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Abstract: In Wireless Sensor Network (WSN), a large amount of energy in nodes is consumed due to the inner-

network communications. Routing plays an important role in WSN because 70% of the total energy is consumed 

in data transmission and forward the packets from the source to sink. One a major concern in WSNs is the 

energy conservation and consumption. There are different strategies to reduce the energy consumption; long-

distance communication should be avoided to prolong network life time, load-balancing increase network 

lifetime and mutlihop communication. Recently, numerous energy efficient routing protocols and strategies have 

been proposed for WSNs to reduce the energy consumption. In this paper, energy efficient routing protocols are 

classified under three categories based on the underlying network structure: flat, hierarchical, and location-

based-routing. The main protocols explored in this paper are SPIN, DD, LEACH, OLEACH, HEED, Energy-

LEACH, Multihop-LEACH, I-LEACH, PEGASIS, and TEEN. Each routing protocol is described and discussed 

under the appropriate category.  
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1.  INTRODUCTION 
Wireless Sensor Network (WSN) is one of the 

most essential technologies in this century. It works 

without the need for human intervention. It can work 

in harsh environments and remote places. WSNs are 

used to measure specific environmental parameters 

such as temperature, pressure, motion, sound, etc. [1]. 

These types of networks consisting of many small, 

low power and low-cost wireless sensor nodes that 

monitor the environment and send sensing data to the 

Base Station (BS). The main units of a typical sensor 

node are a sensor, processor, radio transceiver (com-

munication unit), and a power unit (typically AA bat-

tery). Sensor nodes suffer from the limitations of en-

ergy resources. This is considered the biggest chal-

lenge facing the work of these sensor nodes because 

they must work with as little energy as possible and 

must use energy sparingly to save energy and increase 

an overall network lifetime. The communication unit 

of the sensor node loses the most of the energy used 

by sensor nodes. So, research in WSN needs to make 

a routing protocol that ensures the least amount of 

energy consumption and careful use of the energy 

resources when communication. In addition, sensor 

nodes may be deployed in inaccessible place, and 

replacement of the energy source is not feasible. WSN 

were used for many applications such as military, 

health care [2], industrial [3] and agricultural [4]. 

Many routing protocol have been specifically de-

signed for WSNs where energy is an important metric 

in design issue [5]. Generally, the routing techniques 

are classified under three categories based on the un-

derlying network structure: Flat, Hierarchical, and 

Location-Based-Routing. In flat-based routing, all 

nodes have the same functions in the network. In hier-

archical-based routing, nodes play different roles 

within the network. In location based routing, sensor 

nodes must be aware of location to route data through 

the network by using GPS or any other technic. Fur-

thermore, these protocols can be classified into multi-

path-based, query-based, and negotiation-based, QoS-

based, or coherent-based routing techniques depend-

ing upon the protocol operation. 

Routing in WSN faces a number of challenges 

such as; network may contain a large number of sen-

sor nodes and deployment in ad-hoc manner, sensor 

nodes may fail, all nodes send data directly or indi-

rectly to the BS, the power source is limited, and in 
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some applications, sensor nodes have the ability to 

move and change their location [6]. 

Section 2 gives an overview of existing routing 

protocols. Section 3 concludes the survey.  

 

2.  RELATED WORK   
Many routing protocols are designed for WSN but 

limitations of the energy resources make routing a 

most critical issue in WSN. Energy efficiency is the 

main metric in WSN to make compromise or com-

parison among routing protocol. Routing protocols are 

classified according to the network organization into 

three kinds: Flat, Location, and Hierarchical based 

routing.  

  

2.1 Flat-Based Routing 
 In the flat protocol each node acts with the same 

role. The author in [7] gives the detailed survey of flat 

routing protocols such as Sensor Protocols for Infor-

mation via Negotiation (SPIN), directed diffusion 

(DD) save energy through data negotiation. The ne-

gotiation mechanism of SPIN [8] is accomplished 

using three kinds of messages, advertisement (ADV), 

request (REQ), and DATA. These messages guarantee 

that there is no redundant data sent through the net-

work. The ADV message includes a description of the 

DATA packet to be transmitted. ADV is smaller than 

the DATA packet. REQ message replies from the 

neighbor node that it is interested in the ADV. DATA 

packet is transmitting to the node that requests it. The 

neighbor sensor node then repeats this procedure with 

its neighbors nodes. An outcome, the whole sensor 

area will receive a copy of the data. In addition, SPIN 

has access to the current energy level of the node and 

adapts the protocol it is running based on how much 

energy is remaining. 

The SPIN family is designed to overcome the 

problem of classic flooding by negotiation. Flooding 

routing protocols waste energy when sending unnec-

essary copies of data to all neighbor nodes. However, 

the data will not be delivered to the receiver, in case 

the nodes that are interested in that data are far from 

the transmitter node, and the nodes between transmit-

ter and receiver are not interested in that data. Other 

protocols of the SPIN family are SPIN-BC, SPIN-PP, 

SPIN-EC, and SPIN-RL. SPIN provides traffic flow 

started from the sensors and typically at the BS. That 

means this form of protocols sometimes not suitable 

for some application when the BS needs particular 

data from the sensors. Directed diffusion [9] is devel-

oped to overcome this problem by interest messages 

started by the receiver and flood through the network. 

