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1. INTRODUCTION

Over the last two decades, a rising focus has been put below-sea-level network connectivity,
whether it's for military, data analysis, or marketing reasons. While the first technologies Underwater
networks were set to reach for more complicated structures based on simple point-to-point links that can
provide services such as speech transmission between divers and unmanned underwater vehicles, such as
regulating the ocean environment, mapping the pacific ocean, and sensing [1]. Due to the high attenuation of
acoustics was already highly recommended as an external unit when radio-frequency (RF) signals became
transmitted via the water. Acoustic signals can travel thousands of miles (kilometers), but they'd need low
data rates to use it given the significant attenuation as frequency falls. Frequency-dependent attenuation, low
sound speed, half-duplex mode of operation, time-varying multipath propagation, and potential risks to
marine mammals are some of the inherent characteristics that inhibit the potential use of acoustic technology
for high-bandwidth and long-range subsea network deployments [2,3]. Optical wireless has been considered
as a promising technology for real-time communications underwater. Optical phones High data rates with
low latency can indeed be done by cutting in the blue/green spectrum region, where absorption is weakest
relative to other wavelengths can be obtained. Furthermore, optical signals move faster via water than
acoustic signals. Several reports on underwater optical wireless communications (WC) have been conducted
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in open academic papers. The main elements of the U - OWC channel were described in [4]. Some of the
process tradeoffs that should be contemplated by u OWC designers are also described. To model the U -
OWC channel, The vector radiative transfer method, which takes into account magnification and multiple
scattering effects [5], was used. Cochenour et al. [6] evaluated multiple scattering special effects in the lab
then double the results.

As compared to wired and wireless communications in the field, underwater wireless
communications present new and distinct difficulties, requiring sophisticated communications networks even
over short distances, to reach a relatively low data speed Indeed, the bioluminescent bay is amazing seems to
have a set of specific attributes that differentiate itself apart from terrestrial radio message, where typical
communication systems were being used. To name a few, everyone is affected by salinity concentration,
stress, temperature, amount of light, winds, and their effects on waves are all factors to take into account that
can affect communications under water [8,9].

Despite the difficulties, wireless communications are proved popular in operational underwater
systems. Qil and gas exploration, coastal safety, environmental impact surveillance, navigation, and ocean
pollution protection are only a few cases, help monitor different phenomena in the underwater environment
[10]. Data transmission amongst AUV (autonomous underwater vehicle) to AUV and buoy to AUV are a few
of the devices that can be used with wireless connections. Moreover, an entire underwater wireless
communication network could be developed be deployed using moving devices, AUVSs, oceanic plates
sensors or processing towers, submarines, or ships in a variety of components. Despite numerous
opportunities, there are few off-the-shelf solutions for healthy and commercially viable underwater wireless
communications, a condition that is subject to fluctuate as costs skyrocket.

The below figure 1. shows the CDMA structure. In this CDMA, the base station is connected to
PSTN\ ISDN. And the mobile switching center is connected with the home location register, visitor location
register, equipment identity register, and authentication center.
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Figure 1. Structure of CDMA

For underwater wireless transmissions, three key technologies are available. Radio-frequency (RF)
communication is one more technology, which has a high data throughput over a limited duration and suffers
from a minor doppler effect. Optical transmission, particularly in the blue-green wavelength range, would be
another technique that utilizes line-of-sight positioning. Acoustic communication is another, and the most
frequently used technology. This technology allows for the widest Even then, it has a poor throughput, is
affected by doppler effectsl, and has a slight delay spread, due to extreme inter symbol interference. In all of
these technologies, it's crucial to take into account the cost of adopting a data throughput objective for a given
communication range, as well as the relative transmission range capacity which may be usable cause
ecological consequences like a conflict with marine life.

Water contained three of the seafloor. For thousands of years, humans have been exploring the
ocean. With the rise of global climate change and the destruction of forest products in recent years, there has
been an attractive increase in the theoretical perspective of ocean exploration. Underwater wireless
communication (UWC) technology can quickly locate ocean exploration structures more rapidly, but it's
becoming incredibly popular as a trend. Radio-frequency (RF) waves, for example, are wireless carriers, are
also used to transmit data in a cheap water supply. Even though RF and acoustic methods have limited
bandwidth and there is an increasing potential for growth Underwater wireless optical communication
(UWOC) has emerged as an effective and feasible solution for underwater data transmission. Based on the
reference specifications between nodes in UWSNs, UWOC can be divided into four categories: 1) line-of-
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sight (LOS) configuration in point to point, 2) diffuse LOS configuration, 3) retro reflector-based LOS
configuration and 4) non-line-of-sight (NLOS) configuration.

