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Abstract— Underwater wireless information transfer is of 

great interest to the military, industry, and the scientific 

community, as it plays an important role in tactical 

surveillance, pollution monitoring, oil control and 

maintenance, offshore explorations, climate change 

monitoring, and oceanography research. In order to 

facilitate all these activities, there is an increase in the 

number of unmanned vehicles or devices deployed 

underwater, which require high bandwidth and high 

capacity for information transfer underwater. Although 

tremendous progress has been made in the field of acoustic 

communication underwater, however, it is limited by 

bandwidth. All this has led to the proliferation of 

underwater optical wireless communication (UOWC), as it 

provides higher data rates than the traditional acoustic 

communication systems with significantly lower power 

consumption and simpler computational complexities for 

short-range wireless links. UOWC has many potential 

applications ranging from deep oceans to coastal waters. 

However, the biggest challenge for underwater wireless 

communication originates from the fundamental 

characteristics of ocean or sea water; addressing these 

challenges requires a thorough understanding of complex 

physio-chemical biological systems. In this paper, the 

main focus is to understand the feasibility and the 

reliability of high data rate underwater optical links due to 

various propagation phenomena that impact the 

performance of the system. This paper provides an 

exhaustive overview of recent advances in UOWC. 

Channel characterization, modulation schemes, coding 

techniques, and various sources of noise which are specific 

to UOWC are discussed. This paper not only provides 

exhaustive research in underwater optical communication 

but also aims to provide the development of new ideas that 

would help in the growth of future underwater 

communication. A hybrid approach to an acousto-optic 

communication system is presented that complements the 

existing acoustic system, resulting in high data rates, low 

latency, and an energy-efficient system. 

 

INTRODUCTION: 

 

The future tactical ocean environment will be increasingly 

complicated. In addition to traditional communication 

links there will be a proliferation of unmanned vehicles in 

space, in the air, on the surface, and underwater. Above 

the air/water interface wireless radio frequency 

communications will continue to provide the majority of 

communication channels. Underwater, where radio waves 

do not propagate, acoustic methods will continue to be used. 

However, while there have been substantial advances in 

acoustic underwater communications, acoustics will be hard 

pressed to provide sufficient bandwidth to multiple 

platforms at the same time. Acoustic methods will also 

continue to have difficulty penetrating the water/air 

interface. This suggests that high bandwidth, short range 

underwater optical communications have high potential to 

augment acoustic communication methods. The variations in 

the optical properties of ocean water lead to interesting 

problems when considering the feasibility and reliability of 

underwater optical links. Radio waves do not propagate 

underwater, however with the proliferation of unmanned 

autonomous vehicles the need to communicate large 

amounts of data is quickly increasing. Making physical 

connections underwater to transfer data is often impractical 

operationally or technically hard to do. Traditionally most 

underwater communication systems have been acoustic and 

relatively low bandwidth. However, the development of 

high brightness blue/green LED sources, and laser diodes 

suggest that high speed optical links can be viable for short 

range applications. Underwater systems also have severe 

power, and size constraints compared to land or air based 

systems. Underwater vehicles also encounter a wide range 

of optical environments. In shallow water the effects of 

absorption by organic matter and scattering by inorganic 

particulates can be severe compared to deep ocean water. 

Where the system operates in the water column can also 

have strong influence. 

 

II. PROPOSED SYSTEM 

 

Quality-of-service (QoS) based on channel aware reliable 

data delivery is a challenging issue in underwater wireless 

sensor networks (UWSNs). This is due to impairments of 

the acoustic transmission caused by excessive noise, 

extremely long propagation delays, high bit error rate, low 

bandwidth capacity, multipath effects, and interference. To 

Overcome this limitations cooperative routing algorithms to 

improve the performance of underwater acoustic sensor 

networks (UW-ASNs). The combination of routing and 

cooperative transmission involve selecting simultaneously 

routing relays (RR) for forwarding data on routing paths and 

cooperative relays (CR) for one-hop cooperative 

communications. The sources that have data to transmit 
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independently selects their own relays (i.e., both RR and 

CR) among their neighbors based on their link quality 

indicators (i.e., SNR, ToA) and their physical distances 

represented by hop count (HC) to the destination. 

