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Abstract— Late progressions in remote innovation has prompted gigantic development in organization of Wireless Sensor Networks (WSNs). 

WSNs are involved sensors and actuators hubs, thickly conveyed over some geographic area to detect, gather, handle and send information 

remotely to focal information authority. The correspondence among various remote sensor hubs is controlled by directing conventions; 

consequently the execution of WSN exceedingly relies on upon embraced steering strategy. Numerous such vitality proficient and quality 

steering conventions have been outlined throughout the years so as to build the execution of correspondence in WSNs. In this paper, a 

comprehensive survey and scientific classification of steering conventions is talked about on the premise of system structures and information 

transmission procedures. This review will help WSN framework fashioners to choose fitting directing convention for specific application. 
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I. INTRODUCTION  

Recent technological advances in the area of wireless 
communications and micro-electro-mechanical systems have 
made it feasible to develop small sized and low cost sensors[1]. 
These Wireless sensor (WS) are small in size and performs 
important functions like data processing, sensing and 
communication [2, 3]. Based on their functionality, WS nodes 
are broadly categorized as: 

 Sensor nodes 

 Sink nodes 
Sensor nodes are used for sensing the environment and may 

also transmit the data to other nodes. Sink node also known as 
base station (BS) receives data from sensor nodes and perform 
data aggregation. Main components of a WS node are micro 
sensor, microprocessor, battery, transceiver and memory [2]. A 
large number of WS nodes networked together for data 
gathering and processing has led to the idea of wireless sensor 
network (WSN) [1]. Figure 1 shows a simplified diagram of 
components of WS and Figure 2 shows general WSN 
architecture. The concept of WSNs was initially motivated by 
military applications, but nowadays it is being implemented in 
various civilian applications like intrusion detection, security, 
weather monitoring, inventory control, disaster management, 
etc. [5,6]. 

For the realization of WSN based applications, many 
routing techniques have been proposed over the years like Low 
Energy Adaptive Clustering Hierarchy routing protocol 
(LEACH), Power Efficient Gathering in Sensor Information 
Systems (PEGASIS), Sensor Protocol for Information via 
Negotiation (SPIN), Hybrid Energy Efficient Distributed 
routing (HEED), Geographic Adaptive Fidelity routing 
protocol (GAF), etc.. Since, WS have limited power supply, 
energy efficient routing remains the major research issue in the 
proposed routing techniques. On the basis of structure of the 
network, WSNs routing protocols are broadly categorize into 
three classes: flat routing, hierarchical routing and location 
based routing protocols [5].There exist several review papers 
that presents the comparison of various routing protocols of 
WSNs from different perspectives [4-11]. But so far no work 
has been done to provide the full taxonomy of these protocols. 
In this paper, full taxonomy of the network based routing 

protocols is presented and their comprehensive review has been 
carried out. The rest of the paper is structured as: design 
challenges of routing protocols in WSN are discussed in 
Taxonomy and brief review of protocols with their advantages 
and disadvantages are discussed. The performance of the 
protocols is analyzed on the basis of performance metrics 
discussed in the paper. 

 
Fig 1 components of WS node 

 

 
Fig 2 architecture of WSN 

 

II. DESIGN CHALLENGES OF WSN 

Despite being useful for numerous applications, WSNs 
suffer from several limitations like limited computing power, 
limited bandwidth and limited energy supply. The main aim of 
designing a routing protocol for WSN is to prolong the lifespan 
of WSN by keeping the WS nodes alive for as long as possible 
[12]. The design of WSN routing protocols is influenced by 
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some challenging factors which must be dealt with for efficient 
communication. Some of the challenges and issues, affecting 
the routing in WSN are summarized below: 
A. Deployment of nodes 

Node deployment is application-dependent and can be 
implemented in two ways; manual deployment or randomized 
deployment. WS nodes are placed manually in manual 
deployment and paths are predefined for transmission of data, 
whereas, in random deployment, WS nodes are randomly 
scattered to create an ad hoc network infrastructure [13]. 
Manual deployment is usually done in small networks or when 
sensor nodes are few in number [13]. Random deployment is 
subjected to use in those environments where WS nodes need 
to move automatically to proper locations using optimization 
algorithms such as Virtual force algorithm, simulated annealing 
algorithm, genetic algorithm and particle swarm optimization 
algorithm. 
B. Conservation of energy 

