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Prenos casu a frekvence
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ProtOkay pPro prenos casu

B NTP
m globalni Internet, UDP protokol, struktura mash
m hierarchie NTP serverl podle ,vzdalenosti“ od ext. reference (Stratum)
m dosazitelna presnost 1ms — 100 ps

m PTP
m |okalni sit, Ethernet (podporuje ale i UDP), topologie strom
m predpoklada HW podporu na vSech zafizeni (boundary clock, transperent clock)
Vv trase
m dosazitelna presnost 1us (s HW podporou), jinak jen o néco lepSi nez NTP

B \WhiteRabbit

m presnost lepSinez 1 ns



White Rabbit - motivace

Vyvinuto v CERNu

m synchronizace senzoru a dalSich zafizeni v ramci experimentl na
urychlovacich

m presnost pfenosu Casu v radu nanosekund

B CERN Open Hardware License
m zvefejnéna dokumentace
m kdokoliv muze vyrabét originalni nebo odvozené verze

B nékolik komerénich vyrobcu



Princip NTP

Server Client

m Klient periodicky posila poZzadavky Serveru a z
vysledku spocita ofset svého Casu.

o . . Request(T1)
m Nezavisle na ofsetu mezi Klientem a Serverem,
celkoveé zpozdéni d je
T2

O0=(T,—T,) —(T; —T,)

T1

m Za predpokladu stejného jednosmeérného zpozdéni T3 Response(T1, T2, T3)
Oxg = Oga, Offset B, mezi Klientem a Serverem je \
(T, —Ty) + (T, — T3) Ta
90 — 2

m SkuteCny offset O je vzdy v intervalu (6, — 6/2, 6,+ &/2)




Princip PTP

m Master periodicky posila zpravy Sync Master Slave
m Slave obCas ovéfi round trip time pomoci zprav T
Delay Req a Delay_Resp. \
m Slave ma offset Casu 6 ™ Follow_up (T1) T2
9=T2—(T1+5MS) H“*--..
N

m Slave spocita celkové zpozdéni (round trip time)

Delay_Req T3
6=(T4—T1)—(T3_T2) /
T4

m Za predpokladu stejného zpozdéni v obou smérech

(Oms = Osw) plati
Oys =0/ 2

Delay Resp (T4)
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E_?ﬁnet White Rabbit — pouzité technologie

B Protokol PTP (IEEE-1588)
m WR je nadstavbou PTP
m nove specifikovano v IEEE-1588 jako profil HA (High Accuracy default PTP profile)

B 1 GbE
m optické SFP transceivery

B SyncE
m syntonizace vSech zafizeni
m distribuce frekvence z GrandMasteru v celé WR siti

B Bidirectional single fiber
m Vvyhrazené vlakno nebo alespon optické kanaly



Dalsi bloky systéemu White Rabbit

B SFP transceivery
m BX - vyzaduji vyhrazené vliakno (1310 nm, 1490/1550 nm)
m DWDM - nutno sloucit do jednoho vlakna (fitr, MUX/DEMUX, ...)

B |Lokalni oscilator — velmi presny fazovy zavés
s DDMTD

B Linkovy model
m stejna fyzicka délka v obou smérech
m asymetrie zpozdéni v dusledku chromatickeé disperze



Rizeni lokalniho oscilatoru

B Presné méreni fazového rozdilu v FPGA
m Digital Dual Mixer Time Difference (DDMTD)

B Frekvence v DDMTD:
m clkin: 62.5 MHz
m clkDDMTD: 62.4961 MHz (N=14)
m clkout: 3.814 kHz

B Teoretické rozliseni 0.977 ps
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Model zpozdéni na lince

B Konstantni zpozdéni B R BT o2
m FPGA, SFP, ... “ RTT=(t,— t;) - (t; ~ t,)

Sources of asymmetry:

Fiber

B Proménné zpozdéni ve
(single strand)

VIakne T }V\IZI-‘()""I“ Rx
m chromaticka disperze zahrnuta v : _
koef. a Rx As=1310nm I'x !

f
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White Rabbit demo setup

Ethernet Switch

SDN In-Line EDFA SDN In-Line EDFA

SDN ROADM In-Line

WR Switch Master

4‘ \ EDFA

l\ Fiber spool

100 km

SDN BiDi EDFA

SDN BiDi EDFA

1PPS 1pPS

CHEE s,

Ethernet Switch

WR Switch Slave

1PPS Out [

B 3x 100 km vlakna
m WR obousmérné
m background 1 GbE
jednosmeérné

10 MHz Out
e

Rubidium Timebase

Precise Counter

CESNET White Rabbit Demo - CSNOG 2026

B 2x BiDi EDFA
B 2xinline EDFA
B 2x ROADM

cesnet

2X WRS

m Grandmaster

m BoundaryClock

m Rb hodiny

m CitaC SR620 — offset signalt 1 pps
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Kalibrace

B Local asymmetry calibration is relatively simple

B Calibration of long and already deployed optical fiber can be
challenging task

B There are several methods for remote asymmetry estimation

WR Master WR Slave

dms

Arxm ARxs
—es
WR gear WR gear
dsm

ARX_M ATXS

= Oms — Osy = 2 - of fsetys (2)

Lasm = 5MS — 65M (1)




Kalibrace

StepA |

StepB |

Aus

E—

Asm

A 4

WR - Slave TIC
Main

w

WR - Master
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WR - Slave
Ref

WR - Slave TIC

Main A B

WR - Master
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WR - Slave
Ref

5

Source: E. Dierikx and Y. Xie, White Rabbit Good Practice Guide, May 2019.

Completely
based on
commercially
available devices

The method
utilizes
commutation of
Rx and Tx
communication
channel

Calibration
system is a
combination of:

White Rabbit
Master node

Two White
Rabbit Slave
nodes






S_?_ﬁnet Modernization of CESNET Optical Network

In 2024 started a large national project aimed at modernization
of CESNET optical network

B Sub-goal: Infrastructure for accurate time distribution



Time transfer in 2025

cesnet

Time Transfers
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Euture White Rabbit Network

B 20 Points-of-Presence with WR switch
m including two PoPs in neighboring countries: Austria (Vienna) and Poland (Cieszyn

or Wroclaw)

B Advanced WR boxes
m Mmultiple switchable references
m redundant power supply

B Accurate time source traceable to UTC(TP)
m H-masers in Cesnet (Prague) and UPT (Brno)



White Rabbit Switch

Several issues of standard WRS that complicate use

for 24/7 service or in large heterogeneous and
multidomain setup:

29

Only one port port might be configured as a slave

No possibility to switch from GM to BC in case of

RF signal fail
m Box requires reconfiguration in case of lost reference

Identification of network failure requires active

monitoring

SFP calibration parameters tied with #PN o P

m Impossible to calibrate more SFP of the same type —— 4_;,9.!.’"'
ll...llll..I.lllI..lIll.lll.ll..l.IllI.l..ll...llll..llllll..llll



§e§net White Rabbit with Multi-source Reference

WR boxes with several reference inputs

| Spc)acified priority of inputs (SFP ports and
RF

B Holdover mode with defined duration

B Automatic switching to another input in
case of signal failure

pppp

- uv‘“',"'."'on""cf_ llla
B Recovery once higher priority signal is
available again

B Switching as fast as possible
m  No box with immediate switching yet available ?7? WR-Z16

Example: WR-Z16 from Safran/ SevenSolutions
m two reference SFP ports
m 1PPS/ 10 MHz inputs
m input switching takes tens of seconds

30
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