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ABSTRACT  
In the advent of wireless networking, wireless sensor network 

(WSN) has been a constant target of research due to its potential 

data aggregation techniques in hostile environment. Even after 

crossing more than a decade, wireless sensor network is still 

more under research and development and less on commercial 

deployment when it comes to large scale wireless environment. 

Although, there are various issues exists in WSN that ranges 

from quality of service to security policies, it was frequently 

seen that root cause of majority of the issues originates from the 

energy that backs up the sensor motes to transmit the data to 

base station. The past research work  has witness massive 

volumes of algorithms using various sophisticated technologies 

in order to mitigate the issues of energy problems in sensor 

motes, however, till date none of the prior studies has yet been 

standardized and hence the issues of unwanted power depletion 

still persist because of numerous unsolved factors. This paper is 

an attempt to study only the prominent techniques that has been 

introduced in the past for energy efficiency exclusively for 

hierarchical routing protocols. A brief review of some prior 

Swarm Intelligence (SI) techniques is also given a special focus 

for the similar purpose in this paper.  

Keywords 
Wireless Sensor Network, Hierarchical Routing Protocol, 

LEACH, battery, power depletion, Swarm Intelligence 

1. INTRODUCTION 
The area of wireless sensor network has exhibits its potential 

features in the communication purpose. The wireless sensor 

network comprises of sensor nodes deployed in the area which 

are required to be monitored for certain activity of human 

interest [1]. The sensor nodes are small miniature electronic 

device that has the capability to sense certain physical attributes 

like water, heat, pressure, motion, smoke and many more 

attributes. These attributes are usually collected the sensor nodes 

using TDMA scheduling mechanism. There are various 

applications of wireless sensor network right from habitat 

monitoring to forest fire detection. The applications are either 

designed for small scale or for large scale area. However, the 

wireless sensor network is also found with certain flaws that has 

attracted the attention of the research community. A sensor node 

is usually smaller in size with less computational and storage 

capabilities. Hence, when the research work is carried out, such 

issues are usually not visualized in correct sense by the 

developers or the researchers for which reason, the evolved 

technique or the algorithm could not be benchmarked properly. 

It was also explored that energy is one of the biggest 

impediment in superlative performance of the routing protocols 

in wireless sensor network [2][3]. If the energy is depleted, it 

gives rise to unstabilized links that finally yields to degradation 

of the performance of either data aggregation process or network 

lifetime enhancement process. It is quite evident that right from 

node deployment phase to cluster formation phase, the network 

needs to be designed in such a way that it really optimize each 

and every constraints of the system for yielding better results. 

Also, it was seen from the literature that majority of the studies 

in the energy efficient routing is based on on-demand routing 

protocols as such routing protocols are highly capable of 

conserving energy considering the existing constraints of the 

sensor node. Hence, a better version of algorithm is required that 

can ensure cumulative network lifetime with computational 

capabilities. In this paper, we are discussing about an open 

issues in wireless sensor network i.e. energy efficiency of 

hierarchical routing protocols. Although there are many other 

categories of routing protocols, but we restrict our discussion in 

hierarchical routing techniques as it was seen that majority of the 

prior studies on energy efficiencies are designed on the top of 

hierarchical routing protocol. We are curious to understand what 

the significant and standard energy efficient routing protocols 

are and what its limitations are. Hence, to answer this question, 

this paper will collect only the standard papers, where some 

significant contributions were witnessed. We have also collected 

the most recent studies being undertaken to ascertain this fact 

and to explore the research gap in this field. Finally, we discuss 

about the most recent trend of adopting swarm based technique 

for optimizing the routing performance and thereby enhancing 

the cumulative network lifetime of the wireless sensor network. 

