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ABSTRACT

Clustered WSN (Wireless Sensor Networ ks) isahierar chical network structurethat conservesener gy
by digtributingthetask of sensngand datatransfer todestination amongthenon-CH (Cluster-Head) and
CH (Cluster Head) nodein acluster. In clustered MW SN (M obileWireless Sensor Networ k), cluster
maintenancetoincreaseat areception at the destination during communication operation isdifficult
duetothemovement of CHsand non-CH nodesin and out of thecluster. To conserveener gy and increased
datatransfer tothedestination, it isnecessary tofind thedur ation after which sensor node' sroleshould
bechanged from CH tonon-CH and vice-ver sa. I n thispaper, wehave proposed an ener gy independent
round timeschemetoidentify theduration after which re-clustering procedur e should beinvoked for
changingrolesof sensor nodes as CHs and associated nodesto conserve ener gy and increased data
delivery. Thisdepends on the dissemination interval of the sensor nodesrather than sensor node's
ener gy. We have also provided a complete analytical estimate of networ k ener gy consumption with
energy consumed in every phaseof aaround.

KeyWords: MobileWireless Sensor Networ k, Round Time, Cluster, Cluster-Head Rotation.

1. INTRODUCTION

WSN is acollection of SN (Sensor Nodes)

either deployed, implant, or worn by the

nodes or entities that can move. Movement
of SN makes efficient use of energy and performs better
channel utilization and low latency [1,2]. The positive
impact of node mobility in WSN isthat it provides better
network coverage by covering those are as that areas
not covered with random deployment of SN [3]. MWSN
application scenarios may include battlefield surveillance,
disaster management, patient monitoring, animal
behavioral studies, studying and monitoring seismic
activities and underwater habitat, etc. Due to the nature

of the application area and mobility of SN, clustering
solutions available for static WSN are not applicable on
MWSN.

Regardless of that the SN are stationary or mobile in a
sensing field, the performance of WSN is measured in
terms of energy consumption, reliability and network
survival time [4-6]. The SN battery in general cannot be
charged or placed onceits operational and dueto that the
power management schemes and battery consumption
methods determinethe network life[7,8]. So, for increasing
the network life, it is necessary to adopt methods that
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may conserve energy, for example, restricting network
wide transmission of data and control packets, avoiding
retransmission of lost packets by maintaining reliable
connection between sender and receiver. Studies have
shown that clustering methods are cost effectiveinterms
of energy, scalability, fault tolerance, reduceslatency, and
decreases communication costs[9-13].

Communication in clustered networks takes place in
rounds, which reduces the overall network energy usage
and increases network life. Energy is conserved by
changing therole of the SN as CH and asnon-CH nodein
every round. This change in role of SN in every round
distributes energy consumption among all the nodes.
However, in many schemes round time is dependent on
SN initial or residual battery power. So, if it isdependent
oninitial battery power it meansthat anincreaseininitial
battery power increasesthe round duration. If round time
is dependent on residual energy, then when CH battery
passes the threshold limit, re-clustering procedure is
invoked. The frequency of re-clustering increases with
the decrease in CHs battery power and it further affects
the network life. In any case, theround timeislarge at the
beginning of network operation, forcing CHs to stay in
their role for longer periods, which results in early
depletion of their power. The overall resultisnon-uniform
distribution of energy consumption that adversely affects
the network’slifetime. In addition to the above mentioned
drawbacks, we have al so noticed that most of the energy
estimation methods found in the literature for clustering
protocols only consider the energy consumed in data
transfer operation and it ignores the energy spent in
exchange of control packets for network setup and
management. Thisresultsin an inaccurate estimation of
consumption of energy during network operation.

In this paper, we have presented new energy independent
round time estimation method that determines when SN
role should be changed from CH to non-CH node and

conversely. The energy independent round time estimate
shows that increasein SN initial battery power does not
affect the cluster round time. An analytical estimate, for
complete network energy consumption has also been
giventhat includes energy consumed in exchange of data
as well as control packets. The rest of this paper is
organized as follows: Section 2 briefly discusses the
previous work done in this area. Our proposed energy
independent round time estimate is discussed in section
3. A mathematical expression for energy estimation is
derived in section 4. Evaluation of our proposed work
along with the discussion on the results are presented in
section 5 and section 6 concludes the paper.

