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 Fiber optic systems are important telecommunication infrastructure for 

world-wide broadband networks. Wide bandwidth signal transmission with 

low delay is a key requirement in present day applications. Optical fibers 

provide enormous and unsurpassed transmission bandwidth with negligible 

latency, and are now the transmission medium of choice for long distance 

and high data rate transmission in telecommunication networks. This paper 

gives an overview of fiber optic communication systems including their key 

technologies, and also discusses their technological trend towards the next 

generation. 
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Introduction: 

The major driving force behind the widespread use 

of fiber optics communication is the high and rapidly 

increasing consumer and commercial demand for more 

telecommunication capacity and internet services, with 

fiber optic technology capable of providing the required 

information capacity (larger than both wireless 

connections and copper cable). Advances in technology 

have enabled more data to be conveyed through a single 

optical fiber over long distances. The transmission 

capacity in optical communication networks are 

significantly improved using wavelength division 

multiplexing. 

A desirable feature for future optical networks is 

the ability to process information entirely in the optical 

domain for the purpose of amplification, multiplexing, 

de-multiplexing, switching, filtering, and correlation, 

since optical signal processing is more efficient than 

electrical signal processing. 

Several new classes of optical communication 

networks are presently emerging. For example, Code 

Division Multiple Access networks using optical signal 

processing techniques have recently being introduced. 

Despite the associated benefits of utilizing optical 

fiber for communication (such as its high reliability 

over long distances, low attenuation, low interference, 

high security, very high information capacity, longer 

life span and ease of maintenance), research is still on 

going to further improve on the present fiber optics 

communication system, and also to solve some of the 

challenges facing it. Future optical communication 

systems are envisioned to be more robust than the 

present system.  

Basic Principles of Fiber Optic Communication: 

Fiber optic communication is a communication 

technology that uses light pulses to transfer information 

from one point to another through an optical fiber. The 

information transmitted is essentially digital 

information generated by telephone systems, cable 

television companies and computer systems. An optical 

fiber is a dielectric cylindrical wave guide made from 

low-loss materials, usually silicon dioxide. The Core of 

a the waveguide has a refractive index a little higher 

than that of the outer medium(cladding),so that light 

pulses is guided along the axis of the fiber by total  

internal refelection . 

Design of Communication system: 

Fiber optic communication systems consists of an 

optical transmitter to convert an electrical signal to an 

optical signal for transmission through the optical fiber, 

a cable containing several bundles of optical fibers, 

optical amplifiers to boost the power of the optical 
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signal, and an optical receiver to reconvert the received 

optical signal back to the original transmitted electrical 

signal. Figure 1 gives a simplified description of a basic 

fiber optic communication system. 

 

 

 

Figure: 1. Basic fiber optic communication system 

Future Trends in Fiber Optics Communication: 

Fiber optics communication is definitely the future 

of data communication. The evolution of fiber optic 

communication has been driven by advancement in 

technology and increased demand for fiber optic 

communication. It is expected to continue into the 

future, with the development of new and more 

advanced communication technology. Below are some 

of the envisioned future trends in fiber optic 

communication. 

A. All Optical Communication Networks:  

An all fiber optic communication is envisioned 

which will be completely in the optical domain, giving 

rise to an all optical communication network. In such 

networks, all signals will be processed in the optical 

domain, without any form of electrical manipulation. 

Presently, processing and switching of signals take 

place in the electrical domain, optical signals must first 

be converted to electrical signal before they can be 

processed, and routed to their destination. After the 

processing and routing, the signals are then re-

converted to optical signals, which are transmitted over 

long distances to their destination. This optical to 

electrical conversion, and vice versa, results in added 

latency on the network and thus is a limitation to 

achieving very high data rates. 

Another benefit of all optical networks is that there 

will not be any need to replace the electronics when 

data rate increases, since all signal processing and 

routing occurs in the optical domain. However, before 

this can become a reality, difficulties in optical routing, 

and wavelength switching has to be solved. Research is 

currently ongoing to find an effective solution to these 

difficulties. 

B. Multi – Terabit Optical Networks:  

Dense Wave Division Multiplexing (DWDM) 

paves the way for multi-terabit transmission. The 

world-wide need for increased bandwidth availability 

has led to the interest in developing multi-terabit optical 

networks. Presently, four terabit networks using 40Gb/s 

data rate combined with 100 DWDM channels exists. 

Researchers are looking at achieving even higher 

bandwidth with 100Gb/s. With the continuous 

reduction in the cost of fiber optic components, the 

availability of much greater bandwidth in the future is 

possible. 

