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Abstract – Modern wireless sensor network can be
expanded into large geographical areas via cheap sensor
devices which can sustain themselves with limited energy and
developing an energy efficient protocol is a major challenge.
Currently, routing in the wireless sensor network faces
multiple challenges, such as new scalability, coverage, packet
loss, interference, real-time audio and real time video
streaming, weather reports, energy constraints and so forth.
Clustering sensor nodes is an effective topology control
approach. LEACH is an energy efficient clustering protocol
because of its nodes distribution capabilities but still it has
limitations because it leads to uneven energy distribution.
PEGASIS is an enhancement of LEACH using chain-based
technique to optimize the energy consumption. This protocol
also has certain disadvantages like delays in larger networks
etc. HEED is an advanced version of protocol which removes
the disadvantages of LEACH and PEGASIS by using
distributed algorithm for selecting the cluster heads (CH). It
does not make any assumptions about the infrastructure or
capabilities of nodes. LEACH, PEGASIS and HEED routing
algorithms are compared using Matlab simulation on a Wi-
Max network and the results & analysis are based upon the
simulation experiments. Simulation results demonstrate that
HEED is effective in prolonging the network lifetime and also
overcomes the disadvantages of both LEACH & PEGASIS.

Keywords – WSN, LEACH, PEGASIS, HEED, Energy
Efficiency, Cluster Heads (CH).

I. INTRODUCTION

Wireless networks are those networks in which network
connections are made wirelessly. Wi-Fi &WiMAX are two
basic types of wireless networks. Wi-Fi network allows an
electronic device to exchange data wirelessly. WiMAX is
an extension of Wi-Fi networks with high data transfer
rates. Energy is the scarcest resource of WSN nodes. Wi-Fi
and WiMAX are designed for different situations but they
are complementary. The WiMAX network operators
provides a WiMAX Subscriber Unit which connects to
metropolitan WiMAX network and provides Wi-Fi within
the home or business for local device connectivity. It
enables the user to place the WiMAX Subscriber Unit in
the best reception area and uses it from any place within
their residence.

Wireless sensor network (WSN) is an emerging class of
systems made possible by a) cheap hardware, b) advanced
programming tools, c) complex algorithms, d) long lasting
power sources and e) energy efficient radio interfaces [21].
It is growing rapidly in our day to day life because it is
easy to deploy and flexible. Fault tolerant mission critical
systemsis a new paradigm in designing WSN networks
which enables varied applications like surveillance,
environmental monitoring, traditional sensing, actuation

and much more. WSN consists of spatially distributed
autonomous sensors to monitor physical or environmental
conditions and to regularly pass their data through the
network to a main location [21]. The WSN is built of
"nodes" – from a few to several hundreds or even
thousands, where each node is connected to one (or
sometimes several) sensors.The topology of the WSNs can
vary from a simple star network to an advanced multi-
hop wireless network. The propagation technique between
hops of the network can be flooding or routing.

For this reason, algorithms and protocols need to address
issues like Lifetime maximization, Self-configuration, and
Robustness &fault tolerance. Routing protocols can be
classified into three categories a) reactive, b) proactive,and
c) hybrid protocols depending on how the route is being
found by the source to the destination.All routes are
computed in proactive protocols before they are really
needed, whereas in reactive protocols routes are computed
on demand. In hybrid protocols a combination of these two
ideas is being used. In case of static nodes table driven
routing protocols are preferred rather than reactive
protocols as a significant amount of energy is used for
discovering and setting up the route of reactive protocols.

Another class of routing protocols is called the
cooperative routing protocols. In these protocols, nodes
send data to a central node where data can be aggregated
and may be subject to further processing, which in turn
reducesthe route cost in terms of energy use [14]. Many of
the other protocols rely on timing and position information.
In general, routing in WSN’s can be classified based upon
the Network Structure as Flat-Based network (When the
nodes are not organized in groups. All nodes are typically
assigned equal roles or functionality. It has various
protocols defined like SPIN, Directed Diffusion, Rumor
Routing, MCFA etc.), Hierarchical-Based Network (When
the nodes are organized in groups. Nodes will play
different roles in the network. It has various protocols
defined like LEACH, PEGASIS, TEEN & APTEEN,
MECN, VGA etc.), Location-Based Network (When the
nodes are restricted to regions. Sensor nodes' positions are
exploited to route data in the network. It has various
protocols defined like GAF, GEAR, GOFAR, SPAN
etc.)[5].

