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B CESNET, sit CESNET3
B Presny cas a frekvence

B Opticka infrastruktura pro prenos casu a frekvence
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cesnet

CESNET

Zalozen 1996 jako zajmové sdruzeni pravnickych osob
Clenové: veiejné a statni vysoké (26) skoly, akademie véd

Pfidruzeni clenové: Narodni muzeum, Moravska galerie v Brné, Extreme Light Infrastructure ERIC
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cesnet

PROC CAS A FREKVENCE?

B Cas a frekvence — velic¢iny které umime méfit nejpresnéji

Avlv = gAh/c?

W we °

g/c? ~ 1.1 x 10-'%/cm
B Umozni méfit i velmi ,,jemné* efekty

B Testy zakladnich zakonU a hypotéz

B Fyzika, (radio)astronomie, geologie, seismologie, monitorovani zasob vody, ropy, kovd..

Precise tests of fundamental physics

Gravitational red shift

,Constancy” of fundamental constants Gionitationolwawve Hetoction
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Peik et al., PRL, 2004, 93/17
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ceshet " PROC €AS A FREKVENCE?

Kde jsou presny cas a stabilni frekvence potrebné?

_ Finance

._ ; :“A“:

Transport

& Telecommunication (ICT)

Navigation Power grids Defence
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_c;e§net PRENOS CASU - SOUCASNOST

Metalické, optické vedeni
m telegraf 1865, dnes koaxialni kabely nebo vlakna, na kratkou vzdalenost

B Radiové systémy
m DCF (77.5 kHz) — od 1959, AM, Sum v radu milisekund

B Satelitni navigacni systémy (GPS, Galileo, GLONASS, Beidou)
m bézné prijimace —Sum v radu desitek nanosekund
m metoda Common View — porovnani hodin, shodny vliv atmosféry v geograficky blizkych
lokalitach, absolutni presnost cca 1 ns (napr. GTR50)

B Obousmérny satelitni prenos (TWSTFT)
m predpoklad stejné doby Sifeni v obou smérech

B Internet

B Obousmérny prenos optickou linkou
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SATELITNI PRENOSY

GNSS (GPS, Galileo, Glonass, Beidou)

B Bézny prijimac s vystupem 1 PPS
m chyba50ns—1pus

B Metoda Common-View (CV)
m chyba<10ns

Geostacionarni satelity (2 x 36000 km)
B Metoda TWSTFT

m presné (~ 1ns), velmi drahy provoz

data exchange

h=20,200 km

Counter

Clock 1: T, =

Clock 2; T,
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_c;egnet G SATELITNIi PRENOSY
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.(.:E§net i VYVOJ PRESNYCH HODIN
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_c;egnet PRENOS CASU - SOUCASNOST

Lze GNSS pIné duvérovat?

GPSJAM

Daily maps of GPS interference
About | FAQ

23. 01. 2025 m
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_c;ggnet | SiTOVE PROTOKOLY

B NTP -port123
m Obousmeérny prenos, binarni
m 64-bit Casovy udaj
m 32-bit: pocet sekund od 1.1.1900
m 32-bit: “desetinnd ¢ast”, rozliseni 2 -32 (~0.23 ns)

B Protokol IEEE 1588 (PTP)

m Implementace v 2. vrstvé podle OSI (Ethernet) nebo ve 4. vrstvé (UDP)
m Follow-up paket (prenasiinformaci o predchozim paketu)
m Prepoklada HW podporu ve prepinaci (méreni zpozdéni, aktualizace follow-up paketu)

B White Rabbit
m Rozsifreni IEEE1588 jako IEEE1588-2019
m Silné preferovan obousmérny prenos jednim vlaknem
m Vyuziva synchronni Ethernet
m Specialni prepinace 12



PRESNOST SiTOVYCH PROTOKOLU

g_:egnet

Prakticky dosazitelna nejistota

m time 1ls
m NTP 1 ms (rozsahla sit, PC se standardnim krystalem)
10 ps (lokalni sit, kvalitni oscilator, HW podpora v serveru)
m |EEE-1588 1 us (lokalni sit, Ethernet, podpora v prepinacich)
m White Rabbit < 1 ns (synchronni Ethernet)
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_c;sgnet | WHITE RABBIT

