 7 3]0 $t#icd% > BIPM % @ Circular T 5 30-45
22 IGS % i GPSPPP !t $H5 % 2 2 % » A PP A P2 > &% TR 738
WpERaniz 5 o @ TWSTRT (30 T e i g8k o i 17— ] PPt SR
IR A0 dpE A cBRARRE 4 GPSP3 T AL B WM e H -
Bo] Pt s R 4k i 1077 F)pt @ TWSTFT vb $dcdp o ot o A 3 AF
UTC(TL) 845 -

d ¥ TWSTFT it ok & @0 ¢ >l B @1 8 40 e (3
i) Tt A BREE L o A S 37 TWSTRT » sh 2 s 8 5 d p 0
BACE A PR B0 PR B 6 T D KUATE (S 155 T Bt
SRS FEER S e ¥ AR L S SRR L S N
Bofs o AR ERAICIIALL T PIRH S LAUSE PR > &a 2§ A ph
BALM - AFREHALE L D BP0 e § Hok o £ # R (2015)
BEFVHOR R E L RN DL S G R 2.2.2 2 F 223
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Nkl
Z
0
|

L , . 3 = __‘t | I‘
AMC-1 | Telstar 11N Ly 4 _ Eutelsat172A
257°E L 37.6°W ' : Y 172TEY
) 1 . ?3' ¥ | £

v

%ém_w
B 222 AR TL B % %2 chiieh o i prsdke (Eutelsat 172A 12 2 AMC-1)

B 223 AF%F* KEF TWSTFT 2k = m 2L PR H

pErBaF 2442 e 0 d 35 X < 5 (United States Naval
Observatory, USNO) % P 50 > & R ¥ & 3 R 3 &ach@ sz » ¥ 0 dF 2%
T_i* % ¥u(Global Positioning System, GPS)F& s » { . R"Z2 h+ L€ & ;gieﬁx
S sk E 0 Tt USNO 2 2 W $H4ape 7 W LR X £ 0 I RE
UTC(TL)Z ¥ B 4EE UTC erf % 3 o Am » o > T 2 s d d > H4F
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B ELig PR oER s o FILEF TR CED Bk 2 d
wp ANICT enpes2. ™ > ARk F 82012 # 37 27 p B4pie 78 2

B USNO 22 = vt 43452 > B3 % = % 3 A B 7 Bl £ % < 5 (Kokee Park

Geophysical Observatory, KPGO)fa 5 ¥ M+ » :2{75 p 24 /| FF@pFL 4 o

(2.2.1.3) %%
I ¥ 4ap >t 2012 £ 3 4 27 p (MID 56013)4= 4.7 4 NICT -2 F USNO ¢
pREr TR > T pEg £ B USNO @pFit o d 3t A9 % 3 fo % B USNO
AREL > g2 58 - FHFhEshpe T AR L 5% &%
KPGO #k ¢ 48 ch= i o A B3 @ % 0 17 3485 il h ¥ 6 b o
i 2013 & 4 7 4= { 372 "E 45 B L Comtech EF Data = @ % g e
KST-2000A > d * i BEE 7 12y » #h 00T 5 o JEgt = SR 7 3 i 3 R e
TRATF 52 AL ER RS FRVHEE AR F R A
Pt e Ao R] 224 A1 0 M RIRP R RIRE P TS T £ AR > {o ¥
Bl USNO shpr F £ 8P| (F8:) > P BIPM 2 F 2. 9 % (g (lo2t) > ¥ ¢ > [
2.2.5 #77m B RR B PE T A6 A7 £ 488 > {op & NICT e P £ 8 R E(F
B) > 2 BIPM 2 F 2 5 (eB) A 595 LB 122448 547
E5AF) 0 S BT TS 201542 - BIPM 3-8 9 % 7 ch TAl £_i¢
O TR B PR AR L i o 2 ;I;Je F e  Hanhrh ks TWSTRT v 44
SR e WA At B 22015 # 7 ¥ 42 45 B KRISS 4o » 37 3 4852 > H 1
54c@ 226 77 o F R AR E TETEH - FE H(blho iR ) 2 2R
FFETNEE H A o A e Pk BFPER L Sen BORP AT AP W A8 T R R PR
WHBCR RIF O fRORRAEZ - o

65/149



o
¥

- TWSTFT

A Circular T

UTC(USNO) - UTC(TL) (ns)

