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Purpose of this training: "Time scale algorithms
L
1. To learn how to use the Python program “TAgen_basic.py”

2.
3.
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% TAgen_basic.py is a simulation tool for “TAb” [Ref.2].
% TAb is “TA by basic averaging”, which is the most primitive form of TA.

To get familiar with “TAgen_basic.py” through self-exercise

To understand how TAb changes depending on calculation
conditions

»¢ For the exercise, you will need to set up Python on your computer and
download the necessary materials. (see p.35)
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B What shall we do in this training? TAb(t) : average atomic time
h;(t) : time(phase) difference of Clock-i

e Calculate 74b using the actual clock data W e G
and evaluate its quality (stability, continuity). UTC(K) () — hy(D)
N N i
TAb(t) = z w; - hi(t) Here z w; =1 }[’xg ‘cha,.?,\fa S &* Clock-i
i=1 i=1 a
* See Eq.(1)&(2) of “TAb” in [Ref. 2]
e e e e ej UTC(k)(t),
. ® Calculate "UTC(k) —T4b”, and | > hi(®)
. ® Compare its quality (stability, continuity) with :
. "UTC(k) — clocks”. | ) ideal
: N ! t "~ time
| UTC(K) — TAb(f) = Z w; - (UTC(K) — hy(©)) |
! i=1 | | This is to be done with
Bureau Measurable , “TAgen_basic.py”
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B What is “TAgen_basic.py”?

e “TAgen_basic.py” is a simulation tool used for making T4, which is a basic weighted
average of atomic clocks.

e |t reads the clock data "UTC(k)-clock”s, calculates their average using the given starting
weights, and displays the results of the "UTC(k)- TAb” and its Allan deviation (ADEV).

e You can find further information about the TA4b principle in the tutorial lecture [Ref. 2]
and about the program in the user’s manual [Ref. 3].

Pytool_TAgen UTCk-clkl.dat param_list.txt -
- c ’ — : TA RESULT
UTCk-clkZ.dat,,, t_intvl = RA400 # interval of time /_TAgen_baS’C-py = |
—| Data_Clock 56901.0000 +3.857038e-05 ;t;:?f’ CIOCk f lle llSt txt ﬂMDD_hhmmss ‘
T 56902.0000 +3.858851e-05 # sum of weights is normalized to 1 all_raw_clk MMDD_hhmmss.dat
[ : : in the program. all adev MMDD hhmmss dat
# flgl=1 means the reference clock fl MMDD_ hhmmess. pdf
e e - g1 109 MMDD_hhmmss.txt
—| TAgen_Basic > UTCdia s 0 o
Bureay d
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B Process of the training using “TAgen_basic.py”

3. Exercise

Change the clock data
{ v« Change the clock, bias of weights ﬁ)

Prepare the Prepare the Calculate T4 Evaluate the
Clock data files parameter files aicu output results
Pytool_TAgen UTCk-clkl.dat, param_list.txt :
UTCk'ClkZ.dat,” t_intvl = RR4ANN # interval of time /_TAgen_baS’C.py /_‘ TA_RESULT |
— Data_Clock 56901.0000 +3.857038e-05 {E?$E=Clock—file—li$t°tXt ﬂMDD_hhmmss ‘
T 56902.0000 +3.858851e-05 # sum of weights is normalized to 1 all_raw_clk MMDD_hhmmss.dat
| : : in the program. all_adev_MMDD_hhmmss.dat
# flgl=1 means the reference clock fig_MMDD_hhmmSS.pdf
S raama Pt - gt log_MMDD_hhmmss.txt
— TAgen_Basic > UTCdia s 0 o
: : : : 7
I I I I
Ne AL N R
| TEEEEEEEEEmm———— SN emTETEEEEEEEEm—— | == SymTm | T SymTm |
I - I - I . I
Bureau ! 2.1: Preparation ' | 2.2: Calculation | ' | 2.3: Evaluation |
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2.1

Preparation

1. Install Python on your computer.

2. Download all the materials [Ref.1].

* All the directories and files should be copied
correctly as in the right.

Clock measurement data :
"/Pytool TAgen/Data_Clock/UTCk-(xxxx).dat”

Clock-data name-list file :
"/Pytool TAgen/TAgen_Basic/clock_file_list.txt”

Parameter-list : "/Pytool TAgen/TAgen_Basic/param_list.txt”
Python program : “TAgen_basic.py”

Do not change the names of the directories under
“/Pytool_TAgen/", file names of “clock_file_list.txt"
and “param_list.txt".

3. Check the execution of “TAgen basic.py”.

Bureau

¢ See the details in Appendix-1.
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Pytool TAgen
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The directory name "Pytool TAgen" can be
changed as you like, but do not change the
directory names under the “/Pytool TAgen/".

Data Clock

UTCk-clkl.dat, , ,

56901.0000 +3.857038e-05
56902.0000 +3.858851e-05
56903.0000 +3.860536e-05

56931.0000 +3.909406e-05

TAgen_Basic

TAgen_basic.py
Clock file list.txt

# sum of weights is normalized
to 1in the program.

# flg1=1 means the reference
clock of phase comparison.

# filename  : weight : fléﬂ

1 UTCk-clkl.dat: 0 :

2 UTCk-clk2dat: 1 : 0
3 UTCk-clk3.dat: 0O

4 UTCk-clk4.dat: 3
#5 UTCk-clk5.dat : 2
6 UTCk-clk6.dat: 0
7 UTCk-clk7.dat: 6
8 UTCk-clk8.dat: 0

: 0
: 0
: 0
.0
: 0
: 0

/4

— TA_RESULT

Don’t change
the file names.

param_list.txt
tintvl = 86400 # interval of time J

stamp Zfor day==>86400,
hour==>1440, second==>1)

xlimit = 1000 # outlier limit
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.......................................................................................................
O e

[3] Prepare the clock measurement data " PytoolTAgen )
in the folder "/Pytool TAgen/Data_Clock/” ! . f:;a‘cfcf ] A UTCk-Cki.dat ) 2
e @ UTCk-Clk2.dat
* One clock data is used for one data file. TAgen_Basic gumk-cma.di \
* The file name should be “UTCk-****.dat"” 2 TAgen_Pred | @ UTck-Clka dat

“rxxxt - clock hame .
( ) @ UTCk-CIk5.dat

* The data should be the following format: @ UTCk-CIk6.dat

- 1t column : observation time stamp |3 4 UTCk-CIk7 dat
- 2" column : measurement time difference of 4 2 UTCk-Clka.dat

“UTC(k) — clock” (in seconds) L
CDelimiter - "t ey e Jr— J

(1 56901.0000 +3.857038e-05

56902.0000 +3.858851e-05

X The Int”erval of the 1St” column should be specified as "t intl" |5 56903.0000 +3.860536e-05

in the “param_list.txt". 56904.0000 +3.862265e-05
o o : 56905.0000 +3.864137e-05
»¢ This sampling interval must be constant and continuous. sl 56906.0000 +3.8657226-05

56907.0000 +3.867585e-05
56908.0000 +3.869336e-05
56909.0000 +3.871406e-05
Bureau 56910.0000 +3.872944e-05
International des | 56911.0000 +3.874483e-05 77
T Poids et s () =
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.......................................................................................................

