2-8 Generation, Comparison, and Dissemination of
the National Standard on Time and Frequency
in Japan

IMAMURA Kuniyasu

In this paper, ordinary business concerning the operation and the dissemination of JST (Ja-
pan Standard Time) at NICT (National Institute of Information and Communications Technology)
is introduced. UTC (NICT), which is essential to JST, is generated by composing more than one
cesium atomic clocks. JST is compared with the national standards of the world every day and
keeps its precision high, and contributes to the determination of UTC. JST generated in this man-
ner is bulletined to every place in Japan and supports the people’s living.

This paper presents the summary of each system of generation, comparison, and dissemina-

tion of JST.
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1 Introduction

By generating, maintaining and dissemi-
nating Japan Standard Time and standard fre-
quency, the NICT conducts business activities
closely related to the people’s lives. These
business activities are performed pursuant to
the Act on the National Institute of Information
and Communications Technology, an Indepen-
dent Administrative Agency whereby Article
14, Paragraph 3 of the Act sets forth that the
NICT shall “establish the values of frequency
standard, disseminate standard radio waves and
bulletin Japan Standard Time”. In order to gen-
erate the values of frequency standard and the
Japan Standard Time, the NICT operates vari-
ous types of atomic clocks and primary fre-
quency standards, carries out research and de-
velopment to operate them with high accuracy
and improves them while performing regular
business activities. Furthermore, the generated
standard time uses a system that performs in-

ternational comparisons through highly accu-
rate comparison methods and this is then dis-
seminated using some methods such as radio
waves and cable lines to make it practical use
in our everyday lives. In this paper, we will
provide an explanation of each of the system
elements which are focused on regular opera-
tions.

2 Method of generating the Japan
Standard Time

First, we will introduce the structure of the
method to generate the Japan Standard Time.
At first, as shown in Fig. 1, the average atomic
time is calculated from multiple atomic clocks
(atomic clock ensemble) based on the measure-
ment values of mutual clock comparison. The
average atomic time which is periodically ad-
justed to the Coordinated Universal Time UTC
(hereinafter, “UTC”) is referred to as UTC
(NICT)111 and the Japan standard Time is gen-
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erated by adding 9 hours to this UTC (NICT).
The atomic clocks utilized for this system
comprise of approximately 18 Cesium atomic
clocks (5071 A made by Symmetricom) (herein-
after, “Cs atomic clock™) and 4 hydrogen maser
frequency standards (RH401A and SAODOSA
made by Anritsu)(hereinafter, “H maser”). The
number of clocks is not definite since it is sub-
ject to be changed. Currently, only Cs atomic
clocks are used to calculate the average atomic
time and H masers are used as a reference to
generate actual UTC (NICT) signals taking the
advantage of short-term stability. The genera-
tion system for the Japan Standard Time con-
sists of 3 sets of the same devices to maintain
redundancy and 3 of the 4 H masers are used
as a reference for each device respectively and
remaining one as a reserve. Please refer to the
reference (2] for the system details such as the
algorithms used to generate the Japan Standard
Time from the ensemble of the atomic clocks.

2.1 Hydrogen maser frequency
standards
The H maser is a device that has better
short-term stability than a Cs atomic clock.
This “short-term stability” signifies a value
within approximately 1 day. One of the ways to
utilize this characteristic is as signal source of a

1§-15) (=1 | Specifications for hydrogen maser fre-

quency standards
Type RH401A SAODOSA
5 MHz 5 MHz
10 MHz 10 MHz
Output Signal 100 MHz 100 MHz
1.4 GHz 1.4 GHz
1 PPS 1 PPS
Frequency <2E-15 <3E-15
Stability (1000s) (3600s)
Size(mm) 1610x600x675 1265%512x512
Weight 450 kg 120 kg

Very Long Baseline Interferometer (VLBI) that
measures intercontinental distance very pre-
cisely. A disadvantage of the H maser frequen-
cy standard, however, is that it is generally
large and heavy, since it requires devices such
as a cavity resonator and an ion pump system in
order to transmit maser signals.

