Mobility Adaptive Clustering Algorithm for Wireless
Sensor Networks with Mobile Nodes

Nasser AL-QADAMT’, Inas LAILA", Andrey KOUCHERYAVY®, Ahmad Saker AHMAD b
“ Department of Communications Networks, The Bonch-Bruevich Saint - Petersburg State University of
Telecommunications, Russia

® Department of Computer Networks and Systems, Faculty of Informatics Engineering, Tishreen University, Syria

nas4dyemen@gmail.com, enas.le@hotmail.com, akouch@mail.ru, dr-ahmad@scs-net.org

Abstract—In this study, the authors propose a mobility adaptive
clustering algorithm for wireless sensor networks with mobile
nodes . In the proposed algorithm, a sensor node selects itself as a
cluster head based on a Single Point Predictor for the combined
criterion prediction. Here, as a combined criterion predicting
proposed comprising parameters as connectivity, coverage,
mobility and residual energy consumption of all the nodes
(Distributed Clustering Algorithm). A non-cluster-head nodes
declare themselves as members of the cluster based on a new
value , that value is related to each cluster head , which is used to
indicate its suitability for connecting this cluster head or other
(Mobility-Based Clustering protocol). We found in the
Distributed Clustering Algorithm the Mechanism to elect the
head of the cluster and in the Mobility-Based Clustering
protocol the mechanism for engagement a non-cluster head
nodes to a specific cluster.

Thus, the combination of them together provides a significant
increase in the network life-time, availability, stability period of
wireless sensor networks and reduction of packet loss in the
cluster formed by a simple point predictor for combined
criterion prediction and stability value.

Keywords— Mobile wireless sensor networks, Single Point
Predictor, Combined criteria, The stability value, Network life-
time.

I. INTRODUCTION

Wireless Sensor Networks (WSNs) are self-organizing
networks consisting of multiple wireless sensor nodes
deployed over a geographic area known as the sensors field
and designed for monitoring the characteristics of the
environment or objects. Actually wireless sensor nodes are
tiny devices with limited resources: battery power, memory,
computational power, very low data rates, low bandwidth
processing, variable link quality..etc [1]. However, combining
a large number of these elements in the network provides the
possibility of obtaining a realistic picture of what is happening
in the field of sensing [2]. Wireless sensor nodes can collect
information about the observed phenomena and pass it on for
processing and analysis. Examples of information collected
may be data on temperature, humidity, lighting conditions,
seismic activity, etc. Such data can be used to detect any
events and to manage them [3]. Network lifetime has become
the key characteristic for evaluating sensor networks in an
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application specific way [4]. Especially the availability of
nodes, the sensor coverage, connectivity and the mobility
have been included in discussions on network lifetime. Even
quality of service measures can be reduced to lifetime
considerations. A great number of algorithms and methods
were proposed to increase the lifetime of a sensor network-
while their evaluations were always based on a particular
definition of network lifetime [5].

In recent years, a new type of sensor networks has been
appeared - Mobile Sensor Networks (MSN). These networks
have retained all the features of wireless sensor networks
WSN and these features have been added mobility. Cluster
architecture has been applied in WSN, so search for the best
options for the cluster and select the cluster head for MSN is
now an urgent task [6].

In this paper, we propose a Mobility Adaptive
Clustering Algorithm (MACA) for wireless sensor networks
with mobile nodes. Here the cluster formed by a simple point
predictor for combined criterion prediction and stability value.

The rest of this paper is structured as follows. In section
2, the related work is discussed. The network model, together
with mobility model and radio model are described in Section
3. Section 4 exhibits the criteria and the Single Point Predictor
(SPP) for the combined criterion prediction .The details of our
approach are introduced in Section 5. In Section 6, the
performance of our approach is evaluated through simulation
results and compare the results with DCA and LEACH-M.
Finally conclusions of this paper with plans for future work
are presented in Section 7.

II. RELATED WORK

Recently, several researchers show their enormous interest
in clustering wireless sensor networks with mobile nodes.
They try to improve the efficiency, stability and prolong the
life of the sensor network. The best part of clustering
protocols proposed for WSNs assume that the nodes are
stationary LEACH [7], LEACH-C [8], HEED [9], TEEN [10].
The operation is divided into rounds. Each round contains two
states: Setup phase and Steady-State phase. In the setup phase
the nodes are organized themselves into local clusters. In the
Steady-State phase each non-CH node sends data in the time
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slot allocated to CH. The CH aggregates the data and sends it
to the BS.