[4] Prepare the clock-data name-list file: . 7 Pytool_TAgen IARESUT |1
“/Pytool TAgen/TAgen_Basic/clock file list.txt” |1 Data_Clock A clock file Tt )
T . .. TAgen_Auto & TAgen_basicpy
. Tlhe IZc.loclﬁ_ftle_ltst.t.xt” provides the conditions of each . (_TAgen Basic ) 2 param listoxt
clock in the averaging process. -‘. TAgen Pred
 The line starting with “#" is ignored. |2 J
- 15t column : file No. (defines p|0t color) # sum of weights is normalized to 1 in the program.
- 2nd column : data file name # flgl=1 means the reference clock of phase
rd . . . . x |3 comparison.
- 3@ column : weight in the averaging # filename : weight : gl
_ 4th column ¢ “flel” (ianored) *2. 1 UTCk-clkl.dat: (0): 0
'ﬂg ( 9 ) 2UTCk-clk2.dat: |1 |: 0
3 UTCk-clk3.dat: |0 |: O
*1 : Each weight is normalized in the Python program. 4 UTCk-clk4.dat: |3 |: 0
%5 . gy q_ g ., . 2| @UTCk-clk5.dat{ 2[ : 0
2 : The clock with “flgl=1" plays a role in "TAgen_pred.py" and 6 UTCk-clk6.dat: 10 |- o
“TAgen_auto.py”. In TAgen_basic.py’, this flag is not used. o j
- - d 7 UTCk-clk7.dat: |6 |: 0
8 UTCk-clk8.dat: (0 : 0 7
«“clkd” isignored by “#”. 3=

« Clkb is ignored from all the calculation

« Clk1,3 5,6,8 are excluded from the
Bureau averaging
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App-1: Preparation for using “TAgen_basic.py Time scale algorithms
[5] Prepare the parameter-list: J— S — |
"/Pytool TAgen/TAgen_Basic/param_list.txt” '* . PytoolTAgen TA_RESULT
: Data_Clock ——< @ clock file_listox
» The parameter file “param_list.txt” provides the parameters in TAgen_Auto  TAgen_basicpy
advance. (" TAgen_Basic )— A% param_list.ta )__\
* These parameters are used with the same names in the program. é..............Tf:?a'.‘?.’f'.—..'?.f??.j ......................................................................
*(The text after "#")provides the explanation of the parameter.
- ¢t _intvl : interval of time stamp t_intvl = 86400 (% interval of time stamp (for day==>86400,
(for day — 86400, hour — 1440, second — 1) < limit = 1000 & ohuotﬂre:ri;iltMo’ second > 1)

- x_limit : outlier limit
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oooo

Python 3.10.11 (tags/v3.10.11:7d4cc5a, Apr 52023, 00:38:17)

. ACtion-1 :Run "TAgen baSiC°p-Vll '[I'I://Ipsec\/ciﬁ\z/zge;ri'?ifc(ril\élilt)ﬁzg]r "license" for more information.
=) Initial processing is performed '

IPython 8.13.2 -- An enhanced Interactive Python.

runfile('C:/Mywork/Python/Pytool_TAgen/TAgen_Basic/TAgen_basi

° ° ” o o " g )
1. Read the clock data listed in “clock file list.txt” :  cpy, wdir=C:/Mywork/Python/Pytool_TAgen/TAgen_Basic)
« Alert of outlier : outlier limit is set in the "param_list.txt". |1 P e Reading initial data of 'UTC(k) - Clock"
e Formatting the initial data for processing
| PytOOI_TAgen | UTCk'Clk1.dat, UTCk-clkZ.dat,,, Fokkkkokkkkokkk | airia] status OF all clocks * * %% * ® %k k k%%
—| Data_Clock | 56901.0000 +3.857038e-05
| 56902.0000 +3.858851e-05 HITUTCk-clk2.dat includes outliers
: 579é9,0000 5_57.6701 -05 UTCk-clk1 dat ~ —e— UTCk-clic4 dat UTCk-cIkT dat UTCk-clk1 dat UTCk-clk3 dat UTCk-clk7 dat
_| TAgen BGSIC | 580000000 :55788852'05 é ag:i::;::i —&— UTCk-clk6 dat #— UTCk-clk8 dat ig:g:;::iq I ﬁg:z:i:::; o— UTCk-clk8 dat
Clock_file_list.txt

# sum of weights is normalized
to 1in the program.

4
# flg1=1 means the reference % 3 £
clock of phase comparison. : i, i
# filename  : weight : flg1 : £ £ 0o
1 UTCII:-CIII:Lgat: 0 : g : £ s
§H$Ek'§|k§-dg§- I All the clock files will be loaded - \
. . . iy : -1
£ 3,09, except those with “#” at the : N
0 :0 H 1 H 57000 57250 :?;oegsu?:;seonnss:‘]:o’u ?)azso 58500 10° wo 107
7 UTCk clk7. dat 6 0 beglnnlng Of the Ilne' E : (Mo} x: averaging time (sec)
8 UTCk-clk8.dat: 0 : 0 :
: ?P?7?? ?
Bureau 4 P Save figure? (y/n) =
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2.2 Calculation

B Action-1:Run "TAgen basic.py”
=) Initial processing is performed (Cont.)

2. Plot all the raw data of "UTC(k) — clock”

 Left fig. : Time difference of "UTC(k) — clock”. |2
- MJDs are adopted for the maximum range of all data.

* Right fig. : ADEV of “UTC(k) — clock”. 3
- ADEV is calculated by “AllanTools” [Ref. 4].

- If the data has discontinuous and divided into several
blocks, the ADEV is plotted for each block and marked
Wlth //*711’ //*2"’” )

("UTCk _clk2.dat” shows the ADEV of [block-0], and 4
“UTCk_clk2.dat*1" shows the ADEV of [block-1].)

The purpose of this ﬁlotting is to confirm

the condition of each clock data.
Bureau
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.* e

Python 3.10.11 (tags/v3.10.11:7d4cc5a, Apr 52023, 00:38:17)
[MSC v.1929 64 bit (AMD64)]

Type "copyright", "credits" or "license" for more information.
IPython 8.13.2 -- An enhanced Interactive Python.

runfile('C:/Mywork/Python/Pytool_TAgen/TAgen_Basic/TAgen_basi
c.py', wdir="C:/Mywork/Python/Pytool_TAgen/TAgen_Basic')

..... Reading initial data of 'UTC(k) - Clock'
..... Formatting the initial data for processing

FARAEEIXXXEXEE |nitial status of all clocks *** ¥ * & &k k%

4

UTCk-clicl dat o UTCk-clk4 dat UTCk-clic7 dat T 4 UTCk-clk3 . dat UTCk-clk7 dat
UTCk-clk2 dat  —e— UTCk-clké.dat +— UTCk-clkB.dat UTCk-clk2 dat o= UTCk-clkd dat. o~ UTCk-clk8.dat
UTCk-clk3 dat UTCk-clk? dat*1 ) —e— UTCk-clké dat

le-5

@

" g

£ Block-1 g e

z s

£ ~

-2
57000 57250 57500 57750 58000 58250 58500 10° 100 107
x: measurement time (M|D) «: averaging time (sec)
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.............................................................................................................................
““““
o

UTCk-clk1.dat #— UTCk-clkd.dat UTCk-clk7.dat UTCk-clk1.dat UTCk-clk3 dat UTCk-clk¥.dat
UTCk-clk2.dat —8— UTCk-clkG.dat #— UTCk-clkB.dat UTCk-clk2.dat & UTCk-clkd.dat o~ UTCk-clkB.dat