The specifications of the H masers used in
the Japan Standard Time generation system are
shown in Table 1. There are two types of H ma-
sers: one is the RH401A shown on the right
side of Fig. 2, and the other is the SAODOSA
shown in Fig. 3. Each type is connected to a
computer for control and monitoring purposes.
In comparison to the RH401A, the SAODOSA
is a newer model with small-size and light
weight. Figure 4 shows the measurement re-
sults of frequency stability of mutual compari-
sons conducted on 3 H masers. These results
show the same good characteristics of the aver-
aging time within 1 day (approximately 10°
seconds). A good level of stability during this
short period is utilized in order to generate the
Japan Standard Time. The level of stability de-
clines after 1 day. This is also a characteristic of
the H masers. The device indicated as HM-
JST#05 in the figure is a SAODOSA type, and in
comparison to the other RH401A model, it is
estimated that the tendency of not having good
long-term stability is due to the individual
specificity.

2.2 Cesium atomic clock
Since the Cs atomic clocks used to generate
the Japan Standard Time (referred to as “com-
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Cesium atomic clock and hydrogen ma-
ser frequency standard

New model of hydrogen maser frequency
standard

mercial Cs atomic clocks™) are small-sized
continuously operable devices with a life span
of 5 to 10 years, they are the most widely used
clocks by standards institutions around the
world. By way of an example, four commercial
Cs atomic clocks stored in one shelf are shown
on the left side of Fig. 2.

Although commercial Cs atomic clocks are
more stable over the long term, they do not
have the function to measure frequency shift
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factors by the device itself. As a result, it is nec-
essary to evaluate and calibrate the “accuracy”
that shows an exact second using a Primary
Frequency Standard. The NICT operates a Ce-
sium Atomic Fountain Primary Frequency
Standard that contributes to gaining higher pre-
cision of the International Atomic Time (here-
inafter, “TAI”). Please refer to the reference (3
for the details regarding the Cs atomic fountain
primary frequency standards.

2.3 Measurement system

The measurement system for the Japan
Standard Time (Fig. 5) is a device that mea-
sures the above H maser and Cs atomic clock
signals with high accuracy, processes the aver-
ages and generates UTC (NICT). As mentioned
above, the system comprises 3 sets of the same
devices and one of them is selected to output
UTC (NICT). The core devices are the AOG
(Auxiliary Output Generator: AOG-110 made
by Symmetricom) that is a frequency adjusting
device with accuracy of 107" decimals using
the stability of the H masers and the DMTD
(Dual Mixer Time Difference System)4] that
measures the time difference between clocks
with the resolution of a pico second level. Since
differences between two or more with 5 MHz
are measured by the DMTD phase ambiguities
cannot be removed. Consequently, a time inter-
val counter (SR620 made by Standford Re-
search Systems) using 1 PPS has also been in-
stalled.
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Japan Standard Time System

From the 4 measured values of the 3 DM-
TDs and the 1 time interval counter for measur-
ing the time difference of clocks, one value is
determined using the majority-voting averag-
ing method. With this method, two consider-
able disparities between data are removed and
the average of the remaining two values is cal-
culated, which ensures fewer measurement er-
rors. In addition, with this method, values can
be acquired, even if 3 of the 4 fail to be mea-
sured even at worst. Normally, the time differ-
ence of clocks is calculated from the highly ac-
curate measurement values acquired by
DMTDi5).

Furthermore, some kinds of monitoring
systems have been established in order to in-
crease the reliability of operations. The opera-
tion of each measurement computer, the data in
the database and the real-time wave form of the
1 PPS signals and carrier signal, output of AOG
and essential to UTC (NICT), are monitored.
Figure 6 shows an example screenshot of mon-
itoring computer. The monitoring computer is
connected to the network within the NICT and
monitoring status can be checked at any time
via an internet interface. This computer also
contains functions to process various data. The
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example in the figure shows the existence of
irregularities in red and any problems such as
insufficient data in the database, etc., are recog-
nized. These functions assist the operation of
the Japan Standard Time.

