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Abstract

Thanks to the recent developments on communication
techniques, micro-technology and on digital electronics,
Underwater Wireless Sensor Networks (UWSNSs) are
being employed in several types of underwater
applications such as wireless identification named
Acoustic Frequency Identification (AFID)[1][2]. In this
research, we are trying to adapt concepts of wireless
acoustic identification to the difficult underwater
environment with its hard constraints especially absence
of high bandwidth communication (no radio).So, there is a
critical parameter in UWSN making challenge because it
determines how longer sensor nodes and the entire
networks would remain functional. However, in these
types of Networks, node’s battery presents a limited
energy resource and network lifetime is related to the
energy consumption by a node. Thus, in this paper we will
propose some contributions and cross-layer design to
prolong the AFID network lifetime.
Keywords: UWSNs, AFID, network
consumption, cross layer.
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1. Introduction

Acoustic Frequency IDentification sensor networks are
formed by a large number of sensor nodes distributed over
an ocean geographical area named AFID sensor; they are
designed to communicate with different underwater
objects (Marine vessels, Submarines, some types of fish,
etc.) and to communicate with the reader through acoustic
links [1][2][3].

These networks could be rapidly deployed and need a very
short period to be established and then to reach data

gathering stage. Also, successful underwater navigation is
not only crucial for any type of mission, it is also an
interesting application for multi-vehicle scenarios as each
vehicle has the possibility to improve the knowledge about
its own position by exchanging information with AFID
sensors fixed in the bottom of see(figure 1)[4].
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Fig. 1 Typical architecture of AFID sensors [4]

Unlike traditional wireless networks, UWSN are built to
be deployed as an autonomous network without any type
of network administration to control data transmission in
the common acoustic link. Gathered information, by AFID
sensor nodes, are routed through the network to AFID
reader having more powerful units in terms of, energy,
acoustic unit range and computational operations. Sink’s
job is to collect data from AFID sensor nodes and then
transmit them to the user, and also can serve as gateway
for interconnection to other networks like UWSN.
(Figurel).

Underwater Wireless Sensor Networks (UWSNs) research
has predominantly assumed the use of a portable and
limited energy source, viz. batteries, to power sensors [5].

Without energy, an acoustic sensor is essentially useless
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and cannot contribute to the utility of the network as a
whole. Consequently, substantial research efforts have
been spent on designing energy-efficient networking
techniques to maximize the lifetime of UWSNs [6].
However, AFID sensors are required to operate for much
longer durations (like years or even decades). This paper
surveys related research and discusses the challenges of
cross layer designing networking for such AFID networks.

2. Underwater AFID Architecture

Underwater AFID node is made up of 3 principal units
and a power unit (Figure2) [7]:

-Acoustic sensing unit: consists of hardware devices
responsible for detection of signal from underwater reader
and transmitting data from transponder to the reader. In
this sensing, an analog to digital converter is required to
convert acoustic signals to digital signals comprehensible
by the processing unit.

-Processing unit: it consists of a microcontroller unit
(MCU) that controls the functionality of other units and
components and it is responsible for data processing. Data
are temporary stored in an integrated memory (RAM).

-Communication unit: underwater nodes use acoustic
wave. This unit is the first responsible unit for energy
consumption.

-Power supply: it is a battery in general and it has a
limited energy resource. The battery is responsible for
energy supply for all units of the underwater node but it
may be very difficult and sometimes impossible to change
or to recharge it; for this reason, it’s very important to
have strategies for energy conservation.

Power Generator Processing unit Communication unit

i i i
Battery DC-DC MCU ADC Sensors
-
1 i
—
Memory
Power Supply

Subsystem Acoustic link

Fig. 2 Typical underwater transponder architecture

To perform some specific applications transponders nodes
could be equipped with read write memory or a power
generator. These additional units make the node bigger
and more expensive.

AFID sensor networks can be more and more deployed in
a wide variety of underwater applications for gathering
information in order to develop wireless underwater
identification and control. These AFID networks with
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intelligent autonomous sensors are also powerful in
military, surveillance and security applications as
underwater detection and tracking systems [8].

AFID sensors can be used for ocean surveillance and
underwater security. So, this can be applicable around
ships or in entrances of ports. Also, AFID sensor which
act as beacons are fitted to aircraft to allow their location
in the event of a crash in the sea. To improve the quality of
our lives, researches are concentrating in developing
AFID networks for many underwater applications and to
achieve the full potential of these networks there are a lot
of challenges and problems to be confronted.

