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IB Active Hydrogen Maser CH1-95
Name :

Hodulator

CH1-95_003

stal Osc

Time Scale

U Punp
1 Puap

I Purifier
U heater H2
U H2

Ext Bottom
Ferrit Gate

Int Side
Int Bottom
Int heater

U ref «
U ref -

«L.2 U
+2.5 U
v

14.
1.31

U tune

oAc
27.00
0.45 Modulation
Count <
count -

100 MHz

FPD
i
U ctrl

Lzrv
2.4 v
3.290
0.0L U

ooooooo

Detector
=0.00 U
-6.60 U
=0.77 U

11.15 v

905941

Multi

® 3~ 2020

£ 9

+1.2 0
+3.3 0

.21u
+3.30 .28 U
+12.00

100 MHz In .00 v
5 MHz

5 HHz

CHL
1 PP§
2 pp
10 HHz CH1 3 PPS CH1
10 HHz CHZ

10 HHz CHI Sync In

Maser Rec AFCC Receiver
11.86
-11.77
11.88
-11.82

+5.0 U
=5.0 U
+3.3 0

IF 19.5
IF 20.405 MWz -57.9 PLL 1.44
IF 405 kHz =0.02

IF 5.7 kHz -0.02
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fom ]
=
~
o
o
DO
1

U Pump
1 Pump

I Purifier
U heater H2
U H2

U HFO
1 HFO

Discharge

Inversion

Ferrit Gate

Int Side
Int Bottom
Int heater

U ref +
U ref -

Il Active Hydrogen Maser CH1-95

Haser

3.30
0.008

U tune

DRC

Modulator

Modulation

Count +
Count -

Phase

100 Wiz In

Hultiplier

071 u
L.is v
1.50 v

CH1-95_003

+1.2 0
+3.3 0
1
100 MHz In
5 HHz CH1
5 HHz cHz 1 PP§ CH1
2 PP§ CH1
3 PPS CH1

Sunc In

+5.0 U
=5.00
+3.30

IF 19.595 WHz -27.8 dBm
20.405 HH; PLL 1.44 GHz
IF 405 kHz

F 5.7 khz
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Tz PowkAg Rk S AP chsk 5k 4 3 s (fiber comb laser)
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PERFORMANCE OF THE FREQUENCY COMB
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FERBIGOPET S FEE > NG AL TR E GPS PR i e
B oUCV 22 *32p g4 CCGTTS ~ 24 @A @Y% » &
% &4 ®"% GNSS fRi3(International GNSS Service » f§ i IGS)# #
By o Ko ok P RAFTEFEDL DB 3 EETLERE
PR * IGS M FEIS I 1S pERF 2 B TR T LB~ KRS FE 6D
FRECEDRE  RIFRFBES SR -

Fodeen UCV f23-3 %5 e T 7 R @ dicdy P chedp %
Lo iy VRHEFEDER L TERHRIARADETRLF &
Pl o NPT BT 0 3% R ET R * & R 4a(H-maser) sr4dEs
s e ¥t 4% 3 4B(Cs)engapt s X b o i %15 UCV p4E B ¢

SREA A RFFNEETRROA TR > HRFEFIRIRAPE
WA PIERIAFET R C M G422 ETREE TP RBEDIFETR
B il o P RESENYABPAFELS BT GPS BB TR E 2
Freplipl 2 v B (gap)® FgpldiciE » &4 %15 k- 3 GPS A 40 l%
- Bk p R EE N AR T TR - R ot E 0 B P RE
W EA Y LRI R R 7 * didp g S Re > MBE

M FE i v oA € FIFERIFEA D L PR T - gy Bl j ’
LR EFEBRPITHOT IR Z PR EIRDF LR > TR AT
TR T3 F W ITL Sl B3 L DI E RS ET S R
X

GPS £4RL:2 (CV)inF #l a2z /> .4 d HAwh St 5= B
FHREFPOETAL > REHET Pk Faicfg Lo %”"ﬁ E- -
B Pt Ba g 28 B2 a PR ¥ - 25 0 2
ARZAV)FTHEIZARS 0 A 27 Rk Bt g T35, L3403 B

P E L WAL PG A ORI T S R B M
46



oo TP o AMESHRTL Y o AR Y AV S E > L2 5k
4R (Up-sampled All-in-View, UAV) > 124k * 4o T 3572 iR #ic
3&7%,\ o

APy HRI%F GPS RH/EFR BE g R - AP ak R
R > & 35 GPS P3 7 4% BLip| #icdy e & #7854k (resampling) fe £ >t

+ 4B $F M IE R e p A PR (self-expansion) B 47 0 i fd = E & A A 49
B Rielicdp i R o ¥ A PR Y I REIADE RN F Y
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[CPLIIED

