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Abstract

The PhysikalischTechnische Bundesanstalt (PTB) maintains the German national time
scale,disseminategime and frequencyfor both businessand general public, and undertakes

researd to improve itsfacilities. Thisre port covers the activities of PTB

Working Group during 2008 and 2009.

PTB6s t i me(PEByiabdasedotJtiieGorimary clock CS2 athan associated phase
micro-stepper to kep the time scale in Bsonableagreement with UTC CS2 andthe other
primary standardsCS1 CSF1, and CSF2ar e p ar tenserhbled® tdni slocks whose
data are provided fothe computation of TAl During 2009, the commercial clocks havmen
moved step by step to awmelock room with improved operational conditions and statiethe-
art cading.

A broad range of satellite timé¢ransfer equipment is being operated to enable time scale
comparisons with other instituteall over the world Single/multichannel GPS reeivers as
well as so-called geodeticreceivers enablérequency and time transfer with the statd-the-art
evaluation techniques(C/A code, P3, carrier phase PPP). Two-way satellite time and fre-
quency transfer (TWSTFT) is maderoutinely with severaktations in Europe, the US, and Asia
Several calibration campaigns have been performeghartly with substantial support of USNO
and BIPM, which allowed verification of the timet r ansf er uncertainty wusing
equipment.

PTB provides services tostieminate time and frequency within Germanyhe most pront
nent example is the lovrequency transmitter DCF77which is widely used In 2009, PTB
looks back on 50 yearsperation of ths service Other time services are the NTF&erves as
well as theteleplone time service t@ynchronize computer vianternet or modem connection,
respectively The capability of the NTP infrastructure was enhancedby the introduction of
an addtional NTP server.

PTB acts as one of the four scalled UTC(k) laboratories cooperating with the future Gal
leo Time Service ProviderIn this framework, its clockmonitoring and measurement systems
have been refurbished and upgraded looking forward to a long-term involvementin this
activity. PTB has also supported the realition of oneof @1 i | eo6s Preci,sse Timing
and a status of this activity will be provided.
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INTRODUCTION

The PhysikalisciTechnische Bundesanstalt (PTB) maintains the German national time scale,j-dissem

nates time and frequency for both business general publicise and unddakes research to improve its
capabilities PTBO6s ti me scale UTC (PTB) is based on the
micro-stepper to keep the time scale in reasonable agreement with OFZ and the other pramy fre-
guencystandards CS[iL], CSF1[2], andCSF2[3]ar e part of PTB6s group of at
are provided for the eoputaton of TAI.

A broad range of satellitttme-transfer equipment isperated to enable time scale comparisons with other
institutesall over the world. Single and multi-channelGPS receivers,as well as so-called geodetic
receivers, enable redundant frequency and time transfer withadtdte-art evaluation techniques (C/A
code, P3, carrier phase)Two-way satellite tine and fregency transfer (TWSTFT) isoutinely pe-
formed with several European and US stations

PTB provides services to disseminate time and frequency within Germany, among which the- low fr
guency transmitter DCF77 is the most prominent examphés grvice has been started 50 years ago in
January 1959 with the beginning of transmission of time and frequency sighthler time services are

the NTP servers as well as the telephone time service to synchronize computer via Internet or modem
connection,respectively During 2008 and 2009 a new additional NTP server has been installed

PTB contributes with its knosliow and equipment to the design of the European Sateltitéghition
SystemGalileo by building parts of the timing systeswf a ground st&n and theso-called Time Sevice
Provider.

In this paperthe time and frequency activities performed by PTB in the years 2008 anch20p@-
sented

TWSTT AND GPS ACTIVITIES

PTB uses TWSTFT and GPS Time Transfer to para the local timecale UTC (PTB) to varous other
time scales ofaboratoriespreadall over the world, e.g. in Europe, US&nd Asa. The following paa-
graphs summarizéne activities of PTB concsing these time transfer linksThe results of most of these
comparisons are uddy the BIPM to compute TAH].

