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Abstract---As Increase in WSN Application there also 

increased research in WSN. Routing is core Technology in 

WSN because it is concerned with other technologies like 

Security, Positioning, Network Discovery, Controlling, 

Communication, Tasking and Querying. WSN routing 

Algorithm is different than general routing algorithm. 

Because, Sensor node is come up with limited amount of 

battery power which is non-rechargeable or non-replaceable 

& The Life Cycle of WSN is dependent on the battery 

power of Sensor node. So, the design of routing algorithm is 

mainly focused on Energy Consumption of Sensor node. 

Energy-Efficient Routing is required for WSN. Many 

protocols like LEACH, PEGASIS, TEEN and ECHERP are 

used for WSN routing. Some of these algorithms are 

described & compared in this paper. 
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I. INTRODUCTION 

Recent Technical Research has enabled the inexpensive 

mass production of sensor nodes, which are small sized 

electro-mechanical devices with advanced sensing, 

processing and communication capabilities. The Wireless 

Sensor Network consists of spatially distributed sensor 

nodes which are interconnected without any use of wires 

within specified network range. In WSN the sensor nodes 

senses the environment with specified parameter and use 

their communication capability in order to transmit the 

sensed data over the wireless channel to other nodes or to a 

designated sink point or base station. Base Station is 

supervisory control points which collects the sensed data 

from the WSN and process this data for further use; it also 

works as a gateway for other networks. Human interface is 

at the base station. Base station is assumed as a powerful 

control node which has unlimited computation, processing 

and communication capability. There is a need for 

transmitting the sensed data from node to node or base 

station. There is also need for being connected to the nodes 

within the network to perform their task without failure. For 

achieving these there may be need to design a well routing 

algorithm for wireless sensor network. 

 
Fig. 1: Classification of WSN routing protocols 

There are available many protocols for wireless sensor 

network. The classification of these protocols is shown in 

above figure. A WSN protocol which uses single or direct 

paths from node to the base station are comes under the 

single path routing protocols. The routing protocol which 

uses intermediary nodes for sending data to base station are 

called as multi-path routing protocols. In plane routing 

protocols the network is grouped into one and the path either 

single or multi is selected for routing, no clustering is done 

in plane routing protocols. In hierarchy routing protocols the 

network is divided into groups so called clusters and for 

each cluster there is elected cluster head, nodes within 

cluster send data to cluster head and cluster head is 

responsible for sending data to the base station. In query-

based routing protocols the routing is performed only when 

the query is fired. While in non-query based routing 

protocols continuous processing and data collection is done 

for some specified time interval. The geographic routing 

protocols are having some idea about the location of the 

sensor node within the WSN, so routing is done with its 

geographic parameter. While in non-geographical routing 

protocol there is no information available about the 

geographic location of sensor node. In QoS Guaranteed 

routing protocol there is considered about the Quality of 

Service performance. Huge research is currently done for 

improving the QoS in WSN. But in non-QoS guaranteed 

routing protocol only some parameter like energy, security, 

congestion or lifetime is considered while designing the 

routing algorithm. 

II. ROUTING CHALLENGES AND DESIGN ISSUES 

Wide area of application is available for the WSN if several 

restrictions like limited battery power, computation 

capability and bandwidth of wireless link is neglected. One 

of the main goals is to prolong the lifetime of network with 

data communication with minimum energy consumption. 

The other challenges and issues which must be considered 

while designing routing algorithm are listed below. 

 Energy Consumption A.

Sensor nodes use their limited battery power for computing 

& communicating. The lifetime of sensor node mainly 

depends on the battery power. In multi hop & cluster based 

WSN routing the sensor node plays dual role as a Data 

sender & Data router. So, node failure because of battery 

power requires significant changes to current routing 

topology and may require retransmitting those data. So less 

energy consumption is required in WSN routing. 

 Network Dynamics B.

In most of the WSN architecture there assumed that the 

sensor nodes are stationary. However BS (Base Station) and 

sensor nodes mobility is necessary in many applications. 

