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Abstract
In wireless sensor network, all the routing algorithms currently 
available are taking the assumption that the sensor nodes are 
stationary. Some recent applications of sensor-nets (e.g. in medical 
care and disaster response) make use of mobile sensor nodes. 
Mobility improves the coverage of wireless sensor networks. In 
this paper, the enhancement to HEED protocol to support mobility 
in both homogenous and heterogeneous network. In this we will 
examine the performance issues HEED and H-HEED in mobile 
wireless sensor network. We also assume that speed of mobile 
nodes moving in the network is neither too high nor too low but 
it’s moderate. 
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I. Introduction
A Wireless Sensor Network (WSN) can be defined as a network 
consists of low-size and low-complex devices called as sensor 
nodes that can sense the environment and gather the information 
from the monitoring field and communicate through wireless links; 
the data collected is forwarded, via multiple hops relaying to a 
sink (also called as controller or monitor) that can use it locally, 
or is connected to other networks [1]. A sensor node usually 
consists of four sub-systems [2] i.e. sensing unit, processing unit, 
communication unit and power supply unit.
In WSN, the sensor nodes are deployed in a sensor field. The 
deployment of the sensor nodes can be random (i.e. dropped 
from the aircraft), regular (i.e. well planned or fixed) or mobile 
sensor nodes can be used. Sensor nodes coordinate among 
themselves to produce high-quality information about the physical 
environment. Each sensor node bases its decisions on its mission, 
the information it currently has, and its knowledge of its computing, 
communication, and energy resources. Each sensor nodes collect 
the data and route the data to the base station. All of the nodes are 
not necessarily communicating at any particular time and nodes 
can only communicate with a few nearby nodes. The network has 
a routing protocol to control the routing of data  messages between 
nodes. The routing protocol also attempts to get messages to the 
base station in an energy-efficient manner.
The base station is a master node. Data sensed by the network is 
routed back to a base station. The base station is a larger computer 
where data from the sensor network will be compiled and processed. 
The base station may communicate with the Remote Controller 
node via Internet or Satellite [2-3]. Human operators controlling 
the sensor network send commands and receive responses through 
the base station.
HEED (Hybrid Energy Efficient Distributed) protocol [4] is the 
clustering protocol. It uses  residual energy as primary parameter 
and network topology features (e.g. node degree, distances to 
neighbors) are only used as secondary parameters to break tie 
between candidate cluster heads, as a metric for cluster selection 
to achieve load balancing. In this all nodes are assumed to be 
homogenous i.e. all sensor nodes are equipped with same initial 

energy. 
In H-HEED (Heterogeneous - Hybrid Energy Efficient Distributed) 
protocol [5], different level of heterogeneity is added to the HEED 
protocol i.e. 2-level H-HEED, 3-level H-HEED and multi-level 
H-HEED. In 2-level H-HEED, two types of sensor nodes, i.e., the 
advanced nodes and normal nodes are used. In 3-level H-HEED 
protocol, there are three types of sensor nodes, i.e. the super nodes, 
advanced nodes and the normal nodes. In multi-level H-HEED, 
all the sensor nodes are having different energies.  
The remainder of the paper is organized as follows. In Section 
II, we briefly review the mobility in WSN. Section III shows 
the simulation results under mobility. Finally, Section IV gives 
concluding remarks.

II. Mobility
A mobile sensor network is composed of a distributed collection 
of nodes, each of which has sensing, computation, communication 
and locomotion capabilities [6]. It is this latter capability that 
distinguishes a mobile sensor network from its more conventional 
static cousins. Locomotion facilitates a number of useful network 
capabilities, including the ability to self-deploy; that is, starting 
from some compact initial configuration, the nodes in the network 
can spread out such that the area ‘covered’ by the network is 
maximized.

Fig. 1: RoboMote

Sensor nodes may change their location after initial deployment. 
Mobility can result from environmental influences such as wind 
or water, sensor nodes may be attached to or carried by mobile 
entities, and sensor nodes may possess automotive capabilities. 
In other words, mobility may be either an incidental side effect, 
or it may be a desired property of the system (e.g., to move nodes 
to interesting physical locations), in which case mobility may 
be either active (i.e., automotive) or passive (e.g., attached to 
a moving object not under the control of the sensor node) [7]. 
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Mobility may apply to all nodes within a network or only to 
subsets of nodes. The degree of mobility may also vary from 
occasional movement with long periods of immobility in between, 
to constant travel. Mobility has a large impact on the expected 
degree of network dynamics and hence influences the design of 
networking protocols and distributed algorithms. The actual speed 
of movement may also have an impact, for example on the amount 
of time during which nodes stay within communication range of 
each other.