Nevertheless, the assumption of the mobility of sensor
nodes makes those clustering mechanisms invalid, because
mobility has a negative effect on the quality of the wireless
communication where the relative movement between nodes
creates or breaks wireless connections and changes the
network topology. This mobility influences the performance
of the network and also invokes protocol mechanisms to react
to such dynamics. Nevertheless, it has been shown that
mobility can enhance the functionality of the network
(deployment, coverage and connectivity...) by exploiting the
movement patterns of mobile nodes [11].

An improved algorithm LEACH-M (LEACH-mobile)
[12] is presented to manage such routing problem in mobile
network by adding its membership declaration to the LEACH
protocol. The idea behind this membership declaration is to
confirm the inclusion of sensor nodes in a particular cluster in
the steady-state phase. If the mobile sensor node does not
receive a request from its cluster head within two consecutive
frames, can also recognize that it has moved out of the cluster,
and thus it will broadcast a cluster joint request message in
order to join in a new cluster by receiving cluster join-ask
messages back from specific cluster heads. LEACH-mobile
protocol increases the successful packet, however in this
protocol, transmission overhead is increased to send a
message because of membership declaration.

In [13] authors proposed a Distributed Clustering
Algorithm (DCA) which is based on the use of predicted
combined criteria metric. In DCA algorithm, the sensor
calculates its combined criteria metric according to
connectivity, coverage, mobility and residual energy, after that
each sensor node wuses its history combined criteria
information to predict the current combined criteria based on
heuristic predictors. The sensor with the highest Predicted
combined criteria in its r- hop neighbourhood will become the
cluster head. They introduce a parameter termed as cluster-
hop, r-hop. Cluster-hop is defined as the maximum number of
direct hops between a cluster head node and nodes at the
cluster periphery. This dynamic parameter determines the
dimensions of the clusters formed by the algorithm and serves
as an input for the cluster formation process.

In [14] authors proposed Group Mobility Adaptive
Clustering scheme (GMAC) for mobile WSN based on a new
group mobility metric which wuse network topology
information and a position predictor to determine if nodes
move together or separately. In GMAC, the area of interest is
divided in equal zones (to fix the number of clusters), and
each sensor calculates its weight based on Mobility Group and
residual energy. The sensor node with the greatest weight in
its zone will become the cluster-head. In spite of this protocol
provides an efficient method to the construction, it suppose all
nodes moving in group.

Samer et al. [15] proposed a cluster-Based Routing (CBR)
protocol .In the CBR protocol, a cluster-head receives data not
only from its member during the allocated TDMA timeslot,
but also from other sensor nodes that just enter the cluster

ISBN 978-89-968650-4-9

122

when it has a free timeslot. The CBR protocol changes TDMA
scheduling adaptively according to the dynamic traffic and
mobility conditions in the network.

In [16] authors proposed a mobility-based clustering
(MBC) protocol for wireless sensor networks with mobile
nodes. In the proposed clustering protocol, a sensor node
elects itself as a cluster-head based on its residual energy and
mobility. A non-cluster-head node aims at its link stability
with a cluster head during clustering according to the
estimated connection time and the distance from a cluster head,
and the residual energy and node degree of the cluster head,
which can guarantee a stable link with a cluster head and thus
increase the successful packet delivery rate, and reduce the
control overhead and energy consumption because of the less
frequent membership changes.

We found in the DCA algorithm a mechanism to elect the
head of the cluster and in the MBC protocol the mechanism
for affiliation(for engagement ) a non-cluster head nodes to a
specific cluster. We combined them together and modified
multiple hops to one sequential jump.

III. MACA ALGORITHM

In this section, we present our proposed algorithm that
enables to generate steady and balanced clusters and improve
the efficiency, stability and prolong the life of the wireless
sensor network with mobile nodes. We will first introduce the
network model under study, and the mobility model and radio
model used in the study, and then we will describe the
characteristics and procedures of the protocol.

A. The network model

For our proposed model, we adopt a few reasonable
assumptions of the network model as follows:

* Sensor nodes are deployed densely and randomly in
sensor field.

* The network topology can be changed and the sensor
nodes can move at a speed of 0 to 2 m/s.

» Sensor nodes carry out their activity without centralized
management.

» Each sensor node has a capability to transmit data to any
other sensor node or directly to the base station using power
control.

* There is mobility in sensor nodes.

