
XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE 

A Review on Long-Distance Optical Fiber 

Communication 
 

Ramiz Salama, Chadi Altrjman, Sinem Alturjman 
  

Department of Computer Engineering, AI and Robitic Institute, Research Center for AI and IoT, 
Near East University, Nicosia, Mersin 10 – Turkey 

Department of Chemical Engineering, Waterloo University, ON N2L 3G1, Canada 

Artificial Intelligence, Software, and Information Systems Engineering AI and Robotics Institute, 

Near East University, Nicosia, Mersin10 

ramiz.salama@neu.edu.tr, cmfaltrjman@uwaterloo.ca, sinem.alturjman@neu.edu.tr 
 

Abstract—Information can be sent via optical fiber connection, which uses light waves to pass through tiny glass or plastic strands. 

These fibers are an extremely dependable and effective form of communication since they can send signals over great distances with little 

signal loss. With its fast data transfer rate, optical fiber communication offers a number of benefits, including the ability to send massive 

amounts of data quickly. Moreover, optical fibers are resistant to electromagnetic interference, which makes them a good option for 

sending sensitive data. Optical fibers come in various varieties, such as single-mode fibers that can only transmit one mode of light and 

multi-mode fibers that can transmit numerous modes of light. Numerous uses for these fibers exist, such as internet connectivity, cable 

television, and telecommunications.  Among other applications, optical fibers are utilized in industrial automation, military 

communication, and medical imaging. As the need for dependable and fast communication grows, optical fiber use is anticipated to 

continue expanding in the upcoming years. 
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I. INTRODUCTION  

The history of fiber optic communication dates back to the mid-19th century, when the British scientist John Tyndall demonstrated 
that light could be transmitted through a curved stream of water. However, it wasn't until the 1950s that the first practical application 
of fiber optic communication was developed. In the 1950s, researchers at Bell Labs developed a method for transmitting light through 
thin strands of glass, which they called "optical fibers." These fibers were able to transmit signals over long distances with minimal 
signal loss, making them a promising alter-native to traditional copper wires for telecommunications. In the 1970s, researchers began 
to develop ways to manufacture optical fibers on a large scale, and by the 1980s, fiber optic cables had become the standard for long-
distance telecommunica-tions. In the 1990s, the development of high-speed internet and the proliferation of the World Wide Web 
led to a significant increase in the use of fiber optic communica-tion [1-5].Today, fiber optic cables are used in a wide range of 
applications, including tele-communications, cable television, and internet connectivity. They are also used in medical imaging, 
military communication, and industrial automation, among other fields. The use of fiber optic communication is expected to continue 
to grow in the coming years as demand for high-speed and reliable communication increases.Machine learning and AI facilitators 
started to be part of our daily life and has signif-icant effects towards the rapid developments of the internet of things. One of the 
leading attempts in this field is the AI learning facilitator, Prof. DUX [6]. It is a novel AI facilitator that aims at personalizing the 
education process for learners and pro-vide the fastest and best quality of education in numerous fields. 

II. EASE OF USE EXTENT OF PAST WORK 

The use of optic fiber isn’t limited to communication only. It has proven to be very advantageous to other fields such as the medical 

industry. Optical fibers are used in a variety of medical applications, including [6-10]: 

•Medical imaging: Optical fibers are used in medical imaging techniques, such as endoscopy and laparoscopy, which allow doctors 

to visualize the inside of the body using a fiber optic camera. 

•Surgical instruments: Optical fibers are used in the design of surgical instruments, such as scalpels and forceps, to provide 

illumination during procedures. 

•Phototherapy: Optical fibers are used in phototherapy, a treatment that involves exposing the skin to specific wavelengths of light 

to improve certain skin conditions, such as acne and psoriasis. 

•Dental care: Optical fibers are used in dental care to provide illumination and to cure dental resins used in fillings and crowns. 
•Rehabilitation: Optical fibers are used in rehabilitation devices, such as exoskeletons and prosthetics, to provide sensory feedback 

and improve mobility. 

•Overall, the use of optical fibers in the medical industry has greatly improved diagnostic and treatment capabilities, and has led to 

the development of innovative medical devices and techniques. 
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III. COMMUNICATIONS ACROSS LONG DISTANCE VIA OPTICAL FIBER   

The main material used in optical fiber communication is glass or plastic. These materials are used to create thin strands of fiber 

that are capable of transmitting light signals over long distances [16-20]. The structure of an optical fiber is shown in the two figures 

below: 

 
Fig. 1. The structure of an optical fiber. 

