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C'PTB Activities in time and frequency

Development
and operation
of atomic
clocks

Realization of
UTC(PTB) and
legal time

TC-TF >

. . . Time and Frequency s
Dissemination P EURAMET Technical Committee \,

of legal time, International
support of cooperation
industry
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EPB —
= Involvement in international metrology

= Two-way and GNSS Equipment
e GNSS Equipment

UTC and TAl are
realized by BIPM,
based on inputs
of some 80
timing institutes,
operating some
400 atomic clocks
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Involvement in international metrology gipm Circular T

5 - Time links used for the computation of TAT, calibrations information and corresponding uncertainties.
Link Tvpe Equipment Cal ID1/Cal IDz2 uSth/ns uCal/ns uldg/ms Al ns YyHMM

aGz0/PTBE GPS P3 TC 2 [JPT13 HC f1001-2018 1.0 20.0

a0s fPTB GPSPPP A 4 /JPT13 1014-2018/1001-2018 g.3 2.8 k.2

50 JPTE GESEEE SU3l /PT13 1001-2018/1001-2018 0.3 &8 1.5

TL JfPIE GESPEF TLT1 /PI13 1001-2020/1001-2018 0.3 2.0 11

TF fPIE GESPEF TEDZ /PI13 1015-201%/1001-2018 0.3 & T 2 B 1

UL JPTIE GPES MC URos  /PTI13 2003-2018/1001-201%8 3.0 Tl 14

UAE /PTB ML

UME /PTE GESPEF UMOl1 /PTI13 1011-2016/1001-2018 0.3 s &8

VHMI /PTE GESPEF VMOZ /PTI13 2001-201%/1001-2018 0.5 Tl 2 B 1

ZL /PTE GESEPE Znoz /PT13 1018-2018/1001-201% 0.3 2.8 13
Link Type Egquipment Cal ID usStbh/ns uCal/ns udg/ns Al/ns YYMM

CH JPTE TWGEPF CHO1 JPTBOS (©0S523-2021 0.3 B 0.4

IT J/JPTE TWGEEPF IToz JPTBOS OS02-2015 0.3 1.5 0.%6

HIST/PTE TWGEFPFP NISTO1/PTBOE ©0353-2015 0.3 21 l.%

HPL /PTE TWGEEFP HNPLOZ /PTBOE 0525-2021 0.3 1.3 0.4

OF JPTE TWSDER OP51 JPTBES OS517-2020 0.3 1.2 0.5

ROR /PTE TWGEEPF ROAOD]1 SPTBOS OS04-2015 0.3 1.3 0.5

SF JPTE TWGEEPF SP01 JPTBOS (0C4%56-2015 0.3 l.% 0.6

USHO/PTE TWGEEP USHOD1/PTBOE 0355-2016 0.3 1.8 P

Physikalisch-Tev'SL ,.'FPTE TWEEFFF W5LO1 ,.'FPTBDE OEZT7-20Z21 0.3 1.3 0.4 Metro|ogieinstitut
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P e
= | Involvement in international metrology .

PTB serves as the pivot for GPS time comparisons and
TWSTFT, evaluated and used by the BIPM, because of

America: e Asia:
o : 3 NIET, NIM, NMIJ,
NP, NTSC, TL
g :

« Geographical position
(TWSTFT to US and to Asia), w9 7

 Equiment in redundancy
and reliably operated,

AMC-1 S AM-2 g
 Predictable, stable time & W | ABs-24g

Europe: .
AOS, CH (METAS); IPQ, IT (INRIM), NPL, OCA, OP, PTB,
Scale UTC(PTB) PTF1 and PTF2 '(Galilec;), ROA, SP, ';'IM (:I'imei:ech'), VSL,

LTFB, UME, GUMLPL) , VNIIFTRI (RUS) "
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EPB -
= | Involvement in international metrology

1st GPS receiver
operated in PTB,

a gift from
National Bureau of
Standards 1982
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cd Involvement in international metrology “BIPM

Mission of the Time Dissemination Working Group in
the GNSS context:

* Maintain a set of redundant receivers for all kinds of signals

* Operate IGS station PTBB (since year 2000)

* Monitor inter-receiver biases

e Support the use of GPS and Galileo signals for timing applications in
different user communities

* Support the Galileo timing system through collaboration with the
Galileo Time Service Provider and the Galileo Reference Centre

e Support BIPM calibration activities by determining GNSS signal delays
in installations of G2 laboratories in Europe and elsewhere
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(.'PTB GNSS installations at PTB

Two sites with GNSS-antenna installations

T vy _ o Allreceivers connected to signals
. representing UTC(PTB)