The most typically used relation specification is LOS (line of sight) from one point to another. In
point-to-point connectivity The receiver in a LOS reporting models the light beam in the direction of the
transmitter in UWOC. And since LOS UWOCS point-to-point information exchange, UWOC solutions use
light sources with a narrow divergence angle, such as photons, and precise pointing between the transmitter
and receiver is needed. In turbid or turbulent water environments, where the transmitter and receiver are non-
stationary nodes, such as AUVs and ROVs, this requirement could affect the accuracy of UWOC systems.
diffused light sources with major divergence angles, such as high-power light-emitting diodes, have been
used to broadcast UWOC from one node to multiple nodes (LEDSs), are used in a LOS layout with a diffused
effect. The method of broadcasting would minimize the need for precise pointing. However, because of its
broad water interaction field, the diffused-light centered relation suffers from aquatic attenuation as compared
to the point-to-point LOS setup. The 2 major drawbacks of this configuration are the relatively short
interaction distances and lower data rates.

Although it is sensitive to frequency-selective fading, The most promising physical layer and
multiple access techniques for UW-ASNs is a code division multiple access (CDMA). ii) penalizes for
multipath at the receiver via Rake detectors, which can absorb the transmitted energy scattered over multiple
rays [7], and iii) aids receivers in separating around signals transmitted by multiple channels at the same time.
CDMA increases channel reuse and lowers packet retransmissions for these reasons, reduction of energy
consumption and higher network throughput.

Code Division Multiple Access (CDMA) or Carrier Sense Multiple Access (CSMA) (CDMA) is the
most specific MAC solution (CDMA). Because of the narrow bandwidth in underwater acoustic (UW-A)
channels and the weakness of low band systems to fading and multipath, frequency division multiple access
(FDMA) is not optimal for UW-ASNs. Furthermore, because of the long time guards necessary Time-
division multiple access (TDMA) has a low data output in UW-A channels. Also, the variable delay makes
accurate coordination with a typical timing reference incredibly hard.

2. LITERATURE SURVEY

Zeng, Z [11] explained that underwater wireless communication is the sending of data by In an
unguided coastal aquifer, wireless carriers such as radio-frequency (RF) frequencies, charged particles, and
optical waves are often used. They will explore UWOC is aviation for underwater wireless optical
communication, which uses optical beams as transmission carriers in this review. UWOC has a much higher
transmission bandwidth than any of its RF and acoustic counterparts, resulted in a much higher data rate.
UWOC has received much interest in recent years with its high-speed transmission advantage. Environmental
protection, offshore development, disaster mitigation, and military operations are only a few of the potential
applications for UWOC systems. However, the underwater channel triggers major absorption and scattering
in UWOC systems. Several new app analysis techniques, In an attempt to face these technological issues,
techniques that are distinct from typical in recent years, terrestrial free-space optical communication has been
examined. They are grouped into four categories: channel characterization, modulation, and coding
techniques, and UWOC implementations, including one that contains a thorough description of the position
in UWOC research in use.

According to author Vavoulas, A, et al.., [12] described that optical wireless has been considered in
this section as a promising purpose of accessing high-bandwidth underwater communications However,
because of all the significant concentrations of absorption and scattering, water seems to have a large
attenuation of optical transmission limit the achievable range of optical links to just a few meters. A dense
network design, where only data is communicated through a series of intermediate nodes serving as relays, is
one way to achieve long-distance transmission. In this study, they look at optical wireless network
arrangements in which only nodes drift at large points in a forum with aquatic product We used an
appropriate path loss model that quantifies the minor factors that reduce input signal, as well as intensity-
modulation direct detection (IM/DD) with ON-OFF keying (OOK) to estimate the achievable transmission
range to fulfill information needs. To achieve -connectivity, a compilation to show the range of numerical
results is created by the interaction of various parameters such as error probability, wavelength, node density,
power flow, and data rate proposed, and so on. The current study could pave the basis for the implementation
of reliable and consistent underwater optical networks aim at supporting broadband services over vast
periods.