White Rabbit

B Open-source projekt vyvinuty pro potreby distribuce
presného casu a frekvence v CERNu

B Moznost velkého mnozstvi odbérnych mist (tisice)

B Sub-nanosekundova presnost synchronizace s rozliSenimr
v radu pikosekund (”sub-nanosecond accuracy and
picoseconds precision of synchronization”)

B Klicové komponenty
m rozSireni PTP protokolu (pfesny timestamping)
m synchronni Ethernet
m presné meéreni faze a real-time kompenzace zpozdéni 14
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§e§net OPTICKA INFRASTRUKTURA PRO PRENOS CASU A FREKVENCE

Pouzité technologie: Time Transfers  cesnet

= Institute of Photonics » - o
i Ejecirames in. L TTA transfers e
'y :

WR transfers @€&——=m
WR 1 fibre e

WRplaned sessse

B Optické adaptéry TTA (2009)
m primé porovnani Casové stupnice
atomovych hodin

B Systém White Rabbit (2015)
m prenos lokalni Casové stupnice
m distribuCni infrastruktura
m sluzba dostupna v 6 popech

= PSNC

O_str;% ¥ \Cieszyn
P (4]

o® o° \§

BEV SANET

Vienna o o Bratisl

UTC(BEV)

@ 0 10 20 30 40 50 100km

Czech Republic

B Koherentni prenos optické
frekvence- spoluprace UPT AVCR
16



Cesnet WHITE RABBIT OPTICKA INFRASTRUKTURA PRO PRENOS

CASU A FREKVENCE

20 Points-of-Presence, kazdy WR switch
m WR PoPyiusousedl: AT (Vienna), Poland (Cieszyn), SK (Bratislava)

B Pokrocilé WR switche
m multiple switchable references

cesnet

m redundant power supply o %UPT
. 4:\(/ O AVCR
B Sluzby: primarné PTP a White Rabbit \ g
M‘E’h

omezené i 10 MHz a 1PPS 1 - b

B Spektrum sdileno s datovymi prenosy ‘L\%‘% }M
\ - g
B Obousmérné bidi EDFA (dodavka probihd) ) TN R e /
v ’ H\‘s - m\h‘kkv:,‘.‘ L ﬂs‘"ﬁ

B Dva zdroje casu sledovatelné k UTC(TP) h! (ﬁfb’* @\

m H-maser Cesnet (Praha) a UPT AVCR (Brno) e Wi

ien

Bratislava s oo

B Vystavba v ramci modernizace optické sité narodni e-Infrastruktury CESNET
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_c;_g_gnet SDILENE SPEKTRUM

B S pomoci OADM rezervovano optické spektrum v patefri (bypassy)

B Nasazeno zhruba 120 OADM, 2500km tras, dual window: kanaly 46-39 a 9-6

B Jedna , anomalie”“ 1458nm propojeni Ca+ hodin

B Dual band bidi EDFAs pro pokryti ztrat kanala

1450-1530 1530-1565 1570-1605 1605-1675
UPT Pop Bro1 Pop Zdarn. S. Pop Jihlava Pop Jindi. Hradec Pop Ceské Budéjovice UJV Temelin
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E 22dB 20dB 21dB

77k
S A i
F adaptér - E A p p'
] (] i | f
(master) DI |
?km 5 = — = (SIBVE) 18
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§$§net MEZINARODNI VAZBY

2009 Praha - Viden
NEAT TF project

2017-19 CLONETS prOjeCt

Y CLONETS-Design Study

2Foezt:1 CERN workshop
Launch SIG-TFN

2012

June2024



S§§net SPECIAL INTEREST GROUP = TEN

B Web page: https://community.geant.org/sig-tfn/
B New scientific community of metrology
B SIG-TFN brings together NRENs and the science of accurate time

B Strong interest: 100 subscribers to sig-tfn@lists.geant.org
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CORE -TFN

Lithuania ~ Solution:
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PSNC Torun
PTB [ Poznan
UVA Braunschweig SlUbICeO
v &
Delft @ \?VUM
arsaw
@' Wroclav
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Brussels IRE
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ILNAS kralove  (_("} Cieszyn
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Strasbour
@ Munich MPI
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A Vienna
METAS Innsbruck
Bern
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CERN @
Geneva @
Q)
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Modane
INRIM .
Turin Milan