Hierarchical routing is utilized to perform energy-
efficient routing in WSNs [10]. In this higher energy nodes
can be used to process and send the information while low
energy nodes can be used to perform the sensing in the
area. This means that creation of clusters and assigning
special tasks to cluster heads can greatly contribute to
overall system’s scalability, lifetime, and energy efficiency
[8,20]. LEACH, PEGASIS, TEEN are few of the examples
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of Hierarchical routing networks [14]. LEACH is a self-
organizing, adaptive clustering protocol that uses
randomization to distribute the energy load evenly among
the sensors in the network [11, 19].LEACH is a clustering
based protocol and it includes distributed cluster formation
while transferring the data. It selects a few sensor nodes
randomly as cluster heads (CHs) and rotates this role to
evenly distribute the energy load among the sensors in the
network [6, 7].

Each cluster-head (CH) nodes compress data arriving
from the other nodes within respective cluster, and send an
aggregated data packet to the base station in order to reduce
the amount of information that must be transmitted to the
base station. The main aspect of LEACH is localized
control and coordination for cluster setup and operation and
randomized rotation of the “base stations” or “cluster-
heads” and the corresponding clusters. c This protocol is
divided into rounds and each round consists of two
phases:[12,13] Set-up Phase(Advertisement Phase &
Cluster Set-up Phase) and Steady Phase (Schedule Creation
& Data Transmission)

It is an enhancement over LEACH protocol and a near
optimal chain-based protocol. The base-station is fixed and
located far from the sensor nodes. Each node knows about
its own location and that its neighbor nodes. All sensors are
homogeneous with the same initial energy level. Each of
them can control their power and communicate with the
other nodes or the sink directly. The basic idea of this
protocol is to extend the network lifetime by makingnodes
to communicate only with their closest neighbors and they
take turns in communicating with the base-station thus
reducing the amount of energy spent per round [18]. This
approach will distribute the energy load evenly among the
sensor nodes in the network. We placed the nodes
randomly in the play field, and therefore, the ith node is at a
random location. These nodes are organizedfor forming a
chain, which can be achieved by the sensor nodes
themselves using a greedy algorithm starting from some of
the node. Alternatively, the computing of chain &
broadcasting of it to all sensor nodes is done by BS. As the
round of all nodes communicating with the base-station
ends, a new round will start and so on [1].

We are simulating the LEACH, PEGASIS & HEED
protocol to verify that the energy performance of HEED
protocol is much better than LEACH and PEGASIS.

II. PROBLEM FORMULATION

LEACH & PEGASIS are Hierarchical-Based Network
which is well-known techniques with special advantages
related to scalability and efficient communication. The
concept of hierarchical routing is also utilized to perform
energy-efficient routing in WSNs. In spite of that LEACH
has various weak points. First of all, it assumes that all
nodes can transmit with enough power to reach the BS if
needed and that each node has computational power to
support different MAC protocols. Secondly, it is not
obvious how the number of the predetermined CHs (p) is
going to be uniformly distributed through the network. Due
to this reason, there is always a possibility that the elected

CHs will be concentrated in one part of the network.
Finally, the protocol assumes that all nodes begin with the
same amount of energy capacity in each election round and
a CH consumes approximately the same amount of energy
for each node.

