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Abstract—Cluster based protocols like LEACH were found 

best suited for routing in wireless sensor networks. In mobility 
centric environments some improvements were suggested in the 
basic scheme. LEACH-Mobile is one such protocol. The basic 
LEACH protocol is improved in the mobile scenario by ensuring 
whether a sensor node is able to communicate with its cluster 
head. Since all the nodes, including cluster head is moving it will 
be better to elect a node as cluster head which is having less 
mobility related to its neighbours.  In this paper, LEACH-Mobile 
protocol has been enhanced based on a mobility metric 
“remoteness” for cluster head election.  This ensures high success 
rate in data transfer between the cluster head and the collector 
nodes even though nodes are moving. We have simulated and 
compared our LEACH-Mobile-Enhanced protocol with LEACH-
Mobile. Results show that inclusion of neighbouring node 
information improves the routing protocol. 

I. INTRODUCTION 
Wireless sensor networks [1][2] are promising 

unprecedented levels of access to information about the 
physical world, in real time. Many areas of human activity are 
starting to see the benefits of utilizing sensor networks. Some 
of the real deployments include UC Berkley’s Smart Dust, 
MIT’s μ-Adaptive Multi-domain Power aware Sensors and 
UCLA’s Wireless Integrated Sensor Networks. In almost all 
such cases, sensor networks are statically deployed. In static 
networks, the mobility of sensors, users and the monitored 
phenomenon is totally ignored. The next evolutionary step for 
sensor networks is to handle mobility in all its forms. One 
motivating example could be a network of environmental 
monitoring sensors, mounted on vehicles used to monitor 
current pollution levels in a city. In this example, the sensors 
are moving, the sensed phenomenon is moving and the users 
of the network move as well. 

The dynamic nature of mobile wireless sensor networks 
introduces unique challenges in aspects like data management, 
accuracy and precision, coverage, routing protocols, security 
and software support.  Many of the above mentioned 
challenges related to a static deployment of the sensors are 
well addressed by the researchers. One of the most important 
constrains on sensor nodes is the route enabling when the 
nodes keep moving. It has been reported that the clustering 
mechanisms and hierarchical routing make huge improvement 
in sensor networks in terms of energy consumption and 
efficient data gathering. Such improvement is due to the 
structure of the network, assumed before the deployment of 

the sensor nodes. Once the network becomes dynamic we do 
not have the freedom to pre-assume such structures. The 
conventional routing protocols for static sensor networks are 
to be optimized once mobility is introduced. To study the 
performance of routing protocols under such conditions, we 
have to consider the mobility patterns and associated mobility 
metrics. 

In this paper we propose an improvement to the LEACH-M 
protocol, which is suitable for mobile wireless sensor 
networks. The basic idea of this LEACH-Mobile-Enhanced 
(LEACH-ME) protocol is to make sure as much as possible 
that the cluster heads are from the group of mobile nodes 
having minimum node mobility or they are in a group motion 
with the other cluster members (as in RPGM model [3]). By 
doing the modified election process for cluster heads or 
modified rotation of duty of cluster heads, the protocol makes 
sure that the clusters are disturbed minimally in the event of 
movement of cluster heads. 

II. RELATED WORK 
This section briefly outlines the related work in mobile 

sensor network (MSN) and LEACH protocol improvements. 

A. Mobile Sensor Network (MSN) Research 
Researchers have only recently started to study the sensor 

movement and unique attributes of mobile sensor networks 
since the sensor networks were originally assumed to consist 
of only static nodes. It has been suggested [4] that the mobility 
of sensor nodes improves the sensing coverage. Robotic Fleas 
project in Berkeley [5], Robomote [6] and Parasitic Mobility 
[7] were attempts to enable mobility in sensor networks. It is 
shown that ‘data mule’ [8] approach can be used to efficiently 
collect the data by minimizing the data delivery latency with 
minimum energy consumption in a controlled mobile sensor 
network. A number of approaches exploiting mobility for data 
collection can be found in [9]. Adaptive Sampling and 
Prediction (ASAP) [10] is a real world application of MSN 
where a fleet of undersea mobile sensor nodes coordinate and 
collect measurements of ocean without human intervention. A 
sensor network based adaptive navigation system is discussed 
in [11]; where sensors equipped on vehicles collect real-time 
traffic information and exchanges among the neighbour 
vehicles.  

