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Abstract— In underwater wireless optical communication 

system we use various different modulation techniques and 

compare their performances by taking realistic system 

parameter into account. Particularly we compare the 

performance of modulation technique such as on-off keying, 

pulse position modulation, pulse width modulation and 

digital pulse interval modulation. When we use PIN or an 

avalanche photodiode at the receiving end, we discuss the 

compatibility e of these modulation techniques to the 

underwater optical channel by considering implementation 

aspects. Because of more power efficiency and its cost 

effectiveness, optical communication has become more 

important in these days for communication. Since a few years 

back, optical communication is considered as an attractive 

transmission technique for underwater Wireless sensor 

network (UWSN). 
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I. INTRODUCTION 

Many underwater communication systems have been 

designed and manufactured commercially, mostly based on 

analog technology and employing Single Side Band (SSB) 

modulation. Technically, these systems are way behind the 

advanced digital technology of mobile radio communication 

systems. Apart from the modulation scheme adopted, analog 

systems have other inherent shortcomings; for example, 

private communications are not easily achievable and 

multipath propagation can degrade the quality of the 

transmitted data. These limitations can be overcome by 

implementing digital technology as is now commonplace for 

mobile telephones. It is for these reasons that several 

experimental systems for digital underwater communications 

have been developed. Since an underwater communication 

channel is bandwidth-limited, transmission of quantized 

speech sample sat high bit rates is restricted. Transmission of 

encoded signal parameters can be achieved by using various 

digital modulation techniques, such as ASK, FSK and PSK. 

Each has certain advantages and disadvantages when applied 

to a multipath-dominant underwater communication channel. 

These factors include the complexity of implemented system, 

bandwidth efficiency, power efficiency and the effect of 

multipath propagation and inter-symbol interference (ISI). In 

recent years, there have been a growing number of 

applications of coherent PSK modulation at high data rates. 

This is achievable owing to advances in digital signal 

processing technology. However, since the present system is 

designed to be portable, an alternative, more power-efficient, 

modulation technique is considered. 

II. OPTICAL WATER PARAMETERS 

To consider the design of u/w optical communications 

systems for propagation of light in water and the light noise 

background, we must first develop two basic light in-water 

attenuation parameters. The first of these is the beam 

attenuation coefficient, designated by c, which describes the 

attenuation of a collimated beam of light. As shown in Figure 

2.1, it is defined in Eq. (1) as 

It = I0exp (-cz)                   ………………. (1) 

Where, 

Io = the original light irradiance (watts/m2), 

It= the transmitted irradiance, and 

z = the path length. 

 
Fig. 1: Illustration of beam attenuation coefficient 

The beam attenuation coefficient has units of m-1 

and is used to calculate the attenuation of a collimated light 

beam such as a laser beam underwater. As shown in Figure, 

it describes the sum of absorption and single event scattering 

in the water. This parameter is wavelength dependent with the 

minimum value in the optical transmission window of water 

around 490 nm for clear ocean water and has a value of 0.02 

m-1 for the clearest ocean water. The second of the basic light 

in water attenuation parameters is designated by K and 

describes the attenuation of diffuse light. As shown in Figure 

2.2, it is defined in Eq. (2) as 

It = I0exp(-Kz)                      ………………(2) 

Where, 

I0 = the original light irradiance (watts/m2), 

It = the transmitted irradiance, and 

z = the vertical path length. 

III. LIGHT SOURCES AND DETECTORS 

Newly developed LEDs emit substantial light and are 

typically very inexpensive. Currently, LEDs can emit up to 

several watts of power into an angle of several tens of 

degrees. If these LEDs are placed in an array, the output 

power can be substantially greater. 

Laser diodes with their output frequency shifted into 

the500- to 650-nm range can emit more power than LEDs but 

are more expensive. 

Also, COTS photodiodes such as avalanche photo 

diodes (APDs) can be used as detectors which can respond to 

pulses as narrow as several nanoseconds. The photo diode 

needs to have a balance between speed and sensitivity. 
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Atypical arrangement is that the current from the photo diode 

is amplified by a trans impedance amplifier (TIA). The data 

transmission rates for such transmitter/detector systems can 

be as high as several hundred kbps. 

For the short u/w optical communications ranges 

and the bitrates involved, infrared communication according 

to the Infrared Data Association (IrDA) standard can be used. 

