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5-2 Generating and Measurement System for
Japan Standard Time

HANADO Yuko, IMAE Michito, KURIHARA Noriyuki, HOSOKAWA Mizuhiko,
AIDA Masanori, IMAMURA Kuniyasu, KOTAKE Noboru, ITO Hiroyuki,
SUZUYAMA Tomonari, NAKAGAWA Fumimaru, and SHIMIZU Yoshiyuki

This article introduces the current and future systems for the standard time generating
and measurement system at the CRL. The features of these current working systems com-
pared with the former ones are dual redundancy in the main part. Itis efl‘ectlve to improve
reliable and rapid reaction to emergency situations. We are going to move the system toa
new building next year and renew the current system on this opporh.lnily “The new system

will have many improvements such as an introduction of a hydrogen rnaseror munl cfianne[
DMTD syﬂem, which enables it to realize a higher performanca e gai g

Keywords

uTC (Goordmated Unfversal Time), JST (Japan Standard Time), Measurement system,

Hydrogen maser, D

1 Introduction

Japan Standard Time (JST) is defined as
Coordinated Universal Time (UTC) + 9 hours.
The BIPM (Bureau International des-Poids et
Mesures) determines UTC from an ensemble
of atomic clocks throughout the world, but
UTC is not delivered to each country in real
time. Generally, the standard time of a coun-
try is prepared based on UTC(k), generated by
the standardizing organization of the respec-
tive country [the "k" in UTC(k) represents the
relevant standardizing organization]. In
Japan, the CRL is the national standardizing

_organization in this area. The CRL generates

the UTC(CRL) time scale based on UTC,
using local atomic clocks and a standard time
generation and measurement system. The
UTC(CRL) is the basis of JST, and serves as
the time signal for radio and television.

The standard time generation and meas-
urement system features some distinctive ele-
ments. For example, the continuity of data is
significant in the management of the time. It
is not easy to stop the system while in opera-

MTD (Dual Mixer Time Difference System)

tion, and time, once output, cannot be correct-
ed. In other words, an abnormality cannot be
corrected tracing it back to its occurrence.
Therefore, in the construction of the system,
the reliability of the system and the ease of
long-term operation are as important as the
system's main functions. In fact, the system
may on occasion be constructed to favor relia-
bility over quality.

The generation and measurement system
of JST began in 1976 when the first system
began operations; the current configuration
represents the fourth generation of this system.
The first-generation system measured time
difference between the Koganei Headquarters
and the Nazaki Station using a method known
as the TV synchronization signal mediation
method, and controlled the system using a
process control computer referred to as a mini-
computer. After the system was extended to
include functions such as high precision time
comparison using GPS (1984), the second-
generation system, which began operations in
1987, established the framework of the current
system with the introduction of the real-time

HANADO Yuko et al.
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ensemble time method, which uses two or
more atomic clocks and high performance
measurement equipment controlled by GPIB.
The third-generation system, which began
operations in 1995, significantly saved labor
with improvements such as the distributed
processing and a communications facility
(both features supported by the network), and
greater facilitation of data processing and
analysis(1].

The fourth-generation system began oper-
ations in the fall of 1999 and has been in use
since. The main feature of the system is its
complete dual-redundancy, resulting in
increased reliability and rapid response in case
of abnormality. This system is also deployed
at LF standard radio wave transmission sta-
tions (referred to as "LF stations" below).
Further, we are now developing the fifth-gen-
eration system, concurrently with the reloca-
tion of the system to a new building to be built
at the end of 2003. Many improvements are
planned, including extensive hardware
replacement, involving the introduction of
hydrogen masers as master standard oscilla-
tors, a multi-channel Dual Mixer Time Differ-
ence System (DMTD), and triple-redundancy
in the main body of the system; in addition to
software improvements such as the modifica-
tion of the standard time generation and con-
troller algorithm and the introduction of a
database system.

This article describes the generation mech-
anism of JST in Chapter 2, introduces the
fourth-generation system in Chapter 3, and
introduces the outline of plans for the new
fifth-generation system in Chapter 4.

2 How is JST determined ?

First, we will introduce the mechanism of
JST generation. Fig.1 shows a block diagram

- of the standard time generation procedure at

the CRL Headquarters and the LF stations.

2.1 standard time generation at CRL
Headquarters
JST is determined from the average time

|
\L

[zl Generating process of
,ar-rna cm%géamawsﬁrﬂon

of a group of cesium atomic clocks (average
time scale) at the CRL Koganei Headquarters.
The average time scale is calculated based on
the time difference data between the compo-
nent cesium clocks. The details of the calcula-
tion method for average time scale are set
forth in Article 5-1 of this special issue.
Average time scale merely a calculated value,
thus, if a real signal is required, the frequency
of one of the clocks is adjusted to output a sig-
nal that corresponds to the average time scale.
However, in consideration of the independ-
ence of the atomic clocks, it is not desirable to
adjust the atomic clock itself artificially.
Thus, a frequency adjuster referred to as an
Auxiliary Output Generator (AOG) is intro-
duced, with the atomic clock as its master
oscillator, and the AOG is adjusted to generate
real signals for average time scale. The real
signals generated consist of SMHz or 10MHz
signals, the reference values for the frequency
standard, and a | pps signal, which is the stan-
dard for the second.

