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Abstract- Wireless sensor networks comprise of small nodes with sensing, computation and wireless communication 
capabilities. The energy efficiency is a substantial key design issues in such networks. Achieving both energy efficiency and 
scalability at the same time is a challenging task in wireless sensor networks (WSN). An efficient routing protocol is critical 
to prolong the life of sensor nodes. Several methods for transmitting data in randomly deployed sensor nodes have been 
proposed, including direct communication, flat, and clustering protocols. In this paper, we describe the mechanism of 
Hierarchical Energy Aware Anycast Routing protocol (HEAAR) for routing in WSN. This is very crucial to ensure that the 
system operates at minimum energy with increasing scalability and network life-time in WSN. Main objective of this research 
is to minimize the energy consumption and thereby enhance the scalability and network life-time. The network life-time can 
be increased with the introduction of the heterogeneity in sensor nodes. Energy consumption is very much dependent upon the 
efficiency of routing protocols. The design of the protocol aims to satisfy the requirements of sensor networks that every sensor 
transmits and receives the data as per the requirement of the node and cluster head. In each cluster, Cluster head (CH) is 
elected among all the clusters depending upon the efficiency of the node and sensing area coverage. HEAAR avoids both 
flooding and periodic updates of routing information but Cluster head get information updates on the failures of nodes and 
modification in the cluster. Simulation results show that the proposed HEAAR protocol improves energy efficiency and results 
in an extension of life-time for scalable network when compared with other routing protocols in WSN. 
 
Keywords- Wireless Sensor Network, Energy Efficiency, Hierarchy-based Anycast Routing, Clustering, Routing Protocol. 
 
 
I. INTRODUCTION 
 
Wireless communication and networking are 
becoming very predominant due to their flexibility and 
ease of deployment. Particularly, sensor networks that 
involve large numbers of small-sized sensor nodes 
equipped with sensors and radio for wireless operation 
have found applications in several commercial and 
industrial areas. The wireless sensor networks 
(WSNs) technology have been widely applied in 
military, industry, agriculture and many other areas. 
In the architecture of WSNs, a lot of nodes operate on 
limited batteries, making energy resources the major 
bottleneck. Therefore, an economical and frugal 
management of energy is essential for improving 
energy efficiency. Because energy consumption due to 
communication is the major part of the energy 
consumption in WSNs, a high performance routing 
protocol is often a key requirement in WSNs systems. 
Recent advances in MEMS-based sensor technology 
and low-power RF and OS design have enabled the 
development of relatively inexpensive and low-power 
wireless sensors.  
A great number of such sensors can coordinate 
amongst themselves to achieve a larger sensing task 
both in urban environments and in inhospitable 
terrain. But there are many defects in sensors in WSN, 
such as the limited energy power, capability of 
calculating and resource-consuming. So the algorithm 
of planning the optimal routing and the related field in 
WSN need to be studied and applied.  

