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ABSTRACT 

Wireless Sensor Networks (WSN) comprise of a large number of sensor nodes that have very limited energy in 

them. The sensor nodes are deployed in certain places in order to monitor Temperature, Pressure, Sound and other 

environmental conditions also. Wireless Sensor Networks are widely used in various fields such as medical, industrial 

monitoring, military surveillance and much more. The nodes in the network need to transfer data continuously to the Base 

Station and they have very limited energy in them. As a result of which the energy of the nodes decreases as the data gets 

transferred. It is not an easy task to replace the batteries of the nodes at all times, hence energy efficiency plays a very 

important role in Wireless Sensor Networks in order to increase the lifetime of the nodes present in the network. This paper 

deals with the energy efficiency in Wireless Sensor Networks to minimize energy consumption of the nodes. The Multi-

hop Chain Routing Algorithm using a Dynamic Coordinator (MCRA-DC) considers various factors like transmission 

distance, data volume that needs to be transmitted and the energy residue of the nodes to select the path for transferring 

data from the nodes to reach the Base Station (BS). This algorithm also ensures that the network is available for a longer 

time by a frequent update of the Cluster Head (CH) and the path to reach the BS. The proposed technique thus increases 

the entire performance of the network in aspects of increasing the lifetime of sensor nodes. 
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INTRODUCTION 

Wireless sensor network consists of a group of 

distributed autonomous devices communicating with each 

other through a wireless connection. The sensor nodes 

present in the network are small, lightweight and portable. 

These nodes comprise of transducer, microcomputer, 

transceiver and power source. The main application of 

Wireless Sensor Network using sensors includes 

monitoring the physical or environmental conditions like 

temperature, humidity, pressure, etc. One of the major 

issues in Wireless Sensor Network is energy consumption. 

To increase the lifetime of the devices in the network, 

sensor node power should be used effectively, especially 

when routing data from the source node to the BS. For 

routing the information from the source node to the 

destination node many routing protocols are available in 

WSN [1]. The routing protocols include Flat based routing 

protocol, Hierarchical based routing protocol, Localization 

based routing protocol and QOS based routing protocol. 

The hierarchical based routing protocol can also be stated 

as cluster based routing. In Hierarchical routing, the nodes 

present in the network will be batched together in order to 

form clusters. For every cluster, a Cluster Head will be 

selected and information gets routed by the Cluster Head 

to the Sink. Cluster Head’s main responsibility is to collect 

data from every node present in the respective clusters, 

and thus the name cluster based routing. The various types 

of hierarchical routing protocols include single-hop 

clustered routing, multi-hop clustered routing, multi-hop 

chain routing and multi-hop grid-based routing [2] [3]. 

Some of the protocols in the above hierarchical routing 

include the following: 

 

 Single hop clustered routing  - LEACH, LEACH-C, 

Enhanced LEACH-R 

 Multi-hop clustered routing  - TEEN, APTEEN, 

HEED, EEUC 

 Multi-hop chain routing  - PEGASIS, GSTEB, 

PEDAP 

 Multi-hop grid-based routing  - GDBB, TTDD, 

VGA 

 

Scalability and energy efficient routing are some 

of the main advantages of these types of Wireless Sensor 

Networks [4]. Nodes in the network, which has the 

maximum amount of energy responsible for transmitting 

the information to the destination whereas the others nodes 

with less energy search for the target node situated in the 

network. The main idea behind the cluster formation is to 

manage energy efficiently, thus leading to increase in the 

lifetime of the nodes present in the network. Data which 

are being transferred by the nodes to the Base Station are 

being fused together such that the total number of 

messages that need to be transmitted gets reduced to a 

great extent. Cluster formation and data transmission are 

divided into phases according to the function performed. 

The first phase usually consists of selecting Cluster Head 

for each cluster present in the network followed by the 

data transmission in the second phase.  

