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Abstract 
In recent years, there has been a revolution in the way that we transmit infor-
mation through optical communication systems, allowing for fast and high-
capacity data transmission using optical communication systems. Due to the 
growing demand for higher-capacity and faster networks, traditional optical 
communication systems are reaching their limits due to the increasing de-
mand for faster and higher-capacity networks. The advent of machine learn-
ing and deep learning approaches has led to the emergence of powerful tools 
that can dramatically enhance the performance of optical communication sys-
tems with significant efficiency improvements. In this paper, we provide an 
overview of the role that machine learning (ML) and deep learning can play 
in enhancing the performance of various aspects of optical communication 
systems, including modulation techniques, channel modelling, equalization, 
and system optimization methods. The paper discusses the advantages of these 
approaches, such as improved spectral efficiency, reduced latency, and im-
proved robustness to impairments in the channel, such as spectrum degrada-
tion. Additionally, a discussion is made regarding the potential challenges and 
limitations associated with using machine learning and deep learning in opti-
cal communication systems as well as their potential benefits. The purpose of 
this paper is to provide insight and highlight the potential of these approaches 
to improve optical communication in the future. 
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1. Introduction 

The optical connection, also referred to as the optical telecommunication, is the 
use of light to transmit information at a distance. Depending on the kind of device 
you are using, it can either be a visual process or an electronic process. Several 
millennia have passed since the earliest forms of optical communication were es-
tablished, while in 1880, the photophone was invented as the first electrical device 
that could perform this function [1] [2]. There are three main components in an 
optical communication system: a transmitter that encodes a message into an op-
tical signal, a channel that transmits the optical signal, and a receiver that reas-
sembles the message from the optical signal it receives. As opposed to electronic 
equipment, an electronic receiver uses signs and signals that are interpreted or 
received by the eye, as opposed to electronic equipment. These signals can be sim-
ple (such as a beacon fire) or complex (such as lights that flash in Morse code 
sequences or use colour codes). Optical communication offers several advantages 
over traditional electrical communication methods, including increased band-
width, reduced signal degradation, and energy efficiency. With its wide range of 
applications and future trends, optical communication is poised to play an in-
creasingly important role in shaping the future of information transmission [3] 
[4]. 

Optical communication uses light to transmit data over long distances, providing 
a faster and more efficient alternative to traditional radio frequency-based com-
munication systems. One of the key challenges in optical communication is opti-
mizing the system performance for data transmission. This is where machine and 
deep learning come into play. Machine learning techniques, such as artificial neu-
ral networks, can be used to model and optimize the performance of optical com-
munication systems [5]. These algorithms are trained to learn patterns and rela-
tionships in the data, enabling them to make accurate predictions and recommen-
dations. Figure 1 displays the different kinds of the machine learning which may 
assist to overcome the optical communication challenges. 

1.1. Supervised Learning 

Datamining is a sub-category of machine learning, which uses labelled data to 
train algorithms to classify information or predict results [7]. Input data is incor-
porated into the model through weight adjustments so that the algorithm works 
correctly [7]. A supervised machine learning approach is used in cases where you 
already know what you will teach the machine ahead of time. In order for the 
algorithm to achieve the desired results, it is necessary to take it through a large 
training data set, examine it, and adjust the parameters until the desired results 
are achieved. By adjusting its own parameters in response to a loss function, the 
algorithm measures its accuracy in order to minimize the error as much as pos-
sible. A final test of the trained machine is to allow it to make predictions based 
on a validation set, which is a new set of unseen data that has not been seen 
before [7]. There are two types of algorithms which are used in supervised 
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learning, namely regression algorithms and classification algorithms, as shown 
in Figure 1. 
 

 

Figure 1. Machine learning techniques [6]. 
 

