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ABSTRACT

Due to the limitations of weather effects in the terrestrial
environment, underwater communication has been chosen as a
method of high efficiency and security. It has been emerged
as a promising technique due to low power consumption,
compact size and better data rate. Despite of the benefits it
offers, this technique has various lagging effects like it has
high bit error rate, battery power and bandwidth limitation and
many more which are discussed in this paper and the means to
combat those limitations have also been discussed.
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1. INTRODUCTION

With the advancement of technology man has shifted from
road to air; similarly the communication is also seeing its
future in underwater environment. Although there are
limitations of this transmission but it is gaining huge
acceptance due to high data rate, low latent rate and less
energy consumption as compared to acoustic links. Since
acoustic waves have low data transmission rate and it is
sensitive to backward environment so a better option is to
move to laser and radio frequency waves. As the optical ray
has more directivity and has less dispersion compared to
existing acoustic ray system, so this method is quite
promising. Nowadays Wavelength Division Multiplexing
(WDM) is used which has further increased the capacity.
Wireless sensor network is employed for surveillance to
safety purpose in underwater communication system. Though
the marine world is not affected by the equipments used in
underwater communication system but the problem lies in
power supply issues, deploy-ability of sensors, misalignment
of the optical link due to mobile nodes and many more. Thus
the demand for underwater communication is increasing due
to other human activities like off shore oil fields and
underwater exploration [2]. Generally Remotely Operated
Vehicles (ROVs) and Autonomous Underwater Vehicles
(AUVs) are used for this purpose. Although cables are used,
but they have other limitations also despite offering high
speed. Thus, optical communication in underwater
environment would also be a boon like in terrestrial
environment due to its large bandwidth and high data rate
(Mbps to Gbps). The underwater optical communication uses
the visible band of electromagnetic spectrum i.e. the range of
450-550 nm, while water is transparent to light and absorption
is minimum. In this paper a discussion about various trends
of underwater communication, its challenges, different
topologies in use and their future scope is carried out. An
overview of wireless sensor networks; its deploy-ability with
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the limitations they are facing and some key measures are also
given in the end. In section Il different trends of technologies
have been discussed, section Ill deals with the study of
different works and in the last section future work has been
proposed.

2. TRENDS OF TECHNOLOGIES

Before concentrating on the experiments and advancements
made till yet, it is more important to know about the waves
which are used in underwater communication. Mainly, in this
section three types of waves are focused on with their
properties — acoustic, electromagnetic and optical waves.

Acoustic waves: These are the waves which are of the kind of
longitudinal waves and propagate through adiabatic
compression and expansion. Thus, they have same direction
of propagation and vibration. These are used as the basic
carrier in underwater communications. As it is known to us
that speed of sound in water depends upon several properties
of water such as temperature, salinity, pressure and this is the
factor which plays an important role in communication. There
is one another concept of absorption in these waves. There
may be a change in wave energy while travelling so this can
be converted to heat due to inelasticity which works as
imperfection.

Electromagnetic waves: These are the waves which have
electric field and magnetic field components which are
perpendicular to each other and also to the direction of
propagation of wave. Normally, electromagnetic waves travel
with the speed of light. These are arranged in order of
frequency or wavelength in a spectrum called electromagnetic
spectrum. It is related to the theory of electrodynamics and
properties of superposition are followed. It exhibits both wave
and particle properties as per wave particle duality. The
energy is deposited when light is absorbed although it is not
showing particle but quantum nature as described in quantum
electrodynamics.

Optical waves: These are the light waves used for
communication. They have big advantage of high data rate but
in underwater it has several disadvantages. These are readily
absorbed by water and scattering is also prominent. Presently
they have provided better communication up to a limited
range. It has more speed than acoustic and thus better to
utilize. Moreover, the use of other waves could lead to high
latency and could affect marine life that is not possible with
optical waves [3]. Thus for various underwater applications
optical waves are preferred.

3. STUDY OF EXPERIMENTAL
WORKS

The main aim to design underwater communication is to have
an efficient and reliable network .There is various advantages
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of underwater communication in today’s world. It is not a new
concept to explore the ocean but in 1912 and even earlier
when titanic sank and system of detecting U-boats developed.
The underwater data links can be combined with satellite links
for real time operations. These can be used for disaster
management process. Thus the transmitter and receiver for
underwater are similar to Free Space Optics (FSO) link in
terrestrial atmosphere but the only difference is with the
wavelength of operation. Though there are a number of
benefits of using underwater communications but there are
some drawbacks also. The main disadvantage is the battery
power required. The bandwidth available is also limited and
the bit error rate is very high [4]. There is more multipath
fading and propagation delay; the cost is also high. They are
more prone to failure of system than terrestrial system. The
difference between terrestrial and underwater communication
is made clear in table 1.