The main aim of the routing protocols is to transmit data 
among WS nodes and to sink node efficiently. WS nodes 
consume energy while performing computations and data 
transmission. Energy must be conserved for the longer lifetime 
of the WS nodes and network. Energy conservation schemes 
are divided into data driven, duty cycling and mobility based 
approaches [14]. Data driven approaches are mainly concerned 
with WS nodes by restricting them to sense only necessary 
data. In duty cycling approaches, energy spent by transceiver is 
reduced using sleep/wake-up scheduling algorithms. To reduce 
energy consumed in movement of WS nodes, mobility based 
approaches for energy conservation are applied. 
C. Fault tolerance 

Lack of power, physical damages or environmental 
interference may result in a failure of WS nodes the WSN 
should not be affected by failure of one or more WS nodes 
[15]. Fault tolerance ensures the system that operations of 
WSN are not affected in presence of faults. Multipath routing is 
the most used technique to provide fault tolerance. It increases 
the system reliability, availability of services and dependability 
of the system. 
D. Scalability 

The number of WS nodes deployed may vary from order of 
hundreds to thousands. Scalability of the network means that 
the network is acceptable to any change in the increase in 
number of nodes or in size of the network [16]. So routing 
schemes must be able to handle the data transmission among 
large number of WS nodes effectively as well as routing 
protocols must respond to events effectively irrespective of the 
size of WSN. 
E. Quality of service 

In some applications, data become useless if not delivered 
in certain time period and in others; energy conservation is of 
more concern than quality of data. So, routing protocol must 
provide certain level of Quality of Service (QoS) as required by 
the application [17]. QoS is divided in two categories; 
application specific and traditional end to end. Application 
specific QoS is concerned with aggregation delay, fault 
tolerance, data accuracy, coverage and network lifetime etc., 
whereas in end to end approach, QoS is defined by certain 
parameters like packet loss, jitter, delay, bandwidth etc.. 
F. Topology maintenance 

In WSN, WS nodes are deployed in number hundreds or 
thousands in the sensor field. Generally, the density of 
deploying the sensors is 10nodes/m 3 . To handle such a large 
number of nodes and deploying those in an efficient manner 

require the topology maintenance [18]. WSN is required to 
work in harsh environments irrespective of changes in the 
topology of network. Another challenge is to maintain the 
connectivity of network during lifetime of WSN. Many 
solutions have been proposed for above stated challenges such 
as sparse topology and energy management (STEM), cluster 
based energy conservation (CEC), etc. So to meet the wide 
diversity of WSN applications, the  design challenges need to 
be followed but it is very difficult to deal with all design goals 
simultaneously. However, most applications have different 
priorities and requirements, therefore, designers can set the 
trade-offs among design goals to balance the performance of 
WSN. 

 

III. CLASSIFICATION OF ROUTING 

PROTOCOLS IN WSN 

In general, Routing Protocols in WSNs are broadly 
classified into three main categories on the basis of structure of 
network as shown in Fig. 3: Flat based routing protocols, 
hierarchical based routing protocols and location based routing 
protocols. Flat routing protocols assign equal functionality and 
roles to all the WS nodes. In hierarchical based routing, 
different roles and functionalities are assigned to different 
nodes whereas location of the WS nodes is used in location 
based routing for data transmission [4]. 
A. Flat Routing Protocols 

In flat routing protocols (FRP) each node has same 
functionality and sensing task is performed by collaboration of 
the large number of WS nodes. Assignment of a global 
identifier to such a huge number of WS nodes is not 
achievable. This consideration has led to a routing concept, 
where data is requested through queries from certain regions by 
the Sink. FRP are broadly classified into three categories on the 
basis of data transmission method they follow: negotiation 
based, diffusion based and data centric based routing protocols. 

