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Abstract:

R

ecent advancements and thus the extensive use of wireless sensor network is the main reason for the
development of new protocols where network lifetime is an important consideration. Much of the attention
has been given to the routing protocols because every protocol depend on the type of application and network
architecture. Routing is one of the new key technology which has become a hot research nowadays since the
applications of WSNs are growing everywhere. In this paper, various routing protocols are classified and described.
The paper concludes with open research issues.
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I. INTRODUCTION
Wireless Sensor Networks (WSNs) is an important key technology in 21st century [1]. The original motivation for WSN
research came from the vision of Smart Dust in late 1990s. Recent technological advances in wireless communication
have led to the development of small, low cost, low power, multifunctional sensor nodes that can communicate
untethered at short distances. Such sensors are generally equipped with data processing and communication capabilities.
Sensor networks are highly distributed networks deployed in large number to monitor the environment.
In many of the WSN applications, nodes are deployed in an ad hoc manner either inside the phenomenon or close to it
without any planning. Once sensor nodes have been deployed, they must be able to organize themselves in a wireless
communication network. Since, large number of nodes are densely deployed, neighbour nodes must be located very close
to each other. Also, sensor network protocols must have self-organizing capabilities. Another interesting and unique
feature of sensor network is the cooperative nature of nodes.

Fig 1. A Wireless Sensor Network
Wireless sensor networks is a new emerging technology that allow its users to access information electronically without
the pre-determination of its geographic position [2]. Nodes in sensor network have low communication and computation
capabilities. The problem of energy resources is very difficult [3]. Sensor nodes are constrained on energy supply and
consumption , power consumption and bandwidth. When such constraints are combined with large number of nodes, it
leads to many challenges to the design issues and management of sensor networks. These challenges are necessary for all
the layers of networking protocol. At the network layer, the main objective is to find the energy-efficient and shortest
routes and reliable forwarding of data from sensor nodes to the destination so that network lifetime is enhanced.
Many researchers are currently working in developing various schemes that fulfil these conditions. In this paper, we
present a survey of different protocols. Our aim is to provide better understanding of the research issues in this field.
The rest of this paper is structured as follows. In Section 2 we classify the routing protocols in WSN under their
appropriate category. Section 3 illustrates a comparative summary of the surveyed protocols. We concludes our paper in
Section 4 and points out open research issues.
A.

Issues and Challenges in designing a Sensor Network
Sensor Networks consist of certain design challenges due to following reasons:
1) Sensor Networks do not have any infrastructure. Therefore, all routing and its maintenance algorithms must be
distributed.
2) Nodes in sensor network are randomly deployed and thus, they do not fall under any topology. They generally
does not require any human intervention once deployed.
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3) Hardware part of sensor nodes should also consider energy efficiency as its primary goal.
4) Nodes must be able to synchronize with each other in a distributed manner.
5) Available energy of sensor nodes should be considered as a prime constraint while designing protocols.
Network Characteristics
As compared to the traditional wireless networks such as mobile ad hoc network (MANET) , wireless sensor networks
have the following several unique characteristics :
1) Node deployment: Sensor nodes are generally densely deployed. Deployment is either deterministic or selforganizing. In deterministic way, nodes are placed manually and message is routed through pre-determined
shortest paths.
2) Battery-powered sensor nodes: Sensor nodes are generally operated by battery and are deployed in an
environment where it is very difficult to replace or recharge the batteries.
3) Energy, computation, and storage constraints: Sensors nodes have limited energy, processing, and storage
capabilities.
4) Self-configurable: Nodes in sensor network are randomly deployed and configure themselves.
5) Unreliable sensor nodes: Sensor nodes are prone to failures due to its deployment in environment. Therefore,
they are unreliable.
6) Data redundancy: In most of the applications, nodes are densely deployed and collaborate to perform a
common sensing task. Thus, the data sensed by multiple sensor nodes have a certain level of redundancy.
7) Application specific: A sensor network is generally developed for a specific application. The design
requirements of a sensor network change with its application.
8) Many-to-one pattern: In most of the applications, the data sensed by sensor nodes flow from multiple source
nodes to a particular base station or sink, and follow many-to-one traffic pattern.
9) Topology change: Network topology changes frequently and rapidly due to the node failures, damage, energy
depletion etc.
B. Applications of WSNs
A sensor network is designed to perform high-level of data processing tasks such as detection, tracking, or classification.
Applications of sensor networks are wide and vary significantly according to application requirements. Sensor nodes are
used for continuous sensing, location sensing, event detection. The concept of sensing and wireless communication of
these nodes promises many new application areas. It is possible to classify and expand this classification with more under
their appropriate categories.