The design of routing protocols in WSNs is very 
challenging due to their inherent characteristics of 
large scale, no global identification, dynamic 
topology, and very limited power, memory, and 
computational capacities for each sensor. Currently, 
many energy-efficient routing algorithms have been 
studied with the aim of saving energy. Research shows 
that the multi-path routing is effective significantly in 
the utility of transmission bandwidth, which increases 
the reliability and fault tolerance of transmission. But 
its fault tolerance and robustness are poor. That will 
make a big influence on transmission delay, 
energy-consuming of node and reliability of data 
transmission. When an existing sensor is out of order 
due to numerous reasons, alive sensors must 
reorganize them to repair failed routes. On the other 
hand, the user may deploy additional sensors to 
mitigate a severe effect of many failed nodes, thereby 
enforcing the sensors to reconstruct them to take 
advantage of the added system resources. Hence, we 
consider a routing protocol that is based on specific 
communication pattern and also robust to the dynamic 
natures of sensor networks. Sensor nodes use a lot of 
energy in sending and receiving messages in wireless 
sensor networks, so hierarchical routing is an efficient 
way to reduce energy consumption with data 
aggregation and fusion.  
Hence, we consider the approach for designing 
routing protocol based on the specific communication 
pattern and also robust to the dynamic nature of the 
sensor networks.  
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Anycast is a technique used to deliver a packet to one 
of many hosts. A group of possibly distributed hosts 
respond to the same address known as anycast 
address. A packet destined for an anycast address will 
be delivered to one of the hosts with that address 
which is close to the source. A data packet is intended 
to be delivered to an anycast address and routed to a 
nearest node. Nowadays anycast routing is studied in 
wireless sensor networks widely and it plays a huge 
role in hierarchical routing in a network of multiple 
sinks. The Anycast communications becomes quite 
important in a network with multiple sinks. Anycast 
can be an important paradigm for a wireless sensor 
network in terms of resource, robustness and 
efficiency for replicated service applications. 
Assuming that the sources and the sinks are 
distributed in the network uniformly, the sources 
sending the data packet to the ”nearest” sink around 
the area in which the events happen can reduce the 
hops of packets transmitting, so that it saves energy, 
reduces the cost of router table maintenance and 
extends the effect of network survival. When a sensor 
node produces data, it has to send it to any available 
sink. A sink selection strategy is to choose a sink for 
each source arbitrarily. This simple strategy is 
assumed to balance the energy consumption . 
 
In this paper we introduce the mechanism of 
Hierarchical Energy Aware Anycast Routing protocol 
(HEAAR) for routing in WSN. We have studied other 
energy efficient and related routing protocols used in 
WSN. This paper shows the design paradigm of 
HEAAR and compared with other existing protocols 
in WSN. This paper is organized as: section 2 is 
concentrated on the discussion of related methods 
where section 3 describes the mechanism of HEAAR, 
section 4 gives the algorithm for the proposed 
techniques, section 5 with result and discussion and 
section 6 concludes the paper.  

 
II. RELATED WORK 
 
A number of routing protocols for WSN have recently 
being developed to establish different performance 
metrics like energy efficiency, scalability with the 
optimization of routing mechanism. Routing in WSNs 
is generally divided in two ways: according to the 
network structure as flat-based, hierarchy-based, and 
location-based routing, and according to the protocol 
operation as multipath-based, query-based, and 
negotiation-based, QoS-based, or coherent-based. 
This section focuses on hierarchical routing protocols, 
because hierarchical routing efficiently way to lowers 
energy consumption within a cluster, performing data 
aggregation and fusion to reduce the number of 
messages sent to the BS. Heinzelman, et al. introduced 
a hierarchical clustering algorithm for sensor 
networks, known as Low-Energy Adaptive Clustering 

Hierarchy (LEACH). LEACH is a cluster-based 
protocol that applies randomized rotation of the 
cluster heads to distribute the energy load evenly 
among the sensor nodes in the network. The operation 
of LEACH is organized in rounds, each consisting of a 
set-up phase and a steady-state phase. During the 
set-up phase, the network is separated into clusters, 
each with a randomly selected cluster head from nodes 
in a cluster. During the steady-state phase, the cluster 
heads gather data from nodes within their clusters 
respectively, and fuse the data before forwarding them 
directly to the sink. LEACH provides sensor networks 
with many good features, such as clustering-based, 
localized coordination and randomized rotation of 
cluster-heads, but expends much energy in cluster 
heads when directly forwarding data packets to the 
sink. 
 
Lindsey, et al.  presented an enhanced LEACH 
protocol. The protocol, Power Efficient Gathering in 
Sensor Information Systems (PEGASIS), assumes 
that all nodes have location information about all 
other nodes, and that each can send data directly to the 
base station. Hence, the chain of PEGASIS is 
constructed easily using a greedy algorithm based on 
LEACH. Each node transmits to and receives from 
only one of its neighbors. In each round, nodes take 
turns to be the leader on the chain path to send the 
aggregated data to the sink. To locate the closest 
neighbor node in PEGASIS, each node adopts the 
signal strength to measure the distance of all neighbor 
nodes. However, the global information of the network 
known by each sensor node does not scale well and is 
not easy to obtain. Since a sensor network generates 
too much data for the end-user to process, it has to 
aggregate the data. 
 