Exploiting packet receiving or overhearing in the 

networks, these parameters are averaged and updated 

frequently to adapt to the unreliable and dynamic 

characteristics of acoustic channel over the time. By this 

way, them “best” relays with the “best” estimated 

measurements are selected reliably.   

III. HARDWARE 

 

Optically and many of the advantages that lasers have in 

terms of beam quality can be rapidly degraded by 

scattering and turbulence. 2.Free Space Optics Concepts 

Free-space optics (FSO) is a line-of-sight (LOS) link that 

utilizes the use of lasers or light emitting diodes, LEDs, to 

make optical connections that can send/receive data 

information, voice, and video through free space. FSO also 

has attractive characteristics of dense spatial reuse, low 

power usage per transmitted bit, and relatively high 

bandwidth. FSO is license-free and offers UNDER 

WATER COMMUNICATION 2010 3 Dept. of E&C 

DR.AIT, Bangalore easy to deploy, fast, high bandwidth 

connections. Moreover, the optical spectrum is not 

regulated by the FCC allowing the use of large amounts of 

unlicensed bandwidth. Due to the large investment in 

traditional fiber based optical communications networks, 

LED’s, lasers, photo detectors are available today cheaply 

and in large volumes. A free space link requires a light 

source, modulation/demodulation device, and transmitting 

and receiving telescopes. For moving targets, the 

transmitter and receiver are placed on gimbal system with 

feedback controls1. Instead of propagating through silica 

glass, as with optical fiber, the light travels through free 

space. The main disadvantage of FSO networks is that the 

transmission medium is uncontrolled. The effects of 

atmospheric distortions, scintillation, weather and 

attenuation can only be minimized or compensated by the 

transmitter/receiver hardware. Free-space optics above and 

below water have similar issues that need to be 

accommodated when building a system. Issues that are 

problematic for FSO networks and impact the 

communication link reliability and data rate are listed in 

Table 2.1. Solar Interference Sunlight can be picked up by 

the detector adding white and shot noise. Alignment Issues 

LOS beams are very narrow which causes major issues 

with alignment. Tracking is required for moving links and 

even on some stationary links. Scintillation & Turbulence 

Variation of the refractive index along the propagation 

path caused by temperature and density variations leading 

to large variations in signal strength on the receiver 

photodetector UNDER WATER COMMUNICATION 

2010 4 Dept. of E&C DR.AIT,Bangalore Absorption Loss 

of Light intensity due to wavelength dependent particle 

absorption in the medium Scattering Mie Scattering – Light 

being redirected by particle roughly same size as than the 

propagating wavelength Rayleigh Scattering – Light being 

redirected by particle smaller than the wavelength MultiPath 

Scattering/Multi-Path dispersion Multi-Path dispersion The 

path a photon takes is ideally a straight line, but due to 

scattering the photon may be redirect several times causing 

the light pulse to spread in time. Physical Obstructions 

Living organisms that enter into the beams path causing 

dropping of bit or total loss of connection Table 2.1 Optical 

link variables that affect both free space and underwater 

mediums. 2.1Appling FSO Concepts to Seawater The 

transmitter and receiver for an underwater link can be very 

similar to a FSO link in air, the major difference being the 

wavelength of operation. However, ocean water has widely 

varying optical properties depending on location, time of 

day, organic and inorganic content, as well as temporal 

variations such as turbulence. To construct an optical link it 

is important to understand these properties. The loss of 

optical energy while traversing the link arises from both 

absorption and scattering. Scattering also adversely impacts 

the link by introducing multipath dispersion. 3. Water Types 

UNDER WATER COMMUNICATION 2010 5 Dept. of 

E&C DR.AIT, Bangalore the physical properties of ocean 

water vary both geographically, from the deep blue ocean to 

littoral waters near land, and vertically with depth. 