Category/Area
Military

Environment
Health
Home
Commercial
Applications

Table I Applications of WSNs
Type of Applications
Monitoring friendly forces, Battlefield surveillance, Reconnaissance of opposing
forces, Targeting, battle damage assessment, Nuclear-biological-chemical attack
detection.
Forest Fire detection, Bio-complexity mapping of environment, flood detection,
Precision Agriculture
Tele-monitoring of human physiological data, drug administration in hospitals,
tracking and monitoring doctors and patients inside hospital.
Home automation, smart environment.
Environmental control in office buildings, Interactive museums, Managing inventory
control, vehicle tracking and detection, detecting and monitoring car thefts.

II.
ROUTING IN WSN
Routing is a process of finding a path between source and the destination. Routing in wireless sensor network is a
challenging task due to characteristics that differentiate them from other communication and adhoc networks. First, it is
not possible to build global addressing scheme as there are relatively large number of sensor nodes which are densley
deployed. Second, in comparison to typical communication networks, all applications of sensor networks require the flow
of data which is collected (sensed) from multiple sources to a particular base station (BS). Third, sensor nodes are tightly
restricted to energy, processing and storage capacity, transmission power. Thus they require careful resource
management. Fourth, location information of sensors is crucial because data collection is based on the location. Fifth,
redundancy can occur in data traffic because multiple sensors may generate same data within the neighbourhood. Such
redundancy needs to be controlled by the routing protocols to improve energy and bandwidth utilization. Due to such
differences, many new protocols have been developed for routing the data in sensor networks.
In this paper, we will explore the routing protocols for sensor networks which have been developed in the recent years.
Each Routing protocol is classified under the appropriate category. Our aim is to help better understanding of the current
routing protocols for wireless sensor networks.
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Fig 2 Classification of Routing
A. Initiator of Communication Based protocols
In this routing protocol, routing depends on the communication between network components. When any part of the
network whether source node or destination node needs service from other part, it will initiate the routing with other part
to send or/and receive the data packets [4].
1) Source Initiator Routing Protocol.
2) Destination Initiator Routing Protocol.
B. Path Establishment Based protocols
Routing paths are generally established in one of the three ways: proactive, reactive or hybrid.
Proactive protocols compute all the paths before they are actually needed and then store these routes in a routing table of
each node. When a route changes, then this change has to be propagated to the entire network. Since a WSN consists of
thousands of nodes, the routing table of each node could be huge and therefore proactive protocols [5] are not suitable for
WSNs. The main drawback of proactive protocols is that maintenance of unused paths occupy significant amount of
available bandwidth if the topology of the network changes frequently [6]. eg. distance-vector routing DSDV [7] or linkstate routing OLSR [8] and TBRPF [9].
Reactive protocols maintains only those routes that are in use currently and hence reduce the load on the network when
only a subset of routes is available. Still there are some limitations. First, since paths are used and maintained while in
use, it becomes mandatory to perform route discovery before the message is exchanged between nodes. This results in
some amount of delay for the first packet to be transmitted. Second, it may generate traffic if topology of the network
changes. So, there is a high probability of packets being lost if route to the destination changes. e.g DSR [10], TORA
[11] and AODV [12].
Hybrid protocols such as ZRP [13] combine both local proactive routing and global reactive routing to achieve high level
of efficiency and scalability. Still, a combination of both routing strategies still needs to maintain those routes that are
currently in use, which limits the amount of topological changes that is tolerated within a given amount of time. It makes
use of clustering technique that makes the network stable and scalable. The network is divided into multiple clusters and
these clusters are maintained dynamically when any node is added or leaves a particular cluster. This routing strategy
uses proactive approach when routing is needed within clusters and reactive approach when routing is needed across the
clusters. Moreover, it exhibits network overhead required maintaining clusters [14].
C. Network Structure Based Routing Protocols
The network structure plays an important role in the operation of the routing protocol in WSNs. In this section we survey
in detail most of the protocols that fall under this category.
Flat Routing (Data centric routing protocols) : In flat routing, each and every node plays the same role and sensor
nodes collaborate to perform the sensing task. Due to the large number of nodes, it is not possible to assign a global
identifier to every node. This has led to development of data-centric routing, where the BS sends queries to certain
regions and waits for data from the sensors located in the specific regions. Since data is being requested through queries,
attribute-based naming is essential to specify the properties of data. SPIN [15] is the first data –centric routing protocol