* Red lines are
proposed for GN5-2

* These will
interconnect national
‘islands’ of frequency
networks

» Support redefinition of
the Sl second

@ NMI Frequency reference

Research institute

O Hut for housing RLS
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.(.:E§net PODEKOVANI

Kolegové z Oddéleni koherené&ni optiky, Ustavu pristrojové techniky v
Brne

Lada Altmannovév, Ondrej Havlis, Vladimir Smotlacha, Jaromir Sima,
Martin Slapak a rada dalSich kolegu z CESNETu
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DEKUJI ZA POZORNOST

josef.vojtech@cesnet.cz
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cesnet Time and Frequency Transfer

Caesium fountain clock at NPL
UK, height of 2.5 m

Cost of ownership
More interconnected clocks (Cs primary

stability of the time scale
“Interconnection” means time transfer
Hard to transfer some clocks (sensitive + not a

small ones)

Optical atomic clock based
on trapped single Ca ion 24



_c;sgnet | CESIOVE HODINY

Cesiové hodiny typu 5071A

5071A jsou nejbéznéjsi a nejlepsi komercni cesiové hodiny
m vyrabeéjisejiz 30 let

m HP5071A (1991) -> Agilent -> Symmetricom ->
Microsemi -> Microchip

Jaky je vystup hodin?
m sekundoveé pulsy a frekvence 10 MHz Stabilita 1-10- (ADEV, 5 dni)
m aktudlni datum a ¢as na sériové lince
A kde je v CR maji?

m jen nékolik organizaci, napf. CESNET, FEL CVUT, UFE AV CR,
VUGKT, ...

Pfesnost 5-10 13



_c:'egnet PRENOS CASU - HISTORIE

B akusticky

m zvon
m vystrel z déla

m problém s malou rychlosti zvuku, zejmOna pfi nastaveni lodnich hodin
m odchylka 1s zpUsobi chybu zemépisné délky 15 Uhlovych vtefin (1/4 ndmorni mile na rovniku)

B vizualni symbol
m ,Time ball“ - Greenwich Observatory (1833), USNO (1845)

B telegraf
m USNO (1865)

B radiovy signal
m 1905




cesnet

sluzba distribuce presného casu R
m Mainflingen (u Frankfurtu n. Mohanem) |
m frekvence 77.5 MHz, amplitudova modulace, 50kW
m prijem mozny v okruhu cca 1500 km

m v provozu od 1959

B masove vyuzivano ve velké casti Evropy
m radiobudiky
m nasténné hodiny

B nehodi se pro naro¢néjsi aplikace
m chyba v radu milisekund (kolisani zpozdéni, nepresna
demodulace 77.5 kHz)




cesnet Satellite RF Based Transfer

Geo Satelite

=
f. N N
< N
4
ok Two-Wvay Link \\ &
¥ Data Exchange b ‘ L§§ 5 L__ﬁi_i
—:I “u

= Remote Sites

GPS COMMON VIEW TIME TRANSFER

—— S
Rx | J Tx
[ ne M Q\ .
TIME CORRECTIONS I | )
REFERENCE REMOTE Master Clock Slave Clock

KNOWN POSITION KMNOWN POSITION
KNOWN TIME CORRECTED TIME

Applications: Metrology, Metwork Time Synchronisation, Return-Channel Links

 CV GNSS - 20 000 km:(GPS, GALILEO, GLONASS, ...) precision 3 — 50 ns
* GNSS PPP (Precise Point Positioning) 0.1 ns
e TWSTF — 2 x 36 000km: 0.1 ns

Credits: Colorado, Timetech
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cesnet i PRINCIP PTP

i‘%j’ i&&j
T T
Mastelr Node SlavelNode
T‘IT1 B zpoidéni 0=(T4-T1)-(T3-T2)
o Temy ?
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https://www.incibe-cert.es/en/blog/ntp-sntp-and-ptp-what-time-synchronization-do-i-need



cesnet i PRINCIP NTP

B zpoidéni 6=(T3-TO0)-(T2-T1)
B offset 0,=((T3-T0) +(T2-T1)) / 2

0,-5/2 <0< 0,+5/2

Client or PC T0 T3

https://www.incibe-cert.es/en/blog/ntp-sntp-and-ptp-what-time-synchronization-do-i-need