 

NETWORK MODEL 

 this model, radio energy consumption Eelec= 50 

nJ/bit to run the transmitter for data transmission or 

receiver circuitry for data reception and the energy 

consumption of the radio caused by running the transmit 

amplifier equals εamp= 100pJ/bit/m2. A d2
 path loss due 
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to free space propagation model is used.  The energy 

consumption for transmitting a p-bit packet over a distance 

d is given by: 

 

E_Tx (m,d)=E_ele*p+ε_fs*d2 

 

The energy taken to receive an m-bit message is 

calculated by: 

 

E_Rx=E_ele*p 

 

RELATED WORK 

 

GSTEB 

General Self-Organized Tree-Based Energy-

Balanced Routing Protocol is a multi-hop chain routing 

protocol [5]. The data reaches the Base Station from the 

nodes through multiple hops forming a chain-like 

structure, thus the name multi-hop chain routing. For 

every round, the Base Station changes the root node and 

intimates the new selection of root node to all other nodes 

present in the network with the broadcast ID and other 

information. Subsequently, every other node present in the 

network selects its own parent node considering 

information about self and the neighboring nodes only. 

Parent nodes are used to communicate with the root node. 

The nodes present in the network send information to the 

parent node and the parent node, in turn, forwards the data 

to the root node. The root node receives the data from the 

various parent nodes present across the network and 

aggregates the data together and forwards it to the Base 

Station. The node with the highest energy is selected as the 

root node. The main advantage of GSTEB is workload 

balance and to reduce energy consumption. Drawback 

includes larger delay as sink needs to select the root node 

at periodic intervals.  

 

EECRU 

Energy-Efficient Clustering method using 

Random Update initially consists of the Initial Cluster 

Construction phase (ICC) and the latter phase includes the 

Update of Clusters (UC) [6]. Initial Cluster Construction 

phase divides the network into initial clusters based on the 

temporal and spatial correlation of the data. A dynamic 

update method along with the Cluster Head rotation 

method is used to update the clusters. This is processed in 

the Update of Clusters phase. Here the rate of change of 

data and the residual energy is considered to attain energy 

efficiency. The update frequency is found to be higher as 

the rate of change of data in the network is high. The 

frequency of update in the network depends on the rate of 

data change in the nodes. The Cluster Head is selected 

based on the data frequency in the node present in the 

network. Higher the data frequency of the node, the higher 

is the chances of it to be selected as the cluster head. The 

next phase, which involves the data transmission phase 

includes the sampling rate control method in order to 

increase the data sampling efficiency and also network 

reliability is guaranteed. Cluster Head is selected wisely 

by combining the Cluster Head rotation scheme and the 

random update method resulting in a balanced energy 

level in the nodes across the network.  

 

MCRA-DC 
The Base Station receives the information of all 

the nodes regarding the distance and energy of the nodes. 

The Base Station after computing the received data, it 

assigns the single coordinator. The node which is nearer to 

the Base Station and which have the high energy level will 

be considered as the coordinator. The elected 

coordinator’s information will be communicated to all the 

nodes in the network by the Base Station. The network 

then forms the clusters based on any of the cluster splitting 

algorithms. The topology seems like a tree structure, 

where it communicates with the coordinator to transmit 

the data to the sink. The coordinator is dynamic based on 

the number of rounds. The communication takes place 

from the nodes to the coordinator and then from the 

coordinator to the sink. The system deploys specific 

threshold to select the Cluster Head based on the energy of 

the nodes. The data aggregation takes place in the Cluster 

Head and sends the aggregated data to the sink. The 

Cluster Head changes over time based on the residual 

energy of the nodes. After ‘n’ rounds if none of the nodes 

satisfy the threshold, then the nodes form a chain to 

transmit data to the sink. The nodes communicate with 

each other based on the transmission distance, data volume 

and the energy of the transmission nodes. The 

communication takes place in a chain fashion. The nodes 

communicate with the intermediate nodes where it 

aggregates the data and sends to the Base Station. Figure-1 

gives the topological representation of MCRA-DC. 
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Figure-1. Topological representation of MCRA-DC. 

 

Data clustering phase 

The Base Station present in the network retrieves 

the various information such as the energy of the nodes 

and the distance between the nodes from the Base Station 

[7] [8]. Based on the details received from the nodes, the 

Base Station elects a coordinator from the list of nodes 

present in the network. The coordinator selected changes 

dynamically. The Base Station receives node information 

at regular periodic intervals and based on the details 

received the coordinator is elected. Once the coordinator is 

selected, the Base Station sends the coordinator 

information to all the nodes present in the network. Then 

the cluster formation takes place in the network. Based on 

the cluster splitting algorithm, the clusters are formed. 

