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ABSTRACT

In this paper, we compared the TWSTFT and GPSPRPfdathe PTB-TL, PTB-NICT, and NICT-TL time trefes
links. We investigated the double difference betwde time transfer data of TWSTFT and GPSPPP 2006 to
2010. The results show two time transfer technicued a conspicuously inconsistency and the pattefrdouble
difference results were similar in PTB-TL and PTB=N links. The double difference results of all edit links
exhibited the annual varying patterns, whose pegketk phase difference in 1-day moving averagd &as both for
the PTB-TL and PTB-NICT links, and 2 ns for NICT-Tihk.

INTRODUCTION

The two-way satellite time and frequency transTeVSTFT) and GPS time transfer (GPSTT), such as BPAlI-
in-View (GPSP3 AV) and GPS precise point positi@PEPPP), are the most accurate techniques in sglibe time
transfer. In order to take both of their advantdmgggsombining the TWSTFT and GPSTT data especfaliyheir data
alignment [1] or for using one result to calibréte other one [2], it is necessary to clarify tHeing-term difference
between each other at first. Many articles havepaued the difference between GPSTT and TWSTFT. Szindies
showed the time transfer results by GPSP3 AV anfi Gfnmon view (GPSCV) agreed well with TWSTFT ia tavel
of 5 ns [3][4][5][6]. However, in recent studietetdouble difference of GPSPPP and TWSTFT showashsgistency
with an obvious slope [7][8].

The aim of this paper is to verify the long-terrmsistency between TWSTFT and GPSTT data. The PTBuiL
NICT-TL links are investigated as the typical Eusia and Asia-Pacific time links. The link PTB-NIGF also used for
comparison.

DATA

The TWSTFT and TAIPPP data from 2009 to 2010 asméxed in this study. The TW PTB-TL and PTB-NICT
links are choosen as the long baseline examplettenICT-TL as the regional example. The basidifess for these
links are listed in table | and table II. Since thdirect NICT-TL TW result can be obtained fronettelay calculation
via PTB, we also compared the results between NAIGI TL for different geo-satellites and TW moden$s4 for Satre
modem, 1S-8 for NICT modem). For conducting thetearely long-term comparison, the NICT-TL link \i€SAT-1B
were also examined from 2005 to 2009 as 4-yeartéongreference. The related position of each gratations and
satellites are showed in Figre 1.

TABLE 1. Information for TWSTFT Links

TW LINK PTB/TL PTB/NICT NICT/TL
Modem SATRE SATRE NICT
Reference UTC(PTB) UTC(NICT) UTC(TL)
Baseline 8376 Km 8321 Km 2113 Km
Satellite I1S-4@72 E IS-4@72 E I1S-8@166 E JCSAT-1B@166 E
Period (MJD) 54544-55228 53669-55228 = 54958 53553-54921




TABLE 2. Information for GPS sites
GPS site PTB NICT TL
Receiver Ashtech Z-X113T | Septentrio PolaRX2 TR| Ashtech Z-XI13T
Reference UTC(PTB) UTC(NICT) UTC(TL)
TAIPPP site ptbb nict twitf
1S40n72 "E JCSAT-1Bon 150" E | g o 166" E
: Jan. 2010

Figure 1. Position of ground station of PTB, NIGhd TL

DOUBLE DIFFERENCE RESULT

At first, two Euro-Asia links, PTB-TL and PTB-NICTyere examined. Figure 2 shows the difference batvwiene
transfer results of TWSTFT and GPSPPP, for PTB-NIGH with red dots and PTB-TL link with blue dofEhe plots
for both links show similar annual varying patterfibe local maxima appear at the beginning of & Yred vertical
line) and the local minima appear at the middléhefyear. After the 1-day moving average calcutatibe peak-to-peak
phase differences of the two patterns are aboutsl.5
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Figure 2. Difference between TWSTFT and TAIPPP, BIIBT (red dots) and PTB-TL (blue dots) links



Secondly, we examined the Asia local link. Figushdws the double difference between three kindisnaf transfer
results for NICT-TL link. They are the NICT-TL doeTW link, the NICT-TL relay TW link via PTB, anNICT-TL
GPSPPP link. The difference between the directdimt GPSPPP has a slope about 3 ns/270 days (iik)e The relay
link via PTB agrees well with the GPSPPP resultuad +1 ns range in 400 days (green dots). Thetdined indirect
TW links were also compared here. Their differesicews an observable slope about 3 ns/270 dayshwhite same
as the difference between GPSPPP and direct TW link

""""" * nict-tl.PPPIS-8
4 |——| - nictlIs-4viaPTBS-8
+ nict-t|.PPP1S-4 via PTB

ns
o

54832 55197
MJD

Figure 3. Double difference between 3 kinds oftimansfer results of NICT-TL link, GPSPPP-dire@¥ Tink (IS-
8 link, blue dots), GPSPPP-relay TW link (1S-4 Ri&B, green dots), and relay TW - direct TW linkd(dots)

The inconsistencies between TWSTFT and GPSPPPh®ereshown above. In order to verify whether tireual
cycle exists in the time transfer data or not, Wwecked the NICT-TL link from 2005 to 2009. Becatlse GPSPPP data
for NICT-TL link were not available before 2009, wmployed the GPS P3 all in view data here. Figuskows that the
double difference result between TWSTFT and GPSFJok NICT-TL link appears the similar annual patteThe
local maxima appeared in the beginning of one g&aept 2006 (red vertical line), and its peak-talpphase difference
of 1-day moving average is about 2 ns.
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Figure 4. Double difference between TWSTFT and GPSY for NICT-TL link.



