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Abstract: Due to its high dielectric strength and large bandwidth (BW), fiber optic communication hasfound primary
application in the design and construction of automated distribution systems. This paperpresents a comprehensive analysis of
optical fiber, dissecting its fundamentals, applications, and rootcauses in the development and deployment of fiber optic
cabling. This study details the prerequisitesand draws comparisons to optical fiber methods. Wireless communication and
broadcastingtechnologies have enabled the continuous global expansion of multinational corporations. In terms
oftechnological advancement, fiber-optic communication stands out as the most recent and cutting-edgeoption available. Since
then, the growing population has steadily increased the demand for BW incommunications. In order to motivate scientists
working in communication to seek out new options, everlarge BWs were required. Researchers in the field of communication
were scouring the globe for amedium of data transmission that was both wireless and minimal in loss, hoping to recover as
muchinformation as quickly as possible at the expense of quality. This unceasing exploration of potentialtransmission mediums
ultimately resulted in the advent of optical fiber. First, let's take a short glanceback at what's been said. Since the signals on the
several cables don't mix, there's no chance for anybackground noise to be gathered. Electrical interference does not affect fibers.
Due to the electric natureof unarmored fiber cables, they can effectively shield high-voltage communication devices, such
asthose found in power plants or in areas where metal communications are vulnerable to lightning. It canalso be employed in
environments where there is a risk of explosive gases without the need for any kindof ignition source. The tap-resistance of
these concentrated dual-core fibers is similar to that of electricalconnections, although it involves a more involved process (in
this case, fiber tapping). Fibers arecommonly used for short-distance connections between devices. Since most modern HDTVs
provide anoptical digital audio Input. Utilizing the TOSLINK standard, audio can be sent via optical fiber.
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INTRODUCTION

Optical fiber is a specific kind of cable that consists of many fibers. Protective plastic sheaths are wrapped
around each fiber individually. The number of organizations using OF has exploded recently. OFs are used
to send information as a beam of light between the two ends of a fiber. Different kinds of cables serve
different functions. Used in telecommunications, transportation, the military, space exploration, and
mechanical analysis. Optical fiber cables are typically used. [1]. The progress in fiber optics technology is
undeniably rapid. The optical fiber is drawn glass (silica) or plastic and has a little wider diameter than a
human hair. [1] The most effective means of communication is the transmission of light. It is becoming
increasingly common to use fiber optic communication, which allows the fiber to be transmitted across
greater distances and at a higher data rate than conventional electrical connections. The lower frequency of
the signals makes fibers more practical than metal cables. To carry light into or images out of confined
locations, fibers are often bundled in bundles, as in a fiberscope. Fiber optic sensors and fiber lasers are
only two examples of the many uses for purpose-built fibers. Since OFs can be easily shaped into cables,
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they are widely employed in the communication and computer networking industries. Infrared light has
substantially lower attenuation than electric lines through fiber, making it ideal for long-distance
communications. It enables communication across great distances with a modest number of repeaters. [3].
OF is a method of transmitting data using light waves via a long fiber consisting of plastic or glass. Metal
wires are preferred for transmission in optical fiber because they cause less harm to the signal. Optical
fibers are also immune to electromagnetic interference. A unique feature of OF cable is its ability to reflect
light entirely from within. It is the goal of fiber optics design to permit light to be distributed throughout the
optical fiber (OF) in a way that takes into account the need for both power and transmission distance. If
you need to send data over a long distance, use a synchronous multi-bit-rate (SMB) frame, whereas for
shorter distances, use a multi-bit-rate (MMF) frame. Protective cladding, such as copper coils, is essential
for these fibers to function properly [6].

Figure 1: Optical Fibers

Types of Optical Fibers

There is practicality linked with use of different types of optical fibers for communication. Engineers in the
field of communication or network workers tasked with the installation of an optical fiber infrastructure
must be well-informed and able to act swiftly. Optical fibers come in many varieties, each with its own set
of challenges and benefits in terms of price, features, reverse drawing, end system type (for example,
transceivers), and the knowledge and expertise required to deal with it. Knowing this allows you to make
well-informed decisions that satisfy your needs. Data transmission will, in the future, rely on light. Optical
fibers, which are like thin, transparent wires, are also used to transmit light from one location to another.
The primary reason for this is that light itself is a kind of wave. The behavior of electromagnetic waves can
be understood with the use of a theory called mode theory. In a simplified way, the mode theory groups
electromagnetic waves into distinct categories based on their frequency.