2. RELATEDWORK

Several round time estimation methods are proposed in
research literature. These methods can be categorized as
fixed, dynamic or adaptive estimation schemes. LEACH
[14] a very popular distributed clustering solution for
WSN and itsround time is cal culated from sensor nodes
initial battery power, and the average energy consumed
by CH and non-CH nodes in a round. Sensor nodes
changeitsrolefrom CH to non-CH role from CH to non-
CH node in every round is to distribute energy
consumption among all nodes. In [15] the round time
scheme is adopted from HEED [16]. The clustering
processisdivided into phases. Nodes are selected as CH
in the in the first round of the setup phase. CH with
residual energy within the threshold continues to be the
CH in the next round. The re-clustering procedure is
invoked when residual energy reaches the threshold
energy. In [17] a hybrid cluster rotation strategy given.
At the start of the network operation, SN have ample
amount energy, so energy-driven rotation strategy isused
which isdependent on theresidual energy of the CH. So,
with network operation residual energy decreases and
more energy are consumed in frequent CH election and
re-construction of topology. When residual energy drops
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to acertain threshold, it switches to time-driven method
which is a dependent node density, energy status and
fixed when the number of rounds determined at the start
of the network. LEACH-F[18,19] isadynamic, adaptive
round time estimation method for fixed cluster networks
has been proposed. In these schemes the duration of a
round isdetermined from SN current energy. In each round
elected CH sends current energy to the BS to calculate
round time and broadcast it back to the SN. In [20] an
adaptive scheme, whereround timeiscal culated from the
number of active nodesin the network. When the number
of active nodes goes down to certain threshold number,
round timeisfixed to avoid frequent re-clustering.

Number of authors have proposed energy consumption
estimation methods for distributed clustered networks.
LEACH [14] protocol, which has been discussed widely
by the research community lacks a complete energy
estimation model. It estimates energy based on data
transmitted in steady state phase and does not calculate
the energy spent in exchange of control packetsfor cluster
setup. For estimating the energy consumed for data
transfer from SN to CH and from CH to sink in steady-
state phase free space and two-ray ground propagation
modelsareused. In[21] the authors have found the energy
consumed in the setup phase of cluster formation and
named it as overhead energy. The overhead energy
includes energy consumed in sending and receiving
control packets for cluster formation and energy
consumed in node association with the CH and broadcast
of TDMA schedules. WSN DEEC (Distributed Energy-
Efficient Clustering) for heterogeneous [22] have
calculated the network energy consumption of
heterogeneous networks, but they have not considered
the energy expenditure of the setup phase. DEEC gives
the ideal estimates of the network life to compute the
projected expenditure of energy by each node. In EERP
(Energy Efficient Routing) and Clustering for MWSN [23],
surplus energy of a SN is calculated. This estimation

includes energy consumed in sensing, generating,
transmitting, receiving and in standby mode. It does not
consider the energy consumed in the exchanging control
packets for the topology setup. In [24] energy usage
estimation technique (LCEFCM) is presented, which
computesthe energy consumed in setup and steady-state
phases of the Fuzzy C-Means clustering. It calculatesthe
energy consumed by each CH and CM in setup and
steady-state phase so around. In [25] energy estimation
using the M/M/1 queuing model has been proposed.
They have estimated the energy consumption by the non-
CH nodes, CH nodes and the sink node in steady-state
phase. The energy consumed by the node depends on
number of receiving packets, reception energy, probability
of node in idle state and the energy consumed in idle
state.

3. ENERGY INDEPENDENT ROUND
TIME

Clusteringisahierarchical topological scheme, whereone
complete communi cation operation takes placein around.
Each round lastsfor certain duration after which CH role
changesto common sensing node. Dueto this mechanism
of change of roles in around, it is aso known as CH
rotation. Round time plays a very important role in the
maintenance of topology as well as increasing the life
timeof the SNs[17].

