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Abstract. The vigorous development of network technology promotes the progress of
communication transmission technology, and the progress of communication transmission
technology also drives the development of network technology. Optical fiber communication
technology is widely used in communication industry because of its strong anti-interference ability,
fast transmission speed and large amount of information. With the explosive growth of network data
traffic in recent years, the transmission capacity of optical fiber communication has been
continuously improved, coherent optical communication technology has developed rapidly, the trend
of intelligence, grouping and broadband has become more and more obvious, and new photoelectric
devices have been continuously developed and used. Optical fiber communication technology is
undergoing tremendous changes and will become more important. In this paper, the application of
optical fiber communication transmission technology is discussed in detail, and an adaptive reverse
design method of integrated optical fiber communication system is proposed in order to promote the
rapid development of optical fiber communication transmission technology.
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1. Introduction

After entering the 21st century, information technology has been greatly developed, which constantly
promotes the informationization process of society and national economy. With the establishment of
high-speed information network, the position and function of optical fiber communication network
become more and more important [1]. Optical fiber communication is a high-speed data transmission
technology based on optical principle. It originated in the 1960s, when people began to realize that
light waves can propagate in materials such as glass or plastic, and have the characteristics of low
loss and high bandwidth [2]. This breakthrough laid the foundation for optical fiber communication.
The core component of optical fiber communication is optical fiber, which is composed of one or
more very fine glass or plastic fibers [3]. Optical signals are transmitted through the phenomenon of
total reflection in optical fiber without current. This makes optical fiber communication have the
characteristics of low energy consumption, high bandwidth, low delay and strong anti-interference
ability. In optical fiber communication system, optical signals are converted into digital signals for
transmission after modulation and demodulation. In the process of transmission, optical signals will
undergo some changes through physical phenomena such as diffraction, scattering and dispersion in
optical fibers [4]. In order to ensure the signal quality and reliability, optical fiber communication
system adopts many technologies to compensate these influences, such as optical amplifier, optical
fiber attenuation compensation, modulation and demodulation technology and so on. Optical fiber
communication is widely used. It plays an important role in telecommunications, Internet, data center,
mobile communication, cable TV, medical equipment and other fields [5]. With the continuous
development of technology, the transmission rate and capacity of optical fiber communication system
are constantly improved, which provides people with faster and more stable communication services.
Generally speaking, optical fiber communication, as a high-speed, long-distance and anti-interference
transmission technology, plays a vital role in information exchange and economic development in
modern society. It is an important infrastructure to promote scientific and technological progress and
global interconnection.
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With the rapid development of information technology and the popularity of Internet, optical fiber
communication system, as a transmission medium with high bandwidth and low loss, has become an
important infrastructure in modern communication field [6]. In order to meet the increasing demand
of data transmission, optical fiber communication system needs to have higher transmission rate,
longer transmission distance and more stable performance. However, designing an efficient and
reliable optical fiber communication system is a complex task. Traditional design methods are usually
based on predetermined rules and experiences, and often fail to fully consider the actual needs in
different application scenarios [7]. Therefore, researchers began to explore an adaptive reverse design
method to meet the needs of optical fiber communication systems in specific application scenarios.
The adaptive reverse design method of integrated optical fiber communication system is put forward
to solve the limitations of traditional design methods. This method puts the system requirements and
performance indicators at the core of the design, and realizes the reverse design and optimization of
the system through the modeling of optical fiber transmission characteristics, the design of adaptive
algorithm and the comprehensive application of system performance evaluation [8]. The adaptive
reverse design method under this background can not only better meet the requirements of optical
fiber communication systems in different application scenarios, but also improve the performance
and reliability of the system. At the same time, with the progress of science and technology and the
continuous optimization of algorithms, the adaptive reverse design method will provide more
possibilities for the development of optical fiber communication systems and promote the optical
fiber communication systems to be more widely used in the future.

