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Abstract

The national time and frequency laboratory of Sweden has since 1995 been a part of the
measurement technology department at the SP Technical Research Institute of Swélden.
laboratory is responsible for maintaining a realization of Swedish standard tiavel the
dissemination of this time scale in SwedefThe objective of the laboratory is to support and
supply Swedish industry and authorities with accurate measures of time and frequency by
instrument calibration, knowledge transfer, time disseminatiand research and development.
Swedish standard time is connected by law to UTC as maintained by the BIBWIC (SP) is
the realization of UTC in Sweden and is traceable to UTC via BIPM and time transfer using the
GPS and TWSTFT techniques.

This paper dscribes the generation and maintenance of UTSP) and the equipment,
including clocks and time transfer equipment, needed for this task as well as the concept of a
ADi stributed Ti me Scal eo (SPpmaimtgineddt siseerlabardiies ver si ons o
in Sweden. The paper presents also activities related to the dissemination of Swedish standard
time including GPS time transfer, Network Time Protocol (NTP), telephone time coe a
speaking clock. Finally, research activities including time trasfer in optical fiber networks,
continuous GNSS carriephase processing, andKalmanfilter-based ensemble clock
generation are briefly presented.

INTRODUCTION

SP Technical Research Institute of Sweden is a goverrmagrgd but independent research institute
with a wide range of research fields: construction, microbiology, biotechnology, cherarsdrgnergy
technology to name a few areasSP and its subsidiaries employ more than 900 pedphe Time and
Frequencydboratory is part of the Measurement Technology department that realizes most Sl units such
as meter, kilogram, amperand of course the unit of time, the secondThe Time and Frequency
laboratory is relatively young on an international scdlép unti summer 1995Swedish Metrological

time and frequency activities were carried out by Telia in Stockholm, at that time-awtegd Swedish
Telecommunication CompanyDuring the last 14 years the time and frequency laboratory has evolved
from one persomwith one cesium clock and a singlghannel GPSeceiver in 1995 to a team of six
colleagues and a multitude of equipment and competence of tditay.SP commits about 20 clocks to
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TAl and is active in the development of new time transfer techniques.

DISTRIBUTED SWEDISH TIME -
KEEPING

SP Time and Frequency rcently has two sister
laboratories at independent organizations where SP has
placed equipment and maintains time scales closely
related to UTC(SP). Internet communication between
the sites glues the Swedish time keeping together and
forms a redundant dnselfretained distributed structure
(see Figure 1)The two sister laboratories are:

Figure 1. Time links betweeiswedish timekeeping
sites.

1) STUPI AB[1], Svensk TeleUtveckling & Produktinnovation AB, is a company heavily involved in
Internet technology developmenfs a nonprofit activity STUPI is also committed to the development
of robust national timekeeping and distribution of time and frequency within Swédenlaboratory is
placed in central Stockholm with excellent network communication capabilities and provideso& free
charge NTRservice.

2) Onsala Space Observatory (OSR), affiliated with the section of Radio and Space Science at
Chalmers University of Technology in Gothenburg, is the Swedish National Facility for Radio
Astronomy. It operates an mmvave radio telescope fosa in VLBI astronomy and geophysicBue to

its requirements for stable frequency referenptesobservatory is a natural place tionekeeping.
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EQUIPMENT AT SP
The clock ensemble at SP consists of (see Figure 2):

A Active hydrogen maser SigmaTau MHM2010 (216) 407201
A Active hydrogen maser CHI5A 407203
A Four industry high performan@esium Tube 5071A 35[0641|1188|1642|2166]

For the redundant time scale generation and its local distribution we use twaaidesttips of

A Datum AOG 110
A TimeTech higkperformance frequency distribution 10273
A TimeTech pulse distribution 10188

A third time scale is based on one of tesium clocks and is distributed within the lab.
The frequency standards are ldgaheasured using
A Two identical setups of sequential time interval measurement systems using

o a Fluke PM6681,
0 an Agilent 34970A Switching unit,
o four reference and 16 measurement channels by tlaiegHP34905A RF multiplexers

A TimeTechsix-channel PCO phase comparator.

