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JST generation system

One master & two System status

f UTC(NICT) | i itori '
Source of UTC(NICT) 1S Backup units monitoring via web

ghanged from a Cs clogk synchronize well, and

0 an H maser. can be switched over at New building with high
anytime each other. security.

Vi Phase & Freq. adjust :
H maser ——|AOG "_§\c .(UTC(NICT)
=5 . T
::  Phase & Freq. adjust (once a day)
1 Daily steering
24¢h DMTD[y————— of AOG.
J\calculation | B ma$e"d"ate
Tl counter . daays.

Combination of TA(NICT) is produced by

3 DMTDs (5MHz) + 1 TIC (1pps). almost 18 Cs clocks.
Hourly calculation.
Cs rate : 30 days.

Newly developed 24ch

DMTD system measures
the phase of each clock DMTD is for high precision.
with high precision. TIC is for reliability of phase. Cs weight o 1/, (1=10days).



B NCT

Outlook of the main units

24ch-DMTD system

DMTDS
(Japan Communication Equipment Co., Ltd.)

Beat down: 5MHz —1kHz.

Output : average of 100 sampling
data in every second.

Precision: 0.2ps.
Auto counting of cycle-slip.
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Hydrogen maser (RH401A / Anritsu Corp.)

B Outputs: 5,10,2100MHz,1pps

B Stability: 0, = 4x1013 (T =1s)
o, ' < ox10 15( 7 =1000s)

u Auto-tunlng mode and

monitoring software are equipped.
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Time and Frequency standard and its service

Time comparison using GPS
and TWSTFT

Primary Frequency Standard Japan Standard Time
(time accuracy)

BIPM and other
organizations of time
and frequency
standard.

Hydrogen masers (4 sets)
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. . ? Japan Standard Time Project o
L F Tr an S m I S S I O n St at I O n S National Institute of Information and Communications Technology NICT

Haganeyama
Standard Frequency
Transmission Station

Ohtakadoyayama
Standard Frequency
large antenna: Transmission Station

200m high
Frequency : 60 kHz
Operate from /\
October 1th, 2001 >63dB u Vim .
large antenna:

1000 km »~ National Institute of Information 250m high
>53~63dBu V/Im and Communications Technology

1500 km
>43~53dB u V/im

ILen

Frequency : 40 kHz

Operate from
June 10th, 1999

A numerical value below each distance (km) shows the value
by calculating theoretically assumed field strength.
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Stratified system of Japan Standard Time Japan Standard Time Proiect g7 ®
and Electronic Time Authentication National Institute of Information and Communications Technology NICT

Dissemination system of Japan Standard Time

for E-commerce (EC) and Japanese e-governance (e-Gov)

Hierarchical Structure of Standard Time
Japan Standard Time with traceability of international time
standard organization
(UTC (NICT) synchronous with UTC(UTC))

Japan Standard Time in the internet society
Developing technology of reliability and stability

Developing actual operation system through demonstration and experiment
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Flow of Time Business Service

Japan Standard Time Project
National Institute of Information and Communications Technology
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Frequency calibration

Commissioned Frequency Calibration service accordance with the ISO/IEC 17025 has been carried out
( "ASNITE-NMI certification” Certified by National Metrology Institute,
designated calibration organization by Measurement Law)

@ sieie copy Certification by National Metrology
aXTETAYS Institute

Notification of designated calibration
organization by measurement Law

Remote Frequency Calibration (from May in 2005)

Satellite Time Comparison
(GPS Common-View method

National Frequency and others)

Standard

Frequency Calibration
Concern

] / GPS
Frequency : — Satellite Standards which
Standard = ﬁ require Frequency
= calibration
Working equipment for calibration in a ” i Precision ac_[maieves
room with temperature and humidity NICT 5.0x10
controlled and with electromagnetic
shielded \




Algorithm of JST system

(Redundancy and robustness)

H.Ito, F.Nakagawa, K.Imamura, M.Hosokawa
and Y.Hanado

National Institute of Information and
Communications Technology (NICT)

Japan



" JEE
What should we do to keep robustness?