• Regression algorithms: This type of regression procedure is used to determine 
the correlations between a variable and its dependent variable in the presence 
of independent variables [8]. In the mathematical world, an algorithm is a 
technique which allows you to summarize and study how two continuous 
quantitative variables interact with each other statistically [9]. The purpose of 
this is to be able to predict or explain a particular numerical value based on the 
data that was collected previously. This type of analysis can be conducted using 
different algorithms, but linear regression and polynomial regression tend to 
be the most commonly used algorithms for this kind of analysis [9].  

• Classification algorithms: Classification algorithms are algorithms that pre-
dict or explain the value of a class based on some property of the class. In es-
sence, they are using an algorithm to assign a classification to the test results 
so that they can interpret them properly looking at the information they col-
lected throughout the test [6]. It is crucial for the classification process to rec-
ognize specific associations within a data set of data that has been analysed, 
and to be able to make conclusions about how these entities should be classi-
fied and labelled over the course of the analysis. It is well known that 
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algorithmic processes are one of the most effective ways of understanding clas-
sification algorithms in the field of computer science, and one of the best ex-
amples of this can be found in the spam or junk mail detector. There are several 
types of algorithms that can be used to determine whether a message is actually 
an email or not.  

1.2. Unsupervised Learning 

An example of unsupervised learning is a method for learning without the need 
for a person to monitor the model as the model explores a data set. Therefore, the 
training process is characterized by a data set without any labels or classifications 
that have been previously defined [10]. Using only statistical properties as a basis 
to assess the hidden information, the algorithm tries to identify patterns that relate 
different variables in order to identify hidden information that may not have been 
spotted before they are scanned [6]. According to Figure 1, there are three major 
types of unsupervised learning algorithms: clustering, association, and dimen-
sionality reduction1. 
• Clustering algorithms: It is a technique that is mainly used to identify the 

structures or patterns within unlabeled data collections and to develop a sys-
tem based on how similar or different they are in relation to one another [11]. 
Grouping algorithms are commonly used to identify a large number of groups 
of data such as k-means, soft clustering, hierarchical cluster analysis, and 
Gaussian mixture models. 

• Association algorithms: Associative algorithms are rule-based tools used for 
finding hidden relationships among variables in a particular dataset that may 
not be immediately obvious from looking at the data alone. It is therefore pos-
sible to consider it as a method of analyzing data [11].  

• Dimensionality reduction algorithms: ML’s algorithms can work much more 
efficiently when there is more data, but it can also have a negative impact on 
the performance of the algorithm if there is too much data. An algorithm that 
reduces the dimension of a data set is one that is used when a data set has a 
great deal of information in it, hence the need for some major reductions in 
dimensions. By means of these algorithms, the number of data entries is re-
duced to a suitable size during the operation, while still managing to preserve 
the integrity of the data set at the same time [11]. 

1.3. Semi-Supervised Learning 

The idea of semi-supervised learning is an important subcategory of machine 
learning. As part of the training stage, rather than labeling the entire analysed data 
set, only a small portion of the data is reviewed, hand-labeled, and then used to 
train a model by combining it with other data. Lastly, this trained model is able to 
correctly classify all the features that exist in a larger unlabelled data set that has 
not been labelled by humans [12]. There are two types of learning techniques: 
semi-supervised learning and supervised learning. It has been shown that semi-

https://doi.org/10.4236/jilsa.2024.164021


W. M. Binjumah 
 

 

DOI: 10.4236/jilsa.2024.164021 422 Journal of Intelligent Learning Systems and Applications 
 

supervised learning is a more flexible method of learning than unsupervised learn-
ing and can be used for a wide range of classification, regression, clustering, and 
even association problems. Due to the fact that semi-supervised learning uses a 
small amount of labelled data as well as a large amount of unlabelled data, it is less 
computationally intensive and takes less time to prepare data than supervised 
learning [12]. 