1) Negotiation based routing protocols: These protocols 
follow the principle of data negotiation to avoid the 
unnecessary redundancy in data and to save energy. Earlier, 
there existed only two classical mechanisms for the 
transmission of data in WSN’s: Flooding and Gossiping. 

 Flooding and gossiping are simplest algorithms to 
transmit data among WS nodes without routing or topology 
maintenance. In Flooding [19], each node broadcasts data to 
neighbor nodes until the data reaches to destination node or 
data packet reaches its maximum number of hops. Whereas, 
Gossiping [20] is slightly different or advanced version of 
flooding in which data packet is broadcasted to randomly 
selected neighbors. Although, flooding and gossiping 
algorithms are easily implemented, they have their own 
drawbacks like implosion and overlap. These drawbacks 
results in wastage of large amount of energy due to resource 
blindness [20]. 

 Later, a family of adaptive protocols known as 
sensor protocol for information via negotiation 
(SPIN) was introduced by Heinzelman et al. [21]. 
In SPIN, before the transmission of data, high 
level data descriptors called metadata are 
exchanged among WS nodes to avoid the data 
redundancy. Each WS node, on receiving new data 
informs the neighbour nodes through an 
advertisement mechanism. The neighbouring 
nodes can send request message to retrieve the 
data. SPIN overcomes drawbacks of flooding like 
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implosion and overlap, along with a great increase 
in the energy efficiency. The following three 
messages are used by SPIN protocols for data 
transmission as shown in Fig. 4: ADV- This 
message is sent by a node to inform other WS 
nodes about the data collected by it. REQ- The 
nodes in need of advertised data can receive it by 
sending REQ message. DATA- Then the data is 
transmitted interested nodes with a meta-data 
header using DATA message. 

 SPIN protocol has the advantage of providing 
abstraction to the topological changes, as each 
node needs only to know its immediate 
neighbours. But delivery of data to the distant 
nodes is not guaranteed. Consider if distant located 
node wants some data but the neighbour nodes are 
not interested, then data cannot be delivered to the 
distant located node. 

 
Fig. 4: SPIN protocol operations [23] 

2) Diffusion based routing protocols: The diffusion 

basedrouting protocols uses the idea of naming scheme for 

data packets. The use of naming scheme results in energy 

conservation by reducing unnecessary routing operations at 

network layer. There exist number of protocols based on 

diffusion based routing scheme which are discussed below:  
1) Directed diffusion: Directed Diffusion (DD) uses the 

pairs of attribute-value for the data packets and 

queries are done on demand basis. Queries are created 

to define the interest which is broadcasted through its 

neighbours by a sink to source node. Each node which 

receives the interest can save it (caching) for later use. 

Data which is received by source node is compared 

with the stored cached to confirm its integrity. 

Gradient field is also included in the interest which is 

a reply link to sink node. Paths are established 

between sink and source nodes by using interests and 

gradients, from which one path is selected for data 

transmission [22]. DD is different from SPIN in terms 

of demand basis data querying mechanism it apply. 

 
2) Energy aware routing: In order to prolong the lifetime 

of a WSN, Shah and Rabaey [23] proposed an energy 

aware routing (EAR) protocol which applies a set of 

sub-optimal paths for communication. EAR protocol 

is based on the concept that using a single minimum 

energy path for transmission will result in complete 

usage of the energy of WS nodes of that path. Thus 

using multiple minimum energy paths can prolong the 

lifetime of network. In EAR protocol data is 

transmitted in following three phases: In Setup phase, 

Localized flooding is used to initialize a connection, 

which is used to create the routing tables by finding 

all routes and their respective cost. In Data 

communication phase, packets are forwarded by 

choosing target node randomly from routing table. 

Route maintenance phase keep all the paths alive by 

flooding a network from time to time. EAR is an 

extension to DD as multiple paths are chosen one by 

one for data transmission as compared to only one 

dedicated path chosen by DD. In comparison to DD, 

21.5% more energy is saved and network lifetime is 

increased by 44% in EAR. 
 