B Basic standpoint

Time scale should be continuous.
Troubles inevitably happen. Perfect protection is impossible.
We should, however, try to minimize the damage.

B To realize a robust system,

We should forecast troubles in advance
and remove their causes as much as we can.

If unexpected troubles happen nevertheless,
urgent recovery of system performance is required.

* For rapid anomaly detection: system monitoring
* For rapid recovery: redundant system

NICT system is introduced as one example.
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Basic structure of UTC(NICT) generation system
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" A
Redundancy of UTC(NICT) generation part

B Stopping time of UTC(NICT) should minimize.

B Urgent switching to back-up signal is necessary in an emergency,
so generation part should be multiplicate.

H. maser

B m—

|||M0Vl/

|
Freq. Ad,.
system

S

Dist.
Amp

B Three output signals are always synchronized with each other.



Redundancy of measurement part

B As clock measurements are periodic and discrete,
switching to the back-up system is not so emergent in general.

Measurement
o P ezsurement|y, (outa )t (1 )




Some ideas for measurement system

Measurement signals Back-up methods

: : (1) Device Exchange
(A) Using 1PPS sugnals
1 At \,® 3 “0\36 @ device
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" A
Setup of UTC(NICT) measurement part

SORO

B Our choice = 5MHz data (3) & 1pps data (1)
(precise) (reliable)

1pps

ﬂ_l
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Why is 1pps measurement necessary?

Data measured by 5MHz

a

Time
Diff. -

X
o
o
o
S

1 period 4 [ e J o 1. ......
200ns b igg 4P time
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.
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/ /
5MHz measurement is precise,

but cycle slip may occur
after a long-term lack of data.

Synthesis of 5MHz & 1pps data

a

----------------

) ~

1pps measurement is less precise,
but more reliable
in phase determination.

1pps data is effective for
initial phase determination
without ambiguity

after a long-term lack of data.


プレゼンター
プレゼンテーションのノート
・5MHz計測は高精度だが、計測が途切れると、サイクルスリップにより位相の連続性が保てないことがある。
・1PPS計測では、１周期が長いためサイクルスリップがおきにくく、位相の連続性が保ちやすい。
・5MHzと1pps計測を併用し、いいとこ取りの合成法で計測データを得ることにした。
　・計測開始時、欠損復旧時には、信頼性の高い1ppsデータを採用し、
　・連続計測中は、高精度なDMTDデータでつなげていく。
・こうすれば、5Mの高精度と1ppsの信頼性を活かすことができる。
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Merit of multiple simultaneous measurements

5MHz
"Decision by majority” method data (A)
by multiple simultaneous measurements. e
< Z
Clk1 —
< data (B
(ex.) ata (B)
If only data (B) is largely different, 5MHz
it is due to the anomaly of device (B). CIk2 ) data (C)
_If.all three data are strange, |
it is due to the anomaly of clock itself. 1PPS data
Measured data processing program If at least one device
works well,

- Simultaneous dq’ra comparison . BN N imeldifterenceldatanwill
- Anomaly detection /data selection be automatically obtained.


プレゼンター
プレゼンテーションのノート
（90秒）
・さらに、計測データの合成においては、データ自動判別も新たに取り入れた。
・DMTDは、トラブルに備え３重化している。
・カウンタも入れると、４台の装置が一つの計測を行う状態です。
・通常はどれか1台の結果を採用し、故障したら他に乗換える、というのが単純な方法だが、
・その切換え判断を自動にしたいと考えた。

・そのために、多数決選択を取り入れた。
・各装置のデータを他の装置と比べあい、最も近い値を出す２台の平均値を、計測値として採用する。
・故障機のデータは他とはずれるので、選択されないことになる。
・台数に応じて、選択原理を調整することで、
・1台でも動いていれば、計測データが自動的に取得できるようになった。

・通常、カウンタは計測誤差が大きいため、DMTD２台が選択される。
・だがDMTDデータがなければ、カウンタデータが自動で採用される。
・この機能は、初期データ作成時に利用されています。


"
Summary
B Generation part,

keeping multiplicate synchronized outputs
is used for quick recovery of UTC(NICT) signal.