1.4. Reinforcement Learning 

The idea of reinforcement learning is a subcategory of machine learning in which 
machines have the capability of interacting with environments. In a learning 
agent, behavior is learned by performing tasks and seeing the results of the actions 
they perform in a given environment. As a result of every good action that the 
agent takes, he or she receives positive feedback; as a result of every bad action 
that the agent takes, he or she receives negative feedback or a penalty. If the ma-
chine repeats the process thousands of times, it over time becomes more and more 
skilled as it learns and becomes more proficient [13]. There is one significant dif-
ference between reinforcement learning and traditional supervised learning and 
that is that in supervised learning; the answer is found in the training data. It is 
therefore possible to train the model with the correct solution as a result. In con-
trast to this, reinforcement learning is not a response, but rather an agent that 
decides what to do based on what happens, in order to respond or perform a task 
at hand. There are some significant differences between reinforcement learning 
and unsupervised learning in terms of the objectives that it pursues [14]. 

Furthermore, there are a number of specific application cases and practical ef-
fects of machine learning and deep learning methods in optical communication 
systems that are: channel characterization and modelling, and network optimiza-
tion and planning. The channel characterization and modelling. Modelling optical 
channel impairments and uncertainties using machine learning and deep learn-
ing. Optimising network architecture, transmission parameters, and resource al-
location improves system performance and reliability. In order to decrease the 
complexity of networks, deep learning and machine learning methods use net-
work optimization in order to reduce complexity. As a result of using these meth-
ods, it is possible to optimize the configuration of the network, minimize the en-
ergy consumption, and improve the efficiency and reliability of communications. 

This article highlights the role of machine learning and deep learning in im-
proving optical solutions. The design science approach and literature review con-
ducted in this study provide valuable insights into the challenges and opportuni-
ties associated with utilizing these techniques. The successful implementation of 
machine learning and deep learning in optical solutions has the potential to revo-
lutionize various industries, leading to improved efficiency, performance, and ac-
curacy. 

This article is organized as follows: the methodology is discussed in Section 2 
whereas the conclusion and future works are offered in Section 3. 
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2. Methodology 

This study used a mixed methodology to explain the role of machine learning and 
deep learning approaches in improving optical communications. The literature 
review [15] and design science methodology [16] are used in this study. Literature 
reviews are excellent methods for synthesizing research findings to demonstrate 
evidence on a meta-level and also to uncover areas that need further study, which 
is a critical component of the creation of theoretical frameworks and the develop-
ment of conceptual models [15]. In design science research, a research paradigm 
focuses on solving problems through the application of design thinking. Increas-
ingly, Information Systems (IS) researchers are adopting it as a legitimate research 
paradigm because of its ability to balance the importance of research and its rigor, 
which makes it a desirable paradigm for conducting research [17]. Therefore, the 
mixed methodologies aim to highlight the challenges and issues of optical com-
munications, and the design science research aims to suggest solutions for the 
highlighted challenges and issues. Figure 2 illustrates the mixed methodology. 
The methodology consists of two stages: literature review stage, and the design 
science research stage. 
 

 
Figure 2. Adapted methodology. 
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2.1. Literature Review Stage 

This stage includes identifying the search controls, collecting data, and analysing 
data. Identifying search controls includes identifying keywords, identifying online 
databases, identifying searching language, and Identifying publication period. The 
identifying keywords include “Deep Learning”; “Machine Learning”; “Optical 
communication”. Five online databases are identified: Scopus, IEEE Xplore, Web 
of Science (WoS), Science Direct, and Google Scholar. The English language is 
identified as the main language for this study. The Identifying publication period 
is between 2015-2025. 6,870 articles from Google Scholar, 1,411 articles from IEEE 
Xplore, 62 articles from Scopus, 353 articles from Science Direct, and 7,633 from 
the Springer link. Figure 3 displays the collected data from the identified common 
online databases. The total articles are 16,329 articles. These articles are complied 
with the including and excluding criteria. The inclusion criteria are: 

a) Articles published in related, peer-reviewed journals; 
b) Articles performed during the last five years; 
c) Articles examining deep learning, machine learning, and optical communi-

cation; 
d) Articles containing complete explanations of the data and optical communi-

cation models applied. 
The exclusion criteria are: 
a) Article not published in relevant, peer-reviewed journals; 
b) Article conducted more than five years ago; 
c) Article focusing on general optical communications models; 
d) Article providing only theoretical insights without any empirical evidence; 
e) Article lacking detailed descriptions of the data and AI models used. 
 

