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Abstract: Wireless Sensor Network (WSN) is one of the rising technological fields because of recent improvements
and vicinity of studies. The WSN is collection of small sensor nodes, which are battery driven and feature very
much less energy. Routing algorithm plays an important role in routing of the packets to the sink factor. This paper
focuses on comparative analysis among various existing routing protocols using various performance metrics viz,
energy consumption, data aggregation , scalability, computation overhead, data delivery model, network lifetime,
optimal route of the wireless sensor networks and factors that can affect the protocols in WSN.
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l. INTRODUCTION

WSN comprises of massive wide variety of sensing devices used to look at numerous parameters of surrounding
environment and accumulate the information. These sensing units are referred to as sensor nodes. Due to very small in
size and occasional in cost sensor nodes can be mounted at faraway places for statement. Sensor nodes work
collectively and shape a wi-fi sensor community to share the statistics beneath observation [1]. Sensor nodes
incorporate of many additives but simple 4 components are namely a sensing unit, a processing unit, a transceiver unit
and a power unit. These additives work collectively to accomplish the responsibilities of sensor nodes, Sensor nodes
are more often than not deployed in faraway terrains like mountains, sea, and forests and many others. Where it's
miles almost not possible for people to live and have a look at on their personal. It is quite crucial that sensor nodes
maintain observing for a long time in such areas. To work for long term sensor nodes require non-stop or huge supply
of energy and each of them are not possible in WSN [2].

Based on the place WSN is classified [3] in following methods namely terrestrial WSN, underwater WSN,
underground WSN, cellular WSN and multi-media WSN. It is critical to design routing protocols for such WSNs to
lessen power intake while preserving the overall performance metrics like network lifetime, records accuracy, latency,
throughput and so forth. For developing any routing protocol layout factors should be considered. These factors are
scalability, fault tolerance, strength consumption, Quality of Service (QoS) and topology. Routing protocols are
extensively classified into three kinds: flat/facts-centric protocols, Hierarchal protocols and region based totally
protocols [4].

The rest of the paper is organized as follows. In section Il factors affecting the WSN are discussed. In section Il
explain the routing protocol in wireless sensor network. The types of routing protocol in WSN are explained in
section 1V. Further the routing protocols are compared in Section V. Concluding remarks are given in section VI.

II. FACTORS AFFECTING WSN

Despite the innumerable applications of WSNs, these networks have several restrictions. The design of routing
protocols in WSNs is influenced by many challenging factors which must be overcome before efficient
communication is achieved in WSNs. Some of the routing challenges and design issues that affect routing process in
WSNs
e Scalability: The WSN network should be expandable such that on increasing load the network should not
fail. To avoid such situation the network should be scalable for adapting changes in environment.
e Energy Consumption: The sensor nodes in WSN generally depend on battery power, which has limited
energy. It is critical to lower the energy consumption as much as possible to increase the lifetime of WSN.
e Bandwidth: Number of sensor nodes in WSN can be from tens to thousands. They continuously observe
their surroundings and transmit that data to other nodes which can lead to a lot of traffic. Thus high
bandwidth is required to make proper transmission.
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e Data Aggregation: Sensor nodes monitor its surroundings. After receiving sensor nodes aggregate the
received data to summarize for less load on the network.

e Mobility: Sensor nodes may be static or mobile. In case of static, they less load on the network but nodes
deployment cost of network increases. While in case of mobile node reduces the deployment cost but
increase the complexity.

e Redundancy: Redundancy in WSN is the duplication of information which increases reliability of the
network. With the redundancy in network, data can be resent if there is any failure in message or data
delivery.

e Multipath: Multipath increases efficiency to the WSN. By adding multiple paths between source and
clusters head the network will become fault tolerable.

e End to End Delay: To increase the effectiveness and efficiency of WSN it is highly required to reduce the
end to end delay among sensor nodes in network.

e Network Load: Network load of a WSN network should be kept as low as possible because higher network
load causes more chances of network failure of the network.

e Packet Loss: Data is transferred in the form of packets in the WSN. During the transmission packets may
loss. Packet loss should be minimum to ensure that the efficiency of the network is high [5].

e Localization: In a WSN nodes are deployed randomly without a fix topology because of a lot of factors. It
is very important that nodes are localized so that the precise location of nodes to be determined.

¢ Node deployment: Node deployment in WSNs is software dependent and affects the overall performance of
the routing protocol which can be either deterministic or randomized. In deterministic deployment, the
sensors are manually located and statistics is routed through pre-determined paths. In random node
deployment, the sensor nodes are scattered randomly growing an infrastructure in an advert hoc way. If the
resultant distribution of nodes is not uniform, highest quality clustering turns into necessary to allow
connectivity and allow energy green network operation.

o Data Reporting Model: Data sensing and reporting in WSNs is depending on the application and the time
criticality of the records reporting. Data reporting may be labeled as both time-pushed (continuous), event-
pushed, query-pushed, and hybrid. The routing protocol is exceptionally encouraged by using the facts
reporting version with reference to strength consumption and course balance.

e Fault Tolerance: Some sensor nodes might also fail or be blocked due to lack of strength, bodily damage, or
environmental interference.

e Connectivity: High node density in sensor networks precludes them from being absolutely remoted from
each different. Therefore, sensor nodes are expected to be noticeably linked. This, however, might not save
you the community topology from being variable and the network length from being shrinking because of
sensor node screw ups. In addition, connectivity depends on the, likely random, distribution of nodes [6].

