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Abstract: A double-effect deep neural network (DNN)-based DBP scheme is developed 

to integrate communication and sensing, which can mitigate nonlinear interference 

effectively and estimate optical power distribution accurately through the optimized 

nonlinear parameters. © 2022 The Author(s) 

1. Introduction 
Nonlinear interference mitigation is a significant research topic in long-haul, large-capacity and high-speed 

optical fiber communication systems. The DBP is one of the methods to remove the fiber nonlinearity which 

use the split-step Fourier method (SSFM) to solve nonlinear Schrödinger equation (NLSE) [1]. In recent 

years, machine learning (ML) has received great attention and achieved strong benefits for nonlinear 

compensation [2, 3]. Instead of the common ‘black-box’ approach, the mathematical structure of neural 

networks was studied and its physical mechanism for nonlinear compensation was revealed in [4]. In another 

work of NTT, the method based DBP with small step size was used to estimate the dispersion distribution 

and detect the abnormal loss points [5]. However, above technologies are separated from transmission and 

sensing. In the future, we hope to realize the integration of sensing communications (ISAC) scheme in order 

to ensure communication operation and monitor channel status at the same time without additional bandwidth 

overhead and hardware equipment [6].  

In this paper, a double-effect DNN-based DBP scheme is proposed to realize ISAC for implement 

nonlinear compensation and monitor link status simultaneously. Its feasibility and effectiveness are verified 

in a 28-GBaud 16-QAM coherent system over 15×80 km SSMF transmission. In addition to nonlinear 

compensation result, the monitoring effect of abnormal loss points which including the multiple abnormal 

loss points at the same position, at different span and at the same span, is also shown. In this case, the function 

of ISAC can be achieved based on the received signal without any other measuring instruments.  

2. Double-effect DNN-based DBP scheme for ISAC 
Due to DBP is similar to DNN in structure, a Neural Network can be used to build the mathematical structure 

of DBP [7]. However, it is difficult to update the DNN-based DBP module at the beginning of DSP, since 

the update processing will go through all the compensation processing which leads to high complexity, low 

time efficiency and low stability. In order to overcome this obstacle and achieve an effective ISAC, a double-

effect DNN-based DBP scheme is proposed as shown in Fig.1.  

Fig. 1 The detailed structure of Double-effect DNN-based DBP scheme for ISAC. 

Considering that it is usually to use training sequence to compensate the fiber link impairment for high-

speed optical communication system, the training sequence is further exploited in our scheme to avoid 

additional training costs. For the early training stage, dispersion compensation is performed and the signal-

phase aid least-mean-square (SP-LMS) algorithm is used to achieve adaptive equalization and compensate 

polarization correlation effect [8], followed by using training sequence to estimate laser frequency offset [9]. 

After FOE, the signal will enter two branches for processing. For the lower branch, the signal is reload 

dispersion to reconstruct the signal containing dispersion and nonlinear damage. Then, the signal is sent to 

DNN-based DBP scheme for parameters update. In DNN-based DBP, the number of layers is the total 
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transmission distance divided by step size of the SSFM, which represents the distance resolution of the optical 

fiber propagation. By doing that a neural network can be built. Then, the error function 𝐼 can be calculated 

by using the output signal 𝑬 that is obtained by the neural network and the reference signal 𝑬̂, which is 

defined as:  𝐼 = arg 𝑚𝑖𝑛‖𝑬 − 𝑬̂‖
2

. In order to obtain the accurate reference signal 𝑬̂ , the phase noise 

consisting of two parts is reload to training sequence. One part phase noise is estimated in CPR by using the 

blind phase search (BPS) technique. The other part phase rotation is caused by the DNN-based DBP 

compensation network, which can be found by pre-compensation. By doing so, the difference between the 

two signals is whether it contains dispersion and nonlinear damage. Finally, make the output signal as similar 

as possible to the reference signal is our goal, which can be regarded as a classic supervised machine learning. 
For neural network training process, all 𝛽∗

 and 𝛾∗ are set to averaged values of estimated total dispersion 

and 0 as initial values. The number of iterations and learning rate 𝜇 are set to 50 and 0.0001. Therefore, for 