Table 1. Comparison between terrestrial and underwater
communications

Specification | Underwater | Terrestrial
Cost More Less
Deployment More sparse Less sparse
Power needed High Less
Spatial Uncorrelated Correlated
correlation due to
mobility of
Sensors

Despite of all the limitations we have better future in
underwater communication due to more security and no
weather affect disturbance unlike fog or smog in terrestrial
communication [5].

3.1 Modulation formats and coding

decoding schemes
Recently a transpacific cable system has given the range of
terabit for 100 channel WDM network having a speed of
10Gbps with channel spacing of 0.3 nm and a spectral
efficiency of 0.3 bits/s/Hz has been achieved [1]. This
experiment has used a number of modulation formats like on-
off keying, chirped return to zero and recently a new format is
added i.e. Return to zero differential phase shift keying. The
main problem is to improve spectral efficiency. Some coding
and decoding schemes are also used in underwater
communication system like CRC encoding and circular trellis
check, viterbi decoding is also used. This paper has showed
that error detection offered by Reed Solomon encoder gives
better performance against noise [6]. The packet size of
encoder should be fixed for better decoding and reduction in
receiver complexity. The channel is provided with different
schemes like turbo codes and reed Solomon [8]. The visible
light spectrum has also been used for underwater applications
[9]. The systems are using Infrared Radiations but visible light
is also employable if used in place of IR [10]. Low Density
Parity Check codes (LDPC) are also a good choice to have
better results [11]. LDPC codes with code rate %, row weight
6 and column weight 3 are used. These are then compared
with turbo code of % code rate. It is observed that if SNR is
greater than 1.5 dB then LDPC codes are good in giving
results [12]-[13]. The experimental block diagram is shown in

fig 1 which uses BPSK modulator and demodulator with
LDPC coding-decoding devices.

Input Speech LDPC ':D BP3K
speech ; encode r; encode mod

v

underwater
channel

v

Output Speech ,\'4: LDPC BPSK
speech decode decode <::| demod

Fig 1: Block diagram for LDPC codes [11]

So better digital speech communication is achieved using this
method. There is another method of joint iterative
equalization and decoding scheme in combination with the
joint synchronization and equalization scheme in order to cure
the limitations of the underwater atmosphere [14]. This
experiment basically involves physical layer but several
higher layers are also involved if taken into account thus
solving issues of signal distortion and other impairments [15]-
[16]. But the use of this method is limited till very high and
low signal to noise ratio is not achieved. The use of single
carrier is an old technique. So nowadays multicarrier
communication is used not only in terrestrial but also in
underwater atmosphere thus ensuring high data rate and low
bit error rate [17]. As the technology is advancing various
multiple access schemes are also used for multi user
communications. One technique is direct sequence code
division multiple access (DS-CDMA) with multi user chip
rate equalization algorithm as proposed [18]-[21]. Due to the
limitations of Doppler spread and Inter Symbol Interference
(ISI); the wuse of decentralized hypothesis feedback
equalization algorithm is a secure method which continuously
updates the coefficients at chip rate [22]. Keeping this in view
another hypothesis of successive interference cancellation
hypothesis feedback equalization (SIC-HFE) has been
proposed which in turn increases the performance of the
system.

3.2. System design and environment

The first and foremost step in the communication is to design
the structure of the system. There are limitations to radio
frequency and ultrasound waves so we prefer optical waves
but its characteristics also depends on water [23] .Thus system
design has more importance. The design of the system can be
better decided by considering various factors like attenuation
coefficient, absorption, scattering. The wavelength also
affects the distance to be travelled. As it is reported that using
470 nm one can send information to more distance which is
not with 660 nm and 525 nm. OFDM is normally used for
multicarrier operations as it provides good data rate. Based on
it a structure of transmitter and receiver is proposed and then
implemented showing better stability and real time
applications with the use of multi channel synchronous
sample module at receiver and First In First Out at transmitter
on FPGA. The experiment is conducted in a lake and results
are cited [24].As far as transmitters are concerned using LEDs

13



International Journal of Computer Applications (0975 — 8887)