6 Rec. multi-GNSS (PT09 — PT12, PTBB, PTBM)
4 Rec. multi-GNSS on loan / under contract
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:.’.'PTB Observation of individual GNSS satellites \m

(ns)

REFSYS_GZGRCP

Data GZGRCP59.426 indiv. GPS SV observations
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(ns)

REFSYS_EZGRCP

Data EZGRCP59.426 indiv. Galileo SV observations
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:(.'!PTB Observation of individual GNSS satellites ﬂi\m

Apparently different quality of broadcast ephemerides
and clocks

Way around:

@ om

“—gipm €Vvaluates all links in post-processing using precise
orbit and clock products provided by IGS;

For local and continental comparisons, the legacy
Common-View method is fully appropriate.
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GNSS receiver bias monitoring at PTB

Equipment monitoring in PTB

1l
CV of GPS L3P data

04 . . I

—— PT08-PT13 (PolaRx4-PolaRx5)

—— PT10-PT13 (Mesit GTR51 - PolaRx5)
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Equipment monitoring in PTB

CV of Galileo L3E data,
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F
.’.'PTB GNSS system time monitoring at PTB

GPS reception in PTB: Recording of REFSYS, with

PT09 and PT13 (Septentrio PolaRx) and PT10 (Mesit GTR51)
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Galileo reception in PTB: Recording of REFSYS with
PT09 and PT13 (Septentrio PolaRx) and PT10 (mesit GTR51)
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F
.’.'PT GNSS navigation message monitoring at PTB

GPS time: Offset wrt to UTC(PTB) via PT09 and
predicted offset "GPSTime minus UTC" in 2021, Q1+Q2

—
o

1 1
—— {GPS timeT- UTC(PTB)}
— Pred: GPS time - UTC(USNO)

(&

Time Difference (ns)
n o
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MJD

Time difference (ns)

Galileo system time GST: Offset wrt to UTC(PTB) via two
receivers and predicted offset "GST minus UTC" in 2021, Q1+Q2
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PIB

Comparing GNSS with TWSTFT at PTB

“~BIPM

Time Transfer Data Analysis September 2021
Difference GPS - TW for links UTC(PTB) - UTC(K)

6 ———T T T 1 —— PTB-USNO
: : ’ | —— PTB_SP
. O R SR— —— —— i| —— PTB-ROA
PTB-OP
| —— PTBAIT
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MJD

Maijor effort during 2021 as
TWSTFT link configuration
was changed twice

Thanks to
Frédéric MEYNADIER, BIPM
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F
.’.'PT GNSS signal delay determination

PTB serves as one of the three European G1 labs,
supporting BIPM for providing receiver delay
determination,

including Galileo signal delay delays since 2020.

* 1011-2020 ORB (Bruxelles)
* 1013-2020 ESTEC (ESA)

-~

-

RMO, ..,</

Gl

L\

y

G2,

G2, |.,| G2,

\\\\\ RMO,

N

61, [T >| 61,

[\

62, || 62,

* 1014-2020 BKG (Geodetic Observatory Wettzell, Germany)

« 1011-2021 INRIM (ltaly)
* 1201-2021 JV (Norway)

* 1013-2021 UFE (Czech Republic) and VSL (the Netherlands)
* 1016-2021 DLR (Germany) — BEV (Austria) ongoing
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PTB GNSS signal delay determination

—~BIPM

Example from 2020:

Support of German Air Force,
setting up a new time lab

GPS and Galileo CV between PTB
after GPS and Galileo delays were
applied.

{T(WTD61) - UTC(PTB)} (ns)

WTD 61 operates a comm. Cs clock

32

GNSS CV between WTD61 (BWO01) und PTB

x  GZBWO01-GZPT13
x  EZBWO1-EZPT13
daymean GZ <23.66 ns>
daymean_EZ <23,24 ns>
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:.’.'PTB Other time and frequency activities : \m

In the department:

* Operation of the clock ensemble (5 active masers, 2 passive masers, 6 commercial
Cs clocks, legacy primary clocks CS1 and CS2

* Operation and ,perfection” of Cs fountain clocks CSF1 and CSF2

* Development and operation of several optical frequency standards

* Integration of optical frequency standards into the time scale generation (WIP)

In the working group:
* Dissemination of legal time via long-wave DCF77 and telephone service
* Dissemination of 1 PPS and 10 MHz via optical fibers to Deutsche Telekom (and other

user groups in the future)
* |T-based dissemination for the public and for restricted users,
in cooperation with PTB IT-sector.
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