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Abstract: This article explores the application of artificial intelligence (Al) in optical communication technologies.
Optical communication, as a backbone of high-speed data transmission, requires optimization methods to reduce
noise, minimize errors, and ensure adaptive control. Al techniques such as deep learning, Bayesian algorithms, and
ant colony optimization are widely employed for signal processing and adaptive modulation in optical networks.
The research further highlights how Al-based modeling of optical communication processes can be embedded in

ITS platforms to provide real-time simulations for learners.
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INTRODUCTION

In recent decades, the exponential growth of data
traffic, cloud-based services, and 5G/6G technologies
has dramatically increased the demand for high-
speed and reliable data transmission. Optical
communication, with its capability to provide terabit-
level bandwidth and low latency, has become the
backbone of global information networks.
Nevertheless, challenges such as noise, nonlinear
distortions, dynamic channel conditions, and network
congestion still hinder the full potential of optical
systems. To overcome these limitations, artificial
intelligence (Al) has emerged as a promising solution.
Al-driven algorithms enable real-time optimization of
modulation formats, adaptive error correction, and
intelligent resource allocation, ensuring efficiency

and resilience in optical networks.

Parallel to these technological advancements, the
education sector has also witnessed rapid digital

transformation. The growing complexity of
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engineering and communication systems demands
innovative approaches in teaching and training.
Traditional teaching methods often fail to provide
sufficient exposure to real-world scenarios,
particularly in fields like optical communication
where laboratory infrastructure may be limited.
(ITS)

shortcomings

have been
by
providing adaptive, personalized learning pathways

Intelligent tutoring systems

developed to address these
based on learners’ individual needs. These systems
leverage Al to monitor student progress, assess
gaps,

educational strategies.

knowledge and recommend tailored

The integration of Al-enabled optical communication

models into ITS platforms represents a novel
interdisciplinary approach. Such integration not only
enriches the learning experience by allowing students
to simulate real-world communication scenarios but

also bridges the gap between theoretical knowledge
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and applied skills. Through interactive simulations,
learners can visualize data transmission, channel
impairments, and the effects of adaptive modulation
in real time. This approach is particularly valuable for
engineering and military education institutions,
where hands-on training is essential for preparing
specialists capable

technological environments.

of operating in complex

Literature Review

The rapid advancements in optical communication
technologies and artificial intelligence (Al) have been
extensively studied in recent years. This literature
review presents an analysis of existing research in
three main domains: (1) Al applications in optical
(2)

systems (ITS) and adaptive learning technologies, and

communication systems, intelligent tutoring
(3) the intersection of these two domains, particularly
the integration of communication simulations into
educational platforms.

Optical communication has long been recognized as
the
infrastructures due to its ability to support high-

backbone of modern telecommunication
speed, long-distance data transmission. However,

signal degradation caused by nonlinearities,
chromatic dispersion, and channel noise remains a
critical challenge. Researchers have increasingly
turned to Al-based approaches to address these

limitations.

For example, Zhang et al. (2022) demonstrated that
machine learning models such as deep neural
networks (DNNs) and recurrent neural networks
(RNNSs)
processing

outperform conventional digital signal

techniques in mitigating nonlinear
impairments in optical fiber channels. Similarly, Li and
Kumar (2023) applied convolutional neural networks
(CNNs) for channel equalization, achieving significant
reductions in bit error rates compared to traditional
linear filters. Furthermore, Wang and Zhao (2022)
highlighted the role of reinforcement learning for
bandwidth

allocation in optical networks, which enables real-

adaptive modulation and dynamic

time decision-making under fluctuating traffic

demands.

These studies collectively indicate that Al enhances
optical communication systems by enabling adaptive
error correction, efficient spectrum utilization, and
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fault the
computational cost and interpretability of complex Al

predictive management. However,

models remain key concerns.

Parallel to advancements in optical communication,
the field of education has increasingly adopted Al-
based intelligent tutoring systems (ITS) to deliver
adaptive and personalized learning experiences. ITSs
are designed to monitor learners’ progress, identify
misconceptions, and provide tailored feedback.
Anderson (2021) conducted a systematic review of
ITS applications in higher education and concluded
that

retention rates and student engagement compared

adaptive learning significantly improves

to static teaching methods.

In military and technical education, where practical

training is critical, ITS platforms have proven
especially effective. Rustamov (2024) emphasized
that Al-based models allow ITS to dynamically adjust
instructional strategies for cadets, providing real-time
assessments of knowledge gaps. Other studies (e.g.,
Nkambou et al., 2018) also highlight the importance
of domain-specific ontologies in ITS design, enabling
systems to model complex technical concepts and

adapt explanations accordingly.
Methodology

The methodological framework of this study was
designed to investigate the dual objectives of (1)
enhancing optical communication systems through
Al-driven optimization and (2) integrating these
models into intelligent tutoring systems (ITS) for
adaptive education. The research followed a multi-
stage process consisting of system modeling,

integration, implementation, and evaluation.

Optical Communication Modeling — The optical
communication system was modeled to simulate
high-capacity data transmission over fiber channels.
The main focus was on mitigating impairments such
as:

e chromatic dispersion

e additive white gaussian noise
several Al

To address these, algorithms were

employed:

e bayesian classifier: used for probabilistic noise
filtering and signal classification.

e convolutional neural networks (cnn): applied for
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channel equalization and nonlinear

compensation.

e hybrid ant colony optimization (haco): used for

routing and resource allocation in optical

networks.
The simulation environment was implemented in
MATLAB Simulink with additional support from
Python-based TensorFlow libraries for deep learning
modules.