2. Research Status and Challenges of Optical Fiber Communication System

2.1. Research Status of Optical Fiber Communication System

Optical fiber communication technology is a field of continuous development and innovation. With
the increasing demand for data, researchers have been working hard to improve the transmission rate
of optical fiber communication systems [9]. At present, we have achieved multi-Tbps optical fiber
transmission rate, and continue to explore higher-speed transmission technology. This includes using
new modulation and demodulation technology, multilevel modulation technology, multi-wavelength
transmission and other methods to expand transmission bandwidth. In order to meet the ever-
changing communication requirements, researchers have done a lot of work on the architecture and
topology design of optical fiber communication networks. Among them, emerging concepts such as
slicing technology of optical fiber network, elastic optical network (EON) and software-defined
optical network (SDON) have been widely concerned. The optimization of these architectures and
topologies can improve the flexibility, reliability and efficiency of the network. With the emphasis
on environmental protection and sustainable development, researchers are committed to reducing the
energy consumption of optical fiber communication systems and improving their energy-saving
efficiency. The current research includes developing low-power optoelectronic devices, optimizing
network management and resource utilization, and exploring new materials and components. With
the increasingly prominent information security issues, researchers have conducted in-depth research
on the security of optical fiber communication systems. This includes key distribution, quantum key
distribution and optical physical layer security in optical fiber communication to protect the security
and privacy of communication data. In addition to the traditional communication field, optical fiber
communication technology has also been widely expanded in emerging application fields [10]. For
example, in the medical field, optical fiber sensing technology can be used for real-time monitoring
and diagnosis; In the field of transportation, optical fiber communication technology can be used for
high-speed data transmission and safety monitoring of intelligent transportation systems. At present,
the research of optical fiber communication technology mainly focuses on improving transmission
rate, optimizing network architecture, reducing energy consumption, enhancing security, and
expanding in emerging application fields. These research efforts will further promote the
development and application of optical fiber communication technology to meet the growing demand
for data transmission and the needs of social development.
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2.2. Challenges Faced by Optical Fiber Communication Systems

Although the optical fiber communication system has achieved great success in many aspects, it still
faces some challenges. With the popularization of applications such as cloud computing, Internet of
Things and high-definition video, the capacity requirement of data transmission is increasing. In order
to meet this demand, it is necessary to further improve the transmission rate and capacity of optical
fiber communication system. However, improving the transmission rate may be limited by factors
such as modulation and demodulation technology and fiber nonlinearity. Optical signals transmitted
in optical fibers will be affected by attenuation and dispersion. Attenuation will lead to the decrease
of signal strength, while dispersion will lead to signal distortion and expansion. These problems pose
challenges to transmission quality and distance limitation. Therefore, it is necessary to find new
materials and technologies to reduce attenuation and dispersion effects. The deployment and
maintenance cost of optical fiber communication system is high, and it needs complicated equipment
and management. Especially when expanding the coverage and capacity of optical fiber networks,
cost and complexity may become a challenge. Therefore, it is necessary to find more economical and
simplified solutions to reduce costs and improve the manageability of the system.

With the increasing frequency and complexity of network attacks, optical fiber communication
systems are also facing the risk of security and privacy protection. Threats such as eavesdropping,
data tampering and hacking may pose potential threats to optical fiber communication systems.
Therefore, it is necessary to strengthen the security and privacy protection measures of optical fiber
communication. Although optical fiber communication has lower energy consumption than
traditional copper wire communication, it still needs a lot of power to support the operation of
equipment. With the continuous expansion and popularization of optical fiber communication, it still
has some pressure on energy consumption and environmental impact. Therefore, it is necessary to
consider the energy-saving and environmental protection strategies of optical fiber communication
systems. Optical fiber communication system still faces challenges in terms of increasing capacity
demand, signal attenuation and dispersion problems, cost complexity, security privacy and
environmental impact. However, through continuous research and innovation, we can overcome these
challenges and further promote the development and application of optical fiber communication
systems. The adaptive reverse design method of integrated optical fiber communication system is put
forward to solve the limitations of traditional design methods. This method puts the system
requirements and performance indicators at the core of the design, and realizes the reverse design and
optimization of the system through the modeling of optical fiber transmission characteristics, the
design of adaptive algorithm and the comprehensive application of system performance evaluation.