3) Rumor routing: Rumor routing (RR) is diffusion 

based protocol applicable in those cases in which 

small amount of data is requested [24]. In RR, events 

are flooded when events are small in number and 

queries are large. RR is based on the idea that queries 

are only routed to those WS nodes which have sensed 

an event and not to flood the whole network. Event 

table and agents are used in RR for transmission of 

data. Event table is used to store the new events and 

agent is a long lived packet created in order to flood 

events throughout the network. When an event occurs, 

the respective node updates its event table and creates 

the corresponding agent. Agents propagate the 

information about the event throughout the network.  
So, when an event is queried by any node, the nodes 

knowing the route uses their event table to respond to 

the query. In this way the cost of flooding the whole 

network is minimized in comparison to DD. Also, it is 

more energy efficient and can handle nodes failure; 

however, RR is only useful when the number of 

events is few. 
 

3) Data centric protocols: In data centric routing, datafrom 

all sources is transmitted to the sink by performing some 

aggregation operation. Data aggregation means that 

information is added from node to node until it reaches the 

sink. Some of the data centric protocols are discussed below: 
 

3) COUGAR: It is a data centric protocol proposed by 

Yao et al. [25] that classifies the sensor network as 

distributed database system. COUGAR routing 

protocol uses declarative queries for processing 

abstract queries from network layer functions. A 

query layer is added to support the abstraction. 

COUGAR uses an architecture in which a leader is 

selected from the deployed WS nodes to perform 

aggregation and is responsible for transmission of the 

data to sink. The sink is responsible for all the 

operations. COUGAR provides a network layer 

independent method for data query but it also have 

some drawbacks. Firstly, the insertion of query layer 

between network and application layer increases the 

overhead of energy consumption and storage. 

Secondly, nodes are required to synchronize for in-

network data aggregation before transmitting data to 

the leader node. Thirdly and most important is that 
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the maintenance of leader node must be done to 

prevent it from failure. 
 

4) Active Query Forwarding in Sensor Networks 

(ACQUIRE): A technique for querying sensor 

networks known as ACQUIRE was proposed by 

Sadagopan et al. [26]. In similar to working of 

COUGAR, queries are further divided into sub 

queries in ACQUIRE. A query is sent by the BS to all 

the neighbour WS nodes in network. Then response to 

the query is sent by each node using pre-cached 

information and is forwarded to another WS node. If 

the information is not up to date, then the information 

is acquired from the neighbours within a look ahead 

of predefined hops. The query is sent back to the BS 

using the reverse path or using the shortest path, when 

it is resolved. 
 

 Hierarchical Routing Protocols 
 
Hierarchical routing protocols (HRP’s) divide the WSN into 

number of clusters. Each cluster have one or more cluster 

heads (CHs) for transmitting and processing data and other 

nodes are used only for sensing and transmitting the 

information to the CHs. The WS nodes which have high 

energy level are chosen as CHs, while the other WS nodes are 

used for sensing the data [8, 9, 27]. There can be more than 

one layer of CHs as shown in Fig. 5. 

 
Fig. 5: Basic Architecture of Clustering Based Routing 

Protocols[28] 

 

1) Block cluster based routing protocols: In block based 

topology, energy parameter is used to partition WS nodes into 

two layers [29]. The first layer is for selection of CH's 

randomly and the second layer is used for sensing the data. 

The lifetime of a WSN is increased by a factor of n in block 

based topology where n represents number CH. Following are 

some of the block cluster based protocols: 

 

Low Energy Adaptive Clustering Hierarchy (LEACH): 

LEACH is a hierarchical clustering algorithm introduced by 

Heinzelman et al. [30]. The main idea behind LEACH 

protocol is to select cluster heads randomly from WS nodes 

and then uniformly rotate this role for equal energy 

consumption. Basic architecture of LEACH protocol is shown 

in Fig. 6. The LEACH operation is divided into two phases: 

Setup phase to form clusters and to select respective CHs; 

steady state phase to transfer data to the BS. Though, LEACH 

can increase the network lifetime, it also possesses few 

limitations. LEACH assumes that each node has enough power 

to transmit data to BS if needed and that each node can 

support MAC protocols. Another assumption of LEACH 

protocol is that there is always some data to transmit and the 

neighbour nodes have correlated data. Another limitation is 

that LEACH cannot be implemented in large networks as there 

is a chance of having no CHs in close vicinity. These 

limitations are overcome by an extended version of LEACH, 

called LEACH with negotiation, which is a mixture of 

LEACH and SPIN. 