3. Problems Statement For AFID Network
Establishment

3.1 Challenges for establishing an AFID Network

Underwater wireless communication is characterized by
high level of noise. So, Man-made and natural noises,
animal or environmental (waves, rain), can interfere with
good acoustic signal. To resume, this section describes the
main problems for the establishment of AFID network.
- Physical constraints [9][10]:
* The bandwidth of acoustic communications is
relatively low (0 400 KHz).
*  Low throughput (less than 50 kbps)
* Absorption phenomenon is the fundamental
limitation of maximal frequency
* limited, range-dependent bandwidth
* time-varying multipath
* low speed of sound (1500 m/s)
*  Long propagation delay
* noise problems
-Energy consumption[10][11]:

Waste of energy is the critical parameter for UWSN
because of its limited resources in which we cannot profit
from energy solar to recharge battery.

Energy efficient communication is a key requirement of
energy-constrained  underwater sensor  networks
(UWSNSs). In this paper, we present a solution which is
conventionally used to improve reliability in AFID
networks, it can be employed to reduce -energy
consumption and preserve a reasonable level of data
reliability.

3.2 Waste of energy factors

Although energy is necessary for unit’s function’s and it is
needed for reception or transmission of acoustic signal or
energy required for microcontroller to store data there are
also other sources of energy waste in UWSN.
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In physical layer waste of energy is due to the bad choice
of physical parameters such as optimal frequency [12][13].
So, as it is shown in figure 3, saving energy is based on

the finding ofoptimal frequency for underwater
communication.
Transmission losses(dB)
450

500 E/ %0

L .

= 300 - : 300

g

Frequency(Hz)

Fig. 3 Transmission losses versus frequency

This curve confirms that the transmission losses increase
with frequency and distance between readers and
transponders.

Also, in UWSNSs, one of the main factors which cause low
event reliability and energy consumption is the techniques
of access to the medium [14][15]. So, current UWSNs
protocol designs are largely based on a MAC layer
approach. Thus, MAC issues are designed and operated
independently. We will focus on energy aware MAC
(Media Access Control) layer protocols for wireless
underwater networks.

The most important sources of energy consumption in the
MAC layer are [15][16][17]:

- Idle listening: a node does not know exactly when it
will receive information from other nodes; it should be
ready for reception by listening to the underwater channel.
Lost information has to be retransmitted.

- Overhearing: when a sensor node is listening to the
radio channel it can receive parquets that does not belong
to it. Energy is wasted for reception and processing.

- Overmitting: when a node transmit a message to
another node that it is not ready for reception this message
will be lost.

- Collisions: they are the first cause of waste of energy
and happened when two nodes transmit at the same time.
In fact, the retransmission of data demands energy.

- Overhead: we don’t transmit only user’s data in the
radio link but also many kinds of data necessary for the
control of communication and for network management.
These overhead must be relatively shorter than user’s data
to not affect the throughput.
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4. Contributions For Saving Energy In AFID
Networks

Underwater Network lifetime is the important criteria
when evaluating AFID Network and as we know it
depends on the energy consumption of the node unit’s.
This is related to minimize and optimize energy
dissipation in every node of the network. Our approach is
based on the cross-layering design in which MAC and
physical layers should be investigated together.

Figure 4 shows the major levels of energy saving for
UWSN [4].

Energy conservation levels

v v v
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OSI model
level

1
-Battery -Operating system i Higher layers !
-Processors o
-Converters - Security data
_Filters - Aggregation data

- Compression data

- Using of sleep/active period

- Resolve collisions

- Minimizing retransmissions
-Detection and correction of errors

- Choice of modulation types
- Types of wave and amplification

Fig. 4 Level of Optimization energy [4]

As illustrated in figure 4, there are many levels to reduce
energy consumption. However, in hardware and software
levels, energy consumption is very limited and continued
to decrease with the progress of microelectronics. For this
reason, a careful design of all layers of OSI model is
required.

For underwater wireless communication systems energy
consumption is linked to the characteristics of
communication media. Several studies have been
developed in this field in order to reduce energy
consumption. They showed that the physical layer and
MAC layer represent the relevant sources of energy
consumption.

In the physical layer we must make a critical choice of
module. So, the energy consumption in underwater
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acoustic networks is due especially to the bad choice of
signal frequency. In the MAC layer saving energy
essentially amounts to the choice of access methods to
minimize the numbers of retransmissions.