3 Comparisons and contributions
to UTC

As stated above, although the Japan Stan-
dard Time is largely based on the generation of
UTC (NICT), UTC (NICT) itself is not defined
as it is. It is required to show the clear correla-
tion with UTC.

First, we will briefly discuss how UTC is
generated. Please refer to the references (6117
for further details.

The revision of the current definition of a
second based on cesium 133 was made at the
General Conference on Weights and Measures
(CGPM) held from 1967 to 1968; consequent-
ly, a second, namely, frequency is generated us-
ing Cs atomic clocks. Regarding time, TAI was
defined at the International Committee for
Weights and Measures (CIPM) and started
from January 1, 1958 at 00:00:00 AM (formal-
ly ephemeris time). To realize TAI, a reliable
and stable time system is generated by averag-
ing the atomic clocks of research institutions,
etc., around the world. Since universal time
“UT” based on the rotation of the earth is not
stable, time difference from TAI gradually and
very slightly deviates from TAI. To keep the
time difference between UTC and TAI within
0.9 seconds, UTC is the time system that is ad-
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justed by so-called “leap second”. As a result,
although UTC is in synchronization with the
pace of TAI, it differs by an integer second.
From the starting point of TAI until the present
(2010), UTC is 34 seconds behind TAI

As stated above, UTC (based on TAI) is
generated by using the atomic clocks of re-
search institutions, etc., around the world. For
this purpose, it is necessary to compare be-
tween the atomic clocks of each country with
high accuracy. The current main methods of
comparison are carried out by utilizing satellite
technology, such as communications satellites
and GPS satellites. Please refer to the refer-
ence [8] for further details.

Each atomic clock in each institution
around the world is compared in this manner
and the Bureau International des Poids et
Mesures evaluates the level of stability. Aver-
ages are found using the method of placing
weight on the clocks depending on the level of
stability and then TAI is determined according
to accuracy evaluations using a primary fre-
quency standard. Figure 7 is the graph of the
weight transition of each institution which has
good weighted average of contributing to TAL
The atomic clocks possessed by the NICT con-
tribute to approximately 10% of the determina-
tion of TAI. The institution with the most
weight is the US Naval Observatory (USNO),
which, as of July 2010 (current), possesses 74

UTC - UTG(k)

100.0

of the total 341 atomic clocks used to deter-
mine TAI (22% of the total). The NICT reports
clock data from 30 atomic clocks (8.8% of the
total), placing it as the second largest contribu-
tor to the determination of TAIL

Consequently, through the NICT’s contri-
bution to the determination of TAI and the link-
ing of UTC and UTC (NICT) by time transfers,
a traceable relationship has been constructed.
The 5™ generation of the Japan Time Standard
system started to operate since 2006. The rela-
tionship between UTC and UTC (NICT) for
the preceding and 5™ generations is shown in
Fig. 8. The range of the variation of UTC
(NICT) with 5™ generation is becoming smaller
in comparison to that with the preceding gen-
eration, and the short term variation is being
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greatly improved (though this is not clear from
the figure).

4 The provision of the Japan
Standard Time

As previously stated, the Japan Standard
Time is supplied to be utilized in various forms.
Services are being offered by way of standard
radio waves, networks, telecommunication
lines (telephone JJY) and Time Business with
respect to the Japan Standard Time provision,
and standard radio waves and calibration (car-
ry-in calibration and remote calibration) with
respect to the standard frequency provision.

4.1 Standard radio waves

The NICT disseminates standard radio
waves as the provision of frequency and time
services using radio waves. For a long time
standard radio waves have acted as a “light-
house for radio waves” and have supported the
management of radio waves. In Japan, standard
radio waves commenced with short waves
from 1940 and time signals began to be super-
imposed in 1948.

Currently, standard radio waves through
short waves are still being used in many coun-
tries. Although short wave has the advantage of
reaching long distances using ionospheric re-
flected waves, there are problems with interna-
tional interferences and mixed signals and the
Doppler Effect caused by fluctuations in the
ionosphere reflection attitude makes it difficult
to transmit short waves with a high frequency
precision.

