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Abstract - Broad spectrum of optical wireless communication 
fulfills the requirements of high speed wireless communication 
which is the basic advantage of optical wireless communication 
over conventional wireless communication technologies. The 
advent of advancement in device processing technologies like 
micro- and nano-electromechanical systems decreasing size of 
wireless sensors day by day. This decrease in dimensions of 
sensors causes serious problem for battery storage capacity. We 
address this issue and propose a model of communication and 
recharging of Wireless Sensor Network (WSN) nodes 
simultaneously using passive optical communication which is a  
wireless network consisting of spatially distributed autonomous 
devices using sensors to monitor physical or environmental 
conditions. We propose both Line-of-Sight and Quasi-diffuse 
communication for this reason. There are a few situations where 
straight LOS is enhanced choice while at NLOS; the energy of a 
multispot Quasi-diffuse beam able to be utilized. In our replica we 
have used customized Corner Cube Retroreflector (CCR) and a 
recently proposed device Thin film Corner Cube Retroreflector 
(TCCR) for passive communication and recharging sensor end 
nodes. Such devices contain large approach of variety due to 
which they can provide communication facility to large areas. Our 
analysis shows that the proposed model could show better 
performance and significant increase in network life time. The 
broadcast using high bandwidth can switch vast quantity of 
information, which can be further improved by reduction in fibre 
losses, increase in data rates and distances, development of optical 
sources and detectors compatible with fibres. The recent 
development in the area of fibre optic communication as well as 
the advances in different fibre types and their property, optical 
sources, detectors, system limitations and applications are also 
discussed in the paper. 

Keywords: Optical Fibre, Communication field, ISI, Fibre optic, 
Single Mode Fiber. 

I. INTRODUCTION 

Optical fibers are widely used in fiber optic communications 
which permits transmission over longer distance and at 

higher bandwidths than other forms of communication. 
Optical transmission networks based on wavelength division 
multiplexing (WDM) architecture is dominating all the 
optical data transportation with bit rates exceeding several 
terabit per second rates to serve the ever increasing demand 
of Internet Protocol (IP) networks. Some of the main TCP/IP 
networking functions such as routing, add-drop multiplexing 
and demultiplexing and wavelength exchange, require being 
practical to summarize the IP packet requirements into the 
optical layer. The linear as well as the nonlinear 
characteristics of the optical fiber at higher bit rates, acutely 
limit the data transmission performance and it is therefore 
becoming necessary to develop approaches to improve 
regeneration of broadcast data. Tentative investigations have 
revealed a considerable development in this direction. These 
were based on compensation techniques, filtering, 
developing optimized line coding, and further dispensation 
of usual signal. In a communication structure, the receiver 
side BER may be affected by transmission channel noise, 
interference, distortion, bit management troubles, 
attenuation, wireless multipath fading, etc. The BER can be 
considered as an approximate estimate of the bit error 
probability which is the expectation value of the BER.  

II. BIT ERROR RATE AND SIGNAL-TO-NOISE RATIO 

A. Bit Error Rate 

In telecommunication transmission, the bit error rate (BER) 
is the percentage of bits that have errors relative to the total 
number of bits received in a transmission. For example, a 
transmission might have a BER 10-6, meaning is, out of 
1,000,000 bits transmitted, single bit was in error. The BER 
is an sign of how often data have to be retransmitted due to 
an error. Too high a BER may indicate that a slower data rate 
would actually improve overall transmission time for a given 
amount of transmitted data since the BER might be reduced, 
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lowering the number of packets that has to be present. The 
BER may be improved by choosing strong signal strength 
with a slow and robust modulation scheme or line coding 
scheme and by applying channel coding schemes such as 
redundant forward error correction codes [1]. The 
transmission BER is the number of detected bits that are 
incorrect before error improvement, separated by the whole 
number of transferred bits (counting redundant error codes). 
Normally the transmission BER is larger than the data BER. 
The data BER is exaggerated by the power of the forward 
error correction code. 

B. Signal to Noise Ratio 

Signal-to-noise ratio (SNR or S/N) is a measure of 
quantifying how much a signal has been dishonored by 
noise. It is distinct as the ratio of indication power to the 
noise power demeaning the signal. A ratio higher than 1:1 
indicates additional signal than noise. Even as SNR is 
usually quoted for electrical signals, which can be functional 
to any shape of signal such as isotope levels in an ice core or 
biochemical signaling between cells. In less technical terms, 
signal-to-noise ratio compares the level of a desired signal 
such as music to the level of background noise. The higher 
the ratio, the less obtrusive the environment noise is SNR is 
occasionally used informally refer to the ratio of useful 
information to false or irrelevant data in a conversation or 
exchange. The concepts of signal-to-noise ratio and dynamic 
range are closely related. Dynamic range measures the ratio 
between the greatest undistorted signal on a channel and the 
smallest detectable signal, which for most intention is the 
noise level. Signal-to-noise ratio measures the ratio between 
an arbitrary signal level and noise. 