B Measurement part,
some choices among measurement methods and back-ups.

We choose a combination of " 5MHz (3) & 1pps (1) ".

» 5MHz measurement is for precision.
= 1pps measurement is for initial phase determination.
= Multiplex system is for decision by majority method.



" A
Comments

B We should think about the balance of redundancy and simplicity.
Redundant system tends to be complicated.
Complicated system may cause human errors.
Simple system is easier to handle with.

B Basic preparation is important to keep robustness.
Possible pre-check should be thoroughly done.
Trouble simulation is very effective for quick recovery.



A quick review of
time scale algorithms

Yuko Hanado

National Institute of Information and
Communications Technology (NICT)

JAPAN



Outline

® \What Is atime scale?

® How to make a time scale

Simple examples

Needs of weighting and detrending
Basic expressions

Actual calculations

® Examples

BIPM timescale

NIST timescale

USNO timescale

Result of a test calculation



What Is a time scale?

® Time scale : A useful average of clocks

€ Time scale is needed to create a reference
more stable than a single standard,
and Dbetter reliability than a single clock.

€ Usually, atime scale is a weighted average
of observed minus predicted data.

€ However, atime scale should be optimized
for goals of interest, and is not unigue.

*** |_et’s start with a simple example. ****

Reference: D. Matsakis, Tutorial of timekeeping, personal communication.
T. E. Parker, Tutorial at 34th PTTI, 2002.



Simple example

® Simple average

TA(1) = -

N1
~ hi(t)

= N

TA(t) : average atomic time
hi(t) : time(phase) of Clk i

The bad clock

has a large effect.

15h, |1 HRRCLS!

[ |
+1/5 h, \\ANVVVVVVVVVVNN CLk2

+1/5 hy AMAAAANNANA Clk3
+1/5 h, ANANMANMANANNAN Clké

+1/5 hg AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN 1 5}



Effect of weight

® \Veighted average

TA®) =YW, -0y (1)

w; : weight of Clk |

1/41hw Uy || Clkl1

Bad clock’s effect +10/41 h, AAANMANMANN Clk2
becomes smaller.  +10/41 h; ANV CIK3

+10/41 hy NN Clka

TA becomes more stable  +10/41 he VWAAMAANANNY CIKS

Weighting is an effective tool
to make a stable time scale.




Effect of weight

® \Weight optimization

[Weight should change to reflect the clock’s behavior.}

w, = w(t)

t1
Clk 1 ' Clk 1
Gl 2 Clk 2

w, (1) > w,(t) w, (1) < w,(t) :_nai&iearl:ly: wlgg Z vV\\jzgg



Effect of detrending

® Welghted average -(!I-iifrpeerence Clkl
_ — ___Clk2
TA) = Zw (0-h (1) e
TA jJumps when a clock is removed. Clh3 hyt ~ TA(Y)
) |deal
t time

® \Weighted and Detrended

e We remove a deterministic trend
from each clock preliminarily,

o and sum up the remainder.

TA®) =Y w, (t)-{h (t (1)

This value is predicted from a deterministic trend.




Effect of detrending

® Variation of detrending

The optimal way to detrend
depends on the clock’s behavior.
A
»f

A A .
o @ Fit g
o = E| | dos rate S[
- N § = »f ’

] ! Fit ¢
o /
o - § te, drift
o R R rate, dri




Basic expression of TA

® Basic expression of TA

TA(t) =2 w; (t)-{h (1) - %, ()} . (1)

> =

X X

: Weight of Clk 1
: Time difference of Clk 1 and ideal time Xi(t0)<

: Prediction of x; ( for detrending )
. Time difference of Clk 1 and TA

Time
difference

|

>hi(to)

Prediction

X{(t)<

TA(t,) % )
b



Basic expression of TA

[TA(t) IS the accumulation of & (t).

