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Abstract— In wireless sensor networks (WSN) there are 

sensor nodes which are connected wirelessly to communicate 

each other are scattered in the field of interest. These wireless 

sensor nodes gather information about the field or changes in 

the field like some physical or chemical phenomenon. After 

gathering the information sensors transmit this information 

toward a high capacity computer system called as base station 

or sink. Although the sensors always transfer data toward the 

base station, but there is a need of routing protocols which 

optimize the energy consumption of each node for sending 

and receiving data packets. Sensor nodes perform all the 

sensing, processing and communicating tasks by using 

battery power. Hence, if the communication route is not 

optimal than more energy will be wasted. To save the energy 

in the network the routing protocols must select energy 

efficient routes. Several researchers worked in this area and 

proposed routing protocols which can be categorized as data 

centric, hierarchical, location based and opportunistic 

routing. This paper presents the description of each routing 

category and will present a comparative analysis of 

opportunistic routing (OR) protocols for WSN. Opportunistic 

routing protocols take the advantage of broadcasting nature 

of wireless sensor nodes and involve all sensor nodes in the 

data forwarding process. The comparative analysis has been 

done on the basis of various parameters like power usage, 

data aggregation, and scalability. This paper helps to 

recognize the effect of opportunistic routing on working of 

WSN and also it helps to find out which protocol suited which 

application best.     
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I. INTRODUCTION 

WSN is the network consist of large number of small sensor 

nodes which are able to capture data and send it toward the 

base station for further processing. Hence, the applications of 

wireless sensor networks goes on increasing [1]. This is 

because the WSN can be deployed anywhere easily, even in 

the places where it will not be so easy for human to reach. 

The applications of WSN involves environmental 

monitoring, target detection and tracking, automated 

industries and medical applications. The sensor nodes in 

WSN have less resources like low energy, low storage, and 

small processing capacity. To utilize these resources equally 

the protocols for WSN must be efficient to make the network 

to survive for a long time. Most of the energy of a sensor node 

consumed in forwarding the data towards the base station. 

Hence, the routing protocols designed for WSN must use the 

resources of sensor nodes efficiently which will increase the 

lifetime of the network. Researchers from around the world 

tries to increase the performance of WSN in terms of various 

parameters like energy utilization, increasing throughput, and 

reducing end-to-end delays [1]. To increase the capability of 

WSN system, the routing protocols must allow the 

intermediate nodes to participate in the forwarding process. 

The routing protocol must generate multiple paths to reach 

the base station from a source node [2]. To design such kind 

of routing protocols the researchers should involve all the 

nodes of the network in the routing process. 

In OR [13] for WSN, all the relay nodes coordinate 

with each other for transmitting a packet towards the base 

station. In this way the OR involve all the sensor nodes in the 

routing process and try to achieve the high throughput in 

lossy links. In OR, the defective links will be avoided by 

using broadcasting nature of WSN. In broadcasting process 

more than one sensor nodes can hear data and this will be the 

advantage for avoiding lossy links [13]. Depending on the 

candidate selection algorithm of OR protocol only one node, 

which is having highest priority will forward the data toward 

the base station. The opportunistic candidate selection 

algorithm is very critical to design. But an efficient candidate 

selection algorithm will improve the performance of the 

network in terms of throughput, energy and end-to-end delay. 

The routing process in wireless sensor networks is 

very crucial. Mainly when it comes to select the best route to 

transmit data packets, the selection process must consider all 

the factors like energy, delay, throughput and packet delivery 

ratio etc. [2]. The fixed path routing used in WSN previously 

will always transmit data packets through a pre-decided path 

and the nodes on the path lose their energy continuously.  This 

will cause the nodes on the path to go to dead state and hence 

this will reduce the network lifetime. As a result the number 

of retransmissions will increase and the network will be non-

functional soon. To avoid these problems opportunistic 

routing is the best way for transmitting data packets in WSN. 

It utilizes the resources of WSN equally and distribute the 

transmission load on each sensor node so that the specific 

nodes do not lose their energy frequently. When a packet is 

broadcasted using opportunistic routing [13], the nodes which 

have received the packet successfully will compete to become 

a forwarder. Hence, the OR protocol chose multiple path 

instead of a single path to transmit a packet. 

