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ABSTRACT

Clustering routing protocol provides an effective method for
prolonging the lifetime of a wireless sensor network. But
most of the researches care less about the communication
between Cluster Head (CH) nodes [4] and Base Station (BS).
This paper proposed a Multi-hop Cluster based Routing
Protocol for long range transmission in wireless sensor
network. The protocol consists of two parts, one is with
respect to cluster management in sensor area, and the other is
about the data transmission between base station and the
sensor area. Simulation results show that the protocol offers a
better performance than single-hop clustering routing
protocols in terms of network lifetime and energy
consumption when the base station is located far away from
the sensing area.

Keywords— Wireless Sensor Networks, Gateway
Node, Energy Efficient, Cluster head, Multi-hop Clustering.

1.INTRODUCTION

Wireless Sensor Networks (WSNs) are formed by hundreds or
thousands of nodes that gather information and forward it to a
sink node. Distinguished from traditional wireless networks,
sensor networks are characterized of severe power
computation, and memory constraints [1]. As the wireless
nodes in a WSN are usually driven by power sources (e.g.
batteries) which are irreplaceable, energy resource of sensor
networks should be managed wisely to extend the lifetime of
sensors. Routing protocol is one of the core technologies in the
WSN. Due to its inherent characteristics, routing is full of
challenge in WSN [2]. Clustering is a well-know and widely
used exploratory data analysis technique, and it is particularly
useful for applications that require scalability to hundreds or
thousands of nodes [3]. For large-scale networks, node
clustering has been proposed for efficient organization of the
sensor network topology, and prolonging the network lifetime.

We consider a network of energy-constrained sensors that are
deployed over a geographic area for monitoring the
environment. Among the sources of energy consumption in a
sensor node, wireless data transmission is the most critical.
Within a clustering organization, intra-cluster communication
can be single hop or multi-hop, as well as inter-cluster
communication[12]. Low Energy Adaptive Clustering
Hierarchy (LEACH) is the first clustering protocol that was
proposed for reducing power consumption [4]. It forms clusters
by using a distributed  algorithm, each node has a certain
probability of becoming a cluster head per round, and the task
of being a cluster head is rotated between nodes. A non-CH
node determines its cluster by choosing the CH that can be
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reached with the least communication energy consumption. In
the data transmission stage, each cluster head sends an
aggregated packet to the base station by single hop. Hybrid
Energy-Efficient Distributed (HEED) clustering approach is
one of the most recognized energy-efficient clustering
protocols [5]. It extends the basic scheme of LEACH by using
residual energy and node degree or density. In HEED, the
initial probability for each node to become a tentative cluster
head depends on its residual energy, and final heads are
selected according to the intra-cluster communication cost. The
clustering process is divided into a number of iterations, and
terminates within a constant number of iterations. HEED
achieves fairly uniform distribution of cluster heads across the
network consumption. In the data transmission stage, each
cluster head sends an aggregated packet to the base station by
single hop. Hybrid Energy-Efficient Distributed (HEED)
clustering approach is one of the most recognized energy-
efficient clustering protocols. It extends the basic scheme of
LEACH by using residual energy and node degree or density.
In HEED, the initial probability for each node to become a
tentative cluster head depends on its residual energy, and final
heads are selected according to the intra-cluster communication
cost. The clustering process is divided into a number of
iterations, and terminates within a constant number of
iterations[7]. HEED achieves fairly uniform distribution of
cluster heads across the network. Although the protocols above
reduce energy consumption on forwarding paths to increase
energy efficiency, but they all use one-hop communication
between CH nodes and base station. Notice that the base station
is usually located far away from the sensing area. In this case,
each CH nodes forward the data  to the base station directly
probably consumes much more energy[8], and it does not
necessarily balance the energy consumption among the
networks. Thus recent researches let cluster heads cooperate
with each other to forward their data to the base station.
Energy-Efficient Unequal Clustering (EEUC) wisely organizes
the network via unequal clustering and multi-hop routing. In
EEUC [13], cluster heads are elected by localized competition,
which is unlike LEACH, and with no iteration, which differs
from HEED. And the node’s competition range. Although the
protocols above reduce energy consumption on forwarding
paths to increase energy efficiency, but they all use one-hop
communication between CH nodes and base station. Notice
that the base station is usually located far away from the
sensing area. In this case, each CH nodes forward the data to
the base station directly probably consumes much more
energy, and it does not necessarily balance the energy
consumption among the networks. Thus recent researches let