» The most efficiency of this protocol can be achieved
when the number of nodes moving out their cluster is equal
the number of nodes getting in the cluster.

* The radio channel is symmetric.

B. Random waypoint model

Mobility models have a great impact on the
performance of routing protocols in wireless networks. Many
standard mobility models, like random waypoint, random
walk, and random direction, do not generate random
movement since their behaviour is strongly affected by their
configuration and the shape of the used scenario [17].

The most substantial argument against the usage of the
standard mobility models is that these models do not reflect
typical movement of humans, which brings us back to the
question of the previous sub section. The best counter
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question is, what is typical movement and how would you
define it? Obviously, typical movement is not reflected by a
particular scenario e.g. movement of students on a campus,
cars on the road, or customers in a shopping mall.
The nodes are distributed by the random walk mobility
model.
The algorithm can be dived into the following five steps.
1. Select a random speed (uniform distributed)
2. Select a random direction (uniform distributed)
3. Move into that direction
a. for a predefined amount of time
b. for a certain distance
c. if the border of the scenario is reached, select a new
direction (Bouncing rule)
4. Wait some time.
5. Go back to step one.

C. Channel propagation model(path loss and distance
calculations)

The electromagnetic wave propagation is a power law
function of the distance between the transmitter and receiver.
Without considering the shadowing losses in our simulation,
we use the same radio energy dissipation model in [18] as the
radio model.
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Figure 1. Radio model

The costs for transmitting and receiving a k-bit message
through a distance d between a transmitter and a receiver can
be calculated as:

Transmitting:
Etrzm (k’d):Ee/ec*k +eamp *k *dn (1)
Receiving:
EV@CL’ (k) = Eelec *k (2)
Where :

E (k,d) and E

receiving cost, respectively, £

elec

(k) are the transmitting cost and

is the energy dissipation to

run the transmitter or receiver circuitry, e, is the energy

amp
dissipation for the transmission amplifier. The propagation
exponent n can be from 2 (LOS) to 4 (NLOS) depending on
the transmission condition between the transmitter and
receiver.

ISBN 978-89-968650-4-9

123

IV. PREDICTED COMBINED CRITERION METRIC

In this section we proposed the combined criterion
predicting as comprising parameters as connectivity, coverage,
mobility and residual energy consumption of all the nodes,
then we introduce the Single Point Predictor (SPP) which is
used to predict the combined criterion metric. The
DCA(Distributed Clustering Algorithm) calculate the
Combined Criterion CC(s;) for node s, ; at any time ¢ by the

following formula:

CC(s,)=axConC(s,)+ fxCovC (s,)
+y/(1+MC(s,)+ExRECC (s,)

Inequation(3) a+f+y+4 =1

In [13] authors outline three heuristic predictors which
are used in their work: Single Point Predictor(SPP), Linear
Extrapolation Predictor(LEP) and Hybrid Predictor(HP).
Searching have shown that simple point SPP provides the
greatest predictor for the duration of the life cycle of networks.
The Combined Criterion (CC) mentioned above will be
predicted at a current time ¢ ; according to historical combined
criterion.

HCC =[(CC st ).(CC 1) (CC 1t )

where:

SPP (Single Point Predictor) always predicts the next
value as the previous value of HCC:

PCC =SPP(t.)=CC,, 4)

V. MACA DESCRIPTION

Our proposed MACA algorithm divided into two phases:
the set-up phase when a set of clusters are organized and a
TDMA schedule is created, followed by a steady-state phase
when data are delivered to the base station.
A. Phase 1:The set-up phase

*The Cluster Head Election: At the beginning of each round
each node calculates its PCC according to a Simple point
predictor then, by the distributed method in the algorithm each
node broadcast the PCC value in it is 1-hop neighbourhood.
The CH node of the cluster selected by the maximum PCC.

eThe Cluster Formation: Cluster formation consists of the
following three phases:.

1) Cluster Head Advertisement: After a cluster head is
selected, it broadcasts an advertisement message as well as its
location, velocity to the sensor nodes within its transmission
range, In this phase, non-cluster-head sensor nodes must keep
their receivers ON in order to receive the messages from the
cluster heads.
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2) Cluster Join Request: Just like the MBC protocol [16]
in order to enhance the stability period of wireless sensor
networks., each member node is assigned a value related to a
cluster head that is used to indicate its suitability to connect
such cluster head. This value is determined based on a
generalized formula that takes into account the estimated
connection time, together with the residual energy and node
degree of the cluster head, and the distance between the sensor
node and the cluster head, a non-cluster-head sensor node
chooses a cluster head with the maximum stability value to
join.

