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 Cesium clocks ensemble:
Symmetricom 5071A (high performance tube)  13
-Running: 13 clocks 
-Under fixing: 1 clock

TA(TL) is generated by 12 Cs-Clocks
 Active H-masers:

Kvarz CH1-75  2 (without CAT)
iMaser-3000 (with CAT)

 Time Scale:

5 MHz AOG-110
Steered base on UTC and TA(TL)

UTC(TL)

iMaser 3000

Clocks and Time Scales

Telecommunication Laboratories
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USNO

TL

NTSC NICT

AM2 on 80゜E

PTB

Asia-Pacific
Eu-Asia

Hawaii

Sep. 2012

GE-23 on 172゜E AMC-1 on 257゜E

Hawaii

NIM

VNIIFTRI

TWSTFT Links

Telecommunication Laboratories
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TL04, 
1.8 m antenna (to GE-23)      
Asia-Hawaii-USNO link

TL03, 
2.4 m antenna (to GE-23) 
prepare for DPN

TL02, 
2.4 m antenna 
(to AM2) Eu-Asia

Cable Tray

Antennas

Telecommunication Laboratories

TL01, 
2.4 m antenna 
(to GE-23) Asia-Pacific
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Earth Stations
Station TL01 TL02 TL03 TL04

Link Asia Eu‐Asia Prepare for 
DPN

Asia‐Hawaii‐
USNO link

(Since April 2012)

Satellite GE‐23 AM2 GE‐23 GE‐23

Antenna Size 2.4 m 2.4 m 2.4 m 1.8  m

Transceiver CODAN 5900 CODAN 5900 CODAN 5900 CODAN 5900

Band Ku, band1 Ku, band1 Ku, band3 Ku, band1

Modem NICT modem
(multi‐channel)

SATRE 66
(single channel)

AWG and 
Sampler

SATRE 63 
(multi‐channel)

Participants NICT PTB, NIM, NTSC, 
NICT, VNIIFTRI

NICT NICT, KPGO, 
USNO

Internal delay
measurement

SR620 SR620 N/A SATRE 63
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Measurement results of TL-Hawaii link
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Improvement of TL-Hawaii link (1/5)

SATRE 63

2.4m

TX/RX duplex

Check the residual of the quadratic fit 
The DRMS is often higher than 1.5ns
It became lower when the variation of delay values were small

▲ One-way delay measurement vs. DRMS
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Improvement of TL-Hawaii link (2/5)

SATRE 63 SATRE 73

2.4m 1.8m

TX/RX duplex RX only

Maybe due to the station …

RX by the other 1.8m station
=> 2.4m + SATRE 63 is poor
=> 1.8m + SATRE 73 is normal

SATRE 63

7ns

SATRE 73

1ns
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SATRE 73 SATRE 63

2.4m 1.8m

TX/RX duplex RX only

Maybe due to the modem …

Exchange the modems
=> 2.4m + SATRE 73 is poor
=> 1.8m + SATRE 63 is normal

3ns

SATRE 73

1ns

SATRE 63

Improvement of TL-Hawaii link (3/5)
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SATRE 73

2.4m

RX only

SATRE 63

1.8m

TX/RX duplex

Maybe due to TX …    => Change TX to 1.8m station
=> 2.4m + SATRE 73 is normal  &   1.8m + SATRE 63 is normal
=> TRF (Transmit Reject Filter)

1ns

SATRE 73

Improvement of TL-Hawaii link (4/5)

SATRE 63

1ns
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Improvement of TL-Hawaii link (5/5)

SATRE 63

1.8m

TX/RX duplex

The DRMS values were reduced after changing the station

▲ One-way delay measurement and its DRMS
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AWG A/DAWG A/D

GE-23

TL NICT

54.175MHz 85.875MHz

54.175MHz

85.875MHz

One-way ranging
Calibration

One-way ranging
Calibration

Dual Pseodo-random Noise TWSTFT (1/3)

AWG: Arbitrary Waveform Generator
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One-way ranging
Calibration

One-way ranging
Calibration

2
UTC(TL) – UTC(NICT) =

2720

2722

2724

2726

2728

2730

2732

2734

2736

55890 55895 55900 55905 55910 55915 55920

na
no

se
co
nd

MJD

without calibration

Dual Pseodo-random Noise TWSTFT (2/3)

By using the one-way ranging data, we got the conventional TWSTFT results. 
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One-way ranging
Calibration

One-way ranging
Calibration

2
UTC(TL) – UTC(NICT) =

2784

2786

2788

2790

2792

2794

2796

2798

2800

55890 55895 55900 55905 55910 55915 55920

na
no

se
co
nd

MJD

with calibration

Dual Pseodo-random Noise TWSTFT (3/3)

The DPN results show less diurnal than that of the conventional TWSTFT. 
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Asia-Hawaii-USNO link:
• Use GE-23, perform experiment at hourly intervals
• Continuous experiment with USNO and NICT

Asia-Pacific network: 
• Transponder: Band 3 changed to Band 1
• Use GE-23, perform experiment at hourly intervals 
• Continuous experiment with NICT

Europe-Asia network: 
• PTB-TL link has been adopted as one of the TAI links
• Continuous experiments with PTB, NICT, NIM, NTSC 

and VNIIFTRI

TWSTFT Events in 2012
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Thanks for your attention!

TL will keep on cooperating with NICT in the 
study of DPN TWSTFT

TL plan to start the study of carrier phase 
TWSTFT when we get new transceivers 

Future Works

Telecommunication Laboratories
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2013 - The ATF Workshop
• The ATF 2013 workshop will be hosted as the joint sessions 

of the AP‐RASC’13 conference
Session Topics:
Calibration and 

dissemination in 
electromagnetic 
metrology
Microwave 

frequency 
standards
Time and frequency 

transfer
Optical frequency 

standards
Optical frequency 

measurement
Other topics of 

commission A
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• 2013 CCTF WG on TWSTFT meeting
Sept. 6‐7 2013, Taipei, Taiwan 

Draft Time Table