cluster heads cooperate with each other to forward their data to
the base station. Energy-Efficient Unequal Clustering (EEUC)
[6] wisely organizes the network via unequal clustering and
multi-hop routing. In EEUC, cluster heads are elected by
localized competition, which is unlike LEACH, and with no
iteration, which differs from HEED. And the node’s
competition range decreases as its distance to the base station
decreasing. By using this unequal clustering pattern, EEUC
successfully balances the energy consumption over the
network. But when the sensor area is far away from the base
station, problem of unbalanced energy consumption among
cluster heads still exists. As the cluster heads closer to the base
station are burdened with heavier relay traffic, and they may
drain their energy and die much faster than other nodes in the
networks. Many researches dedicate to energy efficient routing
of WSNs [7-10], but most of them care less about the
communication between Cluster Head (CH) nodes and Base
Station (BS). In this paper, we propose and evaluate a Multi-
hop Clustering Routing Protocol (MCR) for mitigating the
existent problem. MCR consists of two parts, one is with
respect to cluster management in sensor area, and the other is
about the data transmission between base station and the sensor
area. The remainder of this paper is organized as follows.
Section 2 introduces a single-hop clustering routing protocol,
HEED. Section 3 describes the MCR protocol. Section 3
contains performance evaluation of our scheme throughout
simulations. Finally, we conclude the paper in section 4.

2. SINGLE HOP CLUSTERING ROUTING
PROTOCOL

Employ clustering techniques in routing protocols can
hierarchically organizing network topology and to
prolong the lifetime of a wireless sensor network. A
single-hop clustering routing protocol can reduce the
communication overhead by selecting a CH to forward data to
base station via one hop [4]. As shown in Fig. 1, the
transmission range will be decreased obviously with
clustering. Many single hop clustering routing pr otocol have
been proposed like LEACH, HEED as discussed in sectionl.

(a) Single hop without clustering (b) Single hop with clustering

Fig. 1 Clustering Routing Protocol
HEED protocol is a distributed single-hop clustering routing

protocol for Wireless Sensor Networks, which selecting CHs
based on both residual energy of each node and
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communication cost. It has the advantages in increasing the
network lifetime and having a constant algorithm complexity
[14]. HEED uses two clustering parameter to select CH: one
is residual energy, and the other is communication cost. The
communication cost is defined as an average minimum reach
ability power, which means the minimum power levels
required by all nodes within the cluster range to reach the
CH. The communication cost held by CHs is used to let a
node which belong to several CHs choose the best one. In
HEED, each node must be mapped to exactly one cluster, and
each node belongs to its only CH within one hop. After a
clustering process, each node can either elect to become a CH
due to a probability or join a cluster according to CH
messages [13,14].

3. MULTI HOP CLUSTERING ROUTING
PROTOCOL

To increases the network lifetime and well balances the energy
consumption, we adopt an energy driven method to rotate
cluster-head, and propose a Multi-hop Clustering Routing
Protocol (MCR) for long range transmission in the wireless
sensor networks.

3.1 System Model

This protocol mainly includes three stages: Build up the
network topology, Data collection and transmission and
Cluster-head rotation and network topology rebuild. We make
some assumptions about the sensor nodes and the underlying
network model:

3.1.1 There is a base station (i.e. data sink) located
far away from the sensing field. Sensors and the
base station are all stationary after deployment.

3.1.2 Sensors are homogeneous and have the
same capabilities. Each node is assigned a unique
Identifier (ID).

3.1.3 Every node is assumed to use the same, fixed
power level for intra-cluster communication (e.g.
broadcasting and communicate with CH). For the
outside cluster communication, CHs are capable of
increasing its transmission power level to reach its
gateway node. And the gateway nodes can also use
power control to vary the amount of transmission
power according to the distance to the desired
recipient[14].

3.1.4 Links are symmetric. A node can compute the
approximate distance to another node based on the
received signal strength, if the transmitting power
is known.

