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However, wireless optical communication underwater faces 

extreme challenges. The underwater channel varies dynamically 

and therefore exhibits extreme challenges [6]. The optical 

properties of ocean water are affected by turbulence, absorption, 

and scattering phenomena. The impact of these factors causes 

amplitude and phase distortions and deflection of the optical 

path during beam propagation, thereby causing misalignment of 

the optical link. Thus, the bit error rate (BER) performance and 

signal-to-noise ratio (SNR) of a system using an optical signal 

as its primary carrier will be adversely affected.  
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  Abstract—Owing to the benefits that they offer over traditional 

acoustic  and  RF communication,  including  higher  data  rates,

reduced latency, and enhanced safety, underwater wireless optical 

communication  (UWOC)  systems  have  gained  a  solid  focus.

However,  the  transmission  range  is  rather  small  compared with 

traditional radio frequency and acoustic communications because 

of turbulence which makes the light beam inside the water channel 

fade, absorb, and scatter. In this paper, a UWOC channel model 

mapped with LDPC and BCH error correction techniques is used 

to  analyze the impulse  response of the  channel in  coastal  and 

harbor  waters.  The  performance  of  the system based  on  its 

transmission length and bit error rate (BER) is evaluated. The link 

distance is determined to find the maximum link distance ensuring 

quality UWOC. The best performance has been observed with the 

4-QAM-OFDM mapped channel with LDPC codes with maximum 

distance of 62 m in harbor water and 161.9 m in coastal water.

  Keywords—Underwater  communication; Bit  Error  rate; link 

distance

I. INTRODUCTION

  communication (UWOC) systems as an effective means of 

underwater communication is rapidly increasing and it has 

raised vital challenges for communication researchers. UWOC 

has versatile applications such as ocean monitoring, undersea 

expeditions, scientific marine exploration, voice and data 

communications between divers, investigations of climate 

change, mine reconnaissance, surveillance and disaster 

prevention  [1]-[2] etc. Overall, UWOC is becoming more  

prevalent in marine ecosystems. As Optical carriers are the 

prime contributors to wired and wireless Internet of Underwater 

Things (IoUT) systems [3]-[4], the data rate requirement has 

been remarkably high [5].

  Ocean water contains dissolved organic materials and other 

particles. When light energy is propagated through an 

underwater channel, the photons interact primarily with water 

molecules and the particles above. As a result, the photon's 

energy will be lost and this loss component is noted as the 

absorption coefficient, denoted by a(λ).  Similarly, interactions 

with particulate matter cause the photons to scatter away from 

their original propagation path. This phenomenon is denoted by 

the scattering coefficient b(λ) which causes optical beam to 

spread. Eventually, the beam is attenuated, inter-symbol 

interference (ISI) occurs and the BER performance is affected.

The UWOC systems are thus limited to short ranges [7]-[12].

The total attenuation coefficient c(λ) can be written as the sum 

of the absorption coefficient a(λ) and scattering coefficient b(λ)

as in Eq. (1).

c(λ)=a(λ)+b(λ) (1)

  Acoustic  communication  [13] underwater, though  a  suitable 

alternative, suffers from narrow bandwidth issues and multipath 

spreading. Besides, the  data  rate  it  offers  is  limited  [14]-[15].

Radiofrequency (RF) communication; for underwater wireless 

channels can yield a high data rate; but only in short ranges.

Recent developments in the RF communication field include the 

use of energy-efficient transceivers, compact equipment, also 

advancements in the design of antennas and suitable processing 

techniques [16].