Energy consumption is one of the most important 
criterions for the development of autonomous sensor 
network nodes. To improve efficiency all the sensor 
network mote designs used duty cycling techniques 
which means unused motes go to sleep mode with 
periodic wake up to save power. Battery replacement 
is not an option for networks with thousands of 
physically embedded nodes used in technologies to 
save power such as power-aware computing, 
energy-aware software or power management radios. 
The research in WSN has become more and more 
active and its applications are also extending. Several 
researchers have tried to design routing protocol using 
different data structures and graph plays major role in 
designing routing algorithms. Energy consumption is 
one of the most important criterions for the 
development of autonomous sensor network nodes. To 
improve efficiency all the sensor network mote 
designs used duty cycling techniques which means 
unused motes go to sleep mode with periodic wake up 
to save power. Battery replacement is not an option for 
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networks with thousands of physically embedded 
nodes used in technologies to save power such as 
power-aware computing, energy-aware software or 
power management radios. 
 
Hong, et al. proposed an improved longest prefix 
matching routing algorithm based on IPv6. The 
network prefixes and the destination addresses are 
transformed into the decimal system and the network 
prefixes are stored using Scalable Bloom Filter and the 
destination addresses are stored segmentally to reduce 
the number of filters. Fast lookup speed is achieved by 
equitable distribution of the address prefixes. Power 
Efficient Data Gathering and Aggregation in Wireless 
Sensor Networks (PEDAP) is based on a minimum 
spanning tree. PEDAP assumes that the sink knows 
the locations of all nodes, and that the routing 
information is calculated by Prim’s algorithm with the 
sink as the root. PEDAP prolongs the lifetime of the 
last node in the system while providing a good lifetime 
for the first node. Additionally, sensor nodes transmit 
the sensed data to the sink via the previously 
constructed routing path to produce a minimum 
energy consuming system. Nevertheless, the 
intermediate nodes consume energy quickly. In the 
Hierarchy-Based Anycast Routing (HAR) Protocol for 
Wireless Sensor Networks, the sink constructs a 
hierarchical tree by sending packets (such as CREQ, 
CREP, CACP, PREQ) to discover each node’s own 
child nodes in turn. HAR avoids both flooding and 
periodic updating of routing information, but needs to 
reconstruct the tree when nodes fail or new nodes are 
added. The drawback of HAR is that it sends and 
receives too many packets in the network, expending 
much energy. 

 
III. HIERARCHICAL ENERGY AWARE 

ANYCAST ROUTING 
 
Hierarchical Energy Aware Anycast Routing protocol 
(HEAAR) based on the hierarchical tree is a hybrid, 
energy-efficient, distributed clustering algorithm, but 
it needs multiple broadcasting for cluster formation 
and thus consumes more energy where the base 
stations are root nodes. Every sensor must be a 
member of the tree, in order to communicate with the 
base station and it may be act as a router if necessary. 
The cycle of all sensors starts from the cluster 
formation mechanism where the node attempts to 
attach to the cluster head. HEAAR elects cluster heads 
they should be the nodes with more residual energy in 
a distributed manner through local radio 
communication with no iteration while achieving a 
good cluster head distribution. However, we argue that 
setting the residual energy as the primarily parameter 
for cluster heads election doesn’t help balance the 
energy load for the proper nodes, especially in heavy 
energy heterogeneous circumstance. In most local 

clustering algorithms in wireless sensor networks, to 
prolong the sensor network lifetime, the probability of 
a sensor node’s being selected as a cluster head 
primarily depends on its own residual energy. Since 
cluster heads consume more energy than cluster 
members in receiving sensed data from their member 
nodes, performing signal processing functions on the 
data (e.g., data aggregation), and sending the 
aggregated data to the next hop node or base station, 
the role of the cluster head must be rotated among all 
sensor nodes. Each round begins with a set-up phase 
while clusters are organized and the routing tree is 
constructed, followed by a working phase when data 
are sent to the sink node. 
 