In this work, cross-layer optimization strategies consist on
determining the optimal way to combine the most
promising solution in physical and MAC layer to obtain
the most efficient network solution.

4.1 Physical layer solution

In this subsection, we discuss the relationship between
transmission distance and bandwidth. Also, we introduce
the frequency allocation methodology that we will
optimize energy consumption. The underwater attenuation
level is given by the expression [18]:

A(r, ) =20 x log(r) + a(f) xr (1)

With r is the distance between emitter and receiver, f is the
central frequency and a(f) is the absorption coefficient
proposed by Wong[18]:

7,858 .10
£2+1,226 .10"

a(f)= fz[2,692 1077+

1,481 .10 ](2)

i
f2+1,522 .10°

From these equations we note that the attenuation is
directly proportional to the distance between the
transmitter and receiver. Also, we note that attenuation
varies with frequency. As a result of simulation figure 5
present the gain of signal for different distances versus
frequency. From these curves, the effective bandwidth is
generally estimated as the width of the receiver's channel
pass band between the 3dB points above and below its

center frequency of operation.
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Fig. 5 Gain (dB) for different ranges depending on the frequency

Table 1 summarizes the bandwidth (-3dB) in the wireless
transmission for various underwater range.
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TABLE 1:
BANDWIDTH DEPENDING ON RANGES
ranges(Km) Bandwidth Attenuation

(KHz) (dB)
5al0 5al10 <88
l1as 10 -25 <78
0.1al 25-100 <61
<0.1 <100 <41

To minimize transmission losses and subsequently energy
consumption we choose to use low frequency for long
range.
According to heavy surveys that establish reliable
underwater communication systems need to take into
account optimal design parameters that must be
guaranteed. Among these parameters we find the carrier
frequency, the power required, the operational range
and the desired Signal noise ration SNR.
So, optimizing underwater communication is essential to
evaluate its performance in terms of signal to noise ratio
(SNR).Wireless underwater communication efficiency
(measured in terms of SNR) improves dramatically when
operating near the optimal frequency.
Using the expressions of the attenuation A(r,f) and power
spectral density(PSD) of noise N(f), we purpose to
evaluate the optimal frequency that yields the best signal
to noise ratio(SNR) when it emits a signal power P.
The SNR (r, f) can be expressed by [19]:
SNR(r, f) = P

A(r, f) x N(f) x Af A3)
Af is the noise bandwidth of the receiver (a narrow band
around the frequency f). The product A(fr).N(f)
represents the frequency dependent part in the expression
of the SNR.
Figure 6 illustrates the variation of factor 1/ A (r, f) N (f)
versus frequency at different distances.
For each transmission distance, it exists an optimal
frequency f; in which a maximum SNR is achieved [20].
Figure 6 and table 2 shows the optimal frequency as a
function of distance for which we have the maximum ratio
of relative SNR.
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VAN

Frequency (Hz) X 104
Fig. 6 Relative SNR versus trequencies and distances

TABLE 2:
OPTIMAL FREQUENCY VERSUS DISTANCES

Distances (Km) | Optimal frequency (KHz)
1 25
5 10
10 8
20 5

The modeling and simulation work realized aim to specify
physical parameters needed to get wireless underwater
communication characterized by low level of energy
consumptions. The simulation results obtained are
consistent to results obtained by the IEEE Oceanic

[21] [22](table 3).
TABLE 3:
COMPARISON OF RESULTS
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TABLE 4:
COMPARATIVE STUDY OF THE MAIN PROTOCOLS USED FOR UNDERWATER
COMMUNICATION
Types Reservation Contention | Hybrid
Protocols TDMA | FDMA | CDMA | CSMA/CA | SMAC
complexity of x x x
implementation
Flexibility to the X X x
number of nodes
Energy X X
Efficiency
High data rate X X X

IEEE’10[22] [ IEEE’00[21] | Our results
Range (Km) 5
Attenuation (dB) 78 - 78
Bandwidth (KHz) <9 -- <10
Optimal ~9 -- ~10
frequency (KHz)
Network topology - Multi-hop Multi-hop

4.2 MAC protocol solution

The major challenge for the development of underwater
wireless network is to find a MAC protocol that can
support the constraint of underwater environment. MAC
protocol for UWSN should find compromise between
three major factors: latency, energy-efficiency and auto-
configuration. After a heavy bibliographic study we notice
the presence of 3 types of protocols used underwater
communication. The table 4 shows a comparison between
the most of them [23][24][25][26].