 

Optical fibers can be classified by the number of modes. There are two main types in that classification: single-mode fibers and 

multi-mode fibers.  

•Single-mode fibers are made of pure glass or plastic and are capable of trans-mitting a single mode of light. They are used for 

long-distance communication and have a small diameter, typically between 8 and 10 micrometers. 
•Multi-mode fibers are made of glass or plastic with a higher refractive index and are capable of transmitting multiple modes of 

light. They have a larger diameter, typically between 50 and 100 micrometers, and are used for shorter-distance communication. 

The material used can classify the types of optic fiber used in communication: glass fiber or plastic fiber. The main difference 

between glass and plastic fibers in optical fiber communication is the material used to create the fiber. Glass fibers are made of 

silica, a type of glass, while plastic fibers are made of polymers, such as polyethylene or polycarbonate. 

There are a few key differences between glass and plastic fibers in terms of their properties and applications: 

O Refractive index: The refractive index of a material is a measure of how much it bends light. Glass fibers have a lower refractive 

index than plas-tic fibers, which means they are less efficient at bending light. This makes them more suitable for transmitting 

single modes of light over long dis-tances with minimal dispersion. Plastic fibers, on the other hand, have a higher refractive index, 

which makes them more efficient at bending light. This makes them more suitable for transmitting multiple modes of light over 

shorter distances. 
O Diameter: Glass fibers typically have a smaller diameter than plastic fi-bers, which makes them more flexible and easier to install 

in tight spaces. Plastic fibers, on the other hand, typically have a larger diameter, which makes them more rigid and less flexible. 

O Transmission loss: Glass fibers typically have lower transmission loss than plastic fibers, which means they are able to transmit 

signals over longer distances with less signal degradation. 

O Cost: Glass fibers are typically more expensive than plastic fibers due to the cost of the raw materials and the manufacturing 

process. 

In addition to the fiber itself, there are a number of other materials that are used in optical fiber communication systems, including: 

O Optical amplifiers: These devices use rare earth elements to amplify the strength of a signal, allowing it to be transmitted over 

longer distances. There are several types of optical amplifiers, including erbium-doped fi-ber amplifiers (EDFAs), which are used 

in long-haul communication sys-tems, and semiconductor optical amplifiers (SOAs), which are used in short-haul communication 

systems. 
O Modulators: These devices modulate the intensity or phase of a light wave to encode information onto it. There are several types 

of modula-tors, including intensity modulators, which vary the intensity of the light wave to encode information, and phase 

modulators, which vary the phase of the light wave to encode information. 

O Couplers: These devices combine or split optical signals. There are sev-eral types of couplers, including fiber optic couplers, 

which are used to combine or split signals on a single fiber, and waveguide couplers, which are used to combine or split signals on 

multiple fibers. 

O Splitters: These devices divide an incoming optical signal into two or more outputs. There are several types of splitters, including 

star splitters, which divide an incoming signal into multiple outputs, and tree splitters, which divide an incoming signal into a tree-

like structure. 

O Connectors: These devices allow two optical fibers to be mechanically joined together. There are several types of connectors, 

including single-fiber connectors, which are used to connect a single fiber to a device, and multi-fiber connectors, which are used 

to connect multiple fibers to a de-vice. 



IV. INSTALLATION 

Optical fiber cables are installed by first determining the route that the cable will take, after the cable has been installed, it is tested 

to ensure that it is functioning properly. 

 
Fig. 2. The major elements of an optic fiber communication are illustrated 

 
Generally, the installation follows this set of steps: 

•Planning and route selection: Before the installation can begin, the route that the cable will take must be planned and chosen. This 

may involve determining the best path for the cable to follow based on factors such as geography, terrain, and the locations of other 

infrastructure [21]. 

•Prepping the cable: Once the route has been determined, the cable is prepared for installation. This may involve stripping the 

protective coating from the fiber strands and splicing the fibers, together if multiple cables are needed. 

•Underground installation: If the cable is being installed underground, a trench must be dug along the planned route. The cable is 

then placed in the trench and covered with dirt or a protective conduit. 

•Aerial installation: If the cable is being installed above ground, it must be attached to poles using special brackets. The cable is 

then strung between the poles and secured in place. 