Theimportant factors that can affect the performance of
clustered wireless sensor networks and its lifetimeisits
battery power, energy consumption model and round
time. A round can be defined as the time interval during
which network topology is created and data packet
exchange takes place between SN and their CH and the
data sink. The operations performed in a round, can be
divided into two main phases, namely: setup phase and
steady-state phase. Cluster creation takes place in setup
phase and transmission of sensed data to its intended
destinations takes place in steady state phase. Network
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topology is recreated at the start of every round by
changing the roles of the CH to non-CH node and vice-
versa. The network lifetime also depends on round time,
asit symbolizestheduration for which some SN are acting
as CH. The SN that acts as CH consumes more energy
than common sensing node whose only job is to sense
certain phenomena at regular intervals. CH not only
performs the task of sensing but also acts as transit data
hub for its cluster member to forward their sensed datato
the sink. Shorter duration round means clustering
procedure initiation frequency is high, which also
consumes energy because of the frequent initiation of
the setup phase. Longer duration round means early
drainage of energy of those SN that are acting as CHs
and thus compromising on network life.

The round time estimation methods can be categorized
as fixed, dynamic or adaptive. Dynamic or adaptive
schemes decide the duration of around from network
statisticslike remaining energy or number of alive nodes
in a network. Dynamic or adaptive round time method
givenin[18-20] isapplicableto networkswhere clustering
isfixed and controlled by the base station. With dynamic,
distributed clustering schemes adaptive round timeisnot
applicabledueits complexity of how to propagate network
statistics and maintain same round duration among all
the clusters. In fixed round time estimation scheme, base
station decides the duration of around and either provide
priori information to SN at the time of deployment or
propagate it in a network after deployment. Therefore,
fixed round time estimation method is best suited for
distributed clustered networks. In [14] authors proposed
a ffixed round time estimation method for distributed
clustering schemes. The drawback of this schemeisthat
it dependson SN initial battery power shownin Equation
(1). The measure obtained from Equation (1) is
approximately 20 seconds and with the assumption that
SN initial energy (E, ;) is2 Joules (J) t._ _isthe total
frametime and 9mJisthe value obtained from number of

frames per round. The main drawback of this schemeis
increasing initial battery power increases round time,
which means SN acting as CH are active for longer
duration and thus consuming more energy and
compromising on network life. Therefore, it is aways
good to provide a parameter that are perceptible for the
realistic evaluation of the scheme.

Einitia

rt _tframex omJ (1)

In this work, we have proposed a new round time
estimation method that isindependent of SN initial battery
power. It isthe extension of the proposed VGDC protocol
[25]. Our proposed estimation method does not consider
any energy parameters, rather it depends on the size of
the transmitted packet m bits, datarate R as:

r=t_  +t )

t setup steady

In the setup phase, clustered topological setup takes
place, where clusters are formed before the
transmission of data. In this phase four different types
of control packets are exchanged between CHs and
common SN. The time taken in setup phase as in
Equation (3) consists of broadcasting of CH contention
message t, transmission time of CH broadcast
advertisementst_, , time taken for the transmission of
and time taken by TDMA
schedule broadcast messages t

join request message t

join’

from CHs to its

tdma

member nodes.

+t  +t €)

tsetp = l:c + l:adv join tdma

The transmission of sensed data take place in steady-
state phase and time taken t__ s CaN be found from the
time consume in transmission of m-bit messaget, over a
communication channel that has adatarate of R bits per
second, N. number of nodes in a cluster and

disseminationinterval (D, ,..)-
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tsleady = Nc X tdf taX Dinterval (4)

The constant o can have a value based on the number of
times data is disseminated by the SN during around. It
also signifies how long a node can act as cluster-head
without draining its energy so not to compromise on
network life,

Now, t_isgivenas:

g = % ©

Also,

NG =i Q

For the sake of simplicity assuming thatt , t_ ,t

adv ’ Sjoin !

and
t ... takesthe same amount of time asthetime taken by m-
bit message to transmit over R Mbps supported

communication channel t , .

Now, solving Equation (3) and substituting the results
and4in Equation (2), wehaveaCH roundtimer

= (%)X(%)JFO‘XDimerval g+l +ty @)

So, cluster-head rotation or round timet, is given as.

= (%)X (%)-{—(X x Dinterval +3x (%) (8)
4. ENERGY CONSUMPTION ESTIMATION

Clustered networks support hierarchical communication
where the entire sensing and transfer of the sensed data
toitsintended destination is performed in sessionsknown
as rounds. The rounds are further divided into sub-
sessions according to their working. In the first sub-
session network, topological setup takes placeand inthe
second sub-session transfer of sensed data from SN to

CH and then to sink isperformed. These two sub-sessions
of a around are named: setup phase and steady-state
phase respectively. Energy consumed in setup phase is
mostly due to exchange of control information. This
consumption of energy is significant, but often ignored
because the number of control packets exchanged
between nodes in setup phase is much less than the data
packets oncetopology iscreated. The control information
exchanged in setup phase is for the topology creation,
and once topology is created, data transfer of sensed
data can be initiated. Most of the energy consumed by
SN isin a steady-state phase where some are acting as a
CHs and some as common SN involved in sensing task
only. The transfer of sensed data between SNs and their
CH and from CH to adatasink takes place in this phase,
so energy consumption much higher in this phase than
in setup phase.