Vertically, the amount of light that is received from the sun 

is used to classify the type of water. The topmost layer is 

called the euphotic zone and is defined by how deeply 

photosynthetic life can be found. Below this zone is the 

dysphotic zone, sometimes as deeply as a kilometer down, 

but the light is too faint to support photosynthesis. From the 

lower boundary of this zone and extending all the way to the 

bottom is the aphotic zone, where no light ever passes and 

animals have evolved to take advantage of other sources of 

food7. Figure 3.1: Diagram of the different oceanic zones, 

euphotic zone ends where 99% of the surface radiation has 

been absorbed, phytoplankton live and reproduce in this 

zone6. Each zone has its own optical properties, which adds 

another degree of difficulty when constructing a link budget. 

A system in the euphotic zone would act different than in 

the aphotic zone or if it was going from zone to zone. 3.1 

Attenuation Underwater Attenuation underwater is the loss 

of beam intensity due to intrinsic absorption by water, 

dissolved impurities, organic matter and scattering from 

UNDER WATER COMMUNICATION 2010 6 Dept. of 

E&C DR.AIT,Bangalore the water, and impurities including 

organic and inorganic particulate. The amount of attenuation 

changes with each Jerlov water type. Each water type also 

contains different levels of biomass known as8,9: · 

Phytoplankton-unicellular plants with light absorbing 

chlorophylls, · Gelbstoffe -dissolved organic compounds 

know as yellow substance, Other optical effects of the 

biomass include: · Fluorescence -re-emission of light at a 

lower frequency by absorber illuminated with optical 

energy, · Bioluminescence- emission of light by marine 
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organisms. Bioluminescence does not actually absorb 

light, but various species of organisms release light by 

their own means. The peak of the bioluminescent signals is 

centered on the bluegreen region and can potentially 

increase the noise present in the system. 3.2 Absorption by 

Pure Seawater Seawater is composed of primarily H20, 

which absorbs heavily towards the red spectrum. It also 

has dissolved salts like NaCl, MgCl2, Na2SO4, CaCl2, 

and KCl that absorb light at specific wavelengths10. As 

seen below, pure seawater is absorptive except around a 

400nm-500nm window, the blue-green region of the 

visible light spectrum. The absorption coefficient for pure 

seawater is the amount of absorption per meter of sea 

water. However, the majority of the attenuation is due to 

other mechanisms such as absorption by chlorophylls and 

humic acids, and scattering from particulate. UNDER 

WATER COMMUNICATION 2010 7 Dept. of E&C 

DR.AIT,Bangalore Figure 3.2: The absorption coefficient 

(m-1) is shown as a function of wavelength (nm) for pure 

seawater8,9. 3.3 Suspended Particulate and Colored 

Dissolved Organic Materials (CDOM) Variations in the 

spectral absorption of water result from the variations in 

the concentrations and chemical compositions of the 

material substances distrusted within the water column. 

These absorbing materials may be present in seawater 

whether in suspended particulates, such as pigment-

bearing phytoplankton or CDOM. 3.4Phytoplankton – 

Chlorophyll-a Phytoplankton, derived from phyto, 

meaning plant and planktos, meaning wandering, is one of 

the most influential factors in light transmission through 

ocean waters. Phytoplankton live in the euphotic zone, 

which is the region from the surface to where only 1% of 

the sunlight reaches. Depending on the geographical 

location, time of day and season, the zone ranges in depth 

from 50m to about 200m in Open Ocean; typically it’s 

around 100m7. Phytoplankton use chlorophyll-a, which 

absorbs mostly in the blue and red region and scatters 

green light to produce “food” through the process of 

photosynthesis10. As the concentration of chlorophyll-a 

increases, more blue and red light are absorbed, leaving 

the water a greenish tint. 

