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ABSTRACT New advances in wireless sensor networks (WSN) 

now observe the increased interest in the potential use in 

applications like disaster management, combat field 

reconnaissance, border protection and security surveillance. 

Sensors are expected to be remotely deployed in large numbers 

and operate autonomously in unattended environments. Many 

routing protocols have been specifically designed for WSNs where 

energy awareness is an essential design issue. This paper presents 

a survey of the state-of-the-art routing techniques in WSNs. We 

survey different routing algorithms for WSNs from the recent 

work; highlighting their objectives, features, complexity, etc. This 

paper also presents a classification for the various approaches 

pursued. Each routing protocol is described and discussed under 

the appropriate category. 

Keywords-Wireless Sensor Networks (WSN), Routing Protocols, 

Hierarchical Routing, Location based Routing, QoS based 

Routing, Bio-Inspired Routing, In-Network Aggregation based 
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I. INTRODUCTION 

With significant advances in technology, sensors have 

become smaller in size, with more power and low cost that 
has increased the efficiency of many military and civil 

applications such as combat field surveillance, security and 

disaster management. WSN are systems that made up of 

large numbers (hundreds or thousands) of wirelessly 

connected heterogeneous sensor nodes that are spatially 

distributed across a large field of interest [1], and these 

systems process data gathered from multiple sensors to 

monitor events. WSN is one of the most interesting research 

areas with profound effect on technological developments 

[2]. Data redundancy and classical IP based protocols makes 

the routing in sensor networks challenging. Routing in WSNs 

was classified based on the network structure, protocol 
operation, network flow and depending on how the source 

finds a route to the destination [3], [4]. Minimizing energy 

consumption is a key requirement in the design of sensor 

network protocols and algorithms. In addition to this, WSN 

design also demands other requirements such as fault 

tolerance, scalability, production costs, and reliability. It is 

therefore critical that the designer takes these factors into 

account when designing protocols and algorithms for WSN 

[5]. 

The growing interest in WSN and the continual emergence of 

new architectural techniques inspired surveying the 
characteristics, applications and communication protocols for 

such a technical area [3-5]. In this comprehensive survey of 

design issues and techniques for sensor networks describing 

the physical constraints on sensor nodes and the protocols 

proposed in all layers of network stack with specific focus on 

network layer (routing) protocols. [3-5] are a good 

introductory, classification and covers as much protocols and 

routing techniques as possible. To add on, this survey covers 

the recent work in network layer of WSN. This work is a 

dedicated study of the network layer, describing and 

categorizing the different approaches for data routing and 

classification for the various approaches pursued. The main 

categories explored in this paper are Bio Inspired routing 

protocols, QoS, Hierarchical based and Location-based 

routing. Each routing protocol is described and discussed 

under the appropriate category. 

 
II. HIERARCHICAL ROUTING 

In a hierarchical architecture, nodes will play different roles 

in the network; they aim at clustering the nodes so that 

cluster heads can do some aggregation and reduction of data 

in order to save energy. Depending on the energy level of the 

node, higher energy nodes can be used to process and send 

the information while low energy nodes can be used to 

perform the sensing in the propinquity of the target [3]. 

Hierarchical routing lowers energy consumption within a 

cluster and by performing data aggregation and fusion to 

decrease the number of transmitted messages. LEACH [6] is 

one of the first hierarchical routing approaches for sensors 
networks. The idea proposed in LEACH has been an 

inspiration for many hierarchical routing protocols [9], [7], 

[8], [10], although some protocols have been independently 

developed [12], [11]. Some of the hierarchical routing 

protocols are PEGASIS, Hierarchical- PEGASIS, TEEN, 

APTEEN, MECN, SMECN, SOP, VGA, HPAR, HEED, 

CPCHSA [3,4]. In this section we have discussed on 

PBEACP [13], ICE [14] and Clustering method of Enhanced 

tree Establishment [15]. Priority-based Energy Aware and 

Coverage Preserving Routing (PBEACP) considers the 

remaining energy and the node’s geographic distribution 
(sensing intensity) in the selection of cluster-head (CH) 

nodes. It also improves in guaranteeing the sensing coverage 

of CH nodes, even if the topology of the network changes 

when there are nodes running out of energy. Although it 

shows better performance compared to LEACH, at times 

more than one CH node exists in the sensing coverage of a 

node [13]. The Energy Efficient Inter-Cluster 

Communication based Routing Protocol for WSNs (ICE) 