International Conference on Advances in Emerging Technology (ICAET 2016)

are better due to economical reason and also the latency rate is
less in them. For receiver utilize tion of photo detectors due to
better switching abilities. Since oil lines have their way
through ocean so in oil and gas industry for internal check; an
in-pipe communication system has been proposed [25]. The
oil industries are suffering loss due to changes along the
pipes, deposition of debris, valve issues and other
configurable problems [26]. So a method of using a robot
inside pipe is used and the robot would travel along the
pipeline and interact with the base station. It would help to
find out the issues that were earlier unrevealed. For this a
master- slave architecture is utilized with master at one side of
pipeline and slave with robotic device which would travel
along the pipe. This system works better for 1km distance.
The main issue is with the communication channel
configurability. The property of self-configuration should be
there in underwater sensors in order to automatically connect
to the relevant one [27]. The sensors connected to buoys are
not a better approach since it has defense threats. So use of
wireless sensor connected to a heavy object to restrict its
mobility is an efficient method keeping in view about the
topology which should not be harmed. The use of rake
receiver is better as proposed in as it reduces the post effects
of multipath fading and hence increasing output by decreasing
bit error rate [28]. But the synchronization of PN-sequence is
not taken into account which is an important issue. A new
method of micro-modem has been utilized for short range
underwater communication systems and results are noted by
conducting experiments in a pond and a lake taking different
data rate and distance measures. Hence it is noticed that error
free communication is obtained up to 100m and if distance
increases up to 500m, degradation of signal occurs. The
turbidity of water is also a matter of focus and various authors
have conducted a series of experiments by varying the depth
and distance between nodes [29]-[33]. A mathematical model
is proposed to find the extinction coefficient variability with
respect to depth. In the other one the slope and beam
scattering effects are taken into account while establishing the
link between source transmitter at surface and receiver which
has been submerged. Thus the turbidity of water depends on
pressure, temperature and nature of water surface. An
experiment with monte-carlo simulations has been done and it
is studied that except in turbidity conditions the performance
of the system proposed is better [34]. In an another approach
80% communication has been observed with propagation loss
of 2dB/m and attenuation of 1dB/m using laser
communication but a problem of uplink sensitivity of satellite,
used between land station and AUV, is solved using gap
filters. This experiment has been performed for a depth of
1000m and a JPEG image is transmitted from underwater
vehicle using both acoustic and laser waves. It is also noticed
that in acoustic wave communication for Quadrature Phase
Shift Keying error free communication is there [35].

3.3 Routing protocols and synchronization

Moreover if there is a direct link between source node and the
target node; another system of using Transmission Control
Protocol (TCP) over a link which is modulated by a USB
CP2102UART is a better solution. Since the bandwidth is
limited in underwater communication system. So using optical
links with TCP would even open the doors to video
transmission also. For this, broadcast MAC is employed and it
gives better result. Another concept in underwater
communication is the time synchronization which requires the

proper information between two communicating nodes. But
due to fluctuation in temperature and pressure, this factor
varies [36]. Once it is achieved the rate of sending and
receiving information can be controlled and the reliability
would be more. There are a number of algorithms that can be
used to have a better timing synchronization like maximum
likelihood based on cyclic prefix, symbol synchronization
based on Linear Frequency Modulation (LFM) and
synchronization based on pseudo random noise sequence. A
ten path fading channel is taken and un-coded Bit Error Rate
(BER) is used to calculate performance with OFDM [37]. It is
observed that performance of LFM is better than others.
Moreover it has the ability to manage delay and fading thus
providing  better results for OFDM  underwater
communication. In addition to it, an adaptive pilot coarse
timing synchronization method is used [38]. It utilizes
Constant Amplitude and Zero Auto Correction (CAZAC)
sequence which has flat frequency response [39]. To make the
performance of OFDM underwater system more reliable by
using comb type pilot with CAZAC preamble synchronization
method. It improves accuracy and the acquisition time [40]-
[41]. The system of OFDM with underwater communication
system on FPGA has been carried out and the results are
noted [42]. Another method of frequency hopping is also good
in underwater communication system at multipath fading and
strong noise conditions [43]. So overall it has better
simulation results for multipoint communication. A method of
Pulse Position Modulation (PPM) has also been introduced
which has improved the synchronization complexities and
increased the efficiency. Since high energy laser is required
thus xenon lamp with adjusted Q laser is used in the
experiment as described in fig 2 [44]. This experiment is more
reliable than with modulators [45].

