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Abstract:.Wireless sensor network consists of number of sensors, which collects the information and send 
to the sink node. Sensor node has limited energy storage and cannot be replaced in certain applications. A 
significant work has been done on optimization of the protocols in each layer of the sensor network to 
optimize the energy.  In this paper, we are presenting a research review on the network layer protocols 
for optimum routing, lifetime and energy optimization. 
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1. Introduction 

The protocol stack of the Sensor node consists of Physical Layer, Data Link Layer, Network Layer and 
Transport layer. It also has the three planes namely Power management, Mobility management and Task 
management [1]. The Physical layer takes care of modulation, encryption, signal detection and Frequency 
selection. Data link layer provides Medium access control and error control and synchronization. The network 
layer is responsible for routing the data; the transport layer does the multiplexing, splitting or segmenting. 
Application layer does login or password checking. The power management plane manages the power level of 
the node. The mobility management plane detects and registers the movement of the nodes. The task 
management plane balances and schedules the sensing task at the same time. These planes work together and for 
using the power efficiently. Routing protocols can be classified as Proactive, Reactive and Hybrid based on the 
mode of functioning and the type of target applications. Based on participation style of nodes they can be 
classified into Direct communication, Flat and Clustering protocols. WSNs can be further divided into Data 
centric routing, hierarchical-based routing and location-based routing depending on the network structure.  

2. Comparison of various Routing protocols 

2.1.  Proactive, Reactive and hybrid routing protocols 

Proactive protocols compute all the routes before they are really needed and then store these routes in a routing 
table in each node, Reactive protocols compute routes only when they are needed. Hybrid protocols use a 
combination of these two ideas [2].  

2.1.1. Proactive protocols 

In Proactive Networks, the sensors periodically transmit the value for the sensed attribute. At other times, 
sensors and transmitters are switched off to save energy. This type of network is most suitable for applications 
that require periodic examination, namely, monitor machinery for fault detection and diagnosis.  The following 
are the few proactive routing protocols. 

 LEACH (Low Energy Adaptive Clustering Hierarchy ) [3], is a proactive routing protocol works in a 
homogenous network. This protocol uses clustering mechanism for routing in the network. 

 SEP ( Stable Election Protocol ) [4]  is proactive routing protocol works as heterogeneous-aware protocol to 
prolong the time interval before the death of the first node (we refer to as stability period), which is crucial 
for many applications where the feedback from the sensor network must be reliable. SEP is based on 
weighted election probabilities of each node to become cluster head according to the remaining energy in 
each node. 
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 PEGASIS (power-efficient gathering in sensor information systems) is also a proactive protocol uses 
optimal chain-based protocol that is an improvement over LEACH. In PEGASIS, each node communicates 
only with a close neighbor and takes turns transmitting to the base station, thus reducing the amount of 
energy spent per round. Simulation results show that PEGASIS performs better than LEACH by about 100 
to 300% when 1%, 20%, 50%, and 100% of nodes die for different network sizes and topologies [5]. 

 EDEEC(EDEEC- Enhanced Distributed Energy Efficient Clustering) is the extended version of SEP[6]. 
EDEEC protocol used three types of nodes i.e. normal, advanced and super nodes. These nodes have 
energies in increasing order i.e. normal, advanced and super respectively and the probabilities of getting 
elected as cluster head follow the reverse order i.e. super, advanced and normal respectively. Thus higher 
energy nodes will increase the epoch time for less energy node thus finally increase the stability period of 
the network. This follows the same procedure for cluster head election and sending of the data as of the 
LEACH. 

2.1.2. Reactive Networks 

In Reactive networks sensor nodes continuously sense the environment and transmit the value as soon as the 
sensed parameter exceeds a user specified threshold value. This enables time critical data to reach the user 
almost instantaneously, making such a network most suitable for time critical applications.  The following are 
the reactive network protocols. 

 TEEN (Threshold sensitive Energy Efficient sensor Network protocol) is well suited for time critical 
applications and is also quite efficient in terms of energy consumption and response time [7-8]. Advantage 
of this scheme is that it is eminently suited for time critical data sensing application. Energy consumption in 
this scheme can be much less than in proactive network because data transmission consumes more energy 
than data sensing and in this scheme data transmission is done less frequently. 

 TADEEC (Threshold Sensitive Advanced Distributed Energy Efficient Clustering) is made to work in a 
reactive mode in a heterogeneous network. So it basically used the best aspects of both reactive routing 
mechanism and heterogeneity of the network [9]. 

The performance analysis of proactive, reactive protocols show that TADEEC performed better with respect of 
life time and throughput [8]. 