-25
57000 57050 57100 57150 57200 57250 57300 57350 57400
MJD

B 2.2.4 2015 £ % F] USNO B* 1t % i (%) » 2 2 BIPM 2 # 2 Circular T(i
zk)

20

15

1 A
] / :

0 A
A « TWSTFT
_5 A
A Circular T

-10

UTC(NICT) - UTC(TL) (ns)

-15 s

-20
57000 57050 57100 57150 57200 57250 57300 57350 57400
MJD

B 2252015 #&2 p A~ NICT W2 @ (Fg) 2 2 BIPM = # z_ Circular T(&
L)

66/149



40

30 A

20 s
4 A
10 = /
a [(
0 Al - TWSTFT

AA‘ A A
AL A A CircularT
0 5 [Thing, -

-20 &

UTC(KRIS) - UTC(TL) (ns)

-30
57000 57050 57100 57150 57200 57250 57300 57350 57400

MID

B 2262015 # 25z ¥ KRISS ¥ £ B"Z v 3 & (%) » 1 2 BIPM 2 % 2.
Circular T(= 2k)

(2.2.1.4) B* % % F

% kg > TWSTFT v $ @ fo R 4R a4 - & > i 7 TWSTFT 72 %
TpEE iy UTC(TL) » @ = % Circular T & X ¥ & enfin™ > i H s 35

UTC(TL) ik 2 = B 5 AR % E = &% & fcbHip 5 B s B Rtk
B AEPETR ARSI ARY S RIS SEH T - BRER K
PR L HHRRL e 2 B R R TWSTFT -

BRIV oBIPM %S @ TWSTFT R hf %z 12 )4 TR

At L L e 2 A (e Bardl), AT G0 R TR REE
AR > & 0 a2 2 TWSTFT 48 - 7 &% MBS a2 e & > {f

TR LEEN LN EREAENERFHRT AP AFLE
PRt DR B LA 0 » G LIIFE Y HEAR 0 SHFEE e B
WanfEh R 2 e B s 2 AR KR~ % P ol R TR IR ARRS -

RME SR A%z HaE ke A8 SCl 2 El Mk HEF* o
A kiS5 g TWSTFT » 3% i3 A 45 0 A Bicdh 0 % #73¢ RPLFR AL o
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(22.15) A k1 fEE g
FEFHEROFLE B IAFRDEL PR AFHRELT
U RS  HONENG - TARR I A B R R i
MR WA BB AT L ARSI RIFETHRA 2T

TR REBIEN UYL R BREE S GRS D T AA PR
£ F > d 3 TWSTRT K 304 B30 340 > Z TR e 7 i re B

B ERMELERG Nt B Gl RHE RV ERG AR
EETH - FHOIT A ET S BRAE S BEEL G N TEF VR A
s ERAT VRS S PR RN S E > FRATRE LT
¥ i _TWSTFT & S i et sl B 0 7] o

B ARRESRY L Ee B CE SRS o o B ALE TR
PR R ERE 0 5 Fh e B ERETOPS LE  FEHET a
BRATR 0 Bl fEas o~ ¥ i 3 DCB(differential code bias) s i 5 & 0 &
BFE ST L ERHEARE R A REIRA FH T el R R
AHER o

(2.2.16) p =gtk
Fh e BREEHEL (P m s E B (FERE K ¢ N L AR
BE o €3 e M EY » chA i F Shenm 82 %07 102 Bk
RS AR IR A & 1T G 2t R o A B F 4o~ TWSTFT
4apE (s > 2 WA BIPM 1 16/ 2 g3R 1 5 5 53 0 L & APMP 3 i prif kjie
AF AR LTy c AR RERFREL - cTHER

AP B EEE w5 MEY A2 TWSTFT ghit ¢ % 40 4 AR eh 4 "% e
G R B AREH DL T T 50 A AEPREM G S AR >

i saaF TWSTFT 4a82 -
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(2.2.2) & @ prHper 7
(2.2.2.1) :&£{7578 P
O I kGBI (THOAAE S BET Y

@ LR pFRF Bz 'al”ﬂL?f]d—r]%/w\ﬂ}fr

(2.22.2)3 7 0 F (L IFH F 1 104.01~104.12)
® L E i«ﬁﬁ%’ﬁﬁﬂ@ﬁﬁ]ﬁé SRR A RIS I i ke
F e BEFETHORGHS c BEREBEEFOE T R G