 

III. SOFTWARE 

 

MATLAB FFT 

Getting to Know the FFT What is the FFT? FFT = Fast 

Fourier Transform. The FFT is a faster version of the 

Discrete Fourier Transform (DFT). The FFT utilizes some 

clever algorithms to do the same thing as the DTF, but in 

much less time. Ok, but what is the DFT? The DFT is 

extremely important in the area of frequency (spectrum) 

analysis because it takes a discrete signal in the time 

domain and transforms that signal into its discrete 

frequency domain representation. Without a discrete-time 

to discrete-frequency transform we would not be able to 

compute the Fourier transform with a microprocessor or 

DSP based system. It is the speed and discrete nature of the 

FFT that allows us to analyze a signal’s spectrum with 

Matlab or in real-time on the SR770 Was the DFT or FFT 

something that was taught in ELE 313 or 314? No. If you 

took ELE 313 and 314 you learned about the following 

transforms: Laplace Transform: x(t) ⇔ X(s) where X(s) = 

R∞ −∞ x(t)e −stdt Continuous-Time Fourier Transform: x(t) 

⇔ X(jω) where X(jω) = R∞ −∞ x(t)e −jωtdt z Transform: 

x[n] ⇔ X(z) where X(z) = P∞ n=−∞ x[n]z −n Discrete-

Time Fourier Transform: x[n] ⇔ X(e jΩ) where X(e jΩ) = 

P∞ n=−∞ x[n]e −jΩn The Laplace transform is used to to 

find a pole/zero representation of a continuous-time signal 

or system, x(t), in the s-plane. Similarly, The z transform is 

used to find a pole/zero representation of a discrete-time 

signal or system, x[n], in the z-plane. The continuous-time 

Fourier transform (CTFT) can be found by evaluating the 

Laplace transform at s = jω. The discrete-time Fourier 

transform (DTFT) can be found by evaluating the z 

transform at z = e jΩ. Understanding the DFT How does the 

discrete Fourier transform relate to the other transforms? 

First of all, the DFT is NOT the same as the DTFT. Both 

start with a discrete-time signal, but the DFT produces a 

discrete frequency domain representation while the DTFT is 

continuous in the frequency domain. These two transforms 

have much in common, however. It is therefore helpful to 

have a basic understanding of the properties of the DTFT. 

Periodicity: The DTFT, X(e jΩ), is periodic. One period 

extends from f = 0 to fs, where fs is the sampling frequency. 

Taking advantage of this redundancy, The DFT is only 

defined in the region between 0 and fs. Symmetry: When the 

region between 0 and fs is examined, it can be seen that 

there is even symmetry around the center point, 0.5fs, the 

Nyquist frequency. This symmetry adds redundant 

information. Figure 1 shows the DFT (implemented with 

Matlab’s FFT function) of a cosine with a frequency one 

tenth the sampling frequency. Note that the data between 

0.5fs and fs is a mirror image of the data between 0 and 

0.5fs.  

 

Matlab and the FFT Matlab’s FFT function is an effective 

tool for computing the discrete Fourier transform of a signal. 

The following code examples will help you to understand 

the details of using the FFT function. Example 1: The 

typical syntax for computing the FFT of a signal is 

FFT(x,N) where x is the signal, x[n], you wish to transform, 

and N is the number of points in the FFT. N must be at least 

as large as the number of samples in x[n]. 
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 To demonstrate the effect of changing the value of N, 

sythesize a cosine with 30 samples at 10 samples per 

period. n = [0:29]; x = cos(2*pi*n/10); Define 3 different 

values for N. Then take the transform of x[n] for each of 

the 3 values that were defined. The abs function finds the 

magnitude of the transform, as we are not concered with 

distinguishing between real and imaginary components. 

N1 = 64; N2 = 128; N3 = 256; X1 = abs(fft(x,N1)); X2 = 

abs(fft(x,N2)); X3 = abs(fft(x,N3)); The frequency scale 

begins at 0 and extends to N − 1 for an N-point FFT. We 

then normalize the scale so that it extends from 0 to 1 − 1 

N . F1 = [0 : N1 - 1]/N1; F2 = [0 : N2 - 1]/N2; F3 = [0 : 

N3 - 1]/N3; Plot each of the transforms one above the 

other. subplot(3,1,1) plot(F1,X1,’-x’),title(’N = 

64’),axis([0 1 0 20]) subplot(3,1,2) plot(F2,X2,’-

x’),title(’N = 128’),axis([0 1 0 20]) subplot(3,1,3) 

plot(F3,X3,’-x’),title(’N = 256’),axis([0 1 0 20]) Upon 

examining the plot (shown in figure 2) one can see that 

each of the transforms adheres to the same shape, differing 

only in the number of samples used to approximate that 

shape. What happens if N is the same as the number of 

samples in x[n]? To find out, set N1 = 30. What does the 

resulting plot look like? Why does it look like this?  

