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Abstract 

In recent years, there has been a notable uptick in the exploration of underwater optical 

wireless communications (UOWC) as a viable alternative for efficient high-speed data 

transmission beneath the sea. This technology employs optical wavelengths in dedicated point-

to-point connections, sharing similarities with free space optical (FSO) communications and 

laser satellite links. By harnessing specific wavelengths, UOWC achieves impressive data 

transfer rates, as demonstrated in recent research showcasing broadband communications over 

substantial distances. This technology holds promise in various applications such as 

environmental protection, seawater exploration, military operations, and emergency alarms. 

However, the underwater environment poses challenges due to scattering and severe absorption, 

making the channel a complex medium to navigate. Additionally, accurate localization presents a 

significant challenge, leading to improperly adjusted connections that adversely affect signal 

propagation quality. This work provides an overview emphasizing the significance of optical 

wireless communications underwater and its role in contemporary applications. It delves into the 

crucial factors influencing optical signals and explores the types of connections and 

configurations used in transmitting and receiving channels..  

Keywords: UOWC, Underwater Links, underwater Attenuation, Oceanic Turbulence, 

Background Noise. 
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1. Introduction  

A concise summary will highlight the key aspects of UOWC technologies to offer a 

foundational understanding for the special issue on Underwater Wireless Optical 

Communications. In contemporary times, numerous land-based devices heavily rely on wireless 

communications. There is a significant interest from various sectors, including the military, 

business, and scientific communities, in implementing wireless communication systems in 

underwater environments. [1-2]. Extensive research is presently focused on advancing acoustic 

systems due to their efficacy in long-distance underwater communication. 

Ongoing studies aim to improve the efficiency of acoustic communication pathways [3–7].  

However, the performance of these systems is affected by fundamental physical laws such as 

Doppler spreading, time-varying multi-path propagation, substantial latency, transmission losses, 

and limitations in bandwidth [8–13]. These restrictions prevent autonomous underwater vehicles 

(AUV) from using acoustic communication to transmit high definition real-time video. Since 

broadband underwater communications require complementary technology, real-time video 

transmissions, such as the teleoperation of underwater vehicles and the remote observation of 

underwater stations, are increasingly valuable for underwater applications [14–17]. Since they 

are by nature more prevalent and used in terrestrial communications, RF waves are not 

appropriate for usage underwater due to their significant attenuation [18]. raditional underwater 

acoustic communication is vulnerable to malicious attacks due to its inadequate performance 

characteristics, including high variability in propagation delays, substantial bit error rates, and 

limited bandwidth. [19]. The technology known as visible-light communication (VLC) can 

address these issues. The visible light spectrum (400–700 nm), which is used for illumination, is 

manipulated in VLC systems in order to transfer data [20–26]. Underwater optical wireless 

communication (UOWC) systems, which have LDs rather than LEDs as potential light sources, 

are comparable to VLC systems. 

Both Light Emitting Diodes (LEDs) and Laser Diodes (LDs) offer distinct advantages: LDs 

provide larger modulation bandwidth compared to LEDs, while LEDs are more suitable for 

medium bit rate applications due to their higher power efficiency, lower cost, and longer 

lifespan. Table 1 outlines the performance attributes, encompassing advantages, constraints, and 

prerequisites, of the three main underwater communication methods: acoustic, radio frequency, 

and optical, as detailed in reference [27]. Figure 1 illustrates a typical scenario in Underwater 

Optical Wireless Communications (UOWC), depicting various connected platforms using light 

beams (such as divers, ships, submarines, and submarine sensors). 
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Figure 1:  Typical Application Senarios of UWOC 

Table 1: Compares Acoustic, Radio Frequency, and Optical Techniques 

Parameters RF Acoustic Optical 

Attenuation (3.50 – 5) dB/m (0.10 – 4) dB/km 0.39dB/m (coastal) 

11 dB/m (turbid) 

Attenuation 

dependent 

Frequency and 

Conductivity 

Frequency and 

Distance 

Distance and Type 

of water 

Speed(m/s) 2.225 * 10^8 m/s 1.5 * 10
3
 m/s 2.225 * 10

8
 m/s 

Data rate (Mbps) (Kbps) (Gbps) 

Latency Moderate High Low 

Range 10 meters or less Around of kms 10 – 100 meters 

Bandwidth MHz kHz 10 – 170 MHz 

Transmission 

power 

mW-W Tens of Watts mW-W 

antenna length 0.50 m 0.10 m 0.10m 

Efficiency _ 100 bit /J 3×10
4
 bits/J 

Performance 

Parameters 

permittivity and 

conductivity 

salinity 

temperature, and 

pressure 

Absorption  

and 

    Scattering 
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2.  Configurations for Underwater Links 

Underwater optical link configurations are classified into three types: direct links, Non direct 

links, and retroreflector links [28-29].  