The time denoted by this real signal is
known as UTC(CRL), referring to the time
generated by the CRL based on UTC. JST is 9
hours shifted from UTC(CRL). The time dif-
ference between UTC(CRL) and UTC is pre-
sented in the Circular-T report published
monthly by the BIPM, and we adjust
UTC(CRL) whenever necessary with refer-
ence to this value.

2.2 Standard time generation at LF sta-
tions
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UTC(CRL) and JST are generated at the
CRL Koganei Headquarters, but the reference
time signal of the standard frequency broad-
cast is generated at two LF stations. The
details of the LF stations are described in Arti-
cle 5-3 of this special issue. Here, we will
outline the relationship between the time
scales generated at the CRL Headquarters and
at the LF stations.

The time broadcast from the LF stations is
the time generated by the cesium atomic
clocks at these stations; their systems consist
of cesium clocks and the AOG (the frequency
adjuster), reflecting the system setup
employed at the CRL Headquarters. However,
average time scale calculation is not per-
formed at the LF stations. The time generated
at the LF stations is continuously monitored
using the GPS common-view method and the
two-way satellite time and frequency transfer
method, and it is adjusted at the site whenever
necessary to synchronize with UTC(CRL) and
JST. The time difference between UTC(CRL)
and the time generated at each LF station is
maintained within 100 ns.

3 Current standard time genera-
fion and measurement system

Fig.2 shows the outline of the current stan-
dard time generation and measurement system
at the CRL Koganei Headquarters. The sys-
tem basically consists of the same components
as those discussed in Section 2.1. The follow-
ing describes the function of each part.

Fii .? urrent system for eneratin and
%easwwn};n ?4#1 gsner%ﬂon)

TIC Hme.‘nrervat counrer Ws: Work

r

3.1 Components

The most stable clock among the 12
cesium clocks is selected and is used as the
master oscillator of the AOG frequency
adjuster. The output signals of the AOG are
the base signals for UTC(CRL). The only sig-
nals generated by the AOG are the 1-pps sig-
nal used for the time synchronization and the
5-MHz signal used as the reference frequency.
The time signal (the naming of each 1-pps
pulse) is generated by secondary equipment
such as the NTP server, the standard time
delivery system issued via telephone line
(Telephone JJY), and transmitting signal-gen-
eration equipment for the standard frequency
broadcast. The frequency of the AOG is auto-
matically adjusted once a day in accordance
with average time scale, and is also adjusted
whenever necessary to synchronize with UTC
within 50 ns.

Average time scale is calculated from the
time difference data between the cesium
clocks. The 1-pps signals of the clocks are
input into the multi-channel selector. The sig-
nals are sequentially switched and the time
differences (phase differences) between all
possible pairs of the clocks are measured
using time interval counters. A workstation
controls all the measurement and stores all the
data for each system of measurement and cal-
culation. Each piece of the equipment is con-
trolled through GPIB or R$232C. The time of
each system as a whole is managed by con-
trolling the time of the workstation using the
NTP.

There are two completely separate genera-
tion and measurement pathways, each of
which passes through the workstations, for the
distribution of the cesium clock output signals.
These pathways are designated as System A
and System B. The UTC(CRL) for outside
users is obtained from one of these systems
(whichever system is active). The other
serves as the stand-by system. If any abnor-
mality should occur at any place in the active
pathway, normal UTC(CRL) can be quickly
supplied by switching the outputs of System A
and System B for UTC(CRL).

NiCT 11
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3.2 Operation

The time differences between the clocks
are measured every four hours starting at 0 h
UTC. Clocks that require fluctuation monitor-
ing are included in the measurement in addi-
tion to the 12 cesium clocks; thus the number
of measured pairs exceeds 200. Measurement
takes approximately 12 minutes. Among these
data measured, the data at 0 h UTC is used to
calculate average time scale, and the AOG fre-
quency is automatically adjusted based on this
value. System A and System B each performs
the measurement and the calculation in the
same manner. These two systems are equiva-
lent, although one is generally selected as the
active system. If any abnormality is observed
in the active system, the output for UTC(CRL)
is promptly switched to the stand-by system.
Here, the time outputs of these systems are
adjusted so that they always synchronize with-
in several nanoseconds, to minimize the time
difference in UTC(CRL) at the moment of
switching. The measurement data for both
systems are backed up in each.

The cesium clocks are placed in a shielded
room that also serves as a thermostatic cham-
ber. The status of the cesium clocks, the 5-
MHz phase fluctuation, the state of phase syn-
chronization of the AOG, and other values are
continuously monitored, and any abnormality
is reported to the person in charge via email.
The temperature and the humidity of the
shielded room and the measurement room are
measured every 4 hours, as environmental
data. In addition to these remote monitoring
functions, the person in charge inspects the
site every day. The shielded room and meas-
urement room have uninterruptible power sup-
ply systems in case of power outage, and the
equipment related to the generation of stan-
dard time (the cesium atomic clocks, the
AOG, and the distribution amplifier) are fur-
ther backed up using DC batteries.