 Electronics,  Sensors 

An infrared sensor is an electronic device, that emits in 

order to sense some aspects of the surroundings. An IR 

sensor can measure the heat of an object as well as detects 

the motion. These types of sensors measures only infrared 

radiation, rather than emitting it that is called as a passive 

IR sensor. Usually in the infrared spectrum, all the objects 

radiate some form of thermal radiations. These types of 

radiations are invisible to our eyes, which can be detected by 

an infrared sensor. The emitter is simply an IR LED (Light 

Emitting Diode) and the detector is simply an IR photodiode 

which is sensitive to IR light of the same wavelength as that 

emitted by the IR LED. When IR light falls on the 

photodiode, The resistances and these output voltages, 

change in proportion to the magnitude of the IR light 

received. 

 
IR Sensor 

 

OTcl Linkage 

ns is an object oriented simulator, written in C++, with an 

OTcl interpreter as a frontend. The simulator supports a 

class hierarchy in C++ (also called the compiled hierarchy in 

this document), and a similar class hierarchy within the 

OTcl interpreter (also called the interpreted hierarchy in this 

document). The two hierarchies are closely related to each 

other; from the user’s perspective, there is a one-to-one 

correspondence between a class in the interpreted hierarchy 

and one in the compiled hierarchy. The root of this hierarchy 

is the class Tcl Object. Users create new simulator objects 

through the interpreter; these objects are instantiated within 

the interpreter, and are closely mirrored by a corresponding 

object in the compiled hierarchy. The interpreted class 

hierarchy is automatically established through methods 

defined in the class Tcl Class. user instantiated objects are 

mirrored through methods defined in the class Tcl Object. 

There are other hierarchies in the C++ code and OTcl 

scripts; these other hierarchies are not mirrored in the 

manner of Tcl Object. 

 

Concept Overview 

Why two languages? ns uses two languages because 

simulator has two different kinds of things it needs to do. On 

one hand, detailed simulations of protocols requires a 

systems programming language which can efficiently 

manipulate bytes, packet headers, and implement algorithms 

that run over large data sets. For these tasks run-time speed 
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is important and turn-around time (run simulation, find 

bug, fix bug, recompile, re-run) is less important. On the 

other hand, a large part of network research involves 

slightly varying parameters or configurations, or quickly 

exploring a number of scenarios. In these cases, iteration 

time (change the model and re-run) is more important. 

Since configuration runs once (at the beginning of the 

simulation), run-time of this part of the task is less 

important. ns meets both of these needs with two 

languages, C++ and OTcl. C++ is fast to run but slower to 

change, making it suitable for detailed protocol 

implementation. OTcl runs much slower but can be 

changed very quickly (and interactively), making it ideal 

for simulation configuration. ns (via tclcl) provides glue to 

make objects and variables appear on both langauges. For 

more information about the idea of scripting languages and 

split-language programming, see Ousterhout’s article in 

IEEE Computer [26]. For more information about split 

level programming for network simulation, see the ns 

paper  

 

Which language for what? Having two languages raises 

the question of which language should be used for what 

purpose. 

Our basic advice is to use OTcl: 

• for configuration, setup, and “one-time” stuff 

19 

• if you can do what you want by manipulating existing 

C++ objects 

and use C++: 

• if you are doing anything that requires processing each 

packet of a flow 

• if you have to change the behavior of an existing C++ 

class in ways that weren’t anticipated 

For example, links are OTcl objects that assemble delay, 

queueing, and possibly loss modules. If your experiment 

can be done with those pieces, great. If instead you want 

do something fancier (a special queueing dicipline or 

model of loss), then you’ll need a new C++ object. 