The timeinterval measurement systems are capable of each measuringp20differences per minute
using a flexible scheduler interfacing the GPIB instrumentation in a GNU/Linux environifeatclock
ensemble is measured every 10 minut€ke PCO continuously measures the clock ensemble with a 1
second sampling and is interfaced using IP networking.

Long-haul measurement time transfer instrumentation at SP consists of:

aTimeTech Satre TWSTFT ground statiodA\BSSPA, 1.8n dish (see Figures 3 and 4)
two Javad GGD timing GNSS receivers, SP01, SP02, redundant setup referenci¢ggR)TC
anlGS SPTO0, Javad GGD timing GNSS receiver, referencing the SigmaTau maser
anOncore UT single frequency receiver for national standard performance time links
aTW Fiber SDH 10G system referencing UT&P) (see Figure 5).

Too Too oo oo o

The GNSS receivers are connected to different antenna mounts (see Fighia e SDH time
transfer syem, the lab has three CISCO 12000 routers at its disp@sabf end of 2009one router

is actively used with an OC192/STM64 connection to the STUPI timingwaixh also provides
additional IP connectivity for NTP and rei@the data transfer betweemet other national sites and the

IGS. There are a number of NTP servers that use a redundant set of time scale and time code
generators on different network segmentdost systems are based on a specipp4 interfacing
hardware. Further there is a coiputerized speaking clock system interfacing the national time scale
UTC (SP).
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Figure 2. Clock room at SPAll clocks, two H-masersandfour 5071A cesium clocks,

2
are placd in this temperatureand humiditycontrolled chamber of about 8 mRMS
temperature variationseresmaller than 0.3 K during 2009'he UTC (SP) time scale is
generated by using an-tdaser as the master clock and a Datum Auxiliary Output
Generator (AOG) Pulse and frequency distribution are placed close to the time scale and
the signals are routed as short as possible to different time transfer equipimemtock
room contains also sensible measurement equipment such as a femtosecond phase
comparatar the TWSTFT modem, the GNSS receivers, and the SONET/SDH time
transfer equipment.

EQUIPMENT AT STUPI

The clock ensemble at STUPI consists of:

o I To o Io

Active hydrogen maser MHM2010 407210

Active hydrogen maser CHA5A 407211

Active hydrogen maser CHa5A 407212

two high-performance 5071A 35[0572|1531]

five standard performance 5071A 36[0223|1175]|2068|2218|2297].

STUPI has further a number of CS clocks and a hydrogen maser that are not repogdiRd/Mth Most
clocks are placed in a temperature/humigtigbilized clock chamberThe time scale is generated and
locally distributed by

A
A
A

a Datum AOG 110
HP5087A frequency distribution amplifiers
an Austron pulse distribution amplifier.
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Figure 3/4. TWSTFT outdoor unit with SSP#
and LNA. The system uses different polai
zation for receive and transmit to Telst
11IN@11.4 degrees elevation, which makes
RF section very simple and robudthe SSPA is
connected using a flexible waveguide, whert
the LNA is directly coupled to the hornThe

Cometech transceiver is located in a roc
directly below the 1.8n dish and thus

protected from the weather and excess
temperature variationsThe system also feature
a satellite simulator that is used to monit
systematic delay changes of the ground statiol