  The conductivity(σ), permittivity(ϵ), permeability(μ), and 

volume charge density(ρ) are critical in determining the speed 

of RF waves in underwater media. These factors; vary based on 

the environment and channel conditions. High-data-rate RF 

signals undergo more attenuation underwater than low-data-rate 

signals [17]. Due to these drawbacks of acoustic and RF 

communication methods, UWOC has received considerable 

attention because it can transmit high bit rate signals with lower 

latency than traditional methods. The resistance to 

electromagnetic interference is an added advantage for UWOC 

signals [18]. However, as we noted, one major concern of using 

UWOC is its short link distance. The research focus in UWOC 

is  on  two  distinct  viewpoints. Firstly, to  increase  performance,

the link distance  has  to  be  improved. Subsequently, better 

performing short links are to be retained. Thus, possibility of 

merging collaborative and hybrid methodologies should be 

integrated and explored.

https://creativecommons.org/licenses/by/4.0/
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II. RELATED WORKS 

The need for efficient technologies and aggregated research in 

the field of underwater wireless communication beyond 

acoustic communication is highlighted in the works of Guo, Y. 

et al. in 2022 [3]. In their work of Salman, M. et al. (2024), the 

challenges faced by UWOC which affects the large-scale 

deployments were indicated. The authors have presented a relay 

based UWOC system, which can enhance the link performance 

and expand the reception area of receivers [4]. 

Zhou et al.  (2022), has demonstrated the underwater wireless 

optical communication system beyond 50 m distance. In their 

work, the authors have mathematically modeled the system, 

with the quantitative analysis of all the variables. The 

conclusion was that the water quality has a great impact on their 

experiment which essentially pointed out the research gap of 

analysing the quality of optical communication in relation to the 

types of water channels [5]. The factors like oceanic turbulence 

which significantly affects the performance of UWOC systems 

were discussed in the work of Sun, X. et al. (2020). The 

alignment losses and the energy efficiency issues were pointed 

out by the authors. Though the practical considerations were 

summarised, the authors conclude that the need for precise 

algorithms for randomly varying channel conditions is a major 

requirement for UWOC systems, particularly for future 

applications involving IoUT etc [11]. 

In 2023, Qu et al. reviewed the current trends and 

opportunities in using the underwater communication 

technologies like Acoustic, optical, and electromagnetic. The 

authors have mentioned some emerging technologies like 

magnetic, translational acoustic and RF and quantum 

communications. However, the limitations of optical 

communications in underwater, particularly the alignment 

problems, shortcomings in the long-distance transmissions were 

highlighted. The need for precise modelling based on techniques 

like deep learning were also addressed [15]. The channel models 

used for RF and optical methods for maritime communications 

were discussed in [16]. The authors have highlighted some 

research directions including visible light communication 

methods for onboard maritime applications. Jan, L. et al. (2023), 

have given research directions for implementing reliable 

communications systems in challenging environments. The 

authors have analysed the hybrid RF and UWOC in a multihop 

system [17]. All these works summarise the fact that the UWOC 

systems are sensitive to the harsh environment and turbulence. 

Also developing a suitable model which accounts for the 

dynamic environment is a major challenge. The selection of 

system model suitable for the water types and further mitigation 

of the issues with suitable channel coding is a task of prime 

importance. 

III. BACKGROUND 

In this work, we analyze the performance of an optical link in 

an underwater channel, to functionally highlight the drawbacks 

of this approach to establish channel model that can account for 

the turbulent underwater environment and further establish short 

links and hybrid links using acoustic and optical counterparts. 

Thus, our focus is to simulate a channel impulse response 

function with the primary factors affecting the channel 

performance being the scattering coefficient, absorption 

coefficient and length of the channel. 
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3.1 Types of underwater channels

  These primary categories of water which have been defined as 

clear ocean water, coastal water and harbor water that is turbid 

in nature are considered. In these different channels of water,

the light beam attenuates differentially. The optical signals in 

pure seawater absorb due to its chemical composition, whereas 

a greater particle concentration in clear ocean water causes 

broad loss due to scattering. Compared to clear ocean water,

coastal water has greater particle concentration which results in 

greater light beam scattering and absorption. In harbor water,

the concentration of particles is at its maximum [19].