The energy estimation methods of MWSN protocols[27-
30] adopted the energy consumption model of [14], which
only consider the energy consumed in the steady-state
phase of around. For an accurate cal culation of utilized
or consumed network energy, setup phase energy
estimation is also necessary. In the setup phase cluster
topology creation takes place for which control packets
are exchanged between SNs. In this paper, we have
proposed a complete network energy estimate that
evaluates the energy spent on setup and steady-state

phases of a round.

The energy consumed in each round can be found as:
Er = Esetup + Esteady (9)

In setup phase clusters are formed by selecting nodes as
CHs. Therole of CH istoinvitenon-CH nodestojoinits
cluster by broadcasting cluster contention messages.
After the completion of contention operation, sensor
nodes elected as CH, broadcasts CH advertisement
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messages to non-CH nodes. During setup phase, non-
CH nodes decide whether to becomethe part of the cluster
by after receiving CH advertisements. They send join
request to the CH if they decideto become cluster member.
After receiving join request from the non-CH nodes, CH
schedule data transfer operation among its members by
issuing and broadcasting TDMA schedules. The energy
consumed in setup phaseis given as:

Esetup = Eoontention + ECH-eIec + Etdma—sch (9)
Esetup = Ec-Bradcast + Ec—Recv + EADV—Broadcast + EADV-Recv + Ejoin-
Req + EJoin—Recv + Etdma-Broadcast + Etdma—Recv (10)
The measures Ecomention’ EADV—Broadcast’ Ejoin-Req and Etdma—
Broadcast are given as:

Econtention = ((N x pcon) x Ec-broadcast) + Ec-Recv X (N X (l-pcon)) (11)
ECH-elec = kXEADV-Broadcast

+(N-K X E\y rey @
+ (N B k) X EJoin-Req

+ EJoin-Recv

Etdma-sch = k X Etdn‘la—Broadcast + (N - k) X Etdma—Recv (13)

Assuming that data and control messages are of size m-
bits, from [14], we have: Energy consumed in transmitting
m-bit messageisgiven as:

E,(md)=E, (m+E, _(md) (19
E (md)=E,  Xm+E X dd<d, . (15
E (md)=E, Xm+E,  Xdd>=d _ (16
Energy consumed in receiving m-bit messageis:

E, (md) =E,_Xm @

Since, data and control messages are of equal size of m-
bits, so the energy consumed in transmission of control
and data messages is the same as given in Equations
(14,15,17). The energy consumed in abroadcast operation

likeE

(16) whereas sending a join request may use Equation

E and E

ADV-Broadcast tdma-Broadcast usean Equatl on

c-Broadcast’

(15) or Equation (16) depending upon the distance of the
receiving node. The energy consumed in receiving CH
advertisements, join requests and TDMA schedules by
sensor nodesirrespective of beingaCH or not determined

using Equation (17).

The operations performed in steady state phase are:
sensing of phenomena, processing of data sensed from
sensing phenomena, transmission of processed datafrom
node to CH and from CH to the sink. It is possible that
there some nodes that are not the part of any cluster,
transmit their sensed data directly to the sink. The energy
consumption in steady-state phase is given as:

E +E ., tE +E

rx-CH tx-CH-BS

= +
steady-state Esensw ng processing tx-CH tx-Node-BS (18)

The energy consumed inE_ .., E, 59 By nogens €8N DE

found from any of the Equations (17) or Equation (18),

whereas E_ .,

Sensing energy E

'sensing

can be obtained using Equation (19).
and E

processing

isgiven by:

=P__ Xt 19)

'sensing ' sens ng 'sensing

E =P

processing

processing tprooess’ng (20)

So, the total energy consumed E_is found by
substituting the values of Equations (10,18) in Equation
(9), we have:

