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Abstract
As the technology of wireless sensor networks become 
increasingly matured and supported by small, micro-mobile 
devices fully, wireless sensor network has gradually become an 
effective tool for gathering data in various situations. It has very 
broad application prospects and great potential value in many 
areas such as in the military & national defense, environmental 
monitoring, biomedical, remote monitoring dangerous areas & 
so on. In this paper, we developed  simulated an energy efficient 
mobile sensor node clustering protocol for WSN systems – 
EEMSNCP, a protocol architecture for energy efficiency, data 
aggregation & transmitting  aggregated data to base station 
to achieve good performance in terms of energy efficiency and 
network lifetime. EEMSNCP includes self organization of sensor 
nodes, rotation of cluster head positions to evenly distribute 
energy load among all the nodes, TDMA scheduling for energy 
efficiency & replacement of cluster head with mobile sensor 
node when its energy gets depleted to improve system lifetime. 
Our results show that EEMSNCP improves system lifetime by 
an order of magnitude compared with LEACH. 
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I. Introduction
Wireless sensor networks are changing our way of life just as 
the Internet has revolutionized the way people communicate 
with each other. Wireless sensor networks combine distributed 
sensing computation and wireless communication. This new 
technology expands our sensing capabilities by connecting the 
physical world to the communication networks and enables a 
broad range of applications [7] A wireless sensor network (WSN) 
consists of autonomous devices equipped with sensors that 
cooperatively perform the task of collecting relevant data and 
monitor its surroundings for some change or event to occur 
[5] such as temperature, vibration, pressure, or pollutants, 
at different locations. These devices called sensor nodes 
(SNs).Most of the research in WSN are concerned in static 
sensor network or mobile sensor network separately. The static 
sensor network consists of the fixed nodes and adopts the 
ad-hoc communication. This kind of system can monitor the 
environment and send the messages to the base station [4]. 
However in wireless sensor networks, because sensor nodes 
are energy constrained, efficient use of energy is the key 
issues of wireless sensor networks [2]. Many energy efficient 
protocols have been developed due to which energy would be 
saved, but the system can hardly do anything better if whole 
condition is changed or adversary available [4]. However, some 
environments are often too dangerous or inaccessible to humans 
such as a building on fire or suspected of hazardous material 
leak, terrain and space limitations, so uses of WSN will face 
many challenges, such as deployment, network maintenance 

and repair. To overcome these challenges the mobile sensor 
network can be used, where the nodes can adjust their places 
according the algorithms based on the changing condition [4]. 
Thus, in this paper, EEMSNCP, mobile sensor node has been 
introduced at cluster head position, when its energy began to 
die out, therefore, deactivate CH, has been simulated using 
MATLAB and its performance is compared with cluster based 
routing protocol LEACH[12], which includes a new distributed 
cluster formation technique that enables self organization of 
large number of nodes, algorithms for adapting clusters and 
rotating CH positions to evenly distribute energy load among 
all the nodes and techniques to enable distributed signal 
processing to save communication resources.
The rest of the paper is organized as follows. Section II dealt 
with related work. In section III, we will develop, and simulate 
our proposed protocol EEMSNCP and compare this with existing 
cluster based protocol LEACH. Finally, Section IV concludes 
the paper.