EFB2 RERBET P NBEIRBEOTHRE 2012 ENRERE G
h (BIPM)# 7#:0 CCTF €3k > {/azfl* k@ BLR 5 2 5 R
WSRO R Gl g B ARE o

® Jp T A AR B HAIE ] 0 I R R B R L3
MR BRI G EARE o b SRR (A )R hF R
EH Ao blAeT - RAGhE RAR CREFN CFETRIPERSE
RIVE ERBAEL S EE o BT R T SR kPR #H
EX 0 LRI T U ATE TR ATIR AR D B

® i T R K ehid i 0 & %?;m@ﬂi%]bi@ BB R RE S
B BEELGSS N U BRN L A (T o A X ER Y
2. kT3 A (RF)~ & > o £ 1550 nm L & § S+ B 5 F ~ LA R F »
HEHRR LT 2 A e BEAE > =k FRCOUIE S B3F ks
7 i@ i% 50 MHz-18 GHz 2 fcjd #f 3¢ 7 5L o Vi ig # o J3hoff Bood 8
Pl 22t 2 AROF IR RIS EE TP SFIET
B MR RGAE o G L R SRR A 4
KREE2 0L EERBR AT e A g F GG % o
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e

B 2.28. X FHE - KB FEERRZ I GTAFHIKE

TERRGRIRERRE o L g R LT
%o blhe bk BB FY R RBELOT HE 3 R A
L BB P EFZ DR 2T LN AR
PEEAAFZOPE s B L AR ZZ R AP FLEL ALY
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In this paper, we propose a new generation of time and frequency dissemination system using
Global Navigation Satellite System (GNSS) dual frequency receiver for the purpose of both time
and frequency synchronization. The system can be used as a timing source, remote time and
frequency calibration, and to monitor the characteristic of primary reference time clock in the
telecommunication networks. A series of experiments, based on GPS common-view and
all-in-view methods, were conducted to evaluate the performance of the system. The
common-view common-clock test using hydrogen maser clock as reference was studied for the
evaluation of the system noise level. The tests of short-baseline about 20 km between Chunghwa
Telecommunication Laboratories (TL) and telecommunication facilities, and long-baseline around
10,000 km between TL and MSL (Measurement Standards Laboratory, New Zealand) were
performed. Experimental results indicate that expanded time and frequency uncertainty of the
proposed system with a coverage factor of k=2 are less than 26 ns and 1.1 x10-13 (one day
averaging), respectively. It also shows that both timing and frequency accuracy of the system
conforms to ITU-T G.811 and G.8272 requirements as a Primary Reference Time Clock for phase,
time and frequency synchronization applications.

109/149



1043&51?\1%1&?523_%#« RS SR

Ph ] v [ ap R R R SRR

... |The Maintenance and New Technology Establishment of National Standard for Time
FE M| B2
and Frequency

2+ & %% |104-1403-05-05-01

HEHE| P ETEET AT HiTHF 104 # 1% % 104 & 12 *
i g Ml AFEA | E B
38 0 FF
P ¥ G T (03)424-4931
S
A% oz

} ~ |Analysis of the Dynamic Time Error in a Chain of Cascading Telecom
H # < |Boundary Clocks

¥ B # b A LI FEe

¢ # A i B i 1 2
Eapp| ¢ £ ®104& 10 7 159 |[EREFTEFEK | ¥<6F
i3 % 82 PE A F & RER wes [4a

telecommunication network topology, time measurement, IEEE 1588v2,
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Time quantization error is the major component of dynamic time error which is caused by the time
stamping. Both the constant and dynamic time error components contribute to the time error in a
network, which limits the number of clocks, cascaded in a chain. Due to complex network
topologies and different network technologies, the limit on the number of intermediate supporting
clocks may not meet all the requirements for future systems. In order to ensure a minimum time
error, it is important also to keep the dynamic time error low. One of the effective ways is to
employ higher timestamp resolutions. In this paper, we analyze the dynamic time error in cascaded
homogenous Telecom boundary clocks. The upper bound of the dynamic time error accumulation
at the output of the Telecom-time slave clock (T-TSC) node is derived for