Er = Ec—Broadcas! + Ec-Recv + EADV-BroadcaS! + EADV-Recv + Ejuin-Req
EJoin-Recv + Etdma—Broadcasl + Etdma-Recv + Esensing + Eprocas’ng + Etx-CH +
Erx-CH + E!x-CH-BS + Etx—NodeBS (21)

5. EVALUATION OF THE PROPOSED
SOLUTION

For obtaining the experimental proof of our analytical
work we haveimplemented our proposed work withVGDC
protocol [26] and compared it with LEACH-M and grid
clustering protocoals.
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For simulations sensor nodes are randomly spread and
moving with a speed of 0-5 m/sec and 0-10m /secin a
sensing areaof dimensions 150x150 and 200x200m. SN
movement patterns are generated using aBonn Motion
Mobility pattern generator with different random seeds
according to Gaussian-Markov model Symbols and
their meanings used in this paper are shownin Table 1
and the summary of simulation parametersisshownin
Table 2.

51 Effectsof Round Time

To analyze the effects of round time, we have run
simulationson VGDC protocol with different round times
calculated from Equation (9) and eval uate datareliability
at sink, network energy consumption and disconnection
percentage of CH and itsmembers. Theround timevalues
calculated from our work are 12, and 22 secondswhen we

TABLE 1. SYMBOLS AND THEIR DEFINITION

Symbol Definition
N Nurmber of sensor nodes
pcon contention probability
k Number of clusters
Nc Number of nodes in a cluster
m Packet size in bits
Dinterval Dissemination interval

tdf

Time taken in transmission of m-bit message

TABLE 2. SSMULATION PARAMETERS

Parameter Values taken in simulation
Sensing Field 150x150, 200x200m
Dimensions
Node Density 90,160

Data Sink Location

Center of the sensing field

Initial Energy 100 J
Node Speed 0-5 and 0-10m/sec
Eelec 50 nJbit
Eamp 10 pJbit/m2
Etr 0.0013 pJbit/m4
Message Size (m) 400 bits

assumethat datais disseminated once and twice during a
round respectively. For the sake of convenience, we
named our protocol as VGDC-awhen round time is 12
seconds and VGDC-b when round time is 22 seconds.
The evaluated results have been compared with LEACH-
M and grid clustering methods for which the round time
is fixed to 20 seconds as given by [14]. The reason of
fixing this value for the two protocolsisthat it depends
on SNsinitial energy. Increase in initial energy of a SN
increases round time, which means nodes acting as CHs
continues their role for longer duration. They consume
more energy than non-CH nodes, so thereisapossibility
of an early death of a network. We have also calculated
the energy consumed in setup phase and the effect of
different round times on setup phase energy consumption
and discussed it detail in 5.2.

5.1.1 ReliableDataDé€livery

To evaluate the performance of our proposed round time
estimate, we have calculated the percentage of data
packetsdelivered to the sink and named it asreliable data
delivery. Thisincludes the data packets send to the sink
by CHsand nodesthat are not associated with any cluster
and exchanged datadirectly to the sink. Each sensor node
in our analysis disseminates 49 data packets during the
complete simulation run.

Fig. 1(a-b) shows that round time affects the successful
data delivery to its final destination when nodes are
moving with aspeed of 0 and 5 m/sec in sensing areas of
150x150 and 200x200m. At the sink data reception
percentage increases with the decrease in round-time.
The datareception percentage is approximately 88-93%
for VGDC-aand 79-84%for VGDC-bfor different number
of CHs. For the same number of CHs LEACH-M data
reception percentageisin the range of 78-92%. For grid
clustering datareception at the sink isin between 74-90%
for different cluster percentages.
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Similarly, for anodal speed of 0 and 10 m/secinthesame
sensing fields as shown in Fig. 2(a-b), VGDC-a has the
highest reception percentage than VGDC-b, LEACH-M
and grid clustering for the same cluster percentages. This
means that shorter round time offers stable clusters in
MWSN where sensor nodes are moving with low and
high speeds. It is possible that longer duration of the
round may cause member nodes or CH to move out of
their cluster and may result in increasing the distance
between sensor nodes, CH and sink.