This paper presents a comparative analysis of energy 

efficient opportunistic routing protocols. The paper also gives 

an overview of requirements for the routing protocols design 

for WSN. The paper has been organized as follows. Section 

2 gives the challenges and designing issues for routing in 

WSN. Section 3 gives an overview of main objectives of 

routing in WSN. Performance measures has been presented 

in section 4. Section 5 describes all the categories of routing 

protocols and section 6 gives the comparative analysis of OR 

protocols in WSN. Finally, the paper has been concluded in 

section 7. 
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II. CHALLENGES AND DESIGNING ISSUE FOR ROUTING IN 

WSN 

Designing a routing protocol for WSN must take into account 

many testing factors which should be considered in the 

designing process. Designing a routing protocol for WSN is 

crucial task. Efficient communication in the routing process 

depends on the following challenges and factors.  

A. Deployment: 

The deployment refers to the placement of sensor nodes in the 

interested application area. In most of the cases the 

deployment of sensor nodes depends on the application 

requirements. Depending, on the application requirements the 

deployment can be manual or random. In manual deployment 

the sensor nodes will be placed manually at predetermined 

locations. In this type of deployment the data will be 

transmitted through predetermined paths [2] [13]. In other 

case, the random deployment, the sensor nodes are spotted 

randomly in the area of interest to form a network. In random 

deployment the nodes may not be uniform and hence require 

clustering to maintain the connectivity and good performance 

of the network. The routes in random deployment must be 

multiple because the sensor communication to each other is 

normally having small communication ranges. The short 

communication ranges of nodes are due to the energy 

restriction and low bandwidth.  

B. Energy Efficiency: 

Energy efficiency should be the major task of the routing 

protocol in energy constrained WSN. The data transmission 

should be efficient from source to destination. The sensor 

nodes have less energy resources mostly operate on a battery 

[2]. Hence, there is a need of routing protocols which can save 

energy while transmitting data and increase lifetime of the 

network. 

C. Scalability and Fault Tolerance: 

The WSN application require large number of sensor nodes 

to be deployed in the area of interest. There can be thousand 

number of nodes in a WSN [13]. The routing protocols for 

such large scale networks must cope with the large number of 

nodes and also if some failure occurs the routing protocol 

must adapt the changes in the network. In other words routing 

protocols must be scalable and fault tolerant.  

D. Data Aggregation: 

As most of the applications of WSN require random 

deployment of sensor nodes it will be possible for two or 

more nodes to produce same data [1] [13]. This will results in 

duplication of data packets. These duplicate packets can be 

avoided by using data aggregation techniques in between the 

routing protocols. 

E. Quality of Service: 

The data packets in WSN must be delivered within a certain 

period of time and with acceptable accuracy. These factors 

must be considered while designing a routing protocol for 

WSN. These factors provide certain amount of quality-of-

service in routing protocols. 

III. DESIGN OBJECTIVES FOR ROUTING IN WSN 

Sensor network applications require sensor nodes to deliver 

data to base station in a timely manner. Some applications 

may require a real time data delivery while some applications 

needs event monitoring only. Hence, every routing protocol 

must have some objectives to be achieved as follows. 

A. Non-real time data delivery: 

The guarantee of data packet delivery is crucial for all kind of 

routing protocols. The routing protocols always tries to find 

out the route from source to destination if it exist. This 

correctness property can be proven in a formal way, while the 

average-case performance can be evaluated by measuring the 

message delivery ratio [2]. 

B. Real-time delivery: 

WSN have a wider range of applications in various areas like 

environment, agriculture, defense and industrial. Some of the 

applications require data packets to be delivered in a certain 

period of time and hence require real-time data delivery [13]. 

Hence the routing protocol for these kind of applications must 

reduce the delays.  

C. Network lifetime: 

The network lifetime of WSN can be measured as the number 

of nodes alive after a given time interval. The routing 

protocols should aim to reduce the energy consumption in the 

network while transmitting and receiving data packets [13]. 

The protocols should consider each node in the network is 

equally important and distribute the energy load equally 

among all the nodes. This will improve the network lifetime 

of the network. 

IV. PERFORMANCE MEASURES FOR ROUTING IN WSN 

To test the performance of routing protocols in WSN there 

are certain metrics defined in the literature. These metrics are 

used to check the performance of routing protocols in 

different scenarios and applications. Some of these metrics 

are defined as below 

 Packet Delivery Ratio: Packet delivery ratio can be 

defined as the ratio of number of data packets transmitted 

from source toward destination to the number of data 

packets actually received at the destination. This metric 

is useful in measuring the packet loss and throughput of 

the network [13]. 