The signal travels through medium from one node to another,
thus there should be proper alignment between receiving and
transmitting nodes otherwise the loss of data could be there.
Hence, high directivity is the main requirement though it is
not possible while making connections with AUVs and
ROVs. If the FOV is small then misalignment problems are
more peculiar. Thus inserting the lens and scanning mirrors
can solve the purpose but at the reception, the FOV becomes
more sensitive so gives limiting performance. An array of
LEDs at the transmitter side and photodiode array at the
receiver side gives good results which also help in the
alignment of transmitter and receiver by scanning or beam
steering [46]-[48]. There are various measures which need to
be considered while establishing link between the nodes. A
model of prediction i.e. sampling based model predictive
control is proposed for control and tracking. In AUVs which
helps to find path out of local minima as described [49].

If the physical layer is utilized then better communication
could be achieved till 100m but multipath propagation and
Doppler spread is always there. In data-link layer, various
multiple access schemes can be used but it is observed that
only CDMA worth in giving results but the latency problem
remains there. The network layer is an emerging method in
which only the use of geographical routing is beneficial
instead of proactive and routing protocols but there is a
problem of uncertainty in it. In transport layer, the use of
Event to Sink Reliable Transport (ESRT) is used as a tool to
conserve energy.
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Fig 2: Setup of PPM utilization [44]

4. CONCLUSION

The underwater communication is a recent technology and is
still in the developing phase. Many things have been
discovered and much work has to be done in this field. The
challenges of underwater communication can be overcome by
regulating the sensors properly and using various CDMA
spectrums since signal becomes resistant to frequency
selective fading. By focusing on the routing schemes for 3-
dimensional and considering present situation we can utilize
this technique more efficiently. The use of Wavelength
Division Multiplexing is also a revolutionary step in this
direction.

5. ACKNOWLEDGMENTS

| pay my gratitude to Dr. Preeti and Ms. Pardeep Kaur for
their enormous motivation and support. | am also appreciative
to all the faculty members of my department for their
assistance. | am grateful to my parents and friends for their
cooperation.

6. REFERENCES

[1] Itsuro Morita and Masatoshi Suzuki, “Innovations for
Future Optical Submarine Cable Systems”,15th Opto-
Electronics and Communications Conference
(OECC2010) Technical Digest, Sapporo Convention
Center, Japan pp. 46-47(invited), July 2010.

[2] “Underwater Acoustic Digital Signal Processing and
Communication Systems, “Robert Istepanian, Milica
Stojanovic, kluwer academic publishers, 2002nd Edition

[3] Alok Ranjan,Ashish Ranjan,”Underwater Wireless
Communication Network” Advance in Electronic and
Electric Engineering ISSN 2231-1297, Volume 3, pp. 41-
46, November 1, 2013.

[4] lan F. Akyildiz,Dario Pompili,Tommaso Melodia,
”Challenges for Efficient Communication in Underwater
Acoustic Sensor Networks”.

[5] J.G.Proakis, E.M.Sozer, J. A. Rice, M. Stojanovic,
“Shallow water acoustic networks”, IEEE
Communications Magazine, pp. 114— 119, Nov. 2001.

[6] Nasri Nejah, Andrieux Laurent, Kachouri Abdennaceur,
Samet Mounir, ”Efficient encoding and decoding
schemes for wireless underwater communication

systems”, 7th International Multi-Conference on
Systems, Signals and Devices IEEE 2007.

[7] Milica Sto  janovic, “Underwater  Acoustic
Communication”, Department of Electrical and
Computer Engineering Northeastern University, the
Wiley Encyclopedia of Electrical and Electronics
Engineering

[8] Nejah Nasri, Laurent Andrieux and all, "VHDL-AMS
Modelling of Underwater Channel”, Australian Journal
of Basic and Applied Sciences, 3(4): 3864-3875, 2009
ISSN 1991- 8178.2009.

[9] Ashish Kumar Das, Arpita Ghosh, A. M. Vibin and
Shanthi Prince, "Underwater Communication System For
Deep Sea Divers Using Visible Light”.

[10] J.M. Khan et al, “Wireless Infrared Communications”,
Proc. Of the IEEE, Vol.85, no.2, pp 265-298, Feb. 1997.

[11] Wei Han, Jianguo Huang, Min Jiang, “Performance
Analysis of Underwater Digital Speech Communication
System Based on LDPC Codes “ pp 567-70, IEEE 2009.

[12] Wang yan, Huang Jian-guo, Li Fan, “Fast search
algorithm of adaptive code-book for speech coding”,
computer engineering and applications, pp. 69-71, 2007.

