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cesnhet ;i Fotonicke sluzby e-infrastruktury

CESNET Lambda, Photonic

Spectrum Connection Service - GEANT

CLOck Network Services (prenosy presného casu a ultrastabilni optické frekvence)
Quantum Key Distribution

Vlaknoveé snimani

Open Line System - Czechlight
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cesnet CESNET Lambda a Photonics

®  CESNET Lambda
" Vyhrazena prenosova kapacita
Nizke (5 us/km) a garantované zpozdénia jeho rozpty!
VysSi bezpecnost (odposlech prenasenych dat je obtizny, fyzicky pristup)

Vyssi spolehlivost (minimum OEO)
®  CESNET Photonic
" Sluzba spektra - ¢isté opticky prenos
" Vhodné pro aplikace vyzaduijici vysokou reprodukovatelnost

" Umoznuje komunikaci v realném case, vcetné procesl s naronymi pozadavky na dobu odezvy sité (tzv.
,hard real time")

" Umoznuje rychlejsiinovacni cyklus a reakci na potreby prenosi
Zmena z fixni mrizky so/100 GHz.
Minimalni sitka kanalu 25 GHz, priristky po 12.5 GHz. Maximum 388 prirdstkd
" Efektivnéjsi prace s optickym spektrem: Kapacita.Dosah=Optické spektrum
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cesnet :'i: GN4-3 WPy - Spectrum Connection Service
" GEANT GN4-3 (856726 H2020), pracovni bali¢ek 7 - Spectrum Connection Service
®  Nova generace sité umozni poskytnuti spektra jako sluzby
W SCS - Service Definition publikovano
|

Vzorové priklady pouziti - Praha — Zeneva, Praha Amsterdam

CNAF
DC

SCS-NNI

CNAF GARR DWDN! SCS - GEANT DWPM CERN
network domain network domain

= https://wiki.geant.org/pages/viewpageattachments.action?pageld=120516946&preview=/120516946/154996387/M7-2_SCS-Service-Definition.pdf
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cesnet - CLOck Network SerV|ces

Prenosy ultra-presnych velicin — Casu a frekvence
Aneb kdyZ ani GNSS(GPS/GALILEQY/...) nejsou ani presne ani Uplné bezpecne
Slavime 10 let, 2011 ustanoven dlouho-dosahovy prenos do Vidné

Czech Infrastructure for Time And Frequency - 2021 vyrazné rozsireni
Instalace specialnich OADM v rémci upgrade FDMo #I=

Proc Cas a frekvence? Tyto veliciny dokaZzeme méfit nejpresnéji
TakZe dokazeme merit velmi jemné efekty.
(Radio)astronomie (VLBI, SKA).

Fyzikalni testovani:

" Jak mocjsou konstantni zakladni konstanty?
" Detekce gravitacnich vin.
|

Ovérovani specialnia obecne relativity.

Geodezie, seismologie, kontrola stavu vody...
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cesnet o CLOck Network Services

Iw= .r. Tine Stability
III "“
Prenosy ultra-presného casu ~_

Dvé komplementarni technologie, prenosy vice nez 1800 km

/

Deviation, TOEV, (s)

Kontrola a porovnavani casovych stupnic propojenych atomovych hodin

Tine

VylepSeni narodni ¢asové stupnice UTC(TP) provozované v UFE AV CR,
porovnani UTC(TP) a rakouskou stupnici UTC(BEV), v prprave UTC(PL)

Averaging Interval {s}

Time Transfers cesnet

Distribuce pfesného Casu a stabilni frekvence e
UFE AV CR statni etalon ¢asu UTC(TP) 5 e ;L:éé“.‘:a‘::‘;.";; Y L P i e
BEV (Viden) rakousky statni etalon casu W PAT L i ey
UPTAV CR