UTC(CRL) is regularly compared with the
time scale generated by organizations abroad
using the GPS common-view method and the
two-way satellite time and frequency transfer
method. These time comparison data and the

r

time difference data between the clocks meas-
ured at 0 h UTC every 5 days (on dates that
end with 4 or 9) are sent to the BIPM and are
used for the calculation of TAI. The BIPM
publishes the time difference of UTC-UTC (k)
(where k designates the relevant organization)
every month (in the Circular-T report). Based
on this value, UTC(CRL) is adjusted such that
the time difference relative to UTC is within
50 ns. This is not an automatic adjustment,
but is performed manually by the person in
charge as required. A problem had been noted
in the large fluctuation caused by the removal
of the component clocks used in computing
average time scale, but now, this problem has
been resolved, and the improved average time
calculation program is in operation within the
stand-by system. (See Article 5-1 of this spe-
cial issue.)

4 New standard time generation
and measurement system

It was decided that the standard time gen-
eration and measurement system should be
transferred to a new building due to the deteri-
orated condition of the present building. The
new building is to be completed at the end of
2003 and the system will be transferred within
fiscal 2004. It has also been decided that the
system itself should be renovated on the occa-
sion of this transfer. The goals of the new sys-
tem are to achieve frequency stability of approx-
imately 2x 10" per 30days, and a synchroniza-
tion within 10ns of UTC. Fig.3 shows the
planned configuration of the new standard time
generation and measurement system. It is
basically similar to the current system, as it is
also based on the configuration discussed in
Section 2.1. Below we will describe the out-
line of the system, focusing on the changes
from the current system and the points to be
noted in system construction.

(1) Hydrogen masers for the standard time
master oscillator

The master oscillators at UTC(CRL) will
be changed from cesium atomic clocks to
hydrogen masers, with the aim of increasing
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short-term stability. Fig.4 shows the stability
of various atomic clocksi2). For r=5 days (4 x
10%s) or shorter, the stability of hydrogen
masers is superior to that of commercial
cesium atomic clocks. However, the stability
of cesium clocks is higher over longer periods;
thus, we will switch reference atomic clocks
according to the interval t in order to realize a
more stable time scale: the hydrogen masers
will be for short-term use and the cesium
atomic clocks will be applied to long-term
applications. Major revisions will be required
in the standard time calculation and adjust-
ment methods; development of the new algo-
rithm is underway. The new system will con-
sist of 12 cesium atomic clocks and 3 hydro-
gen masers.

(2) 5-MHz phase difference measurement
using multi-channel DMTD

10-10

am-ﬂ 1

g 112
| 1018
gtn—“
i 10-15

10716

110 102 102 104 105 108 107 |

Samgling time ¥ (5) |

The frequency stability of various
atomic clocks =

The method of measurement of the time
differences between the clocks will be
changed from 1-pps phase difference measure-
ment to 5-MHz phase difference measure-
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ment. The increase in the measurement fre-
quency is expected to improve measurement
accuracy. The current measurement equip-
ment—the time interval counter—will also be
replaced by the DMTD methodia)-51. Accord-
ingly, we have developed a multi-channel
DMTD for simultaneous measurement of the
time difference data between the clocks.

In the calculation of average time scale,
time differences between clocks are treated
based on the assumption that these time-dif-
ference values have been obtained simultane-
ously. However, this is not the case in prac-
tice, as parallel measurements are not possible
under the current system. As a result, if the
clocks drift during measurement, we are unable
to determine clock performance with accuracy.
(Currently, optimization in the measurement
sequence reduces the time required to measure
the time differences between clocks used in the
calculation of average time scale to approxi-
mately 30 seconds; thus the error of a clock with
a drift rate of 2x 10" is approximately 6ps.
However, this error increases in proportion to
the time required for measurement.) Simultane-
ous measurement using multi-channel DMTD

will eliminate this problem.

Fig.5 shows the circuit diagram of the
DMTD. The reference is the 5-MHz AOG
signal, and the DUT (Device Under Test)
input is the 5-MHz signal of each clock. Both
signals are converted to 1kHz using the com-
mon local signal generated by a DDS (Direct
Digital Synthesis) synthesizer prior to phase
difference measurement. Measured data is
output every second. Time difference data
every several hours are sufficient for the cal-
culation of average time scale, but measure-
ment every second is required for the effective
detection of abnormalities. It is possible to
average the measured data 500times per sec-
ond; relative to the 1-pps one-shot measure-
ment of the current system, measurement
accuracy is expected to increase, so that sys-
tem noise of 110" to 2x 10" in r=1s will be
able to be measured.

(3) Reinforced reliability

Within the current system, one workstation
performs all functions. In the new system,
improved reliability will be achieved by dis-
tributing functions among multiple PCs. By
switching from workstations to PCs, the

REF£AF
AF = 1kHz

e

J8{j0UOD-0IN
§

EEE siock diagram of DMTD system
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machine-dependent operating system can also
be replaced with a versatile OS (such as Win-
dows and Linux), increasing the flexibility of
future operations.