Muneeb Ali et al [12] discuss a mobility management 
service layer in SensorNet Protocol which is a cross layer 
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approach where mobility information is stored in a database 
so that it is visible across all layers. A new concept called 
network dynamics is introduced in [13] to solve mobility 
management issues. This work is an earlier attempt to 
formulate laws that govern mobility motivated by classical 
dynamics that study the movement of objects. In short, 
mobility of sensor nodes is of great importance and there is an 
uprising research trend towards leveraging node mobility to 
enhance network performance in terms of energy efficiency, 
coverage, lifetime, localization and fault tolerance. 

B. LEACH Protocol enhancements  
Low Energy Adaptive Clustering Hierarchy (LEACH) [14], 

is one of the most popular hierarchical routing protocols for 
wireless sensor networks. The idea is to form clusters of the 
sensor nodes based on received signal strength indicator 
(RSSI) and use local cluster heads as routers to the sink. 
LEACH has motivated the design of several other protocols 
which try to improve upon the cluster-head selection process 
[15][16]. 

LEACH protocol does not consider the mobility of sensor 
nodes. In mobility centric environments an agent based data 
collection scheme is put forward in [17]; where a mobile agent 
effectively process the data and saves the total energy spent by 
the network. LIMOC [18] is a scheme to enhance the life time 
of network in which energy rich moving cluster heads 
collaborate intelligently each other to route the data to the 
base station. The Enhancement to LEACH to support mobility 
is introduced as LEACH-Mobile, in short “LEACH-M” [19]. 
The basic idea in LEACH-M is to confirm whether a mobile 
sensor node is able to communicate with a specific cluster 
head.  

III. LEACH MOBILE ENHANCED PROTOCOL 
We adopt the proposals in the LEACH-M protocol and 

extend it by proposing remoteness concept for cluster head 
election. This section explains the cluster head election and 
maintenance of both LEACH-M and LEACH-ME protocols. 

A. LEACH Routing Phases 
The LEACH operations are mainly in two major phases - 

Set-up phase and Steady-state phase. Set-up phase is the initial 
one and this is the phase where all cluster formation takes 
place. This phase is relatively short compared to the steady-
state phase. In this phase, one of the basic ideas in LEACH-
ME is to confirm the election of specific cluster heads which 
either have no node movement or minimum relative node 
movement.  

In the steady-state phase, the cluster head and non-cluster 
head nodes receive a particular message at a given time slot 
according to TDMA time schedule of sensor cluster, and then 
reorganize the cluster with minimum energy consumption. 
The steady state phase does the actual data transfer between 
the sensing node and the sink. 

B. Cluster Head Election and Maintenance in LEACH-M 
LEACH-M uses the same set-up procedure used in the 

basic LEACH protocol. In LEACH, the nodes organize 

themselves into local clusters, with one node acting as the 
local base station or cluster-head. If the cluster heads are 
chosen a priori and fixed throughout the system lifetime, as in 
conventional clustering algorithms, it is easy to see that these 
sensors chosen to be cluster-heads would die quickly due to 
overloading, ending the useful lifetime of all nodes belonging 
to those clusters. Thus LEACH includes randomized rotation 
of the high-energy cluster-head position such that it rotates 
among the various sensors in order not to drain the battery of a 
single sensor. In addition, LEACH performs local data fusion 
to “compress” the amount of data being sent from the clusters 
to the base station, further reducing energy dissipation and 
enhancing system lifetime. 

Sensors elect themselves to be local cluster-heads at any 
given time with a certain probability. These cluster head nodes 
broadcast their status to other sensors in the network. Each 
sensor node determines to which cluster it wants to belong by 
choosing the cluster-head that requires the minimum 
communication energy2. Once all the nodes are organized into 
clusters, each cluster-head creates a schedule for the nodes in 
its cluster. This allows the radio components of each non-
cluster-head node to be turned off at all times except during its 
transmit time, thus minimizing the energy dissipated in the 
individual sensors. 

