Digital Compensation of Signal Distortions in Fiber
Communication Lines Based on Perturbation Theory and
Machine Learning
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Information transmission throughout long dis-
tances requires to use fiber-optical communica-
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linearity in fiber and built-in elements [3] resulting  Figure 1: (left) The tensor of convolutional kernel H3(z,
in distortion of optical signal and corresponding t1, t2,t3). The red squares in each section for t3 indicate
growth of Bit Error Rate (BER), To minimize the the part of tensor remaining after the size reduction. Dots

influence of nonlinearity onto the accuracy of data indicate the presence of other sections with t3. (right) The
compensation quality charecteristic of SSFM, Chromatic
Dispersion Compensation (CDC) and investigated Per-
turbation Theory-based method (PT) for the input signal
average power of 9 dBm

a number of undesireable effects which include non-

transmission [4], a procedure of compensation [5]
should be introduced. One of possible ways is to
perform compensation digitally after the signal was
received at the exit of the FOCL.

In this case, the precise solution of the inverse task of light field propagation can be obtained by
integrating the Nonlinear Schroedinger Equation (NSE) over a grid of coordinates by Split-Step Fourier
Method (SSFM) [6]. In this work we develop an alternative algorithm of digital compensation based on
perturbation theory and machine learning. The approximation of weak nonlinearity allowed us to use a
perturbative serial expansion for the optical field, which codes the bit sequence in the FOCL. We derived
an expression for the initial sequence of bits through error-containing sequence of bits at the receiver. In
the first approximation of perturbation theory the expression contains linear part and triple convolution
of optical signal with kernel H3(z, t1, t2, t3). The derived analytical values of H3 tensor components
allowed us to reduce the complexity of compensation [Fig. 1(left)].

Machine Learning methods were used to find the components of tensor H3 based on a vast set of
randomly generated initial bit sequences, distorted with nonlinearities and stochastic noises in modeled
FOCL. The BER in reconstructed bit sequence as a function of the Optical Signal-to-Noise Ratio (OSNR)
indicated the quality of compensation. At a fixed magnitude of input signal average power (9 dBm) the
characteristic for our proposed method reaches the BER level of 5% at lower values of OSNR than the com-
monly used CDC algorithm and has a reasonable lag behind the precise solution by SSFM [Fig. 1(right)].
Qualitatively this result is repeated in a wide range of input signal average powers. Thereby, an optimal
relation between accuracy and complexity of compensation can be achieved by varying the size of reduced
convolutional kernel.
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