The reservation based Mac protocols are characterized by
a low level of energy consumption by reducing the
numbers of retransmissions due the message collisions. In
other hand reservation MAC protocol are not flexible for
the add or suppression of node. Also, deployment of the
network is more complex. Contention MAC protocols are
suitable for dense network, an acceptable level of
complexity and they are flexible for different topology.
But, these protocols are characterized by high level of
energy consumption [27] [28] [29].

Finally, hybrid protocols combine the advantages of
contention and reservation of protocols. So, these types of
protocols are characterized by a low level of complexity,
energy efficiency and flexibility to the number of nodes
[30][31].

Based on this comparison we notice that, a SMAC
protocol is promising solution for AFID network. SMAC
is a slotted energy-efficient medium-access control (MAC)
protocol designed to reduce energy consumption in
wireless sensor networks. This protocol intends to make
the consumption of the limited energy resources of the
battery more efficient by using three principal techniques:
periodic listen and sleep, collision and overhearing
avoidance and message passing.

4.3 Modified SMAC

To minimizing complexity of implementation and since
the AFID network is a centralized topology it’s not
necessary to use packet of synchronization. The modified
SMAC is characterized by a low complexity of
implementation. Modified S-MAC is a new version of the
original S-MAC. This protocol is based on the same
approach for energy conservation; the only difference is
that it is not necessary to use mechanism of
synchronization between nodes. This approach reduces
latency caused by synchronization algorithm. Figure 5

describes  the  principal of modified SMAC
implementation.
1JCSI
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Fig. 5 Implementation of modified SMAC

By this way, AFID nodes are able to immediately pass the
data to the readers without synchronization. When the
node does not receive anything (RTS or CTS packet)
during the listening time, it will go back to sleep until it’s
next scheduled listen period.

5. Simulations Result’s

Simulators represent a good solution for economizing time
and money before the establishment of a communication
network. Thus, simulators prove result’s punctuality but
this differs from one to another simulator but it is not so
easy to make a choice when there is a multitude of
simulators. In fact, all depends to the particularity of each
application that scientist make their one choice. Many
studies have been trying to do a comparative study
between most important simulators (J-SIM, NS-2,
OPNET, GloMoSim, ATEMU, etc.) in order to determine
what are simulating tools which make possible testing and
evaluation of new communication protocol before its
deployment.

For our application we use NS2 simulators for a reasons of
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documentation and because it contains libraries to
generate different functions (topology, traffic routing
MAC...), graphical tools to facilitate interpretation
(Xgraph) and visualization (Networtk animators) results.
The goal now is to evaluate the behavior of MAC
protocols based on throughput and energy consumption
metrics. We present a simulation of a star topology with
different types of protocols’ hybrid (Modified SMAC),
reservation (TDMA) and contention (CSMA/CA). We
consider the total energy consumed by the entire network
as a performance metric for AFID network.

Figure 7 shows the centralized topology of AFID network
implemented in NS2.

Fig. 7. Scenario of simulation
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Fig. 8. Energy consumption versus simulation time for the
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Figure 8 shows that energy consumption increase linearly
with simulation time for three protocols in question
(TDMA, CSMA/CA and modified SMAC). The result of
simulation justify the benefits of using hybrid modified
SMAC in terms of energy consumption.

Figure 9 shows that TDMA and CSMA/CA are
characterized by high date rate compared to modified
SMAC. So we can notice that modified SMAC is more
suitable for low data rate this is the case of AFID network.
From figure 10 we see that depending on the traffic load
flowing through the network, the modified SMAC has the
best performance in terms of energy consumption. This
low energy consumption due to the fact that this protocol
mix characteristics of both TDMA and CSMA/CA
(reservation and contention) while exploiting the
advantages offered by each of them.

6. Conclusion

We addressed the problem of power-efficient
communication in underwater channel with objective of
optimizing energy consumption in physical and MAC
layers. Work in physical layer is oriented towards the
study of different physical characteristics of the
underwater channel and AFID system. The level data link
work is oriented to present efficient
communication protocols for AFID Networks.

References

[1] M.Stojanovic. Department of Electrical and Computer Education —
Northeastern University. Underwater Acoustic Communication.
Wiley Encyclopedia of Electrical and Electronics Engineering.

[2] Milica Stojanovic, Underwater Wireless Communications: Current
Achievements and Research Challenges. Massachussetts Institute
of  Technology Sea  Grant Program.  www.ieee.org/
organizations/pubs/newsletters/oel/html/springg06/underwater.html.
2006.