•Testing: After the cable has been installed, it is tested to ensure that it is functioning properly. This may involve sending a light 

signal through the fiber and measuring the signal strength at various points along the cable. 
•Connection: Finally, the cable is connected to the necessary equipment, such as repeaters or switches, to complete the insta llation 

process. This allows the fiber optic cable to be used for transmitting data and other information [22]. 

Overall, the process of installing optical fiber cables requires careful planning, attention to detail to ensure that the cable is properly 

installed, and functioning correctly.  The optic fiber cables installed may be used differently depending on the industry where it is 

installed. As seen previously, optic fiber communication is used in a wide range of fields. Here are some explanations on how it is 

used in each field: 

•Telecommunications: In the telecommunications industry, optical fiber cables are used to transmit voice, data, and video signals 

over long distances. These cables are often used to connect telephone exchanges, cell phone towers, and other communication 

infrastructure. For example, an optical fiber cable may be used to transmit a phone call from one city to another, or to connect a 

cell phone tower to a central office [23]. 

•Internet service providers: Optical fiber cables are used by internet service providers (ISPs) to provide high-speed internet access 
to homes and businesses. These cables are often used to connect central offices to neighborhood hubs, and can transmit data at 

much faster speeds than traditional copper cables. For example, an optical fiber cable may be used to connect a central office to a 

neighborhood hub, which in turn provides internet access to homes and businesses in that area. 

•Cable television: Optical fiber cables are also used in the cable television industry to transmit television signals and other video 

content. These cables are typically used to connect cable head ends to distribution hubs, and can transmit multiple channels of high-

definition video simultaneously. For example, an optical fiber cable may be used to transmit a television program from a cable 

headend to a distribution hub, which in turn sends the signal to individual homes via coaxial cables [24]. 

•Medical: Optical fibers are used in the medical field for a variety of purposes, such as illuminating body cavities during surgery 

and transmitting medical images. For example, an optical fiber may be used to transmit light into a body cavity during surgery, or 

to transmit an image from an endoscope to a monitor. 

•Military: Optical fiber cables are used by the military for secure communication and data transmission, as they are resistant to 

interference and difficult to tap. For example, an optical fiber cable may be used to transmit sensitive information between military 
bases or to connect military equipment on the battlefield [25]. 

 



There are a number of challenges that can be encountered when using optical fiber cables in different industries. Some specific 

examples of these challenges include: 

•Telecommunications: One challenge faced by the telecommunications industry is the cost of installing and maintaining optical 

fiber cables. These cables are more expensive to install than traditional copper cables, and can be difficult to repair if damaged. 

Additionally, telecommunications companies must continually upgrade their networks to keep up with demand for higher speeds 
and more data. 

•Internet service providers: Internet service providers (ISPs) also face the challenge of maintaining and upgrading their networks 

to keep up with demand for higher speeds and more data. They must also deal with issues such as interference and signal degradation 

over long distances, as well as the cost of installing and maintaining optical fiber cables. 

•Cable television: The cable television industry faces similar challenges in maintaining and upgrading their networks to keep up 

with demand for higher-quality video and more channels. They must also deal with issues such as signal degradation over long 

distances and the cost of installing and maintaining optical fiber cables. 

•Medical: In the medical field, one challenge faced when using optical fibers is the cost of the equipment and materials needed. 

Optical fibers and related equipment can be expensive, and replacing damaged fibers or equipment can be costly. Additionally,  

there are strict regulations and guidelines that must be followed when using optical fibers in medical applications. 

•Military: The military faces challenges such as maintaining secure communication and data transmission over long distances, as 

well as the cost of installing and maintaining optical fiber cables. Additionally, military equipment and infrastructure may be 
deployed in harsh or remote locations, which can make installation and maintenance more difficult. 

 

Overall, the challenges faced when using optical fiber cables in different industries can vary depending on the specific application 

and industry. However, the high cost and difficulty of installing and maintaining these cables is a common challenge faced by many 

industries. 

V. RESULTS AND DISCUSSION 

There are several advantages of using optical fiber communication, including: 

 

•High data transmission rate: Optical fibers have a high data transmission rate, allowing for the transmission of large amounts of 

data in a short period of time. 

•Immunity to electromagnetic interference: Optical fibers are immune to electromagnetic interference, making them a suitable 
choice for transmitting sensitive data. 

•Low signal loss: Optical fibers have low signal loss, allowing for the trans-mission of signals over long distances with minimal 

degradation. 

