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Opportunities for Neural Nets with Machine Learning using Coherent Modem Data

In this session we will review the set of observables that are currently available from an example 
coherent modem, identify some initial use cases and discuss what other kinds of analysis might be 
interesting. We will also discuss if there is other information not already available that might be 
interesting to extract.

Link Monitoring 
Enhancements

• Link monitoring derived
from machine learning

• Ability to optimize
network designs

Probabilistic 
Constellation Shaping 

• Granular capacity
increments, from
200G-800G to optimize
capacity to avail. margin

Non-Linear 
Compensation

• Improved reach for a
given capacity and
vice versa

Higher Baud/Higher 
order modulation

• Selectable baud-
up to 95 Gbaud

• Optimize capacity for
a given photonic layer

Enhanced coding 
gain

• Longer distance 
• More capacity/wave
• Higher spectral

efficiency

𝑆𝑁𝑅𝐴𝑆𝐸 =
𝑆(∆𝑓)
𝑁(∆𝑓)
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Some Current Focus Areas for Neural Networks / ML in Optical Systems 
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TNLE 

ESNR
• Effective Signal-to-Noise Ratio
• Total noise experienced by Rx:

internal, linear and nonlinear
noise

Real-time access to unprecedented levels of network performance data
Using Coherent Modem as a Sensor

SPM

• Self-Phase Modulation
• Intra-channel noise derived

using machine learning

• Total Non-Linear Noise Estimate
• Measure of total NL noise:

i4WM, XPM, SPM
• Transduction derived at Rx,

converted to SNR using machine
learning

OSNR
• Optical Signal-to-Noise Ratio
• Optical linear noise derived

using machine learning
• (Also available from Ciena line

system)

Future Parameters

Visibility into real-time link parameters allows for optimal link engineering and diagnostics and
Provides a rich data set in which otherwise hard to measure and compute parameters can be estimated 

using Neural Nets tuned with ML 

Access real-time link parameters
through streaming telemetry

PMD

CD Tx Pre-
Comp

TxPwr

PDL

Pre-FEC 
BER

open APIs

TxFreq
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Coherent Modems
Real-time link monitoring … complete list of parameters collected

Link Data Collection parameter name Description

Time and Date Collection time stamp

Elapsed Time ms Collection time stamp since tool started in milliseconds

Total Pwr mdBm Rx total optical power

Chan Pwr mdBm Rx channel power

FE Tx CD Pre-Comp ps/nm Tx CD pre-compensation

Rx CD Comp ps/nm Rx CD post-compensation

BER PreFEC BER

Fast BER PreFEC BER estimated every millisecond

FER Integrated Frame Error Rate. Collection start point is when “PMtick” counter=0.

Uncorrected Blocks Cumulative Un-corrected FEC blocks

Cycle slip Accumulated cycle slips

PM Tick Count Collection time stamp

PMD ps PMD

PDL db Polarization dependent loss estimate

SOPs1 SOP S1

SOPs2 SOP S2

SOPs3 SOP S3

FreqOffset MHz Frequency offset of the laser - how far from setpoint

ESNRx dB Electrical SNR 

ESNRy dB Electrical SNR

SPM dB Self Phase Modulation (NEW IN R12.3)

TNLE dB Total nonlinearity noise estimate (NEW IN R12.3)
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Network as a Sensor
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