[3] A. B. Baggeroer, "Acoustic telemetry - An overview," IEEE Journal
of Oceanic Engineering, vol. 9, pp. 229-235, 1984.

[4] N.NASRILetude electronique et protocolaire des modules RFID
dediés aune communication en milieu aquatique.thesis dec 2010.
www lattis.univtoulouse.fr/uploaded/files/.../theses/nejah_these.pdf

608

[5] M. Stojanovic, "Recent advances in high-speed underwater acoustic
communications," IEEE Journal of Oceanic Engineering, vol. 21,
no. 2, pp. 125-136, 1996.

[6] D. B. Kilfoyle and A. B. Baggeroer, "The state of the art in
underwater acoustic telemetry," IEEE Journal of Oceanic
Engineering, vol. 25, no. 1, pp. 4-27, 2000.

[7] B. Benson, Y. Li, R. Kastner.Design of a Low-Cost, Underwater
Acoustic Modem for Short-Range Sensor Networks. California
Institute for Telecommunications and Information Technology,
UCSD La Jolla, CA 92093.2010.

[8] D.B.Kilfoyle and A.B.Baggeroer. The state of the art in underwater
acoustic telemetry. IEEE J. Oceanic Eng., 25(1):4-27, Jan. 2000.

[9] National Research Council. 2003. Ocean Noise and Marine
Mammals. The National Academies Press, Washington,
D.C.

[10] M. Stojanovic, “Acoustic (underwater) communications,” in
Encyclopedia of Telecommunications, J. G. Proakis, Ed. John
Wiley and Sons, 2003.

[11] G.Zaibi, N.Nejah, A.Kachouri and M.Samet. Survey Of
Temperature Variation Effect On Underwater Acoustic Wireless
Transmission. ICGST-CNIR Journal, Volume 9, Issue 2, December
2009.

[12] N.Nejah, A Kachouri, L.Andrieux, and M. Samet.
Modulation/Demodulation Techniques With FPGA’s Architecture
to improve OFDM Wireless Underwater Communication
Transceiver. IEEE SCS conference 2006.

[13] N.Nejah, A.Kachouri, L.Andrieux, and M. Samet .Efficient
Encoding And Decoding Schemes For Wireless Underwater
Communication Systems.

[14] S. Shahabudeen and M. Chitre, "Design of networking protocols for
shallow water peer-to-peer acoustic networks," in Proceedings of
IEEE Oceans'05 Europe, Brest, France, 2005.

[15] "ISO 7498: Open Systems Interconnection - Basic Reference
Model,"1984.

[16] S. Shakkottai, T. S. Rappaport, and P. C. Karlsson, “Cross-layer
design for wireless networks,” IEEE Communications Magazine,
vol. 41, no. 10, pp. 74-80, 2003.

[17] Volkan Rodoplu and Min Kyoung Park. An energy-efficient mac
protocol for underwater wireless acoustic networks. In Proceedings
of the IEEE/MTS OCEANS Conference, Washington DC, USA,
September 2005.

[18] L.Berkhovskikh and Y.Lysanov, Fundamentals of Ocean Acoustics
” New York: Springer, 1982.

[19] HM.Kwon and T.Birdsal, ‘Channel capacity in bits per Joule,”
IEEE J.Oceanic Eng., vol.11, No.1, pp.97-99, Jan. 1986.

[20] Curt Schurgers, Vlasios Tsiatsis, Saurabh Ganeriwal, and Mani
Srivastava. Optimizing sensor networks in the energy-latency-
density space. IEEE Transactions on Mobile Computing, 1(1):70—
80, 2002.

[21] E. M. Sozer, M. Stojanovic, J. G. Proakis, “Underwater Acoustic
Networks”, Life Fellow, IEEE Journal of Oceanic Engineering, vol.
25,N° 1, January 2000.

[22] J. Zhang and Y. R. Zheng .Bandwidth-Efficient Frequency-Domain
Equalization for MIMO Underwater Acoustic Communications.
MTS/IEEE OCEANS, Sydney, Australia, May 24-27, 2010.

[23] M.Ali, U.Saif, A.Dunkels, T.Voigt, K.R"omer, K.Langendoen,
J.Polastre, and Z.A.Uzmi. Medium access control issues in sensor
networks. SIGCOMM Comput. Commun. Rev., 36(2):33-36, Apr.
2006.