30



_c;egnet PRENOS CASU OPTICKYM VLAKNEM

principle of two-way comparison:
[TICB 1.234 ]

Porovnani dvou

optical Yy vy TICa = CLKA-CLKB+18_,A
hodi fiber STOP START
odin e TICes = CLKs-CLKa*1A 8
m Kom penzace < - @ ~ % if Ta_,8 = t8_,A (fiber reciprocity)
v oyv . s , BoA 4
zpozdéni neni then
P tnd START, | sTop CLKg CLKa-CLKg = ( TICa- TICg)/2
Nnutna
[TICA 3.234
. . v _ phase stabilization: delay stabilization:
. DIStrI buce casu ODF optical s'?é:,?;:ggetﬁt:d ®o = Qrer + OoF + QA B T0 = TReF * TOF * TAB
fiber ©A .
m Jenutné h T[;Z [ o r: >EE: transmitter ORT = @DF * 9aB+ PB,A* QDB TRT = TOF + TAB + TB,A t+ ToB
phase/delay
kom penzovat compe?sation . i ‘ ' i ’)—)rc‘i:?;ltj‘ta h; orT = 0 (kept by feedback) if trT = const. (kept by feedback)
system PBLA 00 then then
zpozdéni na trase i o8 T8 T 90 = QRer + 0= TReF + TRT2 +
. y DB + (ooF - ope)/2 + } N + (toF - oB)/2 + } _
jeho zmény +(0nss-0s )2 § =0 +(tass-w a2 S =0
[ J | EEEN HE_EEEN EEENE_EEEN_BENR HE_EEEE_BN mE EEER E_EEER EEEN
EENR EE N Hn 5] 5] EE B HE ENR EENE EE B HE
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2 inline zesilovaci body (Podivin a Durnkrut)
Trasa je dlouha 186,8 km a 44,79 dB
Kompenzace 4 CzL CLA BiDi dual

CLA BiDi dual CLA BiDi dual CLA BiDi dual
ISIBrno 3::::
-
N N e =
EL Bskipl EﬂpD T4 km AskiEpD Bskip0 Bskip0 Elpﬁ 51 km Askipd Bskipd Bskipl 4skip0
DWDM  1540-1546 nm  1570-1573nm  qg gg 1570-1573 nm  1540-1545 nm  DWDM 15401546 nm 1570-1573 nm 49 gp 1670-1673 nm 1540-1546 nm  DWDM  1540-1546 nm 15701573 nm
Ribbon Ribbon Ribbon
Brno University of Technology Podivin Durnkrut
CLA BiDi dual
Filter
ODF ODF ODF 4214 ODF
E
I E = = M
| | Fit Bskipl 4skip0
1dB 1d8 45d8 w214 DWDM 1537805 nm 1870173 nm ‘152 ﬁg
Ribbon
LAB sub Hertz laser standard LAB PC LAB TME ACONET Wien
BEV Wien
32- EEEN HE_EEEN EEENE_EEER_BHER E_EEEER_BN | N EEER HE_EEENR EEEN
EEN HEE B HE =] i8] EE B H EHNR HEEN EE BN HE
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_(_:"e_§net * APLIKACE WHITE RABBIT

1310 nm
CWDM CWDM cwDM CWDM |
o it ﬂ Institute of
Fl I | e I Photonics
&l‘ 1550 nm 1550 nim g |IE
/ —
DWDM UTC(TP)
CESNET CWDM CWDM CWDM CWDM _ ) '- Phase compare
HOm 1550 ’.'“‘ —_ Ch 35+ 36 g;\\
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Cs oo » wWm [— 1550 nm I_ S I =
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PRENOS CASU UEE — BEV

B optické porovnavani ¢asovych stupnic UTC(TP) a UTC(BEV)
m délka trasy Praha — Viden 550 km
v provozu od srpna 2011

m
m prvni optické porovnavani stupnic dvou narodnich laboratofi na svété
m spoluprace CESNET, UFE AV CR, BEV a AcoNET