This paper discusses about various energy efficient techniques 

on hierarchical routing protocols along with their classification 

and finally the paper also discusses about swarm intelligence 

techniques for energy efficient routing in WSN. Section-2 

discusses about the various design challenges for routing 

protocols in wireless sensor networks followed by discussion on 

existing hierarchical routing protocols in Section 3. Section 3 

also discusses about the pros and cons of some of the recent 

studies in the similar issues. Section 4 discusses about the 

techniques adopted in swarm intelligence for the energy 

efficiency and optimization purpose followed by conclusion in 

Section 5 

2. DESIGN CHALLENGES FOR WSNS 

ROUTING PROTOCOLS 
The design aspects of wireless sensor network have always 

poses a challenges and impediments towards various research 

works carried out in routing protocols. The wireless sensor 

network is quite different in design principles from conventional 

wireless adhoc networks. Different from conventional adhoc 

nature, wireless sensor network uses multicast communication 
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pattern using tree concepts [3]. Due to smaller size of the sensor 

nodes with less computational capabilities, it is very difficult to 

formulate and exercise a new routing algorithm in the tiny 

sensor mote [4]. Therefore, the design challenges of wireless 

sensor network can be briefly discussed as below: 

 Self-Organization: For a better communication, a robust 

routing is required that calls for better node and network 

lifetime with potential sustainance capabilities. Therefore, a 

breakage in one link actually interrupts the complete 

network damaging the communication system. Hence, 

Autonomicity or adhoc nature of routing is highly essential 

in wireless sensor network that is highly effective on 

resource constraint node [5]. 

 Memory: Usually, the sensor mote is very small and hence 

storage or memory is highly restricted. Because of this, a 

high end algorithm finds quite difficult and sometime 

impossible to run. Hence, this is one of the biggest 

‘constraint’ where one hand, there is solution and on other 

hand there is hardware constraint of memory posing as 

essential design issues in wireless sensor network. 

 Scalability: The applications of wireless sensor network 

ranges from low scale to large scale deployment. 

Sometimes in mission critical applications, the nodes find it 

real difficult task to perform communication using their 

routing protocols in the presence of channel noise, channel 

fading, interference etc. Hence, when some of the nodes 

started showing performance degradation, it affects the 

cumulative performance of the wireless sensor network. 

Hence, scalability will mean that till what extent wireless 

sensor network’s performance is independent of the 

numbers of nodes. It will exhibit the optimal number of 

sensor nodes that can effectively carry out the routing 

posing it another design issues in wireless sensor network 

difficult to address owing to environmental impediments. 

 Architecture: Although the theory and literatures of 

wireless sensor network speaks about various types of 

architectures and topologies meant for usage in various 

applications, but few of them are really applicable and 

found less efficient in real time environment. Hence, one of 

the design impediments of wireless sensor network is to 

have an efficient architecture that matches the traffic 

requirements of the real time environment. 

 In-Network Data Aggregation: At the time of data 

aggregation, it is quite possible that cluster head may 

accumulate redundant data. It is also possible that different 

clusters too can posses same redundant data, that reduces 

the performance of the routing in wireless sensor network 

by provoking maximized number of re-transmission 

attempts. This phenomenon also leads to unwanted energy 

drainage. Hence, conventional theory of data aggregation 

from member to cluster node is obviously witnessed with 

flaws that encapsulates the redundant data posing a design 

challenges in wireless sensor network. 

 Energy: Some of the studies e.g. [2] has literally exhibited 

that root cause of majority of the problems (like routing, 

packet delivery, latency, security etc) in wireless sensor 

network is because of unwanted and uncontrollable energy 

depletion. Till date, researchers are struggling with this 

issues, although few algorithms has been mechanism in 

past studies, but the robust design factors to address the 

energy issues is still an open issues in the area of wireless 

sensor network. 

 Clustering: Another design aspects of the wireless sensor 

network is to perform an efficient mechanism of clustering. 

If clustering is not done properly, it leads to inappropriate 

selection of cluster head, which can reduce the performance 

of data aggregation. Some of the literatures like [6] suggest 

that existing clustering techniques are applicable only on 

conventional adhoc network and has less supportability on 

wireless sensor network based on its real time 

requirements. 