 

Figure 3. Data collected from the common five online databases. 

 
After collecting and filtering the collected data, the authors analyzed the rele-

vant articles and highlights the following challenges and issues in the optical com-
munications which illustrates in Figure 4. 
• Interference: Optical signals are susceptible to interference from various 

sources, such as atmospheric turbulence, thermal noise, and crosstalk. Ma-
chine learning algorithms can be trained to identify and mitigate interference 
to enhance system performance. 
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Figure 4. Challenges and issues of the 
optical communication. 

 
• Impairments: Optical signals can experience impairments, such as distortion, 

absorption, and dispersion, which can degrade the signal quality. Deep learn-
ing techniques can be trained to analyse and compensate for these impair-
ments in real-time, improving the overall performance of the communication 
system. 

• Channel Variations: Optical channels can exhibit significant variations in pa-
rameters such as attenuation, dispersion, and polarization. Machine learning 
algorithms can be trained to estimate and adapt to these channel variations, 
ensuring a reliable and efficient data transfer. 

2.2. Design Science Research Stage 

The aim of this stage is to find the proper solutions for the above challenge and 
issues. The following machine learning and deep learning applications which dis-
plays in Figure 5 are some of the solutions for the challenges of the optical com-
munication. 
 

 
Figure 5. Some of the solutions 
for the challenges of the optical 
communication. 
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• Optical Network Management: Machine learning algorithms can be em-
ployed to automate and optimize network management tasks, such as resource 
allocation, link optimization, and fault detection. This can help enhance net-
work efficiency and reduce manual intervention. 

• Interference Mitigation: Deep learning models can be trained to detect and 
mitigate interference in optical communication systems, ensuring reliable and 
error-free data transmission. 

• Impairment Compensation: Deep learning models can be trained to compen-
sate for the impairments present in optical channels, improving signal quality 
and bandwidth efficiency. 

• Channel Estimation: Machine learning algorithms can be trained to estimate 
channel parameters, such as attenuation, dispersion, and polarization, in real 
time. This helps in optimizing system parameters such as modulation format 
and bit rate. 

Implementing machine learning and deep learning approaches in optical com-
munication systems offers several benefits as shown in Figure 6, including: 
• Improved Performance: By leveraging the power of machine learning and 

deep learning techniques, optical communication systems can achieve higher 
data rates, lower error rates, and improved link reliability. 

• Automated Functions: Machine learning and deep learning algorithms auto-
mate various tasks, reducing human intervention and increasing the opera-
tional efficiency of optical communication systems. 

• Adaptability: Machine learning and deep learning algorithms can adapt to 
changing conditions, such as channel variations and interference, ensuring ro-
bust and reliable communication. 

• Resource Optimization: Machine learning algorithms can optimize system 
resource allocation, such as power allocation and resource allocation, maxim-
izing system performance and minimizing energy consumption. 

 

 

Figure 6. Benefits of implementing machine learning and deep 
learning approaches in optical communication systems. 

 
Traditional optical communication systems play a significant role in data 

https://doi.org/10.4236/jilsa.2024.164021


W. M. Binjumah 
 

 

DOI: 10.4236/jilsa.2024.164021 427 Journal of Intelligent Learning Systems and Applications 
 

communication and long-distance transmission. However, as technology ad-
vances, machine learning optimized systems provide an alternative approach that 
enhances system performance in challenging environments. Noise immunity, er-
ror correction, and bandwidth efficiency are some of the key performance ad-
vantages offered by machine learning optimized systems. The practical applica-
tion effects, especially in high noise environments or non-ideal operating condi-
tions, demonstrate the benefits of machine learning techniques in optical commu-
nication systems. Future research and development efforts should focus on ex-
ploring the integration of machine learning techniques into traditional optical 
communication systems to further improve their performance and reliability. 