Figure 5. The twoway SONET/
SDH time transfer systensia
prototype system that consists
a discrete set of instruments. Tl
optical OC192/STM64 con
nection (at 1550 nm) is powel
spitted close to the line card of
CISCO 12000 router and the " .
converted to electrical 10 Gbit/ 1 '

signals. SDH header recognizer oo P i
generatean 8 kHz replica of the o mwm
router clocks of the respectiv
front- and back end of the link
which in turn are compared t
UTC (SP) wusing Pendulun
CNT90 timeinterval counters.
Similar equipmentvasplaced at
STUPI in Stockholm at &
baseline of abdu560 km. The

setup has been continuous 235
measuring since summer 2007.
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Figure 6. GNSS antennas at SPlhe time and frequency laboratory has a number of
GNSS antenna systems availabléhe main antenna is placed on top of the IGS Antenna
Monument SPTO (10425M001) (left picture)The antenna is an AOAD/M_T (258)
connected to the power splitter at the lab with about 70 m of staske Andrew FSJ
antenna cableThe cable is kept to within a few degrees in temperatangrolled water
pipe underground from the lab environment arthiw and to the top of the concrete
pillar. Since late 200%he OSOD type radome is also temperasiebilized at 23 + 3°C
using a prototype air heat exchange system that is mainly used for snow melisg.
installation has also helped to improver daPSP3 time transfer that suffered from
excessive code multipath in the antenna system during summer months due to
unexplained temperature sensitivity of the antenna Li#ther antennas at SP are roof
top installations (e.g. right picture) that are usegkether with the National Land Survey
of Sweden (LMV) for example for their Network RTK services or for general SP GNSS
research.

The local measurement system consists of:
A aPendulum CNT81

A anAgilent 34970A Switching unit
A four reference and 16 measurement channels by tisiagHP34905ARF multiplexers.
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The sequential timeterval measurement system is capable of measuring-[3is differences per
minute using a flexible scheduler interfacing the GPIB instrumentation in a/lGNIX¥ environment.
The setup is very similar to that at SPhe clock ensemble is nominally measured every minute.

The ime transfer instrumentation at STUPI consists of:

A two Javad GGD timing GNSS receivers, PL0O1, PLTO, redundant setup referémeilogal time

scale
A aPL02, Javad GGD timing GNSS receiver, referencing CblA (407211)
A aTW Fiber SDH 10G system referencing the local time scale.

STUPI has early been committed in IP and netwiorle research and has a wide range of equipifioent

IP communication at its disposalhe laboratory maintains a number of public primary NTP servers both
for IPv4 and IPv6.Most of the NTP services reference its time to the local realization of WHiCh in

turn is traceable to UTC via SP.

Figure 7. Part of the clock chamber a
STUPL.

p) \
{ \
1 |
' I
S F /

A Spiint
B Sunet

C Stockholm1
D Stupi
E Swipnet

Figure 8. STUPI IP L

N ;

8|
research network in
Sweden. GEA ;

F Karlstad

& Ostermalm

H Sédermalm A

| Sédermalm B

J Stockholm2
40G POS

N 5 Procket8801
g 3 Cisco 10720
% 1 Cisco Red Brick
3 Cisco 7505
2 Cisco 7200
5 Cisco 12000
2 Cisco CRS1

— 10GPOS 4 |
— 246G SRP,

~— 106G Ether,”
622M SRP “

— 24GPOS
34M RL e
P




41% Annual Precise Time and Time Interval (PTTI) Meeting

EQUIPMENT AT OSO
The clock ensemble at OSO consists of:

A active hydrogen maser CHI5A 407218
A active Hydrogen maser CHI5A 407221
A onestandareperformance 5071862295

The time scale is generated and locdiktributed by
A aSymmetricom AOG 110
A aTimeTech highperformancdrequency distribution 10273
A TimeTech pulse distribution 10188.

The local measurement system consists of:

A aPendulum CNT81

A anAgilent 34970Aswitching unit

A four reference andightmeasuremerthannels by usintyvo HP34905ARF
multiplexers.

Also at OSQ the timeinterval measurement system is capable of measuringgj® Hifferences per
minute using a flexible scheduler interfacing the GPIB instrumentation in a GNU/Linux environment.
The clock ensemble is measured every 1 minute.

Figure 9. Part of the clock chamber at OSO.
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