A. Building Tree 

We consider a network composed of a small number 
of base stations and a numerous number of wireless 
sensors randomly distributed where the first phase will 
design the topology based on the election of 
cluster-heads and responsible for the formation of 
clusters with cluster-head (CH) and other nodes. The 
base stations are initially elected as cluster-head and 
initiate the tree construction by broadcasting a child 
request (CREQ) to discover the child node. The child 
nodes send a child reply (CREP) to the required 
cluster-head for joining the cluster and become the 
member of the tree. Upon receiving CREP packet, the 
parent node replies with a child acceptance (CACP) 
packet. So, finally the ACK packet from child to 
parent in reply to the CACP packet completes the 
binding in the cluster. In this network all sensor nodes 
have limited processing power, storage, bandwidth 
and energy but base stations have powerful resources 
and hence required to initiate the process to perform 
any task or communicate with the sensors. Let BS and 
N be the set of base stations and number of sensor 
nodes respectively. Accordingly to area coverage of 
base stations, clusters are formed but simultaneously 
some nodes in each region are also elected as 
cluster-head depends upon the decision made by the 
election process and the nodes which are static in 
nature with better area coverage and resources. The 
election algorithm selects the node on the value 
generated by the performance of the node as the 
overhead of cluster-head is higher than other nodes. 
Then each elected cluster-head broadcasts an 
advertisement message to the rest of the nodes in the 
network to join their clusters. Based upon the strength 
of the CREQ signal, nodes send CREP packet to join 
the cluster. Whenever any node moves from one 
region to another region it will join the cluster 
accordingly and send information to the respective 
cluster-head. In this protocol the tree formation is 
hierarchical where base stations (BS) are connected to 
cluster-heads (CH) and each cluster-head connects to 
nodes in the cluster for the formation of the tree 
structure. These procedures are performed by every 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-6, June-2014 

Hierarchical Anycast Routing Protocol for Wireless Sensor Networks 
 

31 

node throughout the network to complete the tree 
formation. The network is constructed as per Fig. 1. 
The following roles are considered for building 
routing tree. 

1. Collaborator: It is node which detects an event 
and reports the collected data to the coordinator 
node. 

2. Coordinator: It is collaborator node detects an 
event but after using election algorithm it 
becomes a coordinator and responsible for 
aggregating the collected data received from 
other collaborator and send results to the sink 
node. 

3. Relay node:  This node which is in route 
between coordinator and sink node and 
forwards the data to the link. 

4. Sink node:  This node is interested in 
receiving the data from set of coordinator and 
collaborator node. 

 

 
Fig. 1: Constuction of HEAAR Topology 

 
B. Clustering and Anycast Routing 
Before routing first work is to elect cluster-heads from 
each cluster for the sensor network depending on the 
election algorithm which may vary for every round of 
election. Each cluster in the network has unique 
cluster id. Then data will be transmitted from nodes to 
the respective cluster-head (CH) and these cluster 
head takes part in data transmission and finally 
transmits it to sink. Rest other nodes in each cluster 
are in sleep mode to conserve energy. As only cluster 
heads takes part in routing of data from source to sink, 
each node in the cluster sends all its data to 
cluster-head in each round. The weighted sum method 
is also used for determining the routing conditions. 
Various considerations are followed in the proposed 
the network model and sensor nodes. 