3.2 Factors of analysis and channel models

  One might consider that UWOC is strongly affected by several 

environmental factors; therefore, any proposed model should 

consider turbulence a vital factor. As the range of a link 

increases, turbulence becomes more crucial, creating beam 

wandering and scintillation [20]. Several channel models use 

white noise as an additive in an underwater channel to observe 

BER with increased noise in the channel. However, these results 

do not account for varying channel lengths or absorption or 

scattering coefficients and are not ideal for performance 

analysis of the channel [21]. Channel models based on Inherent 

Optical Properties (IOP) and Radiative Transfer Theory (RTE)

give promising solutions based on Monte Carlo numerical 

methods. IOP-based modeling schemes were reviewed as 

suitable for long-distance links especially in clear oceans.

However, more computation time is required for complex 

problems [22].

3.2.1 Double Gamma Function

  Eq. (2) shows the Double Gamma Function (DGF) which 

was used to model the impulse response for UWOC in [23].

h(t) = 𝐶1𝑡𝑒
−𝐶2𝑡 + 𝐶3𝑡𝑒

−𝐶4𝑡 (2)

  This model which was inspired by Mooradian’s work was 

used for modeling the impulse response in clouds. There are 

considerable differences in the case of ocean water channel 

modeling [23]–[26]. Thus, in [27], Li et al.  concluded that the 

DGF model does not account for IOPs while finding the impulse 

response in UWOC channels.

3.2.2 The combination of exponential and arbitrary power
  (CEAPF) function

  The simulations we performed are based on [27], and use a 

function named CEAPF, which is combination of exponential 

and arbitrary power function. It is defined in Eq. (3). The 

Turbulence was kept separated from the overall attenuation to 

minimize the complexity of the analysis.

where ∆L = v∆t, C1
’ = (bv)β-αC1, and C2

’ = bvC2

  C1, C2, β, and α are the four parameters to be found; a and b 

are already defined in the introduction section; and l is the length 

of the channel. This CEAPF given is a function of three real-

world  parameters  namely,  absorption(a),  scattering 

coefficient(b),  and  length(l),  of  the  channel,  which  strongly 

affects the channel’s performance in real time.



A STUDY OF COASTAL AND HARBOR CHANNEL EFFECTS ON UNDERWATER WIRELESS OPTICAL COMMUNICATION … 497 

 

  

  

 

 

 

 

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Block diagram of QAM-OFDM mapped underwater wireless optical 

communication 

4.2 Design parameters  

To transmit the generated OFDM signal to the simulated water 

channel, we convolve two functions namely, the channel 

impulse function and the generated OFDM function. The data 

symbols modulate the orthogonally separated subcarriers. This 

method saves bandwidth and competes with multipath fading. 

The design parameters are shown in Table I. There are two kinds 

of channel impulses: the first is for the harbor water channel and 

the second is for the coastal water channel. The difference 

between these two water types is that they differ in their a(λ) 

and b(λ) values and in the constants of the equation. The values 

of a and b are relatively low for coastal water compared to those 

for harbor water. 
 

TABLE I 

DESIGN PARAMETERS 

Parameters Values 

demappingandMapping

Schemes 

 

Modulation type OFDM 

Number of subcarriers 52 

Number of data bits 32400 

Length of cyclic prefix 54 

Error correction codes BCH and LDPC encoding 

Impulse response model CEAPF model 

Channel type CoastalandwaterHarbor

water 

Absorption coefficient a=0.179 m-1 (Coastal water) 

 

a=0.366 m-1(Harbor water) 

Scattering coefficient b=0.220 m-1(Coastal water) 

b=1.829 m-1(Harbor water) 

Speed of light  
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  The design of the QAM-OFDM Mapped UWOC system used 

in our work is shown in Fig. 1. This system has been divided 

into three basic parts, i.e., transmitter, receiver, and channel 

[28]. Each of them is described in the following sections.

4.3 Transmitting Section

  Initially, the data for this experiment is generated. 32400 bits 

of data points are used. Following the generation of the data,

error correcting techniques are used to encode the data.

  The number of data points was doubled for LDPC encoding 

and tripled for BCH encoding after encoding. Furthermore, the 

encoded data were mapped to 4-QAM and 16-QAM. After 

mapping, OFDM was employed [29]-[30].

  The bit vector that is transmitted is modified and subsequently 

passed on to a specific constellation at the transmitter side. The 

complex symbol stream that is generated is processed with the 

Inverse Fast Fourier Transform (IFFT).

