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Abstract: We implement and test transfer learning-based gain models across 16 ROADM

EDFAs, which achieve less than 0.17/0.30 dB mean absolute error for booster/pre-amplifier

gain prediction using only 0.5% of the full target EDFA dataset. © 2022 The Author(s)

1. Introduction

The high bandwidth and low latency requirements of next-generation wireless (e.g., 5G/6G) and wide-area (e.g.,

data center interconnect, DCI) networks rely on optical infrastructure employing wavelength-division multiplexing

(WDM) technologies that are deployed at different scales in metro, regional, and long-haul networks. A key component

to compensate optical link loss is the erbium-doped fiber amplifier (EDFA), whose output spectrum depends on its

wavelength dependent gain profile and can impact end-to-end system performance such as the link optical signal-to-

noise ratio (OSNR) and quality of transmission (QoT). However, it is challenging to estimate the wavelength dependent

gain spectrum of an EDFA as it depends on many factors such as the input power and gain setting, optical channel

loading configurations, and internal component parameters.

Recent work has focused on leveraging machine learning (ML) techniques such as deep neural networks (DNNs) to

build EDFA gain models [1], and on the generalization of the ML-based EDFA models to multiple EDFAs of the same

make by training datasets collected from all devices [2]. Although the DNN-based EDFA gain model can achieve high

gain spectrum prediction accuracy, it requires the collection of comprehensive EDFA gain spectrum measurements for

each EDFA, for example, collecting a full set of gain spectrum measurements from a single EDFA covering different

gain settings and diverse channel loading configurations can take up to 51 hours [3]. A promising solution to overcome

this challenge is transfer learning (TL) [4], which allows for building a new target ML model based on a pre-trained

source model that shares similar model knowledge using very few data samples collected from the target domain.

In this paper, we investigate TL-based EDFA gain models, and show that using only 0.5% of the new data collected

from the target EDFA (13 measurements), the transferred target model can achieve similar gain prediction accuracy

compared to the source model with the full training set (2,678 measurements). We demonstrate three different scenarios

that can benefit from TL with largely reduced EDFA data collection process: (i) TL between EDFAs of the same type

(booster or pre-amplifier); (ii) TL between different EDFA gain settings, and (iii) TL between different EDFA types.

2. EDFA Gain Spectrum Measurements Dataset

We use an open dataset [3] consisting of gain spectrum measurements collected from 16 EDFAs within 8 commercial-

grade Lumentum ROADM-20 units deployed in the PAWR COSMOS testbed [5], each with 2 EDFAs (booster/pre-

amplifier). Fig. 1 shows the dataset structure, where the gain spectrum of each booster or pre-amplifier EDFA is meas-

ured at target gain settings of 15/18/21 dB and 15/18/21/24/27 dB, respectively, in the high gain mode with 0 dB gain

tilt. For each EDFA at a given gain setting, the dataset contains a total number of 3,168 gain spectrum measurements

across 95×50 GHz channels between 191.325 THz±196.075 THz in the C-band, which are recorded in the machine

actionable json file format. The gain spectrum measurements of each EDFA are also collected under a diverse set

of Fixed and Random channel loading configurations. In particular, the Fixed category includes a set of carefully

selected fully/half loaded channels (Fixed Baseline), goalpost channels (Fixed Goalpost), and single/double (adjacent)

channels (Fixed Extra). The Random category includes a set of randomly loaded channels with small (Random Base-

line) and large (Random Extra) numbers of channel counts. The EDFA total input/output power and individual optical

channel power readings are recorded with 0.01 dB and 0.1 dB resolution, respectively.

3. DNN-based EDFA Gain Model with Transfer Learning (TL)

We construct the source DNN-based EDFA gain model for each booster and pre-amplifier with three gain settings

(15/18/21 dB) for predicting its gain spectrum. Fig. 2 shows the DNN model architecture, which consists of an input

layer, four hidden layers with 256/128/128/128 neurons, and an output layer, where the neurons are initialized by the