which considers data-negotiation between nodes in order to eliminate redundancy and save energy. Later Directed
Diffusion [16] was developed. These two protocols motivated the design of many new protocols that have a similar
concept. In section 3, we summarize various protocols under this category, and lists their advantages, disadvantages and
performance issues.
Hierarchical Routing : . One of the major design attributes of sensor networks is scalability. Since the sensors nodes are
not capable of long-haul communication, so single gateway architecture is not suitable for a large sensor network.
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Hierarchical routing works in two layers, first layer chooses cluster heads and the second layer does routing. Therefore, it
is also called as cluster based routing. To make the WSN more energy efficient, clusters are created and special tasks like
data collection, fusion are assigned to them. It increases the overall system scalability, lifetime, and energy efficiency. In
hierarchical anatomy, nodes having higher energy are used to process and send the information, while low-energy nodes
perform sensing task in the vicinity of the target. This type of routing technique is an efficient way to decrease energy
consumption within a cluster, in order to decrease the number of transmitted messages to the BS. Examples of
hierarchical-based routing protocols are discussed in Table III.
Location Based Routing: In Location based routing architecture, sensor nodes are randomly distributed and are known
by their geographic position where they are deployed. Generally, position or location information is needed to calculate
the distance between two particular nodes so that energy consumption can be calculated. The distance between
neighbouring nodes is calculated on the basis of incoming signal strengths. For this, two techniques are used to find
location, one is to find the coordinates of the neighbouring nodes and other is to use GPS (Global Positioning System).
Since, there is no addressing scheme for sensor networks, location information can be utilized in routing data in an
energy efficient way. In Table III, we review most of the location based routing protocols.
D. Protocol Operation based Routing Protocols
Multiple paths based routing protocols are used to increase the performance of the network. If the path between the
source and the destination fails, an alternate path exists that can measure the fault tolerance (resilience) of the protocol.
This is increased by maintaining multiple paths between the source and destination which increases the energy
consumption and traffic generation. The alternate paths are kept active by sending periodically broadcast messages which
enhances network reliability. Also the overhead of maintaining the alternate paths increases.
Query Based Protocols : These kinds of protocols are based on sending and receiving queries for data. The destination
nodes broadcast a query for data through the network and the node having this data sends back the data to the node that
matches the query to the query which usually initiates. The query generally uses natural or high level languages. For
example, If a client C1 submits a query to node N1 and ask: Are there any moving vehicles in battle field region 1? All
the nodes having tables consisting of the sensing task queries they receive, they send data that matches these tasks when
they receive it. Directed diffusion [17] is an example of this type of routing.
Negotiation Based Routing : In order to eliminate redundant data transmission, this class of protocols makes use of high
level data descriptors through negotiation. The protocols makes intelligent communication decisions based on the
resources that are available to them. Also, flooding is used to disseminate data which can produce implosion and overlap
between the data which is sent and hence nodes receive duplicate copies of the same data. This consumes more energy.
So, the main idea behind negotiation based routing is to remove the redundant information and hence prevent the data
from being sent to the next hop node or the base-station by organizing a series of negotiation messages before the real
transmission begins. The SPIN family protocols [18] and the protocols in [19] are examples of negotiation-based routing
protocols.
QoS Based Routing Protocols : In order to balance energy consumption and data quality, the network has to satisfy
certain QoS (Quality of Service) parameters like delay, energy, bandwidth, etc. when delivering data to the Base Station.
Coherent and non-coherent Routing: Data processing is very essential for the operation of sensor networks. Therefore,
routing techniques must employ different data processing techniques. There are two ways of data processing based
routing before the data is sent to other nodes for further processing. Aggregators are the nodes that perform further
processing.
1) Coherent data processing: In coherent data processing, after minimum processing, data is forwarded to
aggregators. The minimum processing includes functions like time stamping, duplicate suppression etc. When
all the source nodes send their data to the aggregator, a huge amount of energy is consumed and hence this
process possess high cost. One way to lower the energy cost is to reduce the number of sources that send data to
the aggregator.
2) Non-coherent data processing: In this type, before the data is sent to other nodes for processing, it is processed
locally. The nodes that perform further processing are called the aggregators.