Thus, the value can be formulated as:

E j-current di' Ati'
W, =a* 2o ph*(]- D )+c* 20 (5)

7 E ax Njcurrent tran Urame

where:
w; -the stability value assigned to sensor node i ,which
head j,
-the

J—current

indicates its suitability for connection with cluster

E -is the current energy of cluster head j, N

J—current

number of members of cluster j after node i joins in, d, -the
distance between sensor node 7 and cluster head j , At; -the
estimated connection time between node Zand j, ¢, -is the

expected duration of a data frame.

In equation (5) a+b+c =1constant coefficients a, b
and c between 0 and 1 and represent the significance of each
factor.

3) Cluster Head Acknowledgement: After receiving a
cluster join request, the cluster head sends an
acknowledgement to the sensor node confirming that the
sensor node is now a part of its cluster, then the cluster head
creates a TDMA schedule based on the number of nodes and
assigns each node a time slot of when it can transmit. This

schedule is broadcasted to all the sensor nodes in the cluster.

B. Phase2: The steady-state phase:

During the steady state phase, the sensor nodes collect data
from their surroundings and then send it to their respective
cluster heads according to their time slot in the TDMA
schedule. The CHs compresses and transmit data to the base
station which located out of the network. Finally a new round
begins from the first step. Both the cluster-head and the non-
cluster head sensor node maintain the information on the
estimated connection time, both of them can check whether a
sensor node is going to remain in the cluster when its next
timeslot comes at the end of the transmission. If the sensor
node is not going to remain in the cluster, it will broadcast a
request message to join a new cluster and avoid more packet
loss before it loses connection with the cluster head. On the
other hand, the cluster head will remove the sensor node’s
membership.
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Figure 2. illustrates the process when the sensor node
leaves the old cluster and join a new one. It broadcasts a joint
request message in order to reduce the packet loss because of
the disconnection between a cluster head and a non-cluster-
head node (when the connection time is over). It chooses a
new cluster based on a value related to each cluster head.

Node 11 joins the cluster 1, while leaving the cluster node 4.
The cluster head of the cluster 1 deletes the node 4 of TDMA
schedules and adds a node 11 in schedule TDMA. TDMA
schedule is adjusted based on the estimated time Af¢
connection between cluster member node and the head node in
ascending order [16].

Figure 2. Mobile nodes leave the old cluster and join a new one

VI. SIMULATION RESULTS

In this section, For evaluation, the performance of our
proposed clustering algorithm through simulation results using
c#.NET, we (compared) simulated the MACA, DCA
algorithm and LEACH-mobile protocol for different number
of nodes with random topology and 400m*400m network
region, with the parameters shown in Table 1, in terms of the
network life time , stability period and throughput(the quantity
data packets that are successful in reaching the base station
from cluster heads).

Figure 3 shows snapshots of the MACA simulation.

(a) Random deployment

(b)Connectivity and broadcasting PCC
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(¢) Clustering

(d) After a certain time of work

Figure 3. Display Model on the screen

TABLE 1. SIMULATION PARAMETERS
Parameter Acronym Value
Electronics energy E 2j
TX/RX Eelec 50 l’lj/bl[
Free space constant e 10 pj/bit/m’
Multipath constant e 0.0013 pj/bit/m*
. ¢ 15
Distance Threshold —_— 87
Emp
Sensing Range r 25m
Transmission Range R 2r
Cluster Hop 1-hop 2r
Bit Rate 9600 bps
Communication 2 S0m
Range
Network Size 400*400 m”2

A. Network Life-time

Lifetime of a sensor network is defined as the time after
which certain fraction of sensor nodes run out of their
batteries so that the network cannot work well [19]. In this
case the life time for the network estimated after 40% nodes of
the full size of the network die.

1600

—+— LEACH-N
—®—DCA

—F— MACA

Metwark Life-time
1400 ;

1200
g
1000

Rounds

The line graph illustrates the network life-time of three
protocols dealing with mobile wireless sensor networks
(MWSN) in rounds among different size of network from
100 to 400 nodes with increment of 50. Overall, it can be
figured out that network life-time for MACA protocol is
higher than DCA algorithm and LEACH Mobile protocol.

B. The stability period

The stable period of a sensor network is the time from the
beginning of the network operation until first node dies (FND).

