Report of Time and Frequency Activities from INTI J

Diego Luna

Fisica y Metrologia
Centro de Investigacion y Desarrollo
en Fisica y Metrologia

2017-10-26

SIM TFWG Workshop & Planning Meeting Report of T&F Activities from INTI 2017-10-26 1/21



Clocks and receivers
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Organization of the Lab

Infrastructure
@ 3 cesium clocks
@ 3 GPS receivers
@ 1 counter and 1 frequency generator for calibrations
°

1 phase comparison system (Multiplexer + counter)

Contribution to T&F networks
@ SIM T&F, one clock
o UTC & UTCr, 3 clocks
@ Red Nacional de Tiempo (RNT), 3 clocks
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Activities 2015-2017. 8/15: CMC approved

Calibration and Measurement Capabilties

Time and Frequency, Argentina, INTI (Instituto Nacional de Tecnologia Industrial) SIIKEDB
rem
Caiibration or Measurement Service Measurand Level or Range | Conditions/independent Expanded Uncertainty
Variable
e
u inimum | Maxi expanded .
cuaniy | msumentar—{insiument Ty orwinimum waxinum | e, | vamorr | speticatons | vawe | s | Coverase [ reveror il [p—
arelative
rroqurcy | resteqany | oo eercy | s | e [aversoimg wwos | o1z |wme| 2 o | ves 102030500 smovedancz
roquney | Gorerttoqaney | ooy || o | [amsgogine]|  00s | sz [ume| 2 | o | ves [12meso0] spmogonce
oy | Goretenaney | oreaveweny | || [anngegune] oy | iz [vme| 2 | o | ve [e0203es00] spmoescnce
i p—_ e T s | o1z [wme| 2 oo | ves 102030500 smovedancz
ooy | Soneteqency | Dsesttenenes | | o [y |asgegine| w005 | zen0 || 2 o | ves |oeoegscson| mpowesonc:
ey | Corememarey | onettmmens | 1o | | v egrgume| oy | zexz [vme| 2 | e | ve 020020500 spoveonce
roqucy | Gorertroquney | ooy | s | s | e [amsgogime]  an | werz [ume| 2 | o | ve |22 spmwgonce
me i e [Timein | oo | n e | > 10202030500, Approved on 02
Time nerval | Period source  [Time imenvatcouner| 20 | 1€+09 | ns | Siewingrae | >o0svins s s 2 o9 o 203 boroeg on
me ¥ n N 10202.03.05.00. | Approved on 02
Time interval 20 | 100 | ns | Sewingrate | >0svims 6 ns 2 9% No .03 Pproved on'
The BIPM key comparison database, March 2015 n

SIM TFWG Workshop & Planning Meeti Report of T&F Activities from INTI 2017-10-26 4/21



Activities 2015-2017

12/15: 10-day visit to CENAM
9/17: Peer Review (Felicitas Arias)

9/17: Workshop of T&F Laboratories of Argentina in AGGO, with
Felicitas

2 Publications
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Activities 2015-2017. 2015: CV measurements

INTI: Instituto Nacional de Tecnologia Industrial. NMI of Argentina
ONBA: Observatorio Naval de Buenos Aires. (Official time)

IGN: Instituto Geografico Nacional

AGGO: Observatorio Argentino-Alemdn de Geodesia (since en 2016)
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Activities 2015-2017. 2015: CV measurements

Time Difference: INTI - IGN

20 T

---0---CV algorithm

——=—— Rapid UTC

15

Time Difference / ns

-20
MJD

56878 56880 56882 56884 56886 56888 56890

No real time calculations. Data used with TCH technique
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Stability: INTI-Cs1

Using TCH technique:

INTI: Desvio de Allan
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b —o— SIM Time Net. |4
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Next Step: "Real” time computation

indice de /pub/RNT/ - Google Chrome

/ L python:cours:n x ' 1oe pdF x Y 1op pdFf x ' we Statisticaland  x ' ne 958.pdf x \ # TheSecr
< C 1Y | O fp://aggo-conicet.gob.ar/p!

RNT/

B INTI Bm Redes Bm Noticias . webmailINTI % webmailDF P gmail Rio @ BNA [J SIMTimeNetwo [3 SIMT [m Misc

L 3
Indice de /pub/RNT/

Nombre Tamaiio Fecha de medificacion
£ [directorio principal]
i CGGTTS/ 7/9/16 10:14:00
wh Cv/ 5/12/16 11:35:00
b GPS/ 5/12/16 11:34:00
|| documentos/ 8/11/16 12:05:00
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GPS - INTI(Cs1)

Next Step: “Real” time computation

GPS - INTI(Cs2)

Diferencias tiempo entre relojes y GPS durante el mes 9 de 2017
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Next Step: “Real” time computation

Desvios de Allan entre relojes de la RNT durante el mes 4 de 2017

. INTIL - INTI2 . INTI1 - ONBA . INTI1 - IGN
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Daily report sample

‘www.aggo-conicet.gob.ar/mt/CV/2017/04/analisis_INTI1.txt - Google Chrome.