° . [1] hd 1 UTCk-clka dat UTCk-clk2 dat*l  —8— UTCk-clk dat
B Action-1:Run "TAgen basic.py
= Initial processing is performed (Cont.) g
3. Save the results, if required Q |
5 . (k6 = reference clck
« If input “y” for “Save figure (y/n) = ", i b s T wion 20 e
four results are saved under the following directory
“/TA_RESULT/(time)/” with a time stamp of data saving. . ??%??Save figure? (y/n) =y |5
. e ;.0 save logfile = ./TA_RESULT/0523_161029/log_0523_161029.txt
- Log_(time).txt : history of the process © .. save figfile = /TA_RESULT/0523_161029/fig_0523_161029.pdf :
- fig _(time).pdf : both figures © :unsave alldata= ./TA_RESULT/0523_161029/all_raw_clk_0523_161029.dat :
_ all_raw clk_(time).dat: “UTC(k)-clock” (left fig) . uursave ADEVdat = ./TA_RESULT/0523_161029/all_adev_0523_161029.dat
- all_adev_(time).dat : ADEV of “UTC(k)-clock” (right fig) ========================ss==sssssss=sss
: Menu of the TA processing
X (time) is "MMDD_hhmmss” of operation time-stamp 0. Plot the "UTC(k)-Clock" data
. 1. Assign the MJD
- MMDD  : month gnd date 2. Dsésiltgrgnd?'UTcu:)a-ggoeck" data
- hhmmss : hour, minute and second 3. Make TA with simple averaging
:10. Exit
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App-2 : Relation of input/output files

Clock file list.txt

# sum of weights is normalized
to 1in the program.

# flgl=1 means the reference
clock of phase comparison.
#filename : weight: flgl
1UTCk-clkl.dat: O : 0

2 UTCk-clk2.dat: 1 : 0

3 UTCk-clk3.dat: 0 : 0

4 UTCk-clk4.dat: 3 : 0
(#5UTCk-clkS.dat: 2 : 0

6 UTCk-clk6.dat: 0 : 1

7 UTCk-clk7.dat: 6 : 0

8 UTCk-clk8.dat: 0 : 0

all_ raw _clk 0523 161029.dat

CCTF Technical Exchange:
“Time scale algorithms"
June 25, 2025.

UTCk-clkl.dat UTCk-clk2.dat UTCk-clk3.dat UTCk-clk4.dat UTCk-clk6.dat UTCk-clk7.dat UTCk-clk8.dat

0.0 1.0 0.0
0 0 0
1 2 3

3.0 0.0
0 1
4 6

fname
( Weight
flag
UTCk-clkl.dat _cid
56901
56901.0000 +3.857038e-05 56902
56902.0000 +3.858851e-05 .
: : 58725
57999.0000 +5.576701e-05 58726
58000.0000 +5.578885e-05

+3.857038e-05 -6.184638e-06 -1.215249e-05 +1.918367e-05 +9.635976e-06 +2.258480e-05
+3.858851e-05 -6.197517e-06 -1.215115e-05 +1.919092e-05 +9.617261e-06 +2.258759e-05

+nan
+nan

6.0 0.0
0
7
+nan
+nan

+6.693075e-06 -3.187783e-06 +2.707895e-05 -1.676407e-05 +4.440954e-05 +5.273111e-06
+6.687379¢-06 -3.1808256-06 +2.708426-05 -1.677650e-05 +4.442301e-05 +5.270004e-06

v

4

log_0523 161029.txt

* The combined data of all 'UTC(k)-
clock’ except clk5.

* The ‘weight’,flag’ and ‘cid’ are the
copies from ‘Clock_flie_list.txt’.

* ADEVs are calculated from this data.

* ‘MJDspan’ is the period used in
the ADEV calculation.

* If there are not sufficient samples,

# Data log at 2025.05.23_16h10m_29s

#

**0** Read and plot initial clock data and Allan deviation*****

220 Input clocklist : clock_file_list.txt

;220 Input clock file : ['UTCk-clkl1.dat', 'UTCk-clk2.dat', 'UTCk-clk3.dat’,
'UTCk-clk4.dat', 'UTCk-clk6.dat', 'UTCk-clk7.dat', 'UTCk-clk8.dat']

;.20 data time interval (t_intval): 86400(sec)
: 1000.0

22 Outlier limit (x_limit))

* Operated menu processes are serially added to the log file.

Bureau
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expressed as ‘nan’.

5

_ 4

E 2

* “UTCk-clk2” includes anomalies on S,

MJD 58261 ~58456, and they are s

treated as missing data. 0

* The data are divided into two blocks L
before/after the anomalies. 7 LgkB = referenc

* ADEVs are calculated for each block.

all adev 0523 161029.dat

Taulsl

22118400 +8.453397e-15 +4.172218e-14
44236800 +1.668442¢-14 +4.249225¢-14

+nan
+nan

+1.168016e-14 +4.207961e-15
+2.068302e-14 +2.484683¢-15

UTCk-clkl.dat UTCk-clk2.dat UTCk-clk2.dat*1 UTCk-clk3.dat UTCk-clk4.dat
p 56901-58000 56901-58260 58457-58726 56901-58726
86400

56901-58726
+2.585226e-14 +2.559433e-14 +1.914455e-14 +2.255109e-14 +6.289309%e-14
172800 +1.871863e-14 +1.824332e-14 +1.284166e-14 +1.643061e-14 +4.258263e-14
345600 +1.314144e-14 +1.320590e-14 +9.326690e-15 +1.116636e-14 +2.944345e-14

UTCk-clk6.dat
56901-58726

+2.989441e-14 +2.887262e-14 +2.576366e-14
+2.186610e-14 +2.024180e-14 +1.811728e-14
+1.532961e-14 +1.422621e-14 +1.275807e-14

+1.222042e-14 +1.399682¢-14 +8.546454e-15
+2.016610e-14 +1.872125e-14 +1.418509¢-14

UTCk-clk7.dat UTCk-clk8.dat
56901-58726 56952-58726

v

ADEV cannot be calculated and is le-s

fig_0523_161029.pdf

UTCk-clk]1 dat
UTCk-clk2 dat
UTCk-clk3 dat

—8— UTCk-clkd dat
—o— UTCk-clk6 dat

UTCk-clk7 dat
®— UTCk-clkB dat

UTCk-clk2.dat

eclock

UTCk-clk2.dat*1

\

57000 57250

57500 57750 58000 58250 58500
*: measurement time (M]D)

y: allan deviation

UTCk-clk1 dat
UTCk-clk2 dat
UTCk-clk2 dat*1

UTCk-clk3 dat
—o— UTCk-clkd dat &
—o— UTCk-clke dat

UTCk-clk7 dat
UTCk-clkB dat

1071

UTCk-clk2.dat*1

UTCk-clk2.dat

10°

100 107
x: averaging time (sec)




2.2 Calculation

B Selection of the processing menu:

“0. Plot the "UTC(k)-Clock" data”

» Read all the data assigned in “clock_file_list.txt", and
plot the time differences vs UTC(k) and their ADEVs.

 This operation Initializes all the processing to date.

“1. Assign the MJD range”

» The specified range will be used for all subsequent
processing unless “menu-0" is selected.

“2. De-trend "UTC(k)-Clock” data”

» De-trend the data over the entire data range.

“3. Make TA with simple averaging*” ™

» Simple weighted average of "UTC(k)-Clock” data.

“10. Exit”
* Exit the program.

Bureau
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*1: See “TAb”in [Ref. 2]
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...............................................................................................................................
. .
.