OFs forms, materials used and light propagation mode dependent on thermal conductivity.

Classification focuses on the index refractive the following:

·        Step Index Fibers: It includes core with a covering and has a single global refraction index.

·        Graded Index Fibers: OF refractive index reduces when the fiber axis increases radial distance.

Classification is based on the following materials:
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·        Plastic Optical Fibers: Polymethacrylate is use to transmit light as central material.

·        Glass Fibers: It is constructed of incredibly fine glass fibers.

The classification is based on the light emission mode as follows:

Single-Mode Fibers (SMFs):

This type of optical fiber only transmits one light mode, as the name suggests. In other words, it can only
accommodate one light wavelength throughout its length.

·        Up to 1310 nm or 1550 nm of this wavelength..

·        You could think it can't really transmit any more data. The single-mode variety of optical fiber has greater
bandwidth and lower loss than the multimode variety, but the latter is the more robust of the two. So, the
level of intensity is unrivaled.

·        Single-mode fibers are an important step following multimode ones. Multimode cables are a more recent
innovation. Small-core wires can only transmit in one direction.

·        That the diameter of the core is the same as the wavelength of the light being transmitted.

·        Only lasers are employed for the illumination. Only one mode of light can be transmitted by a fiber.

·        Some of these fibers are used to transport messages over great distances; their advantage is low attenuation
due to light's propagation in a single direction; their disadvantage is that they are difficult to couple.

Multimode Fibers (MMFs):

·        As name implies, such optical fibers can be moved along their axis by various modes of light.

·        They can do this in a thicker nucleon diameter to explain physically.

·        Light wavelengths in multimode fibers range from 850 nm to 1300 nm in the visible spectrum.

·        Wave reflection within multimode fiber takes place at various angles for each mode. Therefore, number of
reflections will vary based on these angles.

·        We can have a mode where the light passes without striking the core at all

·        We can have a slightly higher mode, which will travel with appropriate internal reflections.

·        Since the basis of optical fiber, communication is a total internal reflection, all modes with incident angles
that do not cause total internal reflection get absorbed by the cladding. As a result, losses are created.

All such fibers are used to transmit signals from a short distance.

·        Core propagation function & refractive index is used for 4 types of optical fibers as follows:

o    Graded Index-Single mode fibers
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o    Graded Index-Multimode fibers

o    Step Index-Multimode fibers

o    Step index-single mode fibers

·        Benefits of Communication

o    Thin & non-flammable

o    Cost-effective & economical

o    Less signal degradation

o    Flexible & lightweight

o    Less power consumption

Optic Fiber’s Applications

Optical fiber’s Applications are:

a)       Communication: It plays a role in the transmission of phone calls. Optical fusion devices (OFs)
release energy in the form of optical pulses. The technology is similar to coaxial cable, but optical
fibers can support many more conversations at once. It's not uncommon for us to struggle with
finding our voice and expressing ourselves clearly. With fiber optic, we can have crystal-clear
conversations.

b)      Medical Uses: OFs have many potential uses in the healthcare industry. Blood arteries, lungs, and
other hollow body components are used to create the ultrathin, flexible threads. The optical fiber
(OF) is used in some medical equipment to aid in non-invasive disease diagnosis.

c)       Simple Uses: Other than that, light propagation is by far the most prevalent application of OFs.
Therefore, it is entirely possible for bundles of numerous extremely thin fibers to transmit images so
long as they are properly collected and optically polished at both ends.

d )      Military & Space Application: The military has a significant need for OF. It provides both
increased signal bandwidth (BW) and robust signal protection. They can withstand the rigors of the
great outdoors thanks to their durability and low weight.

e)       Television: Since digital video can be sent more quickly and cheaply over copper wire, it is the
preferred method of transmission for over-the-air (OFT) television.

f)       Computer Network: With fiber optics, it's possible to send data and finished information from one
device to another across the globe without worrying about the data's or information's security.

g)       Transportation: Smart highways utilize the telemetry system with fiber optics for things like smart
street lights and automated tollbooths to keep things moving along smoothly and efficiently in times
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of high traffic and efficiency demands.

h)      Lighting and Decoration: Except for Christmas trees, signs, and artistic adornment, these are
typically used in the decorative industry. Display examples illustrated how OFs can be used in stores
to shine a single light source from a variety of directions.