C. Cluster Head Election and Maintenance in LEACH-ME  
In LEACH the election and cluster head rotation makes 

sure that the cluster heads do not die due to prolonged extra 
work. This is done by the random rotation of the cluster head 
duty across the nodes in the cluster by considering the energy 
level of the nodes. In view of mobility centric environment, 
the election of a cluster or the job rotation of the cluster head 
on purely energy level, without considering the node mobility 
can cause serious problem. A node with sufficiently rich 
energy level, taking over the duty of cluster head possessing 
high mobility, may move out of the cluster, causing the cluster 
to become headless. The situation causes the cluster to go for 
a new cluster head. But again the mobility of the nodes is not 
considered causing the same process to repeat. 

To cope with the situation of cluster head going out of 
reach due to mobility, the head rotation process needs to 
consider the node’s mobility. The nodes need to maintain 
certain additional information to make room for handling 
mobility. Following are some of the information the node 
should maintain [20]: 

• Role: to indicate if the sensor is acting as a Cluster head 
CH (value=1) or as a participating node (value=0) in the 
zone  

• Mobility Factor: calculated based on the number of 
times a node changes from one cluster to another or on 
the basis of remoteness. 

• Members List: if the node is a cluster head, a list which 
contains references to the nodes associated with its 
Cluster. 

• TDMA Schedule: Time slot information, when data need 
to be collected from the sensor nodes by the cluster head. 
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The node needs to maintain all these four information, in 
which the mobility factor is the one with prime importance for 
the election of cluster head. There are different approaches to 
calculate mobility factor. One approach is to calculate the 
transitions the node makes across the cluster and the other one 
is through the concept of remoteness introduced in [21]. In our 
proposed scheme we primarily focus on the second method 
for the cluster head election.   

1)  Mobility factor based on transition count 
The node associated to a cluster in motion may break its 

association to the cluster head and create a new association 
with a new cluster head in its new territory. The mobility 
factor is calculated based on the number of times the node 
moves from one cluster to another. 

2)  Mobility factor through the Concept of Remoteness 
Mobility measure should have a linear relationship with 

link change rate. If all the nodes in the cluster are in group 
motion like in RPGM, even though the nodes are in motion, 
the average link change is minimal, maintaining high spatial 
dependency. The node movement in such scenarios does not 
make any breakage of association with the cluster head. So 
remoteness can be treated as a measure of mobility factor.  

Let 1,...3,2,1,0),( −= Nitni , where N is the number of nodes, 
represents the location vector of node i at time t 
and |)()(|)( tntntd ijij −= , the distance from node i to j at time 
t. Then the remoteness from node i to node j at time t 
is ))(()( tdFtR ijji = , where F is the function of remoteness. 
For a simple choice of F as identity function, the remoteness is 
just the distance between the nodes. 

As a node moves relative to the other nodes, remoteness 
remains proportionate to its previous values. But as the node 
moves in a manner, in which its speed and angular deviation 
from the current state are not predictable, remoteness changes 
in time. Thus the definition of relative mobility measure in 
terms of remoteness of a node as a function of time with 
respect to its immediate neighbors is 

∑
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In order to calculate d ij(t), from i th node to all its j th 
neighboring nodes, the broadcast medium may be used. In 
LEACH protocol all nodes in a cluster are time synchronized 
with the cluster head. The TDMA schedule issued by the 
cluster head are complied by the nodes.  Each node uses its 
time slot given by the schedule to communicate to the cluster 
head.  To reduce energy consumption during the other time 
slots not intended for a node, the node goes to sleep mode. 
Therefore even though a node is in the radio range of its 
neighboring nodes, it can not hear the information sent by its 
immediate neighbors. In order for nodes to hear 
simultaneously, the cluster head gives an extra time slot as 
shown in Figure 1. 