3. EXISTING HIERARCHICAL ROUTING 

PROTOCOLS  
Although there are various types of routing protocols that are 

conventionally designed for meeting the communication 

requirements of wireless sensor network, however, it has been 

noticed that majority of the energy efficiency were addressed 

using hierarchical routing protocols. In this types of routing, the 

entire focus is made on sensor nodes (sometimes called as 

member nodes), cluster head, and base station (also called as 

sink). The prime task of sensor node is to sense the physical data 

and forward it to its respective cluster head. The cluster head 

performs aggregation of data and then forwards the unique and 

non-redundant data to the base station. The data aggregation 

process continues until the nodes are depleted of its respective 

energy. Some of the standard hierarchical routing protocols that 

are meant for energy efficiencies are discussed briefly as 

follows, 

 Low Energy Adaptive Clustering Hierarchy (LEACH): 

This is one of the most frequently studied routing protocols 

for any research work aiming at energy efficiencies. The 

model was introduced in 2000 and has considered 

designing an effective radio and energy model, which is 

highly adopted even in current studies. LEACH [7] 

algorithm considers homogenous wireless sensor network 

where the base station is located in the center of the 

simulation area and surrounded by multiple clusters. The 

selection of the cluster head is always done depending on 

the highest residual energy. The cluster head uses TDMA 

scheduling to aggregate the physical data from the member 

nodes on one cluster. The entire operation of the LEACH is 

carried out using set up phase and steady phase. The energy 

depletion is controlled by reducing the cost of 

communication between the member node and cluster head 

using sleep scheduling algorithms. Hence, lifetime of the 

network is maximized in LEACH. 

 Hybrid, Energy-Efficient Distributed Clustering 

(HEED): It is an enhanced version of LEACH routing 

protocols that considers residual power as well as node 

density as a selection criteria of clusterhead [8], [9]. The 

outcome of the HEED routing protocol is found with better 

energy efficiencies even compared to LEACH with better 

reduction in overhead and maximizing the network lifetime. 

 Power-Efficient Gathering in Sensor Information 

Systems (PEGASIS): Just like HEED, it is also an 

enhanced version of LEACH routing protocol where the 

outcome shows that energy efficiencies capabilities are 

doubled up even compared to conventional LEACH [10]. 

The aggregated data are not forwarded to base station 

directly, inspite, the aggregated data are transmitted 

through a communication channel to the neighbor 

networks, which is finally forwarded to the base station. 

The phenomenon of cluster formation is evaded in 

PEGASIS and considers that all the sensor nodes have prior 

information about the wireless sensor network using greedy 

algorithm 
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Table 1 Summary of Most recent studies in energy efficient routing techniques 

Authors Problem Focused Techniques Applied Inference 

Xu et al.[14]-

2014 

Energy efficiency in 

routing 

Density-based Energy-efficient 

Clustering Heterogeneous Algorithm 

-The CH selection procedure is same as 

conventional 

Lee et al.-[15]-

2014 

Energy efficiency in 

routing 

Energy-Efficient QoS-aware Routing 

Algorithm 

-No evidence of standard benchmarking 

with significant routing protocols 

Zytoune-[16]-

2014 

Energy efficiency in 

routing 

Time Based Clustering Technique No evidence of standard benchmarking 

with significant routing protocols 

Poostfroushan 

et al. –[17]-

2014 

Energy efficiency in 

routing 

Particle Swarm Optimization Algorithm -No evidence of standard benchmarking 

with significant routing protocols 

-Energy variation is not discussed 

Haider et al.-

[18]-2014 

Energy efficiency in 

routing 

-REECH-ME: Regional Energy 

Efficient Cluster Heads based on 

Maximum Energy Routing Protocol 

with Sink Mobility 

-Better network lifetime achieved. 

--Energy variation is not discussed 

Zhang et al.-

[19]-2014 

Energy efficiency in 

routing 

-distributed energy-efficient unequal 

clustering routing protocol 

- better balance energy consumption, 

improve energy efficiency and then 

prolong the network lifetime 

-Algorithm convergence behaviour not 

discussed 

-Multiple hop not addressed 

Shu & Wang-

[20]-2013 

Energy efficiency in 

routing 

An Optimized Multi-hop Routing 

Algorithm Based on Clonal Selection 

-Better performance compared to 

PEGASIS 

-No discussion on comparison with 

LEACH 

-possible control overheads are not 

discussed 

-Result achieved from less simulation 

rounds 

Deng et al.-

[21]-2013 

Prolong the lifetime 

of the network. 

Balancing Energy Consumption 

LEACH (BEC-LEACH) protocol 

-Result achieved from less simulation 

rounds 

-Only 5 clusters are evaluated. 

-Energy variance is not discussed. 

Alia-[22]-2013 Extending Wireless 

Sensor Network 

Lifetime 

Harmony Search Algorithm -Energy variance is not discussed. 