Uysal, M., Capponi, C., Ghassemlooy, Z., Boucouvalas, A., & Udvary, E [13] explained that the
smart grid optical wireless connections can use the infrared, visible, or ultraviolet bands (OWC). Due to its
high features such as high bandwidth, low cost, and operation in an unregulated spectrum, OWC can be a
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serious alternative to alternative to current wireless technologies in some applications. It is one of the most
interesting new scientific fields, with substantial potential for high-impact outcomes that will shake up the
telecommunications industry, which is predominantly powered by radiofrequency (RF) technologies In this
article, we include an overview of OWC, describing its many disadvantages and application of uses.

Swathi, P., & Prince, S [14] described that there are several issues to address when building an
underwater optical wireless device. Electromagnetic waves are a great candidate since the ultrasound and RF
are significantly diminished in the water channel. However, the wavelength preferred is decided by the
characteristics of the water. Moreover, when creating an optical transmitter system, a better modulation
scheme must be explored. This study states how the quality of an optical wireless communication network
depends on the amount of water present, the wavelength, the sensitivity of the photon detector, and the
modulation technique deployed, supporting the successful implementation underwater wireless optical
communication system. When a PIN and an avalanche photodiode are used at the receiver, on-off keying is
becoming more efficient, pulse position modulation, and differential PPM for different water types.

According to author Roumelas, G. D., Nistazakis, H. E., Stassinakis, A. N., Volos, C. K., &
Tsigopoulos, A. D [15] explained that the development and adoption of new communication technologies are
necessitated by the use of redundant communication systems in the underground city. Optical wireless
communications are one such technology, which could provide enhanced download speeds, essentially
limitless bandwidth, and incredibly fast enforce for real-time, secure underwater communications. The
quality and optical density of seawater, from the other end, inhibit communication between the transmitter
and receiver, and a slew of other power on the part reduces the efficiency of underwater optical wireless
communication (UOWC) systems. The results of chromatic dispersion and time jitter are studied in this
document. Chromatic dispersion leads the pulse to widen or narrow in time, thus time jitter making the
receiver's detection task more difficult. As a result, the bearing of the initial chirp on the role of chromatic
dispersion on the broadening of the optical pulse is investigated. Furthermore, influence jitter is assumed, and
a mathematical expression for the frequency of a de is produced for the first time to our knowledge,
considering the effect of each of the above-mentioned consequences for a UOWC model. Finally, the
requisite range of alternatives is identified.

Gussen, C. M, et al[16] described that the intensified removal of organic resources underwater,
specifically in the sea, has calibrated technological developments in areas such as environmental monitoring,
oil and gas exploration, and warfare, to list a few. Underwater wireless communications play an important
role in several of these domains, through available technologies focusing on acoustic, optical, and
radiofrequency transmissions. This research analyzes essential tenets of these communication technologies,
placing their technological implications, previous researches challenges, and incredible talent into
perspective.

According to author Nguyen, C. T., et al.. [17] explained that the UOWC (underwater optical
wireless communication) is a result of direct data transmission that occurs underwater platform that can
support the theory of the internet of underwater activities (loT). Physical factors in the underwater
environment, especially medium access control, can have a major impact on UOWC-based 10T network
performance (MAC). However, there are very few studies in the literature on MAC performance
development and evaluation. In this paper, we evaluate the influence of UOWCPHY on the reliability of
Slotted ALOHA-based MAC to use transmission errors in a PHY/MAC cross-layer study. To increase
productivity, they propose permitting frame retransmission in the appropriate amount of retransmissions is
inspected in a slotted ALOHA project. Simulation results show that frame transmission can increase MAC
work efficiency. The reliability of four theoretical derivations for the cross-layer analysis of both the
PHY/MAC is also demonstrated by the Monte Carlo simulation.