Laboratory status

7 TLO1 : Complete the construction of the new satelite earth
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1. Ant. aperture: 2.4m
2. Modem: NICT's SRS - SDR
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Measurement results(1)
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The up-sampled all-in-view (UAV) method is a new technigque being developed to improve the
precision of long-distance GPS P3 code time transfer, specifically for the time link between the
Telecommunication Laboratories (TL) in Taiwan and the Physikalisch-Technische Bundesanstalt
(PTB) in Germany. By combining up-sampled data and original observations based on their
respective uncertainty estimations, the precision of the UAV results can be compared with that of
precise point positioning (PPP) results. The modified Allan deviation (MDEV) of TL-PTB UAV
results at a 960-s averaging time reaches 9x10-15. Moreover, the long-term behavior of the UAV
remains consistent with conventional GPS all-in-view (AV) results. Improving the precision of
code measurements could enhance our understanding of their behavior and potentially reduce the

averaging time required for GNSS time transfer calibration.
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Based on the technique of TL’s optical frequency comb (OFC), an alternative and feasible
way for measuring microwave frequency up to 80 GHz has been implemented in our recent
experiments. Conventionally, an OFC serves as a very accurate optical frequency measuring tool
when frequency-stabilized to an external reference. Beat frequency (8f) between an unknown
optical frequency source and an OFC could be obtained by using a photodiode carrying out the
O/E conversion and the measurement result be determined. In our lab, when utilizing the one
with bandwidth hundred times larger than the OFC’s repetition frequency (fr), we obtained an
additional microwave frequency comb, which was derived from the original OFC only with the
same O/E effect. In order to figure out capability of the counterpart, we used the simulating DUT
(device under test) composed of frequency synthesizers, frequency multipliers, power amplifiers,
mixers, etc., for its performance evaluation. The experimental results showed that operating range
of the derived comb was somewhat wider than the photodiode’s bandwidth claimed, so this
proposed method seemed promising in providing another way for characterizing signals in
microwave frequency domain, which was practiced by using common microwave frequency

instruments before.
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We use a virtual ensemble GPS receiver which CGGTTS outputs are the weighted average of
all calibrated physical receivers in ensemble to monitor the GPS C1/P1/P2 total delays’
(TOTDLY) variation of each physical receiver. Since the virtual ensemble receiver is the
collective representation of all receivers in ensemble and the outliers and divergent measurements
from the physical receivers in ensemble would be filtered out by weighting procedure, the
equivalent TOTDLY of the virtual ensemble receiver would be more stationary and qualified as a
reference. A co-location 6-year long-term common clock difference (CCD) was calculated to
examine the trends and variation ranges of the GPS C1/P1/P2 TOTDLY of physical receivers. We
found, even the co-location CCD procedure cancelled out the most known common noises, the
CCD results showed the 6-years P1/P2 TOTDLY variation ranges of all receivers were about -0.5
~ 0.5 ns with different trends. Since the GPS P3 we used for GPS Time Transfer (GPSTT) is the
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ionosphere free combination of P1 and P2, there would cause about 1.5 ns time instability for
GPSTT. We also found each receiver’s C1/P1 trends were similar, it may imply the TOTDLY
variation is related to the carrier frequency of GPS signal.
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From March to May 2023, the National Standard Time and Frequency Lab
Telecommunication Laboratories (TL) conducted a trip to calibrate GNSS equipment owned by
the National Metrology Laboratory of SIRIM Berhad (NMLS). The trip started and finished at
TL, providing closure with respect to the TL Groupl reference receiver TLT5. The operations
and report of measurements are described in the report by TL. The INTDLY values of the
receivers given in Table 1 have been computed by TL based on the results of the Group 1 trip
1001-2020 for TLT5 (GPS and Galileo) and should not be updated to reflect later changes in the

conventional INTDLY values of the reference receiver.
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From July to September 2023, National Standard Time and Frequency Lab
Telecommunication Laboratories (TL) conducted a trip to calibrate GNSS equipment owned by
National Metrology Centre - Agency for Science, Technology and Research (SG). The trip
started and finished at TL, providing closure with respect to the TL Groupl reference receivers.
The operations and report of measurements are described in the report by TL. The INTDLY
values of the receivers given in Table 1 have been computed by TL based on the results of the
Group 1 trip 1001-2020 for TLT5 (GPS and Galileo) and should not be updated to reflect later

changes in the conventional INTDLY values of the reference receiver.
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1 1 ;r-u 0 100
2 17 & 0 100
3 12 & 0 100
4 14 = 0 100
5 6 ;a 0 100
6 14 i 0 100
7 10 ;a 0 100
8 5 ﬁ 0 100
9 3 ﬁ 0 100
10 11 & 0 100
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12 11 & 0 100