During the period of extra time slot, called ACTIVE slot, 
all nodes need to send their broadcast IDs. As all nodes are 

time synchronized with cluster head and use radio propagation, 
the node i can make use of the ID broadcast of all the nodes it 
hears and calculate d ij (t). 

 
 
 

Figure.1 TDMA time slots in LEACH-ME protocol 

Let beacon sent by a neighboring node was at the start of 
ACTIVE time slot t1 and received at time t2. The distance dij(t) 
= Radio velocity * |t2-t1| . 

Upon receiving the information from all the nodes, it’s 
possible to calculate the mobility factor for N neighbors 
through equation (1). The node with least mobility factor is 
considered for the next cluster head, provided the energy level 
of that node is not below the threshold. Also the transition 
count for the node is checked to be minimal among all of its 
neighbors.  

The method is explained in steps as given below. We 
denote {a} as the normal node, c as the cluster head. The 
following steps illustrate cluster head election process. 

 
1. Cluster head c sends ACTIVE message to all its cluster 

members to wake up simultaneously.  
ACTIVE: c → {a}: wake up  

2. Upon receiving the ACTIVE message, all cluster 
members broadcast their IDs with time-stamp. All 
cluster member nodes set time-out to receive broadcast 
of their entire neighboring node IDs.  The 
ID_broadcast helps individual node to know its 
neighbors.  
ID_broadcast: {a}→ NEIGHBORS: know_neighbors 

3. Once the broadcast ID timer expires, each node 
calculates the remoteness based on the IDs received 
and the time at which the IDs are received. The 
calculated remoteness information is broadcast by each 
node. The process helps to know the remoteness of 
neighbors of each other. 
remoteness:{a}→NEIGHBORS: know_remoteness 

4. Once all the remoteness values of neighbors are 
received nodes can go for cluster head election, where 
the node with minimal mobility factor is elected as 
cluster head, provided its energy level is not below the 
threshold. 

Initial creation of clusters is based on certain random 
selection. The number of cluster heads is based on a suggested 
percentage of cluster heads for the network. Normal figure is 
5% of the total number of nodes. In view of mobility, the 
figure can go high depending on the spatial dependency factor 
and the speed with which the node moves. A probable figure 
is of the order of 5 -15 % of the total number of nodes. 

It should be noted that the cluster head election need not be 
done at every TDMA time slot. ACTIVE time slot can be 
introduced periodically after a certain number of regular 
TDMA periods. The periodicity can be decided based on the 
active mobility of the nodes. 

 Slot      

    0
 Slot 

    1 

 Slot 

   2
    ……    Slot

  N-1  
  
ACTIVE  
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D. ACTIVE slot deciding phase 
Calling ACTIVE slot in regular basis without considering 

the nature of the mobility of the nodes can cause extra loss of 
energy to the nodes and hence cause threat to the life of nodes. 
So the selection of periodicity of ACTIVE slot in TDMA 
schedule should be flexible based on the mobility nature of the 
nodes. It is desirable to have a measure to decide the 
periodicity of the ACTIVE slot. The approach followed is the 
transition count as measure to periodicity decision. For a 
specific cluster the average transition count of members 
decide the slot frequency.  

The node which migrates from one cluster to the other 
cluster during steady state phase need to have a count of 
number of number of such transition it made. The concept is 
stated earlier as mobility factor based on transition count.  

In order to have the average transition count of the cluster 
there should be certain information with the cluster head 
regarding the individual transition count of the node members. 
But there is no additional time slot available to communicate 
the transition count of the nodes to the cluster head. To 
resolve this, each node get a data request from the cluster head 
need to sent back data along with transition count information 
to the cluster head. Cluster head need to process the transition 
count information separately.   The decision of including 
ACTIVE slot in the next TDMA cycle is taken based on the 
average transition count calculated for the last few cycles. 
Transition count beyond the threshold decides the ACTIVE 
slot induction.   