UTCk-clk1 dat #— UTChk-clid4 dat UTCk-clk 7 dat UTCk-clk1 dat UTCk-clk3 dat ~ —e— UTCk-clkf dat

UTCk-clk2.dat UTCk-clk5.dat #— UTCk-clkB.dat UTCk-clk2 dat o~ UTCk-clkd.dat UTCk-clk7.dat

UTCk-clk3 dat ~ —#— UTCk-clk6 dat UTCk-clk2 dat*1 UTCk-clk5 dat o~ UTCk-clk8 dat
le-5

y: time difference (sec)

\ - \
\ h N

57000 57250 57500 57750 58000 58250 58500 100 108 107
x: measurement time (M|D) x: averaging time (sec)

! |
MooE o e M W B

::::: save logfile = ./TA_RESULT/0523_161029/log_0523_161029.txt

... save figfile = ./TA_RESULT/0523_161029/fig_0523_161029.pdf :
;11 save alldata = ./TA_RESULT/0523_161029/all_raw_clk_0523_161029.dat :
::::: save ADEVdat = ./TA_RESULT/0523_161029/all_adev_0523 161029.dat

0. Plot the "UTC(k)-Clock" data

1. Assign the MID range

2. De-trend "UTC(k)-Clock" data
3. Make TA with simple averaging
10. Exit




2.2

Calculation

B Action-2:

Bureau

Select "menu-3” 1

.......................................................................................................
Od 0

3/ i N E
TAbEZWi'hi herei ) w; =1:
Y1

i=1 / g .
::‘ R . N

.................
. .,

.............

. .
.......................................................................................................

X1 "UTC(k)-clock” is the clock data under “/Data_Clock”.

%2 "w;" is a fixed weight given in “clock file_list.txt".
( Normalized in the program. )

23 Outlier ( > “x_limit”) is removed before averaging.
( “x_limit" is set in the "param_list.txt",)

International des
T Poids et

4 Mesures

y: time difference (sec)

CCTF Technical Exchange:
“Time scale algorithms"
June 25, 2025.

...............................................................................................................................
. .
0 .

Menu of the TA processing

0. Plot the "UTC(k)-Clock" data

1. Assign the MID range

2. De-trend "UTC(k)-Clock" data

3. Make TA with simple averaging )

10. Exit
???27?? Input menu number ? >> 3 1
I UTCk-clk2.dat includes outliers
HINTUTCk _clk2.txt includes outliers
UTCk-clk2 dat UTCk-clk7.dat  —e— UTCK-TA UTCk-clk2 dat —o— UTCk-clk4.dat —e— UTCK-TA
—— UTCk-clkd dat UTCk-clk2 dat*1 UTCk-clk7.dat dkl dk3 —— dk6 ~— dkB
o5 e dk2 —— dkd dk7
7
4 107
&
3 5
21 ‘E 10712 4
= 2
: o : 10
E \r\\ 1
- All ADEVs.are calculated. within the M|Ds of wotd-TA,
57000 57250 57500 57750 58000 58250 58500 1;: 100 = o

107

®: measurement time (MD) 57000 57250 57500 57750 58000 58250 58500

x: averaging time {sec) x: time (M]D)

;.. save logfile = ./TA_RESULT/0531_151852/log_0531_151852.txt

.0 save figfile = ./TA_RESULT/0531_151852/fig_0531_151852.pdf
;i save alldata = ./TA_RESULT/0531_151852/all_raw_clk_ave_0531_151852.dat :
::::: save ADEVdat = ./TA_RESULT/0531_151852/all_adev_0531_151852.dat

::::: save weights = ./TA_RESULT/0531_151852/all_weight_0531_151852.dat




CCTF Technical Exchange:

. "Ti le algorithms"
2.2 Calculation e S

.............................................................................................................................
““““
o

Menu of the TA processing

B Action-3: Select “menu-3" (Cont) 0 Pt the TGl Clock dat

1. Assign the MID range

2. De-trend "UTC(k)-Clock" data

P " P ” ( 3. Make TA with simple averaging )
2. Plot "UTC(k) - TA" & "UTC(k) — clock” '? 10 Ex
. o ” « 9 i s
* Le.ft flg "UTC(k)-TA" & UTC(k)-CI.OCk : ????? Input menu number ? >> 3 1
« Middle : ADEV of each data of left figure . —
. . . . = T UTCk-clk2.dat includes outliers
* nght . correspondlng WelghtS of used clocks : I UTCk clk2.txt includes outliers 2
3 . Save th e resu Its' If req- u I red 3 E .]a_:TCk-clkddat UTCk-clk2 dat*1 UTCk-clk7 dat 7 = ;:i . ;:3 —_ ::? ~— dkB
* The results are saved under “/TA_RESULT/(time)/". —% ' :
- Log_(time).txt . history of the process N iy :
- fig _(time).pdf - all figures \\.\\ 2 T
- all_("raw”/"det”)_clk_ave_(time).dat : (left fig) {7 f
- all adev (time).dat : ADEV data (right fig) PO e—— \’\"\ 0
????? Save figure? (y/n)=y |3
;.. save logfile = ./TA_RESULT/0531_151852/log_0531_151852.txt
.0 save figfile = ./TA_RESULT/0531_151852/fig_0531_151852.pdf
;i save alldata = ./TA_RESULT/0531_151852/all_raw_clk_ave_0531_151852.dat :
: ::rsave ADEVdat = ./TA_RESULT/0531_151852/all_adev_0531_151852.dat
Bureau : uuisave weights = /TA_RESULT/0531_151852/all_weight_0531_151852.dat
International des :
T Poids et
+ Mesures




App-2 : Relation of input/output files

Clock file list.txt

# sum of weights is normalized
to 1in the program.

# flg1=1 means the reference
clock of phase comparison.

#filename : weight : flgl UTCk-clk1.dat

S reco-cat Do 56901.0000 +3.857038e-05
S UTCkdka dat: 0 T ow 56902.0000 +3.858851e-05
4 UTCk-clk4.dat (3] «6— : :

#5 UTCk-clks.dat: 2 8 Clocks used in 57999.0000 +5.576701e-05
6 UTCk-clk6.dat: 0 ; : 58000.0000 +5.578885e-05
7 UTck-cliz dat {(6] 70 the averaging

8 UTCk-clk8.dat: 0 : 0 '

all_raw_clk ave 0531 151852.dat

CCTF Technical Exchange:

“Time scale a
June 25,

lgorithms"
2025.

* “UTC(k)-TA” is the weighted
average of “UTCk-clk.dat” of
clock2, clock4 and clock?.

fname UTCk-clkl.dat UTCk-clk2.dat | UTCk-clk3.dat [UTCk—c|k4.dat] UTCk-clk6.dat 'UTCk-clk7.dat |UTCk-clk8.dat [ UTCk-TA \
Weight 0.0 1.0 0.0 3.0 0.0 6.0 0.0 —1> 0.0

tlag 0 0 0 0 1 0 0 3

cid 1 2 3 4 6 7 8 0

56901 +3.857038e-05(-6.184638e-06)-1.215249e-05 (+1.918367e-05| +9.635976e-06 +2.258480e-05 +nan +1.868752e-05
56902 +3.85885(le-05/-6.197517e-06|-1.215115e-05 |+1.919092e-05| +9.617261e-06 +2.258759e-05 +nan +1.869008e-05
58725 +nan +6.693075e-06 -3.187783e-06|+2.707895e-05 -1.676407e-05 +4.440954e-05 +5.273111e-06 +3.543872e-05
58726 +nan +6.687379e-06 -3.180825e-06+2.708426e-05 -1.677650e-05 +4.442301e-05 +5.270004e-06 +3.544782e-05