[13] J. Xu, L.Chen, I. Djurdjevic, S. Lin, K. Abdel-Ghaffar,
“Construction of regular and irregular LDPC codes:
geometry decomposition and masking”, IEEE trans. Info.
Theory, pp.121-134, Jan. 2007.

[14] Sui Tianyu, Yuan Zhaokai, Li Yu,Sun Guiging, Huang
Haining, Zhang Chunhua,”A Coherent Underwater
Acoustic Communication System Based on Joint
Iterative Equalization and Decoding Algorithm” pp 73-
76, IEEE 2010.

[15] I.LF. Akyildiz, D. Pompili, T.Melodia, “Underwater
Acoustic Sensor Networks: Research Challenges,” Ad
Hoc Networks (Elsevier), vol.3(3), pp. 257-259, May
2005.

[16] Kilfoyle, D.B and Baggeroer, A.B, “The State Of The
Art In Underwater Acoustic Telemetry”, IEEE Journal of
Oceanic Engineering, Publisher, Location, pp. 4-27,
2000.

15



International Journal of Computer Applications (0975 — 8887)

International Conference on Advances in Emerging Technology (ICAET 2016)

[17] Yan Zhenhua, Huang Jianguo, Han Jing Ran Maohua,”
System on  High-speed  Underwater  Acoustic
Communication with Multi-carrier”, pp 470-473, ICSP
2008.

[18] Jianguo Huang, Jing Han, Wei Su, ”A Multiuser Chip-
Rate Equalization Algorithm for CDMA Underwater
Communication Systems”.

[19] E.M. Sozer, M. Stojanovic, J.G. Proakis, "Underwater
acoustic networks", J. Oceanic Eng.,25,pp.72-83, IEEE
2000.

[20] J.G. Proakis, E.M. Sozer, A. Rice et al., "Shallow Water
Acoustic Networks", IEEE Comm. Magazine,39,pp.114-
119,2001.

[21] D.B. Kilfoyle and A.B. Baggeroer, "The state of the art
in underwater acoustic telemetry"”, IEEE J. Oceanic Eng.,
25, pp. 4-27, 2000.

[22] M. Stojanovic, L. Freitag, "Hypothesis-feedback
equalization  for  direct-sequence  spread-spectrum
underwater communications”, IEEE, oceans, pp. 123-
129, 2000.

[23] Tong Xuejian, Luo Tao, “Theory and application of
OFDM mobile communication technology”, Beijing:
Post & Telecommunication Press. 2003.

[24] Podila Swathi, Shanthi Prince, “Designing Issues in
Design of Underwater Wireless Optical Communication
System”, International Conference on Communication
and Signal Processing, India, pp 1440-45, April 3-5,
2014.

[25] G. S. Kantaris and N. A. Makris, "Underwater Wireless
In-Pipe Communications System”, pp 1945-50, IEEE
2015.

[26] S. Climent, A. Sanchez, J.V. Capella, N. Merantia, J.J.
Serrano, “Underwater Acoustic Wireless Sensors
Networks: Advances and Future Trends in Physical,
MAC and Routing Layers”, Sensors, 14, pp. 795-833,
2014.

[27] Wenli Lin, Deshi Li, Ying Tan, Jian Chen, Tao Sun,
“Architecture of Underwater Acoustic Sensor Networks
:A Survey”, First International Conference on Intelligent
Networks and Intelligent Systems, IEEE, pp 155-159,
2008

[28] Shuxiang  Guo, Zixin  Zhao, ”An  Acoustic
Communication System for Multiple Underwater
Vehicles Based on DS-CDMA”’ Proceedings of the 2009
IEEE International Conference on Information and
Automation, , Zhuhai/Macau, China pp 319-323, June 22
-25, 2009

[29] Wonwoo Lee, Jun-Ho Jeon and Sung-Joon Park, ”Micro-
Modem for Short-Range Underwater Communication
Systems”, IEEE 2014

[30] Mohammad-Ali  Khalighi, Chadi Gabriel, Tasnim
Hamza, Salah Bourennane, Pierre Leon, Vincent Rigaud,
“Underwater Wireless Optical Communication; Recent

Advances and Remaining Challenges”, pp 1-4, ICTON
2014

[31] L. J. Johnson, R. J. Green, and M. S. Leeson,
“Underwater optical wireless communications: depth

dependent variations in attenuation,” Applied Optics,
vol. 52, no. 33, pp. 7867-7873, Nov. 2013.

[32] Y. Dong, S. Tang, and X. Zhang, “Effect of random sea
surface on downlink underwater wireless optical
communications,” IEEE Communications Letters, vol.
17, no. 11, pp. 2164-2167, Nov. 2013.