However, because water very strongly absorbs IR radiation, 

the IrDA physical layer modulation can be used but the IR 

emitting diodes must be replaced with sources which operate 

in the visible portion of the electromagnetic spectrum and a 

detector which is Sensitive in the visible spectrum must be 

used. 

IV. UNDERWATER COMMUNICATION USING DPPM 

Digital Pulse Position Modulation Technique is an effective 

modulation format for transmitting digital information in an 

optical channel. It has been also been considered for the 

underwater digital data transmission, because of its suitability 

for power efficient channels comparative simplicity in 

implantation and reduced sensitivity to multipath 

propagation. Digital data is transmitted by dividing each data 

frame T𝑠𝑦𝑚𝑏𝑜𝑙   in to M possible data slots each of duration 

T𝑠𝑙𝑜𝑡 and locating transmission pulse in just one of these slots. 

To transmit quantized speech parameters, it is appropriate to 

select 8-slot DPPM i.e. 3-bits per symbol. Therefore 18 

symbols must be transmitted during each frame so that real 

time operation can be achieved. The symbol interval is sub-

divided in to eight data slots and two guard slot intervals as 

shown in Fig. In definingT𝑠𝑦𝑚𝑏𝑜𝑙 , careful attention must be 

paid to the resonance frequency and Q of the underwater 

transducer; these are normally referred to as a projector-

hydrophone pair. Since in the DPPM method information is 

encoded by temporal slot position of the pulse in the symbol 

interval, accurate timing in both modulation and 

demodulation is essential. Therefore synchronization is quit 

Important and three aspects are considered frame 

synchronization, symbol synchronization and slot 

synchronization. 

 
Fig. 2: Under water Communication using DPPM 

V. SYNCHRONIZATION IN DPPM 

Since in the DPPM method information is encoded by the 

temporal slot position of the pulse in the symbol interval, 

accurate timing in both the modulation and the demodulation 

processes is essential. 

 
Fig. 3: Transmission of synchronization signal and octal 

data (601) in DPPM format. 

The question of how best to achieve DPPM 

synchronization has received some attention in the literature, 

and here three aspects are considered, speech frame 

synchronization, symbol synchronization and slot 

synchronization. The last of these is the most significant 

because it provides synchronization of the others. However, 

since the speech data are in packet form, it is important to 

know when it is being transmitted, therefore a speech frame 

synchronization signal is introduced, as shown in, so that 

synchronization between the transmitter and receiver is 

updated every 22.5ms. This is necessary because, at the 

receiver, the pulse position may be significantly shifted from 

its original location, leading to a timing error during the 

demodulation process. Moreover, the communication link 

can be intermittently interrupted and may need to be resumed. 

The duration of the speech frame synchronization signal must 

be carefully decided in order to distinguish it from a data 

burst. After the transmission of a data burst, the received 

signal will generally be detected as a spread-out version of 

the transmitted burst due to the response of the hydrophone 

and the effect of multipath propagation in the underwater 

channel.  

VI. CONCLUSION 

These day the power resources are limited and their 

Optimization is of much importance so in highly challenging 

underwater communication we use various modulation 

technique which are suitable for optical wireless 

communication system in underwater communication which 

are OOK,PPM,DPIM and DPPM. 

We had compare the various parameters of 

communication techniques such as bandwidth, peak to 

average power ratio, transmission efficiency  and channel 

capacity for OOK, PPM, DPPM and DPIM. 

DPPM need less optical power and give less bit error 

rate compare with on-off keying and require less bandwidth 

and have higher bit rate compared to Pulse position 

modulation for the given parameter. 

The result shows that PPM in compare with OOK 

require less optical power as M increases ,  the bandwidth also 

increases as well. The channel capacity of DPPM is better 

than other modulation technique unlike PPM , DPIM require 
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no symbol  synchronization which result in much simplified 

receiver structure, DPIM offer some improvement in 

transmission power at the expense of loss of some bandwidth 

efficiency compared to OOK . 

It provides higher transmission efficiency compared 

to OOK, PPM which can be employed to improve other the 

bandwidth efficiency for power efficiency of the system. 

Therefore DPIM is the most efficient scheme in term 

of Transmission capacity and bandwidth requirement. In 

aspect of power and error performance PPM is the best 

among these technique.  