Routing of data between moving nodes is challenging since 

route stability becomes important issue, besides energy, 

bandwidth etc. the sensing phenomenon can be either 

Dynamic or Static depending on the application. In target 

detection/tracking it is Dynamic while in 

forest/environmental monitoring it is Static. Static event 

monitoring allows network to work in reactive mode, simply 
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generating traffic at reporting time. Dynamic events require 

periodic reporting and consequently generate significant 

traffic. 

 Fault Tolerance C.

Due to lack of power, physical damage or environmental 

interference sensor nodes may die/fail or blocked. This 

failure of nodes should not affect the overall task of sensor 

network. If many nodes fail in network then routing and 

MAC protocols have to form new links and routes for 

sending data to Base Station. This requires more transmit 

power. Data redundancy may also occur when 

retransmitting a packet due to node failure. So, multiple 

level redundancies are needed in Fault Tolerant Sensor 

Network. 

 Scalability D.

In network there is not fixed the number of nodes, there may 

be hundreds or thousands or more nodes in sensor network 

depending upon application. So, any routing protocol must 

work with this huge number of nodes. In short, Sensor 

Network routing protocols must be scalable to respond to 

events in the network environment. 

 Congestion Avoidance E.

Congestion Occurs due to mainly two reasons, first when 

multiple nodes want to transmit data through same channel 

at a time & second are when routing node fails to forward 

the received data to the next routing nodes because of out of 

sight problem. WSN applications require periodically 

collecting of data through sensor nodes to sink node. There 

is also known that a sensor node comes with limited amount 

of storage space. So if congestion occurs data loss also 

increases which leads to improper functioning of WSN. 

 Node Deployment F.

Node deployment in WSN is Application Specific and this 

affects the performance of WSN. The deployment is either 

deterministic or randomized. In deterministic nature of 

WSN the route is manually selected or there is predefined 

paths for routing but in randomized nature of nodes there is 

some issues like coverage, optimal clustering etc. so, there is 

need to be addressed these and to solve above problems via 

proper routing method. 

 Connectivity G.

Connectivity generally depends on the radio coverage of 

sensor nodes. If continuous coverage is provided between 

two nodes then they are called as connected but if it is not 

then communication cannot be done be done between these 

two nodes. In WSN continuous connectivity is required for 

proper functioning. 

 Coverage H.

Coverage in WSN means either sensing coverage or 

communication coverage. Sensing coverage guarantees that 

the event is detected and appropriate data is taken and 

forwarded to sink node. Coverage is either sparse or dense, 

in sparse coverage only some interested area is selected for 

coverage and in dense coverage whole area is covered. 

 Quality of Service I.

There is sometimes need to get better services from the 

network, for example sometimes there is need to deliver the 

results quickly within some limited period of time, out of 

this time period the result is useless. So bounded latency for 

data delivery is needed. Another example is Energy 

Consumption which is directly related to lifetime of 

network, so while the energy is low there isn’t considered 

quality of data to lengthen the lifetime of network. 

III. ROUTING PROTOCOLS FOR WSN 

 LEACH (Low Energy Adaptive Cluster Hierarchy) A.

LEACH is a Hierarchical protocol in which nodes transmits 

data to the cluster head, and the cluster head aggregates & 

compress the data then forwards it to the base station or sink 

node. It is a TDMA based MAC protocol and is integrated 

with Clustering. There are many rounds, there used a 

stochastic algorithm in every round for choosing a cluster 

head. The nodes that have been cluster head can’t become 

cluster head again for P rounds, where P is desired 

percentage of Cluster Heads. LEACH assumes that each 

node has powerful radio enough to directly reach the base 

station or nearest cluster head, but that using this radio at 

full power all the time would waste energy. 

 PEGASIS (Power Efficient Gathering in Sensor B.