 Energy Efficiency: This is the most important factor in 

WSN. Most of the energy in WSN sensor nodes is 

consumed due to transmission and reception of data 

packets [2] [13]. Energy efficiency can be defined as the 

ratio of total energy consumed in data communication to 

the residual energy of the network or node.  

 Throughput: Throughput of a network can measure the 

efficiency of the network. It can be defined as number of 

data packets delivered per unit of time. Routing protocols 

plays an important role in increasing the throughput of 

the network [2].  

 End-to-End Delay: End-to-end delay is the performance 

measure in terms of time consumed in transmitting a data 

packet from source to destination. The delay tolerant 

capacity of the network depends on the application, but 

most of the applications require the delay to be as low as 

possible [13].  
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V. CLASSIFICATION OF ROUTING PROTOCOLS 

In past years since the evaluation of WSN many researchers 

have proposed so many routing protocols. All of these routing 

protocols can be classified under different categories of 

routing protocols. These categories are data centric, 

hierarchical, location based, opportunistic routing protocols 

(Figure 1). 

 
Fig. 1: Classification of routing protocols for WSN 

A. Data Centric Protocols: 

The main focus of data centric routing protocols is 

management of data. In WSN most of the applications require 

abundance of data from the area of interest [2] [13]. Hence, 

the researchers have tried to focus on data only through data 

centric routing protocols for WSN. The data flow in these 

protocols can be continuous or sometimes query driven. In 

query driven protocols base station asks for data from other 

sensor nodes. SPIN [8] was the first data centric routing 

protocol for WSN which considers the data aggregation 

among nodes and reduce the redundant data in the network. 

Some other examples of data centric routing protocols are 

directed diffusion [10] and rumor routing [4] etc. 

B. Hierarchical Routing Protocols: 

Hierarchical routing protocols were inspired by the cellular 

networks [2] [13]. In these type of routing protocols sensor 

nodes send the data packets to a central node which has been 

elected as the cluster head. These special nodes which are 

elected as cluster heads, may have high capabilities than 

ordinary sensor nodes. In hierarchical routing protocols the 

main purpose of routing protocols is to reduce the energy 

consumption and make the efficient data delivery. The cluster 

heads sometimes chosen dynamically and these are the nodes 

which are having high residual energy. The cluster heads also 

performs data aggregation on the data collected from its own 

cluster. This will reduce the number of transmissions and 

increase throughput. This will also reduce duplicate data 

packets on base station and it becomes easy to analyze data 

and find conclusions. There are so many hierarchical 

protocols have been designed by the researchers. LEACH [7] 

and PEGASIS [16] are some of famous protocols. 

C. Location Aware Routing: 

As the name suggest these protocols are based on the location 

information of a node. The data will be transferred to the 

location that will lead to base station or sink node. In some of 

this type of protocols the entire application area has been 

divided into some small areas and those areas will be treated 

as the new application area for a set of nodes [2] [13]. The 

nodes in a particular area transmit their data toward a single 

coordinator node and this node will further process or forward 

the data packets. This scenario almost same to cluster 

formation in hierarchical routing protocols but in this a grid 

view has been formed on the basis of location and not on the 

basis of neighborhood.  Also energy efficiency is taken care 

when choosing a coordinator of the grid. GEAR [21] is the 

example of location-based protocols. 

D. Opportunistic Routing: 

In wireless network most of the performance issues are 

directly related to the connectivity of nodes in the network. 

This is because the wireless connections are highly 

dependable on the surroundings of the network or nodes [13]. 

The link performances varies because there is a lack of 

connectivity always in the network. Moreover there cannot be 

a complete path exist always form source to destination. The 

routes are unstable in nature because of the intermittent 

connectivity. In these cases the nodes on the route have to 

keep the data packets stored in their memory to make 

communication possible. These nodes than forward data 

when connectivity resumes. In traditional routing protocols 

when a link is broken a new path setup process will be started 

and this will increase delays in the network [13].  

 
Fig. 2: Working of Opportunistic Routing [13] 

As opposed to traditional routing approaches 

opportunistic routing (Figure 2) protocols broadcast the data 

packets toward destination. This will make more than one 

node to receive the packet and have the opportunity to 

forward the packet. Hence, if there is any link broken the 

other node which has received the packet successfully will 

transmit the packet. In this way opportunistic routing reduces 

delay by choosing alternative forwarder candidate option. 