By mobile sensors we mean unmanned autonomous vehicles (UAV) 
or mobile robots equipped with various sensor nodes. With the 
technological advances in networking and low cost high endurance 
electro-mechanical systems, it is now practical and relatively 
inexpensive to deploy robot vehicles for autonomous sensing and 
data collection in a broad area [8]. Example applications of mobile 
nodes are XYZ, [10], robomote, [9] and flip based sensors [11].
The major impacts the mobility makes in WSN are in the area of 
Topology management and Energy management. When nodes 
keep moving its position, topology management is responsible 
for the node connectivity and routing of nodes to the sink. The 
energy management on the other hand deals with the management 
of limited energy resource.

Mobility can be introduced in any of the level of the sensor network 
system [12]:

Sensor Level Mobility: •	 The sensors themselves may be 
moving [13]. Examples include sensors mounted on moving 
cars or flying unmanned aerial vehicles (UAVs), collecting 
information as their carriers constantly change their location 
and/or orientation.
Information Level Mobility: •	 The event monitored by the 
network is mobile [13].
User Level Mobility:•	  Users accessing the information 
collected by the sensor network may themselves be moving, 
and thus the information that is pertinent to them may change 
over time. For example, monitoring the traffic conditions on 
the way to the nearest hospital changes as the user is changing 
his/her position.

This chapter mainly focused on the sensor level mobility. Earlier 
HEED Protocol makes an assumption that all the sensor nodes 
are stationary. In this chapter, we will overcome the assumption 
by making use of all mobile sensor nodes in homogenous (i.e. 
sensor nodes with equipped with same amount of energy) and 
heterogeneous (i.e. sensor nodes are equipped with different 
energies) networks. We assume that the mobile sensor nodes are 
moving in random direction with fixed speed and the movement 
is not continuous. The sensor nodes are not equipped with GPS 
enable antenna.

III. Simulation Results
The simulation is done in Matlab. Let us assume the heterogeneous 
sensor network with 100 sensor nodes are randomly distributed in 
the 100m*100m area. The base station is located at the centre (50, 
50). We have set the minimum probability for becoming a cluster 
head (pmin) to 0.0001 and initially the cluster head probability 
for all the nodes is 0.05. The parameters used in our simulation 
are listed in the Table 1.

Table 1: Simulation Parameters
Parameters Values
Sink At (50,50)
Threshold distance, d0 70 m
Cluster Radius 25 m
Energy consumed in the electronics circuit to 
transmit or receive the signal, Eelec 50 nJ/bit

Energy consumed by the amplifier to transmit 
at a short distance, Efs 10 pJ/bit/m2

Energy consumed by the amplifier to transmit 
at a longer distance, Emp 0.0013 pJ/bit/m4

Data Aggregation Energy, EDA 5 nJ/bit/signal
Message Size 4000 bits
Initial Energy, E0 0.5 J

In the analysis, we use the same energy model as proposed in [4]. 
In the process of transmitting an l-bit message over a distance d, 
the energy expended by the radio is given by:

  (1)

=  

And to receive the message, the radio expends:
   (2)

The electronics energy, , depends on factors such as the digital 
coding, modulation, filtering, and spreading of the signal, whereas 
the amplifier energy,   or  , depends on the distance to 
the receiver and the acceptable bit-error rate.