\

/] 7

* These weights are copied from

waqt fig 0531 151832.dat

dkl dk3  —— dkb ~— dkB
dk2 —— dk4 dk?
le—1

n

. weight
w

I~}

57000 57250 57500 57750 58000 58250 58500
x: time [(MD)

log_0531_151852.txt
# Data log at 2025.05.23_16h13m_33s
#
**0** Read and plot initial clock data and Allan deviation*****
Input clocklist : clock_file_list.txt
Input clock file : ['UTCk-clk1.dat', 'UTCk-clk2.dat', 'UTCk-clk3.dat',
'UTCk-clk4.dat', 'UTCk-clk6.dat', 'UTCk-clk7.dat', 'UTCk-clk8.dat']
::::: data time interval (t_intval): 86400(sec)
222 Outlier limit (x_limit))  : 1000.0

*¥*3** Weighted average *****

Input data file : all_raw_clk.dat
Saved joint data : all_raw_clk_ave.dat
Weight of clocks : all_weight.dat

4

“clock file_list.txt”. They are

all_adev_0531_151852.dat

normalized in the averaging. Taus) _UTCk-clk2.dat UTCk-clk2.dat*1 UTCk-clkd.dat UTCk-clk7.dat’ UTCK-TA )
MJDspan  56901-58260 58457-58726 56901-58726 56901-58726 | 56901-58726
86400 +2.559433e-14 +1.914455e-14 +6.289309¢-14 +2.887262¢-14|+1.459261e-12
: 172800 +1.824332e-14 +1.284166e-14 +4.258263e-14 +2.024180e-14 |+1.031497e-12
all_weight 0531_151852.dat 345600 +1.320590e-14 +9.326690e-15 +2.944345e-14 +1.422621e-14 [+7.309588¢-13
sl o clki | clkaclks [clka) clk6) clkr| clk8 11059200 +2.657653€-14 +6.159347e-15 +5.398695-15 +8.314322e-15 |+1.528285¢-13
56902.0 0.00 0.10 0.00 0.30 0.00 0.60 0.00 22118400 +4.172218e-14 +nan +4.207961e-15 +1.399682e-14[+1.108404e-13
; ST T T T R 44236800 +4.249225e-14  +nan +2.484683e-15 +1.872125e-14 \+4.465014e-14 ) ;7
58260.0 0.00 0.00 0.00 0.00
58261.0 0.00(0.00J0.00(0.33)0.00(0.67)0.00 .
: A e g fig_0531_151852.pdf
58726.0 0.00 0.00 0.00 0.33 0.00 0.67 0.00
UTCk-clk2 dat UTCk-clk7.dat  —8— UTCkTA UTCk-clk2 dat —&— UTCk-clkd dat —8— UTCKTA

* Due to an anomaly, Clock2 lost

le-5

—o— UTCk-clk4 dat

UTCk-clk2 dat*1

the weight on MJD58261, and
other weights were also affected 4
by normalization.

]
=
e TA shows a big jump due to Clock2, £
so that its ADEV does not reflect its E
intrinsic behavior. i

UTCk-clk7 dat

1012

10713

y: allan deviation

UTCk-clk2.dat*1

10734

UTCk-clk2.dat
UTCk-clk2.dat*1

57000 57250

UTCk-clk2.dat

S S

|1 ADEVS are calculated within the M|DS.of watd-TA

57500 57750 58000 58250 58500
x: measurement time (M]D)

1° 10°

¥: averaging time

(sec)

"2
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CCTF Technical Exchange:

2.3 Evaluation, and Change of conditions “Time scale algorithms"

June 25, 2025.
S

B Evaluation ~ What focus on?

Case- 1

# sum of weights is normalized to 1 in the program.
% Run the program with the “clock file list.txt” on %%Telgg@gad'?a?&%ﬁ?ffig?e clock of phase comparison.
the right. LTt 8 1) Correct the file
Set all the weights for Clock-5, Clock-6 and to'7". g‘ﬂgt-g:tg‘;gg{g -9 with a text editor!
9UTCk—cIk6.dat: % o IJ
PY Continuity . 8 UTCk-clk8.dat: T : 0 “clock file list.txt”

- In Fig.1, no unusual behaviors are in any clocks
or TAb. That is, clock selection is OK.

le-5

. T 40 Fig- 1| clock-7 Fig. 2
e Stability : 2 o 2e14
- In Fig. 2, TAb shows better ADEV than each of S 20 Clock-5 :
the clocks. 2 TAb S
. Looking more closely, the short-term ADEV of g p
TAb_is approximately 1/v3 of that of each clock. g o0 Clock-6 < pe-ts
- This result is reasonable considering that the 1.0 dots
ADEV of each clock is almost the same. I N N DS S B A1 ADEVS ars caicppte] it the WD of wgpgh
57000 57250 57500 57750 58000 58250 58500 105 108 . 107
Bureau Measurement time (MJD) Averaging time (sec)

‘ International des /0531 _161512
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2.3 Evaluation, and Change of conditions “Time scale algorithms"

June 25, 2025.
e

B Try-1: Change the clocks

Case- 2

# sum of weights is normalized to 1 in the program.
# flg1=1 means the reference clock of phase comparison.

»% Run the program with the “clock file list.txt” on #filename : weight : flg1
the right. 2 iidiceidiaat: 1 ¢ Correct the file
Set all the weights for Clock-2, Clock-4 and Clock-6 to 'T". g ek kaqat: 100 with a text editor!
UG
gg%k-glks:dgt? 0 :0 “clock file list.txt”

e Continuity and Stability :

- Due to anomaly of Clock-2 on MJD58261~58456, 5 4.0::2;_1/ Fig. 2

TAb shows a big jump and its ADEV was 2 40 Clock-4 2e-14

degraded. ..... Not good! x c A

§ §1e 14 Clock-4
e Let's try a different calculation range to <6t
avoid the anomaly event. i e
57000 57250 57500 57750 58000 58250 58500 o e e
Bureau Measurement time (MJD) Averaging time (sec)

International des /0531 161655
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2.3 Evaluation, and Change of conditions “Time scale algorithms"

June 25, 2025.

I .
| Menuofthe Aprocessing |
B Try-2 : Change the calculation range | e

2. De-trend "UTC(k)-Clock™ data
3. Make TA with simple averaging

1. Select “menu-1" 1 B —
» The data range is assigned as “[MJD1, MJD2]". 222?22 Input menu number ?>>1 | 1
2. In put ”MJD1" a nd "MJDZ" se pa rated by a “ **1** Assign the MID range for calculation in [56901,58726].
Space ??21?? Input MJD1 and MJD2 with spacing = 56901 58200 | 2
« If the input values are outside the available range, . **1**Selected range is : [ 56901 - 58200]
re-entering is requested with an error message. BEE Tmer ThaE [mEr T muE T man
« If the values are within the available range, the data HE i
processing range is updated. : :
* ADEV is calculated using the new data range. |3 ; Ih / 3
« Save the results, if required. |4 em; S

€
]
T

57000 57200 57400 57600 57800 58000 58200 10° 100 107
x: measurement time Moy x: averaging time {sec)

»¢ This new data range will be used in any subsequent
processes, unless initialization is done using “menu-0°.
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. . . CCTF Technical Exc_hange:
2.3 Evaluation, and Change of conditions “Time scale algorithms"

June 25, 2025.
I

.............................................................................................................................
. .

. .
“ .