 

 
 

Fig. 6: Architecture of LEACH protocol [8] 

Manjeshwar et al. [31] designed a protocol specifically for 

sensing the sudden changes in the environment like 

temperature monitoring. There are two versions of this 

protocol: one is Threshold Sensitive Energy Efficient Sensor 

Network Protocol (TEEN) as shown in Fig. 7 and the other is 

Adaptive Periodic Threshold Sensitive Energy Efficient 

Sensor Network Protocol (APTEEN). 

 

In TEEN, the data is not transmitted very frequently to the BS 

but the sensing operation continues at all time. For the 

implementation of TEEN, two thresholds are maintained for 

the selection of CH: soft threshold and hard threshold. Hard 

threshold allows the sensor nodes to transmit data only if the 

sensed attributes are in the range of interest. After sensing hard 

threshold, the data is transmitted only if sensed attribute is 

equal to or larger than soft threshold. The limitation of TEEN 

is taken care by APTEEN, which can be used for applications 

requiring periodic updates. 
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Fig. 7: Structure of TEEN protocol topology [8] 

 

2) Grid cluster based routing protocols: In this topology, the 

clusters are formed by dividing the network into various 

geographical grids [29]. There is no need of routing tables, as 

there are no routing operations performed. It has the 

advantages of simple structure and efficient data delivery. 

There are mainly following two popular protocols based on 

this topology: 

 

Position based aggregator node election protocol (PANEL) 

proposed by Buttyan et al. [32] is a geographical position 

based algorithm which uses location of nodes for determining 

the nodes aggregators. The whole network is divided into 

number of geographical clusters and for each cluster; a 

reference point is calculated in reference to the bottom left 

corner of cluster. Then that node is selected as CH which is 

closest to the reference point. Transmission can be intra-

cluster or inter-cluster. Most of the data aggregation 

algorithms are synchronous in nature, but PANEL has the 

advantage to support asynchronous applications also. However 

 
Figure 11:Architecture of PANEL routing protocol [8] 

 
the infrastructure cost of this algorithm is high due to 

requirement of special hardware and software for 

implementation on the basis of geographical knowledge 

of nodes.  
1 Two tier data dissemination (TTDD) is another grid 

based protocol proposed by Luo et al. [33]. In TTDD, 

network is divided into a number of cells to establish a 

grid structure, each having several scattered nodes. The 

function of these scattered nodes is to relay query 

messages to proper sources. Whenever a data is required 

by sink, whole network is queried using flooding 

process until query message reaches the source node. 

Greedy geographical forwarding method is used by 

source to propagate the data to other dissemination 

nodes. The message ends, when it reaches the node 

which is closest to the reference point. The process 

continues until the boundary of WSN is reached. TTDD 

is best suitable for the applications which are event 

driven but not for applications requiring continuous 

information.  
4) Chain based routing protocols: A chain is constructedto connect 

the nodes deployed over WSN in chain based routing (CBR) 

protocols. For each chain, a leader node is selected on the basis 

of closest distance to sink [29]. The advantage of chain based 

method is that they are simpler and energy efficient, on the other 

hand, they suffers from long delays, imbalance energy 

consumption and are less robust. Following are the popular 

protocols based on chain based topology: 
 

1 Power-Efficient Gathering in Sensor Information 

Systems (PEGASIS) is the most popular chain based 

hierarchical protocol proposed by Lindsey et al. [34]. 