TWSTFT LINK CALIBRATIONS

Since the last laboratory report presented at the RIEgting in 200§5], PTB hagarticipated regarly

in TWSTFT calibration campaigrzetweerthe USNO and PTB andstween European instituge While,

for the USNO-PTB link, the portable TWSTFT station from USNO was used the links betweenthe

European stations have been calibrated by using the portable station of Joanneum Research/Technical
University Graz (TUG, Austria) Here we onlyfocuson the PTB activities in EuropeFollowing the
procedure as described [6], the TWSTFT link between METAS (BefWabern, Switzerland) and PTB

was calibrated in 2006]. One year laterthe TUG portable station was transported to BEV (Vienna,
Austria), establishing a temporary TWSTFT link to PTBhe parallel GP3ink regularly used for the
production of TAI could be calibrated with the smallest accepted uncertainty fBSditk so faf8]. In

2008 the TWSTFT stations afevenEuropean institutes @ve calibrated in an extensive campaign in the
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framework of Fidelity projectdelivering the Galileo Time Service Providerototype9]. This can-

paign comprised the four s@lled core UTQK) laboratories INRIM (Torino, Italy), NPL (Teddington,
UK), OP (Paris, France), and PTB, and addition VSL (Delft, The Netherlands) and METAS$0]. In

all these campaignshe TWSTFT station of TUG was also calibratdd Tablel, the estimated unce
tainties of the reported TWSTFT link calibrations are summdrérel the differential corrections toepr

vious calibrations are statedlhe results of the latest campaigns between ROA (San Fernando, Spain)
andMETAS and PTB using a portable GPS receiver (Nos. HGland EGZ12], respectively) have
been added The three calibrations of the link UTQMETAS) i UTC (PTB) illustrate the very good
achieved reproducibify (see alsaubctionfiGPSLink Calibration to METAS® below).

Table 1 Uncertainties achieved during recent TWSTFT calibration exercises between
Eurgpean laboratories and PTBThe results of the latest GR&sed link calibrations
have been added (see Nos. EG1 and EGAE listed absolute values of the differential
corrections to previous calibrations are a measure of the reproducibility of repeated
TWSTFT calibrations For details see the text.

Campaign Year Calibration Link Link Uncertainty  Abs. differential
No. technigue lab-PTB technique (ns) correction (ns)
ES 2006 TWSTFT METAS TWSTFT 0.8 n/a
E6 2007 TWSTFT BEV GPS 1.93 n/a
EG1 2008 GPS ROA TWSTFT 1.7 <1
E7 2008 TWSTFT INRIM TWSTFT 1.2 0.21

METAS TWSTFT 1.0 1.15
NPL TWSTFT 1.2 n/a
OP TWSTFT 11 0.47
VSL TWSTFT 2.1* 16.73"
EG2 2009 GPS METAS TWSTFT 14 1.17

TAt VSL a significant larger statistical uncertainty was observed, accompanied with a significant large offset of the result,
which might be attributed to data computation errors. These results were discarded and not implemented into the opera-
tional link

TWSTFT SATELLITE CHANGE

Due to the limited lifetimef thelntelsat 1S707 satellite, which was usaghtil January 2008 for ¥-band
TWSTFT to Europe and USAthe community hado switch over tdntelsat IS3R at the beginning of
2008 This satellite was operationaifitil the mid of 2009resulting in the neetb switch overto another
satellite Since July 2009the Ku-band TWSTFT link to other European and American laborattiass
beenmade via Telstar-IL1N.

The use of ISSR satelliteduring 2008 and 2009 requiredodificationsof transmitting hardwareas tle
transponders to Europe cathe USArequired signalsat different polarization Automatic switching
componentsvereimplementedadding the possibility to change polarization between measunts.
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To save the calibratiostatus the gap in operationgluring satellite changesvasbridged by using GPS
PPP lirks and in thecase of the PTRISNO Ink, by usingtheredundant TWSTFT »band link Conge-
guencesindresultsof the satellite changédsve been discussed[13].