Advantages of Optical Fiber

a)       Less Expensive: Optical cables of many miles may be complete less costly than comparable copper
cable lengths

b)      Increased capacity of carriage: Since OFs are thin; more fibers are integrated in to a cord of a
specified diameter than copper wires, allowing more telephone lines to enter cable via similar cable
or more television channels

c)       Less Signal Degradation: For OF, signal loss is slightly less than in Copper wire.

d)      Light Signals: Various fibers ' line signals do not impact similar cable. It means that telephone calls
via OF are easier.

e)       Digital Signals: The most suitable fibers for carrying digital signals in computer networks are OFs.

f)       Non-Flammable: Since OF cannot flow current, no fire hazard is so much at possibility.

g)       Lightweight and Thin: OF is thinner than cable with copper wiring. They are less than copper wire
cables in diameter as well as take up less space in the ground.

Disadvantages of Optical Fiber

a)       Price: OF is even more costly than copper wire, while sand is considerably less expensive on the
market than copper wire.

b)      Fragility: Fibers weaker than copper wires are resistant to strong pressure or attack.

c)       Affected by Chemicals: Different chemicals, like hydrogen gas (a problem in copper and OFs
underwater cables), can easily effect OF glass.

d)      Opaqueness: Despite large physical areas of military usage, most fibers are excluded from radiation
exposure.

e)       Requires Special Skills: OFs are not easily combined as additional training & copper cabling is
available.

Scaling Optical Fiber Networks: Challenges & Solutions

Major obstacles to the sustained cost-effectiveness of optical communications are presented by shifts in
consumer and machine-to-machine (M2M) network traffic demand. It will be necessary to increase optical
parallelism to meet these needs. Every single one of today's phone calls, message, movie download, and
Internet app or service uses photons that, at some point, go through a massive NW of OFs. OFs also
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connect the vast majority of cell towers, where the light from millions of mobile phones is transformed into
infrasound photons and sent on a high-powered backhaul into all-fiber networks (NWs), bridging not just
geographical distances but also linguistic and cultural ones. Many people rely on them. To make the most
of the expensive integrated OF network, WDM systems aim to cram as many optical signals into a single
fiber as is physically possible while yet staying within the bandwidth constraints of strategically-placed
optical amplifiers across the transmission field. However, the data spectral density (spectral effectiveness)
that can be transmitted by fibers of a given length must meet strict constraints, including basic restrictions
on amplifying noise and Kerr nonlinearity that lead to various types of signal distortions and practical
limitations arising from technical imperfections in transponders and optical amplifiers and from the
beginning of a catastrophe.

Wavelength-Division-Multiplexing (WDM)

With wavelength division multiplexing (WDM), traffic can be sent over several optical channels by
designating a single wavelength for each signal. Optical switching between wavelengths is possible at
every node in a WDM network. It makes it possible to build optical channels that span several fibers
directly, keeping the benefits of optical transmission over a single fiber intact. The transmitter and receiver
in a wavelength division multiplexing (WDM) system each have a multiplexer and a demultiplexer,
respectively, to facilitate transmission and isolation of wavelengths. One possible solution is to employ an
optical add-drop multiplexer, which can do both functions simultaneously. In the past, etalon devices were
used as optical filtering devices (thin-film optical glass interferometers, stable Fabry – Perot solid-state
single-frequency). Since "WDM" is one of three distinct forms of wavelength division multiplexing, it
should be noted as such whenever this technology is referenced. WDM systems were initially used in a lab
setting in 1980, while the concept had been published in 1978. In the beginning, WDM systems only
supported two signals. A modern system can support 160 signals, doubling the bandwidth of a single fiber
pair from 100Gb/s to nearly 16Tb/s. Because of the two limits that are applied to routing and wavelength
allocations, WDM systems are also widely used by internet service providers. At varying intensities,
wavelength conversion is possible. There are variations in the input and output port scenarios, and the
situation is more convoluted but mostly the same with numerous terminals. To accomplish a full
wavelength conversion, it is necessary to transform any wavelength into another. Each wavelength input
can be converted to a different wavelength set other than the wavelength set containing at least one input,
thanks to the reduced conversion of wavelength. One exceptional instance is the conversion of a fixed
wavelength, in which the input waves can all be converted to the same precise wavelength. If "conversion"
solely applies to each individual wavelength, then no conversion is possible.