& . Error remained after detrending

TAD) = w,(1)-hO-% O} @)

= TiA(tk_l)+ £(t)...2)

(2) =>(1)
TA(t, ) =TA(t,_,)+ z w; (t, )& (t,)

\ =TA(to)+;izWi (t )& () )

(ty)
} /ﬁ%k i

TA(t)

Prediction

Xi(t)<

Fhi(ty)




Actual calculation

® How can we get TA ?

TA(t) =2 w; (t)-{h (1) - %, ()} . (1)

In this expression,

we cannot calculate

the value of TA(t), because
the value of hy(t) is unknown.

What should we do ?

Time
difference

TA(t,)

Prediction

Xt




Actual calculation

® How can we get TA? => from x!

[ We define TA from X. }

X (t)=h.(t)-TA(t)...(3)
“TA Is the time shifted

from the time of Clk 1 by x;.”

Timescale algorithm is

_the time series of x(t).

\

the procedure of calculating

J

Xi(to)<

TA(t,)

Clki




Actual calculation

® How to calculate x T e e o)
i i\t1
[ TAD) =2 w, (O)-{h(O)-%®}..2) I ,
X_(t) = h. ()~ TA(t) .3 . A | I
(=0 | | resiciont pe
x,(0)= X w,0)-{% ()~ X, (O} B ﬁﬁ o
X Measured Clki—-Clks C|ks/(/
( Clk s is a reference clock ) (6 /Xs(tl)
XM=h®-hO=x0O-x0 . . il
TA(t,) TA(t)

X(t,) is obtained t \t > Ideal
by the measured X(t,). 0




How to run atime scale

Y
)A(Ii (tk) = X; (tk—1)+ Yi (tk)'(tk _tk—l) (5)

Yilto) (t-ty)

\/
Xs(tk)zzwi(tk){ii(tk)_Xis(tk)}"'(4) CIK i = X. (t)
' Predictionff&«" S
X; (1) = X (8 ) + X (L) ...(6) > Xi(t) Zwi(ty)ei(ty)
J Xi(t0)< %
‘Measured = :Predicted :Output i S/ T
:Calculated from x; /xs(tl)
Recursive calculation STVRY G m"m"i;A(tl)
gives atime series of x(t,). %> \deal
t0 1 time



Notes

® |nitial conditions (original epoch and rate) of a timescale
are arbitrarily chosen or given by the external constrains.

® The spans for the weight calculation and trend calculation
are important.

® The effects of clock’s time jump, clock’s frequency change,
and adding or removing clocks should be suppressed.

® The calculations of weight and trend utilize the past TA itself.
It means that a time scale algorithm includes the following risks:
a weight concentration to a few clocks, and

a miss-evaluation of clock trends.

Various algorithms are used in various institutes.



Example : BIPM time scale
® EAL (created with ALGOS)

Cycle: Every 5 days

Equation: Eq. (4) Xs(tk)=Z',Wi(tk){>"<i(tk)—xis(tk)}
Detrend: Rate of each clock

Rate: Slope of the Least Squares (LS)

(Span is 30 days to avoid dependence on previous month’s data.)
Offset: Value of last point of previous month
Weight: Inverse freq. Variance @ 7 =1 month (for past 12 months)

No distinction between masers and cesiums
Weights are limited to avoid dominance by a few clocks

Anomaly check: Rate change is monitored

Reference: P. Tavella and C. Thomas, metrologia, 28,57-63, 1991.
J. Azoubib, proc. of 32t PTTI, pp.195-210, 2000.
D. Matsakis, Tutorial of timekeeping, personal communication.