144




112 # R A FHEF LS BER %3 4 T 2 B (Ffind)

p Ay

i R R

CEEREE T

112.02.02 2 02.06

koo R T T
2R EREE I T &R
“+(SCL) 2t & 373

112.04.18 FiEaswEAas fkkw
# CCTFWGTAI 1 v s
K

112.05.16~05.19 B2 R AR R Bk

4v 2023 EFTH/IFCS 2% & #2

e EHE A%

112.05.17

1 BEdm CCTF
WGWTFTFT PS ¢ 3

112.05.22

ke ~¥ 22 Rk &
‘v BIPM &+ f§ 38 Online
Briefing on the
establishment of a Forum for
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ISO/IEC 17025: 2017
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AOS Astrogeodynamical Observatory, Space S R A
Research Centre P.A.S. AP e

ANSI American National Standard Institute 3 R R T 07
Asia Pacific Laboratory Accreditation L s 2w gk

APMP Asia-Pacific Metrology Programme I3 us
Agency of Science, Technology and 20 , -

* 4 sl ga)
A™STAR Research, Singapore AT PR
ATF Asia-Pacific Time and Frequency Workshop |I; = F¥4E % 3

Bureau International des Poids et e B e
BIPM Mesures(; ) R AR G
CCTE Comite Consultatif du Temps et des R%REREHFLR €7
Frequences(iz =) R
CGPM ??n:e)rence Generale des Poids et Measures ARG ¢
=
CIPM Comite International des Poids et Mesures |B*%% & & 7% A ¢
CMC Calibration and Measurement Capability i &P &
DPN Dual Pseudo-Nandom noise AT NET A
EFTF European Frequency and Time Forum W PR R
ESA European Space Agency I QLN S
EUROMET |European Metrology Collaboration R A
GPS Global Positioning System g5 M “fu
o TS
GPS AV Global Positioning System All-in-view : f 2 DAL
method APES
Gpscp  |Global Positioning System Carrier Phase D IR Ak AR
method [hady 073 PE2
GPS CV Global Positioning System Common-view NIR R K S AL
method
IEN Istituto Elettrotecnico Nazionale Galileo E-JRRREFF Y
Ferraris, Italy 3
International Organization for T B L 4 ek
150 Standardization R ey
B h % F 1 P T
. IEEE International Frequency Control P H’jﬁ N il
IFCS S . JF’" g @ ﬂ‘*tF' s *3?—
ymposium
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IGS International GNSS Service R %k EHURGE
ION The Institute of Navigation FRE g ¢
Korea Research Institute of Standard and ~ |#& R & fL 8= 7
KRISS . ~
Science, Rep. Of Korea 3
KCDB Key Comparison Data Base e S
METAS  |Federal Institute of Metrology (CH) R BN R AT
iti i IR T
MRAAC Mutual Recognition Arrangement Advisory 103 T fRikdp 4
Committee Ag
NICT National Institute of Information and pajh ?% FTE AN
Communications Technology, Japan TR e
National Institute of Metrology, Beijing, P. L 2k B g o
NIM R. China CRARTEFLR
NIST National Institute of Standard and 3 R R 3
Technology, USA F
NMIA National Measurement Institute, Australia ;2 & € P& 7 =
] ] P A T30 AR
NMIJ National Metrology Institute of Japan ¥ b et forT 3 o
National Physical Laboratory, United e L e
NPL Kingdom PR ETRE
NRC National Research Council of Canada ECRFFLE
: : : PR RS
NTSC National Time Service Center )
[ [ Vi B s v o
NTP Network Time Protocol “J\‘éﬁf" R PR A%
OCXO Oven Controlled crystal Oscillator Eirtl iRy ®B
OP Observatoire de Paris (LNE-SYRTE) i
ORB Observatoire Royal de Belgique IR X 25
PTH Physikalisch-Technische Bundesanstalt, N R attﬁﬂ-ﬂ )
Germany =3
N : : RN sl L A
PTTI Precise Time and Time Interval Meeting g :1‘? & ks
2.
Real Instituto Observatorio de la Armadaen |.. . . . -
\__’7 E s kD
ROA San Fernando LT ERA T e
SDR Software Define Receiver PR T
SGOF Study Group on Optical Fibre Links kg B pEEy o e
SP Technical Research Institute of Sweden T B R R AT
B B BEB 2R & 2 g
SU Institute of Metrology for Time and Space i F R

R pIRT e
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TAF Taiwan Accreditation Foundation Zj Zl R A
TAI International Atomic Time (i <) %R 3 pF
Technical Committee on Time and P ek R
TCTF
Frequency g
Telecommunication Laboratories, CHT Co. |~ #® % 5/ 7 Ix
TL .
Ltd., Taiwan
TWSTET Two-Way Satellite Time and Frequency Grh g @
Transfer
USNO U.S. Naval Observatory, USA Z RA & pup T
UTC Coordinated Universal Time (7= <) ﬁ' L pE
VSL Van Swinden Laboratorium, the Nederlands | /= f# # & & P& 7 2
VCO Voltage Controlled Oscillator @K%f S
WGGNSS |Working Group on GNSS Time Transfer Wik BpF1 vl
. . PR S S s L R
WGMRA Working Group on Mutual Recognition EApT T BTk I

Arrangement
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