C. Intelligent Optical Transmission Network:  

Presently, traditional optical networks are not able 

to adapt to the rapid growth of online data services due 

to the unpredictability of dynamic allocation of 

bandwidth, traditional optical networks rely mainly on 

manual configuration of network connectivity, which is 

time  consuming and unable to fully adapt to the 

demands of the modern network. Intelligent optical 

network is a future trend in optical network 

development. 

D. Ultra – Long Haul Optical Transmission:  

In the area of ultra-long haul optical transmission, 

the limitations imposed due to imperfections in the 

transmission medium are subject for research. 

Cancellation of dispersion effect has prompted 

researchers to study the potential benefits of soliton 

propagation. More understanding of the interactions 

between the electromagnetic light wave and the 

transmission medium is necessary to proceed towards 

an infrastructure with the most favorable conditions for 

a light pulse to propagate. 

E. Improvements in Laser Technology:  

Another future trend will be the extension of 

present semiconductor lasers to a wider variety of 

lasing wavelengths. Shorter wavelength lasers with 

very high output powers are of interest in some high 

density optical applications. Presently, laser sources 

which are spectrally shaped through chirp managing to 

compensate for chromatic dispersion are available. 

Chirp managing means that the laser is controlled such 

that it undergoes a sudden change in its wavelength 

when firing a pulse, such that the chromatic dispersion 

experienced by the pulse is reduced. There is need to 

develop instruments to be used to characterize such 

lasers. Also, single mode tunable lasers are of great 

importance for future coherent optical systems. These 

tunable lasers lase in a single longitudinal mode that 

can be tuned to a range of different frequencies. 

F. Laser Neural Network Nodes: 

The laser neural network is an effective option for 

the realization of optical network nodes. A dedicated 

hardware configuration working in the optical domain 

and the use of ultra-fast photonic sections is expected to 

further improve the capacity and speed of 
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telecommunication networks. As optical networks 

become more complex in the future, the use of optical 

laser neural nodes can be an effective solution. 

G. Polymer Optic Fibers: 

Polymer optical fibers offer many benefits when 

compared to other data communication solutions such 

as copper cables, wireless communication systems, and 

glass fiber. In comparison with glass optical fibers, 

polymer optical fibers provide an easy and less 

expensive processing of optical signals, and are more 

flexible for plug interconnections. The use of polymer 

optical fibers as the transmission media for aircrafts is 

presently under research by different Research and 

Development groups due to its benefits. The German 

Aerospace Center has concluded that “the use of 

Polymer Optical Fibers multimedia fibers appears to be 

possible for future aircraft applications. Also, in the 

future, polymer optical fibers will likely displace 

copper cables for the last mile connection from the 

telecommunication company’s last distribution box and 

the served end consumer. The future Gigabit Polymer 

Optical Fiber standard will be based on Tomlinson-

Harashima Precoding, Multilevel PAM Modulation, 

and Multilevel Coset Coding Modulation. 

H. High – Altitude Platforms:  

Presently, optical inter satellite links and orbit-to-

ground links exists, the latter suffering from 

unfavorable weather conditions. Current research 

explores optical communication to and from high 

altitude platforms. High altitude platforms are airships 

situated above the clouds at heights of 16 to 25Km, 

where the unfavorable atmospheric impact on a laser 

beam is less severe than directly above the ground. As 

shown in figure 4, optical links between high-altitude 

platforms, satellites and ground stations are expected to 

serve as broadband back-haul communication channels, 

if a high-altitude platform functions as a data relay 

station. 

 

Figure: 2. Optical Network Configurations 

I. Advancement in Network Configuration of 

Optical submarine systems:  

In order to improve the flexibility of network 

configuration in optical submarine communication 

systems, it is expected that the development of a 

technology for configuring the mesh network will be a 

step in the right direction .As shown in figure, while a 

ring network joins stations along a single ring, a mesh 

network connects stations directly. Presently most large 

scale optical submarine systems adopt the ring 

configuration.  

Conclusion:  

The fiber optics communications industry is an 

ever evolving one, the growth experienced by the 

industry has been enormous this past decade. There is 

still much work to be done to support the need for faster 

data rates, advanced switching techniques and more 

intelligent network architectures that can automatically 

change dynamically in response to traffic patterns and 

at the same time be cost efficient. The trend is expected 

to continue in the future as breakthroughs already 

attained in the laboratory will be extended to practical 

deployment thereby leading to a new generation in fiber 

optics communications 
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