The main part of the system will be
extended from the current dual-redundant sys-
tem to a triple-redundant system. The most
stable system can be selected from among the
three, based on the majority rule. Three NTP
server systems are also included to manage
system time.

In addition to the previously implemented
monitoring functions (temperature, humidity,
cesium clock status, AOG status), the status of
the DMTD input signal and that of the DMTD
itself, the AOG output signal, and the quality
of the selector output signal (UTC(CRL)) will
also be monitored. Table | shows the major
items to be monitored. The monitored items
are displayed on the Web, and we can obtain
nearly real-time information even at remote
locations. Any abnormality in the system is
displayed on the Web and reported to the per-
son in charge via email.

IR List ef the main monitoring items

Status of cesium atomic clocks

Status of hydrogen masers

Status of AOG

Room temperature and humidity

Status of output signals from AOG
Status of output signals from the Selector
Status of DMTD measurements

_(4) Continuity of UTC(CRL) at system
switching
When multiplexing systems, care must be
taken with the continuity of data at switching.
In the current system, System A and System B
each calculates average time scale using its
own independent measurement data. In this
case, even though the clocks that supply the
data for calculation may be the same, the
measurement equipment is different, and the
measurement data and the calculation results

are thus different. In other words, in the cur-
rent system, the continuity of UTC(CRL) is
interrupted when the UTC(CRL) output is
switched from System A to System B. Under
the new system, one set of data is selected
from the three sets of data measured by the
three systems, and all three systems use this
set of data in the calculation of average time
scale. Therefore, the continuity of UTC (CRL)
is maintained in principle even when switch-
ing between systems.
(5) Automatic trace of UTC

In the current system, the person in charge
manually adjusts the time difference between
UTC and UTC(CRL). In the new system,
automatic adjustment will be implemented to
achieve synchronization within 10 ns of UTC
(with the goal of achieving an eventual margin
of | to 2 ns). As the UTC-UTC(CRL) time
difference is reported by the BIPM only
monthly, improved accuracy must be achieved
by increasing the stability of UTC(CRL) and
by predicting fluctuations. To this end we are
conducting studies to investigate these issues
in the context of the development of the new
algorithm.

5 Summary

The generation and measurement system
that supports JST, long maintained by the
CRL, must satisfy various conditions: for
example, it should not fail, it must be easily
and quickly be restored if it should fail, it
must be able to be extended and improved,
and must not be so complex as to constitute a
"black box" of calculation. The complete
dual-redundancy established in the current
fourth-generation system was a means to
recover from abnormalities as comprehensive-
ly and swiftly as possible with minimum treat-
ment. On the other hand, the computer con-
figuration of the fifth generation system (the
new system) is the result of considerations
relating to future reliability and flexibility,
both in terms of hardware and software.

It is also an important challenge to deter-
mine the extent to which the system should be
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automated. The evaluation and handling of
abnormalities is difficult and we must deter-
mine how far we can trust the machines to
evaluate and judge the various situations that
may arise. For example, it has been deter-
mined that a person should make any final
Jjudgments under the new system as to whether
output should be switched upon the occur-
rence of abnormal events; this is another
example of a decision to prioritize reliability.
The current fourth-generation system fol-
lows the methods used in the third-generation
system, with the exception of several improve-
ments, such as the introduction of redundancy
in the system. Relative to these changes, the
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ABESEIRHE R ez

No.

Work Item

1

Jincluding

Temporary work

Foundation work for each facilities

Reinforcing and Forming

Building Construction

Painting work

Waterproofing work

Interior finish work

Shielding work etc.

Foundation work for antenna tower

Radial earth and grounding work efc.

2 \Electrical Facility Installation
|inc1udjn§

Lighting Facilities

Power equipment R A

Private electric generator

Power receiving facilitiy

Telephone line

TV set

GPS antenna

Fire alarm system

Power distribution installation etc.

\Mechanical Appliance Installation

including

Air conditioning system

Ventilation system

Sanitary fixure facility

Water supply and discharge system

Septic tank facilities

Lubrication facility etc.

Antenna Tower Installation

including

Tower fabrication

Tower installation

Anchor materials

Guy wires and antenna elements etc.

Obstruction light system_etc.

5

Transmitters and Related Equipments

Installation

Jincluding

Transmitters

Antenna Tuning Unit

Control and monitoring instruments

_Insulators r

Related equipments

Measuring Equipments for maintenance

Spare Parts etc.
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5-3 JJY, The National Standard on Time and

Frequency in Japan

KURIHARA Noriyuki

The Communications Research Laboratory (CRL) determines the national standard time
and frequency in Japan, which is disseminated throughout Japan by the LF standard-time
and frequency-signal emission, JJY. JJY is utilized as reference signal of radio controlled
watches and clocks which have now come into wide use rapidly, and is being recognized as
a social infrastructure which supports the people's living in Japan. In this paper, the follow-
ings are introduced: JJY facilities with dual operation system, and future utilization and

development of JJY.
Keywords

Frequency standard, Japan standard time, Standard-time and frequency-signal emis-

sion, Radio controlled clock

1 Introduction

As the nation’s sole agency responsible for
Japan's frequency standard, the Communica-
tions Research Laboratory (CRL) produces the
national standard frequency and Japan Stan-
dard Time, and disseminates these signals
nationwide via LF standard-time and frequen-
cy-signal emission (JJY-LF). JJY-LF is used
as a reference signal for a growing number of
radio-controlled clocks and has been recog-
nized to be a part of the national infrastruc-
ture. JJY-LF was formally operated in June
1999, with the Ohtakadoya-yama LF station
(located at the top of Mt. Ohtakodoya in
Fukushima prefecture) serving as the nation's
first base for JTY-LE. The Hagane-yama LF
station (Kyushu LF station) then began similar
operations in October 2001, resulting in a
dual-station nationwide system of standard-
time and frequency-signal emission.

