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TopicsTopics

•• Brief IntroductionBrief Introduction

•• Summary of Working Group and Summary of Working Group and 
Participating Stations MeetingsParticipating Stations Meetings

•• Most Critical Issue faced this past Most Critical Issue faced this past 
yearyear

•• Future EffortsFuture Efforts



Different SYSTEMS for Time TransferDifferent SYSTEMS for Time Transfer

•• LoranLoran--CC
–– Precision  (10Precision  (10--20 ns.)20 ns.)
–– Accuracy  (20Accuracy  (20--200ns.)200ns.)
–– Comment:  Unpredictable variations in Comment:  Unpredictable variations in 

ground conductivity cause problemsground conductivity cause problems

GPSGPS
–– Code (C/A)Code (C/A)

•• Precision  (5Precision  (5--15 ns.)15 ns.)
•• Accuracy  (10Accuracy  (10--50 ns.)50 ns.)
•• Comment: Single Frequency model ionosphereComment: Single Frequency model ionosphere

–– Carrier PhaseCarrier Phase
•• Precision  (500 ps. Precision  (500 ps. -- 3 ns.)3 ns.)
•• Accuracy  (1Accuracy  (1--3 ns.)3 ns.)
•• Comment: Dual Frequency Comment: Dual Frequency -- Carrier PhaseCarrier Phase

•• TWSTTTWSTT
–– Precision  (200 ps.)Precision  (200 ps.)
–– Accuracy  (500 Accuracy  (500 –– 750 ps.) 750 ps.) 
–– Comment: Data reduction relatively simpleComment: Data reduction relatively simple



Comparison of Comparison of 
TWSTT and GPS Carrier PhaseTWSTT and GPS Carrier Phase



Relation of Relation of 
TWSTT and GPS Carrier PhaseTWSTT and GPS Carrier Phase

•• Efforts can not be considered as Efforts can not be considered as 
competitive or adversarialcompetitive or adversarial
–– Each technique can and does Each technique can and does 

complement the othercomplement the other

•• GNSS are dependent on TWSTFTGNSS are dependent on TWSTFT
–– GalileoGalileo
–– QZSSQZSS
–– GAGAN ?GAGAN ?



Participating StationsParticipating Stations

North AmericaNorth America EuropeEurope Pacific RimPacific Rim

NISTNIST TUGTUG NICTNICT
USNOUSNO VSLVSL TLTL

PTBPTB NTSCNTSC
OCAOCA AUSAUS
ROAROA SPRINGSPRING
OPOP NMIJNMIJ
SPSP KRISKRIS

CH (METAS)CH (METAS)
AOSAOS
IPQIPQ

INRIMINRIM
NPLNPL
ESAESA



PS MEETINGSPS MEETINGS

DateDate MeetingMeeting PlacePlace

3/063/06 EFTFEFTF BraunschweigBraunschweig

3/053/05 EFTFEFTF BesanconBesancon

4/044/04 EFTFEFTF GuildfordGuildford

9/059/05 FCS/PTTIFCS/PTTI VancouverVancouver



WG MEETINGSWG MEETINGS

YearYear Meeting  #Meeting  # PlacePlace

19931993 11 NPLNPL

19951995 33 PTBPTB

19961996 44 NISTNIST

19971997 55 ROAROA

19941994 22 TUGTUG

19981998 66 USNOUSNO

19991999 77 BIPMBIPM

YearYear Meeting  #Meeting  # PlacePlace

20002000 88 BIPMBIPM

20022002 1010 PTBPTB

20032003 1111 NPLNPL

20042004 1212 NICTNICT

20012001 99 NTSCNTSC

20052005 1313 VSLVSL

20062006 1414 OPOP



Calibration of Calibration of 
TWSTT StationsTWSTT Stations

•• Use of a Portable StationUse of a Portable Station
USNO Portable XUSNO Portable X--Band antennaBand antenna
Use of TUG Transportable KuUse of TUG Transportable Ku--Band Band 
StationStation

•• Satellite Signal SimulatorSatellite Signal Simulator

•• Calibration via GPS Common ViewCalibration via GPS Common View
3 times per year3 times per year



Calibration Efforts – Ku-band

DateDate TypeType StationsStations

6/976/97 KuKu
PortablePortable

TUGTUG--DTAGDTAG--PTBPTB--TUGTUG

5/035/03 KuKu
PortablePortable

INRIMINRIM--PTBPTB--INRIMINRIM

10/0510/05 KuKu
PortablePortable

PTB PTB -- SP SP -- VSL VSL -- NPL NPL -- OP OP --

INRIM INRIM -- PTBPTB

5/065/06 KuKu
PortablePortable

TUG TUG -- PTB PTB -- METAS(CH) METAS(CH) --

TUGTUG

7/047/04 KuKu
PortablePortable

PTB PTB -- OP OP -- NPL NPL -- VSL VSL -- PTBPTB



Calibration Efforts – X-band
USNO - PTB

DateDate

JUN 02JUN 02

JAN 03JAN 03

JUL 03JUL 03

SEP 04SEP 04

MAY 05MAY 05

JAN 06JAN 06

MAR 04MAR 04



Most Critical Issue Most Critical Issue 

Switching from R&D to Commercial Switching from R&D to Commercial 
Use of INTELSATUse of INTELSAT

ResolutionResolution
5 year contract5 year contract

PS contributionsPS contributions

BenefitsBenefits
Same satellite Same satellite –– do not have to move antennado not have to move antenna

No cost increases during contractNo cost increases during contract

No immediate Calibration TripNo immediate Calibration Trip

No Interruption of ServiceNo Interruption of Service



Future Areas of InterestFuture Areas of Interest

•• Carrier Phase TWSTFTCarrier Phase TWSTFT

•• Link Pacific Rim to Europe and North Link Pacific Rim to Europe and North 
AmericaAmerica
–– Several possibilitiesSeveral possibilities

•• QZSS link to USNOQZSS link to USNO--GPSGPS
•• GAGAN (ISRO GAGAN (ISRO –– INPL) link to GalileoINPL) link to Galileo
•• Through Existing Dedicated linksThrough Existing Dedicated links
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