Although PEGASIS is an improvement over LEACH
protocol and a near optimal chain-based protocol in which
clustering overhead is avoided [3,9], PEGASIS still has
few weak points. First of all it requires dynamic topology
adjustment since each sensor node in a network needs to
know about energy status of its neighbors so that it can
adjust the destination for data transmission. Such type of
topology adjustments introduces significant overhead
especially for highly utilized networks. Secondly,
PEGASIS assumes that each sensor node can be able to
communicate with the BS directly. In practical cases,
sensor nodes use multi-hop communication to reach the
base-station. Thirdly, PEGASIS assumes that all nodes
maintain a complete database about the location of all other
nodes in the network. The method of which the node
locations are obtained is not outlined. Finally, PEGASIS
assumes that all sensor nodes have the same level of energy
and they are likely to die at the same time. Note also that
PEGASIS introduces excessive delay for distant node in
the chain. Also the single leader can become a bottleneck.

In order to overcome all of the above limitations we will
be implementing HEED protocol. HEED [8] is a protocol
which periodically selects cluster heads according to a
hybrid of the node residual energy and a secondary
parameter through constant time iterations.Clusters that are
formed by heed are mostly equal in size. Cluster Head
(CH) nearer to the base station have to handle both heavy
relay traffic (inter cluster traffic) and intra-cluster traffic
from their member nodes [2]. Hence to alleviate that work
load, clusters formed nearer to the base station should
contain fewer number of member nodes compared to those
further away thus solving the hot spot problem. This will
minimize the energy consumption during the routing
process.The amount of energy spent for the clustering
process depends on the number of iterations. The HEED
clustering algorithm can be divided into three major steps
a) Tentative cluster head distribution, b) Iterative CH
election and balancing, and c) Finalization and membership
establishment. The algorithm is entirely distributed and all
the information which is gathered must be transmitted
between nodes or known locally [2,4].

III. METHODOLOGY

Life span of network is the most important aspect of
WSN networks. LEACH and PEGASIS are two energy
efficient protocols which increases the life span of a
network. In this paper we are deriving a new approach
using HEED protocol to overcome the limitations of
LEACH and PEGASIS. As shown in figure 1 below we
have placed the nodes randomly within a predefined area.

For the purpose of implementing LEACH, PEGASIS &
HEED protocol MATLAB simulator is used. Plotting of
energy performance is done for all the routing protocols to
show that HEED protocol is the improved version of
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LEACH & PEGASIS as it provides smooth and less
degradation in energy performance. It uses the residual
energy for finding the probability of node to become CH.
In each simulation, up to 100 nodes are deployed in a
100m × 100m region divided into 10 × 10 grids.

Fig.1. Random Node Placement

A node is randomly located within each grid of a
WiMAX network. During our evaluation we simulated
LEACH, PEGASIS and HEED protocol and assumes
following for the same: -

Table 1: System Environment Settings
Name Value

Initial Energy of Each Node 1J, 0.75J, 0.5J
Number of WiMAX Nodes 100
Area of Simulation 100x100 m
Consumed Energy for
Transmission per bit

50nJ (TX)/ 50nJ (RX)

Size of a data packet 4000 bits
Size of a control packet 512 bits
Emp 0.0013 pJ/bit/m4
Efs 10 pJ/bit/m2
EDA 5 nJ/bit/signal

As table 1 show, each sensor node is having energy of 1J
and spends 50nJ per bit for either transmitting or receiving.
Therefore a node will spend 0.006J for sending/receiving
of 128 byte data.

LEACH selects a few sensor nodes randomly as cluster
heads (CHs) and rotates this role to evenly distribute the
energy load among the sensors in the network. The
operation of LEACH is separated in two phases, a) the
setup phase and b) steady state phase. During setup phase,
the clusters are organized and CHs are selected and in the
steady state phase, the actual data from nodes transfer to
the base station. In order to minimize the overhead the
steady phase id longer than the setup phase. During the
setup phase, a predetermined percentage of nodes, p, elect
themselves as CHs. A sensor node chooses a random
number, temp_rand, between 0 and 1. If this number
(temp_rand) is less than a threshold value, T (n), the node
becomes a cluster-head for the current round. The threshold
value (T (n)) is calculated based on an equation that
incorporates the desired percentage to become a cluster-

head, the current round & set of nodes that have not been
selected as a cluster-head in the last (1/p) rounds, denoted
by G [1]. It is given as:( ) = 11 − ∗ ( _ . ) , ∈0, ℎ

Cluster Head Probability
Here, the r is a number of rounds, G is the set of nodes

which did not become CH in the 1/p past round (0<p<1). In
other words, each node must become CH once in 1/p
rounds [2].