The WS nodes are organized in the form of a chain for 

the transmission and aggregation of the data. The 

formation of chain can be centralized or distributed 

depending upon the application. Working of PEGASIS 

is based on the assumption that global knowledge of 

network is provided to all the nodes. The formation of 

chain starts from the farthest node from sink and its 

closest neighbour are selected as next node in the chain 

and so on. The end node must be the sink and the node 

before sink acts as a leader of the node. Operations like 

data processing and 

aggregation are done by leader node. However, 

PEGASIS is not suitable for the networks with 

dynamic or time varying topology [35]. Larger the 

size of network, longer is the delay in transmission, 

due to which PEGASIS suffers from scalability 

problem.  
 Concentric Clustering Scheme (CCS) proposed by 

Jung et al. [36] is another chain based algorithm 

which is an extension of PEGASIS. The main goal of 

the CCS is to achieve a better energy efficiency then 

PEGASIS by choosing the BS effectively. In CCS, 

WSN is divided into number of concentric circles 

around the BS, each representing different cluster 

levels as shown in Fig. 8. Circular track which is 

closest to the BS is assigned level-1 and so on. Each 

cluster have one CH and CHs of different levels 

communicate with each other to transmit data from 

one level to another and ultimately to BS. In this way, 

the distance between the BS and CH is reduced [37]. 

Therefore the problem faced by PEGASIS of longer 

delays is overcome by CCS. 
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Fig. 8: Structure of CCS topology [8] 

 
C. Location based routing protocols 
 
Locations based routing (LBR) protocols use the location of 

WS nodes for the transmission of data and are not dependent 

on the addressing scheme used by WSN. In LBR, source sends 

the message to destination by using its geographical location, 

thus also known as geographical routing [18]. On the basis of 

the location of nodes, LBR protocols are classified as: 

Flooding restriction, Area partition and optimal path based 

routing. 

 

1) Flooding restriction based routing: In this methodology, 

the traditional flooding based routing is restricted to 

predefined distance or position to increase the efficiency of 

network [39]. A particular node is restricted to some area for 

flooding the data. In case of unavailability of suitable path, 

traditional flooding approach is followed. In this way, the 

performance of the WSN is increased as compared to 

traditional flooding approach. The restrictions are employed in 

following ways: 
 

5) Distance based flooding restriction: Restriction on the 

basis of distance is used when location of target node 

is not available. The information packet is flooded to 

predefined distance in all directions and the packet is 

flooded again by the receiving WS nodes in same 

manner. Flooding ends when the packet reaches the 

destination WS node. In this way, the data redundancy 

is reduced. On the other hand, when the target node’s 

location is certain, a request zone is created with 

nodes which are closer than the target node region [9]. 

An example of routing protocol using this concept of 

creating request zones is the Location-Aided Routing 

(LAR) [4]. 
 

1 Angle based flooding restriction: An angle from the 

source node is used to determine the restricted region 

when the direction of destination node is known to the 

source node. The nodes falling under the region 

covered by angle are subjected to relay the data by 

flooding. The direction of angle is chosen such that 

the target node must fall in that region. Data 

redundancy is further reduced in this method and 

guarantees the transmission of data [3]. 
 

2 Rectangle based flooding restriction: In this restriction 

method, the flooding restriction is done in rectangular 

region. The rectangular region is created using 

locations of source and destination node as two of its 

opposite vertices. A circular region around these 

vertices is also added to increase the routing success 

rate. The radius of the circular region is small if the 

nodes are closely deployed and large if they are 

scattered [9]. 
 

6) Virtual area partition: The entire WSN is divided intonumber 

of sub networks and then routing scheme is designed keeping 

in mind the location information of the WS nodes in sub 

network. Each sub network has its own location information 

for routing data, which reduces the redundancy and resource 

blindness. As it provides mobile node processing and 

information fusion, it allows a better real time transmission. 

Further, tasks are divided and scheduled among WS nodes due 

to which nodes will go in sleeping state when not active thus 

resulting in energy conservation [39]. Following are some of 

the algorithms which employs virtual area partition approach:  
1 Geographic Adaptive Fidelity (GAF) proposed by 

Szewczyk et al. [4] is based on the idea of partition in 

which the whole WSN is subdivided into number of 

virtual partitions also called grids. The partition is 

done in such a way that any two nodes belonging to 

the adjacent grids can communicate with each other. 