According to author Johnson, L., Green, R., & Leeson, M [18] described that the models of
underwater streams for optical wireless communication have also been assembled. The material is provided
in this chapter. Among the inherent optical properties, vector radiative transfer theory with the small-angle
analytical solution, and numerical solutions of the vector radiative transfer equation are all models that have
already been considered (Monte Carlo, discrete ordinates, and invariant embedding). Variable refractive
index and composition, as well as Digital modulation, is demonstrated in the background light, that advanced
models must account for. The capability of models to model transmitted power and the spatial and temporal
distributions of light from a transmitter over a massive area is evaluated. Yet they have a longer computation
error than other methods, Monte Carlo numerical methods are the most versatile. The most versatile
numerical methods are Monte Carlo methods, but they have a long calculation time and thus more errors than
other methods.

Gabriel, C., et al.. [19] explained that the use of different intensity techniques for underwater
wireless optical communication modulation systems and to match their expenses, relevant situation variables
must be factored. When a PIN or an avalanche photodiode is used at the receiver, they measure the efficiency
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of on-off keying, pulse direction modulation, pulse width modulation, and electronic pulse interval
modulation. When determining they consider the suitability of these modulation techniques for the
underwater optical channel major challenges.

According to author Al-Kinani, A, et al.,[20] explained that, since light, notably in the blue/green
region, underwater wireless optical communication has been used to build a connection between mobile
vehicles and/or fixed nodes, and it allows for better speeds than acoustic or electromagnetic waves
throughout moderate distances. The proposed work aims to pave the way for dispersing in shallow,
freshwater, and inland water in moderate/limited areas, optical interaction in a densely fixed underwater
wireless sensor network for multiple things such as control and surveillance. Our research aims to use current
terrestrial technologies to target the interface. The responsibility to measure components with a high data
rate, low cost and tiny footprint piques excitement in using light impulse for communication. The following
is a brief description of the system's overall vision: an HDL implementation of compact modules for optical
communication management (based on IEEE 802.15.4 and IEEE 802.11 requirements) that target the
interface with current terrestrial technology for wireless sensor networks; design and implementation of
circuits for underwater optical point-to-point and planar communication (based on IEEE 802.15.4 and IEEE
802.11 requirements) that target the interface with current terrestrial technology for wireless sensor networks
requirements).

The early reports and design systems are discussed, but also possible problems. Broadband wireless
systems that use optical wireless communications are described as optical carriers in the electromagnetic
spectrum's infrared, visible light, and ultraviolet bands (OWCs). A comprehensive examination and accurate
prediction of link performance are necessary for OWC link design and performance review performance are
required. As a response, for the OWC link design, easy and timely channel trends are useful. This paper
begins with a basic review of OWCs. It also needs to take into account OWC channel scenarios and tradeoffs
between the optical carrier, range, mobility, and power quality. Parallel to this, the key optical channel
characteristics that reduce the effectiveness of the OWC reference are explored. The most powerful OWCs
channel measurement campaigns and channel models are investigated thoroughly, with a concentration on
wireless infrared and visible light communications. The computation speed, complexity, and accuracy of
OWTC's channel models are compared. The survey considers communication environments such as indoor,
outside, underground, and from below the surface. Finally, future OWCs channel measurements and models
study is explored.

3. PROPOSED SYSTEM

From a physics viewpoint, seawater is highly conductive for cellular operators, TV, radio, and
satellite communications frequency ranges, creating a great challenge to electromagnetic wave propagation.
As a result, developing contact links in the ocean for distances up to 10 meters it is harder to interact in the
VHF and UHF frequency ranges (VHF and UHF, respectively), such as at high frequencies. The
electromagnetic-wave attenuation may well be considered low enough at lower frequencies, such as extreme
and very-low radio frequencies (ELF and VLF, respectively), to enable the delivery connectivity over lengthy
ranges The frequency ranges of 3 Hz to 3 kHz and 3 kHz to 30 kHz, although, are unable to tolerate high
speeds rate transmissions. Communication in the ELF and VLF frequency ranges, considering their presence
in naval and environmental applications, present operational and financial obstacles challenges due to the
huge, costly, and high-power equipment.

Underwater RF signals now have the authority to travel across different paths: they can migrate
through the seabed and cross the water-air boundary. In many other cases, many paths are used to expand in
shallow water, optical signal distances were shorter, but this includes a submerged station to work with an
onshore station. A signal that extends across the seabed rather than through the air in this case can undergo
less attenuation than one that communicates only through water. The RF signal is often prone to the doppler
effect in addition to these attributes. This channel factor must be noticed and held in mind as it's not as visible
as in the acoustic case properly handled.