2.1.3. Hybrid networks  

Hybrid network is the combination of the above two to be used in applications  in which the user wants time 
critical data and also wants to query the network for analysis of conditions other than collecting time critical 
data . The example of such hybrid network protocols are 

 APTEEN (Adaptive Periodic Threshold-sensitive Energy Efficient sensor Network Protocol) [10], is an 
extension of TEEN and aims at both capturing periodic data collections and reacting to time critical events. 
The architecture is same as in TEEN. In APTEEN once the CHs are decided, in each cluster period, the 
cluster head broadcasts the parameter such as attributes, threshold, schedule and count time to all nodes  

 [10]. 

 HEER  is a Hybrid Energy Efficient Reactive protocol [11]. In HEER, Cluster Head(CH) selection is based 
on the ratio of residual energy of node and average energy of network. Moreover, to conserve more energy, 
we introduce Hard Threshold (HT) and Soft Threshold (ST). 

2.2.  Direct communication, flat and clustering protocols 

2.2.1.  Direct communication protocols 

In the direct communication the sources directly communicate with their base station and energy on data 
reception and forwarding can be conserved [12]. In this paper they have presented the some of the direct 
communication protocols. Communication range of sensor is thus important to make the single-hop 
communication possible. Strength is inversely related to the distance and perfect conditions without obstacles 
and good weather are assumed in the free space propagation model used [13 ]. 

 Single-hop applications have been used in WSNs. An energy balanced protocol for the single-hop is 
developed [14]. 

Single-hop transmission is more efficient, when power consumption of real wireless sensor node’s transceivers 
are taken into account [15]. Results from simulations show that single-hop routing is much more energy 
efficient than multi-hop routing, using real world WSN transceivers. Besides energy efficiency, single-hop 
routing can also have advantages for other network parameters. 
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 The transceiver is the major source of power consumption in the node, optimizing the routing for hop length 
can extend significantly the lifetime of the network [16]. This paper explores that the multi-hop routing is 
more energy efficient than direct transmission to the sink and the conditions for which the two-hop strategy 
is optimal. They have shown that multi-hopping is more energy efficient in comparison to a direct 
transmission.  

2.2.2.  Flat protocols 

In flat networks, each node typically plays the same role and sensor nodes collaborate together to perform the 
sensing task.  The properties of the flat protocols are Energy dissipation depends on traffic patterns, Energy 
dissipation adapts to traffic pattern. This category of routing protocols have three types of flat routing schemes, 
namely, flooding, forwarding and data-centric based routing [17]. In flat topology, all nodes in the sensor 
network have equal roles in gathering information. They all have the same information about the state of the 
network. In this type of network, it is not possible to assign a particular identification (ID) to each node due to 
the large number of sensor nodes. This leads to data-centric routing approach in which the sink sends query to a 
group of particular nodes in a region and waits for a response. The property of data is specified by an attribute-
based naming. 

 Flooding and Gossiping are the two classical mechanisms to relay data in sensor networks without using 
topology maintenance and complex routing algorithms. Flooding [18] can be defined as the process of 
sending the packets to designated node without prior route calculation. The packets are just passed in great 
numbers over the network to all other nodes. In this  mechanism each sensor node broadcasts its packet to 
all its neighbouring nodes, then these nodes broadcasts them to other nodes and so on.  

 Gossiping is another protocol [19], used to send and receive data over the tiny network devices. In this 
mechanism the source node selects a random node to transmit the packets of information and sends the 
packets to this selected node, then the selected node broadcasts the packets to other intermediate nodes and 
in this way packets reached to the designated place. 

 The comparative analysis of Flooding and Gossiping  is explained in the paper  [20]. The main advantage of 
gossiping protocol is that it is easy to implement and maintenance and low overhead than flooding. 
Gossiping consumes less energy than Flooding. It suffers from latency; information propagates slowly, one 
node at each step [21]. 

2.2.3. Clustering protocols 

Clustering has been widely studied to enhance the lifetime of WSN by reducing the number of packet 
transmissions. In clustering, the nodes selected as cluster head, often suffer from high overload and thus 
consume more energy. Re-clustering is eventually performed to talk about the resource intensive cluster head 
role, which requires global time synchronization. 

 Comparison of various clustering is protocols are proposed in [22].   

 The performance analysis of the clustering protocols like LEACH, PEGASIS, HGMR, UCMR etc is 
presented in [23]. 

 Some basic concepts related to the clustering process in WSN and comparison survey between different 
clustering protocols is presented in [24]. 