% .
i |
|
{ .xw IPE
-
L
PRAGUE BRNG @ ONS15454 ROADM
with WXC, 32 eh
= — = =P
g -~ &8~ & T .
A - oy BT14kM  posahy TBBEKM  jostste Sk, ROADM node
19,10 4B 15,20 8 25,5 08
'% u 18,6 dB
B ... ONS1545d Optical
VIEMNA u’ Line Amplification
| BEV

Demux, ch

I 4 Node
@ Booster'Preamg @ Boostar/Preamp
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Se§net HISTORICKE CASOVE STUPNICE

-~ WIESE

Namorni navigace vyzaduje referencni cas ay B
m volba poledniku 4 -
m Greenwich a San Fernando byly definovany jako nulty
polednik

Observatore

B Velka Britanie
m Greenwich

B Francie
m Pariz, polednik prochazejici Louvrem

B Spanélsko
m San Fernando

B USA
m USNO, Washington D.C.



_c:'e§net ASTRONOMICKE EASOVE STUPNICE

WGSE4
B GMT (Greenwich Mean Time)
m historicky ¢as na poledniku prochazejicim
Greenwich
m termin GMT se dnes poziva jen v ve Velké
Britanii jako synonymum pro UTC+0h

Adry Bradley
|

H UT1

m stredni slunecni ¢as na zemépisné délce 0°
m mMa vyznam pro urceni prestupné sekundy




_c:'e§net ATOMOVE EASOVE STUPNICE

B UTC

Universal Coordinated Time X Temps Universel Coordonné
m uréen vazenym pridmérem z >2000 atomovych hodin
m vypocet provadi BIPM v Pafizi
m délka sekundy urcena definici Sl
m aproximuje stupnic UT1
m pfiodchylce >0.9s se vklada/vynechdava prestupna sekunda

CIRCULAR T 404 ISSN 1143-1393
2021 SEPTEMBER 09, @7h UTC

BUREAU INTERNATIONAL DES POIDS ET MESURES
THE INTERGOVERNMENTAL ORGANIZATION ESTABLISHED BY THE METRE CONVENTION

PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 1 45 @7 7@ 70 taiebipm.org
H H H H H h f th i T ircul fully described in the d "Expl 1 ircular T
International Atomic Time X Temps Atomique International e e s e AL Ao s i
4 14
. d el ka S e ku n dy ta ke p Od Ie SI 1 - Difference between UTC and its local realizations UTC(k) and corresponding uncertainties.

N
From 2817 January 1, @h UTC, TAI-UTC = 37 s.

4 v 4 v
. V Ocet rova d I Bl P M Date 2021  @h UTC JUL 29 AU 3 AUG 8 AUG 13 AUG 18 AUG 23 AUG 28 Uncertainty/ns Notes
MID 59424 59429 59434 59439 59444 50449 50454 vA w8 U
Laboratory k [UTC-UTC (k)1 /ns

m neexistuji prestupné sekundy -

4.2 -630.4 -642.6 -643.0 -609.9 -584.2 -566.6 1.8 2.0 20.@
AOS  (Borowiec) 3.8 -3.3 -2.5 -1.1 2.0 0.5 1.3 .3 3.0 3.0
’ . . Vi v Vv e APL (Laurel) 1.2 T 1.9 0.2 -e.5 -1.0 -1.2 8.4 19.5 19.5
. rOZd || protl UTC Je Cely pocet se ku nd a Zvets uJe Se AUS  (Sydney) -519.3 -530.@ -520.9 -516.7 -512.7 -562.5 -508.3 .3 11.2 11.2
BEV (Wien) 35.6 40.1 34.6 23.4 26.7 28.1 25.1 .3 3.4 3.4
7 Vs v . BFKH (Budapest) 3041.6 3073.5 3103.1 3136.3 3174.0 3209.6 3246.9 1.5 20.0 20.1
. m a Vyz n a m h Iavn e p ro fyZI ky BIM (Sofiya) 14892.4 14930.2 14946.9 14967.4 14983.2 14990.2 14990.9 8.3 7.1 7.2
BIRM (Beijing) 1.6 1.2 -4.2 7.4 -6.3 -6.0 -9.6 0.7 2.9 3.0
BOM  (Skopje) - - 1455 -14.4 2.1 -32.3 -44.9 2.8 7.5 7.8 (1)
BY  (Minsk) 1.3 0.6 0.6 1.7 1.6 1.7 1.0 1.5 12.1 12.1
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Piiklady
m CR: UFE, UTC(TP)
USA: NIST, USNO
Francie: Observatoir Paris
Velka Britanie: NPL
Némecko: PTB
Rakousko: BEV
Polsko: GUM, AOS