2.1 Direct Links LOS   

Figure (2) depicts a direct link LOS, which is the most elementary, unhindered, and point-to-

point undersea connection between receiver and transmitter. This connection is especially well 

implemented in the situation of static receivers or transmitters, such as multiple sensor nodes at 

the ocean's bottom. When the transmitter in clear oceans transmits a narrow wave to the receiver, 

it works well. The likelihood of obscuration is significant, however, because of fish populations, 

marine life expansion, and other obstacles. 

 

Fig.2: LOS Link Configuration [29] 

Hence, establishing a Line-of-Sight (LOS) connection necessitates devising a system that 

prevents marine life from impeding the transmission path. Moreover, the optimal lighting used 

for underwater optical communication has the unintended consequence of attracting groups of 

fish. While fish favor yellow and green wavelengths, marine fish prefer blue and green 

wavelengths. As a result, erratic or flashing lights are preferred to keep fish out of the LOS area. 

The authority derived from PR (Los) is granted by [29]: 

                       (  
 

    
)  

       

             
      (1)  

  Where PT is an average transmission power, ηT is the transmitters optical efficiency, Lpr 

is the linke range,  is laser wavelength ηR is the receiver's optical efficiency, d represents the 

perpendicular space between the planes of the transmitter and receiver,  angle formed by the 

reception plane and the trajectory of the transmitter and receiver, Ar area of the receiver aperture, 

while θ0 is the angle of beam divergence. In situations where the angle of divergence of the laser 

light is extremely narrow (θ0 << π/20) equation (1), approximated as [29]:  

                                (  
 

    
)  

       

            
     (2)  
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2.2 NLOS Links   

Non-Los arrangement overcomes alignment limitation of LOS links at UWOC, as depicted in 

Figure (3). A transmitter in this design emits the light beam toward the surface of the water at an 

incidence angle bigger than the angle of critical incidence. To maintain proper signal reception, 

The receiver must keep its back to the water's surface in the direction of the light's reflection. 

Random water surface slopes resulting from wind or other types of turbulence pose the greatest 

obstacle for non-LOS connections. These unwanted occurrences are seen as a reflection in the 

light emitted by the transmitter, resulting in severe signal dispersion[29]. 

 

Fig.3: Configuration of a Non-LOS Link. 

At a depth h, when the transmitter is positioned, it results in an illuminated ring-shaped area 

exhibiting equivalent power density at that particular depth z can be calculated as follows [29]:  

                      (      –          )      (3)  

The received power PR offered by [29] : 

                              (4)  

where  𝑅(𝜙) is an extra function dependent on ηT, ηR, PT, (h + z), Aann, and 𝜙𝑡 transmitting angle.  

2.3 Retroreflector Links   

In scenarios of limited duplex communication, retro-reflector links are employed. This is shown 

in Figure (4), where the receiver's power capacity is inadequate for sustaining full transceiver 

operations. In this setup, a small optical retro-reflector installed at the remote receiver detects the 

incoming beam from the source and reflects it back to the same source, whereas h refered to 

transmitter's  depth while x refered to receiver's depth inregards to surface of  the water. In this 

case, the received power PR offered by [29] :  

                      (  
 

    
)  

           

             
   

     

              
   (5)   

Where ηRetro optical efficiency of the retro-reflector, Lpris the linke range,  is laser wavelength,  

Retro is the divergence angle of the retroreflector, ARetro is the area of the retro-reflector's aperture, 

and other parameters were previously defined. 
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Fig.4: Configuration of Retro reflector Links 

3. Factors Effecting UWOC System 

Attenuation (scattering and absorption), turbulence, background noise, thermal noise , current 

shot noise , and dark current noise are the important facets that have an impact on UWOC 

systems.   

3.1 Attenuation      

Because of high absorption of water at optical frequencies and strong particle backscattering, 

typically, the range of optical signals used as wireless carriers is extremely constrained. The fact 

that light waves are often heavily absorbed by water is one of the major issues, and the other is 

that all particles in the ocean diffuse optically. However, in the (green-blue) area of the visible 

light, absorption is diminished. Based on water kinds  for the clean water the wavelength is (400-

550nm), while (350-750nm) for turbid water environments, the high-speed connection can be 

established using an appropriate wavelength, such as in the blue/green area. As demonstrated in 

Figure (5), the minimum attenuation is centered in clearwater near 460nm, for unclean waters 

near 540nm in coastal waters and swings to higher values [30].   

