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Abstract— Under water optical communication (UWOC) is 

an effective alternative technology to meet new demands. In 

underwater communication Radio frequency (RF) and 

acoustical techniques are suffer from various drawbacks. 

Laser based communication is a potential technique for high 

bandwidth Underwater Wireless Optical Communication 

(UWOC) because of its high data transfer rate, immunity to 

interference and jamming. In this experimental 

demonstration Under Water Optical Communication using 

red laser is proposed. In this study, performance of the 

channel over various modulation techniques is characterized 

based on the data acquired. A comparative study on the effect 

of laser beam is carried out and the suitable modulation 

technique for UWOC is determined by comparing Bit Error 

Rate (BER), data transmission rate and Signal to Noise Ratio. 

Key words: Under Water Communication, Red Laser, BER, 

SNR, Bandwidth 

I. INTRODUCTION 

A major challenge facing ocean exploration and surveillance 

is how to quickly and accurately communicate the data 

obtained by the unmanned system to a surface ship or shore-

based station. Underwater communication is widely used in 

military, industry, and scientific communities. This 

communication interface with data rates in the range of few 

to tens of Mbps. Fiber optic or copper cabling can be used for 

sufficiently large or stationary devices, a wireless link is 

desirable in many situations. Radio frequencies are heavily 

attenuated in seawater. For short-range links, optical 

communication is a promising alternative. Recently 

underwater optical communication has witnessed a surge in 

interest from developments in blue-green sources and 

detectors. LED-based systems are used for low-cost, low 

power, and compact systems. Laser-based systems can be 

used for extended ranges, high data rates and low latencies. 

As such, optical methods for wireless undersea 

communication are becoming an attractive alternative for 

high speed data links. The basic block diagram of underwater 

optical communication is given in fig.1.   

 
Fig. 1: Block Diagram of UWOC 

 

It is mono directional in nature. It is important to 

understand not only the spatial properties of scattered light in 

the ocean, but also how the scattering will affect the 

temporally encoded information signal. From the underwater 

perspective, optical links appear to be an attractive alternative 

to acoustic methods as laser sources in the blue/green region 

of the spectrum, which exhibits a minimal absorption in 

seawater. Furthermore, data rates are not limited by 

frequency-dependent absorption as they are in acoustic. 

Optical communications under water have the potential to 

achieve much higher data transfer rates than an acoustic 

communication system at significantly lower power 

consumption, simpler computational complexity, and smaller 

packaging. 

II. EXPERIMENTAL SETUP FOR UWOC 

In this section, the design of laser based communication 

system for the underwater optical wireless optical 

communication is illustrated. The detailed experimental setup 

is shown in figure.1.The experimental setup consists of three 

main parts such as a transmitter, a receiver and an 

experimental water chamber with the medium of optical light 

in water which is the basic need for any communication. 
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Fig.2. Block diagram 

           A pseudo random bit sequence (PRBS) is generated in 

the transmitter side as a message signal and this bit streams 

are modulated by OOK, QPSK and OFDM techniques. The 

FPGA implementation involves designing the proper 

selection of modulation schemes. The system clock and 

modulation select are the two inputs to the circuit. The high 

frequency system clock is reduced into half for the proper 

working of the circuit. The Table 1 shows the 2 bit 

modulation circuit designed.  
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Mod sel OUTPUT 

00 Null 

01 OOK 

10 QPSK 

11 OFDM 

Table 1: Modulation Scheme Selection 

The input to the mod_sel is selected and the output 

is given to Analog to Digital Converter (A/D) which is then 

given to laser driver which then drives the LASER Source. 

Compared with RF communication here the signal carrier is 

laser light and it provides high bandwidth and high data rate 

over RF and acoustic communication. Here we used 650nm, 

5mW red laser for optical communication.  The optical signal 

passes through turbulent water medium and detected by an 

Avalanche photo diode (APD). At the receiver side received 

power is calculated. Based on the data acquired, a 

comparative study on the effect of laser beam is carried out 

and the modulation technique for UWOC is determined. 

 
Fig. 3: Transmitter 

 
Fig. 4: Water Chamber 

 
Fig. 5: Receiver 

Parameters Values 

Transmitter optical power 50mW 

Transmitter efficiency 0.5 

Receiver efficiency 05 

Receiver diameter 1cm 

Receiver sensitivity -20dBm 

Table 2: Parameter Consideration 

water concentration             Wc Values 

Pure sea water Wc=0.035 mg/m3 

Clean ocean water Wc=0.55mg/m3 

Coastal ocean water Wc =4mg/m3 

III. BRIEF DESCRIPTION OF MODULATION 

There are three different modulation techniques are used for 

this project. They are OOK, QPSK and OFDM. These three 

different modulation techniques are explained below in brief 

manner. 