II. Related work
Sensor network is an advance technology in the recent 
years. Researchers have begun discussing not only the uses 
and challenges facing sensor networks, but have also been 
developing preliminary ideas as to how these networks should 
function as well as the appropriate low energy architecture 
for the sensor nodes themselves [12] A proposed protocol  
LEACH  incorporates randomized rotation of the high-energy 
cluster head position among the sensors to avoid draining the 
battery of any one sensor in the network, this model does not 
consider the important sources of energy consumption. Another 
protocol VLEACH aims to reduce energy consumption within the 
wireless network by selecting vice-CH also that takes the role of 
CH, when the later dies. Thus, increases network lifetime [6]. 
In Cluster-based forwarding, where each node forms a cluster 
such that any node in the next-hop’s cluster can take forwarding 
responsibility and achieves better energy efficiency by reducing 
retransmissions [8]. TEEN was proposed for reactive networks. 
Generality in the network increases the chances that a new 
application can be added without having to change the core of 
the network [13]. Some environments are often too dangerous 
or inaccessible to humans then mobile sensor networks will have 
more powerful network capabilities such as self deployment, 
network repair and event tracking. The architecture of wireless 
sensor network with mobile sensor nodes is proposed [2]. The 
simulation results show that the hierarchical mobile wireless 
sensor network can effectively reduce the energy consumption 
of sensor nodes and data transmission delay. An enhanced 
node architecture for adding controlled mobility to the wireless 
sensor networks. The structural model, power model and the 
networking model have been built for better node control due 
to which the basic functions of the mobile sensing have been 
successfully validated by the network coverage experiment 
[7]. A kind of ad-hoc navigation algorithm based on the hybrid 
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sensor network composed of static nodes and mobile nodes 
without the prior map. The static nodes monitor the events 
occuring and broadcast and the mobile nodes detect the 
adversary or dangerous fields and broadcast warning message. 
In the whole process, energy saving has taken into account [4]. 
A framework for fault revoking and homogeneous distribution 
of randomly deployed sensor nodes in the deployment area, 
considering equal amount of energy consumption of sink nodes 
within various clusters is proposed [1]. The external kinetics 
to these static SNs is provided by the MSNs which are rich in 
energy. However, for damaged sensor nodes, the framework 
provides fault revoking with the help of Fault Revoking Mobile 
Sensor Node. The energy level of MSN is powered by high 
intensity beam directed from a laser diode array to recharge 
it in least possible time. Another protocol named FREEDOM , 
to provide power wirelessly to the BS, without dislocating from 
the deployment area; at a reasonable cost with the help of 
power beam; mobile sensor nodes are used rather than static 
sensors, which are better resources for the remote surveying 
area is also proposed [5]. 

III. System design & mathematical model

A. Radio model
Our proposed protocol architecture is based on the same 
assumptions as in LEACH protocol with the difference that 
when the cluster head is being replaced by mobile sensor node 
when its energy gets depleted. The radio dissipation model 
[12] is as shown in Fig. 1

Fig. 1: Radio Energy dissipation Model

In our network, we have assumed that the network with following 
properties:

1. There exists a base station at a particular distance.
2. Each sensor node has a unique identity.
3. Network is homogeneous i.e. all the static sensor nodes 

are equivalent having the same energy, randomized, 
adaptive and self configuring cluster formation.

4. Location of nodes is obtained using location IDs.
5. The transmitter can adjust its amplifier power based on 

the transmission distance.
6. MSNs are responsible for data transmission in case cluster 

head dies until s(i).Emsn <0.

B. Mathematical analysis
There are N nodes distributed uniformly in an L*L region. If 
there are k clusters, there are on average N/k nodes per cluster 
(one CH and ((N/k)-1) non CH nodes). Each Cluster head will 
dissipate energy, receives signal from nodes, aggregate the 
signals and transmit the aggregate signal to the base station. 
Depending upon the distance of BS from the nodes, free space 
or multipath channel models are selected. If the distance is 
less than threshold ‘do’, free space model (d2 power loss) is 
used and the energy dissipated in the CH node during a single 
frame is, 

2(( / ) 1) ( / )CH elec msn DA msn elec fs toBSE mE N k mE N k mE m dε= − + + +

otherwise, Multipath model is used and energy dissipation 
follows the multipath model (d4 power loss), therefore, energy 
dissipated in the CH node during a single frame is given by,

2(( / ) 1) ( / )CH elec msn DA msn elec mp toBSE mE N k mE N k mE m dε= − + + +  

where, m is the number of bits in each data message, dto BS 
is the distance from the cluster head node to the BS. Moreover, 
threshold (for a node to become a CH) is determined using the 
equation given below,
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In LEACH [12], there is an optimal percentage Popt of nodes 
that has to become cluster heads in each round assuming 
uniform distribution of nodes in space utilize. Since, the nodes 
are homogeneous, which means all the nodes in the field have 
the same energy, every one of them will become a CH exactly 
once every 1/ Popt   rounds. The non elected nodes belong to 
the set G and in order to maintain a steady number of cluster 
heads per round, the probability of nodes ϵ G to become a 
CH increases after each round. The decision is made at the 
beginning of each round by each node s G∈  independently 
choosing a random number in [0, 1]. If random number is less 
than the threshold i.e. Thres(s), then node will become a CH 
in the current round. Each non cluster head node only needs 
to transmit its data to the cluster head once during a frame. 
Presumably, the distance to the CH is small, so the energy 
dissipation follows the Friss free space model (d2 power loss). 
Thus, energy used [12] in each non cluster head node is,

             
2

 non CH elec fs toCHE mE m d= + ∈

where, 2
toCHd  is the distance from the node to the CH.