  Following IFFT, the output signal has a real value. Following 

the cyclic prefix (CP) extension, the subsequent operations 

performed include (i) parallel to serial conversion (ii) digital-to-

analog conversion (DAC) and (iii) low-pass filtering (LPF) [31].

  Additionally, we see that the quantity of information 

transferred can be maximized within the available bandwidth by 

mapping data to the QAM. The ability to select various QAM 

levels allows the system to be flexible under varying channel 

conditions and data rate demands. The QAM level can be 

selected to balance the data rate and stability in UWOC. When 

a higher-order QAM is used, the net bit rate decreases because 

a high SNR is needed to meet specific BER criteria, which 

means that certain subcarriers with lower SNR in the region of

IV. EXPERIMENTAL SETUP

4.1 System model description

To conduct our experiments, we used Quadrature Amplitude

Modulation(QAM)-with the Orthogonal Frequency Division 
Multiplexing (OFDM) mapped-Underwater  Wireless  Optical 
Communication (UWOC) channel for the analysis. The system 
model is explained as follows.

4.1.1. Data rate

  As our primary aim is to find the suitable link set up for 

enhancing the data rate, we assume that it depends on the factors 

like modulation scheme, error codes and signal quality.

4.1.2 QAM

   To transmit multiple bits per symbol, QAM technique is used

to combine amplitude and phase variations. For higher data  rates, 

we may use higher order QAM.

4.1.3 OFDM and subcarriers

  In  our  experiment,  the  OFDM  is  used  as  an  enhancement 

scheme for data transmission efficiency. OFDM ensures that the 

high-speed data stream is divided into multiple subcarriers at a 

lower  speed.  These  subcarriers  are  orthogonally  spaced.

Therefore, the  chances  of  interference  will  be lowered, and 

reliability  will  be  more  especially  in  a  dynamic  underwater 

wireless channel.

  Two  different  error  correction  codes  were  used in  our 

experiment: the Low-Density Parity-Check (LDPC) and Bose-

Chaudhuri-Hocquenghem (BCH) techniques. The use of these 

codes is to compensate for the undesirable effects from channel 

imperfections and to improve the BER performance.

4.1.4 LDPC codes

  LDPC codes are widely useful for wireless applications. As 

they  are  reliable,  and  are  having  near  Shannon  limit 

performance,  they  can  be  used  in  modern  communication 

systems to utilize their efficient decoding capacity.

4.1.5 BCH codes

  They  are  most  effective  as  powerful  error  correction  codes 

especially when used in multiple bit error corrections within a 

block of data.

  For an underwater channel in harbor and coastal waters, we 

transmit signals using OFDM with 4-QAM and 16-QAM with 

the  error  correction  codes  LDPC  and  BCH  respectively.  We 

analyze  the  bit  error  rate  and  the  corresponding  maximum 

distance the signal can travel from the received signal.

2.237x108 ms-1
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high frequency must be ignored. Moreover, when a smaller 

electrical bandwidth is needed, a QAM with a higher order and 

larger spectral efficiency is adopted [32].  

4.4 Channel  

As stated above, we simulated the water channel using CEAPF 

function [27]. The CEAPF parameters in coastal and harbor 

waters are summarised in Table II. 

 
TABLE II 

CEAPF PARAMETERS IN COASTAL AND HARBOR WATERS [27] 

 

Type   C1 C2 α β 

On-

axis 
harbor 

water 
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  Thus, in this CEAPF equation, we have the flexibility to input 

the  values  of  these  three  parameters  manually,  which  is  the 

primary  reason  why  we  choose  this  equation  for  the  impulse 

response  and  further  analysis  of  the  channel.  However,  the 

analysis  is  limited  in  terms  of  considering  only  the  length 

variations in our work to simulate a channel function. This is 

because  we  focus  on  the  maximum  distance  with  which  an 

optical  link  can  effectively  communicate  with  the  minimum 

BER,  in  both  harbor  and  coastal  waters.  For  the  rest  of  the 

parameters  this  paper  followed  the  data  described  in  [27].