-Result achieved from less simulation 

rounds 

-Overheads not discussed 

John & 

Ramson-[23]-

2013 

Efficient data 

collection 

Energy-Aware Duty Cycle Scheduling -Not compared with LEACH 

-doesn’t address any optimization. 

Zhao & Yang-

[24]-2014 

prolong the lifetime  LEACH-A - performs better than the LEACH 

Kim et al.-[25]-

2014 

Optimization  IC-ACO: Inter cluster Ant colony 

Optimization Algorithm 

Selection of CH is just like LEACH 

Zungeru et al.-

[26] [2013] 

Optimization of 

swarm approaches 

-Comparative study of the routing 

performance of swarm based techniques 

Energy aware routing objectives increases 

the network lifetime 

 

 Threshold Sensitive Energy Efficient Sensor Network 

Protocol (TEEN): This is another hierarchical routing 

protocol mainly designed for mission critical requirements 

in any applications in reactive networks [11]. The 

aggregated data from the cluster head is forwarded to the 

upper level of clusterhead and this phenomenon is 

continued for all the clusters until the forwarded data 

reaches base station. TEEN maintains energy conservation 

by occasionally using threshold base approach forwarding 

the unique data (although the member node spontaneously 

generates the data to the cluster head). 

 Adaptive Periodic Threshold Sensitive Energy Efficient 

Sensor Network Protocol (APTEEN): It is an enhanced 

version of conventional TEEN protocol primarily targeting 

at periodic collection of physically sensed data from 

member node and promptly responding in mission / time 

critical applications [12]. The selection of the clusterhead is 

almost like that of LEACH protocol. APTEEN also used 

enhanced TDMA scheduling thereby allocating a precise 

slot for transmission for preventing data redundancies. 

 Clustered Aggregation Technique (CAG): Just like 

TEEN, CAG [13] is primarily designed for the reactive 

network. All the sensor nodes that sense equivalent 

physical data are formulated as one cluster and perform 

operation to check redundancies of data by filtering out 

unwanted elements thereby reducing the response time. 

CAG also addresses better storage efficiency and efficient 

cost of communication. 

Limitations of Standard Hierarchical Routing Protocols: 

Although there are standard hierarchical routing protocols in 

wireless sensor network, but it has been seen that majority of 

them are not without flaws. For an example, the most frequently 

studied LEACH routing protocol selects its clusterhead 

arbitrarily that doesn’t ensure the effective distribution of 
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clusterhead. The biggest flaw in technical consideration in 

LEACH is that it still considers a node with lowest residual 

energy as clusterhead resulting in faster rate of power depletion. 

Moreover, LEACH doesn’t address the multi-hop 

communication requirements in large scale wireless sensor 

network [27]. Similarly, the HEED protocol is also not much 

reliable as it prioritizes remnant energy and then topological 

attributes like node density, relative distances among the clusters 

etc. It is because all the nodes do posses same initial energy in 

start up in homogenous network thereby do not ensure better 

network lifetime [28]. In PEGASIS, there is a massive need of 

adjustment of dynamic topology as the energy condition of the 

neighbor clusters are required to be known for routing purpose. 

This task requires lot of significant network overhead [10]. In 

TEEN, which is basically dependent on threshold based 

technique; the sensor nodes may possibly not perform 

communication if the threshold is not reached. Problem starts 

appearing when the node starts depleting energy in TEEN [11]. 

One of the limitations of CAG protocol is that it doesn’t support 

proactive as well as reactive data collection based on real-time 

requirements of wireless sensor network [29.] Although there 

are some of the significant research attempts in past, it can be 

seen that majority of the standard hierarchical routing protocols 

are found with limitations that act as an impediment towards 

maximizing the network lifetime of wireless sensor network. 

The next section discusses about the upcoming trend of using 

swarm intelligence for the purpose of optimizing the routing 

performance in wireless sensor network. 

4. APPROACH IN SI 
Very recently, swarm intelligence has also drawn an attention 

from the research community for its potential capabilities in 

optimizing the routing performance in wireless sensor network 

and thereby addressing energy efficiencies. Swarm intelligence 

deals with design of an algorithm for a specific problem based 

on social or cognitive behaviour of any living organism [30], 

[31], [32]. Various applications designed and derived from the 

evolutionary theories of swarm intelligence are mainly particle 

swarm optimization (PSO) [35, 36] and ant colony optimization 

(ACO) [33] [34]. This section will briefly highlight the 

contribution of various researchers using swarm intelligence for 

addressing routing issues in wireless sensor network. 