A. OOK Modulation 

On-Off Keying (OOK) is the simplest form of Amplitude-

Shift Keying (ASK) modulation that 

represents digital data as the presence or absence of a carrier 

wave. In its simplest form, the presence of a carrier for a 

specific duration represents a binary one, while its absence 

for the same duration represents a binary zero. It is analogous 

to unipolar encoding line code. Fig.6. gives the simulation 

wave form of OOK modulation. 

On-off keying is most commonly used to 

transmit Morse code over radio frequencies. OOK has been 

used in the ISM bands to transfer data between computers, 

for example, OOK is more spectrally 

efficient than frequency-shift keying, but more sensitive to 

noise. In addition to Radio Frequency carrier waves, OOK is 

also used in optical communication systems (e.g. IrDA). 

Fig.6. gives the simulation wave form of OOK modulation.  

 
Fig. 6: Simulation of On–Off Keying 

B. QPSK Modulation 

QPSK uses four points on the constellation diagram, equi-

spaced around a circle. With four phases, QPSK can encode 

two bits per symbol, with gray coding to minimize the Bit 

Error Rate (BER).The mathematical analysis shows that 

QPSK can be used either to double the data rate compared 

with a BPSK system while maintaining 

the same bandwidth of the signal, or to maintain the data-rate 

of BPSK but halving the bandwidth needed.  In this latter 
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case, the BER of QPSK is exactly the same as the BER of 

BPSK, is a common confusion. QPSK transmits twice the 

data rate in a given bandwidth compared to BPSK - at the 

same BER.  

Fig.7.shows the simulation waveforms of QPSK 

modulation. 

 
Fig. 7: Simulation of QPSK Modulations 

C. OFDM Modulation 

The water channel that is being considered in this project may 

have multipath effects. The modulations so far described 

suffer a lot in such an environment and multipath may even 

impair the communication to a level where the message 

becomes unrecoverable. With this in mind, it is important to 

look at more robust modulations when multipath effects are 

present. Nowadays, OFDM is considered always as a strong 

candidate to use in such cases. The basic idea of OFDM is to 

divide the available usable spectrum into many narrowband, 

low data rate carriers, called subcarriers. Each narrowband 

orthogonal subcarrier can be modulated using various 

modulation formats, BPSK, QPSK and QAM being 

commonly used. Subcarrier spacing is chosen sufficiently 

close so that the channel transfer function may be 

approximated by a constant complex value within the 

bandwidth used by each subcarrier. In this way, a frequency 

selective channel is divided into many flat fading sub-

channels where each subcarrier suffers only constant phase 

and amplitude changes. Fig.8. shows simulation waveforms 

of OFDM modulation. 

 

 

 

 
Fig. 8: OFDM Modulation 

IV. SIMULATION RESULTS 

In this section, using the above mentioned formulations the 

simulation is carried out to study the underwater optical 

channel and its effect on optical wireless communication 

employing different modulation techniques in the transmitter 

and receiver over underwater environment. Here simulation 

results are presented. Modulation and demodulation of OOK, 

QPSK and OFDM schemes have been simulated using the 

MATLAB tool. Fig.8. shows the BER curve for all the 

modulation schemes chosen for underwater laser optics.The  

bit error rate indicates the ratio of  error bits to the toatl 

number of bits transmitted. The signal to noise ration indicate 

ratio of transmitted signal power to noise power.The Bit error 

rate and Signal to noise ratio is calculated and plotted for 

modulation schemes like OOK,QPSK and OFDM. As we can 

see the OFDM modulation schemes performs better. 
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Fig. 8: BER Curve of OOK,M-ary PAM,8-PSK 

  Fig.9. shows the beam displacement of the 

transmitted beam when passed through the tubulent water 

channel.This shows the beam centroid displacement and 

corresponding power distribution in Turbulent UWOC 

channel.The power distribution which was umbrella shaped 

before transmitting is affected and various mitigation 

techniques has to be used for error free wireless 

communication. 

 
Fig. 9: Beam Displacement Due to Channel Turbulence 

V. CONCLUSION 

In this paper we have evaluated the performance of 

underwater wireless optical link using different modulation 

techniques namely OOK, QPSK and OFDM. BER has been 

treated as the prime metric of performance and it has been 

found that under the same atmospheric turbulence conditions. 

UWO link employing OFDM has been found to show much 

better performance than conventional OOK and QPSK 

system. From our results, it is evident that OFDM modulation 

is preferred in cases where we need to consider small amounts 

of transmitting enery. The main reason is that the OFDM 

offers high bandwidth and acceptable BER while transmitting 

signals of relatively low energy. Better communication 

provides higher speeds and less noise could enable further 

transmission distances by increasing the signal to noise ratio. 

Thus the laser-based wireless communication systems are 

viable solution to high speed, large distance data transmission 

applications. 
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