[33] F. Hanson and M. Lasher, “Effects of underwater
turbulence on laser beam propagation and coupling into
single-mode optical fiber,” Applied Optics, vol. 49, no.
16, pp. 3224-3230, May 2010.

[34] C. Gabriel, M. A. Khalighi, S. Bourennane, P. Leon, and
V. Rigaud, “Monte-carlo-based channel characterization
for underwater optical communication systems,”
IEEE/OSA Journal of Optical Communications and
Networking, vol. 5, no. 1, pp. 1-12, Jan. 2013

[35] Hiroshi  Yoshida, Tadahiro Hyakudome, Shojiro
Ishibashi, Hiroshi Ochi, Kenichi Asakawa, Takafumi
Kasaya, Takashi Saito, Shogo Okamoto, ”Study on
Land-to-Underwater communication Toward Underwater
Mineral Resorces Exploration System Development”.

[36] Andrew Tennenbaum, Maegan Dyakiw, Jun-Hong Cui ,
Zheng Peng, “Application of Low Cost Optical
Communication Systems to Underwater Acoustic
Networks” 11th International Conference on Mobile Ad
Hoc and Sensor Systems ,pp 755-758, IEEE 2014.

[37] Wei Wei, Hu Xiaoyi, Wang Deging, Xu Ru, Sun Haixin,
”Performance Comparison of Time Synchronization
Algorithms for OFDM Underwater Communication
System”, pp 104-107, IEEE 2007.

[38] Xiaoyi Hu, Ru Xu, Wei Wei, Jing Liu,Yongjun Xie,”A
novel scheme of Timing Synchronization For OFDM
Underwater Communication System”, IEEE 2008.

[39] Guangliang Ren; Yilin Chang "Synchronization method
based on a new constant envelop preamble for OFDM
systems", Broadcasting, IEEE Transactions on Volume
51, Issue 1, pp:139 -143,March 2005

[40] Wang Ding Xu Jiadong, "An Adaptive OFDM System
Synchronization Algorithm" China Information Security,
pp77-79,2006.

[41] K.Fazel,S.Kaiser, "Multi-Carrier and Spread Spectrum
Systems", John Wiley &L td, copyright 2003.

[42] Hui Fang, Xiaoyi Hu, Ru Xu,”An Implementation of
time and frequency synchronization for Carrier
Interferometry OFDM in an Underwater Acoustic
Channel” ,Pacific-Asia Conference on  Circuits,
Communications and System, pp 23-26, IEEE 2009.

[43] Yuan fei, Chen shengli, Lin xizhou, Cheng en, ”Time-
Frequency Synchronization Method for Multi-Point
Underwater ~ Acoustic =~ Communication  System”,
Proceedings of the 29th Chinese Control Conference,
Beijing, China pp 4143-4146, July 29-31, 2010.

[44] Mingsong Chen, Tiansong Li, shengyuan zhou , “The
Implementation of PPM in  Underwater Laser
Communication System”, pp 1901-1903, IEEE 2006.

[45] Abhijit Biswas,Victor Vilnrotter,William H.
Farr,D.Fort,and E. Sigman, "Pulse position modulated
(PPM)  ground  receiver design for  optical
communications from deep space," Proc. SPIE 4635, 224
,2002.

[46] C. Gabriel, M. A. Khalighi, S. Bourennane, P. Leon, and
V. Rigaud, “Misalignment considerations on point-to-

16



International Journal of Computer Applications (0975 — 8887)

International Conference on Advances in Emerging Technology (ICAET 2016)

point underwater wireless optical links,” IEEE oceans
conference, bergen, Norway, June 2013

[47] J. A. Simpson, B. L. Hughes, and J. F. Muth, “Smart
transmitters and receivers for underwater free-space
optical communication,” IEEE Journal on Selected Areas
in Communications, vol. 30, no. 5, pp. 964-974, June
2012.

[48] B. Cochenour, L. Mullen, and J. Muth, “Temporal
response of the underwater optical channel for high-

IJCA™ : www.ijcaonline.org

bandwidth wireless laser communications,” IEEE Journal
of Oceanic Engineering, vol. 38, no. 4, pp. 730-742, Oct.
2013.

[49] Charmane V. Caldwell, Damion D. dunlap, Emmanuel
G. Collins jr., ”Motion planning for an autonomous
underwater vehicle via sampling based model predictive
control”, IEEE 2010.

17