The latest standards and specifications play a crucial role in evaluating and val-
idating the feasibility and reliability of machine learning optimization techniques 
in practical optical communication networks. These standards define the neces-
sary frameworks and metrics for assessing the performance of optical communi-
cation systems, including HSE networks, DBA algorithms, signal impairments, 
and network intrusion detection and prevention systems. 

3. Conclusion 

Optical communication systems have revolutionized the way we transmit infor-
mation in recent years. Through optical communication systems, fast and high-
capacity data transmission is possible. Since demand for faster and higher-capac-
ity networks is increasing, traditional optical communication systems are reach-
ing their limits. The use of machine learning and deep learning approaches has 
given rise to powerful tools that can significantly boost optical communication 
systems’ performance. This paper presents an overview of how machine learning 
(ML) and deep learning can be used to improve the performance of optical com-
munication systems, including modulation techniques, channel modelling, equal-
ization, and system optimization. According to the paper, these approaches offer 
advantages such as spectral efficiency improvements, reduced latency, and en-
hanced robustness to impairments, including spectrum degradation, in the chan-
nel. Furthermore, machine learning and deep learning are discussed in light of 
potential challenges and limitations. Moreover, their potential benefits are dis-
cussed. As a result of this paper, we gain an understanding and highlight the po-
tential of these approaches to improve optical communication in the future. 

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this paper. 

References 
[1] Patle, N., Raj, A.B., Joseph, C. and Sharma, N. (2021) Review of Fibreless Optical 

Communication Technology: History, Evolution, and Emerging Trends. Journal of 
Optical Communications, 45, 679-702. https://doi.org/10.1515/joc-2021-0190 

[2] Alhussan, A.A., Al-Dhaqm, A., Yafooz, W.M.S., Razak, S.B.A., Emara, A.M. and 

https://doi.org/10.4236/jilsa.2024.164021
https://doi.org/10.1515/joc-2021-0190


W. M. Binjumah 
 

 

DOI: 10.4236/jilsa.2024.164021 428 Journal of Intelligent Learning Systems and Applications 
 

Khafaga, D.S. (2022) Towards Development of a High Abstract Model for Drone Fo-
rensic Domain. Electronics, 11, 1168. https://doi.org/10.3390/electronics11081168 

[3] Agrell, E., Karlsson, M., Poletti, F., Namiki, S., Chen, X., Rusch, L.A., et al. (2024) 
Roadmap on Optical Communications. Journal of Optics, 26, 093001.  
https://doi.org/10.1088/2040-8986/ad261f 

[4] Al-Dhaqm, A., Razak, S. and Othman, S.H. (2018). Model Derivation System to Man-
age Database Forensic Investigation Domain Knowledge. 2018 IEEE Conference on 
Application, Information and Network Security (AINS), Langkawi, 21-22 November 
2018, 75-80. https://doi.org/10.1109/ains.2018.8631468 

[5] Ali, A., Abd Razak, S., Othman, S.H., Eisa, T.A.E., Al-Dhaqm, A., Nasser, M., et al. 
(2022) Financial Fraud Detection Based on Machine Learning: A Systematic Litera-
ture Review. Applied Sciences, 12, Article No. 9637.  
https://doi.org/10.3390/app12199637 

[6] Villa, G., Tipantuña, C., Guamán, D.S., Arévalo, G.V. and Arguero, B. (2023) Ma-
chine Learning Techniques in Optical Networks: A Systematic Mapping Study. IEEE 
Access, 11, 98714-98750. https://doi.org/10.1109/access.2023.3312387 

[7] Cunningham, P., Cord, M. and Delany, S.J. (2008) Supervised Learning. In: Cord, M. 
and Cunningham, P., Eds., Cognitive Technologies, Springer, 21-49.  
https://doi.org/10.1007/978-3-540-75171-7_2 

[8] Brownlee, J. (2017) Difference between Classification and Regression in Machine 
Learning. Machine Learning Mastery, 25, 981-985. 