Precise Japan Standard Time and standard
frequency are expected to find applications
not only in the field of radio-controlled clocks
but also in the areas of home appliances, time-
business applications, and precision synchro-
nization over high-speed communications net-
works; in fact, a number of commercial activi-

ties have already begun in these areas. This
paper will briefly describe the background of
the JJY-LF, completed LF station, operational
conditions, precision of the distributed JIY,
and future applications.

2 Overview of standard time/fre-
quency

Since time and frequency play an impor-
tant role both in daily life and in specialized
areas of science and technology, consistency is
essential. Each industrialized country with
advanced fields of science and technology
produces and takes responsibility for its own
high-precision national time/frequency stan-
dard. In Japan, the CRL (Incorporated
Administrative Agency) produces, maintains,
and disseminates the national standard
time/frequency in accordance with the Min-
istry of Public Management, Home Affairs,
Posts and Telecommunications Establishment
Law, in addition to the CRL Law. Such stan-
dard time/frequency services are widely used
to calibrate in-house standards for domestic
manufacturers of measurement devices and
communications devices, in the TV/radio
time-announcement applications that provide
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time to the general public, or in NTT's 117
time service.

CRL's Standard time/frequency services work
consists of the following three factors:

@ Generation and maintenance of standard
time and frequency

@ International comparison of standard time
and frequency

@ Dissemination of standard time and fre-
quency

As for the first factor, it is essential to gen-
erate a national standard time and frequency
that is sufficiently accurate and precise, and to
maintain this standard with a high degree of
stability. The CRL generates Japan Standard
Time and frequency by using 12 Cs commer-
cial frequency standards.

In terms of the second factor, it is of
importance to ensure consistency among each
country's national standards, therefore, the
Bureau International des Poids et Mesures
(BIPM)(1] works with the standards authorities
of each country to compare standards, via sta-
tionary satellites (two-way satellite time and
frequency transfer: TWSTFT) and/or GPS.
The results are then used to determine Coordi-
nated Universal Time (UTC) and International
Atomic Time (TAI). The CRL, appointed by
the BIPM as a node station in the Asia-Pacific
area of the international precise time transfer
network, plays a crucial rolet2) within this
framework.

In terms of the third factor, some ways of
dissemination according to the required accu-
racy must be prepared, so that the national
standard may be put to wide public use.

The CRL disseminates Japan Standard
Time and standard frequency to society
through various methods, including LF stan-
dard-time and frequency-signal emission (JJY-
LF, as the most popular ways, as described in
detail below) and telephone networks.

3 Overview of LF standard-time
and frequency-signal emission
(JJY-LF)

3.1 History of the JJY-LF

180 Journal of the National Institute of Information and C.

Dissemination of the JIY began on Janu-
ary 30, 1940, in an effort to broadcast a stan-
dard frequency to domestic radio stations and
broadcast stations. Later, beginning in August
1948, a time code was added to the JJY. This
time code has been used as a reference for
TV/radio time announcement services and
NTT's 117 service, and has already been
established in our civic life in Japan. The JJY
has thus served as Japan's basis of time for
more than half a century, throughout the post-
war years.

At first, the standard-time and frequency-
signal emission (JJY) was broadcast in the
shortwave (HF) band. However, since the HF
radio path depends heavily on ionospheric
conditions, the use of HF raises various issues,
including unstable signal receiving, insuffi-
cient frequency precision, and jamming. To
solve these problems, in 1993 a committee
was established inside the CRL to discuss the
future standard-signal distribution policy and
to conduct a comprehensive review by using
questionnaires and similar means of the con-
ventional signal dissemination regime, which
relied primarily on HF standard-time and fre-
quency-signal emission (JJY-HF). As a result,
the future shape of the standard-time and fre-
quency-signal emission was clarified; specifi-
cally, the use of an LF standard-time and fre-
quency-signal emission (JIY-LF) was pro-
posed to ensure appropriate precision.

After a series of efforts to realize this new
broadcasting regime, construction of the
Ohtakadoya-yama LF stationr3] (Fukushima
prefecture) began in FY 1997, and the JJY-LF
began formal operation on June 10 (Time Day),
1999. With the support of the Ohtakadoya-
yama LF station, the use of radio-controlled
clocks or watches has grown rapidly ever
since. In light of the growing role of the JIY-
LF in society and in view of the CRL's contin-
uing responsibilities as the national standard
organization, in 1999, construction began on a
second JJY-LF station in Hagane-yama (Mt.
Hagane), located at the boundary between
Saga and Fukuoka prefectures. On October I,
2001, two years later, the facility was com-

ications Technology 'Vol.50 Nos.1/2 2003

52




.

pleted and was in operation.