homogenous time clocks. The effect of timestamp resolution is theoretically discussed. The
measurement results in a mobile backhaul network indicate that a high timestamp resolution (e.qg.,
500 MHz) outperforms the conventional timestamp resolution based on the timestamp frequency
of 125 MHz.
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lonospheric irregularities
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nEFEER
lonospheric irregularities exert scintillations on electromagnetic waves when the waves
pass through them. So they are interesting for satellite signal propagation in the ionosphere at
the magnetic equator and low latitudes. The global navigation satellite system (GNSS)
observations recorded at ground-based tracking sites have been a convenient database for
investigating ionospheric irregularities. The irregularities over Africa during solar maximum
years of 2013-2014 in the 24th solar cycle were investigated in this study by employing the
Global Positioning System (GPS), which is a GNSS system. Six African GPS tracking sites of
the International GNSS Service (IGS) network were adopted. First three sites were located at
low latitudes close to the geomagnetic equator, in Middle and East Africa (from the Atlantic
coast to the Indian coast). The other three were located at middle latitudes and at about the
same longitudes as the aforementioned low-latitude sites. Equatorial irregularities were
characterized by hourly GPS phase-fluctuation index. This index categorized irregularities into
three levels: they are background, moderate, and strong irregularities. The important
climatological results have been obtained as followings. First: The equinoctial irregularity
occurrence rates over the three low-latitude sites decreased slowly from Middle to East Africa
(90%, 89%, 83% and 87%, 73%, 64% for moderate and strong irregularities, respectively).
Likewise, the June solstitial rates also decreased similarly (92%, 88%, 74% and 67%, 58%,
37%). However, the December solstitial rates decreased faster (55%, 24%, 28% and 26%, 10%,
7%). Thus, the equinoctial and June solstitial occurrence rates were also high in East Africa
(83% and 64%; 74% and 37%), while the December solstitial one was low (only 28% and 7%).
Second: Although moderate and strong irregularities occurred very frequently over the low
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latitude sites (e.g., 94% and 87%), they over the three middle latitude sites all were nearly at
the background level (i.e., nearly 0% and 0%). This indicates the irregularities did indeed come
from the equator. Third: Although the equinoctial irregularities were dominant, the June
solstitial irregularities also occurred frequently and their occurrence rates were comparable to
the equinoctial ones, especially in Middle Africa. As for the December solstitial irregularities,
they were obviously of minor importance when compared to both the equinoctial and June
solstitial ones. The prominent June solstitial rates in Middle Africa may be due to the
northward shifted geomagnetic equator (located in the northern hemisphere) and small
declination angles.
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The two-way satellite time and frequency transfer (TWSTFT) technique provides uncertainty at
the nanosecond level for time differences measured over an intercontinental baseline. The
time-difference results occasionally reveal daily variations of a few nanoseconds due to multiple
effects. These daily variations are called diurnals, and they increase the uncertainty of the
time-difference measurements. Since a time difference is obtained by combining two
time-of-arrival (TOA) measurements of two receivers, the receivers may contribute the diurnals if
they are not reciprocal. To improve reciprocities, a TWSTFT receiver based on the open-loop (OL)
method was proposed and implemented on a software-defined radio receiver (SDR). For
evaluation, the OL-based SDR was compared with a conventional receiver in a short-baseline
TWSTFT experiment. The experimental results indicate that the diurnals disappeared with the
OL-based SDRs while a diurnal of £0.2 ns could be observed with conventional receivers. These
results imply that the diurnals partially depend on TOA measurement methods used in the
TWSTFT receiver.
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Precise time has become an essential service for most critical infrastructures. The development of
telecommunication synchronization networks may facilitate the use of precise time, which will be
a great benefit to a large number of devices connected to the Internet. This paper introduces our
preliminary work to evaluate the dissemination of precise time reference through a potential
telecom synchronization network. With synchronous Ethernet and IEEE1588v2 on-path support
(including Telecom Boundary Clocks), time transfer can be accurate at the level of 100 ns. The
other challenges of compensating network asymmetry and establishing traceability to Coordinated
Universal Time (UTC) are discussed.
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Eng-tf-end latency is critical to many distributed applications and services that are based on
computer networks. There has been a dramatic push to adopt wireless networking technologies and
protocols (such as WiFi, ZigBee, WirelessHART, Bluetooth, ISA100.114a, etc.) into time-critical
applications. Examples of such applications include industrial automation, telecommunications,
power utility, and financial services. While performance measurement of wired networks has been
extensively studied, measuring and quantifying the performance of wireless networks face new
challenges and demand different approaches and techniques. In this paper, we describe our work in
progress of designing a measurement platform based on the technologies of software-defined radio
(SDR) and IEEE 1588 Precision Time Protocol (PTP) for evaluating the performance of wireless
networks.