The RF signal's propagation is frequency-dependent and is influenced by environmental such as
salinity and temperature. Let (c) represent the channel attenuation per degree, which has in seawater has a
typical model of

B(c) = VrQoo 1pf = pVpf 1)

where f is the frequency of the RF (carrier) signal in hertz, is the water conductivity in Siemens per
panel, and = 4 107 H/m is the vacuum permeability in hertz Seawater has conductivity to about 4.3 S/m,
although freshwater has a conductivity of S/m range from 0.001 to 0.01. As a rule, due to the higher
conductivity of seawater, RF signal attenuation could've been stronger in seawater than in freshwater showed
a larger effect on incident electromagnetic attenuation. The permeabilities of freshwater and seawater are
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now almost similar. The similar conductivity values demonstrate the role of salinity in RF signal propagation.
As a result, the salinity of the water is the most important thing to consider when establishing the wireless
channel for RF transmission. The following is a description of a channel model transfer function:

H(f) - Koefu(ﬂde*je(k) (2)

Ky is the (d) is the distance between the transmitter and the receiver, (f) is the DC channel gain, and
(f) is the channel phase. For a subsequent part, the channel magnitude response decreases exponentially
current. For all distances and frequencies, the attenuation of seawater is sometimes larger than that of
freshwater. Thirdly, for all water types, lower frequency and distance resulted in less attenuation. Because of
the simplistic plane-wave mode, the spreading loss is not substituted by the channel model in equation (2).
Moreover, because of the high conductivity of the medium, the attenuation loss will dominate the spreading
loss even if we used a spherical wave model: First there grows exponentially as the propagation distance
grows because the second rises proportionally as the propagation distance grows. This cause of attenuation,
in particular, outranks all other losses that occur in operation. The below table 1. shows the frequency of
seawater and freshwater.

Table 1. Frequency of seawater and freshwater

Frequency(Hz)

10t 10° 10° 10* 10° 10° 10’ 108 10° 10%°

Seawater | 3.2*10 | 5.3*10 | 7.4*10 | 1.7*10" | 5.6*10 | 3.7*10 | 2.4*10 | 4.3*10 | 4.7*10 | 3.4*10
2 4 1 3 1 2 6 7 2 1

Freshwate | 4.6*10 | 2.6*10 | 6.9*10 | 11.6*10 | 8.2*10 | 4.9*10 | 9.8*10 | 9.4*10 | 5.8*10 | 1.3*10
- 1 2 5 2 5 1 5 1 9 4

Table 1 summarizes the propagation distance for a signal attenuation of 50 dB. The propagation
distance is on the order of meters when using signals in the infrared zone of seawater. Only a few
applications may benefit from RF technology, such as without mechanical coupling, data are transferred
between devices in deep water, despite the short propagation distances.

3.1. Noise in Underwater RF Communications

In the open literature, in underwater ecosystems, RF propagation and noise models are seldom
discussed. Environmental noise, according to the same analysis, is one of the deterministic simulations that
follows a probability density function that is similar to a gaussian distribution with zero means, is one of the
predictive models that follows a probability density function that is similar to a gaussian distribution with few
exceptions.

3.2. RF Transducers

The technology used throughout transducers is the same as that in use in terrestrial wireless
communications, specifically antennas. When ELF and VLF frequency ranges are used, large receiving
antennas are needed, which in some cases reduces the applicability of RF technology. All equipment, in
particular, must be adequately encapsulated for use in an underwater environment.

3.3. Optical CDMA System Model

N transmitters and N receivers could be used to cover an optical COMA device. An information bit
was encoded by an optical orthogonal code (OOC) and then transmitted by an optical transmitter, as shown in
this example. In our framework, an APD is used to detect the optical signal. The signal is decoded by the
corresponding OOC at the receiver end. The signal that has been received is encoded as sn(t) if the nth user's
signal is written as sn(t).

b(t)= Z£=1,2,3,4 S o= sn(t=Am)Qg(t) (3)

where n is the number of the receiver's associated delay. The optical channel is depicted by h(t).
APD detectors are presumed to receive the optical signal. To arriving at rational asset quality, The APD
noise, background noise, and thermal noise are all determined. modifier F to the OOC's length and code
weight, which is the number of "links" in the OOC. The time interval for one code is specified as Tw. As a
measure, the chip time interval can be determined.