After the formation of clusters, Cluster Head is selected 

for each cluster. Data are transmitted from each node to 

the Cluster Head and from the Cluster Head to the 

coordinator and finally from the coordinator to the Base 

Station. Data aggregation takes place at each node. When 

the data is forwarded from the Cluster Head, it aggregates 

the data and the number of messages being transmitted 

gets reduced. The formula for data aggregation is given as 

 𝑋 =∑𝑋𝑖/𝑛 + 𝑘𝑛
𝑖=0  

 

The main advantage in cluster formation is that 

the message overload is reduced to a great extent as a 

result of which maximum energy optimization is achieved. 

Figure-2 gives an overview of MCRA-DC protocol. 

Sensor region 
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Figure-2. An overview of MCRA-DC protocol. 

 

Chain routing phase 

During the Cluster Head selection phase a 

specific threshold is set based on the energy of the nodes 

and the nodes only which satisfy the specified threshold 

will be elected as the Cluster Head [9]. The Cluster Head 

selection also happens periodically and the Cluster Heads 

Nodes switch on the receivers 

Base Station requests nodes for information like distance and energy of the 

nodes 

Nodes send the required information 

Coordinator is selected based on the information provided by the nodes 

Base Station sends information about coordinator to all nodes 

Clusters are formed based on cluster splitting algorithm 

Specific threshold value is set for Cluster Head selection 

Nodes are compared with the Threshold value 

Nodes which satisfies threshold value is selected as Cluster Head 

Cluster Head receives data from nodes in the cluster 

Cluster Head aggregates data and forwards data to the coordinator 

Data communication happens from nodes to Cluster Head, Cluster Head to 

Coordinator and Coordinator to Base Station 

Chain formation takes place 

Data communication happens from nodes to Base Station 
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are updated. Aftera certain number of rounds, when none 

of the nodes in the network satisfy the threshold value the 

chain formation takes place to send data to the Base 

Station. In the chain routing phase, the communication 

between nodes takes place in a chain fashion. The path to 

reach the destination is based on the distance between the 

nodes, data volume and the energy of the nodes. The data 

is passed from the node to another node, where the 

receiving node aggregates the received data and forwards 

it to the next node. The data thus gets forwarded to the 

Base Station from the nodes present in the network. 

 

COMPARISON AND SIMULATION RESULTS 

 Simulation results shows the energy dissipation 

of the CH in MCRA-DC is less compared with GSTEB 

and EECRU Protocol with respect to total number of 

rounds. Figure 3 shows the residual energy of the nodes as 

the round proceeds. 

 

 
 

Figure-3. Residual energy of nodes as round proceeds. 

 

The Figure-4 shows the comparison of first node 

dead with number of rounds for GSTEB, EECRU and 

MCRA-DC Protocol. The network lifetime of MCRA-DC 

is high compared with other given protocol. 
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Figure-4. First node dead comparison of protocols. 

 

CONCLUSIONS 
This paper has proposed a new algorithm Multi-

hop Chain Routing application using Dynamic 

Coordinator (MCRA-DC) for selecting the path effectively 

to transfer data from the sensor nodes to the sink. In the 

proposed algorithm, the path for transferring data takes 

place in two phases: Cluster formation phase or Chain 

formation phase. In Cluster formation phase, clusters are 

formed and the data gets transferred through cluster heads 

if the threshold is satisfied by the node. If the threshold is 

not satisfied, then chain formation happens for the data to 

reach the Sink. MCRA-DC considers various factors like 

transmission distance, data volume that needs to be 

transmitted and the energy residue of the nodes to select 

the path for transferring data from the nodes to reach the 

Base Station (BS). Thus the path for data transformation 

takes place efficiently thus reducing the energy utilization 

of the nodes to a great extent. The residual energy of the 

nodes is compared with the other protocols like GSTEB 

and EECRU and proved that MCRA-DC has better energy 

utilization. The first node dead comparisons with other 

protocols have also proved that MCRA-DC has better 

performance in saving energy to a great extent. 
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