III. RELATED WORK 

The need for economical and reliable transmission media 
with large information carrying capacity has been a 
motivating force in telecommunication research. The first 
fiber-optic communication systems developed in 1978 were 
able to transmit signals at 100 Mb/s using multimode fibers 
operating near 0.85 μm (repeater spacing of <10 km but 
sufficiently larger than the heritage coaxial system). This is 
followed by the introduction of the single-mode fiber which 
has propelled the system capacity to Gb/s with repeater 
spacing in excess of 50km with increase in the wavelength of 
system operation to 1.55 μm. The increased propagation 
distance allowed by lower fiber loss and the larger fiber 
scattering at 1.55 μm has recognized fiber spreading as the 
next obstruction to deal with. Several systems were 

developed with reduced dispersion which could operate in 
excess of 10 Gb/s with repeater spacing as large as 100 km 
[1].  

Fibre optic communication network has been primarily used 
for Distribution Automatic System (DAS) due to huge 
bandwidth and dielectric immunity. We have proposed a 
complex network, where WLANs are linked into a fibre optic 
network to expand DAS in distribution lines in cost effective 
manner [2].  

They have designed a DAS wireless bridge for proposed 
communication network using IEEE 802.11 a WLAN 
technology and feasibility checked experimentally in terms 
of effective transmission speed and sensitivity of signal 
received. They have analyzed optical back propagation 
(OBP) technique that utilized two highly non linear fibres to 
reimburse transmission fibre non-linear effects [3]. The 
emerging technologies for advancing the fibre optic data 
communication bandwidth for the next generation broadband 
networks. They have proposed a smart communication 
platform system (SCPS) based station to verify the aptitude 
of the system performance used to handle and support the 
communication network in disaster areas [5].  

The performance scrutiny of Spectral Phase Encoding optical 
code-division multiple-access scheme based on 
wavelength/time (W/T) codes and random phase codes [6]. 

IV. SINGLE MODE FIBRE 

Single mode optical fibers have already been one of the 
major transmission media for long distance communication, 
with extremely low wounded and high bandwidth. The 
nearly all important properties that influence system 
performance are fiber attenuation and dispersion. Attenuation 
limits the maximum distance while the dispersion of the 
optical pulse which travels along the fiber limits the 
information capacity of the fiber.  

Evaluating the performance of optical fiber communication 
systems using only analytical techniques is very difficult. For 
such cases it is essential to use computer aided techniques, 
like imitation, to learn the presentation of these systems. This 
paper presents a simulation using VC++ for testing the 
outputs of some of the optical communication components 
like amplifiers, and filters which has been used in single 
mode optical fiber systems for reimbursing the attenuation 
and dispersion caused by the long distance. 
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V. OPTICAL POWER 

Attenuation is the loss of optical power as light travels along 
the fiber. This loss or attenuation, in fiber depends on the 
wavelength of the light propagating within it. There are three 
main bandwidth 'windows' of interest in the attenuation 
spectrum of fiber. In the 1st window which ranges from 800-
900nm there is a good source of cheap silicon based sources 
and detectors. In the 2nd window which ranges from 1260-
1360nm there is a low fiber attenuation coupled with zero 
material dispersion. The 3rd window which ranges from 
1430-1580nm has its attenuation least amount. Naturally the 
communication industry use wavelengths in the 3rd window 
which coincides with the gain bandwidth of fiber amplifiers. 
Signal attenuation is defined as the ratio of the optical input 
power (Pi) to the optical output power (Po). Optical input 
power is the power injected into the fiber from an optical 
resource. Optical productivity power is the power established 
at the fiber end or optical detector. 

VI. INTER SYMBOL INTERFERENCE 

Light from a typical optical source will contain a finite 
spectrum. The different wavelength components in this 
spectrum will propagate at different speeds along the fiber 
eventually causing the pulse to increase. While the pulses 
extend to the amount where they 'collide' it causes 
uncovering problems at the receiver resulting in errors in 
transmission. This is called Inter Symbol Interference (ISI). 
Dispersion (sometimes called chromatic dispersion) is a 
limiting factor in fiber bandwidth, since shorter the pulses 
they are more susceptible to ISI, [9]. Dispersion spreads the 
optical pulse as it transmits along the fiber, as shown in 
figure (3). This spreading of the signal pulse reduces the 
system bandwidth or the information-carrying capacity of the 
fiber. Dispersion limits the transferring speed of the 
information. An error occurs when the receiver is unable to 
distinguish between input pulses caused by the spreading of 
every pulse, [10]. 