Fig.1 presents an overview of the Ohtakadoya-
yama LF station, and Fig.2 shows the trans-
mission antenna of 200-m in height installed
at the Hagane-yama LF station.

[J[« BB Overview of the Ohmkdo -yama
LF station o

3.2 Establishment of a dual-station
regime

To ensure higher reliability in broadcasting
) JIY-LF, it is essential to minimize service
interruptions, to make the broadcast standard

Transmission antenna of 200-m in
height (Hagane-yama LF station)

was provided with double or even triple
redundancy in its main systems and was

025 —

[Operation rate 99.1 %]

| available nationwide, and to transmit the cor- equipped with a local power generator to
i quipp! p g

rect code. Although the first JIY-LF station ensure continuous operation, service interrup-

P P
3 [ ontakadoya-yama LF station | ( Hagane-yama LF station |
Avoid Malfunction Malfunction
Lightning ~ (Obstruction Maker Light 3 :

Natural 2.9% o7 or? ; .ﬂr i@ {Qbatruotion Maber Light) Unidentified
[‘. Disaster == nldﬂnﬂé;ﬁed 6.0% _00%

Matural
Disaster

0.3%
[Operation rate 98.5 %]

Operation Rate under the dual-frequency regime 99.98 %
(2002.4.1 —2003.3.31)

Operation rate and mé_cou;es of outage at the r\;ub LF -sf:::ﬁdr;s
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Hagane-yama
LF station
( 60 kHz )

ZA3~NdB e Vim
1500 km

Z53~63dB se Vim
1000 km

Z63dB 1 Vim
500 km

Locations of the JIY-LF stations and estimated strength of JJY, LV/m

tion time totaled approximately 81 hours in
FY 2001, due to regular maintenance and to
natural disasters. However, with the start of
the broadcasting from Hagane-yama LF sta-
tion in October 2001 and the establishment of
the dual-station regime, the total time of oper-
ation outage has been sufficiently reduced.
Reliability is thus ensured through each sta-
tion's role as a potential backup facility for the
other. Fig.3 illustrates each station's operation
rate and presents the causes of outage in FY
2002. Fig.4 shows the location of each station
and the electric field strength estimated from
their transmission power. As demonstrated in
this figure, the entire nation of Japan from
Hokkaido to Okinawa is covered by the both
stations, with the strength of 50 to 60dB uV/m
available everywhere.

3.3 Station description of JJY

Table 1 shows the characteristics of each
JIY-LF stations. The stations broadcast on
different frequencies (40kHz and 60kHz) to

182 Journal of the National Institute of Infi tion and Ci

T ZA40~-a0dB s Vim

1500 km
- \
- N A\
Z50~G0dB 11 Vim
1000 km

>60dB 1t Vim
A0 km

Ohtakadoya-yama
LF station
(40 kHz )

avoid frequency interference, which would
make the receiving intensity lower in certain
areas. The large difference in antenna effi-
ciency (25% as opposed to 45%) stems from
the different grounding efficiencies, which in
turn depend on the properties and structure of
local soil and ground water. The Fig.5 illus-
trates the block diagram of the JIY-LF sta-
tions.

The broadcasting signals of the Cs atomic
clocks placed in the standard room are adjust-
ed by an auxiliary output generator (AOG) by
the common view method(4] at regular inter-
vals via GPS/GLONASS satellites. This
adjustment is performed to ensure that the tim-
ing and frequency from the clocks match the
Japan Standard Time of CRL Headquarters
(Koganei, Tokyo) within a margin of several
nanoseconds. The carrier frequency and time
code to be broadcast as the JIY-LF are gener-
ated based on the 5-MHz and 1-PPS signals
output from the AOG, sent to a 50-kW trans-
mitter, and then emitted from the antenna via

ns Technology Vol 50 Nos.1/2 2003
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the impedance matching facility room. With
the exception of the matching device and other
parts downstream of this, the system features
double redundancy (triple redundancy for the
Cs atomic clocks) to ensure maximum relia-
bility. Each station has a 275-kVA independ-
ent power generator and a 4,000-liter under-
ground fuel tank. The independent power
generator is automatically activated in case of
commercial power failure and can supply
power for as long as approximately one week.