Considering different receiver apertures via the channel impulse 

response method is found in our work as useful for accounting 

the temporal dispersion.

4.5 Receiving Section

  In  the  receiver,  the  received  OFDM  signal  is  demodulated 

after convolution with the channel. Further, QAM is demapped
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1.39

0.273

0.6657

0.4374

0.6994

1.463

1.818

0.4169

0.2458

0.1938

0.6577

0.4871

0.4798

1.569

1.514

1.255

1.564

3.169

3.019

1.793

3.216

2.005

3.739

4.211

3.039

3.019

1.793

2.168x10
-6

5.02x10
-2

1.677x10
-6

1.320x10
-5

9.072x10
-6

-3.6x10-2

-3.7x10-2

-1.9x10-2 1.564

FoV(ᵒ)

4.88x10-7

2.236x10-5

3.207x10-5

5.525x10-7

5.754x10-7

2.96x10-2

and the signal is demodulated. After this stage, the data is 

decoded.

  To determine the BER of the signal at the receiver, every bit 

received against every bit transmitted is compared. The error 

bits from the total bits are divided to arrive at the BER rate.

For the next cycle, the length of the channel is increased, and 

the same process is repeated until the BER reaches the 

maximum value such that the received signal is no longer able 

to reach the length.

  With this cycle, by increasing the length of the signal after 

each iteration, we can find the maximum distance a signal can 

travel in a particular channel. The simulations are carried out for 

both coastal and harbor waters for different combinations of 

error correction encoding techniques (i.e., LDPC or BCH) with 

4-QAM and 16-QAM mappings. With this, we aim to find

the best water channel to transmit longer distances and 

best combination of error correction and mapping schemes to 

ensure the maximum length with a low BER.

4.6 Constraints, limitations and trade-offs

  We considered primarily that, even though the real-time water 

channel impulse function is affected by absorption, scattering,

and turbulence-induced fading as well as by the presence of 

particulate matter in the water, only the effects of absorption and 

scattering, such as IOPs of the underwater channel, were 

considered to reduce the analysis complexity.

  The channel impulse function CEAPF [27] used in this work 

offers a channel response for only two different channel types,

i.e., harbor water and coastal water. Moreover, there are limited 

data on the parameters (i.e., C1, C2, β, and α) of Eq.3 used to 

simulate channels for other water types. Furthermore, we have 

plotted only three different fields of view (FoV) values, given

as 180o,40o, and  20o in our experiment study. The modulation 

was limited to the order of 16 because, with an increase in 

the modulation order, the data rate increases; thus, the 

signal attenuates massively even for short link lengths.

V. RESULTS AND DISCUSSION

5.1 Impulse response of harbor water

  Fig. 3. shows the impulse response of the channel in harbor 

water for FoV values of 20º, 40º and 180º. The subparts are 

plotted for different link distances.

5.2 Impulse response of coastal water

  The impulse responses in the coastal water channel for FoV 

values of 20º, 40º and 180º are shown in Fig. 4. The plots are 

made for an off-axis angle of 0º. These plots verify that the 

effect of scattering is dominant when the link distance is 

extended. This is implied by the larger FoV values we obtain 

for long distances. The attenuation effect will increase for large 

distances; hence, there will be a reduction in the received power 

[27].

5.47

10.93

16.4

45.45

180

40

20

180

40

20

180

40

20

180

40

20

L(m)

2.331x10-2

-3.7x10-2

-3.6x10-2

-1.96x10-2

7.937x10
-7
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(a) 

 

(b) 

 

(c) 

Fig.3. Impulse response of the channel in harbour water, with,  

(a)  L= 5.47 m, (b) L= 10.93 m, (c) L= 16.40 m 

 

 

 

  

   

 

 

 

 

 
(a) 

 

 