There are certainly grey areas in this spectrum: most 

routing is done in OTcl (although the core Dijkstra 

algorithm is in C++). We’ve had HTTP simulations where 

each flow was started in OTcl and per-packet processing 

was all in C++. This approache worked OK until we had 

100s of flows starting per second of simulated time. In 

general, if you’re ever having to invoke Tcl many times 

per second, you problably should move that code to C++. 

Class Tcl The class Tcl encapsulates the actual instance of 

the OTcl interpreter, and provides the methods to access 

and communicate with that interpreter. The methods 

described in this section are relevant to the ns programmer 

who is writing C++ code. 

The class provides methods for the following operations: 

• obtain a reference to the Tcl instance; 

• invoke OTcl procedures through the interpreter; 

• retrieve, or pass back results to the interpreter; 

• report error situations and exit in an uniform manner; and 

• store and lookup “TclObjects”. 

• acquire direct access to the interpreter. 

Obtain a Reference to the class Tcl instance 

A single instance of the class is declared in ~tclcl/Tcl.cc as a 

static member variable; the programmer must obtain a 

reference to this instance to access other methods described 

in this section. The statement required to access this instance 

is: Tcl& tcl = Tcl::instance (); Passing Results to/from the 

Interpreter When the interpreter invokes a C++ method, it 

expects the result back in the privatemember variable, tcl_-

>result. Two methods are available to set this variable. 

 

• tcl.result(const char* s) 

Pass the result string s back to the interpreter. 

• tcl.resultf(const char* fmt, . . . ) 

varargs(3) variant of above to format the result using 

vsprintf(3), pass the result string back to the interpreter. 

if (strcmp(argv[1], "now") == 0) { 

tcl.resultf("%.17g", clock()); 

return TCL_OK; 

} 

tcl.result("Invalid operation specified"); 

return TCL_ERROR; 

Likewise, when a C++ method invokes an OTcl command, 

the interpreter returns the result in tcl_->result. 

• tcl.result(void) must be used to retrieve the result. Note 

that the result is a string, that must be converted into an 

internal format appropriate to the type of result. 

tcl.evalc("Simulator set NumberInterfaces_"); 

char* ni = tcl.result(); 

if (atoi(ni) != 1) 

tcl.evalc("Simulator set NumberInterfaces_ 1"); 

 

VI. CONCLUSION 

In this paper, we considered the network operation of 

multimodal underwater systems. We proposed OMR that, to 

the best of our knowledge, is the first optimal distributed 

routing protocol to be specifically designed for multimodal 

DIAMANT et al.: FAIR AND THROUGHPUT-OPTIMAL 

ROUTING IN MULTIMODAL UNDERWATER 

NETWORKS 1753 underwater networks and to be 

experimented in the field. Our protocol leverages local 

topology knowledge to decide how traffic should be 

distributed over available links using different 

communication technologies. This is achieved in a way that 

does not congest the relays upstream, and reserves more 

resources for the nodes with fewer routing opportunities. We 

analyzed the performance of OMR by means of both 

simulations and field experiments. Our results show that our 

protocol leverages the available technologies to deliver data 

reliably without congesting the network, even in the 

presence of limited, one-hop topology information. This 

suggests that the implementation of OMR, which is fully 

distributed, is a good solution to the routing problem in 

multimodal underwater networks. While having additional 
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communication technologies available provides clear 

advantages, it also provides a broader set of alternatives 

for a malicious user to try compromising the network or 

part of its nodes. For this reason, future work on this topic 

will specifically exploit multimodal network resources in 

order to enhance the security of such networks. system, the 

national voting system will be more secure, faster, easy to 

use and more economical. The system also consumes very 

low power and the device is easy to carry. The total cost of 

one machine would be less than BDT 5500. In one word, 

the system will make voting system more reliable and 

more secure. It is better than traditional ballot-paper 

system. In a country like Bangladesh where government is 

trying to bring technologies in every case to make the 

country more developed, voting system is a very good 

place to apply new technology like this, by which the 

common people will elect their right representative in 

smarter and secured way. 
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