Opportunistic routing concept has been given by Biswas and 

Morris in 2004 [3]. They have proposed a routing protocol 

called as Ex-OR (Exclusive opportunistic routing) [3] for 

wireless networks. The main idea behind their approach is the 

selection of candidate nodes and prioritize among these 

candidate forwarders. The two main steps in opportunistic 

routing protocols are as follows. 

 Candidate set selection: Neighbor nodes are selected as 

candidate forwarders which are having enough resources 

to forward data packets [13]. 

 Prioritization: In this step a priority metric has been 

chosen like packet delivery ratio, energy, and minimum 

number of hops to destination etc. and the candidate node 

in candidate set has been prioritized on basis of these 

metrics. After that the node which is having high priority 

will forward the data packets [13]. 

Although opportunistic routing seems to be 

increasing throughput and reduce retransmissions in the 

network, but there are still some challenges in designing OR 

protocols. While designing an OR protocol researcher must 

consider following challenges. 
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 Routing Metric: Deciding the routing metric to prioritize 

the candidate set is the biggest challenge. There are so 

many options available like energy, distance, packet 

delivery ratio and link delivery probability etc. [13]. 

Initially researchers have focused and designed simple 

metrics (e.g. ETX [3], EAX [24]) but now a days 

researchers are focusing on composite metrics also (e.g. 

EDF [12], OEC [22]). 

 Forwarder Selection: A set of neighbors have been 

formed firstly when the network starts functioning. Out 

of these neighbors some potential nodes have been 

selected as forwarder nodes and called as forwarder set 

[13]. There can be any number of forwarders in the 

forwarder set and only one node has to be selected as next 

hop forwarder. This will be done by first prioritizing 

neighbors on the basis of routing metric and then sorting 

nodes on the basis of priority [2]. Now the highest 

priority node will be on top of list and selected as next 

hop forwarder. 

 Forwarder node coordination method: In OR if all the 

nodes are forwarding data simultaneously and there is no 

coordination among the forwarders than there will be 

abundance of duplicate packets at the base station [2] 

[13]. Hence, a coordination scheme has been required for 

the forwarder nodes to communicate with each other.  

VI. COMPARISON AND ANALYSIS OF OPPORTUNISTIC 

ROUTING PROTOCOLS 

In table-1 and table-2 below there is a comparison has been 

presented for opportunistic routing protocols in WSN. There 

are two types of comparative analysis, one is on the basis of 

OR parameters i.e. forwarder set selection, routing metric, 

forwarder selection, topology and coordination method. 

Second comparative analysis is on the basis of performance 

parameters and that are energy efficiency, packet delivery 

ratio, data aggregation, data delivery model, and scalability. 

These parameters are very important to analyze the 

performance of routing protocols. The tables present most of 

the popular protocols used in or proposed for WSN. 

Performance of OR protocols is good as compared to other 

category protocols. This study and comparison is totally on 

the basis on literature study. 
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Table 2: Comparative Analysis of OR Protocols on the basis 

of Performance 

VII. CONCLUSION AND OPEN RESEARCH ISSUES 

WSN now a days having abundance of applications and 

focused by many researchers in recent years. Protocols and 

algorithms of WSNs must be resource efficient and able to 

cope with application requirements. Routing is the major 

research area in this context because most of the resources of 

sensor nodes have been used in transmitting and receiving 

data form nodes to base station. Opportunistic routing is an 

emerging area of research in WSN and has been paid attention 

by researchers. In this paper a comparative analysis have been 

presented of most popular opportunistic routing algorithms in 

WSN. All the categories of routing protocols like data centric, 

hierarchical, location based and opportunistic routing has 

been discussed. After studying various routing protocols in 

WSN a comparative analysis has been presented for 

opportunistic routing protocols. The paper also discussed the 

design challenges and requirements for routing in WSN as 

well as for opportunistic routing protocols. The protocols 

compared in this paper are mostly good in performance. But, 

there is still a need of designing efficient opportunistic 

routing protocols. Opportunistic routing protocols are far 

better than traditional fixed path routing protocols. Hence, in 

this paper we have focused on opportunistic routing protocols 

for WSN.  
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