B Try-2 : Change the calculation range th(,

(Cont.) © 0. Plot the "UTC(K)-Clock" data
: 1. Assign the MJD range

7" -3 in 5 : 2. De-trend "UTC(k)-Clock" d
3- SeIeCt menu 3 agaln i(%w%ﬁcéirl\;gcaveraa;ng)

» TAb is calculated in the new assigned range. T0. EXIt

????? Input menu number?3_ |5

r UTCk-clkz dat  —e— UTCk-clkb.dat  —e— UTCKTA UTCE- Ik!d t —o— UTCk-clkG.dat —e— UTCKTA \ dkl dk3 dk3 dk7?

e By changing the calculation range, —_ | -

1le-5 [ 1=—

continuous TAb was calculated. N 1
e All the operation process and setting .
range are confirmed in the log-file. .
\ 0T essirement e oo T e Ty T e e
:ngata|Ogat20250527_19h46m_305 .......................................... .“‘: 2227 Save flgure? (y/n)

**0™* Read and plot initial clock data and Allan deviation™**** & ..., ae |ogfile = ./TA_RESULT/0531_162336/log 0531 162336.txt
+¥15% Assign the MID range for calculation ***# 4——~—i——iii: save figfile = /TA RESULT/0531 162336Hg_0531 162336.p

..... . ) : 1 :mrsave alldata = ./TA_RESULT/0531_162336/all_raw_clk_ave_0531_162336. daté
""" Selected MID : [56901 - 58200] i uu:save ADEVdat= ./TA_RESULT/0531_162336/all_adev_0531_162336.dat  :
. *%3%% Weighted average ***** : 1 i save weights = ./TA_RESULT/0531_162336/all_weight_0531_162336.dat
¢ it Input data file :all_raw_clk.dat P
Bureau , : u:1:Saved joint data : all_raw_clk_ave.dat :
International des %, u1: Weight of clocks : all_weight.dat
T Poids e1_ .........................................................................................................
+ Mesures
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. CCTF Technical Exchange:
3 . EXxercise “Time scale algorithms"

June 25, 2025.
S

A) Run “TAgen basic.py”, and get familiar with the operation

1. Set the parameters of “clock_file list.txt” as you like, in advance.

»*¢ Don't forget to save the file after making any correction.

1 . ", For example:
2. Run “TAgen_basic.py”: [Case-1] on p.18,

2.1. Select "menu-3". [Case-2] on p.19.
2.2. Save the results.

¢ If you update the “clock_file_list.txt", you must exit and restart the program.
(Otherwise, the previous "clock_file_list.txt" will remain in use.)

»¢ To initialize the operation, select “menu-0".
#*  All processes of your operation can be confirmed in the “log-MMDD_hhmmess.txt."

3. Confirm the output results in “/TA_RESULT/".

Bureau
‘ International des
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“Time scale algorithms"
- EXErCIse June 25, 2025
I

B) Change the ratio of the clock weights

1. Calculate TA4b in the following three cases, and compare the results.
Case-3] Clock-4 : weight=1, Clock-7: weight=1, others : weight=0
Case-4] Clock-4 : weight=1, Clock-7: weight=2, others : weight=0
Case-5] Clock-4 : weight=2, Clock-7: weight=1, others : weight=0

2. Predict the differences between these TAbs in advance.

le=5

4.5
-
4.0
- L
Mgy
H F M
g 3.5 E "'-\‘to K'd
g H Mgl
& Clock-7. o
% 3.0 510
= T
t > 5 :
a5 L
"~
T
N
\
2.0+ i \.q
...'.I = lL'|L'!rL'l'LC clock
Bureau 57000 57250 57500 57750 58000 58250 58500 10 108 107
‘ International des X measurement time (MD) X:averaging time (sec)
T Poids et
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3. EXE rcise June 25, 2025.

® TAb become closer to the clocks with higher weight.

Case-3 |Wy 1wy =111 Case-4 |wy:w,=1:2 Case-5 |wy:w, =21

le=5 le-5 le-5
45 4.5 4.5
4.0 4.0
8 Clock:7 g 8 Clock-7,
; @ v 3.5
=l ° T 3.0
Q (] Q
£ E £
25

2.0
57(;100 572;50 57500 57750 58000 58250 58500 57(;300 572;50 57500 57750 58000 58250 58500 57{;)00 57%50 57500 57750 58000 58250 58500
Xx: measurement time (M)D) X: measurement time (M)D) X: measurement time (M)D)
6e-14 \\ 6e-14 \\ 6e-14 |~
¥

de-144 Clock-4 de-14 Clock-4 de-14 “Clock-4
c L% & & |- ¥ &
g 2e-14 \\ \\l 5 \ \\‘ 5 \\ \\(
© 2e- Y TR = 2e-14 N N 5 Ze- h x
s A 5 N TAb 5 2o NTAb.
D & S = 2 i e e o] .o S
o \||\ e e e i i i ) \\ e ' /-l 1 5 \\\&
S le-14 e { i T te-14 v i T le-14 ’ i N
— } b TR A i 1 :\ ‘s\ 1 c ha 1
< i N /," 1 = L8 h // i © 4 i

6e-15 (. (0} '7 ol o : < 6e-15 (.tC 1:*'7 S ,: 8. : < 6e-15 l{ '7 8 o, Ol :

M L/ SO E RN S e 4
4e-15 R g 4e-15 < 4e-15 ety
\\ \\ \\
Bureau 2e-15 [AllADEVs are calcula ithin the MjDs of wgtd-TA. 1 2e-15 All ADEVs are calcula ithin the MjDs o telTA. 1 2e-15 LAl ADEVs are calculated: within the MjDs 0 tal-TA. ‘
International des 10° 106 107 10 108 107 105 106 107
Averaging time (sec) Averaging time (sec) Averaging time (sec)
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4. Summary and Comments “Time scale algorithms*
une 25, 2025.
BN

B Summary

® This training aims to help participants understand the principles of 74b and how to
make and evaluate it using the tutorial Python program “TAgen_basic.py”.

® Participants learnt how to use the program through the lecture and exercise of
basic operation process.

® Further information about 74b and the program are provided in [Ref. 2] and [Ref. 3].

Bureau
International des
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4. Summary and Comments “Time scale algorithms'
une 25, 2025.

B Comments

® This "TAgen_basic.py” was developed by a beginner in Python programming (i.e.
me), so there may be bugs or areas that are not fully developed. If you find any
issues, please contact me via BIPM.

® If you are interested in modifying the program, please refer to the user guide
[Ref.3] which provides information on the program’s construction and flow.

® For the simulation of “TA with prediction”, an advanced form of 74, two more
Python programs are required; “TAgen_pred.py” and “TAgen_auto.py”.

® These programs and manuals are also included in the DL package, so please refer
to them if you are interested. Another introductory explanation is being prepared
for these.
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Thank you very much for your kind attention!

*¢ Reference
[1] BIPM CBKT e-learning (https://e-learning.bipm.org/), BIPM course, “Time scale algorithms”

[2] CCTF TE tutorial lecture: "Time scale algorithms ~basics an application~ *Lecture*”
[3] User's manual of Python program : “User’s Manual of “TAgen_basic.py”
[4] Web site of "AllanTools": https.//allantools.readthedocs.io/en/latest/

Bureau
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CCTF Technical Exchange:
“Time scale algorithms"
June 25, 2025.

Appendix-1
Preparation for using “TAgen_basic.py”

Bureau
‘ International des

T Poids et

| Mesures s 35 =



CCTF Technical Exchange:

-1 ° 1 1 7" ' ” “Tim le algorithms"
App-1: Preparation for using “TAgen_basic.py fime scale algorithms

[1] Install “Python” in your computer [2] Copy all the directories and files

* Set the path to the working directory. in “/Pytool_TAgen/

* Following Python modules should be installed * The directory name "Pytool_TAgen" can be changed
in advance; as you like, but don’t change the directory names
- numpy under the “/Pytool TAgen/".
- matplotlib S — ‘_
- allantools Pytool_TAgen TA_RESULT
..................................................................................................................... . Data_Clﬂck {g [:l D:;I{_ﬁle_list,txt
. For example, from the command prompt; TAgen_Auto & TAgen basicpy

C:\Mywork>python -m pip install numpy ( TAgen_Basic % é‘ﬁparam_listm

TAgen_Pred

......................................................................................................................
.,
.................................................................................................................