T=T*F (4)

3.4. Noise in Underwater Optical Communications
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Quantum shot noise, optical excess noise, optical background noise, photo-detector dark current
noise, and electrical noise are all noises that can exist in a photo-detector are all sources of excess noise are
the main types of noise that inhibit underwater optical transmissions.

» The Noise intrusion is triggered by the mechanism of amplifying a signal at a receiver to detect
the effects of thermal noise.

» Random variability in the number of photons in the optical receiver exacerbates quantum shot

noise.

» Excess optical noise is caused by transmitter weaknesses.

» Optical background movement is produced by optical clutter in the environment.

» Electrical current leakage from the photo-detector issues that cause photo-detector dark current
noise.

» Electronic components are the basis of electronic noise.

Analyzed the influence by evaluating the signal-to-interference-and-noise ratio of interference nodes
on signal levels in different water types (SINR). Bit-error-rate and frame-error-rate production, the parameter
was combined with such a turbulence fading channel. The success rate, pause, and throughput of MACs too
are investigated using these parameters.

‘ Source ‘

‘ Modulator ‘

'

Optical driver

L aser diode 1

Sea

Channel

|

Eeceived Source J - ‘ Dem odulator J Photo detector

Figure 2. Schematic diagram of underwater optical wireless communication

The above figure 2. shows the schematic diagram of underwater optical wireless communication. In
this diagram, the source is connected to the modulator which modulates the signal and it is sent back to the
optical driver which drives the optical signal. And using the laser diode the optical signal is sent to the ocean
or sea. And the channel is connected to the sea and the photodetector, which detects the signal and then sent
back to the demodulator which demodulates the signal and sent to the received source.

3.5. Signal-to-interference-and-noise ratio(SINR)
The received SINR at the OAP can be expressed as follows
SINR=S/1.5* N (5)
where S, I, and N are the signal, interference, and noise, respectively.

3.6. The desired signal

S= pl(ans)’ (6)

where | is the speed of optical-to-electrical (O/E) conversion. The produced optical power, r,s, is
estimated.
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oS =K Prooye T Ar/ 4rd? (7

where d is the signal node's distance from the OAP, and the receiver aperture area is marked by Ar.
The light wavelength is and the dielectric constant is c(X). The light wavelength is, and the transmitted optical
power is Kt, the transmitter optical efficiency is t, the receiver outstanding balance is r. The absorption and
scattering variables, denoted by a(4) and b(1), respectively, are incorporated in ¢(4)., as shown below.

c(2)=a(4)+b(4) ®)
According to the absorption co efficient a(A) can be modeled as
a(A)=ay(1)+as(1)(Cc/Co)0.248 +a,Cre—" +a,C e 2 (9)

where ay(4) is the crystallite size of pure water, and as(4) is the chlorophyll unique fluid density
(ap(2) and as(1) the visible area (320-750 nm) is represented. Cc provides for chlorophyll concentration
minimum (0 < 16 mg/m3), C, ¢ = 0.9mg/m”.

The approximate absorption parameters of fulvic and humic acid are a, = 32.943 m2mg and a, =
19.800 m2mg, respectively. The concentrations of fulvic and humic acids are defined by Cy and C,,
respectively. Constants k; = 0.0157 nm1 and k, = 0.01247 nm1. The scattering coefficient is written as b(4).

b(4)=bm(4)+bs(A)ns +by()p; (10)

where b,,(4)=0.004796204(600)4.547 bs(4)=1.163981 is the scattering constant for pure seawater
(450) For pure seawater, the scattering function is 2.7, and bl(1)=0.4793052(200) The main scattering
coefficients for small and large particles are 0.3 and 0.6, respectively. The quantities respectively, of smaller
and larger particles, are derived by Cs and CI.

Cy =1.78934C exp(0.14872C/C7),

C, =2.18724Cexp(0.22849C,C°),

Cs =0.015574Cexp(0.407930C,C°),

Cl =3.7883699C.exp(0.934705C,C",).