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100

       
   (a)

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100

   (b)
Fig. 1(a): Initial Deployment of the Mobile Sensor Nodes in 
Network, (b) Mobility in the Sensor Network after few Rounds
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Let us consider the case for 2-level H-HEED, 10% of the nodes 
are advanced nodes (m=0.1) and equipped with 100% more energy 
than normal nodes (a=1). For 3-level H-HEED, 10% 
of the nodes are advanced nodes and 10% of the nodes are super 
nodes are equipped with 100% and 300% more energy than the 
normal nodes (a=1 and β=3, m=0.2 and m0=0.5). For multi-level 
H-HEED, each node in the sensor network is randomly assigned 
different energy between a closed set [0.5, 2].
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Fig. 2 (a): Number of alive nodes per round, (b) Number of Clusters 
per round, (c) The total network remaining energy in each round, 
(d) Number of packets sent to BS per round for WSN

Fig. 1(a) shows the random deployment of the mobile sensor 
network in an area. After few round, the position of the mobile 
nodes changes, they move with fixed speed in any direction 
randomly can be shown in Fig. 1(b).
In Fig. 2(a) & 3(a), HEED and H-HEED protocol are compared 
under mobile sensor network based on number of nodes alive 
per round. The number of nodes dies much faster in both the 
homogeneous and heterogeneous environment as energy is 
consumed in transmitting, receiving, processing capabilities. As 
a result, the sensor node starts dying after 500 rounds and there is 
a rapid fall of sensor nodes except multi-level H-HEED. In case of 
HEED protocol, the last node dies around 1300 round. In 2-level 
H-HEED, due to the advance nodes, the death of the last node is 
around 2500 round. In the case of 3-level H-HEED, due to the 
introduction of super nodes in 2-level, the lifetime increases and 
about 4700 rounds all node dies. But in multi-level H-HEED, the 
death of first nodes is nearly about 800 rounds and the death of 
last node takes place at 4500 round. 
Fig. 2(b) & 3(b), represent the comparison based on the number 
of clusters formed per round. In the presence of heterogeneity, 
the nodes having more energy last for longer period and their 
probability for becoming the cluster head also increases. At 1000 
rounds, maximum number of clusters formed lies between 4 to 
5 in case HEED. 
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Fig. 3(a): Number of alive nodes per round, (b) Number of Clusters 
per round, (c) The total network remaining energy in each round, 
(d)Number of packets sent to BS per round with moving sensor 
nodes in WSN

However in 2-level H-HEED, it ranges between 6 to 9 and in 
3-level H-HEED, it ranges in between 8 to 12. On the other hand, 
the number of clusters increases in multi-level H-HEED is between 
9 to 15. 

Fig. 2(c) & 3(c), depicts the total remaining energy in each 
transmission round and evaluates the performance of HEED and 
H-HEED protocol. In HEED protocol, the total energy of the 
network is 50 J. Up to 800 rounds it shows the linear depletion 
of the network energy but afterwards the network energy starts 
depleting very fast. Then in 2-level H-HEED the running down 
of the network is slow as compared to the HEED as the advanced  
nodes is having more 100% energy than normal ones Same is 
the case of 3-level H-HEED, there is again a linear fall in energy 
consumption. The energy level of advanced nodes and super nodes 
are 100% and 300% more than normal nodes. But in multi-level 
H-HEED, it is equipped with the highest total energy due to 
random allocation so the energy is consumed slowly as compared 
to other. As after 3500 rounds, multi-level and 2-level H-HEED 
nearly shows equivalent behavior. 
Fig. 2(d) & 3(d), indicates the comparison of the protocol on the 
basis of number of packets sent to the base station (BS). Firstly, 
let us consider HEED protocol, in which the number of packets 
sent to base station, is nearly about 1.45×104 after that the network 
becomes stagnant as no nodes are alive. In 2-level H-HEED, the 
number of packets sent is 2.1×104. More number of packets is sent 
in case of multi-level is 4.3×104 and in 3-level is 3.6×104 because 
more number of alive nodes were their multi-level H-HEED.

IV. Conclusion
This paper presents the simulation results of the comparative 
investigation of the HEED and H-HEED protocol with Robomotes 
in wireless sensor networks that support mobile nodes. It has 
been observed that multi-level H-HEED protocol have better 
lifetime than 3-level H-HEED protocol. By adding the mobility 
in the sensor nodes, the performance of the network degrades 
when compared with fixed deployment of the sensor nodes as 
more energy is consumed because randomly every time nodes 
position is changing. We conclude that both HEED and H-HEED 
protocol shows better performance when the position of the sensor 
nodes are fixed i.e. stationary than the moving nodes in the sensor 
network.
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