On the other hand, since standard radio
waves using long waves have an extremely
long wavelength, the disadvantages are that
large transmission antennas and facilities are
required. However, the advantages are that a
higher frequency precision can be secured on
the receiving side because propagation is con-
ducted through the ground wave. Furthermore,
since a core type antenna can be used for a re-
ceiver as opposed to short waves, long waves
have the advantage of using a compact receiv-
er. In addition to these advantages, a transition

is being made to long wave standard radio
waves, which can be applied to radio controlled
clocks, from 1999 in Japan and short waves
were abolished in 2001. Currently, there are
two long wave standard radio wave transmis-
sion stations that cover the whole Japan(9].

Standard radio wave signals are generated
using Cs atomic clocks equipped in each trans-
mission station. The reason why frequency
standards and the Japan Standard Time gener-
ated at the NICT headquarters are not transmit-
ted to the transmission stations for disseminat-
ing them as they are as standard radio wave
signals is that signal delays and fluctuations
occur by the impact during the transmission
route and then accuracy may be decreased. The
Cs atomic clocks installed in the transmission
stations are compared to those of the NICT
headquarters with the same method as the time
transfers between countries and then adjusted
to synchronize with the Japan Standard Time.
Although the accuracy of the standard frequen-
cy ultimately generated at the transmission sta-
tions is operated within 1x107"% to UTC (NICT)
and the synchronized time precision is within
100 ns, the transmission output is impacted by
the transmitter and the low transmission fre-
quency signals, and thus the frequency accura-
cy is regulated to be within 1x1072 | and the
synchronized within 10 us.

Ever since the establishment of the long
wave standard radio wave stations in 1999, ra-
dio controlled clocks and watches have become
more popular resulting in an estimated 50 mil-
lion or more nationally accumulated shipments.

4.2 Time provision though the network
With the expansion of the network, time
synchronization between computers that pro-
cess information is being increasingly empha-
sized, and with the expansion of the internet
into general homes, the number of computers
connected to networks has reached an extraor-
dinary number. Since each computer contains a
clock and each major OS has the synchronizing
function using NTP, time is automatically syn-
chronized by setting the machine to refer to the
trustworthy NTP (Network Time Protocol).
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From 1994, the NICT has been conducting
joint research with institutions in Japan. In
2001, it commenced joint experiments on inter-
net time service with 4 institutions. From 2005
it commenced the “Network Time Service” for
public institutions, time dissemination enter-
prise accredited by time business and corporate
bodies of internet related business operators,
etc., as an independent NICT servicer10). This
service is to synchronize time through a direct
connection to the exclusive NTP server in the
NICT (Fig. 9) using an exclusive line. The
above experiments on internet time service
have enabled this service to continue into the
present through Internet MultiFeed, Co. under
the name “Time Information Service for Pub-
lic”.

Furthermore, from 2006, the NICT com-
menced the “Internet Time Service (public
NTP)”. Since the internet time synchronization
server, which is independently developed by
the NICT (Fig. 10), is used for this service. It
has the following characteristics: (1) the server
precision does not degrade, even for requests
on the wire-rate, due to it being completely
hardware-implemented by FPGA; (2) since it
is a hardware consisting of simple functions,
the system is not vulnerable to intrusions such
as cracking. Time precision is within 10 ns to
UTC (NICT) and its processing capability can
be 1 million requests per second[11].

As this service is conducted by accessing to
the NTP server located in the NICT, from the
user’s perspective, the distance caused larger
and propagation delays fluctuate depending on
the network environment used by the user. As
the fluctuation of propagation delays is con-
nected to time synchronization variations, in
2010, the NICT commenced transmissions
from the internet exchange point (IX) aiming at
improving precision and reliability. For this
transmission, an NTP server was installed in
Japan Internet Exchange Co., Ltd. (JPIX) in
Otemachi, Tokyo. This enables UTC (NICT)
and an NTP server in JPIX to be synchronized
with a precision of 1 ns by utilizing a two-way
time synchronizing system(12] that provides
two-way communications by connecting the

Jle[i 118 Time synchronizing server for the inter-

net

NICT headquarters and JPIX with single-core
optical fiber and inputting time data on the
same optic wavelength. As a result, the NTP
service was completed with high precision and
superior redundancy.