At one time, only one node in each grid is in active 

state which performs all the data processing and 

transmissions. The active node is selected as that node 

which has the highest energy left. There are three 

transition states for the nodes in a grid: active, 

discovery and sleep state. In discovery state, the node 

with highest energy is discovered and is triggered to 

be in active state from sleep state. 

 Grid Clustering Routing Protocol (GROUP) is a 

hybrid of clustering and location based routing 

protocol proposed by Yu et al. [4]. In GROUP, WSN 

is divided into clusters and one node from cluster is 

selected as CH. CH receives the queries from all 

nodes in its cluster and forwards them to the 

respective destination node using the location 

information. Each node has its own location 

information and also location information of all WS 

nodes in cluster is known to CH. GROUP has some 

limitations; it assumes that all WS nodes are 

stationary and are able to adjust the power 

consumption of transceiver. 
 
• Optimal path choice: This scheme uses the angle of a 

nodeor distance as a criterion for routing the data. For finding 

the location of the target node, a localization system or global 

information system can be used. The different versions of 

optimal path are as follows:  
 Greedy Perimeter Stateless Routing (GPSR) proposed 

by Karp et al. [4] is an algorithm which follows the 

optimal path choice technique to route the 

information. GPSR adopts the greedy forwarding 

algorithm for routing the data packets. Data packet is 

send to the next closest neighbour node and if there is 

no node satisfying this condition, it uses perimeter 

forwarding algorithm. The unavailability of the next 

node is called as the route hole problem and this 
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algorithm draws a planar graph to solve this problem 

of finding the next node. 
 

 Geographic and Energy Aware Routing (GEAR) is a 

location based routing protocol proposed by Yu et al. 

[44] which selects the target region to route the data 

packet. For routing, each node has to keep the 

information of its location and energy left, and also 

the location and energy of the neighbour nodes. To 

select the next node, two costs are calculated: learned 

cost and estimated cost. The estimated cost is used to 

find the next node which is closest to the target region 

using two factors, residual energy and its distance to 

the destination. On the other hand, learned cost is 

used when no neighbour node is closer to destination. 

Learned cost is used to solve the hole problem. After 

reaching the target region, the information is 

transmitted using restricted flooding methods and 

recursive geographic forwarding. This approach is 

better suitable for the applications where the nodes 

are densely deployed. 
 

IV. COMPARISON AND DISCUSSION 
 
In this paper, an attempt has been made to present a 

comprehensive comparison of different routing algorithms 

based on performance metrics related to network structure and 

data transmission techniques. 

The evolution of WSN has revolutionized the way of 

communication. The application areas of WSN are growing 

exponentially. The implementation of WSN and selection of 

routing protocols is application dependent. Consider an 

example of tornado monitoring; one way is to sense the 

tornado from sky using small airplanes. Another way is to 

deploy a sensor grid on ground and to report data when 

tornado passes through sensor grid. Also, one can think of 

deploying lightweight sensors inside the tornado. To 

implement WSN for tornado monitoring, any of these three 

methods can be followed but they all have their different 

topology constraints like mobility is not required when 

deploying on ground while it is must when sensing from sky. 

So, the primary motive of designing any routing protocol is to 

report the data within a desired accuracy level while 

maintaining all topology constraints. Comparison shown in 

this paper can be used by application developers to select a 

routing protocol which best suits the constraints of an 

application. 
 

V CONCLUSION 
 

WSNs hold a promising future in various civil and military 

applications like environmental monitoring, security 

surveillance, border protection and healthcare. For appropriate 

implementation and working of these applications, a good 

architecture is required. Since the architecture of the network 

is application dependent so proper routing technique must be 

followed which should ensure the longer lifetime and energy 

efficiency. In this paper, network structure based routing 

protocols are discussed on the basis of their topology. Further, 

comparison of these protocols is done using important 

performance metrics. We hope that the taxonomy presented in 

this paper can help the researchers and designer for selecting 

an appropriate routing protocol for specific application. 
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