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Muqguans in the project

 REFIMEVE+ : Disseminating an ultra-stable optical frequency standard in the
C-band of the ITU-grid over 2 x 4000 km of an operational telecommunication
fiber network in France

A tight collaboration between several entities
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An industrial-grade network
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A big technology challenge

* Equipment:

v High- performance level and good
reproducibility: ° te-of-the-art RL!

v" Reliability and robustness

v’ Cost and delay control: 6 months of

r;'r,f‘\ CTLION
ol y

v" Remote control and autonomy

* Network supervision:

v" More than 150 equipment to monitor (EDFA, RLS, frequency counters)

v Save and analyse large amount of data
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The Repeater Laser Station

e Main features :

@) Uses narrow-linewidth |

local laser diode (< 5 kHz)
@ Works in the C-band, channel

#44 (1542.14 nm)

@ Automatic polarization Low-noise
optimization

heterodyne detection

@ Thermally controlled interferometer : O Needs very low input optical
sensitivity < 1 fs/K |

power level (few nW)

*Low-noise electronics developped by Syf links (&)
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Industrial certification process

* A test bench to validate the production:

v’ Electrical and optical qualification process of each RLS (optical losses,
thermal sensitivity, ...)

v’ Real link configuration: OADM, bi-dir EDFA, 500 km of fiber spools, ...

* Configurable for R&D experiments
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RLS performances

 Measurement of repeater station noise floor :

State-of-the-art performances:

v' Two-way between 2 RLS —> very short ' e frequency stability of 10%7 at 15
- and 1020 after 10*s of integration

link: 1 m 1077

v Out-of-loop end-to-end measurement
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Other products for fiber links

* Extraction station (ES) and user module (UM)

Data traffic
Refimeve signal

2] RLS
_____________________________________________________________________________________________ |
@ Extraction station : Uncompensated
In-line extraction of the stabilized
signal and substraction of the ieieleilelieel siulsiuieinini el iaelniiiseinii !
- i 1 !
over-correction : Exp. l UM ' Exp. | |
1 1
1 1
*Free-space micro-optics . i |
interferometer by knga -_Erjq-_u_s_e_r_lqus_ ________________________ /__ e

@) User module (AOM+FM) :

Bring the metrological signal as close to
« Adaptable solutions to end-user needs the experiment as possible
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Real link configuration

e Ex: Paris-Lille (2 x 340 km) @ 4 bi-directional EDFA installed

@ 3 RLS installed in the
Renater nodes

in the telecom shelters with
10 OADM on each span

Monodirectional

PARIS EDFA LILLE
46 km i 64 km 38 km 92 km 100 km

Data traffic

=) Full

To IRCICA
RLS 2 F———pe

amplifier

A\ Bidirectional /T A
] I

1
1

RLS 3 ] Network
= management

€) Total optical attenuation : 160 dB |

remote access to all the equipment (RLS, ES, UM, EDFA) via a Renater VPN
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Components of the global
supervision:

@) Operational
supervision

\ v’ Supervision software:
monitor and control the
' REFIMEVE+ performances

= —_—_——
-
-

supervision

K v’ Database: store all the
information useful to the
network management

Network * Signal ‘:

v Human-machine interface:
for final users, academic teams
* Metrological data processing and the network manager

e Accuracy calculation
e Ultra-stable source management
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The supervision software

* The role of the supervision software is to:

€ Monitor the proper functioning and remotely control

Detect and manage bugs and
the equipment parameters in real-time. 12 5 &

alarms (cycle slips, polarization
optimizations, ...)

N
Agn
visuatize || | Manage €) Upload the information
' collected on the field and
RG] Database .
server store in the database

] 1 .
ey Y Supervise (alarm, events, ...)

@ Administrate and ‘ -
troubleshoot system RLSN EDFA EDFA RLS N+1 R o

configurations
IP protocol, secure access il T

i X = e “L ...'-A: .1_;J,, “.“
@ Data pre-processing: outliers detection, el

Mdev calculation, ... [M
*Software and database hosted on . ; foz
a Renater server ]
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End-user service

A dedicated interface for the end-users under
development with Syrte/LPL

v Based on the supervision software

v' Webpage interface

v’ Sort the useful information for users : link status, frequency
data, ...

v’ In progress ...



Web interface

Refimeve / Links Links Products Settings

Besancon-Strasbourg Paris-Lyon-Grenoble Paris - Strasbourg

Paris - Lille Events :
order name location Date Link Level Message
0 SSA1L3 TH2 2020-11-07 21:13:35  Paris - Lille info link state changed from ko to ok
1 BIDIR1161943 Mours 2020-11-07 21:13:35  Paris - Lille info Lock alarm changed from ko to ok
2 BIDIR1161862 Compiégne 2020-11-07 21:13:35  Paris - Lille info Equipment alarm changed from Ko to ok
3 BIDIR1161863 Sermaise 2020-11-07 21:13:34  Paris - Lille critical link state changed from ok to ko
4 BIDIR1161864  Arleux 2020-11-07 21:13:34  Paris - Lille info Lock alarm changed from ok to ko
5 RS74B6 Lille 2020-11-07 21:13:34  Paris - Lille info Equipment alarm changed from ok to ko
2020-11-07 13:03:03  Paris - Lille info link state changed from unstable to ok
Besancon-Strasbourg 2020-11-07 13:03:03  Paris - Lille info Lock alarm changed from ko to ok
order name location 2020-11-07 13:00:02  Paris - Lille waming link state changed from ok to unstable
0 RS74B3 Besancon 2020-11-07 12:59:53  Paris - Lille info Lock alarm changed from ok to ko
1 BIDIR1170318 Belfort 2020-11-07 12:02:56  Paris-Lyon- info link state changed from unstable to ok
Grenable
2 BIDIR1170321 Mulhouse
2020-11-07 12:02:56  Paris-Lyon- info Lock alarm changed from ko to ok
3 RS76BS Strasbourg Grenoble
4 RS74B4 Besancon 2020-11-07 12:02:55  Paris-Lyon- waming  link state changed from ko to unstable
Grenoble
. 2020-11-07 12:02:55  Paris-Lyon- info Equipment alarm changed from ko to ok
Paris-Lyon-Grenoble Grenoble
order name location 2020-11-07 12:02:04  Paris-Lyon- critical link state changed from ok to ko
Grenoble
0 NIk IH2

E=> Demonstration
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Conclusion Refimeve:

a vocation européenne

* First industry-grade frequency transfer link operational

d 2 x 2400 km already deployed

] State-of-the-art performances (frequency stability < 10-18 long term)

O High availability (> 99%)

d Fast and efficient deployement/optimization of a link

* Deployment of the REFIMEVE+ network under way

e Efficient supervision tool to manage the network
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Incidents management

NSOC 24/7/365

Incident in the network

Generic ticket

Detection .
opening

T&F ticket T&F ticket
=
A 1

REFIMEVE+ wWorking hours

INCIDENT report sent to REFIMEVE+ mailing list

T&F service is Route cause

shut down found

Back to operational state