4.3 Telephone JJY

Telephone JJY is a name commonly used
for the standard time provision system using
public telephone lines. Commencing in 1995,
this service is utilized as a system for achieving
time synchronization within 1 ms using two-
way telephone lines.

Domestic experiments for time transfers
using telephone lines were conducted in the
1980’s. At that time, experiments carried out in
6 domestic locations (from Sapporo to Okina-
wa) resulted in an accuracy of + 200 us through
measurements by using acoustic couplers and
time interval counters[13]. In the 1990’s, a time
provision device was made on an experimental
base using this method and a time synchroniza-
tion variation within +1 ms was achieved by
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automatically measuring and correcting the
time delay of telephone lines[14]. Using this de-
vice for its actual service, the telephone JIY
system is a system that can handle multiple
telephone lines (Fig. 11).

The telephone JJY, which uses analog pub-
lic telephone lines, is increasingly being used
as it can be available in locations where radio
waves cannot be accessed (inside buildings,
etc.) and security measures such as those re-
quired for the internet are not required. Figure
12 shows a graph of the monthly access of the
telephone JJY service from its commencement
up to the present. Although access to the sys-
tem showed a temporary decline, it has contin-
ued to increase since 2003.

However, difficulties in acquiring analog
modems remain a problem. As stated above,
the quality of modems is important in order to
ensure a time synchronization variation within
1 ms. Table 2 shows the results of variation
conducted on 5 modems. Each modem was
connected to the telephone JJY system through
telephone lines and the time delays of back and
forth signal was measured by the loop-back
function in the telephone JJY device. The delay
was measured by using a time interval counter
and the standard variation was found from the
values of 100 times measurement. As can be
seen from the table, since the delay amount
varied according to the modem, the larger de-
lay amount leads to the better delay correction.
As the standard variation for modem C to E ex-
ceeded 1 ms, it may be difficult to achieve a
final time synchronization variation within
1 ms (since this is loop-back delayed time,
there is a 50% impact in a one-way direction).
It is recommended that 300 — 2400 bps connec-
tion between the modems and protocols such as
compression and revisions shall not be applied.
The telephone JJY system, however, is
equipped with a function to respond to various
types of protocols. Variation increases, when
protocols such as MNP5, V42bis., or so forth
are used. Furthermore, the public telephone
lines have been digitalized in recent years, and
thus there is no more guarantee that the loop-
back route is the same as the situation with the
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old analog line. The precision of the telephone
lines is impacted, when using this method to
correct time from the time measurements of the
loop-back delay, on the assumption that time
delay corrections are conducted on the same
loop-back route. Consequently, the develop-
ment of the next generation telephone JJY has
become an urgent matter.

4.4 Other services

There are other services than those stated
above that provide the Japan Standard Time
and standard frequency. As providing time ser-
vices, one is the “Time Information Service”
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[:10[=74 Errors based on modems

Standard Deviation of Delay time (ms)
Baud Rate of Modem to Modem
Baud Rate of Terminal to Modem Modem A Modem B Modem C Modem D Modem E
Connection Protocol
1200 bps
1200 bps 0.301 1.98 1.98 2.32
None
2400 bps
2400 bps 0.181 1.08 1.31 1.27
None
2400 bps
9600 bps — 1.19 — —
None
2400 bps
9600 bps — 1.57 — —
MNP5
2400 bps
9600 bps — 5.55 — —
V42bis
2400 bps Modem 14400 bps
Spec. of Modem Same as 2400 bps Modem 2‘};%2:;13}2:;/{232?1 9]65(\)/(6):rt})/p}§r1:)/{g(ci§?l Modem
’ Telephone JJY | MNP4 function Fncti . Every Protocol
nction function .
system function

and the other is the “Electric Time Authentica-
tion”. Since these services mainly intended for
time business related enterprises, the “Time
Transfer Service using Portable Clocks,”
“Emergency Assistance Service for Time Busi-
nesses” and the above “Network Time Infor-
mation Service” are included. Each of these
services is provided to trace the time source of
time business enterprises with the Japan Stan-
dard Time with high accuracy. Please refer to
the reference(15] for details regarding time
business.