PEGASIS avoids cluster formation and chooses one
node in the chain for communicating with the BS. It uses
signal strength to determine the distance from other nodes.
A chain is being formed using greedy algorithm to define
the path to BS. Once the chain is created or determined
then randomly one node is being selected. It fuses the data
packets received from other nodes in the chain within its
own data packet to transmit the data to BS. This cycle
repeats with all nodes available in the chain. PEGASIS
uses simple token passing approach to initiate the data
transfer starting from the end of the chain.

HEED protocol is a hybrid algorithm since the clustering
process depends on two parameters: residual energy of
node and node degree. Heed is distributed since each node
runs the algorithm on its own. Also, heed is energy-
efficient since it elects cluster heads that contain high level
of residual energy and this helps to prolong lifetime of
network. Unlike previous protocols which require
knowledge of the network density or homogeneity of node
dispersion in the field, HEED protocol does not make any
assumptions about the network [16] as we can say density
and size.

In HEED protocol, the clustering process at each sensor
node requires several rounds. Each round is long enough to
receive messages from any neighbor within the cluster
range. The parameter Cprob is only used to limit the initial
CH announcements and has no direct impact on the final
cluster structure. Each sensor node sets the probability
CHprob of becoming a CH given as follows.

prob = prob . ,
Formula to calculate CH Probability [2]

Here Eresidual is the estimated current residual energy in
this sensor node and Emax is the maximum energy, which
is typically identical for homogeneous sensor nodes. Pmin
is the minimum value of the CHprob that is decided in
inverse proportion to Emax [2]. After calculating CHprob
each node repeats the below given process:-

Step 1: When one or more CH advertisements are
received including own one:

Step 1-a: The node that the communication cost is
smallest is selected as CH.

Step 1-b: If the node is myself:
i) If CHprob=1, the node broadcasts final_CH message.
ii) If CHprob<1, the node broadcasts tentative_CH

message.
Step 1-c: If the node is not myself:
i) If CHprob=1, the node broadcasts final_CH message.
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ii) If r<=CHprob, the node broadcasts tentative_CH
message. r is a random number from 0 to 1.

Step 2: When no CH advertisement is received If
CHprob=1, the node broadcasts final_CH message.

Step 3: If CHprob=1, the iteration is end.
Step 4: If CHprob<1, CHprob= min (CHprob*2, 1), the

iteration restarts.
During each round of HEED protocol, every sensor node

that never heard from a CH elects itself to become a CH
with probability CHprob [15]. The newly selected CHs are
added to the current set of CHs [15]. If a sensor node is
selected to become a CH then it broadcasts an
announcement message as a tentative CH or a final CH.
Every other sensor node who is hearing the CH list selects
the CH with the lowest cost from this set of CHs. After this
every node doubles the CHprob and goes to the next step.
If a node completes the execution without electing itself to
become a CH or joining a cluster then it announces itself as
a final CH [15]. A tentative CH node can become a regular
node at a later iteration if it hears from a lower cost CH
[15]. Here, a node can be selected as a CH at consecutive
clustering intervals if it has higher residual energy with
lower cost [15].

IV. RESULTS &DISCUSSIONS

All the three Routing protocols are simulated
independently for the same environment and simulation
settings. Network Lifetime for initial Energy as 0.25J, 0.5J
and 1J are calculated and graphs are plotted for Energy
Performance/% of cluster heads vs. number of rounds. We
compared the Network Lifetime of all three protocols for
different initial energy.

Figure 2 shows the % of cluster heads which in turns
refer to energy performance vs. total number of rounds
graph for LEACH keeping initial energy as 0.5J. The
number of cluster heads varies in each round which is
consistent till 20thround and after that it started decreasing
as the nodes started dyeing. Eventually it comes near to
zero at around 80th round.