The first prototype of swarm intelligence was done in 1990 on 

wired network by significant researchers e.g. Schoonderwoerd et 

al. [37] and Di Caro and Dorigo [38] [39]. The authors have 

used cognitive behaviour of ant and introduced Ant Based 

Control and AntNet algorithm respectively motivated by the 

essential principle of ant colony optimization. However, such 

preliminary studies were also contradicted by various 

researchers, as evident in literature [40], as absence of standard 

analysis and supportability findings that makes the prior 

approaches almost unreliable for implementation purpose. The 

literature [41] has also attempted to motivate the readers about 

the need of swarm intelligence in enhancing the routing 

performance keeping future applications in mind. Different 

significant approaches of the ant colony optimization for the 

routing purpose are discussed by Sim and Sun [42]. The authors 

have discussed that by using this technique load balancing issues 

can be reduced significantly. 

An elaborated discussion on evolutionary techniques like genetic 

algorithm, ant colony optimization, particle swarm optimization 

and various other swarm inspired algorithms are investigated by 

the Ren and Meng [43]. The authors discussed the possible 

benefits of routing by adopting such techniques in wireless 

sensor network. In-depth investigations of routing algorithm 

designed exclusively by genetic algorithm as well as other ant 

based techniques are discussed in the study of Iyenger et al. [44]. 

However, the discussion in more focused on adhoc networks and 

less on wireless sensor networks. Various attempts of surveying 

techniques of ant colony optimization for enhancing quality of 

services in wireless sensor network was also witnessed in the 

study of Ducatelle et al. [45]. The study has laid a strong 

foundation of enhancing performance of wireless sensor network 

using swarm based techniques.  

Sausen et al. [46] investigated about the techniques of energy 

efficient routing in wireless sensor network using dual tactics. 

The author has introduced a technique that performs scheduled 

switching system for managing energy dynamically. The study 

is more focused on addressing the sleep to active and vice-versa 

for conservation of energy in wireless sensor network. The 

second tactics renders a group of node in active state while 

making the other nodes in inactive state thereby saving energy. 

Use of multi-objective evolutionary technique was witnessed in 

the study of Marcelloni and Vecchio [47]. Although there are 

abundant set of publications in addressing energy efficiencies in 

routing protocols in wireless sensor network, where swarm 

based technique has played a crucial foundation in optimization 

principle, but very few research publications are found to 

address energy efficient routing protocols exclusively 

considering Hierarchical routing type. Hence, this fact will act as 

research gap as well as open issues which are anticipated to be 

addressed in near future. 

5. CONCLUSION 
Although there has been lots of attempts in addressing the 

energy efficient routing in wireless sensor network, but very few 

works are seemed to be benchmarked. It was also seen that 

frequently considered algorithm like LEACH, which various 

academician as well as various research scholar considers to be 

benchmarked is also accompanied by various flaws. It was seen 

that majority of the research work is symptomatic, which will 

mean that if the researcher is focusing on routing issues, he 

misses out other associated aspects that are also connected with 

routing. In short the selection of performance parameters are 

found not wise enough, as while proposing a new routing 

protocol, the literatures didn’t found any description of 

reliability, optimization as well as security although it may have 

good packet delivery ratio, latency, energy etc. Hence, it is very 

important to visualize the performance parameters in order to 

justify how much efficient the routing protocols are in 

addressing energy conservation in wireless sensor network. This 

paper has discussed very briefly about the evolution of 

hierarchical routing protocols. The paper starts discussing about 

the possible design challenges which are yet to be address in the 

viewpoint of energy efficiency routing principles. Various 

hierarchical routing protocols like LEACH, TEEN, APTEEN, 

PEGASIS, and CAG etc are discussed briefly along with their 

explored limitations. Various approaches of swarm based 

approaches are briefly discussed to explore the research gap and 

open issues. The direction of our future work will towards 

formulating an energy efficient hierarchical routing algorithm 

that addresses the issues discussed in this paper. 
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