Stability Period

Rounds

Network Size

Figure 5. Stability period using MACA vs. DCA

It is clear from the simulation results shown in Fig. 5 that
the stability period of the new progressive clustering protocol
is longer than that of the DCA protocol. The Figure also
illustrates that the stable period of both protocols increases
with the increasing in the network size. of 50. Overall, it can
be figured out that network life-time for MACA protocol is
higher than DCA algorithm and LEACH Mobile protocol.

C. Throughput

Improvement in the overall throughput (data messages sent
to the Base Station) is another major goal of sensor network
protocols and is measured by the total data sent by all nodes
in the lifetime of the network.

Figure.6 shows the total number of packets received
successfully as the number of sensor nodes is increased.
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I
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Io.of nodes

Figure 6. Average packets received for MACA and DCA

400 i i i L L From the graph it can be seen that ,the data transferred with
100 150 200 250 300 360 400 . .
W the new protocol is approximately the same amount that could
o ] be transferred by DCA algorithm over its lifetime.
Figure 4. Network lifetime using MACA , DCA and LEACH-M
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VIIL CONCLUSIONS

In this paper, we have proposed an approach for adaptive
mobility clustering protocol. In our approach, we found in the
DCA algorithm a mechanism to elect the head of the cluster
and in the MBC protocol the mechanism for engagement a
non-cluster head nodes to a specific cluster. We combined
them together. The simulation results show that the MACA
protocol provides a significant increase in the network life-
time comparing with DCA and LEACH-mobile protocol in
terms of the network lifetime. It is also show that the stability
period of the new progressive clustering protocol is longer
than that of the DCA protocol, But the data transferred with
the new protocol is approximately the same amount that could
be transferred by DCA algorithm over its lifetime.

FUTURE WORK

In the future we will improve MACA for three-dimensional
geometric WSNs.

(1

(2]

(3]

(4]

(3]

(6]

(7]

(8]
[9]

[10]

[11]

[12]

[13]

[14]

[13]

ISBN 978-89-968650-4-9

REFERENCES

A. Koucheryavy, A.B Prokopeev, E.A Koucheryavy," Self Organizing
Networks" Saint-Petersburg ISBN 978-5-86983-318-1

Jason Lester Hill " System Architecture for Wireless Sensor Networks"
UNIVERISY OF CALIFORNIA, BERKELEY, Spring 2003

C. S. Raghavendra V. K. Prasanna Distributed Signal Processing in
Wireless Sensor Networks. ADA437824 Aug 2005

Hadi Asharioun, Hassan Asadollahi, Abdul Samad Ismail, and
Sureswaran Ramadass" Lifetime Comparison on Location Base
Routing in Wireless Sensor Networks " International Journal of
Information and Education Technology, Vol. 2, No. 2, April 2012
ISABEL DIETRICH and FALKO DRESSLER," On the Lifetime of
Wireless Sensor Networks " Dept. of Computer Science, University of
Erlangen, Germany.

Koucheryavy A., Salim A. Cluster-based Perimeter-coverage
Technique for Heterogeneous Wireless Sensor Networks / Proceedings,
ICUMT 2009 International Conference IEEE on Ultra Modern
Telecommunications. - Russian. Saint-Petersburg, 2009

Wendi Rabiner Heinzelman et al. “Energy-Efficient Communication
Protocol for Wireless Microsensor Networks” . In Proceeding of the
33rd Hawaii International Conference on System Sciences, January
2000,pp1-10

Heinzelman WR. “Application-Specific protocol architectures for
wireless networks [D].” Boston: MIT, Doctor thesis ,2000.

Younis O, Fahmy S. “Heed: A hybrid, energy-efficient, distributed
clustering approach for ad-hoc sensor networks”. IEEE Trans. on
mobile Computing, 2004,3(4), pp 660—669.

Manjeshwar A, Grawal DP. “TEEN: A protocol for enhanced
efficiency in wireless sensor networks”. In Proc. of the 15th Parallel
and Distributed Processing Symp. San Francisco: 2001. vol. 3,
pp.30189a.

Y.-C. Wang, F.-JJWu, and Y.-C.Tseng, “Mobility Management
Algorithms and Applications for Mobile Sensor Networks”, Wireless
Communications and Mobile Computing, 2010.

Kim, D.S., Chung, Y .J.: ‘Self-organization routing protocol supporting
mobile nodes for wireless sensor network’. Proc. First Int. MultiSymp.
on Computer and Computational Sciences, Hangzhou, China,

June 2006, pp. 622— 626.