3. An Adaptive Reverse Design Method for Integrated Optical Fiber Communication
System

Optical fiber communication system consists of transmitter module, optical fiber transmission
medium, receiver module, signal processing module and network interconnection module, which
realizes the transmission, demodulation, processing and exchange of optical signals. Optical fiber
communication system is based on continuous time-varying waveform signal, which is often called
analog signal. In addition, the output of analog source can be converted into digital form, and there
are many advantages in sending analog signals by digital modulation. Such as signals transmitted
digitally, can better control fidelity. It is particularly important that in long-distance transmission, the
noise superimposed by analog signals will be accumulated with the periodic amplification of their
levels, while the digital signals can be regenerated to eliminate the influence of noise at each
regeneration node. In addition, the analog message signal may be highly redundant, and digital
processing can eliminate its redundancy before modulation to achieve the purpose of compressing
bandwidth. Fig. 1 shows the functional block diagram and basic modules of an optical fiber
communication system. These modules together constitute the basic structure of optical fiber
communication system, and realize the transmission, demodulation, processing and exchange of
optical signals from the sender to the receiver. According to the specific application requirements and
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performance requirements, each module may have different configurations and technical
implementation methods. By integrating and optimizing these modules, the optical fiber
communication system can realize high speed, large capacity and reliable data transmission.
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Figure 1. Basic components of optical fiber communication system

Adaptive reverse design method is a technology used in the design of optical fiber communication
system, which can automatically optimize the structure and parameters of the system for given
performance indicators and constraints. In the integrated optical fiber communication system, the
adaptive reverse design method can help to realize efficient, reliable and flexible system design. The
flow chart of adaptive reverse design method is shown in Figure 2. Firstly, the requirements of optical
fiber communication system are analyzed in detail, including transmission rate, capacity, distance,
reliability and other specific application requirements. These requirements will be the reference in
the design process. According to the results of demand analysis, appropriate performance parameters
are selected to describe the key characteristics of optical fiber communication system. Such as
transmission rate, bandwidth, signal-to-noise ratio, bit error rate, etc. These performance parameters
will be used for subsequent system design and optimization. According to the selected performance
parameters, the mathematical model of optical fiber communication system is established. The model
can be based on optical fiber transmission theory, modulation and demodulation technology, the
characteristics of key components such as optical amplifiers, noise and attenuation. Through model
simulation and optimization algorithm, the initial design is carried out. At this stage, computer-aided
design tools and algorithms can be used to optimize the performance indicators of the system, such
as maximizing the transmission rate and minimizing the bit error rate. According to the results of the
initial design, feedback and adjustment are made. Evaluate the feasibility and practical
implementation of the design scheme, and make adjustments for the problems of insufficient
performance or unsatisfactory requirements. After completing the design optimization, all
components are integrated into a complete optical fiber communication system. This includes the
selection and integration of key components such as optical fiber, optical amplifier, modem, optical
detector and signal processing. Verify and debug the integrated optical fiber communication system.
Through experimental test and performance evaluation, it is ensured that the system can run according
to the design requirements and achieve the expected performance indicators. According to the actual
application and feedback, the system is optimized and improved. This may involve parameter
adjustment, component replacement or other improvement measures to meet the changing needs and
technological development.
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Figure 2. Flow chart of adaptive reverse design

The above steps describe a typical adaptive reverse design method of integrated optical fiber
communication system. By combining theoretical model, simulation tools and experimental
verification, this method can help designers to efficiently design an optical fiber communication
system that meets specific requirements while considering multiple parameters and constraints.

4. Conclusion

Optical fiber communication system has become the infrastructure of modern communication, and
its application covers communication, Internet, radio and television, medical care, transportation and
other fields. The application of adaptive reverse design method will further improve the performance
and reliability of optical fiber communication system, meet the increasing communication demand
and promote the continuous innovation and development of optical fiber communication system. The
adaptive reverse design method of integrated optical fiber communication system has the advantages
of efficient performance optimization, meeting specific requirements, flexibility and adjustability,
promoting technical development and wide application prospects, which will play an important role
in the field of optical fiber communication and provide a faster, more stable and reliable data
transmission solution for modern communication. This method will play an increasingly important
role in the field of optical fiber communication and promote the further innovation and application of
optical fiber communication system.
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