𝑘𝑡ℎ  step (where 𝑘 = 1,2 … 𝑁 ) of DBP in DNN, the estimated parameters for linear and nonlinear 

compensation, namely 𝛽𝑘
∗  and 𝛾𝑘

∗ , can be optimized based on 𝛽𝑘
∗(𝑚 + 1) = 𝛽𝑘

∗(𝑚) − 𝜇 · 𝜕𝐼 𝜕𝛽𝑘
∗(𝑚)⁄ , 

𝛾𝑘
∗(𝑚 + 1) = 𝛾𝑘

∗(𝑚) − 𝜇 · 𝜕𝐼 𝜕𝛾𝑘
∗(𝑚)⁄ , where 𝑚 is the update times, 𝜇 is the learning rate. The optimized 

𝛾∗
 and 𝛽∗ values can be used to standard DBP module for nonlinear compensation. Then, the signal is 

recovered through the subsequent DSP process and the bit error rate is applied to check the compensation 

effect. At the same time, the characteristics of the 𝛽∗ and 𝛾∗
 parameters can be used to estimate dispersion 

distribution and detect abnormal loss. 

3. Results and Discussion 

In order to verify the feasibility and effectiveness of the DNN-based DBP scheme for ISAC, a 28-GBaud 

16-QAM coherent optical system is built over a 15×80 km SSMF transmission link as shown in Fig.2. Here, 

fiber attenuation coefficient is 0.2𝑑𝐵/𝑘𝑚 , the coefficients of dispersion and nonlinearity are 

17 𝑝𝑠 𝑛𝑚 𝑘𝑚⁄⁄  and 1.3𝑤−1𝑘𝑚−1 respectively. In the transmitter, a root cosine filter with roll-off factor of 

0.18 is used for pulse shaping. For the fiber link, the optical amplifier with a 6 dB of noise figure is used to 

compensate the power loss of each span. The optical attenuators can be inserted in fiber link to simulate 

excess loss points. The laser linewidth of transmitter and receiver are both 100 kHz, and 1GHz frequency 

offset is considered. After coherent receiver, the electrical signal is sent to the double-effect DNN-based DBP 

scheme for data recovery. Here, about 15,000 training symbols and Adam optimizer are used to updated 

parameters. The nonlinear compensation effects are demonstrated by another data set which never be used to 

training. All algorithms are coded in MATLAB and Python 3.9 and the training result can be returned within 

about a minute.  

Fig. 2 Optical fiber link settings for verify the double-effect DNN-based DBP scheme for ISAC. 

3.1 Nonlinear interference mitigation 

Based on obtained the optimized 𝛾∗
 and 𝛽∗ value, nonlinear compensation effects are investigated. Here,  

considering the launch power range of −4.0 dBm to 6.0 dBm and the step is 1.0 dBm. Besides, the different 

Fig. 3 (a) Nonlinear interference mitigation effects for different step size and launch power. (b) Optimized 𝛾∗ by DNN-based DBP 

method with 3 dBm launch power and the step size is 20 km.  
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step size is studied for the effect of nonlinear compensation. From Fig. 3(a), the result shows that the smaller 

the step size, the effect is better. When the step size is set to 20 km, the optimized 𝛽∗  values are 

approximately the cumulative amount within this step size and 𝛾∗ values reflect the power distribution and 

the position of optical amplifier in the fiber link as shown in Fig. 3(b).  

3.2 Abnormal loss detection 

Figure 4(a) shows the abnormal loss of 5 dB, 3 dB, and 1 dB are inserted at 360 km respectively to simulate 

excess loss points and the normal link (0 dB-loss) is used as reference. Here, the step is set to 20 km for a 

fine distance resolution. When abnormal loss occurs in the link, the 𝛾∗ values near the loss point will drop 

sharply and show the greater the abnormal loss, the greater the steep drop. Next, there are two abnormal loss 

points are set to (3 dB, 3 dB), (4 dB, 2 dB), (5 dB, 1 dB) at 360 km and 760 km respectively. From Fig. 4(b), 

the position of abnormal loss points can be found clearly by observe the two sharply decreasing bands. 

However, it is worth noting that no matter how large the abnormal loss when two loss points in same fiber 

span, we only found one sharp drop band from Fig. 4(c). This means the loss monitoring effect will be reduced 

when multiple loss points are located in the same fiber span.  

Fig. 4 Optimized 𝛾∗ values (a) for adding different losses at 360 km, (b) for adding different losses at 360 km and 760 km respectively, and (c) 

for adding different losses at 500 km and 540 km respectively but within the same span of the fiber link. 

4. Conclusion 

In this work, the feasibility of double-effect DNN-based DBP scheme is used for implementing ISAC is 

verified, which can not only compensate nonlinear damage, but also estimate the power profile in the fiber 

link from the parameter characteristics. This is a potential method for accurately sensing the link status and 

making strategies to ensure communication operations.  
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