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This study investigated Global Positioning System (GPS) phase fluctuations over the
high-latitude site, Tromso, Norway (69.66°N, 18.94°E) during a year of low solar activity
(2007). The phase-fluctuation index Fp was used to characterize GPS phase fluctuations. The
objectives were to show the climatology of GPS phase fluctuations, the relation between GPS
phase fluctuations, and geomagnetic activity, and the variation of the ionospheric electron
density when GPS phase fluctuations occur. This study was the first to show and prove the
general variation of GPS phase fluctuations at auroral latitudes. The main results are that the
active GPS phase fluctuations (Fp>50) occur frequently in all months, but highly active GPS
phase fluctuations (Fp>200) tend to occur in the equinox months. The Fp>50 and Fp>200
events are both concentrated in the 18-03 LT period. This implies that Fp>50 is related to
particle precipitation. The temporal variation of Fp> 50 is consistent with that of scintillations
presented in previous studies, but the seasonal variation is not. The relation between Fp and Kp
shows that the maximal Fp and the portion of Fp>200 both increase as Kp increases. This links
the intensity of GPS phase fluctuations to the geomagnetic activity. Finally, Fp>50 occurs when
the E region density quickly increases or the E region density structure extends upward. This
implies that Fp>50 occurs when intense particle precipitation proceeds. Moreover, when Fp>50
occurs, irregularities are distributed from the E to the F region.
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This study conducted a preliminary investigation for climatology of low-latitude nocturnal
equatorial irregularities at African longitudes in 2013, a solar maximum year, by using
ground-based observations for the Global Positioning System (GPS) and Global Navigation
Satellite System (GLONASS) dual constellations. The method of GPS phase fluctuations for
detecting equatorial irregularities is first applied to GLONASS in the same way; and then the
incorporated phase fluctuations is proposed by using the joint GPS and GLONASS data. The
results show that the capability of the incorporated phase fluctuations for detecting significant
equatorial irregularities is better than that by individual GPS or GLONASS. The ideas of the
incorporated phase fluctuations can be applied to all global navigation satellite systems
(GNSS), and can be referred to GNSS phase fluctuations. The major climatology results over
Africa are as follows. First, the equinoctial irregularity occurrence rate is very high (about
100%) in West Africa during solar maximum, it slowly decreases as eastward, but remains high
rate (about 80%) in East Africa. Second, the December solstitial rate is very high (about 100%)
in West Africa; it decreases as eastward, and is considerable low (<20%) in East Africa. Third,
the June solstitial rate is low (about 30%) in West Africa. It increases as eastward, once shows
its maximum on the boundary of Middle-East Africa (about 80%); and then it decreases again,
remains high occurrence (about 70%) in East Africa. Fourth, the occurrence rate in West Africa
shows a broaden pattern with a high ridge in both equinoctial and December solstitial seasons
while with a deep trough in June solstitial season. By contrast, in East Africa, the occurrence
pattern seems like a broaden pattern with a deep trough in December solstitial season while
with a high ridge in the other seasons, or like a two-peak pattern with nonobvious peaks in
equinoctial months. Fifth, the solstitial occurrence rate shows dramatic bipolar longitudinal
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effect between West Africa and East Africa. Finally, the irregularities in West Africa tend to
develop and reach the high altitude (e.g., 600 km) topside ionosphere.
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A rﬁoggified generating algorithm of the TA(TL) and the steering strategy of UTC(TL) was studied.
We used a paper clock time scale generated from our 12-cesium-clock ensemble as the mid-term
reference to steer UTC(TL). After investigated the noise patterns of each our cesium clocks
(Microsemi 5071a with high performance tube), we found their noise were dominated by white
noise when the average time was less than 30~40 days. Therefore we could average all clocks to
get a relative stable paper clock within the average time less than 30 days. We developed a
weighting procedure which weighted each clock according to the inversely exponential function of
their Allan deviation; the weight of each cesium clocks in ensemble was approximately equal and
had a rational upper limit. As the windows period of the BIPM Circular T monthly report may be
as long as 45 days, to steer the hydrogen maser referenced UTC(TL), a modified paper clock time
scale weighted after removing the linearized frequency drift of each cesium clock was used to
extend the mid-term prediction ability. A steering strategy using both proportional and derivative
control algorithm would let UTC(TL) toward the modified paper clock time scale. For our
12-cesium-clock ensemble, the phase error of the modified paper clock time scale is less than 10 ns
in 45 days.
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In 2015, TL has upgraded its measurement capacity in microwave frequency from 26.5 GHz to 40
GHz with frequency resolution reaching to 1.0E-4 Hz, which is, to our knowledge, 1000~10000 times
better than that of commercial microwave counters. This high frequency resolution is based on the
down-convert technique adopted first time at TL in 2013 with a lower measurement upper limit of 26.5
GHz. A DUT (device under test) with frequency accuracy better than that of an OCXO may not be
measured correctly using the above mentioned commercial ones due to their insufficient frequency
resolution. For example, when carrier frequency is 1 GHz, a DUT with frequency accuracy better than
1.0E-9 may not be identified in meaningful way, and the value becomes 1.0E-10 when carrier frequency
is 10 GHz.