Fig.4. Impulse response of the channel with L=45.45 m of coastal water

5.3 BER of harbor water

  Fig. 5 shows the BER versus distance in meter plots with and 

without encoding in harbor waters. In Fig. 5 (a), QAM-OFDM 

modulation of order 4 is used without any encoding technique 

for  FoV  values  of  20º,  40º  and  180º.  The  BER  obtained  is 

0.1343,  with  a  maximum  distance  of  62  m.  In  Fig  .5  (b),  a 

fourth-order QAM-OFDM modulation technique is used with 

the  BCH  encoding  technique.  The  BER  recorded  is  0.0717,

with a maximum distance of 62 m. In Fig.5 (c), the bit error rate 

is 0.1739, with a maximum distance of 62 m when the LDPC 

encoding  technique  is applied.  In  Fig.  5  (d),  5  (e)  and  5  (f),

QAM-OFDM modulation of order 16 is used without encoding,

with BCH encoding and with LDPC encoding respectively, for 

the harbor water  channel.  The maximum distance in  the first 

two cases is 62 m, with BER values of 0.3378 and 0.307. The 

bit error rate is 0.4919, with a maximum distance of 48 m in 

the last case.
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5.4 BER of coastal water 

The BER versus distance with and without encoding in 

coastal water are plotted in Fig. 6. In Fig. 6 (a), QAM-OFDM 

modulation of order 4 is used without any encoding technique 

with a BER value of 0.0601.  

 In Fig. 6 (b), the BER observed is 0.0525, with BCH 

encoding whereas in Fig 6 (c), the BER is 0.1260 with LDPC 

encoding. For all three of the above cases, the maximum link 

distance is 161.9 m. The graphs in Fig. 6 (d), (e) and (f) show 

similar plots with 16 QAM-OFDM in coastal water without 

encoding, with BCH encoding and with LDPC encoding 

respectively. The BERs observed are 0.3099, 0.2786 and 

0.49858, with a maximum distance of 161.9 m in all three 

cases. 

 

(f)

Fig.5 BER vs distance in harbor water

(a) 4-QAM without encoding (b) 4-QAM with BCH encoding

  (c) 4-QAM with LDPC encoding (d) 16-QAM without encoding   

(e) 16-QAM with BCH encoding (f) 16-QAM with LDPC encoding
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(a) 

 

 

  
(b) 
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(e) 

  

(f) 

 

Fig.6. BER vs distance in coastal water 

(a)  4-QAM without encoding (b) 4-QAM with BCH encoding 

(c)  4-QAM with LDPC encoding (d) 16-QAM without encoding 

(e) 16-QAM with BCH encoding (f) 16-QAM with LDPC encoding 
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TABLE III 

BER AND DISTANCE IN HARBOR WATER 

 

 
 

TABLE IV 
BER AND DISTANCE IN COASTAL WATER 

 

 

5.5 Summary of BER for various water channels 

Table.3 summarizes the results obtained with two different 

encoding techniques in harbor channel. Table.4 summarizes 

that in coastal water channel. Our primary aim is to determine 

the maximum distance a signal can travel on an underwater 

channel, and to determine the minimum bit error rate (BER) 

that the channel offers. Another goal is to determine whether 

the encoding of the signal provides any lower BER to the 

channel. The results obtained are promising. However, not all 

encoding techniques provide a lower BER for the transmitting 

signal. 

5.5.1 Variation of BER with distance 

Typically, we assume that, in a BER vs. distance graph, the 

BER rate gradually increases with respect to length and reaches 

the maximum BER. However, if we look at Fig. 4 and Fig. 5, 

we can observe that the BER remains constant and does not 

vary with length. However, after a certain point, the BER 

exponentially increases and reaches its maximum value. This 

observation is true for both coastal and harbor waters. This 

observation leads us to find the maximum transmission 

distance.in our scenario. 