The method explained is put in steps as given below. 
1. Cluster head sends data request to the respective nodes 

in their TDMA time slot. If the TDMA cycle does not 
contain ACTIVE slot, then the data request is sent with 
the active flag as zero.  
REQ_Data/active = 0: c  → {a}: get data  

2. Upon receiving the data request from cluster head, the 
cluster member sent its data along with transition count 
for the last few cycles to the cluster head. 
DATA: {a} → c: sent data and transition count 

3. Once all the cluster member data available, the cluster 
head calculate the average transition count for the last 
few cycles and decide whether it is above the threshold 
decided earlier. If the value is above the threshold, then 
all the cluster members are intimated about the 
inclusion of ACTIVE slot in the next TDMA cycle by 
setting active flag in the REQ_Data 
REQ_Data/active=1: c → {a}: get data  and reschedule 

4. Upon receiving the data request with active flag set, 
the cluster members need to reschedule the TDMA 
time slot accordingly to include the ACTIVE frame. 

E. Steady State phase in LEACH-ME  
In the set-up phase of LEACH, the clusters are organized 

and cluster heads are elected. Configuration formed in the set-
up phase is used to transfer monitored data to the base station 
during the steady state phase. Because of that, it can not 
accommodate the alteration of cluster by mobile sensor nodes 
during the steady-state phase. It is possible to resolve this 

problem by a simple and traditional method that adds 
membership declaration of mobile nodes to typical LEACH 
protocol. In LEACH-M scheme, the non-cluster head nodes 
instead of sending the data to the cluster head in their allotted 
time slot in the TDMA schedule wait for a request (REQ_Data) 
from the cluster head to send data. 

In the vicinity of mobility it may happen that the 
REQ_Data sent to a particular node by the cluster head is not 
received by the node, since it is moved to a new location 
which is not in the radio range of its current cluster head. 
After sending the REQ_Data, if no response is obtained from 
the node before the time slot allotted for that node, the node 
will be marked as mobile-suspect. If the same thing repeats 
for the next time slot allotted for the same node, then the 
suspect node is declared as mobile and the time slot for that 
node is deleted from the TDMA schedule. 

On the other hand, if the node doesn’t receive any 
REQ_Data from the cluster head when it is awake, it marks 
itself as suspect of non-member of cluster. During the next 
frame slot allotted to this node, if the same thing repeats, then 
it takes the decision that it is not a member of the cluster. 

 

 
 

Figure.2 Message sequences for cluster join of a mobile node 
 
Once a node becomes a non-member in any of the cluster, 

it looks for a cluster to join by sending a broadcast 
JOIN_REQ. The cluster head hearing the JOIN_REQ allots a 
time slot in its TDMA schedule and broadcasts it to all the 
member nodes including the new member. Upon receiving the 
new TDMA schedule the mobile node now becomes part of 
the cluster and uses the new cluster schedule.  The sequences 
of messages are shown in Figure 2.  

IV. RADIO MODEL FOR LEACH-ME 
The first order radio model used in LEACH and LEACH-M 

is used for LEACH-ME, where radio dissipates 
bitnanoJouleEelec /50= to drive the transmitter and the 

transmit-amplifier dissipates 2//100 mbitpicoJouleelec =ε . It is 
assumed that radio can be turned on or off as and when 
required, to save energy. Also the radio spends the minimum 
energy required to reach the destination. The transmission cost 
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of LEACH-M is different from LEACH-ME because of the 
additional effort to calculate the remoteness at the ACTIVE 
slot.  

Assuming k-bit message is sent on normal and kactive is sent 
on ACTIVE slot, transmission and receiving cost for a 
distance of d for k-bit can be calculated as follows 

Transmitting cost for LEACH-M: 
 

),()(),( dkEkEdkE ampTxelecTxTx −− +=   (2) 

               2*** dkkE elecelec ε+=   (3) 
 
For N nodes in the cluster, the total transmission cost per 

TDMA cycle is: 
 

2

1

****)1(),( i

N

i
elecelecclusterTx dkkENdkE ∑

=
− +−= ε  (4) 

Transmitting cost of LEACH-ME per TDMA cycle is 
transmitting cost of LEACH-M per TDMA cycle added with 
active slot cost.  
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In active slots the k-active bits need to be sent twice, one 
for ID transmission and other for remoteness transmission. 
The extra energy dissipated is in the ACTIVE slots to achieve 
awareness of the remoteness to elect cluster head. The number 
of bits in active frame is assumed to be less than that of the 
data frame bits. 