> “Spyder” is not necessary for running the tools,
but is useful for debugging and modifying them.

https.//www.spyder-ide.org/
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App'1 . PI'EPaI‘atiOn fOI‘ USing ”TAgen_baSiC.py” “Time scale algorithms"

June 25, 2025.

.......................................................................................................
O e

[3] Prepare the clock measurement data " PytoolTAgen )
in the folder "/Pytool TAgen/Data_Clock/” ! . f:;a‘cfcf ] A UTCk-Cki.dat ) 2
e @ UTCk-Clk2.dat
* One clock data is used for one data file. TAgen_Basic gumk-cma.di \
* The file name should be “UTCk-****.dat"” 2 TAgen_Pred | @ UTck-Clka dat

“rxxxt - clock hame .
( ) @ UTCk-CIk5.dat

* The data should be the following format: @ UTCk-CIk6.dat

- 1t column : observation time stamp |3 4 UTCk-CIk7 dat
- 2" column : measurement time difference of 4 2 UTCk-Clka.dat

“UTC(k) — clock” (in seconds) L
CDelimiter - "t ey e Jr— J

(1 56901.0000 +3.857038e-05

56902.0000 +3.858851e-05

X The Int”erval of the 1St” column should be specified as "t intl" |5 56903.0000 +3.860536e-05

in the “param_list.txt". 56904.0000 +3.862265e-05
o o : 56905.0000 +3.864137e-05
»¢ This sampling interval must be constant and continuous. sl 56906.0000 +3.8657226-05

56907.0000 +3.867585e-05
56908.0000 +3.869336e-05
56909.0000 +3.871406e-05
Bureau 56910.0000 +3.872944e-05
International des | 56911.0000 +3.874483e-05 77
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.......................................................................................................

[4] Prepare the clock-data name-list file: . 7 Pytool_TAgen IARESUT |1
“/Pytool TAgen/TAgen_Basic/clock file list.txt” |1 Data_Clock A clock file Tt )
T . .. TAgen_Auto & TAgen_basicpy
. Tlhe IZc.loclﬁ_ftle_ltst.t.xt” provide the conditions of each . (_TAgen Basic ) 2 param listoxt
clock in the averaging process. -‘. TAgen Pred
 The line starting with “#" is ignored. |2 J
- 15t column : file No. (defines P|0t CO|OI’) # sum of weights is normalized to 1 in the program.
- 2nd column : data file name # flgl=1 means the reference clock of phase
rd . . . . x |3 comparison.
- 3@ column : weight in the averaging # filename : weight : gl
_ 4th column ¢ “flel” (ianored) 2. 1 UTCk-clkl.dat: (0): O
ﬂg ( 9 ) 2UTCk-clk2.dat: |1 |: 0
3 UTCk-clk3.dat: |0 |: O
*1 : Each weight is normalized in the Python program. 4 UTCk-clkd.dat: (3 |: 0
%5 . gy q_ g ., . 2| @UTCk-clk5.dat{ 2[ : 0
2 : The clock with “flgl=1" plays a role in "TAgen_pred.py" and 6 UTCk-clk6.dat: 10 |- o
“TAgen_auto.py”. In TAgen_basic.py’, this flag is not used. o j
- - d 7 UTCk-clk7.dat: |6 |: 0
8 UTCk-clk8.dat: [0 ) : 0 7
«“clkd” isignored by “#”. 3=

« Clkb is ignored from all the calculation

« Clk1,3 5,6,8 are excluded from the
Bureau averaging
‘ International des
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-1 “Time scale algorithms"
App-1: Preparation for using “TAgen_basic.py e scale algort
[5] Prepare the parameter-list: [ S — |
"/Pytool TAgen/TAgen_Basic/param_list.txt” '* . PytoolTAgen TA_RESULT
: Data_Clock —— @ clock file_listoa
. The parameter file “param_list.txt” provides the parameters TAgen_Auto & TAgen_basic.py ;
in advance. (" TAgen_Basic )— @ param_list.tat )__\
* These parameters are used with the same names in the o TAgen Pred e
program.
 The text after “#" provides the explanation of the parameter. £ intvl = 86400 # interval of time stamp (for day==>86400,
- ¢t intvl : interval of time stamp . hour==>1440, second==>1)
— x_limit = 1000 # outlier limit
(for day — 86400, hour — 7440, second — 1)
- x_limit : outlier limit
Bureau
‘ Interndqriona| des
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App-1: Preparation for using “TAgen_basic.py”

[6] Check the execution of the program
"/TAgen_Basic/TAgen_basic.py”

» Case (1) : by “Spyder”
1. Select the following Python program from the

menu of “File --> open ->
/Pytool TAgen/TAgen Basic/TAgen_basic.py". |1
2

2. Click “ P or “Run”.
X The result is shown in the “Console" window.

*¢ You can finish or refresh the process by “X”
closing the current console. |4

»¢ Case (2) : by command prompt

1. Go to the directory in advance including the
“Pytool_TAgen/TAgen_Basic/” in advance.

2. Run “TAgen_basic.py" --> You can proceed with
the program in the command prompt console. |5

»¢ The graph is shown in another window.
»¢ You can finish the process by “Ctrl+Z".

Bur___
‘ International des
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4 Mesures

9

C:\Mywork\Python\Pytool_TAgen\TAgen_Basic>TA_gen_basic.py

TA_gen2_basic5.py:
Simulation tool of timescale generation

- Input datafiles are read from the list './clock_file_
- Input clock data are prepared in th edirectry '../Dat

- Output of menu 1-3 are saved in the './TA_RESULT'.

Created on 22 May, 2025
@author: Y. Hanade
mmn

import numpy as np
matplotlib.pyplot as plt

it A addma

Reading initial data of 'UTC(k) - Cock'
Formatting the initial data for processing

Initial status of all clocks

UTCk_clk2.txt dincludes outliers

CCTF Technical Exchange:
“Time scale algorithms"
June 25, 2025.

1| Gen_Time_Basic

» ] f Jﬂ

Search i Curren workine directory

Help * %vishle Exploretr Plotz Files Find Breakpoints

i
Python 3.10.11 (tags/v3.10.11:7dlcc5a, Apr 5
2023, 00:38:17) [MSC v.1929 64 bit (AMD6U)]

Type "copyright", "credits" or "license" for more
information.

O consolz 42,4 X

IPython 8.13.2 -- An enhanced Interactive Python.