SYET Spanélsko: ROA
Iasl JI do BI PIVI CIRCULAR T 404 p ISSN 1143-1393

2021 SEPTEMBER @9, @7h UTC

Narodni referencni laboratore
m realizuji vlastni aproximaci stupnice UTC
m privlastek je vétSinou nazev laboratore, napr. UTC(PTB)

. 7

rabézné méri odchylku své stupnice vUci nékteré jiné a

|
> O

BUREAU INTERNATIONAL DES POIDS ET MESURES
THE INTERGOVERNMENTAL ORGANIZATION ESTABLISHED BY THE METRE CONVENTION
PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 7@ 70 tai@bipm.org

m BIPM data zpracuje a vyda tzv. Circular-T

The contents of the sections of BIPM Circular T are fully described in the document "Explanatory supplement to BIPM Circular T
available at https://webtai.bipm.org/ftp/pubstai/other-products/notes/explanatory_supplement v@.6.pdf

H 4 4 H ° M 1 - Diff bet UTC and its local Tealizations UTC(k) and di tainties.
m obsahuje odchylku ndrodni stupnice vaéi UTC A N W R (e

Date 2021 oh uTC JUL 29 AUG 3 AUG 8 AUG 13 AUG 18 AUG 23 AUG 2B Uncertainty/ns Notes
MJD 59424 59429 59434 59439 59444 59449 59454 uA uB u
Laboratory k [UTC-uTC(k)]/ns
AGGO (La Plata) -644.2 -638.4 -642.6 -643.@ -689.9 -584.2 -566.6 1.8 20.0 20.@
ADS  (Borowiec) -3.8 -3.3 2.5 21, 1 2.@ 8.5 1.3 8.3 3.0 3.0
APL (Laurel) 1.2 1.1 1.9 9.2 -8.5 -1.e -1.2 @.4 19.5 19.5
AUS  (Sydney) -519.3 -330.@ 520.9 -516.7 -512.7 -5@2.5 -508.3 0.3 11.2 11.2
BEV (Wien) 35.6 48.1 34.6 23.4 26.7 28.1 25.1 2.3 3.4 3.4
BFKH (Budapest) 3041.6 3973.5 31@3.1 3136.3 3174.9  3209.6 3240.9 1.5 20.¢ 20.1
BIM (Sofiya) 14892.4. 14938.2 14946.9 14967.4 14983.2 14990.2 14998.9 .3 7.1 7.2
BIRM (Beijing) 1.6 1.2 -4.2 ¥4 -6.3 -6.@ -9.@ 8.7 2.9 3.8
BOM (Skopje) = - 145.5 -14.4 -Z1.1 -32.3 -44.9 2@ 7.5 7.8(1)
BY (Minsk) 1.3 2.6 8.6 1 1.6 1.7 1.@ 1.5 32,1 =12:71



_c;sgnet | CESIOVE HODINY

Cesiové hodiny typu 5071A

5071A jsou nejbéznéjsi a nejlepsi komercni cesiové hodiny
m vyrabéji se jiz 30 let

m HPS5071A (1991) -> Agilent -> Symmetricom ->
Microsemi -> Microchip

Jaky je vystup hodin?

m sekundové pulsy a frekvence 10 MHz

. . L o 10 -1 '
m aktudlni datum a ¢as na sériové lince Stabilita  1-10 " (ADEV, 5 dni)

Pfesnost 5-10 13

A kde je v CR maji?
m jen nékolik organizaci, nap¥. CESNET, FEL CVUT, UFE AV CR, ...