Information System) 

The main idea in PEGASIS is for each node to receive from 

and transmit to close neighbours and take turns being the 

leader for transmission to the BS. This approach will 

distribute equal energy load among the sensor nodes. In this 

protocol we initially place the nodes randomly in the play 

field. The nodes will be organized to form a chain, which 

can be either accomplished by the sensor nodes themselves 

using a greedy algorithm starting from some node. The BS 

can compute this chain and broadcast it to all the sensor 

nodes. 

 BCDCP (Base-station Controlled Dynamic Cluster head C.

Protocol) 

BCDCP is a Centralized routing protocol which distributes 

the energy dissipation evenly among all the sensor nodes to 

improve the network lifetime. In this protocol Base Station 

receives the residual energy of each node, and then it 

computes average energy level of all the nodes. After 

computing average energy it elects a candidate as a cluster 

head which has higher residual energy than the average 

value, this provides balanced energy consumption. However 

the selection of node with higher energy as cluster head will 

cause to reduce energy of other nodes in cluster because of 

sending data from long distance. 

 ECHERP (Equalized Cluster Head Election Routing D.

Protocol) 

ECHERP is Cluster based protocol. All the nodes located 

within the sensor field are grouped into cluster. One of the 

nodes within cluster is elected as the cluster head, so, the 

number of cluster and number of cluster head are equal. The 

cluster head which are close to Base Station are referred to 

as first level cluster heads, they are capable of direct 

transmission to BS. The cluster head that are located far 

from base station are considered as second level, third level, 

etc. this CH transmits data to its Upper layer CHs. For 

achieving balanced energy consumption and extending 

lifetime of network the cluster head election is performed in 
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every round. Cluster Head is elected with the Gaussian 

Elimination Algorithm, which minimizes the total energy 

consumption. 

 
Fig. 2: The ECHERP Network Model 

 TEEN (Threshold-sensitive Energy Efficient) E.

TEEN is a Hierarchical protocol which is designed for 

sudden changes in the sensed environment. There is 

extremely need for the response of the network for time-

critical events, obliging the network to operate in reactive 

mode. In TEEN network is grouped hierarchically in levels. 

The nodes close to upper level clusters are used to transfer 

data from other nodes that are further away, this process 

continues until the sink is reached. Advantage of this 

scheme is that it works well in conditions where sudden 

changes in the sensed attributes occur. But in large area 

networks where the number of level is small, TEEN 

consume more energy because long distance transmissions. 

Moreover when the number of layers increase, distance 

between transmission nodes decreases and overhead in the 

setup phase increases. 

IV. COMPARISON 

All the algorithms give different results when running them 

on same network architecture. The simulation results are 

taken for LEACH, BCDCP, PEGASIS and ECHERP. The 

comparison of all algorithms gives solution for network 

operator to choose algorithm for his network. LEACH and 

BCDCP is traditional algorithm which is mostly used in 

WSN. They both gives nearby same results. The other 

PEGASIS and ECHERP are new and give better result in 

compare with LEACH & BCDCP.  

 
Fig. 3: Average energy dissipation versus the network 

lifetime in rounds 

Fig.3 & Fig.4 shows the average energy dissipation 

and the number of nodes that remain alive when LEACH, 

BCDCP, PEGASIS and ECHERP are applied. As this figure 

depict, the performance of ECHERP is considerably better 

than others. 

 
Fig. 4: Number of alive nodes versus the network lifetime in 

rounds 

V. CONCLUSION & CHALLENGES 

From this paper we can conclude that routing in WSN needs 

more attention toward its designing. One of the main 

challenge of sensor node is its limited energy, so, the 

ultimate objective behind the designing of routing algorithm 

is to keep the sensors live as long as possible for extending 

the life cycle of the network. The energy consumption of 

sensor node is due to data transmission and receiving. 

Therefor the routing protocols designed for WSN should be 

energy-efficient as possible to prolong the lifetime of the 

individual sensor nodes and hence the overall lifetime of 

WSN. In this paper we have discussed some older routing 

algorithm and the design Issues for WSN. In which Energy 

Efficiency is challenging factor while the others like 

security and quality of service are for future research. 
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