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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-

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
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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

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 5MHz or 10MHz
signals, the reference values for the frequency
standard, and a 1 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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Generating process of standard time
at the CRL and the LF station
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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-
tion 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.

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 RS232C.  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).
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Current system for generating and
measurement of JST (4th generation).
TIC: Time interval counter, WS: Work
station
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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

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 2×10-15 per 30days, and a synchroniza-
tion within 10 ns 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 clocks[2].  Forτ=5 days (4×
105 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 intervalτin 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

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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New system for generating and measurement of JST (5th generation). Cs: Cesium atomic
clock, HM: Hydrogen maser, TIC: Time interval counter

Fig.3

The frequency stabil ity of various
atomic clocks

Fig.4
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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 method[3]－[5].  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 2×10-13 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 1×10-13 to 2×10-13 inτ=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
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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 1 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.

(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 1 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
judgments 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

new fifth-generation system will incorporate
major modifications, such as the introduction
of hydrogen masers, whose characteristics dif-
fer from those of cesium atomic clocks, meas-
urement using the newly developed multi-
channel DMTD, and the construction of a
database all of which features may be integrat-
ed with system redundancy.  Naturally, many
tests will be conducted―including testing to
evaluate continuity with the current system―
before the new system is put to use.

Finally, we would like to note that the
quality of JST has also in a large part been
maintained thanks to the continuous efforts of
the many individuals involved.
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