2.3.  Hierarchical protocols, Data centric routing protocols, Location based protocols 

2.3.1. Hierarchical routing protocols HRPs 

HRPs are more energy efficient and scalable compared to flat routing protocols [ 25].To overcome the latency 
problem and promote scalability, some  Hierarchical protocols have been proposed. They are namely  

 Low-energy Adaptive Clustering Hierarchy (LEACH)  

 Threshold Sensitive Energy Efficient Sensor Network (TEEN)  

 Adaptive Periodic TEEN (APTEEN) 

 Power-efficient Gathering in Sensor Information Systems (PEGASIS)  

 Power-efficient Data Gathering and Aggregation Protocol-power Aware (PEDAP-PA) 

 The simulation result shows that   PEDAP-PA is energy efficient than the others[ 25]. 
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2.3.2. Data centric routing protocols 

Data-centric protocols [26] differ from traditional address-centric protocols in the manner that the data is sent 
from source sensors to the sink. In address-centric protocols, each source sensor that has the appropriate data 
responds by sending its data to the sink independently of all other sensors. However, in data-centric protocols, 
when the source sensors send their data to the sink, intermediate sensors can perform some form of aggregation 
on the data originating from multiple source sensors and send the aggregated [27]  data towards the sink . The 
following are the data centric protocols. 

 SPIN 

 Direct Diffusion  

 Rumor Routing  

SPIN (Sensor Protocols for Information via Negotiation), that efficiently disseminate information among 
sensors in an energy-constrained wireless sensor network. Nodes running a SPIN communication protocol name 
their data using high-level data descriptors, called meta-data. They use meta-data negotiations to eliminate the 
transmission of redundant data throughout the network[28 ]. SPIN, SPIN-1,M-SPIN are the three extension 
protocols for SPIN and  simulation results show that M-SPIN performs better than other two. M-SPIN is a better 
approach for the application need quick and reliable response [29]. 

In directed diffusion, sensors measure events and create gradients of information in their respective 
neighbourhoods. Unlike SPIN, there is no need to maintain global network topology in directed diffusion. 
However, directed diffusion may not be applied to applications (e.g., environmental monitoring) that require 
continuous data delivery to the BS [30]. 

In Rumor Routing approach, the data collected by the sensor nodes will be sent to its neighbouring nodes and it 
goes on till reaches the interested region or the end node of the network. At the same time the user interest is 
also sent through the network. When the two regions meet each other required data are gathered and given to the 
base station [31]. The comparison of  the Direct diffusion, Rumor routing, LEACH and HEED is explained in 
paper [32]. 

2.3.3 Location based protocols 

Location based routing protocols are used in Wireless Sensor Network (WSN) in which the information about 
the location of nodes is used for communication. It is also known as geographic routing protocol or position 
based routing protocols. These protocols reduce the energy consumption and increase the lifetime of the 
network. The following are the examples of Location based protocols. 

Geographic Adaptive Fidelity (GAF) Geographic adaptive fidelity is an energy aware routing protocol. GAF is a 
type of protocol which was proposed primarily for MANETS and later it was used for wireless sensor networks 
as well. 

 Geographic and Energy-Aware Routing (GEAR) is an energy efficient routing protocol proposed for 
routing queries to target the regions in the sensor field. The sensors will be equipped with localization 
hardwares like GPS, localization system.   

 Minimum Energy Communication Network (MECN) is a location-based protocol for achieving minimum 
energy for randomly deployed ad hoc networks, which attempts to set up and maintain a minimum energy 
network with mobile sensors. It is self-reconfiguring protocol that maintains network connectivity in spite 
of sensor mobility. 

 GAF for Lifetime Elongation in Wireless Sensor Networks is proposed in paper [33]. It improves the 
networks performance on the nodes' life time and average load for the network. A review analysis is 
explained in papers [34-35]. 

  GPSR-S(Greedy Perimeter Stateless Routing for wireless Sensor networks) is based on GPSR, which is 
one of the most well-known location-based routing protocols for wireless ad hoc networks. The energy 
efficiency of GPSR by considering nodes’ energy level and location information. Simulation results show 
that GPSR-S performs well in terms of energy efficiency and the number of packets. GPSR-S delivers 
approximately 10% fewer packets than GPSR, but the lifetime of the network is 10% greater [36]. 

Many researchers have come up with the new technologies to improve the performance of the routing protocols. 
Since all layers of protocol architecture influence the energy consumption, exploiting synergies between these 
layers by a cross layer design will result in an efficient energy utilization of the system.  A detailed comparative 
analysis is given in paper [37] In this paper they have discussed about the importance of Cross Layer Design. 
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Conclusion 

Energy optimization increases the Life time of the sensor node. Optimized routing protocol is required to fulfill 
the today’s energy demand. We have discussed the classification of the routing protocols in our paper. Since the 
protocols invented till date are application specific and there is no common protocol to satisfy the requirements, 
lot of scope is there to improve the performance of the routing protocols. 
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