3.7. Interference and noise

The interference element can be written in almost the same fashion as the desired signal.

IFN = Y2 (SN _01,n Y iI=1 P2 = (T =2P €, DU Ar/ 2% 12 (11)

The optical result generated Pr, i is the distance between the interference node and the OAP
triggered by the i-th interference node at the OAP d;. In this example, all intrusion nodes must be commonly
recognized in the sphere. Assume X =di i=1,...n is a random variable that measures the distance in each
interference node and the OAP. fX(X) can then be written as the probability density function (pdf) of X.

dy _ ~,2/p3
2 =2¢R (12)

Due to various X's randomness, the interference element should be calculated on an aggregate basis.
Start by evaluating the expected value of Y = e**'%/d;? as follows, as a function of the distance distribution in

E[Z] = 4/xoR3 (1-e ®r (13)
The expected optical power produced from all interference nodes is then determined.
EnY i=1Pr,i]=nPy0,AT4m2c(A)R>*(1—¢ “WR) (14)

3.8. ACO-CDMA

ACO-CDMA is a fundamental requirement of optical CDMA that is generally used due to its
simplicity. ACO-CDMA only non-negative signals can be transmitted due to the introduction of an AC bias
to the bipolar CDMA signals. Hermitian symmetry is used at the transmitter to appropriate reaction for
optical wireless communication systems. However, considering the added DC bias and the peak power limit
will not be able to eradicate zero clipping. Adding the DC after that will result in peak power clipping
distortion. Before more M-QAM information can be collected and demodulated, the DC bias at the receiver
must be disabled.

3.9. SCO-CDMA

For optical wireless communications, SCO-CDMA is recommended, which can completely prevent
clipping distortion. A bipolar signal is generated by modulating data only on odd frequency subcarriers are
used, when even frequency subcarriers are unoccupied. If zero clipping affects the SCO-CDMA signal, this
just creates a visible improvement on even subcarriers. No vicarious reinforcement bias is needed as a
response. However, due to zero, the power of data modulated using SCO-CDMA is sliced in half clipping.

3.10. U-CDMA

The unipolar CDMA technique, which was proposed, works as a novel optical CDMA technique. It
has effects over ACO and SCO-CDMA. In addition to SCO-CDMA, most subcarriers can be used for
calibration. Since U-OFDM is superior to SCO-CDMA, there is no zero clipping. U-CDMA accurately
transmits both positive and negative information using two-time slots to stop zero clipping distortions. Figure
8 depicts a U-OFDM block diagram. When transmitting positive the negative value positions of the signals
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are packed with zeros. The network input's absolute value is then delivered. Both time slots must be equal in
size to collect the relevant data. As either a result, the signal is only impacted by the peak power constraint.
the stimuli from the first and second slots can be used to restore the original bipolar signal at the receiver.
When using the equivalent modulation scheme or transmit the same bit rate, U-OFDM includes a bandwidth
that's also twice anything like ACO-OFDM.

3.11. Point to point Communication

That use 16-PPM modulation, the transmitter provides a fixed light pulse (250 ns) that monitors
devices at 1 Mb/s, but 2 Mb/s when using 4-PPM modulation. The LED's wavelength was specified to
increase the power of the received signal. The circuit for the reception has gained significant attention, so the
underwater devices' reciprocal distance cannot be prepared by this method, and the receiver must perform
and within the transmitter's coverage area. The receiver was produced with the data encoded in mind: a
photodiode; a trans resistance resistor with a bandpass filter is used to reduce automatic gain control (AGC)
based on linear technology; noise below 10 kHz and above 20 MHz The LT1006 is used to amplify the signal
received by the first part of the circuit and to automatically increase or decrease the gain about the signal
amplitude; a comparator is used to compute the output value by imposing restrictions. The water type of three
main configurations of water is shown in table 2 below.

Table 2. Types of water

Water type a(m?’ b (m?! _ c(m*

Coastal water 0.0258 0.9632 0.8714
Pure sea 0.4793 0. 4793 0.7935
Clear ocean 1.4793 0.8932 0.5517

The receiver was developed with the aid of the following component: Hamamatsu S5971 Si PIN
photodiode - high-speed photodiodes with a 1mm2 surface area the absorptions the photodiode sensitivity
mentioned in the element datasheet could also be used for clear water. The output current of the photodiode is
proportional to:

S xe—k(b) xG (15)

where S stands for sensitivity, P stands for power in watts, d stands for reach, and k stands for
photon energy. Using the equation, the output current varies with distance for specific wavelengths of light
13.