Example : NIST time scale

® ATl

Cycle: Every 2 hours
Equation: Eq. (4) Xs(tk)=ZWi (E){X () — X (t) }
Detrend: Rate and drift of each clock
Rate: With exponential filter
Y (O ={y,()+m;- Y (t—2)}/(1+m,), Y, (O)={x{t)—x{t-7)}/7
Weight:  With exponential filter
W (t) oc 1/Eiz (t)
Eiz(t)z{gi (t)+n, 'Eiz(t_f)}/(l'*'ni)’ &)= X (t)—x ()]
Weights limited to 30%.
Anomaly check: Error change is monitored

Reference: T. E. Parker, Tutorial at 34" PTTI, 2002.



Example : USNO time scale

® A.l (based onthe Percival Algorithm)

Cycle:
Equation:

Detrend:

Every 1 hour

Eqg. (4) (but detrended in fit to frequency)

1. Create Cs-only freq. Scale

2. Detrend HM and Cs against Cs-only freq. scale

3. Adjust detrending as needed

4. Create A.1 by averaging Cs + HM, using dynamic weights

Rate, and drift of each maser

Rate&drift: Slope of the LS from fit to data since clock change

Weight:

All Cs are equally weighted, all HM are equally weighted
(Weight depends upon Allan variance over interval from present.)

HM weights fall to O in 60 days

Anomaly check : Rate and drift changes are monitored

Reference: D. Matsakis, Tutorial of timekeeping, personal communication.

D. Matsakis, Proc. 17t CCTF, 2006.
L. A. Breakiron and Matsakis, proc. of 32" PTTI, pp.269-288, 2000.

D. B. Percival, IEEE Trans. on Inst. and Meas.,IM27,pp.376-385,1978.



Allan deviation

Exampl

e:. Test TA (madebyY.H)

Allan deviation of

"NICT Cs clocks - UTC" and "TestTA - UTC"

1.E-13 1
— CS#17 — CS#18 CS#19
CS#20 CS#21 — CS#22
Cs clocks ——CS#3L -~ CS#32 —CS#33
(5071A)
1E14 | oS
TestTAl
TestTA2
1.E-15
1.E+05 1.E+06 1.E+07 1.E+08

Averaging time (sec)



Summary

® Time scale Is made from an average of atomic clocks.
Weighting : To make more stable paper clock than each clock
Detrending : To eliminate the effect of clock anomalies

B TAis an accumulation of errors remaining after detrending.
B Various methods of making a time scale.

® TA Is defined by Xx(t). (Absolute time of TA cannot be obtained.)
Xi(t): Time difference between the clock i and TA.

Time scale algorithm :
Procedure of computing a time series of x(t).

B Xx(t) is calculated from the measured time differences

between the clocks.
B Xx(t)is calculated recursively
from the former x(t, ;) and measured time differences X(t,).
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How to make a time scale

® Meaning of the x(t) =2 w;(t)-{X () - X; (1)} ...4)

>A< i(ty)

Mi(t1)

in s(ty)

{Clk s’s time

/ estimated by

uAsing Clk i
Xi(t1)-Xis(t1)

(2)

Average of the
estimation error
of each Clk

> it (1)
=1

TA(to)

2 h(t)

Clk s’s time
estimated by

using each Clk
_

Average of Clk

. s’s time estimated

by using Clk i
ng(ti){xi(tl)-xs(tl)}



How to make a time scale

® Meaning of the x,(t) =X w(t)-{X{)-X;(®}...4 and
| TA®) = h, (8) = x. (t) ...5)

3) |~ Clki
Average of Clk s’s Average of the
time estimated by estimation error
using Clk i of each Clk

Yt () Xi(t)) 4 D)
i=1

Clk s/ % )

) xs(tl):glvw(tl){% (t2)-Xis(t2)}

Xs(t1)=hs(t)-TA(t1)

TA(to) { .................... % ) TA(tl) :TA(to)+ Zwi(tl) /7Zi (tl)
. i=1

o ¢ t

—>
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