[9] Gonzales, L. (2023) Regresión Lineal-Teoría. Aprende IA. 

[10] Nguyen Cong, B., Rivero Pérez, J.L. and Morell, C. (2015) Aprendizaje supervisado 
de funciones de distancia: Estado del arte. Revista Cubana de Ciencias Informáticas, 
9, 14-28. 

[11] Tyagi, K., Rane, C., Sriram, R. and Manry, M. (2022) Unsupervised Learning. In: Pan-
dey, R., et al., Eds., Artificial Intelligence and Machine Learning for EDGE Compu-
ting, Elsevier, 33-52. https://doi.org/10.1016/b978-0-12-824054-0.00012-5 

[12] Li, S., Kou, P., Ma, M., Yang, H., Huang, S. and Yang, Z. (2024) Application of Semi-
Supervised Learning in Image Classification: Research on Fusion of Labeled and Un-
labeled Data. IEEE Access, 12, 27331-27343.  
https://doi.org/10.1109/access.2024.3367772 

[13] Collet, J., Morford, J., Lewin, P., Bonnet-Lebrun, A., Sasaki, T. and Biro, D. (2023) 
Mechanisms of Collective Learning: How Can Animal Groups Improve Collective 
Performance When Repeating a Task? Philosophical Transactions of the Royal Soci-
ety B: Biological Sciences, 378, Article ID: 20220060.  
https://doi.org/10.1098/rstb.2022.0060 

[14] Felten, F., et al. (2024) A Toolkit for Reliable Benchmarking and Research in Multi-
Objective Reinforcement Learning. Proceedings of the 37th International Conference 
on Neural Information Processing Systems, New Orleans, 10-16 December 2023, 
23671-2370. 

[15] Snyder, H. (2019) Literature Review as a Research Methodology: An Overview and 
Guidelines. Journal of Business Research, 104, 333-339.  
https://doi.org/10.1016/j.jbusres.2019.07.039 

[16] Al-Dhaqm, A., Razak, S.A., Dampier, D.A., Choo, K.R., Siddique, K., Ikuesan, R.A., 
et al. (2020) Categorization and Organization of Database Forensic Investigation Pro-
cesses. IEEE Access, 8, 112846-112858. https://doi.org/10.1109/access.2020.3000747 

https://doi.org/10.4236/jilsa.2024.164021
https://doi.org/10.3390/electronics11081168
https://doi.org/10.1088/2040-8986/ad261f
https://doi.org/10.1109/ains.2018.8631468
https://doi.org/10.3390/app12199637
https://doi.org/10.1109/access.2023.3312387
https://doi.org/10.1007/978-3-540-75171-7_2
https://doi.org/10.1016/b978-0-12-824054-0.00012-5
https://doi.org/10.1109/access.2024.3367772
https://doi.org/10.1098/rstb.2022.0060
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.1109/access.2020.3000747


W. M. Binjumah 
 

 

DOI: 10.4236/jilsa.2024.164021 429 Journal of Intelligent Learning Systems and Applications 
 

[17] Deng, Q. and Ji, S. (2018) A Review of Design Science Research in Information Sys-
tems: Concept, Process, Outcome, and Evaluation. Pacific Asia Journal of the Asso-
ciation for Information Systems, 10, Article No. 2.  
https://doi.org/10.17705/1pais.10101 

 
 
 
 
 
 
 

https://doi.org/10.4236/jilsa.2024.164021
https://doi.org/10.17705/1pais.10101

	The Role of Machine Learning and Deep Learning Approaches to Improve Optical Communication Systems
	Abstract
	Keywords
	1. Introduction
	1.1. Supervised Learning
	1.2. Unsupervised Learning
	1.3. Semi-Supervised Learning
	1.4. Reinforcement Learning

	2. Methodology
	2.1. Literature Review Stage
	2.2. Design Science Research Stage

	3. Conclusion
	Conflicts of Interest
	References