Interest messages describe a task required to be done 

by the network. The interest message is broadcast 

periodically during the task by the sink node. Each 

node receiving the interest message stores it in cash 

for later use and forwards the message to its neigh-

bors. The interest message contains timestamp, gradi-

ent, interval, and duration. The timestamp shows the 

time that the interest message was received. The gra-

dient shows the node from where the interest message 

is received. The duration shows the specific time of 

interest message survival in cash. Several paths can be 

established between sink and source node so that one 

of them is selected for data exchange. Another path is 

used when the selected path fails. Some applications 

required continuous flow of data; in that case the di-

rected diffusion is unsuitable. Formerly, SPIN and 

Directed diffusion are not energy efficient routing 

protocols, and not good choice for WSN operates an 

inaccessible place.  

 

2.2 Location Based Routing  
Sensor nodes within the network must know its 

own location information by Global Positioning Sys-

tem (GPS) or by any other methods and must be 

aware of its neighbor node's location, which are one-

hop away from it, and must be aware of the location 

of a destination node. An investigate about location-

based routing protocols in WSN such as Geographic 

and Energy-Aware Routing (GEAR) and Geographic 

Adaptive Fidelity (GAF) was presented in [10].  

Routing protocols should calculate the distance be-

tween two particular nodes to estimate energy con-

sumption. In [11] compare several location-based 

routing protocols in WSN such as Greedy Perimeter 

Stateless Routing (GPSR), closest with Forwarding 

Protocol (NFP), closest Closer Protocol (NC), Dijks-

tra-based Localized Energy-efficient Multicast Algo-

rithm (DLEMA). 

Location based routing protocols need to consume 

a lot of energy to transmit location information. In 

addition, the execution of geographical routing de-

pends on correct reading of the GPS. If GPS given a 

wrong location this causes a fault in routing this 

causes loss of data .Sensor nodes whose GPS fails 

become useless. In addition, the GPS or any other 

location device need energy and the sensor nodes 

have a limited power source and network may contain 

thousands of node GPS lead to increases network cost 

[12]. 

 

2.3 Hierarchical Routing 
 Hierarchical routing protocols are planned to im-

prove network scalability and energy efficiency 

through node clustering. In a hierarchical routing, the 

sensor network is divided into a cluster. Low-energy 

nodes act as cluster members sensing the environment 

and send data to the cluster head (CH) while the 

higher-energy nodes act as a CH. The CH aggregate 

data from a cluster member, and send aggregate data 

to the Base Station this method decrease the number 

of transmitted message to the base station (BS) [13]. 

Low Energy Adaptive Clustering Hierarchy 
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(LEACH) protocol [14] is considered the most fa-

mous hierarchical routing protocol for WSN. LEACH 

selects sensor nodes to act as CH in each round ran-

domly in such a way that each node in the network 

will operate as a cluster head and rotates this role to 

balance the energy conception of nodes. Cluster heads 

ratio is estimated to be 5% of the total number of 

nodes in the network. LEACH works in rounds each 

round consisting of two phases, the setup phase and 

the steady-state phase. In the setup phase, the  CHs 

are selected. In the steady-state phase, the data is 

transferred to the BS. In set-up phase, the node 

choosing a random number between 0 and 1. The 

node becomes a cluster head for the current round if 

the number is less than the threshold T (n) as shown 

in Eq. (1). 

 

 ( )  {

 

   (       
 

 
)
             

                           

  }           (1) 

 

 

where, p a percentage of cluster heads, r the current 

round, and G the set of nodes that have not been 

cluster heads in the last 1/p rounds. CH broadcasts the 

advertisement message for announcing all the neigh-

bors to invite them to join the cluster for the current 

round. A node becomes a member of cluster in case it 

receives one advertisement message from one CH. 

Nodes may receive more than one advertisement mes-

sage from many CHs in the network and decide which 

cluster to be joined based on the received Radio Sig-

nal Strength (RSS). The CH will create a cluster and 

use TDMA schedule when a member node transmits 

the sensed data. In the steady-state phase, the sensor 

nodes start sensing the environment and sending data 

to the cluster heads. The CHs collect data from the 

member in their cluster and transmitting these data to 

the BS.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Hierarchical architecture of LEACH  

 

 Figure 1 represents the architecture of LEACH. 

The network reiterations the setup phase to start new 

round and choose a new node to act as CH at the end 

of the steady state phase. The LEACH reduces the 

power consumption by clustering and increases the 

network lifetime. LEACH has achieved the reduction 

factor of 7 in the dissipation of energy over direct 

communication and 4–8 factors over the minimum 

transmission in the energy routing protocol. 