 

Fig.5: The Transparent Window for Light Aquatic Attenuation is Shown with Blue and 

Green Colors [30,31] 
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1.  Absorption   

Absorption, as measured by the spectral absorption coefficient (𝛼( )), is the primary mechanism 

responsible for the attenuation of optical signals underwater, this is the variation in the light 

beam due to the fact that the medium absorbs power per meter of link length. The total 

absorbance is a linear mixture of the absorption of clean seawater, wavelength, concentration of 

chlorophyll, and dissolved organically colored chemicals. The absorption factor ( ) is provided 

by [30] :  

𝛼                                                                         (6)  

Where        is the acid chlorophyll absorption factor as a wavelength dependence,       is the 

water absorption factor in relation to wavelength (m
-1

),       Absorption ratio of fulvic acid and 

      is the absorption coefficient of humic acid and both depend upon wavelength  [32].  

2.  Scattering    

Amount of optical flux that is lost as a consequence of the scattering of photons is denoted by the 

scattering factor β(λ). Overall scattering is a convolution of water's scattering coefficient,      , 

scattering caused by minute particles,  𝑠𝑜(λ) depending upon wavelength and concentration, and 

scattering by substantial particles,   𝑜(λ) depending upon concentration and wavelength. The 

scattering factor β(λ) is described by [30-31] : 

                      𝑠                                                          (7)   

Where  𝑠 represents a little particle concentration and    represents a big particle concentration.  

The route loss factor is displayed in Eq. 8 as a function of wavelength   and distance z [30] 

                                                                                                                           (8) 

Where  0 is optical wave power before transmission, L ( ,  ) is optical wave power after 

transmission, and c(λ) is the factor of extinction indicating the total attenuation caused by 

undersea propagation. Absorption plus scattering constitutes total attenuation. The total 

attenuation factor in eq. (9) It is employed in a completely scattering or absorbing medium. The 

scattering factor (β) or the absorption factor (α), respectively can be substituted. The cz product, 

commonly known as length of the attenuation, contributes to a reduction in received power using 

an exp factor. On this will the extinction coefficient be calculated [33]:  

            𝛼                                                             (9) 

Where ( ) represents the absorption factor, ( ) represents the scattering factor, and   represents 

the wavelength. Table (2) provides average values for ( ), ( ), and C( ) for the three most 

common forms of water. Clear ocean water has a larger concentration of dissolved particles, 

which impacts scattering. In coastal (mid turbulence) water, significant quantities of plankton, 

trash, and minerals are the primary causes of absorption and scattering. The greatest amount of 

dissolved substances can be found in the harbor's turbid water, which drastically limits light 

propagation. Table 2 displays standard values for the factors C( ), 𝛼( ), and  ( ) in 

consideration of the water classification. The 3 main kinds of water, together with their 

extinction values, are as follows: 
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Table 2: Standard extinction coefficient values (absorption and 

scattering)[30] . 

Types of water   α(λ) (m
-1

)   β(λ) (m
-1

)   c(λ) (m
-1

)   

Clearwater  0.114  0.037  0.151  

Coastal Water  0.179  0.220  0.399  

Turbid Water  0.366  1.829  2.195  

 

3.2 Background Noise  

Blackbody radiation and ambient light submerged in water, primarily from sunlight refracted off 

the water's surface, make up the background noise. One way to express the background noise 

power is as [34]:  

                                                                                                     (10) 

In the equation above, the power of solar background noise, PBG(Sol), is given by: 

                                                                               (11) 

Where 𝛥λ bandwidth of an optical filter, AR is the receiver area, FOV is the visual field, and the 

optical filter's transmissivity is denoted by the symbol TF. The solar radiance, L(sol) W/m
2
 is[34]: 

                               
        

 
       (12)  

where R is reflection of downwelling irradiance by water, E is downwelling irradiance W/m
2
, Lf 

is the factor defining the dependence of undersea radiation on direction, K refers to the factor of 

diffuse attenuation, while d refers to the depth of the water (m). 

3.3  Dark Current Noise  

The noise that is being produced by the detector (photodiode) right now is called dark current 

noise. The variance of the noise of the dark current is [34]:   

        
                (13) 

Where B is the bandwidth, and IDC = 12.26 × 10
−10 

(Ampere).  