[14] employs the Publish /Subscribe paradigm. It adopts the 

idea presented in [6] based on the probability for each node 

in the network to become a CH node and selects 5% CH 

nodes. The neighbouring clusters are discovered by means of 
the beacon nodes. The beacon nodes broadcast the 

coordinates of the discovered CHs. Once a CH receives this 

information, it learns of its neighbouring clusters and builds 

Nearest Neighbour (NN) tables to these clusters. 

A Clustering Method of Enhanced Tree Establishment 

constructs a tree structure for optimized energy consumption 

[15]. The parent node is selected by minimum summation of  
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the distances of current-parent CH and parent-grandparent 

CH in the candidate list. It consists of four phases, cluster 

construction, Tree Establishment and the data transmission. 

Since the tree structure between CHs is constructed to 

optimize the distance, this protocol saves energy 
consumption. 

 

III. BIO INSPIRED ROUTING 

In recent years insect sensory systems have been inspirational 

to new communications and computing paradigms, which 

have lead to significant advances [16] like Bio Inspired 

routing. The most popular ACO (Ant Colony Optimization) a 

colony of artificial ants is used to construct solutions guided 

by the pheromone trails and heuristic information they are 

not strong or very intelligent; but they successfully make the 

colony a highly organized society [17,18]. The Many-to-One-

Improved Adaptive Routing protocol is an ant colony-based 
routing protocol, coupled with a lightweight congestion 

control algorithm that helps in mitigating the collision. They 

have employed ant colony optimization and swarm 

intelligence (forward ants and backward ants) [2] to find the 

shortest and the best route within a multi-hop WSN. Here 

each node is aware of its location and location of its 

destination. Each forward ant uses the ant-routing algorithm 

detailed in [19] to find the best next-hop neighbour node who 

is both closer to itself and closest to the sink using 

probabilistic theory. The subsequent nodes use the binary 

exponential back-off algorithm to calculate their channel 
access time. Due to the convergence nature of the many-to-

one routing paradigm, the shortest paths might merge or 

cross over at any intermediate node. [21]. Minimum Ant-

based Data Fusion Tree [6] is yet another routing algorithm 

based on ACO for gathering correlated data in sensor 

networks. It first assigns ants to source nodes; the route is 

constructed by one of the ants in which other ants search the 

nearest point of previous discovered route. The chosen 

formula is Probability function composed of pheromones and 

costs in order to find the minimum total cost path. MADFT 

not only optimizes over both the transmission and fusion 

costs, but also adopts ant colony system to achieve the 
optimal solution [2]. Swarm Intelligence Optimization Based 

Routing Algorithm works with the aim of balanced global 

energy consumption and avoiding some node’s prematurely 

exhausting their energy because of too concentrated routes 

through the nodes, the algorithm chooses the nodes with less 

pheromone as next hop, taking less hop numbers into 

consideration. The algorithm is remarkably different from 

traditional ant colony algorithms and it is better than the 

Directed Diffusion routing protocol both in end-to-end delay 

and global energy balance and can effectively balance the 

global energy consumption and prolong the network lifetime 
[8]. 

IV. QOS BASED ROUTING 

In QoS-based routing protocols, the network has to balance 

between energy consumption and data quality. In particular, 

the network has to satisfy certain QoS metrics, e.g., delay,  

 

energy, bandwidth, etc. when delivering data to the BS [3]. 

We discuss a sample of these protocols in this section. 