Continually, only the CHs are active during the 

steady-state phase. During the setup phase and allo-

cated time slot, a cluster member in the cluster is ac-

tive. This leads to reduce energy depletion of sensor 

nodes and save more energy to increase network life-

time. However, LEACH uses single-hop routing 

where each node sends data directly to the CH and 

CH sends data directly to the sink. Therefore, it is not 

appropriate to networks deployed in wide areas. In 

addition, choose CH randomly without relying on the 

remaining energy at the CH and the distance between 

the CH and the BS. 

Many algorithms have been proposed to develop 

LEACH protocol such as LEACH-C [15], LEACH-E, 

OLEACH [16] and LEACH-B [17]. The CH is se-

lected according to residual energy of sensor nodes to 

increase the lifetime of WSN. However, not take into 

account sensor nodes closer to BS die earlier because 

these nodes are always chosen to access the BS. In 

[18], the author proposed a Hybrid Energy-Efficient 

Distributed clustering protocol (HEED) that used re-

sidual energy and node density (i.e. number of neigh-

bors) as a metric for cluster selection to achieve 

power balancing. Because LEACH randomly selects 

CHs, HEED clustering increases the network lifetime 

more than LEACH clustering. In [19], the author pro-

posed cluster based protocol using the Particle Swarm 

Optimization (PSO) algorithm considers the distance 

between the CH and member, and the remaining en-

ergy of CH as a metric in the cluster head selection.  

The authors in [20] have suggested distributed 

routing algorithms and clustering. Residual energy of 

the CHs, distance from the CHs to the BS, and dis-

tance between the members to their CHs, are consider 

the cluster formation. In [21] the author improve 

LEACH protocol, and propose energy-LEACH and 

multihop-LEACH protocols. Energy-LEACH proto-

col modify the way of a choice CH, nodes have more 

residual energy select as CH into next round. Multi-

hop-LEACH protocol makes the communication be-

tween CH and BS multi-hop instead of single hop to 

overcome the problem of long distance communica-

tion and save more energy. Simulation results prove 

that energy-LEACH and multihop-LEACH protocols 

have better performance than LEACH protocols. In 

[22], the author proposed a new modified enhanced 

LEACH algorithm in which threshold value is calcu-

lated for next round and considered the total node 

energy of the network as shown in Eq. 2. 

Cluster head 

Cluster member 

BS 
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where, Eo is the initial energy of node and Etotal is 

the sum of energy level of all nodes. A comparison 

between traditional LEACH and proposed LEACH is 

done based on the network lifetime. The implementa-

tion of the protocol is done using MATLAB. In [23], 

authors proposed routing algorithm, I-LEACH which 

selects sensor nodes to act as cluster heads according 

to higher residual energy, more neighbors, and lower 

distance from the Base Station (BS) and the WSN 

lifetime is increased compared to LEACH and 

LEACH-C algorithms. To overcome the problem of 

earlier energy drop of nodes that closer to the BS the 

author in [24], propose an unequal cluster size (UCS) 

algorithm to balance energy dissipation among nodes 

where each cluster contains a different number of 

member according to the distance to BS. The authors 

in [25] use shortest path tree based data collection 

network architecture and demonstrated implementa-

tion of a cluster based to increase network lifetime 

where every node find shortest path depend on RSS 

and residual energy of nodes. In [26], [27], the author 

survey and analyze different hierarchical routing pro-

tocols that are being modified from LEACH. Power-

Efficient Gathering in Sensor Information Systems ( 

PEGASIS) [28], is a hierarchical routing protocol 

provide to improve the LEACH protocol. PEGASIS 

makes a chain of sensor nodes instead of clusters as 

exposed in Figure. 2. Sensor nodes select a next hope 

according to nearest neighbors in the chain. The con-

structing of the chain starts from the distant nods to 

the BS.  

In the chain, every node simply keeps track of its 

next neighbor and previous neighbor. Communication 

in the chain is accomplished consecutively; each node 

within a chain collections transmit and receive from a 

neighbor and only one node is selected from the chain 

to act as a chain leader to transmit to the BS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 Chain of PEGASIS 

 

 

Threshold Sensitive Energy Efficient Sensor Net-

work Protocol (TEEN) [29], is a hierarchical cluster-

ing protocol, The sensors sensed data and send to their 

CH. The CH transmit collected data to higher level 

CH until the data reaches the BS as shown in Figure 

3.The cluster head broadcasts two thresholds to the 

nodes: hard and soft thresholds for sensed attributes. 

If the hard threshold (HT) is exceeded, the sensor 

node sends its data to the cluster head, otherwise, the 

sensor node does not transmit the data in case the dif-

ference between sensing data does not exceed the soft 

threshold. TEEN is based on fixed threshold limits; it 

is unsuitable in case the user requires data on the reg-

ular basis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Hierarchical architecture of TEEN 

 

3.  CONCLUSION  
  The purpose WSN routing protocols is to find the 

best path that needs less energy from source to desti-

nation. In this paper, a discussion of a different rout-

ing protocol with focus on the energy efficient routing 

protocol designed for WSNs to increase network life-

time is presented. The study shows that the hierar-

chical protocols is the most efficient and more suita-

ble for WSN applications because they have ability to 

limited energy resource.  
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