And the total energy for the frame is,
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The operation of EEMSNCP as in LEACH is divided into rounds. 
Each round begins with a set-up phase when the clusters are 
organized, followed by a steady-state phase when data are 
transferred from the nodes to the cluster head and on to the 
BS, as shown in
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Fig. 2: Time line showing LEACH operation. Adaptive clusters 
are formed during the set-up phase and data transfers occur 
during the steady-state phase.

For our experiment as in [12], N=100 nodes, L= 100m*100m, 
fs∈ = 10pJ, mp∈ =0.0013pJ and dto BS =75m, the optimum 

no. of clusters are 1<kopt<6 and but mobile sensor nodes in 
our protocol comes out to be 4<msnopt<9.

C. Radio parameters
Wireless micro sensor network simulations using MATLAB are 
performed to determine the benefits of the different LEACH 
protocol [12] and EEMSNCP architectures are discussed in this 
paper. For these experiments, the random 100-node network 
is used. The base station was placed 75 meters from the 
closest node, at location (x=75, y=75) [12]. The bandwidth of 
the channel was set to 1Mbps, and the processing delay was 
25μs on the transmitting side and 25μs on the receiving side. 
Each data message was 500 bytes long. The radio electronics 
energy is set to 50nJ/bit and the radio transmitter energy is set 
to 10 pJ/bit/m2 for distances less than d0 = 87m and 0.0013 
pJ/bit/m4 for distances greater than d0 = 87m.The energy for 
performing beam forming computations to aggregate data was 
set to 5nJ/bit/signal. These parameters [12] are summarized 
in Tables 1 and2.

Table 1: Radio Parameters Values
Description Parameter Value

Radio 
electronics 
energy

Eelec 50 nJ/
bit

Energy for beam 
forming

EBF 5 nJ/bit

Bit-rate Rb 1 Mbps
Antenna gain 
factor

Gt,Gr 1

Signal Wavelength Λ 0.325 m
Cross-over 
distance for 
FS and MP 
attenuation 
models

do 87 m

Radio amplifier 
energy

εfs
εmp

10 pJ/
bit/m2

0.0013 
pJ/bit/
m4

Table 2: Characteristics of the Test Network
Nodes         100
Network size 100m * 100m
Base station location      (75,75)
Radio propagation speed 3*108 m/s

Processing delay 50 μs
Radio speed 1 Mbps
Data size 500 bytes

A set of nodes elects themselves cluster-head depending upon 
the energy left, the clusters within the specified sensing field 
are shown in Fig. 3. The average energy dissipation is least 
for putting the value for number of clusters =5. Therefore, (for 
P= 0.05 and the threshold given by equation) at time t, the 
random test network is shown in Fig. 3.

Fig. 3: Cluster Head Nodes at Time t.

D. Simulation results: Comparison between EEMSNCP 
and LEACH protocol
The lifetime of EEMSNCP and LEACH protocol is compared from 
Fig. 4 and Fig. 5 and the lifetime of the network is prolonged 
for a time. Hence, higher energy efficiency of the protocol is 
achieved. When using optimal number of cluster-heads, the 
main energy saving of protocol is due to compression with 
the data routing. There is a trade-off between the quality of 
output and the amount of compression achieved. In this case, 
some data from the individual signals is lost, but this results 
in a substantial reduction of the overall dissipation of the 
system.
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Fig. 4: Number of nodes alive per round 
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Fig. 5: Number of nodes alive per round 

IV. Conclusions and future scope
We have presented protocol architecture EEMSNCP with mobile 
sensor nodes along with static sensor nodes to improve energy 
efficiency and network lifetime of traditional wireless sensor 
networks. EEMSNCP is simulated and compared with existing 
cluster based protocol LEACH. Our result shows that EEMSNCP 
improves network lifetime & will be a better resource for remote 
surveillance areas. Future work will focus on these aspects: 
1. We can add mobility to sink which can be a far better 

resource for improving energy efficiency.
2. We can add video sensors in the network to monitor the 

complicated environment irrespective of the energy which 
a network can consume.
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