Breath-a Self-Adapting Protocol for WSN in Control and 

Automation [24] is a novel cross-layer protocol with 

randomized routing in WSNs for real time control and 

automation. MAC and duty-cycling, which allows it to 
minimize the energy consumption of the network while 

ensuring a desired packet delivery end-to-end reliability and 

delay. The protocol adapts to traffic variations with 

negligible overhead and also adopts a randomized routing, 

because it is simple to implement, robust and fault tolerant. 

The protocol considers physical layer aspects, randomized 

MAC and routing. It outperformed significantly a standard 

IEEE 802.15.4 implementation in terms of both energy 

consumption and reliability. Breath has good load balancing 

performance, and was well scalable with the number of 

nodes. 

Minimum Energy Relay Routing (MERR) and Adaptive 
MERR (AMERR) are the two routing protocols that 

efficiently utilize energy, less complex and have better 

scalability. They have focused on optimal power 

consumption of routing in a linear WSN, where a Poisson 

model was assumed for the distribution of nodes along a 

linear path. AMERR achieves optimal performance for 

practical deployment settings, while MERR rapidly 

approaches optimal performance as sensors are more densely 

deployed. While MERR only assumes that a sensor node is 

aware of the distances to its downstream neighbours, 

AMERR assumes the distance to the base station that allows 
AMERR to make better routing decision than MERR at the 

cost of a lower degree of locality [25]. Power Aware Smart 

Routing in WSN: QoS parameters are network lifetime and 

Quality of information provided to the sink. Quality of 

information can be defined in a number of ways, but usually 

a general definition of relevant data, sent to the sink in a 

timely manner. Achieving these goals while minimizing the 

power used is the aim of the tiny CPN WSN routing protocol. 

Smart routing involves the use of smart packets to find a 

reliable low-power route between source and destination 

pairs in packet switched networks. The smart packets are 

forwarded in a way that attempts to maximize the quality of 
service by minimizing some metric such as round trip delay, 

packet loss, or a combination thereof. Dumb packets, 

carrying data payloads, can then use these routes [6]. It was 

shown in [7] that QoS can be maintained through the use of a 

variation of the less computationally complex Sensible 

Routing, which involves simply selecting the link or 

neighbour with the best recorded QoS. The protocol 

effectively optimize other QoS metrics, and as battery 

powered sensor motes have finite energy, but does not 

include reliability and energy into the goal function used by 

smart messages when selecting neighbours in order to 
increase network efficiency and lifetime. It also does not 

build upon the multiple QoS goal functionality to examine 

the use of smart routing in the effective prioritization of 

important traffic in WSN. 
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V. LOCATION BASED ROUTING 

Geographic routing, sometimes also called directional, 

geometric, location-based, or position-based routing, is based 

on two principal assumptions. Every node knows its own and 

its network neighbour’s positions and the source of a 
message are informed about the position of the destination. 

Some of the famous geographic based routing protocols are 

SPAN, GOAFR, MFR & GEDIR, GEAR and GAF [3,4]. A 

virtual relative position based routing protocol for sensor 

networks that provides methods for data management as 

known from standard DHT services. Virtual Cord Protocol 

(VCP) is a DHT-like protocol that offers in addition to 

standard DHT functions an efficient routing mechanism [28]. 

The key characteristics of VCP are the geographical vicinity 

of virtual neighbours, which reduces the communication 

load, VCP only needs information about direct neighbours 

for routing, and it cannot be stuck with dead ends. The 
protocol is easy to be implemented on the top of a typical 

MAC layer. All data items are associated with numbers in a 

pre-defined range is captured by the available nodes. 

 

VI. CONCLUSION 

This paper presents a comprehensive survey of the routing 

techniques for WSNs from the recent work. Although many 

of these routing techniques look promising, there are still 

many challenges that are need to be solved. The main 

categories explored in this paper are Bio Inspired routing 

protocols, QoS, Hierarchical based and Location-based 
routing. Each routing protocol was described and discussed. 
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