Fig.2. Total % Cluster Heads vs. Rounds - LEACH

Figure 3 displays the Energy Performance Analysis vs.
total number of rounds for PEGASIS. It shows that the
energy starts decreasing near to 40th round which is an

improvement over LEACH. It is increasing lifetime of the
network using collaborative technique by nodes. Also, the
network working on PEGASIS technique is not dyeing
before 100th round which again is an improvement over
LEACH.

Fig.3. Energy Performance vs. Rounds – PEGASIS

Figure 4 shows the % of cluster heads vs. rounds graph
for HEED protocol keeping initial energy as 0.5J. The
number of cluster heads in each round is being calculated
on the basis of the residual energy therefore the curve is
smoothly decreasing whereas the CH nodes
calculation/selection in LEACH & PEGASIS is done on
the basis of random probability therefore there is a
fluctuation in their graph (Figure 2 & 3). The amount of
decrease of energy in cluster head is much slower than
other two protocols. Due to this reason the network lifetime
also increases a lot in comparison with other protocols.

Fig.4. Total % Cluster Heads vs. Rounds - HEED

Figure 5 displays the comparison graph of all the three
protocols keeping initial energy as 0.5J/node for 11 random
values on the plot. During 5th round the Energy
Performance/% cluster heads is around 100% for LEACH
and PEGASIS whereas HEED protocol is having cluster
head at around 50%. Also as the rounds increases the
number of cluster head decreases drastically in previous
two protocols whereas HEED keeps the count lower as per
the energy availability which in turn consumes less energy
and increases the lifetime of the network.
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Fig.5. Energy Performance Analysis – 0.5J/node

Fig.6. Energy Performance Analysis – 0.75J/node

We have simulated the plots for 0.5J, 0.75J and 1J of
initial energy levels as shown in Figure 5, Figure 6 &
Figure 7 respectively.  As a result we found that HEED
protocol calculates the probability of cluster head on the
basis of residual energy due to which the % of cluster
heads varies based on initial energy whereas the other two
protocols (LEACH & PEGASIS) the pattern of selecting
the CH nodes is nearly same because they are using the
random probability factor for calculation. This enables
HEED protocol to increase the lifetime of the network.

Fig.7. Energy Performance Analysis – 1J/node

V. CONCLUSION& FUTURE SCOPE

The evaluated results have illustrated the need of
optimizing energy consumption and operational lifetime

with severely limited resources in hierarchical routing
protocols. A virtual environment has been created in
MATLAB for the quasi-stationery and random nodes.
From this research work it is observed that HEED protocol
selects different CH nodes according to the residual energy
i.e. distributed in relation to the neighboring nodes rather
than taking the random probability as in the case of
LEACH & PEGASIS. HEED creates well distributed
clusters where that nodes do not requires location
awareness and communicate locally which reduces energy
load. HEED's distribution of energy extends network
lifetime and make it more stable as it terminates in constant
number of iterations. It minimizes control overhead as data
is transmitted only to chosen CH node in cluster using
probability of residual energy which in turn reduces
bandwidth required to transmit or receive data and increase
the gain. Also, it operates correctly even when nodes are
not synchronized. With above observations we conclude
that HEED protocol is a better protocol over LEACH and
PEGASIS, and it overrides the limitations of both of them.

HEED is at present a promising protocol as it provides
solution to various problems faced in LEACH &
PEGASIS. Some of the research directions possible based
on the experiments conducted in this work are that it
periodically rotates or elect CH node which leads to the
requirement of extra energy to rebuild cluster. So, one
aspect which could be explored in the future is to enhance
the protocol to rebuild clusters within the given energy, it
causes extra communication overhead when
communication is done between Non CHs to CHs, CHS to
CHs & CHs to Base Station. Thus in future there needs to
reduce this communication overhead, there is requirement
of rechargeable nodes which are self-powered in coming
future to handle the scarcity of resources, spatial reuse can
be done so that limited bandwidth can be efficiently used or
shared.
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