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Abstract 
In the current scenario of data communication, the Wireless sensor 

networks (WSNs) have remarkably shown its high significance. WSN acts 

as very significant role within the upcoming wireless communication 

domain due to its properties viz., intelligence, low costs and small size. 

Performance like energy efficient, cost efficient, throughput, bandwidth 

utilization, scalability of sensor network depends both on routing protocols 

which are application based. Comparing with traditional wireless 

communication network like cellular system and mobile ad-hoc network 

(MANET), WSN possess unique features like higher unreliability of sensor 

nodes, energy consumption and storage constraint which presents many 

new demanding aspects in the application of WSN. Keeping this into 

consideration, we have carried out an extensive survey on the routing 

protocols. The work studies a survey of different routing protocols with 

their implementation aspects and practicability. Based on the available 
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literature, it is very hard to recommend any particular protocol as standard 

for implementation, since these are exclusively application dependents. The 

work can be further extended in terms of Hybrid protocols which may 

carry the advantages of the respective protocols along with energy efficient 

criteria for practical implementation. Further, these protocol based studies 

can be used as in case of cooperative WSN communication, ex: Internet of 

Things (IoT) node placements, Information Centric Network (ICN),etc. 

Key Words:Wireless sensor network, MANET, routing protocol, 

information centric network, hybrid protocol. 
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1. Introduction 

The Ad-Hoc sensor networks are basically based on WSNs, that consists of 

distributed autonomous sensors which are specially used for monitoring the 

physical and environmental condition, like pressure, noise and temperature, etc. 

and passing the information to the main location (base station) through the 

network. The sensor nodes are smaller in size, cost effective and low power 

device [1, 2]. The WSNs are specially used for military applications like 

battlefield surveillance, industrial and consumer applications like machine 

health monitoring, industrial control and process monitoring, etc. The main 

challenges of the WSNs are limited power supply and the networks life span. 

Other objectives are reliability, accuracy, stability, security etc. The WSNs 

comprises a large amount of multi-functional, low power and cheaper in cost 

sensor nodes. These nodes are smaller in size which are integrated with sensors, 

radio transceivers and embedded microprocessor which not only justifies the 

proper sensing but also they have data communicating and processing 

applications.  

2. Routing Protocols Classifications in WSNs 

In WSNs, for implementing the routing information, the network layer is used. 

In multi-hop networks, in order to reach to the destination, it travels through 

some intermediary nodes. This is achieved through the technique of having 

routing table information at the nodes. As shown in Fig.1 routing protocols table 

[3] may be differentiate into five different ways. 

 

Fig. 1: Routing Table in WSN 

 Initiator of Communication  

In this type of routing protocol, the communication is initiated when there 

comes a request to transmit the data packets or control signal [4]. Normally the 

nodes are in sleep mode so that energy constraint is managed. 

 Destination Initiator Protocol 

 Source Initiator Protocol 
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 Path Establishment  

Proactive, reactive or hybrid protocols are the approaches that decide the routing 

path. Proactive approach follows a pre decided path from the routing table. 

Reactive protocol decides the path as per the request. Hybrid protocol follows 

the advantage features of both proactive and reactive method as per the 

requirement.  

 Proactive Protocols 

To send the data among the network, routes is decided in different approaches. 

Here, in this approach the route structures are maintained at each node. Each 

node also updates the route information after certain instance of time. So it can 

be noted that the current paths are always updated and maintained even if no 

traffic flows. 

 Reactive Protocols 

In this protocol path, setup depends on the demand where queries are initiated.  

Here the route was not decided before the transmission. When the requests to 

forward the signals are initiated, the route is discovered in the network. This 

may take some extra time in the beginning.  

 Hybrid Protocols 

The hybrid routing algorithm is designed by combining both the features of the 

proactive and reactive protocol. Normally hybrid protocols are implemented in 

large networks. The network is made stable by using dynamic clustering 

technique. Small clustered sections make the complete network and depending 

upon the requirement the approach of coordinating and communication is 

established dynamically.   