Choracteristics of the JUY-LF stations

Ohitakadoya-yama LF station| Hagae-yama LF station
Runzing daie 10" of June. 1999 1" ol October, 2001
bl Frkushima pref. Sanu/Fukuoka pref,
Location
Lat | tude N i
Loagi Lude E 180" 51" E 100
Land Beight af
Lhe station i o
[Ty of antenns| Dwmni-directional same as lell
Anieana lieight 250e 2008
Traasmission ST ST
power
MRLEANE | e than 158 or above | more than 455 or above
elficiency
Carrier
friaincy ADkitz ki
MODE AR AlE
hmun?ﬂ 110" +1x100
uacerlaioly

3.4 Time code format

Fig.6 shows the time code format that the
JIY-LF broadcasts. The zero-second time
(year, number of elapsed days from January 1,
hour, and minute), day of the week, leap sec-
ond data, parity, and service interruption
schedule are provided every minute. Fig.6
shows 14:26, June 10, 1999, as an example.
Each second signal is coded by pulse width
modulation of the 40-kHz (or 60-kHz) carrier.
A pulse width of 0.8 sec corresponds to binary
0, while 0.5 sec corresponds to binary 1. In
addition, a pulse width of 0.2 sec corresponds
to both the reference marker to indicate the
start position of a minute and the position
marker. Position marker P0 is sent at the ris-
ing edge of the 59th second in normal min-
utes. Meanwhile, PO is sent at the rising edge
of the 60th second when the leap-second is
inserted (positive leap seconds) and the 59th
second corresponds to a binary 0; or PO is sent
at the rising edge of the 58th second when the
leap-second is removed (negative leap sec-
onds).

Because the JTY is also used as a standard
frequency source, the amplitude of modulated
signals is varied between 100% and 10%, not

250 / 200m in height
Omni-directional \J/ |
antenna

Truasmittar
a1

% Readenating
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JJY-LF requires 60 seconds to send their time code and notify on the point of reference marker M.
The figure showed below is an example of decoded UTC on the point of marker M; Thursday on
the10™ of June(the 1681th days of year), 1999, 14 hours 26 minutes.

8 4 2 1 PAL sU1P4 40 20 10 8 4 2_] 5 4 2 1 LSLLS2 P

Fyem Lt Unis of ¥
parity Resarved e Day of Leap sacond

(1-366) the wesk  information
40 50

l\ 05 [sec] A I 1 I G S U ‘

This ime code s
ooy at
tha 15 and 45t :

Bo oes  Elees o HFEHHHHHE | 7 A
ahove_from 0 o ] 8BTS o oW
401N seconds), — | ST‘ “iﬁlw PO

Parsod of Station
|:Mr 0.2 [nec] -a--m- mantsmsnca
| abarmatin aformatien

0%, so that the 40-kHz (or 60-kHz) carrier
continues, not to be interrupted.

4 Precision of the broadcast stan-
dard time/frequency

Broadcast JIY from the LF stations are
received at the CRL Headquarters of Koganei,
Tokyo, and disclose the measured results of
received phase variation on its homepage
(http://jjy.crl.go.jp/Pub/public.html). Fig.7
shows its graph from May 10 to 24, 2002. It
shows the clear daily variation in the graph of
the received phase.

However, the peak-to peak variation in the
phase is about 1.5 usec. Bu, in particular, the
received phase is more stable during the day-
time, with a variation of about 0.3 usec.

These measurement results imply that
even LF radio waves are affected by ionos-
pheric reflection at night. Fig.8 shows the fre-
quency stability of received JJY-LF calculated
from the data in Fig.7. The daily frequency
stability after averaging is about 1x 10",
whereas this value improves by one order of

184 Journal of the National Institute of Information and C

magnitude, to 1= 10", during the daytime,
when the received phase is more stable over
one day. The example in the figure illustrates

Received phase of JIY-LF

Phase strength [1s]

| 'mu = 8712 I-l 518 508 520 822 SN
_Received Date (UTC)
%swsd phase variation of JIY-LF (40

[ Frequency stability of the received JJY-LF

Frequency stability
T

7

10 100 1000 D000 100000 10000 |
| Awrusmghmc{se:l

X Frequency stabilty of received JIY-LF
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a value of calculated frequency stability for
only the 2:00:00 UTC (JST 11:00:00) data
each day (averaging time of one day).

5 Use of the JJY

As of the end of January 2001, approxi-
mately two million radio-controlled JIY-LF
clocks and watches had been sold in Japan.
Subsequently, new functions such as automat-
ic time correction gained wide attention, while
the downward trend in prices continues to
accelerate the spread of JJY-LF applications.
By December 2002, the domestic market com-
prised 10 million radio sets. Today it is clear
that a new market for radio-controlled JIY-LF
clocks and watches is emerging in Japan, a
market easily worth several hundred million
yen. Fig.9 illustrates the yearly domestic mar-

A0, 00
0000
000
3OO, D00

H00.000 =

Total sales of clocks and walches

100,006

dan,  Feb, Mar Apr May Jun. Jul

Aug. Sep. Oct.  Now

ket growth of radio-controlled JJY-LF clocks
and watches. Furthermore, the JJY-LF is
meeting with a wide range of applications: as
the time source of taxi meters, time recorders,
and personal computers, to control time in
earthquake/weather observation devices, for
blinking synchronization control for road
signs, and for display panels in JR railway sta-
tions in Japan.

Meanwhile, the JTY-LF has been used as a
precise frequency source, and in fact many
major receiver manufacturers have begin to
market highly stable frequency oscillators
receiving the JJY-LF, as well as receivers
capable of synchronization with the JIY-LE.

In addition, the JJY-LF is expected to be
used in the internal clocks of home appliances
and as a tool to establish traceability to the
national standard authority (CRL).