GPS LINK CALIBRATION TO METAS

During June and July 200%he time links between METAS and PTB have been calibrated using & trave
ling GPStime and frequency transfer receiver (Tige Dicom GTR5P[12]. First, the TR was operated

at PTB and compared to a second fixed GTRE@iver (PB07) in a quasi zerbaseline coomon-clock
expeiment The delay of the reference 1PPS signal for the TR with respect toRJITE) wasmeasured

with a timeinterval counter (TIC) Then the TR was shipped to METAS and operated there connected to
a 1PPSsignal derived from the local UTQCH). The 1PPS delay &s also measured with a TIC tbie
same type After the TRcameback to PTBaclosure comparisowith respect to PTB07 was performed,

in order toverify that the TRinternal delay during the caliltran trip wasunaffected

While the TR was at PTB, a calibration valugwasderived from the mean value of the comruock
difference (CCD) TRPTBO7. While the device was at METAS, it was compared to a stationary receiver
located thee (WAB2, AshtectiZ12-T) to get a second calibration valug 'he calibation value for the
GPS link UTC(PTB) 1 UTC (CH) with the stationary receiverain be computettom Cgps=C,; - C,.
Additionally, the temporaryink between the PTB07 and the T& METAS)wascompared to the oper
tional TWSTFT link in parallel Subtracting the difference GASVSTFT including C,, the calibation
value for the TWSTFT link & is given by the mean value of thdgference. At first, the results othe
calibration of the TW link ughg the GPS C/A code and then the resultghefcalibration of the PPP link
between PTB0O7 and WABZ2re presented

In Figurel, the CCDs for C/Acode and PPP at PTB are depicté®dl mean valuel.674ns before the
calibration trip and-1.579ns thereafteis obtained forthe C/A code, anel3.703 ns and4.092ns for the
PPP methd, respectively The computation of calibration values results inc&=-1.636ns and
C.ppp=-3.898ns as the mean values of tia® respective values before and after the trip.

In Figure?2, the corrected difference between the C/A code link and the prevical#tyated TWSTFT
link is shownwhile the TRwas at METAS The mean valudirectly corresponds tthe calibratiorvalue

for the TW link G =-1.166ns The visible instabilities for the PPP solutiongFigurel and the diu

nal variations in Figur@ may be due to lightning conctors mounted at some PTB antenna sites by the
local authorities during the calibratigeriod.

In Figure3, the PPP CCD at METAS is depicte@he operation of the receivers is less npisyt some
of the datafom MJD 5501618 and 55021 are missing and a drift over the obsergeddpis visible
Such drifts have also been observed in {@rgh comprisons between the PTB@ndthe PTBB (A$-
tech Z12T), which are the same types of receivers as used for the daiguire3. The observed delay
changes go up to 1 n§he computation afhe mean valugesults inC, ppp= - 461.242 ns and the calibr
tion value for the PPP link isdes pp= 457.344 ns For the uncertaintied)rw = 1.4 ns and bbs pp= 1.6
nswere detemined[12].
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DCF77 50" ANNIVERSARY

DCF77 is the German tinteansfer transmitter located near Framkin the center of Germany pralifng
German legal time and standard frequeoegr long wave af7.5kHz. Fifty years have passed since the
servicestarted its opetin in 1959 by transmittingtandardrequency and time measurement marks
was originallyusedto support theelecommunicationsetwork of the Deutsche Bundespost (German
FederalPostal Service, operating the Gernta@lecommunicationaetworkuntil beginning of the 1990k

In 1973 a BCDschemewas added to the signia transmit epocinformation for the usersealizedfirst
by amplitude modulatian The codeuses 60 bitper minute & transferthis information. Starting at
second 21the next fll minute, followed bythe hour, the day, the weekday, the moatid the last two
digits of the year are transmittddeeFigure4 for encoding scheme) Bits 1 to 14 are not used by PTB
for the transnission @ timing information butare available for dier services likelisaster waiings and
weather foecasts under the responsibility of the German d&samt flr BevolkerungsschutaduKata-
strophenwarung (Federal Office of Civil Protectiord &isasterRelief, BBK) and Meteo Time GmbH
respectively{14].