111. ROUTING PROTOCOLS IN WIRELESS SENSOR NETWORK

The Sensor node collects or senses the statistics from the environment and approaches those records and transmits to
the precise location. The routing protocol performs the principal project to setup the trails among the sensor node
and the facts sink. The direction choice must be such that the lifestyles time of the network is maximized. The
function of the environment within which sensor nodes normally operate, with available aid and electricity
limitations make the routing very tough [7].

The routing in sensor networks is a totally hard venture. Since, it has to accommodate restrained processing and
conversation capabilities of sensor nodes towards the overhead. The overhead may be measured in phrases of
bandwidth utilization, energy consumption and processing requirements on the sensor nodes [4]. The routing
protocol imposes a structure at the network to obtain energy efficiency, balance and scalability. The community
nodes are also organized in clusters. The node with high residual power is assigned as cluster head. The cluster head
is chargeable for coordinating activities inside the cluster and forwards the statistics among the clusters [8].



IV. CLASSIFICATION OF ROUTING PROTOCOLS

The routing protocols in wireless sensor networks are classified as

* Data centric routing protocol

* Location aware routing protocol

* Quality of Service based routing protocol

* Hierarchical routing protocol

A. Data Centric Routing Protocols:

In data centric routing protocols the sink sends queries to certain region and waits for the data from the sensor
located region. Here the data is requested through queries which require the attribute based query for specifying the
property of data. The data is transmitted from all sensor nodes in the geographical region with considerable
redundancy [4].

B. Location Aware Routing Protocols:

Location aware routing protocol utilizes the location information to transmit the data to the desired regions rather
than the whole network. It selects the next hop towards the destination based on the known position of the neighbors
and the destination [9].

C. Quality of Service based Routing Protocols:

Qos based routing protocol means the quality of service required by the application. It could be the lifetime,
reliability, and efficient energy utilization and location information. These factors involve in selection of routing
protocols for particular application [10].

D. Hierarchical based routing protocols

Hierarchical based routing protocol groups different node as a cluster. High energy residual energy node is
considered as cluster head. Cluster head is responsible for data aggregation, forwarding and electing the next cluster
head [11].

V. COMPARISON OF ROUTING PROTOCOLS
The routing protocols are compared based on performance metrics. The performance metrics are Efficient Energy
utilization and data aggregation, high scalability, less computation overhead, good data delivery model, increasing
lifetime of a network, and efficient optimal path with node mobility [12][13][14][15][16][17]. The following
protocols are compared in this paper:

DD : Directed Diffusion

SPIN  : Sensor Protocols for Information via Negotiation.

SAR  : Sequential Assignment Routing.

RR : Rumor Routing

ACQUIRE : Active Query forwarding In Sensor networks.

CADR : Constrained Anisotropic Diffusion Routing.

COUGAR

GBR : Gradient Based Routing.

LEACH : Low Energy Adaptive Clustering Hierarchy.

PEGASIS : The Power-Efficient Gathering in Sensor Information Systems.
SOP : Self Organizing Protocol.

TEEN : Threshold sensitive Energy Efficient sensor Network.
VGA : Virtual Grid Architecture Routing.

HEED : Hybrid Energy Efficient Distributed Clustering Protocol
GEAR : Geographical and Energy Aware Routing

GAF  : Geographic Adaptive Fidelity.

SPAN

SPEED : A real time routing protocol.

Table 1 show the comparison between the above routing protocols based on the performance metrics as Query
Based, Usage Power, Scalability, Network Lifetime, Optimal Route, Data Overhead, QOS, Data Aggregation and
Delivery Model.



Table 1: Routing Protocol

Quer Data Data

Name of y Usage | Scalabilit | Network Optima | Overhea Aggreg | Delivery

Protocol | Category Based | Power |y Lifetime | Route | d QOS ation Model
Data

DD Centric YES | Limited | Limited Long Yes Low Low Yes Demand Driven
Data

SPIN Centric YES | Limited | Good Good NO Yes Low Yes Event driven
Data

SAR centric YES | High Ltd Good Yes High Yes Yes Continuously

RR Flat YES | Low Good Good Yes Low No Yes Demand driven

ACQUIR

E Flat YES | Low Ltd Good NO Low No Yes Complex query

CADR Flat YES | Ltd Yes Moderate NO Low No Continuously

COUGA

R Flat YES | Ltd Ltd Limited NO High No Yes Query driven

GBR Flat YES | Low Ltd Good NO Low No Yes Hybrid
Hierarchic

LEACH al NO High Good Very Good | NO Low High NO Cluster Head

PEGASI | Hierarchic

S al NO High Good Very Good | Yes Moderate | Low NO Chain Based
Hierarchic

SOP al No Low Good Limited NO High No No Continuously
Hierarchic Active

TEEN al NO High Good Limited NO Yes High NO Threshold
Hierarchic

VGA al No Low Good Limited NO High No Yes Good
Hierarchic Modera

HEED al No Limited | Good Good NO Low te Yes Weight Based

GEAR Location No Ltd Ltd Long NO Mod No No Demand driven
Location Modera

GAF Based NO Limited | Good Good NO Moderate | te No Virtual Grid
Location

SPAN Based NO Limited | Limited Good NO Yes High NO Continuously
Location/
Data

SPEED centric Yes Low No Good NO Less Yes Ltd Geographic

VI. CONCLUSION

Routing in sensor networks is a new area of research, with a limited, but rapidly growing set of research results. In
this paper, we presented a comprehensive survey of routing techniques in wireless sensor networks. Overall, the
routing techniques are classified based on the network structure into three categories: flat, hierarchical, and location
based routing protocols. We highlight the design tradeoffs between energy and communication overhead savings in
some of the routing paradigm. Although many of these routing techniques look promising, there are still many
challenges that need to be solved in the sensor networks. We highlighted those challenges and pinpointed future
research directions in this regard.
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