 Flat-Based Routing 

When enormous quantity of sensing units is required, then this flat-based 

routing is necessary. Here all modes have identical characteristics. Since there is 

a huge number of sensing units, hence it is not possible to allocate a specific 

identification (Id) to each individual node. For this Data Centric approach is 

preferred, where BS conveys questions to a cluster of particular sensing units in 

a specific expanse, awaiting a response.  Some examples: 

 EAR (Energy Aware Routing) 

 ACQUIRE (Active Query forwarding in sensor network) 

 SPIN (Sensor Protocols for Information via Negotiation) 

 DD (Directed Diffusion) 

 MCFA (Minimum Cost Forwarding Algorithm) 

 Hierarchical-Based  

Clustering routing is adopted for improvising the energy utility. It randomly 

chooses the nodes having higher energy and thus they take the major role in the 

WSN. Those nodes chosen for processing and sending the data. The other nodes 
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those have comparatively lesser energy is used for sensing the network and 

sends the intermediary data to the cluster heads. The scalability is higher in this 

routing method. Examples of this kind of protocol are: 

 HPAR (Hierarchical Power-Active Routing) 

 MECN (Minimum Energy Communication Network) 

 Power efficient gathering in sensor information systems 

 TEEN (Threshold sensitive energy efficient sensor network protocol) 

 Location-Based Routing Protocols 

Here the position of the nodes is taken into consideration to communicate. GPS 

helps in locating the node positions. The location and the space between the two 

adjacent sensing units are calculated and the localization algorithm is applied.  

The signal strengths are recorded periodically by sharing the information from 

the nodes.  Some examples: 

 GEAR (Geographic and energy aware routing) 

 APS (Ad-hoc positioning system) 

 SAR (Sequential Assignment Routing) 

 GEDIR (Geographic distance routing) 

 GAF (Geographic adaptive fidelity) 

 GOAFR (Greedy other adaptive face routing) 

Operation based Routing Protocols 

Depending upon the various functionality, the protocols are also designed. 

These are Operation based routing protocols. The main objective is to get the 

maximum throughput to achieve optimal performance. 

 Multipath 

This Algorithm incorporated in this category provide numerous method 

selection for a sense to arrive at its target thus, rising path performance and 

lessening delay. Path dependability is reached due to amplified overhead. Since 

paths remain active by conveyance of regular senses, this process consumes 

large amount of energy. Examples of this kind of routing are: 

 SPIN 

 MMSPEED (Multipath and Multi SPEED) 

 Query Based Routing Protocols 

The query based routing algorithms transmits and also receives queries for 

information. The query is sent by the sensor and then upon matching the 

respective query having that interest is replied back to the initiator node. 

Examples are: 

 DD 

 SPIN 

 COUGAR 

 Negotiation Based Routing Protocols 

Sometimes the redundant data is transmitted through the multiple nodes over 

different routes. This problem is avoided by understanding the factors like 
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available energy, nearest or quickest delivery route etc. among those nodes.  

Thus, known as negotiation based routing protocols.  Some examples: 

 DD 

 SPIN 

 SAR 

 QoS Based Routing Protocols 

This kind of algorithm, takes the quality like bandwidth and delay etc. into 

consideration. The algorithm must have the approach to balance QoS of 

applications. Also, the cost of all considerations is to be noted for overall 

maintenance.  Examples: 

 SPEED 

 SAR 

 MMSPEED 

 Non-coherent and Coherent Processing: 

WSN mainly comprises of Information Processing. Hence, routing process use 

various data processing method. Two types of data processing in routing. 

 Non-coherent data processing: 

In this process, the data before being sent to other nodes for additional 

processing, goes through a local processing where the raw data is being 

processed by the corresponding node. Aggregators are the sensing units that 

execute additional processing. 

 Coherent data processing: 

In this method of coherent processing, the aggregators receive the data 

frequently after least processing. This constitutes of the tasks like suppression, 

time stamping, duplication etc. A huge quantity of energy is used in 

transmission from all the participating nodes to the central aggregator node, and 

thus this procedure has a higher cost. The amount of sources which can transmit 

information to the central aggregator node are limited to decrease the overhead 

cost. 

3. Next-Hop Selection  

Content-based  

These protocols decide the next-hop, the route solely based on the query 

content.  

This type of routing protocol fits appropriately to the architecture of sensor 

networks, since the base station do not query specific nodes rather requests only 

for data, regardless of its source. 

 DD 

 EAR 

  

International Journal of Pure and Applied Mathematics Special Issue

900



Hierarchical-based Routing Protocols 

 

Fig. 2: Cluster-based Hierarchical Model 

As shown in Fig 2, a hierarchical approach divides the entire network in to 

different clustered layers. The clusters are having the nodes in each and one is 

designated as the header node in that group known as cluster head. These cluster 

heads communicate within the cluster between the nodes and interconnected 

among other cluster heads and also to the base station. The inherent 

optimization is achieved by following this method.  

The Fig. 3 shows [5-9] the three types of clustering structure in routing 

protocols 

 

Fig. 3: Taxonomy of Cluster-based Routing Protocol in WSN 

 Broadcasting-based routing protocols 

Each node in this algorithm broadcasts when it finds a data to send. The 

message is dropped when it declines to accept.  
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It follows the following algorithm. 