3.2. MCR Algorithm

The concrete steps of MCR protocol are as below:
3.2.1 Build up the network topology:
This stage is comprised of three sub-stages:

3.2.1.1 Gateway nodes selection:

Firstly, the sink node adjusts its transmission power and
broadcasts SinkMesg message to the sensor area. A node
which receives this broadcast sends Child Re g message to the
sink node applying for being gateway node. Then the node
processes in wait state. A node receiving the reply message



from Sink node indicates that it has been a gateway node then
goes to sleep.
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Fig. 2 Network topology of Multi-hop Clustering

3.2.1.2 Clustering process:

In this stage, the rest of the nodes except the gateways
execute HEED to construct the clusters. That is to say, we use
HEED cluster as the underlying clustering approach for MCR
because of its generality and energy efficiency. After
completion, all the normal nodes go to sleep whereas the CH
nodes and gateway nodes go into the third phase.

3.2.1.3 Each CH node connects its gateway node:

In order to balance the energy consumption well and avoid the
gateway nodes being failure too quickly. This protocol limits
that a gateway node can connect with only one CH node.
Initially, each gateway node adjusts its transmission power and
broadcasts its initial message. A node which receives this
broadcast, sets up a temporary father-nodes form Temp Father
node Form first, records the values of the gateway node’s ID,
LEVEL and RSSI. If the number of the temporary father-
nodes in a node’s Temp Father node Form is more than one, it
sorts the form according to the value of RSSI and picks up the
maximal one as its final father node, then sends apply message
to it. After receiving reply message, a node indicates that it has
been in net. So far, the network topology has been built up,
and the network topology is shown in Fig. 2. All nodes move
into the Data collection and transmission stage.

3.2.1.4 Data collection and transmission:

In this stage, cluster member nodes collect data and transmit
to their cluster-head nodes. Each cluster-head fuse the data
receiving from all its cluster members and then send to its
gateway node. The task for the gateway node is to send data to
the sink node. Each node will check it’s remain energy after
accomplish its transmission assignment.

3.3 Cluster-head rotation and network

topology rebuild

3.3.1 Cluster-head rotation

In this stage MCR has improved HEED. In HEED, cluster-
head rotation is driven by time; this means that cluster-head
rotation is triggered periodically. However, MCR adopts
energy-driven method to rotate cluster-head. The purpose of
this improvement is to reduce the extra energy consumption
made by the time-driven cluster-head rotation. In MCR, each
cluster-head applies for rotation according to its remaining
energy and the action is only within its own cluster. That can
not only avoid disturbing the normal operation of other
clusters with high remain energy, but also can balance the
energy consumption well in the network.
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3.3.2 Network topology rebuild

MCR requires that all nodes move into the network
topology rebuild stage when every four nodes lose their
effectiveness. That is to say, when there has four new dead
nodes in the network, all the live nodes execute the three
stages above again.

Tablel
Transmitter Parameters
Initial energy 12.1)
Mac type IEEE802.11

Routing type MCR

Transmitter power 0.305J

Receiver power 0.395J

Ideal power 0.335J
Transmission rate 450kbps

4, SIMULATION RESULTS
All simulations have been implemented using NS2
simulator.
4.1 Sources Vs Energy
The above graph shows that the MCR Energy consumption
is very low compared to HEED by varying load.
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4.2 Sources vs Del-Ratio:
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The above graph shows that the MCR throughput is very 4.5 Rate Vs Delratio
high compare to HEED with respect to the number of
sources.

4.3 Sources Vs Packet Drop gaph £

xqraph

Fig. 4.5 Snapshot of Rate Vs Del-ratio

The above graph shows that the MCR throughput is very

high compare to HEED with respect to the Rate.
Fig. 4.3 Snapshot of Sources VS Packet Drop g P P

The above graph shows that the MCR Packet drop is very 4.6 Rate Vs Packet Drop
low compare to HEED with respect to the number of sources.
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Fig 4.6 Snapshot of Rate Vs Packet Drop

: The above graph shows that the MCR Packet drop is very
Fig. 4.4 Snapshot of Rate Vs Energy low compare to HEED with respect to Rate.

The above graph shows that the MCR Energy consumption
is very low compare to HEED with respect to the rate.



5. CONCLUSION

In this paper, a Multi-hop Clustering Routing Protocol
(MCR) for long range transmission in wireless sensor network
is proposed. Gateway nodes is used to forward from the CHs
to the base station, so that the CHs can preserve some energy
in data transmission and the gateway nodes can lighten their
burden by not participating in clustering. Furthermore, an
energy-driven method to rotate cluster-head instead of time-
driven cluster-head rotation is also adopted to balance the
energy consumption. Simulation results show that MCR
obviously increases the network lifetime and well balances the
energy consumption among the sensor nodes using NS2.
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