A. Koucheryavy, A. Salim, “Prediction-based Clustering Algorithm for
Mobile Wireless Sensor Networks”, Proc IEEE ICACT-10, pp 1203-
1208, 2010.

Tariq Benmansour, Samira Moussaoui ' Group Mobility Adaptive
Clustering Scheme for Mobile Wireless Sensor Networks ' Laboratory
of Research in Artificial Intelligence, LSI, USTHB University, P.O.
Box 32, EL-Alia 16111, EMP, Babezouar, Algiers, Algeria.

Samer, A.B., CheeK, N.K., Mohd, F.R..,et al.: ‘Cluster based routing
protocol for mobile nodes in wireless sensor network’. Proc. Third

[16]

[17]
(18]

[19]

126

Int.Conf. on Quality of Service in Heterogeneous Wired/Wireless
Networks, Waterloo, Ontario, Canada, August 2006, pp. 233 —241.
S.Deng 1,2 ;J. Li 1 ; L. Shen 1 " Mobility-based clustering protocol
for wireless sensor networks with mobile nodes" 1 National Mobile
Communications Research Laboratory, Southeast University, Nanjing,
Jiangsu 210096, 2 Department of Physics and Telecommunications
Engineering, Hunan City University, Yiyang, Hunan 413000,
10.1049/iet-wss.2010.0084, 2011.
http://www.routingprotokolle.de/Routing/mobility random walk.htm
A Distance-Based Energy Aware Routing Algorithm for Wireless
Sensor Networks Wang J, Kim JU, Shu L, Niu Y, Lee S - Sensors
(Basel) (2010).

Hadi Asharioun, Hassan Asadollahi, Abdul Samad Ismail, and
Sureswaran Ramadass" Lifetime Comparison on Location Base
Routing in Wireless Sensor Networks " International Journal of
Information and Education Technology, Vol. 2, No. 2, April 2012.

Mr. Nasser Al-Qadami joined  St.Petersburg
University of Telecommunication, Russia, as a PhD
student in the Department of Communications
Networks in 2013. He was born in May 1983 in Sana’a,
Yemen. He received his BSc and MSc degree from
Odessa National Academy Of Telecommunications
A.S Popov (ONAT),Odessa, Ukraine in 2009 and 2011,
respectively. He had worked as a lecturer at Sheba 'a
University and Cisco Academy in Sana’a until 2013.
His research interests include Communication Systems,
Networks Systems and Wireless Sensor Networks.

Dr. Sc. Andrey Koucheryavy working in
St.Petersburg University of Telecommunication as
Chief Department of Communications Networks. He
was born in 1952 in Leningrad. He graduated Leningrad
University of Telecommunication in 1974. A.
Koucheryavy received Ph. D from ZNIIS and D. Sc
from St.Petersburg University of Telecommunication in
1982 and 1994 respectively. He worked at LONIIS
(St.Petersburg research and scientific institute of
Telecommunication) as First Deputy General Director
up to 2003 From October 2003 he is ZNIIS General
Director Advisor. He is is author of 275 scientific
papers. A.Koucheryavy is professor of St.Petersburg
University of Telecommunication from 1998. He is
honorary member of Popov’s society. A.Koucheryavy
is Vice-Chairman 11 Study Group (2005-2008, 2009-
2012) and Chairman WP4 11 Study Group (2009-2012).

Mrs. Inas LAILA joined Tishreen University, Syria, as
a PhD student in the Department Computer Networks
and Systems in 2013. she was born in Feb. 1983 in
Lattakia, Syria. she received her BCs. and Master degree
Department of Computer Networks and Systems,
Faculty of Informatics Engineering, Tishreen University,
Lattakia, Syria in 2006 and 2011, respectively. She had
worked as a lecturer at Tishreen University until 2013.
Her research interests in Modeling & Simulation,
Networks Systems and Wireless Sensor Networks.

Dr. Sc. Ahmad Saker AHMAD working in Tishreen
University, Lattakia, Syria as Professor Department of
Communications Networks. He was born in 1960 . He
graduated Damascus University in 1985. A. S. Ahmad
received Ph. D from International Institute Of
Telecommunications A.S Popov, Odessa, Soviet Union
in 1991. He worked at Tishreen University as Dean of
Faculty of Informatics Engineering 2000-2009. He
worked at Damascus University up to 2000 From 1986.
He is author of many scientific papers, books.

July 1-3, 2015 ICACT2015