•Small size: Optical fibers are thin and flexible, making them easy to install and route through tight spaces. 

• Lightweight: Optical fibers are lightweight, making them easy to transport and handle. 

• Durability: Optical fibers are resistant to physical damage and can last for many years. 

• Versatility: Optical fibers can be used in a variety of applications, including telecommunications, cable television, and internet 

connectivity. They are al-so used in medical imaging, military communication, and industrial automation, among other fields. 

• Energy efficiency: Optical fibers require less power to transmit signals com-pared to traditional copper wire communication 

systems. 

• Cost: In the long term, optical fiber communication systems can be more cost-effective than traditional copper wire systems due 

to their low maintenance and replacement costs. 
• Security: Optical fibers are difficult to tap or intercept, making them a se-cure option for transmitting sensitive data. 

• Ease of installation: Optical fibers are easy to install and route through tight spaces, making them a suitable choice for challenging 

environments. 

• High capacity: Optical fibers have a high capacity for transmitting data, al-lowing for the simultaneous transmission of multiple 

signals. 

• Long lifespan: Optical fibers have a long lifespan and are resistant to physical damage, making them a reliable choice for long-

term use. 

• Ability to transmit over long distances: Optical fibers are capable of trans-mitting signals over long distances with minimal signal 

loss, making them a suitable choice for transmitting data over long distances. 

• Environmental benefits: Optical fibers do not emit electromagnetic radiation, making them a safer and more environmentally 

friendly option for communication. 
Overall, the use of optical fibers for communication offers a number of ad-vantages over traditional copper wire systems, including 

cost-effectiveness, security, ease of installation, high capacity, long lifespan, high data transmission rates, im-munity to interference, 

low signal loss, durability, and the ability to transmit over long distances.  

 

Nevertheless, optic fiber communication has some inconveniences or challenges associated with it. Here are some examples of it: 



• Initial cost: The initial cost of installing an optical fiber communication system can be high, as it requires specialized equipment 

and trained personnel. 

• Fragility: Optical fibers are thin and fragile, and can be damaged if they are bent or twisted too sharply. 

• Splicing: If an optical fiber needs to be repaired or a connection needs to be made, it must be spliced, which requires specialized 

equipment and trained personnel. 
• Limited flexibility: Optical fibers are not as flexible as traditional copper wire systems, and cannot be easily bent or shaped. 

• Limited availability: Optical fibers are not as widely available as traditional copper wire systems, and may not be a feasible option 

in some areas. 

• Maintenance: Optical fiber communication systems require regular maintenance to ensure they are functioning properly. This can 

be time-consuming and may require specialized equipment and trained personnel. 

• Distance limitations: While optical fibers are capable of transmitting signals over long distances, they can be affected by 

dispersion, which can limit the distance over which a signal can be transmitted. 

• Signal degradation: Optical fibers can experience signal degradation over time due to factors such as temperature fluctuations, 

humidity, and physical damage. 

• Compatibility issues: Optical fiber communication systems may not be compatible with older equipment or devices that are not 

equipped to handle optical signals. 

• Limited options for connector types: There are fewer options for connector types in optical fiber communication systems compared 
to traditional copper wire systems. 

VI. CONCLUSION 

Over the past ten years, the fiber optic communications sector has experienced enormous growth and is always evolving. There is 

still much effort to be done to meet the demand for higher data rates, more advanced switching techniques, and more intelligent 

network architectures that can dynamically adjust automatically in response to traffic patterns while being economically viable. It 

is expected that developments in the lab will soon find practical applications, leading to the development of a new generation of 

fiber optic communications. The advantages of use optical fibers for long-distance communication exceed the disadvantages, 

notwithstanding these difficulties. Because they require less maintenance and repair over time, optical fiber communication systems 

may prove to be more affordable in the long run than conventional copper wire systems.   They can broadcast many signals 

simultaneously and have a high data transmission capacity, making them secure due to their difficulty to tap or intercept. Optical 

fibers are a dependable option for long-term use since they are resilient to physical harm and have an extended lifespan. Overall, 
there are numerous benefits to using optical fibers for long-distance communication, such as fast data transfer speeds, immunity to 

interference, low signal loss, compact size, lightweight, durability, adaptability, and energy efficiency. Although using optical fibers 

has certain drawbacks, these are surpassed by the advantages, which make them an extremely reliable and efficient choice for long-

distance communication. 
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