VII. FIELD OF COMMUNICATION 

Communication is playing a vital role in the life of human 
beings from the ancient time. The need to communicate 
creates a lot of advancement in communication system from 
time to time. Nowadays people are connected worldwide 
through different communication media. The method of these 
communication links could be space, air, surface or water. 
Satellite and underwater optical communication technologies 
are new advancements in this field. 

Satellite technology is a relatively fresh knowledge, whereas, 
the undersea optical technology is evolved over years and 
growing at a higher rate. The internet brings us data from 
around the world almost instantly. The information may 
come from any part of the globe and arrives at the place not 
from satellite but from cables that assemble on the bottom of 
the ocean. The earth’s continents are connected with a web 
of undersea fiber optic cables that joins the world’s 
population centers. Anyone who surfs the international web 
or makes international phone calls on other continents 
utilizes undersea fiber optic cables. The prospective of the 
optical fiber communication to offer high capacity, reduced 
circuit cost and compatibility with digital networks makes it 
very attractive for submarine system. Undersea fiber optic 
cables make the web worldwide. Modern cable systems 
installed till last year are capable of transmitting about 1000 
Gbps over each fiber pair. In this paper, the various aspects 
of the undersea optical telecommunication like methods to 
implement, advantages over existing communication 
arrangement, numerous design issues employing the 
optoelectronic mechanism and various environmental 
conditions; and various other applications have been 
conferred under various subsections, parameters, fiber 
reliability and fiber splicing. Factors of single mode fibers 
are chosen with a sight to meet numerous necessities at the 
wavelength of importance. These are small loss of main 
coated fiber, low incremental defeat due to cabling, low 
splice loss and low dispersion etc. For submarine 
applications, operating wavelength is likely to remain fixed 
during arrangement life. It is taken into thoughtfulness as it 
would be unprofitable to recover a scheme to improve it 
later. 

The usage of the single mode fiber at 1550nm and 1300nm 
reported that the strength of fused fibers with undamaged 
surfaces.  But there are several factors that put limitations to 
achieve such quality. These are fiber depiction temperature 
not enough high, airborne particles impinge on the hot fiber 
all through and inadequacies in fiber coatings. 

Fiber splicing is also one of the important aspects to be taken 
which is required both at the cable manufacturer’s plant and 
at sea during installation or repair. For each case there is a 
requirement for equipment capable of producing consistent, 
reliable, low loss splices by operators with average skills. 
During the consideration of development there are three 
components of connectors such as price, functionality and 
reliability to determine whether a connector is suitable for 
use. 
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The design and implementation of underwater optical 
communication system consists of transmitter, water 
channel, and receiver. The laser diode used as a transmitter at 
532nm wavelength in CW mode with 50 mw power. The 
receiver consists of photodiode detector and amplification 
circuit which transmits data from PC to another PC through 
water channel at diverse samples. The consequence shows 
the difference in the conventional signal at different tested 
water samples. 

Modern civil and military aircrafts require high-bandwidth 
data communication networks for on-board avionics systems. 
The communication requirements of these avionics systems 
can be broadly divided into two categories: in-flight 
communication, where communications originate and 
terminate at different systems on-board the aircraft, and 
remote communication, where communications take place 
between an on-board system and a system external to the 
aircraft, which may be a ground station, a satellite or another 
aircraft. Remote communications between an on-board 
system and a system external to the aircraft takes place on 
microwave and millimeter-wave radio-frequency (RF) 
communications channels while a separate RF 
communication network exists on-board aircrafts for this 
purpose. Current and future advances in digital data 
communication between an aircraft and the outside world 
will require high bandwidth on-board RF communication 
networks. RF systems with their interconnection network 
based on coaxial cables and waveguides increase the 
complexity of the communication network on board modern 
civil and military aircrafts with safety and reliability 
concerns due to electromagnetic interference (EMI) between 
the RF communication systems.  

VIII. FIBRE-OPTIC COMMUNICATION 

Fibre-optic communication systems can meet all the above 
challenges of modern avionics applications in an efficient 
and cost-effective manner.  In fact, a number of 
optoelectronic components for airborne applications which 
are capable of withstanding the adverse environmental 
conditions on-board an aircraft have already been developed. 
The goal of this paper is to develop optical network 
architectures which are simple, reliable, lightweight and 
capable of broadband communications, and capable of 
carrying RF signals in aircrafts. Presently, two different 
optical wavelength regions are used in modern optical 
networks. 

These wavelength regions are around 1300 and 1550 nm. For 
both these wavelengths, two methods can be used for fibre-
optic transmission: analog & digital. Analog signals are 
constantly varying signals where the exact waveform of the 
RF signals needs to be preserved while transmitting over a 
fibre-optic link. The analog fibre-optic systems are also 
called linear fibre-optic systems. The linear fibre-optic 
transmitter and the linear fibre-optic receiver should be 
extremely stable, linear, and should have a large dynamic 
range. 