4. RESULT

This paper proposes the For UOWC frameworks, numerical outcomes of a comparison of the ACO,
SCO, and U-CDMA techniques. The quantities that were used to obtain the quantitative examples. This sets
the stage for the rest of the journal's numerical results. To make it much easier, that the intensity is directly
proportional to temperature, salt concentration, or transmitted light spectrum. The wavelength of light used is
between 480 and 520 nm, in seawater, which has the lowest absorption rate. The thermal noise is also
believed to be prevailing. A lens may be added to the photodetector (PD) to increase the more efficient field
and accumulate more power The bandwidth limitation is taken into account in the numerical results. We
emphasize the bandwidth constraints imposed by LEDs also because the bandwidth of PD can be much wider
than the symbol rate shown in this report. This paper's numerical analysis is based on the theory presented
previously. To confirm and confirm the simulated predictions, we used simulation. In a computer, forward
error control (FEC) codes must be used realistic effort to better the Spectral efficiency scenario, which does
not alter the relative results obtained in this paper between ACO-, SCO-, and U-CDMA. As an outcome,
there is no need to examine the effects of FEC in this document. Moreover, when minimizing the bit rate, set
a BER constraint of 103 hundred also because BER can be easily and drastically improved with the aid of
FEC. The below figure 3. shows the modulation index and signal magnitude of ACO — CDMA, SCO -
CDMA, U- CDMA.

ACO-OFDM : o/ Mpmax = 5.7%10?xNy* —3.2x10xNy? +7.0x10"xN, +0.025

U-OFDM : B Gpmax = 2.3x10%°%xNy? —6.8x10"xN,® +1.2x*%'xN, +0.138

ACO-OFDM : 6 Kpmax = 2.9%10%xNy® —=1.9x10"xNy? +1.4x10"xN, +0.143
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Figure 3. The modulation index and signal magnitude of ACO — CDMA, SCO - CDMA, U- CDMA

Analytical results of the generation system using DCO-, ACO-, and U-OFDM with a 10-MHz, 3-dB
bandwidth for technologies with increased distances have grown. In this example, the cases with and without
the bit loading algorithm are related. DOC-OFDM outclasses ACO and U-OFDM also because the bandwidth
evaluated is diminished, but both are consistent. The expected without using the bit loading algorithm, the
power of the three optical OFDM schemes tested is only around 30% higher than it is with bit loading. Since
a single LED can only create a few tens of watts of power, when a considerable amount of energy is
necessary, an LED-array from several LEDs must be used. The maximum propagation distance produced
over a band-limited channel using different network bit rates. A bit loading algorithm is used in this result. U-
OFDM can tolerate a longer propagation distance than ACO when the symbol rate is tiny compared to the
channel bandwidth and SCO-CDMA due to its higher power accuracy and greater nonlinear distortion ACO-
CDMA. SCO-CDMA outperforms ACO- and U-CDMA at higher bit rates due to its higher spectral output.
Can select appropriate optical CDMA technigque based on the requisite bit rates and channel bandwidth to
create optimal propagation and BER output.

5. CONCLUSION

In this paper, we compare, analyze, and examine underwater optical communication systems that
use ACO, SCO, and U-CDMA. Peak control distortions were low but since peak transmitted voltage is low
are also well. This paper explains that the modulation index is improved when clipping effects and SNR are
decreased. The after optimization using the have both bit rate and BER quality, the SNR, or achievable
transmission distance, is measured. The noise spectral density and the correct modulation index have an
important connection, according to this article whenever bandwidth is small, which can assist us in reaching
the desired BER opportunities in various noisy environments for channels with different bandwidths, we
check the efficiency of ACO-, SCO-, and U-CDMA in underwater OWC systems. Longer propagation
distances are necessary with ACO-OFDM. than SCO- and U-CDMA when the appropriate bit rate is high (in
contrast to the bandwidth). SCO- and ACO-CDMA are outstripped by U-CDMA in all other fields.
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