The NICT provides a service referred to as
“calibration” in regard to the provision of fre-
quency. This is a service that compares the fre-
quency standard possessed by the user with the
national standard of NICT, measures frequency
variations and issues calibrations results. It in-
cludes “calibration of measuring equipments
used by registered inspection business opera-
tors, etc.” pursuant to the Radio Law, “jcss
calibration” pursuant to the Measurement Law,
“ASNITE calibration” pursuant to the accredi-
tation system of the National Institute of Tech-
nology and Evaluation and ‘“commissioned
calibration” which is not dependant on any of
the above. Apart from the “calibration of mea-

suring equipments used by registered inspec-
tion business operators, etc”, “carry-in calibra-
tion” for items brought to NICT and “remote
calibration” are also performed. Please refer to

the reference[16] for further details.
5 Conclusion

The regular operation of the Japan Standard
Time requires a series of operations such as the
generation, comparison and dissemination of
standard time and standard frequency, and the
operating system covers wide range. Most of
this system was developed using the research
results and technology accumulated by the
NICT. Further improvements are required in
the future in order to respond to the rapid ad-
vancements.

As a result, the service now directly avail-
able to the general public with the spread of the
radio controlled clocks or NTP, the importance
of the Japan Standard Time is constantly in-
creasing. Furthermore, initiatives such as those
aimed at improving the precision of time fre-
quency which plays an important role in the
development of science and technology will
surely continue to be developed in the future.

IMAMURA Kuniyasu NICT 101



References

1

10

11

Y. HANADO et al., “The New Generation System of Japan Standard Time at NICT,” IUNO, Vol. 2008, Article
ID 841672, P. 7.

F. NAKAGAWA et al., “Development of Multichannel Dual Mixer Time Difference System to Generate
UTC(NICT),” IEEE Trans. on IM, Apr. 2005.

Y. HANADO et al., “The New Generation System of JAPAN Standard Time at NICT,” ATF2006, TF6p32,
Dec. 2006.

T. MORIKAWA, “Definision of Time and Frequency Standard,” Journal of the NICT, Vol. 50, Mar./Jun.
2008.

C Thomas and J Azoubib, “TAl computation: study of an alternative choice for implementing an upper
limit of clock weights,” Metrologia, Vol. 33, No. 3, 1996.

N. KURIHARA, “JJY, The National Standard on Time and Frequency in Japan,” Journal of the NICT, Vol.
50, Mar./Jun. 2003.

K. IMAMURA et al., “Time Distribution Using the Network,” Journal of the NICT, Vol. 50, Mar./Jun. 2003.
A. TORIYAMA, A. MACHIZAWA, and T. IWAMA, “Development of a Hardware SNTP server,” IEICE Trans-
actions on Communications, Vol. J89-B, No. 10, pp.1867-1873, 2006. (in Japanese)

A. TORIYAMA, A. MACHIZAWA, and T. IWAMA, “Time Transfer Device Using Single-Fiber Single-Wave-
length Time Division Duplex,” IEICE Transactions on Communications, Vol. J91-B, No. 4, pp.407-414,
Apr. 2008. (in Japanese)

M. AIDA, T. SATOH, and S. YAMAMORI, “Time Comparison Using Telephone Line,” Review of the RRL,
Vol. 49, Nos. 1/2, Mar./Jun. 2003. (in Japanese)

N. MORIYA et al.,, “Time Data Transmission Using Telephone Line,” Journal of the Horological Inst. of

Japan, No. 142, 1992. (in Japanese)

(Accepted Oct. 28, 2010)

IMAMURA Kuniyasu

Research Manager, Space-Time
Standards Group, New Generation
Network Research Center

Time and Frequency Standard

102 Journal of the National Institute of Information and Communications Technology Vol.57 Nos.3/4 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.14286
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.25000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