LEACH-M givesahigh datareception percentage at the
sink irrespective of the round time. The reason isthat, it
follows the principle of LEACH protocol, that makes
broadcasting of control and data packets to ensure

BVGDC-a
| | = VGDC-b
40.00 | ® Leach-M
30.00 Grid

Successful Data Reception (%)
8
=

5 10 15 CH%

(a) 150x150m

BVGDCa

Successlul Data Reception (%)
g
2

50.00 BVGDCh

40.00 ® Leach-M
" Grid

30.00

20000 1

10.00

(b) 200x200m

FIG. 1. DATA RECEPTION PERCENTAGE AT THE SINK WHEN
NODE SPEED IS BETWEEN 0 AND 5 M/SEC

delivery at the intended destination(s) at the cost of
energy. Also, the number of packets send directly to sink
by the nodes that have not been the part of any cluster is
very high. Grid clustering shows higher datareception at
the sink because each grid is considered as a cluster,
therefore, complete cluster coverage is available
throughout the sensing field.

5.1.2 Cluster Maintenance

By cluster maintenance, we mean that CH and SNs should
maintain their association during around irrespective of
their movement in asensing field. The nodesin acluster
isassumed to be associated with its CH if they arein the
transmission range of each other. For this, we have

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00

®VGDC-a

B VGDC-b

= Leach-M
Grid

Data Reception Percentage (%)

10.00
0.00

(a) 150x150m

100.00

s = =
70.00
60.00 | | ®VGDC-a
50.00 =VGDC-b
40.00 | mleach-m
30.00 | | Grid
20,00 | |
10.00

5 10 15

Successful Data Reception (%)

0.00

(b) 200x200m

FIG. 2. DATA RECEPTION PERCENTAGE AT THE SINK
WHEN NODE SPEED IS BETWEEN 0 AND 10 M/SEC
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calculated the disconnection percentage between them.
It isobtained by taking the percentage of total number of
times cluster-member or CH movesout from their cluster,
with the distance between them is greater than their
transmission range.

Fig. 3(a-b) and Fig. 4(a-b) shows the disconnection
percentage between CH and its member nodes when they
are moving with speeds between 0, 5 and 10 m/sec
respectively. VGDC-aoutperformsVGDC-b, LEACH-M
and grid clustering for all speeds, sensing dimensions
and CH percentages by providing better cluster
maintenance strategy.

For node movement speed between 0 and 5m/sec as
shownin Fig. 3(a-b) VGDC-adisconnection percentage

8.00
7.00
6.00

5.00
®VGDC-a

= VGDC-b

W Leach-M
Grid
10 15 CH%

(a) 150x150m

4.00
3.00

Disconnection (%)

.00
1.00
0.00

16.00

14.00

12.00

10.00
®VGDC-a

VGDC-b
W Leach-M

8.00

6.00

4.00

Disconnection (%)

.00

0.00

(b) 200x200m

FIG. 3. CH-NODE DISCONNECTION WHEN NODE SPEED IS
BETWEEN 0 AND 5 M/SEC

ranges between cluster members and their CH is in
between 0.7-1.2% in 150x150m areaand is between 0.7-
1.0% for 200x200m area. Similarly, for LEACH-M this
valueisin between 3-8% in 150x150m and 5-14% for
200x200m sensing field size. The disconnection
percentage value is increased for VGDC-hb, but does
not exceed 1.2% for all sensing field dimensions, which
isstill much lessthan LEACH-M. Fig. 4(a-b) compare
the disconnection percentage of the three said
protocols when nodal speed is 0 and 10 m/sec. Again,
VGDC-a and VGDC-b outclass LEACH-M, and its
disconnection percentage is maximum 7% compared to
21% of LEACH-M.

12.00
10.00
8.00 "VGDC-a
— = VGDC-b
6.00 = Leach-M
408 - Grid
2.00
5 10

18 CH %

Disconnection (%)
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FIG. 4. CH-NODE DISCONNECTION WHEN NODE SPEED IS
BETWEEN 0 AND 10 M/SEC
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The disconnection percentages of VGDC and grid
clustering protocols is approximately equivalent. Gird
clustering protocol isslightly better than VGDC, in grid
clustering because each grid is assumed as a cluster
whereasinVGDC oneor moregridsarewithin the cluster
coverage depending on a gird size. In VGDC sensor
nodes associates itself with the CH based on the cost
metric which is the weighted sum of average received
CH speed and distance from the SNs. The CH with the
minimum or least cost is selected asits CH by the node
and they associate themselves with it for the current
round to send their data to the sink. Therefore, it is
highly likely that if CH or its member relocates itself

during around it may still be within the communication
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FIG. 5. UTILIZED NETWORK ENERGY WHEN NODE SPEED
IS BETWEEN 0 AND 5 M/SEC
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5.2  Network Energy Consumption

For the analysis of energy usage, we have calculated the
utilize network energy by noting down the energy spent
in sensing, processing transmission and reception of
control and data packets. In Figs. 5-6 we have compared
the network energy consumed by the three said protocols
with nodal speeds of 0-5 m/sec, and 0-10 m/sec
respectively.

