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Abstract We develop a machine learning-based model to predict the Raman tilt induced in a multi-

wavelength signal propagating through a 50km optical fiber deployed in the COSMOS testbed. The

neural network model achieves a mean prediction error of 0.02±0.13 dB for randomly loaded channels.
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Introduction

In recent years, there has been much interest in

the use of data-driven control and management

methods in optical transmission systems. Phys-

ical phenomena that affect signal performance

and system operation depend on the cumulative

influence of the numerous components within the

system. Component characteristics often vary

not only due to different internal architectures

and materials, but also due to time-dependent

effects such as mechanical stress and tempera-

ture. Conventionally, these factors are accounted

for through lab measurements and margin engi-

neering to allow for component characteristic vari-

ations and uncertainty. With the use of disag-

gregated systems, such methods become prob-

lematic and unscalable as a single vendor does

not control and test the end-to-end system and

its variations. Low margin engineering has also

received interest as a means to reduce the cost

of engineering systems with large margins[1]. In-

creased data collection and data-driven meth-

ods, potentially leveraging machine learning (ML)

techniques, which are designed to use such data

are important to make progress in these low mar-

gin and/or disaggregated systems.

This paper examines the potential for the use

of deep learning to model the stimulated Raman

scattering (SRS) effect in a wavelength division

multiplexed (WDM) optical transmission system.

A deep neural network (DNN) is developed to ob-

tain the tilt due to the SRS effect. The DNN model

is trained and tested for randomly loaded WDM

transmission. Its error performance is compared

with that of existing analytical models.

Data-driven System Models

Data-driven methods have explored the use of

both lab-based and field-based data collection.

One approach is to collect datasets on compo-

nents in the lab and then build models that can

be efficiently implemented on the aggregate sys-

tem in the field, e.g., using inference on a DNN

trained on the component. Often these methods

include the use of transfer learning so that numer-

ous components can be rapidly characterized in

the lab and/or retrained in the field. This approach

has been used for neural network models of op-

tical amplifiers to predict end to end signal power

dynamics[2]. Another approach is to use in-field

tools and measurements to collect data and de-

velop or re-train models based on this live or real

time data. Such methods have been studied us-

ing end-to-end characterization and component-

wise characterization[3]. In each of these cases,

a key question is to what extent physics-based

models should be used or data-based models in

which the system is treated like a ªblack boxº. The

physics of optical transmission is well understood

and accurate models are routinely used to con-

trol and manage optical systems. Physics-based

models can themselves be augmented with data-

driven methods to incorporate more accurate or

real-time data for better predictions.

SRS is an example of a well-understood physi-

cal effect in optical transmission systems in which

optical power from short wavelength signals is

transferred to longer wavelength signals through

the fibre Raman interaction, resulting in a tilted

spectrum at the fibre output. This tilt depends on

the total power of the aggregate signals, the dis-

tribution of that power across the spectrum (i.e.,

the wavelength locations of the signals)[4], and is

modified by the wavelength dependent (linear) fi-

bre loss. Previous studies have shown that the

tilt can be accurately predicted for a set of uni-

formly distributed WDM channels using a sim-

ple analytical formula based on a few basic as-
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