 MCFA 

A. Cluster-Based Routing Protocol 

 LEACH: 

LEACH [6] algorithm is used in WSNs is an energy-efficient clustering 

algorithm. In LEACH, nodes send their information to the CH. The CHs are 

decided among the nodes depending on the power of the node. The CH in turn 

aggregates and transmits the data to the base station (BS). The CHs among 

various clusters use the CDMA technique to use the CDMA codes to avoid the 

possibility of any collision. The nodes in the cluster are assigned with time slots 

to transmit to the cluster head. It uses the TDMA algorithm. There are two 

stages that take care of the LEACH algorithm. In the first stage it does the task 

of setting up of the clusters. It decides the cluster heads and allocating time slots 

for the other nodes. In the second stage the cluster head collects data, does the 

aggregation. Then it compresses and transmits to the base station. It helps in 

reducing the energy by making the possible non heads idle. It follows single 

hopping and thus every node communicate directly to CH. But it may not be 

feasible in a larger network.  

 HEED:  

HEED [7, 12-14] is extended of the LEACH methodology by applying the node 

density its measure. It also used the residual energy of the nodes. By using these 

it achieved the power balancing up to a greater extent. Also the HEED can be 

implemented in multi-hop networks. By this inter-clustering algorithm, some of 

the basic objectives were kept in view to get fulfilled. They are maximizing the 

network lifetime, reducing the control overhead, also creating well-distributed 

Cluster heads and compact clusters etc. 

 TEEN:  

TEEN [8] is another clustering protocol. But it is a reactive routing protocol that 

senses the network and initiates the process on demand. In the applications of 

data accuracy, reliability TEEN is preferably used in WSNs. Along with the 

hierarchical approach TEEN uses a data-centric method as well.  

 DEEC: 

DEEC [6] is specially designed for Multilevel heterogeneous routing 

environment. In DEEC protocol cluster head formation depends on the 

probability which is nothing but a ratio of the energy of everymode and average 

energy of the entire path. Thus DEEC protocol is more stable than the other 

heterogeneous protocols. The DEEC protocol gives the ideal value of network 

lifetime.  So that lower energy nodes less probability than the higher initial and 

residual energy node to make a cluster head (CH) [7]. This value is calculated a 

reference energy each and every node in each and every round.  So that every 

node no need to get whole idea of the entire network.  
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 SPIN: 

SPIN [9, 15-17] protocol is a aware and adaptive protocol. Here the sensor 

nodes possess the capability to calculate the energy consumption required for 

the communication process. It works by considering the factors like negotiation 

and resource adaptation. So by gathering such information the negotiation is 

done and the redundant information is avoided in the network. It is usedmeta-

data as the descriptors of the data. There are two variations of SPIN protocol. 

They are SPIN-2 (or SPIN-EC) and SPIN-1 (or SPIN-PP).The consumption of 

the sensors are minimized in SPIN-1. But the resource-aware approach is the 

key feature of the SPIN-2 mechanism. Thus it saves energy as well. 

 SEP: 

SEP [10] is a heterogeneous routing protocol. In this network protocol motes are 

divided in two ways such as normal nodes and advanced node. Advanced nodes 

are higher energy than the normal nodes [10]. Each and every node has same 

weighted probability to make a CH). Its depends on the energy consumption of 

the node that is the average energy of the whole networks. In this process 

stability is increased, therefore lifetime also increased. The main advantages of 

this network are in SEP doesn’t require entire knowledge of the energy in every 

round.  

 PEGASIS 

PEGASIS [11] might be derived after the algorithm ofLEACH.This algorithm 

makes the communication chain between the sender and recipient. Within the 

cluster one node is decided to send information to the sink. After the data are 

collected, they are aggregated and sent to base station after compressing. In the 

data fusion phase it transmits the data to the neighbors instead of sending 

directly to base station. In the construction stage the nodes have the positions of 

the sensors. So a greedy approach is used to communicate. If any node is dead 

then the chain is designed again without considering the dead nodes. 

4. Conclusion 

The work discussed various types of routing protocols in WSN. Energy 

efficiency is the main concern for WSN, as the sensor node power is controlled 

by the battery. Thus, in case of a particular application, where the overall sensor 

node setup is being moved, the power source and the system performance gets 

effected. The different parameters regarding these protocols are studied and 

compared theoretically. As suggested by existing literatures, different protocols 

have been proposed, but till date, not many of them have been on 

implementation ground. Thus, from the overall study and survey, for an efficient 

WSN system, collective decision of all the layers can be more impulsive, and 

hence the overall focus should be on the application based protocols. Hybrid 

protocols and application centric protocol designs may be an interesting research 

area for an extension of this survey paper. 
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