These stringent requirements increase the cost of analog 
fibre-optic transmitters and receivers considerably. On the 
other hand, digital signals are composed of ones and zeros, 
and there is no need to preserve the exact waveform of the 
transmitted signal as long as the transmitted signal is not 
distorted to the extent that ones and zeroes cannot be 
distinguished from each other. For these reasons, digital 
fibre-optic communication equipment can perform well even 
when noise and distortion of the optical signal is present. 

IX. OPTICAL FIBRE 

An optical fiber is a dielectric cylindrical waveguide made 
from low-loss materials, usually silicon dioxide. The core of 
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 reflection. Fiber 
optic communication systems consist of an optical 
transmitter to convert the electrical signal to the 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 signal and an 
optical receiver to reconvert the received optical signal back 
to the original transmitted electrical signal.  

Optical fibers fall into two major categories, namely: 1. step 
index optical fiber, which includes single mode optical fiber 
and multimode optical fiber, 2. graded index optical fiber. 
Single mode step index optical fiber has a core diameter less 
than 10 micrometer and allows only one light path. 
Multimode step index optical fiber has a core diameter 
greater than or equal to 50 micrometer and allows several 
light paths which leads to modal dispersion. Graded index 
optical fibers have their core refractive index which 
gradually decreases farther from the centre of the core; this 
increased refraction at the core centre slows the speed of 
some light rays, thereby allowing all the light rays to reach 
the receiver at almost the same time, thereby reducing 
dispersion. Optical fiber was first developed in 1970 by 
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Corning Glass Works. At the same time, GaAs 
semiconductor lasers were also developed for transmitting 
light through the fiber optic cables. The first generation fiber 
optic system was developed in 1975 which used GaAs 
semiconductor lasers operating at a wavelength of 0.8μm and 
bit rate of 45Megabits/second with 10km repeater spacing. In 
the early 1980’s, the second generation of fiber optic 
communication was developed which used InGaAsP 
semiconductor lasers operating at a wavelength of 1.3μm. By 
1987, these fiber optic systems were operating at bit rates of 
upto 1.7 Gigabits/second on single mode fiber with 50km 
repeater spacing. 

The third generation of fiber optic communication operating 
at a wavelength of 1.55μm was developed in 1990. These 
systems were operating at a bit rate of up to 2.5 
Gigabits/second on a single longitudinal mode fiber with 
100km repeater spacing. The fourth generation of fiber optic 
systems made use of optical amplifiers as a replacement for 
repeaters and utilized Wavelength Division Multiplexing 
(WDM) to increase data rates. By 1996, transmission of over 
11,300km at a data rate of 5Gigabits/second had been 
demonstrated using submarine cables. 

The fifth generation fiber optic communication systems use 
the Dense Wave Division Multiplexing (DWDM) to further 
enhance data rates. As well the idea of optical solitons, which 
are pulses that can preserve their shape by counteracting the 
negative effects of dispersion is also being explored. All fiber 
optic communication is envisioned which will be completely 
in the optical domain, giving rise to all optical 
communication networks. In such networks, all signals will 
be processed in the optical domain without any form of 
electrical handling. Currently, processing & switching of 
signals take place in the electrical area, so that optical signals 
must be first converted to electrical signal then processed and 
routed to their destination. Then the signals are then 
reconverted 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 it is a limitation in achieving very high data 
rates. 

X. CONCLUSION 

Communication can be broadly defined as the transfer of 
information from one point to another point. While the data 
is to be conveying over whichever distance, the 
communication arrangement is typically necessary. Inside a 
communication structure the information convey is 

frequently achieved by superimposing or modulating the 
information on to an electromagnetic wave which act as a 
carrier for the information signal. Since the last two decades 
Free Space Optics (FSO) communication has become much 
interesting as an adjunct or alternative to radio frequency 
communication. The technology is useful where the physical 
connections are impractical due to high costs or other 
considerations. FSO is an optical technology which requires 
no spectrum licensing with other users and provides secure 
transmission. The FSO technology is capable of providing 
much higher bandwidth than any other competing wireless 
solutions. BER of the received data increases when the path 
length and data rate is increased. In other case it has been 
observed that BER of the received data increases when the 
path length increases, also increases when divergence angle 
increases and Q factor decreases with increase in distance 
and divergence angle. The extensive studies in modeling fog 
and simulating FSO attenuations reveal the complexity 
behind the estimation of FSO link availability in a given 
geographical location. This focused the impact of 
transmission power and attenuation in FSO communication 
system. 
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