1. The sink and source are placed at opposite 
ends 

2. The sensor nodes are randomly deployed in 
cluster 

3. All nodes are of same types of sensor node 
4. Data need to be collected together for sending 

it to cluster-head 

The election of a CH among the fellow nodes for a 
cycle is based on battery power and the distance from 
the sink of each node. As cluster heads takes part in 
routing so the energy must be efficiently used by them. 
Once the cluster heads are formed other nodes goes to 
sleep, as they do not take part in routing so, as to 
conserve energy. After one round again the same 
selection process is being executed for a new cluster 
head. Usually the battery assigned to each node is 
being consumed with every action of transmission or 
sleeping but the one with the highest value and 
distance from the sink gets the chance to be a cluster 
head, as the weighted sum method is employed giving 
more weight age to battery power over distance, the 
actual election process is being executed keeping in 
mind the criteria of energy efficiency. When the 
network size becomes larger, it is impossible to use 
only one base station even though we have an optimal 
routing protocol because the traffic will concentrate 
around the base station incurring high loss rate. Thus, 
the user can deploy the base stations at some ratio 
compared to the number of sensors in order to 
distribute the loads. Multiple base stations can operate 
independently without any change in our protocol. 
Each node should attach to the tree created by a 
potential nearest base station because a CREQ packet 
from such base station should arrive first. The nodes 
can use the group ID to distinguish different base 
stations. Thereby, they can attach to multiple trees in 
order to achieve the robustness against failed nodes, 
i.e., multipath routing is supported. To collect the 
data, each node just forwards its sensed data and all of 
received data to its parent. If it does not attach to the 
tree yet, it keeps such data in the buffer and send them 
later. 
 

C. Proposed Model 
The energy dissipated during transmission and 
reception is mentioned in the following equation: 

 
              (1) 

where ETx is the amount of energy consumed by each 
node, ERx is the amount of energy for receiving k bit 
packet,  Eelec is the energy dissipated,  ξfs is the free 
space propagation, ξmp is the multiple fading channel 
parameter, d is the transmission distance and k is 
message length and d0 is the initial value of d. 
 
In this protocol the transmission depends on the 
energy remaining on the node and distance between 
CH and BS. The weight factors W1 and W2 play a 
pivotal role in the selection of CH. W1 is used to give 
preference to energy dissipation and W2 gives more 
preference to the network throughput. Once the CH is 
selected it calculates its transmission criteria (Tc). 

          (2) 
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where Tc is the election criteria for transmission, W1 
and W2 are the weight factors determining 
transmission grading, D is the sum of the distances 
(Proximity factor) and Ef is the energy required to 
transmit from CH to BS (Energy factor). 
 
IV. HEAAR ALGORITHM 
 
The algorithm is explained in the following steps: 
Step 1: Initialization 
Set number of CREP = 0 and status of parent node, 
CREP send and received, CREQ send and receive as 
NULL. 
Choose BS as parent (node), BS broadcasts CREQ 
packets, Sensor broadcasts PREQ packets, call 
election algorithm to select cluster-head (CH). 
Step 2: Formation of tree 
Select cluster-head (CH) near the sink (BS) and if 
node elected as CH connect to BS and send request to 
nodes else node will join CH as leaf in the tree as 
source node 
Step 3: Topology model 
  All sensor nodes are started with same initial 

energy with transmission distance d0 
  Each sensor node can compute the distance d of 

the source based on the received location 
information 

  Transmitting power of a sensor node is 
controllable, i.e., transmitting power of a sensor 
node can be modulated according to the 
transmitting distance 

  Change the flag values accordingly as per 
transmission and buffer the packets for 
transmission 

Step 4: Update energy of each sensor node 
Step 5: Each node transmit data during their allocated 
time slot t and finally data will be transmitted to BS 
via CH 
A simple combination of different routing metrics 
used to determine the path cost using following 
equations: 

           (3) 
          (4) 

 
Where  is the accumulated cost along the path with 
different path cost metrics, metrici is scaled value from 
(0, 1) and α1 is the weight factor for metrici to 
calculate the cost. Here, hopi is hop count set to 1 
initially, Ei denotes the surplus energy, αi values are 
different sets of weight factors set as per requirements 
as per applications.  is calculated as per the energy 
consumption of node i and calculated as per following:  
 

           (5) 
 
where eij calculated as per the power consumption of 
node i transmitting data to node j where eg is the value 

of generating data, er is the value of receiving data and 
es is the value of idle power consumption of node. 
 