SUMMARY AND DISCUSSION

The analysis of the long-term data shows the diffee between TWSTFT and GPSTT results has an apatiain
and their peak-to-peak phase difference would b®oup5 ns in long baseline Euro-Asia link and to2in local area.
We suspect the cause of difference might partlyecéom the TWSTFT, for the reason that the NICTGRBSPPP and
TWSTFT relay link are consistent within £1 ns. \Yf@éess some effects come from the satellite mayskaini relay
calculation, but appear in the direct link.

We noticed that the source of the annual patteonldhbe global and anniversary. For TWSTFT, thestgmror may
come from satellite movement, ionosphere delayasphere delay, station delay instability, and mesament noise
[9][10]. The difference of 4.5 ns means about lanegth delay in cable; however, the station delatability would
not cause such amount of delay. The tropospheeg @eld measurement noise should not be a gloledteffherefore,
the possible suspect for the annual pattern mathbéesatellite movement or ionosphere effect. Itgests that it is
necessary to employ the real ephemeris of the TWSjHe-stationary satellite for investigating the $W-T path non-
reciprocity.

Excluding the annual pattern, we found the diffeeebetween GPSPPP and TWSTFT was around 1 ns;ymainl
coming from the diurnal effect. It implies if thefern can be modified, the inconsistency of TWSHRHI GPSPPP
would be reduced into 1 ns. Furthermore, if therdilicould be corrected, the inconsistency of TWBaRd GPSPPP
would be reduced into hundreds of ps, and it wdwgda great improvement of the systematic unceytaftboth
TWSTFT and GPSPPP.

REFERENCES
[1] Z. Jiang and A. Niessner, “Calibrating GPS With TV¥$ For Accurate Time Transfer,” in Pratth Annual Precise Time and Time Interval
(PTTI) Systems and Applications MeetiRgston, Virginia, USA, 1-4 Dec. 2008, pp. 577-53@09.

[2] Z. Jiang and G. Petit, "Combination of GPS PPP &wd-Way Time Transfer for TAl Computation”, 89Annual Precise Time and Time
Interval (PTTI) MeetingLong Beach, California, USA, 26-29 November, 2007

[3] Z.Jiang and G. Petit, “Applying GPS satellitesialiew in Circular T,” BIPM Time Section, TechmicMemorandum TM132, 2004.

[4] J. Azoubib and W. Lewandowski, “Comparisions of ¢k® by GPS and TWSTFT,” in Prot999 Joint Meeting EFTF and the International
IEEE FCS April 1999.

[5] H.T.Lin, W.H. Tseng, S. Y. Lin, H. M. Peng, C.Sao, G. de Jong, E. Kroon, and M. J. Brakel, &Tiirst Two-Way Time Transfer Link
between Asia and Europe,” in Pr@th Annual Precise Time and Time Interval (PTT8eltihg San Diego, California, USA, 2-4 Dec. 2003,
pp. 71-80, 2004.

[6] T. Gotoh, “Improvement GPS Time Link in Asia withl A& View,” in Proc.2005 Joint IEEE International Frequency Control $yrsium and
Precise Time and Time Interval (PTTI) Systems gpli¢ations MeetingVancouver, Canada, 29-31 Aug. 2005, pp. 707-20Q5.

[7]1 T. Gotoh, M. Fujieda and J. Amagai, “Comparisondgtaf GPS Carrier Phase and Two-Way Satellite Tame Frequency Transfer,” in Proc.
|EEE International Frequency Control Symposium flgiwith the 21st European Frequency and Time FoERiF '07, Geneva, Switzerland,
May-June 2007, pp. 1188-1193, 2007.

[8] W.H.Tseng, S.Y.Lin, H. M. Peng, H. T. Lin, aBdS. Liao, “The comparison between TWSTFT and GRE& transfers on inter-continental
baseline links,” in Pro20th European Frequency and Time Forum EFTEB&Gunschweig, Germany, 27-30 Mar. 2006, pp. 567-2006.

[91 W.H. Tseng, H. T. Lin, S. Y. Lin, and C. S. Lid&easurements of TWSTFT Earth Station delay indités using a satellite-simulators,” in
Proc.IEEE Conference on Precision Electromagnetic Measwnts CPEM 2008 urin, Italy, 9-14 July 2006, pp. 604-605, 2006.

[10] D. Piester, A. Bauch, M. Fujieda, T. Gotoh, M. Aitth Maeno, M. Hosokawa, S. H. Yang, “Studies ostdbilities in Long-Baseline Two-
Way Satellite Time and Frequency Transfer (TWSTFiE)uding a Troposphere Delay Model,” in Pr@9th Annual Precise Time and Time
Interval (PTTI) Systems and Applications Meet@+29 Nov. 2007, Long Beach, California, USA, pp1-222, 2008.

[11] P. Defraigne, C. Bruyninx, “GPS time transfer tetaf the art,” in ProcJSR 2005Varsovie, Sep. 2005 (invited), pp 261-266, 2005.

[12] F. Arias, Z. Jiang, W. Lewandowski, and G. Pet&|PM Comparison of Time Transfer Techniques,” imd&®2005 Joint IEEE International
Frequency Control Symposium and Precise Time antk Thterval (PTTI) Systems and Applications Meet28331 Aug. 2005, Vancouver,
Canada, pp. 312-315, 2005.

[13] Internal GPS Service IGS clock product, final ticede IGST https://goby.nrl.navy.mil/IGStime/igst.php
[14] BIPM TAIPPP solutionftp://tai.bipm.org/TimeLink/TAl