In [1]:

History

% Completionz: cugtom o LSP: Pyt ne UTF-% CRLF R#  Mem 46%
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Appendix-2
"TAgen_basic.py” : Relation of input/output files
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App-2 : Relation of input/output files
W

Data_Clock

UTCk-clkl.dat, , ,

56901.0000
56902.0000

|

TAgen_Basic |

Bur

Clock file list.tx

# sum of weights is normalized
to 1in the program.

# flg1=1 means the reference
clock of phase comparison.

# filename welght flg1

1 UTCk-clk1.dat : : 0

2 UTCk-clk2.dat : 1
3 UTCk-clk3.dat: 0O
4 UTCk-clk4.dat : 3
#5 UTCk-clk5.dat: 2
6 UTCk-clk6.dat: O :
7 UTCk-clk7.dat: 6

8 UTCk-clk8.dat: 0

0
10
;0
;0
0
0
0

56903.0000
56931.0000

+3.857038e-0
+3.858851e-0
+3.860536e-0

+3.909406e-0

param_list.txt

t_intvl = 86400 # interval of time
stamp (for day==>86400,

hour==>1440, second==>1)

x_limit = 1000 # outlier limit

I4

| TA_RESULT |

| /MMDD_hhmmss
|

-

edau

|

Poids et
4 Mesures

‘ International des

* In the Initial process,

" II

“menu-0" "menu-1"

all_ raw_clk MMDD_hhmmss.dat
all. adev. MMDD_hhmmss.dat
fig_MMDD_hhmmss.pdf

log MMDD_hhmmess.txt

* In the “menu-3"

[Case-1]
all raw _clk ave MMDD_hhmmss.dat
all adev. MMDD _hhmmss.dat

fig_ MMDD_hhmmss.pdf

log MMDD_hhmmss.txt

all weight MMDD_hhmmss.dat
wgt_fig_ MMDD_hhmmss.pdf

CCTF Technical Exchange:
“Time scale algorithms"
June 25, 2025.

* |[n the “menu-2"

all_det clk MMDD_hhmmss.dat
all. adev_.MMDD_hhmmss.dat
fig_MMDD_hhmmss.pdf

log MMDD_hhmmss.txt

[Case-2 (after “"menu-2")]

all_det clk ave. MMDD_hhmmss.dat
all. adev_. MMDD_hhmmss.dat
fig_MMDD_hhmmss.pdf

log MMDD_hhmmess.txt

all weight MMDD_hhmmss.dat
wgt_fig MMDD_hhmmss.pdf

—42I



App-2 : Relation of input/output files

Clock file list.txt

# sum of weights is normalized

all_raw_clk ave 0531 151852.dat

CCTF Technical Exchange:
“Time scale algorithms"
June 25, 2025.

* “UTC(k)-TA” is the weighted
average of “UTCk-clk.dat” of
clk2, clk4 and clk7.

4 UTCk-clk4.dat :(3 ) w6—
#5 UTCk-clk5.dat : 2
6 UTCk-clk6.dat : O

7 UTCk-clk7.dat :(6)

57999.0000 +5.576701e-05

Clocks used in 58000.0000 +5.578885¢-05

the averaging

: 0

+nan
+nan

58725
58726

to 1 In the program fname UTCk-clkl.dat |UTCk-clk2.dat | UTCk-clk3.dat [UTCk—c|k4.dat] UTCk-clk6.dat 'UTCk-clk7.dat |UTCk-clk8.dat UTCk-TA
#flg1=1 means the reference Weight 0.0 [(1.0] 0.0 [3.0] 0.0 (6.0] 0.0 ] 0.0

clock of phase comparison. flag 0 0 0 0 il 0 0 3
#filename  : weight : flgl UTCk-clkl.dat cid 1 2 3 4 6 7 8 0
1UTCk-clkl.dat: 0 : 0 56901 +3.857038e-05(-6.184638e-06)-1.215249e-05 (+1.918367e-05| +9.635976e-06 +2.258480e-05  +nan +1.868752e-05
2 UTCk-clk2.dat { 1)+ 0 56901.0000 +3.857038e-05 56902 +3.85885[le-05|-6.197517e-06 -1.215115e-05 |+1.919092e-05| +9.617261e-06 +2.258759e-05  +nan +1.869008e-05
3 UTCkdk3 dat: 0 o 56902.0000 +3.858851e-05 . . . : ) ; . . :

+6.693075¢-06 -3.187783e-06| +2.707895¢-05
+6.687379¢-06 -3.1808256-06+2.7084266-05

+3.543872¢-05
+3.544782¢-05

-1.676407e-05 +4.440954e-05 +5.273111e-06
-1.677650e-05 +4.442301e-05 +5.270004e-06

4

* These weights are copied from

8 UTCk-clk8.dat: 0 : 0

T
T
T
T

waqt fig 0531 151832.dat

dkl dk3  —— dké ~— dkB
dk2 ~— dk4 dk?
le—1

n

. weight

)

I~}

57000 57250 57500 57750 58000 58250 58500
x: time [(MD)

log_0531_151852.txt
# Data log at 2025.05.23_16h13m_33s
#
**0** Read and plot initial clock data and Allan deviation*****
""" Input clocklist : clock_file_list.txt
Input clock file : ['UTCk-clk1.dat', 'UTCk-clk2.dat', 'UTCk-clk3.dat',
'UTCk-clk4.dat', 'UTCk-clk6.dat', 'UTCk-clk7.dat', 'UTCk-clk8.dat']
data time interval (t_intval): 86400(sec)
Outlier limit (x_limit)) :1000.0

**3%* Weighted average *****

Input data file : all_raw_clk.dat
Saved joint data : all_raw_clk_ave.dat
Weight of clocks : all_weight.dat

i 4

* The operated menu processes are serially added in the log file.

‘clock_file_list.txt'. They are
normalized in the averaging.

all_weight 0531 151852.dat
MJD clk1| clk2|clk3 [ clk4 | clk6| clk7 | clk8
56901.0 0.00(0.10J0.00!0.30)0.00|0.60)0.00
0.00 0.10 0.30 0.00 0.60 0.00

0.60
0.67

56902.0 0.00
0.30)0.00
0.33/0.00

0.00
0.00

0.00
0.00

58260.0
58261.0

0.10)0.00
0.00/0.00

0.00 0.00 0.00 0.33 0.00 0.67 0.00

58726.0

* Due to anomaly, Clock2 lost the weight
on MJD58261, and other weights were
also affected by normalization.

* TA shows big jumps due to the
“UTCk-clk2”, so that its ADEV does
not show its intrinsic behavior.

* “UTCk-clk2” includes anomalies on
MJD 58261 ~58456, and they are
treated as missing data.

* The data is divided two blocks
before/after the anomalies.

* ADEVs are calculated for each.

all adev 0531 151852.dat

Tau(s)
MJDspan
86400
172800
345600

UTCk-clk2.dat UTCk-clk2.dat*1 UTCk-clk4.dat UTCk-clk7.dat  UTCk-TA

56901-58260 58457-58726 56901-58726 56901-58726 56901-58726
+2.559433e-14 +1.914455e-14 +6.289309e-14 +2.887262e-14 +1.459261e-12
+1.824332e-14 +1.284166e-14 +4.258263e-14 +2.024180e-14 +1.031497e-12
+1.320590e-14 +9.326690e-15 +2.944345e-14 +1.422621e-14 +7.309588e-13

+2.657653e-14 +6.159347e-15 +5.398695e-15 +8.314322e-15 +1.528285¢e-13
+4.172218e-14  +nan +4.207961e-15 +1.399682e-14 +1.108404e-13
+4.249225¢-14  +nan +2.484683e-15 +1.872125e-14 +4.465014e-14 7

11059200
22118400
44236800

fig_0531_151852.pdf

y: time difference [sec)

UTCk-clk2 dat
#— UTCk-clkd dat

UTCk-clk¥ dat  —8— UTCk-TA UTCk-clk2 dat &

UTCk-clk2 dat*1

UTCk-clkd dat
UTCk-clk7 dat

—o— UTCk-TA

le-5

1012

10713

UTCk-clk2.dat

y: allan deviation

UTCk-clk2.dat*1

10734

UTCk-clk2.dat

UTCk-clk2.dat*1 T

l.-‘-_l. ADEVE are calculated within the M|Ds.of vigtdTA
T T T

10° 100 107 43 .

57000 57250 57500 57750 58000 58250 58500

x: measurement time (M|D) x: averaging time (sec)
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