CONCLUSION

In addition, there is limited information on how ring and star networks compare in terms of performance.
The potential for the development of optical ring networks is very promising. The suggestion to combine
two enhancements is an intriguing one. To develop a ring sub-network HPN that operates over a wider
range of wavelengths than the main HPN. In addition, the hybrid ring-star network offers a wide variety of
options for load or route balancing between any two pairs of source and destination nodes. A guideline for
WDM upgrading one-chain RPR networks will be developed by further investigation into the effects of
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advanced routing algorithms on the efficiency of a hybrid ring star network (resilient packet ring). The
name of this type of optical fiber alludes to the fact that it can only carry one mode of light. That is, it can
only transmit light of a single wavelength along its length. The typical range for this wavelength is between
1310 and 1550 nm. This makes it seem like it can't transfer as much info as it could otherwise. However,
single-mode optical fibers are preferable over multimode ones due to their higher bandwidth and lower loss
rates. Thus, no other method can compete with the speed. Single-mode fibers really followed the
development of multimode fibers. They're a newer technology than multimode wires. Because of the small
size of the cable's core, it can support just a single transmission mode. That is to say, the core's diameter is
about comparable in size to the wavelength of light traveling through it. No incandescent bulbs or
fluorescent tubes are used, only lasers. It's important to note that single-mode fibers don't use visible light.
Light's directional nature means it may be utilized for connections across greater distances with less
attenuation than alternative methods. The difficulty in coupling single-mode fibers is a major drawback of
this type of cable.

References

1. Dhanya, VV & Das, SK 2012, ‘QoS based light path provisioning and performance analysis in WDM
network’, International Conference on Computing, Electronics and Electrical Technologies, pp. 659-
662.

2. Ed, ME 2004, ‘Generalized multi-protocol label switching (GMPLS) architecture’, IETF, Internet Draft,
draft-ietf-ccamp-gmplsarchitecture07.txt.

3. Gagnaire, M, Koubaa, M & Puech, N 2007, ‘Network dimensioning under scheduled and random
lightpath demands in all-optical WDM networks’, IEEE Journal on Selected Areas in Communications,
vol. 25, no. 9, pp. 58-67.

4. Gao, S & Jia, X 2003, ‘An optimization model for placement of wavelength converters to minimize
blocking probability in WDM networks’, Journal of Lightwave Technology, vol.21, no.3, pp.684- 694.

5. Garg, G & Singhal, A 2012, ‘Investigation of various throughput improvement techniques in DWDM
optical networks’, International Journal of Advanced Research in Computer Science and Software
Engineering, vol. 2, no. 11, pp. 66-70.

6. Gerstel, O, Ramaswami, R, Galen, H & Sasaki 2000, ‘Cost-effective traffic grooming in WDM rings’,
IEEE/ACM Transactions on Networking, vol. 8, no. 5, pp. 618-630.

7. Golmie, N, Thomas, ND & Su, DH 2000, ‘A differentiated optical services model for WDM networks’,
IEEE Communications Magazine, vol. 14, pp. 68-73.

8. Hamad, A, Wu, T, Ahmed, E, Kamal, Arun K, Zhanz, SC 2006, ‘On multicasting in wavelength-routing
mesh networks’, The International Journal of Computer and Telecommunications Networking, vol. 50,
no. 16, pp. 3105-3164.

9. Ho, Q & Lee, M 2007, ‘A zone-based approach for scalable dynamic traffic grooming in large WDM

67

Journal of Advances in Science and Technology
Vol. 19, Issue No. 3, September-2022, ISSN 2230-9659

Vaibhav Jain, Dr. Girish Padhan www.ignited.in



mesh networks’, Journal of Lightwave Technology, vol. 25, no. 1, pp. 261-270.

10. Hu, JQ & Leida, B 2004, ‘Traffic grooming, routing and wavelength assignment in optical WDM mesh
networks’, IEEE Conference (INFOCOM).

11. Huang, C, Jia, X & Zhang, Y 2002, ‘A distributed routing and wavelength assignment algorithm for
real-time multicast in WDM networks’, Computer Communications, Vol. 25, no. 17, pp. 1527- 1535.

68

Journal of Advances in Science and Technology
Vol. 19, Issue No. 3, September-2022, ISSN 2230-9659

Vaibhav Jain, Dr. Girish Padhan www.ignited.in


	A Study of Efficient & Optimized Wave Network in Optical Fiber
	INTRODUCTION
	CONCLUSION
	References