# Data provided by;

* dapan clogh and watch association
{# are the mebar §

= Masunan Co.

Note:

Thers amm many athar mandacturers |
saling radio-controfied clocks or |
walches oncept for listed above.

Total sales of clocks
and watches
(199501 - 2002.11)

9,483,168 (total)

Market growth of radio-confrolled JIV-LF clocks and watches (199501 fo 2002.11)
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Light as the core technology for a new|

with the light as the core t :
‘3

The e-Japan project, which started in 2001, sectors. Also, we operate Photonic Device Laboratory as
has rapidly spread the Internet throughout Ja- a test bed for the most advanced R&D on devices, and

pan in the last five years, thus exceeding its Ohtakadoyayama and Haganeyama LF Standard Time
initial goal. Now Japan enjoys the most wide- and Frequency Transmission Stations that disseminate |
spread broadband access in the world. More- Japan Standard Time throughout Japan,

over, mobile Internet access is becoming in-
creasingly widespread in Japan. The trend
toward the new generation info-communica-
tions network society requires broader, enri- o '

ched ubiquitous ust:r sgvironmants. As an Organization of New Generation Network Research Center
info-communications infrastructure, the net- — =
work will require increased capacity and must
be highly functional and reliable. Research and
development on low-power-consumption net-
works is also important to help combat global
warming.

Pursuing the ideal network architecture that
integrates wired and wireless communica-
tions, we are developing a powerful network
based on optical and other state-of-the-art
technologies, such as space-time standards.
As a member of NICT, which conducts basic
research and develops applications, New Gen-
eration Metwork Research Center, conducts
original, socially useful researches in new gen-

e '-?:G'énarafﬂon Network Research Center

Project Promotion Office

eration network technologies to contribute to Network Architecture Group
the world by achieving goals through collabor-
ation with the academic and industrial sectors. o e

Mew Generation Network Research Center - Photonic Network Group

consists of four research groups and the pro-
ject promotion office. The main body is loca-
ted at the headquarter of NICT in Koganei To-
kyo, while some researches are conducted at
Kashima Space Research Center in Kashima
city, Ibaraki, and Kobe Advanced ICT Research
Center in Kobe city, Hyogo. Keihanna Open
Research Laboratory is utilized for collabora-
tive researches with academic and industrial |
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Space-Time Standards Group
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y conceived network for the world
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New Generation Network Research Center provides you
with standard time and frequency with world-class quality.
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We design networks to support future society

We provide benefits of
user by supporting futt

comrnon_:- funcf,ameqéa
1 | %
based on new technolo

dnouig ainjoaalysiy jiomian b

Development of global-path
network technologies capable

| EREETEED

Optical Grid |

of highly reliable and fully dis-

Infrastructure | tributed controllad multi-site

i ications by directly

connecting light paths to host
computers

THESIED |

New Generation |

Network Core

Archi | of core

control and management
technologies to support Pata-
bit-per-second-class large-
scale naw generation net-
works, unify path/packet net-
works, and lead international
standardization activities

Research on architecture and
technologies of future wired
and wireless integrated ac-
cess networks that will ac-
commodate numerous termi-
nals, devices, appliances, and
sensors for providing person-
alized application services

sensorftag
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Evolution of Ultrafast Communications with
End-to-End Transparent Photonic Networks

g

aN o1u

dnoug iomi

M Ultrafast Optical Packet
Switching System
—_— _ optizal signals

Ultrafast élgnal_ processing and trans-
porting for'a_nq-mo-aru.i transparent pho- World's first prototype of
- Optical packet switching

system with 160-Gbit/s 1/0 speed

| {Optical Packet Receiver >
. Developed in cooperation with NTT Electronics Co,,Ltd.

Ultra-large capacity
photonic networks

{Packet Error Measurement System
ranging up to 40 Gbit/s)
Developed in cooperation with Anritsu Co,,Ltd.

: Ultra-fast optical transmission experiment over
i 200 km on installed optical test bed of JGN Il
| .1"25 Thit/s {160 Gbit/s x 8 WDM| @Waveforms of muiti-level
T | cooper, 160-Ghit/s signals [ASK-DPSK)
with KDDI R&D Labs.; Inc.
M Ulitra-fast Optical | = -
| L 1im: resolutior .
Communications System - BT E !
High-aficiancy optical transmission systems 2 % :
#improved network flexibilty and i E |
#Solution for problams by g = l
reduced power consumption ﬁ
1540 1545 1550 1585 1560 1565
* biguit Befo A km
ol ~ Wavelength (nm] rensmission  tranarmiseion

http:fiwww2.nict.go.jp/w/wl | 2findex-j.htm 3
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Advanced optical and wireless technologies
ranging from fundamentals to applied researches
aimed at network innovation

media: li aves and ra
of higher speed, hig

Universal photonic gate based on gquantum mechanical |
and coding ique beyond the Shannon i
limit.

Squeezed light

n.q and detection of the

in invisibla situation
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Convenient and universal dissemination of highly
precise frequency and space-time standard

dnoss spispuess s soeds
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~~ Ubiquitous Space-time B e ekl g I
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Research Department 1 New Generation Network Research Center
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