The SR620 time interval counter, well-used in T&F laboratories worldwide, is also adopted at TL
for frequency measurement and calibration services. A low noise mixer and our Agilent E8257D
microwave frequency generator then work together to down-convert a DUT’s microwave output to the
frequency range below 300 MHz, which is measurable for a SR620 one. Performance of the
measurement system could be obtained by using common clock experiments. In actual tests, the Agilent
E8257D one and the DUT, a HP83630L signal generator in this case, are fed with TL’s national
frequency standard (H-maser clock adjusted by micro-phase stepper) as their external frequency
references, which improve frequency accuracy of them from the degree of an OCXO (1.0E-8) to that of]
an atomic clock (1.0E-13). An amplified doubler is also used to extend the DUT’s highest frequency
output (~26.5GHz) to 40 GHz required by the E8257D device. Frequency stability (Allan Deviation) of
the whole system for a 40 GHz test at measuring interval of 1 sec could reach 3.1E-13, which is quite
close to the result 3.5E-13 for the 26.5 GHz test in 2014 without influence of the amplified doubler at
that time.
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In this research, a survivability scheme for the speaking clock was introduced. In Taiwan, the

telephone speaking clock service provides hundreds of thousands of accesses daily. Due to the
service popularity in daily uses, the interruption of service for even short periods of time may
have serious results. That is, how to prevent service interruption, and reduce the loss of service

becomes a critical issue. Therefore, developing a protecting system is valuable and necessary.
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Currently, the operational two-way satellite time and frequency transfer (TWSTFT) technique
provides 1 ns uncertainty for measuring the time differences between two national metrology
institutes (NMIs) over an international baseline. The uncertainty of 1 ns becomes inadequate since
some NMIs maintaining ultra-stable clocks which have short-term stability much better than 1 ns.
This uncertainty is mainly due to diurnal variations and it thus becomes a limitation of
synchronization with coordinated universal time (UTC). To reduce the uncertainty of TWSTFT, this
paper focuses on the updated scheme of earth station at Telecommunication Laboratories (TL). For
the short-term stability of the carrier frequency measurements, old scheme shows 6.4e-11 and
proposed scheme provides 1.1e-12 at 1s. For diurnal variations, proposed scheme shows unclear
diurnals and similar stability at 1 h as the old scheme does. Since the proposed setup scheme
provides better stability for short term, the unclear diurnals as previous scheme, it is suitable for
NMIs to perform operational TWSTFT with more stable results.
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In order to support the calibration laboratories to meet the requirements of ISO/IEC 17025 and the
demand of TAF (Taiwan Accreditation Body) for inter-laboratory comparisons, TL has organized a
proficiency testing activities among frequency calibration labs during June and July in 2015. A
Symmetricom/SA.22cLN Rubidium frequency standard was utilized as the DUT with its aging of
5.0E-12/day and temperature coefficient of 1.0E-11/ oC. According to the predetermined schedule,
the DUT was transferred to each participating lab together with our calibration system, so the
measurements were performed by the lab’s calibration system and TL’s portable one at the same
time. Measurement results of both systems are then compared and analyzed. There are 18
participants in this activity, including 17 accredited labs and one under accreditation. The
preparation details of this activity, the measurement results, and discussions about the findings will
be reported in this paper.
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Due to the environmental sensitivity of the optical fiber, there can be variations in
propagation delay that cause instability when performing the time and frequency transfer. In
order to avoid the variations in propagation delay of the optical fiber, we often employ the
bidirectional two-way time transfer technique to cancel them. However, the existing asymmetry
of propagation delay over optical fiber network should be carefully determined and corrected.
This report begins by introducing the principle of two-way time transfer. Following a brief
introduction of time transfer over optical transport network, we discuss the impact of the use of
different wavelengths in the two directions of a fiber link, and then analyze the asymmetry of
nodes and links. We also propose the compensation scheme for the delay asymmetry.
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