In Europe, there are estimated 100 Million receivers using DCF77. The signal covers all parts of Middle

Europe, ranging approximately 15@000km (see Figurdé). Not only private receivers, but thousands
of official clocks in Germany use the service.
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Figure4. Leftt DCF77 encoding schemefor detailed descriptignrefer to[15].
Right: Coverage of DCF73ignal in Europgevery schematic

NEW CLOCK ROOM

In August 2009PTB started to usa new clock roomby moving the hydogen masersout of the dock
hall, the place \were traditionally PTBs operational atomic clocks have been locat&tie newroom
combineshigh temperature stability with the preventionfefquent personneldspassingas it haseen
unavoidaby the caseat the old raser locatbn at PTEs dock hall). It provides space for aest far
hydrogenmasers (which are nasolatedfrom each other) and a rack holding REBG/ 1A cesium
clocks In Figure5, the actual ensemble of commercial atomics clocks of PTB is shown insidewhe n

clock room.

Figure5. PTB& new clock room hostinfpur masersaand5071Acesium clocks
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Before starting to use the new room, the environmental conditions imsidebeercareflly monitored
over some weeksThe following Figure6 shows the tempature at raclposition(right sidein Figure5)

over 3 days in Sptember 2009the temperature variations have been less tha.0The time constant
of the probe is about 5 minutes.
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Figure6. Temperature inside the maser roduring3 days in Septaber 2009.

NTP SERVER STATUS

INTRODUCTION OF PTBTIME 3.PTB.DE

During the last years the NTP request rate increased from 700 to 2100 requests per;dbeomanber

of requests received over thEmed-protocolroseas well,resultingin a high loadn the time serversTo
avoid bad NTP performancthe maximumr e qu e st r a t-grotocab was limhed to B and26 0
requests per second for the time serpéioimel.ptb.dandptbtime2.ptb.derespetively.

In order to complywith the increasig demands a third NTBerver name ptbtime3.ptb.davas into-
duced In contrast tgotbtimel1(2).ptb.dethis NTRserversdoesnot ue a permanentPPS conngtion as
the primary time signalinstead it reads time from PCGbased time code generators whick ayncho-
nizedto UTC (PTB) by meansof IRIG-B protocol and initialized once by a 1PPSconnectionwith
UTC (PTB). This IRIG generation is permanently mored against UTCPTB).

This configuration allowghe useof standard and powerful server hardevavith a standardperating
system for the setup of the time serveffie NTPperformanceobtainedwith regard tostability is not as
good as obtained with HPPS signal, as displayad Figure7 in which the TDEV ofptbtimel.ptb.deand
ptbtime3.ptb.dare compared Figure7 showsthatthe TDEV d ptbtime3.ptb.dalways is smaller than
2x10° seconds, hence sufficient for the purposintérnet time serice [5].
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Figure7. TDEV for PTB& NTP serverptbtimel andptbtime3 Due to thesynchronia-
tion of the new NTP servartbtime3via IRIG-B, its stabilityat short time scalds worse
than those optbtimel which is diretly connected to UTCPTB) vialPPSsignal

NTP TIME SERVICE FOR A FEDERAL GOVERNMENT NETWORK

Due to IT security regulains German government agencies which obtain data network services from the

closed German Government Network IVBV are notaddv 0 use PTBO6s open. access
In order to provide an IT securisompliant time service for these agencie$B6 s NTP ti me ser
infrastructure was supplemented by two virtualized NTP time servers which are connected via an IPSec
tunnel to the IVBV. Consequentlythe IVBV and depenént Governmentagenciesare now able to

receive time synchronization under secaoaditions from PTB at Stratuievel 2.

DENIAL -OF-SERVICE ATTACK DECEMBER 2008

Due to misbehavior of the& whisnieduardtywesedinhigux/Bebidnt war e
systems, a denidif-service attack against our NTderversptbtimel(2).db.de was generated in 2008,
whichresulted e mpor al ly in a partially .bTobeankwpoepaned forf P T B©6
such accidental or malicious clogging attaoke configured the NTP processes of our time service in

such a way that only NTRequests which comply to best practices will be answered bsetiverq16)].

This mlicy was activated 18 Nember2008 The effect can benmediatelyobserved irFigure8.
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