Reception cost will be same in LEACH-M and LEACH-
ME 

Reception cost: 
 

)()( kEkE elecRxRx −=       (6) 
 
 kEkE elecRx *)( =      (7) 
 
The radio channel is assumed to be symmetric for given 

signal to noise ratio. 

V. EXPERIMENTAL RESULTS 
To evaluate the performance of LEACH-ME, we simulated 

LEACH-M and LEACH-ME using 100 random nodes with 
topology for a 100m x 100m network region. The base Station 
is located at (50, 50) in the center of the 100m x 100m field. 
We simulated the wireless sensor network to get the number 
of data packets that are successful in reaching the base station. 
The simulation is run by changing the mobility factor for 
LEACH-M and LEACH-ME. We also simulated the amount 
of energy dissipations for the data packets transmitted. 

Figure 3 shows the average successful communication rate 
for various mobility factors. At low mobility, the performance 

of LEACH-M and LEACH-ME are comparable. But as the 
mobility increases, there is a definite improvement in average 
successful communication rate in LEACH-ME. As is obvious 
from figure 4, at the mobility factor of 4.0 the successful 
communication rate is 16%, which is better than the LEACH-
M. On the other hand the amount of energy dissipation as well 
as computational overhead increases as mobility increases. 
This is obvious from figure 5 and figure 6. At very high 
mobility (mobility factor 4 and above), the overhead of 
LEACH-ME is 22% more than that of the overhead of 
LEACH-M 

 
Figure 3 Average successful Communications of Leach-M and LEACH-ME 
for various mobility factors 

 
Figure 4 Performance of LEACH-ME over LEACH-M protocol. 
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Figure 5 Computational overhead by the LEACH-M and LEACH-ME 
protocol against the mobility factor 

 
Figure 6 Energy overhead of LEACH-M and LEACH-ME protocols against 
the mobility factor. 

VI. CONCLUSION 
In this paper, we describe how the LEACH protocol can be 

enhanced to handle mobility modulation. The paper makes use 
of the proposals in LEACH-M protocol where nodes isolated 
due to mobility from the cluster are reconnected to a new 
cluster through appropriate mechanism. The proposed 
LEACH-ME protocol follows the same reconnection 
mechanism for the isolated node. It uses the concept of 
remoteness for electing the cluster head. 

The simulation experiment shows that the proposed 
enhanced protocol outperforms LEACH-M in average 
successful communication rate by a reasonable margin, at 
very high mobility. It is also clear that to achieve the level of 

extra performance, energy dissipation needs to be sacrificed at 
a tolerable level. 

REFERENCES 
[1] F Akylidiz, W. Su, Y Sankarasubramanyam, and E. Cayirci, “Wireless 

Sensor Network: a survey”, Computer Networks, vol. 38 no. 4, 2002, 
pp. 393-422 

[2] Carlos de Morrais Codeiro, Dhrarma Prakash Agarwal “Ad-hoc and 
Sensor Networks, Theory and Applications” 1st ed, World Scientific 
Publishing Co. Pvt. Ltd., Singapore 2006 

[3] Xiaoyan Hong, Mario Gerla, Guangyu Pei and Ching- Chuan Chiang. 
“A Group Mobility Model for Ad Hoc Wireless Networks”, ACM 
International Workshop on Modeling and Simulation of Wireless and 
Mobile Systems (MSWiM), August 1999. 

[4] B. Liu, P. Bras, O. Dousse, P. Nain, and D.F. Towsley, “Mobility 
improves coverage of sensor networks”,  in Proc. MobiHoc, 2005, 
pp.300-308. 