™ Recibidos (1)-diege x
c>cn

[ Global Positioning s x \( [ GPS_TD,pdr

® www.aggo-conicet.gobar n

%\ To_NTI2 pdr

B INTI a Redes B Noticias ¥, webmailINTI £ webmail DF 1 gmail P Rio @ BNA [) SIMTime Netwo

Reporte actualizado el: 2017-05-02 08:38:20 UTC-3

Valores del mes 4/2017
offsets relativos en frecuencia:

INTIL - INTI2 INTI1 - ONBA INTI1 - TGN
“2.66-14 0.0E+00 6.0E+00
Offsets en nanosegundos/dia:
INTIL - INTI2 INTI1 - ONBA INTID - TGN
2.3 0.0 6.0

Desvios de Allan con overlap:

tau /s INTIL - INTI2 T - onea
8640 2.4€- 0.0E+0
17280 1813 ]
25920 1.4E-13 0.0E+00
34560 102613 0.0E+0!
3200 1.0E-13 0.0E+00
51840 9.1E-14 0.0E+00
60480 813E-14 6.0E+00
69120 7.8E-14 0.0E+00
77760 7.3E-14 0.0E+00
86400 6.8E-14 6.0E+00
95040 6.4E-14 0.0E+00
103680 5.9E-14 0.0E+00
112328 5.4E-14 6.0E+00
120968 5.1E-14 0.0E+00
129608 4.9E-14 0.0E+00
138248 4l8E-14 6.0E+00
136880 4l6E-14 0.0E+00
155520 4.4E-14 0.0E+00
164168 412614 6.0E+00
172808 4l0E-14 0.0E+00
181448 3.9E-14 0.0E+00
190088 3lsE-14 6.0E+00
1987268 317E-14 0.0E+00
207360 3l6E-14 0.0E+00
216000 3laE-14 6.0E+00
224690 3i3-14 0.0E+00
233280 3.26-14 0.0E+00
241920 312614 6.0E+00
250560 3114 0.0E+00

According to specs, the accuracy of a std. cesium clock must be +5
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C @™o 02

% ([ Indexor/caaTTs )/ 1) wwwaggo-conicet.c x

[ SIMT [) RNT £ Google Academ Bk Google Trad ® Whatsapp @ QPhotonics, Lase

INTID - AGGO1 INTI1 - AGGO2
-4.2E-14 0.0E+00
INTIL - AGGO1 INTI1 - AGGO2
3.6 0.0
INTIL - TGN INTI1 - AGGO1 INTI - AGGO2
0.6E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
BE+0! 0.0E+00 0.0E+00
oE+al 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
6E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
BE+0! 0.0E+00 0.0E+00
0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
6E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
BE+0! 0.0E+00 0.0E+00
oE+al 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00
6E+00 0.0E+00 0.0E+00
0.6E+00 0.0E+00 0.0E+00
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Time Scales: Escala Argentina de Tiempo (EAT)

Computations started in January 2017
Based on the algorithm described in Azoubib, J., Nawrocki, J., &

Lewandowski, W. (2003). Independent atomic timescale in Poland—organization

and results. Metrologia, 40(3), S245.
Uses 4 clocks: INTIx3 + AGGOx1
CV comparisons + Kalman filter (for noise reduction)

Weights as w; o with 7 = 10 days

(T)
Computed weekly, one point per day

No physical output is generated
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Time Scales: Escala Argentina de Tiempo (EAT)

H;(t) : reading of clock 7 at time ¢

A; : time correction

D; : last frequency value estimated over the previous interval of
computation

w; weight of clock %
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Time Scales: Escala Argentina de Tiempo (EAT)

Diferencias tiempo entre relojes y EAT durante 2017
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@ The scale started in January, but INTI-Cs3 was added in July
@ We still need to know how to deal with steps
@ Much more refinement is necesary
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Time Scales: TA(INTI)

o Computations started in August 2017
@ Based on the algorithm described in Azoubib, J., Nawrocki, J., &

Lewandowski, W. (2003). Independent atomic timescale in Poland—organization
and results. Metrologia, 40(3), S245.

@ Uses the three clocks from INTI
@ Time difference comparisons with SR620

e For the moment, w; =1/3

@ Computed daily with 10 points for each day.
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Time Scales: TA(INTI)

TA(INTI)(¢) = >N, wi[HiZ(;I)V-i-AH-Di (t—to)]
i=1Wi

H;(t) : reading of clock 7 at time ¢

A; : time correction

D; : last frequency value estimated over the previous interval of
computation

w; weight of clock %

SIM TFWG Workshop & Planning Meeting Report of T&F Activities from INTI 2017-10-26 17 /21



Time Scales: TA(INTI)

Diferencias tiempo entre relojes y TA(INTI) durante 2017
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@ We still need to know how to deal with steps
@ Much more refinement is necesary
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Time Scales: TA(INTI)

Desvios de Allan: Relojes vs TA(INTI) durante 2017

1013 TA(INTI) - INTI(Cs1 1013 TA(INTI) - INTI(Cs2!
c
5 \\\\“ 1014
8 101 —
2
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o \
1% 100 10t 107 100 1
Tiempo / dias
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R

c
S 1016 —
< \
@
35
o \
H
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3
8 A
1
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Ultima actualizacién: 2017-10-12 11:53:03 UTC-3

@ Despite of the steps, Allan deviations are OK, consistent with specs.
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Whats next?

2017-2019

° Mog,work on the two timescales

@ Add clocks to the network " Red Nacional de Tiempo '

@ 24 hour temperature 4+ humidity + pressure monitor

ARDUINO

@ Build low cost GPS receivers (7)
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That's all

Thanks!
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