VUGTK : . AN
FEL CVUT ki TR\ N
CMI (laborator délky) : NG Gjovicgmm

® Bratislava

Czech Republic
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cesnet ::: ~ CLOck Network Services

cesnet
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CAS

" Pfenosy ultra-stabilni optické frekvence

" Ve spolupraci s UPT AV CR

" Vice nez 1100 km prenosd
" Propojeni optickych standardd e
=P jeni k ych zdroj0 optické frek
ropojeni kvantovych zdrojl opticke frekvence
- optickych atomovych hodin T
" Superkoherentnich laserd, optickych hreben( oot of fat
. oInts or nixation
" Snimani Optical Sensor 1
OF circulator OF FBGIL
o T ATy O A PN TN o 1 2 Fiber FBG1T
switch [ —|—s—— F R G|
1 FBG2T
3 i Sensor 2

Control electronics | | High-resolution FBGs
spectral analyzer | |control unit

stable ' FBG1  FBG2 FBGN

optical %2

wavelengths '
(fibre links to | output valge of

~w  reference lasers) FBGs strain

o
Averagin nglmo [&]

Kredit O. Clp, M. Cizek, B. Mlkel UPT AV CR - o
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ceshet - i~ CLOck Network Services

GEANT GN4-3 (856726 H2020), pracovni bali¢ek 6 - Optical Time Frequecy Network

Navrzen TF testbed
Bily dokument ,Distributing New Performant Time and
Frequency Services over NREN Network™:

https://www.geant.org/Resources/Documents/GNg-
3 White-Paper Time and Frequency.pdf

GEANT Infoshare: European Time and Frequency Services - OBSPM
Principles, Challenges and Use Cases =

RENATER
https://events.geant.org/event/451/ =VATER | grenonie™, .

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


https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://events.geant.org/event/451/
https://events.geant.org/event/451/

cesnet :'in

CLONETS —=DS (2020-2022)

CLOck NETwork Services - Design Study
Definice architektury ktera bude podporovat

TF sluzby na nejvyssi mozné Urovni stability a presnosti

TIFOON (2019-2022)

Automaticky provoz linek TF
Detekce a zamezeni oscilaci
Nasazeni na EF Praha - Brno
TF prenosy pro nove koherentnf sité

CLOck Network Services

NMI
Existing Links

1" stage extension s
2" stage extension ssssess

‘‘‘‘‘‘
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ceshet -i- Quantum Key Distribution

/ . . . / IV O e g’g’ % Shor, 1Hz, BCOP
" Kvantova distribuce kryptografickych klicd e |
" Asymetrickd kryptografie ohrozena N o
narUstem vykonu klasickych a kvantovych pocitacd E e 5 /
] v 1 v Iv . - '_E e = / Shor, IMHz, alg. . NTC arch,
QKD — bezpecny prenos klice pro symetrickou kryptografii & [
|| One_tlmepad (vernamova él.ﬁ,a) |-100 seconds or, . alg. D, AC arch.
. A E S IOIU 1060 100‘00 100000
v Y L (bits)
. Pred naska R \/Oh nOUta CS N OG Figure: R. Van Meter and C. Horsman, “A blueprint for building a quantum computer,” Communications of the ACM,

vol. 56, no. 10, pp. 84-93 (2013)

https://indico.csnog.eu/event/z7/contributions/86/

Implementation Phase (Contract signed)
——Under discussion (Quote available)
— Future Plans [No provider contact made yet)

Prague

" OpenQKD (Horizon 2020) - https://opengkd.eu/

SAS Bratislava

" QUAnNtum Photonic Intercity TrAnsmission Lattice > \

Innsbruck Hegyeshalom

~.2

" (QUPITAL) - https://quapital.eu/ /\
® 1QO0QIVienna, Austrian Academy of Sciences e
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https://indico.csnog.eu/event/7/contributions/86/
https://indico.csnog.eu/event/7/contributions/86/
https://openqkd.eu/
https://openqkd.eu/
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cesnet i Quantum Key Distribution

NeSPoQ - Kyberneticka bezpelnost siti v postkvantove éfe 2021-2026

VUT Brno, VSB-TUO Ostrava

MV CR Program: VJ — Strategicka podpora rozvoje bezpecnostniho vyzkumu

Ziskani realnych dat o efektivité a pripravenosti systémU pro zajisténi bezpecnosti zejména
kritickych komunikacnich siti, overeni prakticke uplatnitelnosti QKD (kvantoveho ustanoveni
klicd) a PQC (postkvantove kryptografie) v realnych aplikacich