Step 6: After completion of one round repeat step 2 to 
5 
 
Step 7: Stop 
Each time after selection of cluster-heads (CH) the 
information will broadcast in the cluster so that each 
node can send PREQ to establish connection with CH 
but in HEAAR the broadcast process will be once to 
minimize the overhead and utilize less energy. 
HEAAR also reduce the overhead by minimizing the 
hop in routing and avoid periodic update to reduce the 
traffic in the network. 
 
V. RESULTS AND DISCUSSION 
 
The energy costs for the various protocols discussed in 
the previous section were compared with those of the 
proposed protocol. To evaluate the performance of 
HEAAR, the proposed protocol compared with HAR 
(Hierarchical Anycast Routing Protocol), LEACH 
(Low Energy Adaptive Clustering Hierarchy 
Protocol), TEEN (Threshold sensitive Energy 
Efficient sensor Network protocol), ACOR (Ant 
Colony Optimization Routing Protocol), PGR (Pascal 
Graph Routing Protocol). Various performance 
metrics are used for comparing different routing 
strategies in WSNs. We have used the following: 
 

 Average Energy: The metric gives the 
average of energy of all nodes at the end of 
simulation. 

 Packet Delivery Ratio (PDR): It is the ratio 
between the number of data packets received 
and sent. 

 Energy consumption: The metric gives the 
energy consumption of nodes in the event 
area for transmitting a data packet to sink. 

 Average Latency: The average end-to-end 
delay observed between transmitting a data 
packet and receiving it at the destination. 

 Network lifetime: This metric gives the time 
of the first node running out of its energy. 

 
We evaluated these protocols over a set of networks 
with the number of nodes ranging from 100 to 500. 
The aim of the experiment was to measure system 
lifetime, energy consumption ration, packet delivery 
ration and latency of each protocol. For the same 
number of nodes, we randomly generate ten network 
topologies to obtain the average results. 
 
In each network the sensor nodes are distributed in the 
area of 300m X 300m with maximum transmission 
distance of node set to 10m and initial energy of 10J, 
the other simulation settings listed in Table I. 
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TABLE I 
LIST OF MANY PARAMETERS 

 
 

 
Fig. 2(a): Average Energy dissipation 

 

 
Fig. 2(b): Average Latency 

 

 
Fig. 2(c): The Energy consumption 

 
Fig. 2(d): The Network Life-Time 

 

 
Fig. 2(e): Data Packet Delivery Ratio 

 
Fig. 2 illustrates the different performance metrics. N2 
simulator is used for the experiment and the 
simulation results show the performance of the 
proposed algorithm. The network lifetime shows 
number of live nodes and uses of energy in the nodes. 
The PDR shows how many packets reaching the 
destination and latency is the delay factor in routing.  
 
CONCLUSION 
 
Energy is one of the major parameter in Wireless 
Sensor Networks. Routing consumes the largest 
amount of energy in WSN for routing and in terms of 
achieving efficient routing mechanism for collecting 
data packets. Lots of redundant information is 
available in WSN due to widely deployed nodes but 
anycast mechanism is limited to clusters and the 
approaches are different for both inter-cluster and 
intra-cluster communication due to the pre-defined 
role of cluster head. This paper has demonstrated the 
routing strategy of HEAAR protocol and showed how 
it provides the solution against the dynamic natures of 
WSN. It also tries to overcome the shortcoming of 
other protocols in terms of scalability for enhancing 
network life-time. However, we have not explored all 
required performance matrices which is one of our 
future work. 
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