3.4  Thermal Noise (Johnson Noise) 

The variance of Johnson noise is [34]:  

                  
  

      

  
         (14)  

Suppose that the equivalent temp Te is 290K, that the system's noise figure is F = 4, B is the 

bandwidth, and that the load resistance RL = 100 Ω. 
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3.5 Current Shot Noise  

When the received signal is there, shot noise is present. Variance for current shot noise is [34]:  

            
                (15) 

Where q is the charge of the electron (1.6⨉10
-19

), Ps is the signal power, B is the bandwidth and 

ℜ is the responsivity.  

The sum of all noise sources constitutes the total noise variance. Therefore, the variance of 

current noise in the detector in the absence of an optical signal can be calculated as:  
                              (16) 

 

Due to the existence of shot noise the variation of current noise within the detector that is used 

for the detection of an optical wave is computed as follows: 

                                      (17) 

3.6 Turbulence  

The fluctuations in signal strength at the receiver result from changes in the refraction coefficient 

within the transmission line due to variations in the underwater environment, including 

differences in density, temperature, and salinity. This issue, called scintillation, diminishes the 

effectiveness of UWOC. The constantly changing nature of the undersea environment means that 

there isn't an established standard model for underwater turbulence, unlike the classical model 

available for Free Space Optical Communication (FSO) [31].   

 

4. Conclusion  

In recent times, Underwater Optical Wireless Communication (UWOC) has garnered 

significant attention as a preferred method for underwater communication. It boasts higher data 

transfer rates over substantial distances compared to acoustic and RF techniques. This 

technology has found application in various critical activities such as disaster management, 

offshore drilling, environmental monitoring, and military operations. This paper conducts a 

comprehensive review of underwater wireless communications, encompassing a general 

description of communication networks and a detailed examination of crucial factors 

contributing to signal degradation. Special emphasis is placed on water types and their impact on 

the communication network. Furthermore, the paper explores various types of optical wireless 

channel links within the context of this study. 
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 ات اللاسلكية الضوئية تحت الماءنظرة عامة على تكنولوجيا الشبك
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 الخلاصة

كبجيل  (UOWC) الدشهات الأخيخة، كانت ىشاك طفخة ممحهعة في استكذاف الاترالات اللاسمكية الزهئية تحت الساء في
عسمي لشقل البيانات تحت الساء بدخعة عالية وفعالة من حيث التكمفة. من خلال استخجام الأطهال السهجية الزهئية في 

 في أوجو التذابو مع الاترالات الزهئية في الفزاء الحخ UOWC الاترالات السخررة من نقظة إلى نقظة، تذتخك
(FSO) وروابط الميدر عبخ الأقسار الرشاعية. إن الاستفادة من أطهال مهجية محجدة تسكن UOWC  من تحقيق معجلات نقل

مفيجًا في  بيانات عالية. أعيخت الأبحاث الحجيثة أن اترالات الشظاق العخيض مسكشة عبخ مدافات معقهلة. يسكن أن يكهن 
تظبيقات مختمفة مثل حساية البيئة واستكذاف مياه البحخ والعسميات العدكخية وأجيدة إنحار الظهارئ وما إلى ذلك. إلا أن 
السجال تحت الساء يسثل وسظا يرعب التعامل معو حيث تتعخض القشاة لمتذتت والامتراص الذجيج. بالإضافة إلى ذلك، فإن 

الجقيق يجعل الاترالات مزبهطة بذكل غيخ صحيح، مسا يؤثخ بجوره عمى جهدة انتذار الإشارة.  التحجي الستسثل في التعخيب
تم في ىحا العسل تقجيم لسحة عامة عن أىسية الاترالات اللاسمكية الزهئية تحت البحخ ودورىا في التظبيقات الحجيثة. كسا تم 

ى ذلك، تم دراسة أنهاع التهصيلات والتكهيشات السدتخجمة في عخض أىم العهامل السؤثخة عمى الإشارة الزهئية. بالإضافة إل
 قشهات الإرسال والاستقبال

 
(، الهصلات تحت الساء، التهىين تحت الساء، UOWCالاترالات اللاسمكية الزهئية تحت الساء ) الكلمات الدالة:

، الهصلات تحت الساء، (UOWC) الاترالات اللاسمكية الزهئية تحت الساء الاضظخابات السحيظية، الزهضاء الخمفية
 التهىين تحت الساء، الاضظخابات السحيظية، الزهضاء الخمفية
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