[24] Wei Ye, John Heidemann, and Deborah Estrin. Medium access
control with coordinated adaptive sleeping for wireless sensor
networks. ACM/IEEE Transactions on Networking, 12(3):493-506,
June 2004.

[25] A.Kebkal, K.Kebkal, and M.Komar. Data-link protocol for
underwater acoustic networks. In Proc. IEEE Oceans Europe 2005,
pages 1174-1180, 2005.

1JCSI
www.lJCSl.org



1JCSI International Journal of Computer Science Issues, Vol. 8, Issue 3, No. 2, May 2011
ISSN (Online): 1694-0814
www.1JCSI.org 609

[26] K.Foo, P.Atkins, T.Collins, C.Morley, and J.Davies. A routing and
channel-access approach for an ad hoc underwater acoustic
network. In Proc. IEEE Oceans 2004, volume 2, pages 789-795,
Nov. 2004.

[27] F.Salv’a-Garau and M.Stojanovic. Multi-Cluster Protocol for Ad
Hoc Mobile Underwater Acoustic Networks. In Proc. IEEE
OCEANS’03 Conf., Sept. 2003.

[28] H.Doukkali and L.Nuaymi. Analysis of MAC protocols for
Underwater Acoustic Data Networks. In Proc. IEEE Vehicular
Tech. Conf., May 2005.

[29] M.K.Park and V.Rodoplu. UWAN-MAC: An Energy-Efficient
MAC Protocol for Underwater Acoustic Wireless Sensor Networks.
Submitted to IEEE J. Oceanic Eng., Mar. 2006.

[30] F.Salva-Garau and M.Stojanovic. Multi-Cluster Protocol for Ad
Hoc Mobile Underwater Acoustic Networks. In Proc. IEEE
OCEANS’03 Conf., Sept. 2003.

[31] N.Nejah, A.Kachouri, L.Andrieux, and M. Samet. Surveys of
Design Considerations for Underwater NetworksInternational.
Journal on Information and Communication Technologies, Vol. 3,
No. 1, February 2010.

Nejah NASRI was born in Menzel Bouzaienne in 1980.He is
Doctor -engineer. Received the degree in Electric Engineering in
2004 and the M.Sc. degrees in Electronics and communication in
2006 and the Ph.D degree in 2010 from Toulouse University and
Sfax University. From 2004 to 2010, he was a Graduate Student
Researcher with the LETI Lab and LATTIS Lab. Since august
2010, he has been an assistant professor at Higher Institute of
Electronics and communication of SFAX University, Tunisia. His
current research focuses on Software engineering, modeling and
simulation, wireless communication, Sensor networks, adaptive
arrays and microwave circuits design.

Abdennaceur KACHOURI was born in Sfax, Tunisia, in 1954. He
received the engineering diploma from National school of
Engineering of Sfax in 1981, a Master degree in Measurement and
Instrumentation from National school of Bordeaux (ENSERB) of
France in 1981, a Doctorate in Measurement and Instrumentation
from ENSERB, in 1983. He “works” on several cooperation with
communication research groups in Tunisia and France. Currently,
he is Permanent Professor at ENIS School of Engineering and
member in the “LETI” Laboratory ENIS Sfax.

Mounir SAMET was born in Sfax, Tunisia in 1955. He obtained an
Engineering Diploma from National school of Engineering of Sfax
in 1981, a Master degree in Measurement and Instrumentation
from National school of Bordeaux (ENSERB) of France in 1981, a
Doctorate in Measurement and Instrumentation from ENSERB, in
1981 and the Habilitation Degree (Post Doctorate degree) in 1998.
He “works” on several cooperation with medical research groups in
Tunisia and France. Currently, he is Permanent Professor at ENIS
School of Engineering and member in the “LETI” Laboratory ENIS
Sfax.

Laurent ANDRIEUX received the Ph.D. degree in electrical
engineering from the University Paul Sabatier of Toulouse, France,
in 1995. His thesis was devoted to high power GaAs
heterojunction bipolar transistor in S band for mobile
telecommunications. Since 1996, he has been an Associate
Professor in the Telecommunications and Networks Department of
the Technology University Institute of Blagnac. He is currently
working in LATTIS laboratory of Toulouse. His research interests
include the modelisation and synthesis of global CDMA spread
spectrum systems in noisy environments. He specially focuses his
works on the development of the ASIC, FPGA and Radio
Frequency stages of a demonstration model for wireless indoor
communications. He now investigates wireless underwater
communication systems.

1JCSI
www.lJCSl.org