[5] S. Bergbreiter and K. S. J. Pister, “Design of an autonomous jumping 
microrobot,” in Proc. IEEE International Conference on Robotics and 
Automation (ICRA’07), Rome, Italy, Apr. 10–14, 2007, pp. 447–453. 

[6] K. Dantu, M.H. Rahimi, H. Shah, S. Babel, A. Dhariwal, and G.S. 
Sukhatme, “Robomote: enabling mobility in sensor networks”,  in Proc. 
IPSN, 2005, pp.404-409. 

[7] M. Laibowitz and J.A. Paradiso, “Parasitic Mobility for Pervasive 
Sensor Networks”,  in Proc. Pervasive, 2005, pp.255-278. 

[8] G. Anastasi, M. Conti, E. Monaldi, and A. Passarella, “An Adaptive 
Data-transfer Protocol for Sensor Networks with Data Mules”,  in Proc. 
WOWMOM, 2007, pp.1-8. 

[9] Ekici E., Yaoyao Gu, D. Bozdag, “Mobility-based communication in 
wireless sensor networks”, IEEE Communications Magazine, vol. 44, 
no. 7, 2006, pp. 56-62. 

[10] (2006) Adaptive Sampling and Prediction. [Online]. Available: 
http://engineering.princeton. edu/gallery/asap/index.htm  

[11] Huifang Chen, Hiroshi Mineno, Yoshitsugu Obashi, Tomohiro 
Kokogawa, Tadanori Mizuno, “Adaptive Data Aggregation for 
Clustered Wireless Sensor Networks”, Ubiquitous Intelligence and 
Computing (UIC), 2007, pp.475-484. 

[12] M. Ali, T. Voigt, and Z. A. Uzmi, “Mobility Management in Sensor 
Networks”, MSWSN / 2nd DCOSS, 2006, pp. 131–140 

[13] K. Ma, Y. Zhang, and W. Trappe, “Managing the Mobility of a Mobile 
Sensor Network Using Network Dynamics”, IEEE Trans. Parallel 
Distrib. Syst., 2008, pp.106-120. 

[14] W. Heinzelman, A. Chandrakasan, and H. Balakrishnan, “Energy-
efficient routing protocols for wireless microsensor networks,” in Proc. 
33rd Hawaii Int. Conf. System Sciences (HICSS), Maui, HI, 2000. 

[15] H. Yang and B. Sikdar, “Optimal Cluster Head Selection in the 
LEACH Architecture”,  in Proc. IPCCC, 2007, pp.93-100. 

[16] Xiangning, Fan; Yulin, Song, “Improvement on LEACH Protocol of 
Wireless Sensor Network”, in Proc. of SensorComm, 2007, pp.260-264. 

[17] Jeong Hee-Jin; Nam Choon-Sung; Jeong Yi-Seok; Shin Dong-Ryeol, 
“A Mobile Agent Based LEACH in Wireless Sensor Networks”, in 
Proc. ICACT 2008, pp.75-78. 

[18] T. Banerjee, B. Xie, J.H. Jun, and D.P. Agrawal, “LIMOC: Enhancing 
the Lifetime of a Sensor Network with Mobile Clusterheads”,  in Proc. 
VTC Fall, 2007, pp.133-137. 

[19] Do-Seong Kim, Yeong-Jee Chung, “Self-Organization Routing 
Protocol Supporting Mobile Nodes for Wireless Sensor Network”, in 
Proc. Computational Sciences IMSCCS, 2006, pp.622-626. 

[20] Liliana M. Arboleda C.and Nidal Nasser, “Cluster-based Routing 
Protocol for Mobile Sensor Networks,”in Proc. QShine, 2006. 

[21] B. J. Kwak, N. O. Song, and L. E. Miller, “A Canonical Measure of 
Mobility for Mobile Ad Hoc Networks”, in Proc. IEEE MILCOM2003, 
2003. 

 

253

Authorized licensed use limited to: COCHIN UNIVERSITY OF SCIENCE AND TECHNOLOGY. Downloaded on June 18,2010 at 13:37:03 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