Energy spent by VGDC-aand V GDC-b protocol isbetter
than LEACH-M for all CH percentages, sensing field
dimensionsand speeds except for 5% clustersin 150x150m
whereitisslightly higher.

Due to location awareness, SNsin VGDC either CH or
non-CH compute their current distance from data sink
and transmit datawith signal strength equivalent to carry
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FIG. 6. UTILIZED NETWORK ENERGY WHEN NODE SPEED
IS BETWEEN 0 AND 10 M/SEC
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datato that distance which conserves energy. In contrast
to this, in LEACH-M for the transmission of control and
data packet network wide broadcasts are done that result
in better reception percentage of data packets at the sink
but increased energy consumption.

The Grid clustering consumes more energy than VGDC-a
protocol when nodes are moving with speed of 0, 5 and
10 m/sec. Thisis because stable clusters are maintained
with small round time and CH-node association criteriaof
VGDC. Grid clustering shows slightly better resultsin
contrast to V GDC-b when node speed is 10 m/sec because
when nodes are moving with high speed it is possible
that nodes may move in and out of the grid during a
round.

Also, in grid clustering each grid is a cluster so
communication cost does not exceed the by setup phase
is 1-6% for different cluster percentages in area of
150x150m shownin Fig. 6(a-b). The setup phase length of
thesidesof agrid. In VGDC the cluster radius comprises
of one or more grid depending on grid size, so the
communication cost may get increased.

5.2.1 Setup PhaseEnergy Expenditure

The effects of round time can further be analyzed with
the energy consumed in the setup phase and the
percentage of the utilized energy spent by the setup
phase during communication. Smaller round timeinvokes
cluster formation procedure more often and this causes
an increase in the setup phase energy consumption.
Fig. 7(a-b) shows the energy consumed in the setup
phase VGDC-aand VGDC-b for sensing field sizes of
150x150 and 200x200m areawith node mobility between
0, 5 and 10 m/sec. Setup phase energy expenditure is
highfor VGDC-aand lessfor VGDC-b. For 5% clusters
setup phase energy expense is high, as compared to
15% clusters. Thisis because an increasing number of
clusters increase the likelihood that sensor nodes are
closeto their nodes are moving with speed between 0, 5
and 10 m/sec respectively. The total energy consumed

energy consumption percentageisin between 5-6% for
VGDC-awhen cluster percentageis 5. The percentage
of setup phase energy expense decreases with the
increase in the number of clusters. The setup phase
energy expenditure of utilized energy for the sensing
field size of 200x200m shownin Fig. 8(a-b). Thisvalue
ranges from 4-5% low cluster percentage, but decreased
with theincreasein the number of clusters. Limiting the
broadcast messages, transmission distances within the
grid and within sensor node’s transmission range, shows
that VGDC protocol minimizesthe energy consumed in
the setup phase of around. It also shows that invoking
re-clustering procedure more often increased the energy
usage, but at the same time increases the percentage of
reliable transfer of data to its intended destination, by
maintaining connectivity among CHs and associated

SNs.
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6. CONCLUSION

To conserve energy and increased data reliability, we
have presented an energy independent round time
estimation scheme for MWSN. Our proposed considers
time taken by dataand control packetsto transmit to the
destination, data dissemination interval and number of
times data are disseminated in around. This minimizes
the possibility that round time expires while nodes are
sending datato the destination. It a so showsthat smaller
round time invokes clustering procedure more often but
gives better data reliability in between 87-94%. Shorter
round time resultsin the creating more stabl e clusters by
maintaining connectivity between CH and its member
nodes. We have also given the analytical estimate of
setup phase energy and proves that invoking clustering

procedure more often means smaller round time consumes
more energy in setup phase. It also showsthat even with
smaller round time the total percentage of energy
consumed in setup phase is not more 6% from the total
utilize network energy.
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