5.5.2 Variation of BER with encoding 

According to the results table, the BER is relatively low for 

BCH-encoded signals compared to the nonencoded message 

signal for their respective counterparts. It has been observed 

that the BER is 22% lower for coastal water channels than for 

the harbor water for the same signal. Furthermore, we can also 

see that in the coastal channel, the message signal easily travels 

almost 61.4% more length than it travels in the harbor water of 

the QAM signal. One abnormal behavior we observe in the 

table is that the LDPC encoded signal offers a higher BER than 

the nonencoded signals and BCH-encoded signal. To justify 

this behavior, we have found that the LDPC code can be more 

effective if the SNR is more significant than 7 dB as in coastal 

 

 

 

 

  

 

 

  

 

  

 

 

 

 

  

Sl.no Modulation & 

order 

Encod 

ing 

BER  Max. 

distance 

(m)  

1 4-QAM-OFDM BCH 7.17x10-2 62 

2 4-QAM-OFDM LDPC 1.739 x10-1 62 

3 16-QAM-OFDM BCH 3.07 x10-1 62 

4 16-QAM-OFDM LDPC 4.919 x10-1 48 

Sl.no Modulation & 

order 

Encoding BER  Max. 

distance 

(m)  

1 4-QAM-OFDM BCH 5.25 x10-2 161.9 

2 4-QAM-OFDM LDPC 1.26 x10-1 161.9 

3 16-QAM-OFDM BCH 2.786 x10-1 161.9 

4 16-QAM-OFDM LDPC 4.9858 x10-1 161.9 

water channels, it is lower than 7 dB. Hence, we say that the 

LDPC-encoded signal results in a greater BER.

5.5.3 Impact of temperature, salinity and turbulence on BER

  Temperature and salinity have an impact on BER, which is 

highly  variable.  These  two  features  vary  inversely.

Furthermore, maintaining the quality of communication for an 

underwater  wireless  optical  link  becomes  challenging  in  the 

presence  of turbulence  [33].  In  addition,  when turbulence is 

within a particular range, boosting the transmission output may 

result  in  good  BER  performance.  However,  when  the 

turbulence is high and strong, the power correction method is 

not effective [34].

5.5.4 Requirement of high signal- to-noise ratio channel

  As shown in [35], the OFDM technique performed without 

errors at 125 Mbit/s in pure water. For turbid waters, OFDM 

performs weaker. Even though OFDM could deliver a fast data 

rate on a  static  channel,  it  additionally  requires  a  high  SNR 

channel.

VI. CONCLUSION AND FUTURE SCOPE

  The viability of using higher-order QAM signals, which can 

be employed can be studied, when an electrical bandwidth is 

essential  and  when  there  is  greater  spectral  efficiency.

Multicarrier  modulation  schemes  are  promising  solutions  for 

enhancing  system  performance. As  the  underwater  complex 

environment changes, system performance may improve with 

Spatial  optical  OFDM which is  a  hybrid  OFDM technology 

[36].

  Given  that  underwater  optical  channels  are non-flat,  non-

stationary and dynamic, adaptive techniques should be used in 

conjunction with energy-efficient and economical solutions for 

future deployments to enhance link distance and performance.

Vertical profile analysis is necessary for link establishment in 

deep  water,  as  the  link  performance  depends  on  the 

environment, particles and bubble sizes [37]-[38].

  In our work, the underwater channel responses of coastal 

and  harbor  waters  were  modeled  and  evaluated.  The 

maximum distance and  BER  performance for  these channel 

types  were  further  analyzed.  Simulations  clearly  show  that 

any  signal  transmitted  in  an  underwater  wireless  channel 

suffers  substantial  attenuation.  Also,  it  is  evident  that  the 

water  types  significantly  affect  the  distance  and  BER 

performance. In clear coastal waters, reduced scattering and 

absorption effects helps to achieve better system performance 

whereas  in  harbor  and  turbid  waters,  the  signal  undergoes 

significant  degradation.  Incorporation  of  different 

equalization techniques can enhance the performance of our 

system. Using these methods, the BER can be decreased by a 

significant number, and it is also possible to increase the link 

distance.[39]-[40].  Hybrid  systems  with  integrated  optical 

and  other  technologies  are  effective  in  mitigating  the 

limitations  thereby  enhancing  the  reliable  operation  and 

operating  range.  Furthermore,  the  maximum distance  of  a 

hybrid  communication  system  in  different  underwater 

channels  should  be  evaluated combined  with the  best 

modulation schemes to obtain quality communication.
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