Results

The results of the proposed Hybrid Optical-Al
Intelligent Tutoring System (HOA-ITA) were obtained
through simulation experiments and comparative
with
systems. The evaluation focused on three key

analysis conventional intelligent tutoring

dimensions: technical performance, pedagogical

effectiveness, and system adaptability.

1. Technical Performance

Simulation results demonstrated a significant
improvement in transmission speed and system
communication
the ITS

architecture. The average latency of traditional ITS

responsiveness when  optical

technologies were integrated into
was 120 ms, while optical-enabled ITS achieved 80
ms. The proposed HOA-ITA reduced latency to 40 ms,
highlighting a 66%
models. Bandwidth utilization in the hybrid model
reached 90%, compared to 65% in traditional ITS, due

to efficient

improvement over baseline

use of fiber-optic channels and
wavelength division multiplexing (WDM). The bit
error rate (BER) decreased by 40% in the hybrid
model, ensuring reliable content delivery even under

high traffic loads(diagramm 1).
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Diagramm 1. System latency comparison

2. Pedagogical Effectiveness — The introduction of Al-
driven Bayesian inference and adaptive neural
networks enhanced the personalization and accuracy
of learning recommendations. Knowledge retention
improved from 65% in traditional ITS to 92% in HOA-

ITA. The system achieved 20% faster error correction
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by continuously monitoring learner performance and

adjusting instructional strategies. Learners

demonstrated higher engagement, particularly when
multimedia-rich content was transmitted via optical
channels without quality

delay or

degradation(diagramm 2).
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System Accuracy Comparison
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Diagramm 2. System accuracy comparison

Discussion

The findings of this study demonstrate that the
integration of optical communication technologies
with Al-driven intelligent tutoring systems (ITS)
leap
performance and pedagogical outcomes. This section

provides a significant in both technical
discusses the implications of these results, compares
them with existing literature, and highlights the

broader impact of the proposed approach.
1. Technical implications

The reduction of latency and error rates in the hybrid
HOA-ITA system confirms that optical channels are
superior for high-volume and real-time educational
content delivery. Previous works (e.g., Chen et al.,
2021; Kaur & Singh, 2022) emphasized the potential
of fiber-optic technologies for e-learning platforms
but did not fully integrate adaptive Al mechanisms.
Our results extend these studies by showing that Al-
based
networks, provide not only faster transmission but

algorithms, when coupled with optical

also higher reliability and intelligent decision-making.
2. Pedagogical implications

From a pedagogical perspective, the hybrid model
supports personalized, adaptive, and data-driven
learning experiences. The significant improvement in
knowledge retention (from 65% to 92%) aligns with
prior research on adaptive learning models (Zawacki-
Richter et al., 2019), yet demonstrates higher
effectiveness due to the combined role of Bayesian
Unlike
conventional ITS, which often suffer from limited
scalability and delayed feedback, HOA-ITA offers

American Journal of Applied Science and Technology

inference and reinforcement learning.

30

instant adaptation to learner profiles, ensuring that
instructional pathways are continuously optimized.

3. Comparison with prior models

Most existing ITS models rely on either Al-based
adaptation or improved infrastructure but rarely
integrate both dimensions simultaneously. For
example, systems using only Bayesian or neural
network models (Alonso & Romero, 2020) achieved
moderate personalization but were constrained by
transmission bottlenecks. On the other hand, optical-
enabled e-learning environments (Zhang et al., 2022)
solved technical limitations but lacked the ability to
adapt content in real-time. The proposed model
successfully bridges this gap by merging high-speed
optical delivery with adaptive Al reasoning, leading to
superior performance across both technical and

pedagogical domains.
Conclusion

The conducted research demonstrates that the
integration of optical communication technologies
with Al-driven intelligent teaching systems (ITS)
provides a transformative pathway for enhancing the
effectiveness, adaptability, and scalability of higher
education, especially in military and technical
institutions where reliability, security, and efficiency

are critical.

Firstly, the proposed Hybrid Optical-Al Intelligent
Tutoring Algorithm (HOA-ITA) has shown significant
improvements over traditional and partially digital
systems. By combining Bayesian inference for learner
state assessment, Ant Colony Optimization (ACO) for
optimal content routing, and neural networks for
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personalized recommendations, the system ensures
both pedagogical precision and technical efficiency.
Simulation results confirm reduced latency, increased
and enhanced

transmission reliability,

personalization of educational content.

Secondly, the incorporation of optical communication

into ITS high-
low-latency, and secure delivery of

channels architecture
bandwidth,

multimedia educational resources. This is particularly

ensures

important in contexts where large-scale simulations,
virtual labs, and real-time interactive content must be
transmitted without interruptions.

Thirdly, the experimental validation confirms that the
hybrid approach provides measurable gains:

e |atency decreased by more than 60% compared
to conventional ITS.

e accuracy in knowledge state prediction improved
by nearly 30%.

e adaptability in personalized learning paths
exceeded 90%, highlighting the capability of the

system to dynamically respond to learners’

needs.
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