GEANT GN4-3 pracovni balicek 6 - QKD
GEANT Infoshare: Quantum Technologies - Principles, Challenges and Applications

https://events.geant.org/event/353/

GEANT Infoshare: Quantum Key Distribution - Practical Implementations, Challenges, R&E Use
Cases and Standardisation outlook

https://events.geant.org/event/453/
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cesnet - Vlaknovy sensing

" Optické vlakno Ize vyuzit i jako senzor (vibrace, teplota, Uder blesku) — 5800 km senzor{

" Sebeochranna funkce infrastruktury - monitoring vibraci v okoli vldken (typicky pritomné pred poruchou)

" Zajimava prednaska pro zvidavé: J. E. Simsarian and P. J. Winzer, "Shake before break: Per-span fiber sensing with
in-line polarization monitoring," OFC 2017.

Vyuziva sledovani a vyhodnoceni faze nebo polarizace svétla, aktivné i pasivné.

®  NeniUplna novinka — J. Dakin and B. Culshaw, Optical Fiber Sensors: Principles and Components, 1988. MMM
g'm

Jak ale vse bezkolizné realizovat v jednom viakné?
|
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i
§

Lze. Vlevo: Cas, snimani 100G data a opticka frekvence
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® T Horvath et al,"Simultaneous transmission of accurate time, stable frequency, data, and sensor system over one fibre with ITU

1ooGHzgrid”Optica|FibreTechnolog*2018.. - = - - e - -
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cesnet @i VIaknovy sensing

Detekce Ohrozeni Bezpecnosti Infrastruktur 2015-2020
VedenVUT
Zejmeéna neintruzivni topologie, pasivni priposlech
" M. Slapak, J. Vojtéch, O. Havlis and R. Slavik, "Monitoring of Fibre Optic Links With a Machine Learning-

Assisted Low-Cost Polarimeter," in IEEE Access, vol. 8, pp. 183965-183971, 2020, doi:
10.1109/ACCESS.2020.3009524.

Narodni patent prijat: ,Distribuovany opticky viaknovy senzoricky system
Implementacni faze: Nasazeni funkcnich vzork0 v e-Infrastruktufe a v jiné viaknove siti
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cesnet i

Open Line System —Czech light

Pro efektivni vyuZiti vlaknovych kapacit (pasma C a L, obousmérné prenosy).
" Nasazovan od roku 2004: ,CzechLight & CzechLight Amplifiers', 17th TF-NGN,

Zurych, 2005"

Open Line System —Czech Light

Nasazeno vice nez 130 zarizeni rodiny Czech Light® v CESNET2.
Chranéno 11 patenty (CR, EU, US)

Jan Kundrat, Ondfej Havlis, Jan Radil, Jaroslav Jedlinsky, and Josef Vojtéch, "Opening up
ROADMs: a filterless add/drop module for coherent-detection signals," J. Opt. Commun.

Netw. 12, C41-C49 (2020)

Jan Kundrat, Ondfej Havlis, Jaroslav Jedlinsky, and Josef Vojtéch, "Opening up ROADMs:
Let Us Build a Disaggregated Open Optical Line System," J. Lightwave Technol. 37, 4041-

4051(2019)

Vyzadané demonstrace na prednich akcich v oboru Telecom Infrastructure Project
2018+19, Optical Fibre Conference 2020

14




cesnet ;i Fotonicke sluzby e-infrastruktury
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Lada Altmannova, Sarbojeet Bhowmick, Ondrej Havlis, Michal HaZlinsky, Tomas
Horvath, Jaroslav Jedlinsky, Vaclav Kubernat, Jan Kundrat, Martin Michal, Tomas
Pecka, Jan Radil, Pavel Skoda, Martin Slapak, Radek Velc, Rudolf Vohnout

Vladimir Smotlacha

Dekuji za vasi pozornost
Otazky prosim?
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