Classification
Flat Based Routing

Hierarchical Routing

Location Based Routing
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Table II. List of Routing Protocols
Protocols
Sensor protocols for information via negotiation (SPIN), Directed
Diffusion, Rumor Routing, COUGAR, Active Query forwarding In sensor
network (ACQUIRE), Energy Aware Routing (EAR), Minimum Cost
Forwarding Algorithm (MCFA), Gradient based Routing (GBR)
Low-Energy adaptive clustering hierarchy (LEACH), Power –efficient
Gathering in Sensor Information Systems (PEGASIS), Threshold sensitive
Energy Efficient sensor Network Protocol (TEEN), Adaptive Threshold
sensitive Energy Efficient sensor Network protocol (APTEEN), SelfOrganizing Protocol (SOP), Hierarchical Power aware Routing (HPAR),
Hybrid, Energy-Efficient Distributed Clustering (HEED)
Geographic distance routing (GEDIR), Geographic and energy aware
routing (GEAR), Greedy other adaptive face routing (GOAFR), Geographic
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adaptive fidelity (GAF), Most Forward Within Radius (MFR), SPAN,
Trajectory-Based Forwarding (TBF), Geographic Random Forwarding
(GeRaF), Minimum Energy Communication Network (MECN) , Small
Minimum-Energy Communication Network (SMECN)
Multi-Path based Routing
Multi path and Multi SPEED (MMSPEED), Sensor Protocols for
Information via Negotiation (SPIN)
Query Based Routing
Sensor Protocols for Information via Negotiation (SPIN), Directed
Diffusion (DD), COUGAR.
Negotiation Based Routing
Sensor Protocols for Information via Negotiation (SPAN), Sequential
assignment routing (SAR), Directed Diffusion (DD).
QoS Based Routing
Sequential assignment routing (SAR), SPEED, Energy-Aware QoS Routing
Protocol
Coherent & Non- Coherent Based NA
Routing
III. COMPARISON TABLE
In this paper the comparison of different routing protocols is done based on classification given in Table II
Table III. Comparison of Routing Protocols in WSN
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IV. CONCLUSION AND OPEN ISSUES
WSNs have seen tremendous developments in design and applications over the recent years.. Routing is an important
issue in WSNs and has attracted a lot of attention in recent years. In this paper, we have summarized various routing
protocols in wireless sensor networks and classified them under different categories depending on many parameters.
They have the common objective of trying to extend the lifetime of the sensor network while not compromising data
delivery. There is still an ongoing research on routing protocols as nodes are finding various new applications day by day
in different fields.
The future direction of WSNs is to embed numerous distributed devices to monitor and interact with physical world
phenomena and to exploit spatially and temporally dense sensing and actuation capabilities of those sensing devices.
These nodes coordinate among themselves to create a network that performs higher-level tasks. The most interesting
future research issue regarding cluster based routing protocols is how to form a cluster and communication between
clusters so as to minimize the energy consumption. Also, the process of data aggregation and fusion of different clusters
is an interesting problem to be explored. Another interesting issue is the mobility of node. Most of the protocols assume
that nodes in WSN are stationary. For this, new routing algorithms are needed to handle the node mobility in energy
constraint environment such as battlefield. Routing techniques that exhibit different fault tolerance techniques in an
efficient manner are still under investigation
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