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Abstract 
The wireless sensor network (WSN) is one of the budding exploring areas and fast rising fields in 
wireless communications. The sensor nodes in the network are generally small-size, low-cost, low- 
power and multi-function capabilities. Wireless sensor networks (WSNs) are used for various ap-
plications; since numerous sensor nodes are usually deployed on remote and inaccessible places, 
the employment and preservation should be easy and scalable. Sensor nodes in the field being run 
out of energy quickly has been an issue and many energy efficient routing protocols have been 
proposed to solve this problem and preserve the long life of the network. This paper work pro-
poses a hierarchical based node activation routing technique which shows energy efficiency. This 
technique selects cluster head with highest residual energy in each communication round of 
transmission to the base station from the cluster heads. Hierarchical based node activation 
routing technique with different levels of hierarchy simulation results prolongs the lifetime of the 
network compared to other clustering schemes and communication rounds of simulation increase 
significantly. 
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1. Introduction 
Since swift innovation in electronics industry, small low-cost battery-powered wireless sensors have already 
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started to make a brunt on the communication with the physical globe. WSNs can be deployed in a wide geo-
logical space to monitor physical observable fact with acceptable accuracy and reliability. The sensor nodes can 
observe various parameters, which can be effectively used in commercial, military, and environmental applica-
tions. WSNs consist of copious battery-powered devices and energy-efficient network protocols must be de-
signed. Owing to large network size, limited power supply, and unreachable remote employment surroundings, 
the WSNs based protocols are dissimilar from the conventional wireless protocols [1] [2]. The central part oper-
ation of WSNs is to collect process data from the individual sensor nodes, and transmit the essential data to the 
base station for further analysis and processing. At present there are several energy efficient communication 
models and protocols that are designed for specific applications. The routing algorithm proposed is suitable for 
continuous monitoring of numerous prevalent sensor nodes, which are outsized space from the base station. 
There have been reflective studies on WSNs [3] at some points in the recent years. Since the sensors in the net-
work have limited battery power, ostentatious lifetime of a network is the basic aim of designing an energy effi-
cient routing protocol. Clustering concept routing protocols aim to achieve energy efficiency. The whole net-
work is divided into clusters with a cluster head node for each cluster. The data from sensors inside a cluster are 
aggregated at cluster head. This eliminates a lot of redundancy in packet forwarding. Low Energy Adaptive 
Clustering Hierarchy (LEACH) [4] is considered to be yardstick protocol in Clustering/Hierarchical based pro-
tocols. 

The structure of the remaining paper is as follows: Section 2 briefly describes the related work. In Section 3, 
base of hierarchical cluster-based routing protocol with problem statement and contribution is described. Section 
4 states the proposed routing protocol details. Section 5 indicates the proposed routings validation of simulation 
results from hierarchical routing techniques. Finally, Section 6 concludes the paper and provides directions for 
some future work. 

2. Related Work 
Various methods for minimizing energy consumption in wireless sensor network have been proposed such as by 
Heinemann et al. [5] who described the LEACH protocol as a hierarchical self organized cluster based approach 
for monitoring application. The data collection area of the data is randomly divided into clusters. LEACH pro-
tocol normally utilize the time division multiple access (TDMA) system to transmit data from the sensor nodes 
to the cluster head. Then cluster head aggregates the data and transmits it to the base station for processing. One 
of the features of LEACH is localized coordination and control for the formation and operation of clusters. The 
cluster head rotate randomly. In [6] Lindsey et al. came about the proposition of PEGASIS which is a conserva-
tory of LEACH. PEGASIS protocol in WSN eliminates the overhead of energetic cluster formation created by 
LEACH. In this protocol, the nodes transmit to the cluster head and transmission of data is done by the cluster 
head, which is selected in a rotational manner, to the base station. When compared to LEACH protocol 
PEGASIS protocol is establish to save more energy and is more vigorous in node failure. 

Muruganathan et al. [7] developed a protocol that creates clusters of the similar size and uses multi-hop 
routing between cluster head and the base station. The cluster head forward the last hop is selected randomly 
from the sets of cluster heads to diminish the consignment of cluster head which are located nearest to the base 
station. In [8], Wei Li proposed a geometric programming model to extend the network lifetime of the sensor 
network by clustering sensor nodes into groups. He developed an iterative method for solving the geometric 
programming by choosing the optimal location of cluster heads. The optimum mentioned in his proposition re-
fers to minimizing energy consumption based on inter-sensor network under specific constrained. Clustering of 
approaches is useful in the monitoring of habitat and environs. This however, necessitates the use of continuous 
stream of sensor data. Ye, Heinemann and Estrin [9] gave a description of a contention based medium access 
protocol, which minimizes energy consumption in wireless sensor network by using implicit clusters. 

Wei Cheng et al. [10] proposed a narrative adaptive energy efficient clustering algorithm for wireless sensor 
network. Al-Karaki and Kamal [11] made an assessment of the routing technique in wireless sensor network and 
mentioned that hierarchical routing technique has the several advantages related to efficient communication. 

3. Problem Statement and Contribution 
More researches done on the features of hierarchical technique have been found to offer better approach to ef-
fectively prolong the life time of WSNs. In WSNs, the available energy is mainly consumed by data transmis-
sion, signal processing and hardware operation of the system. It is proved that 70% of energy consumption is 
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caused during data transmission process [12]. Therefore, the process of data transmission should be optimized in 
order to maximize the network lifetime. The data transmission in sensor network can be optimized by an effi-
cient ways of data aggregation and using efficient routing protocol. To improve the wireless sensor network li-
fespan, an efficient data aggregation protocols which help to eradicate redundant data transmission in a wireless 
sensor network must be in place. Usually, a multi-hop approach is necessary to facilitate data collection by one 
node which can then forward the received data to a neighbor node that is nearer to the base station. The recep-
tive node aggregates the data collected and also forwards it on. But the process of aggregation and forwarding of 
data directly from a source to the base station causes significant energy wastage as each node in the entire net-
work is actively involved in the operation. There is a situation of clustering where each node sends data to the 
cluster head and then the cluster head performs aggregation on the received raw data and then sends it to the BS 
[13]. This approach also consumes a substantial amount of energy which needs to be improved upon. To have 
minimum level of energy consumption in WSNs, this paper proposed an approach whose aim of cluster head 
selection is based on the highest predicted residual energy after the following round and the shortest distance via 
the closest neighboring cluster head to the base station. Since hierarchical routing technique offers a better sca-
lability and efficient communication approach and its concept can also be effectively used to design energy effi-
cient routing protocol in WSNs. This paper proposes the new energy efficient routing protocol with node activa-
tion method to improve the network lifetime of wireless sensor network by applying node activation method in a 
hierarchical routing protocol and by implementing a new way of cluster head selection and rotation. The valida-
tion of the proposed idea, simulation and results are analyzed. 

Overview of Routing Techniques 
A variety of protocols were proposed for prolonging the life of WSNs and for routing the correct data to the base 
station. But each protocol has disadvantages and is not suitable for area monitoring applications. These protocols 
cannot be used directly due to resource constraints of sensor nodes because it has limited battery power, com-
munication capability and computational speed. New protocols are being researched and fashioned to eliminate 
the problem faced in WSNs. The various protocols can be classified as location-based, data-centric or hierar-
chical. 

The location based routing technique for WSNs depends on location information of sensor nodes for estima-
tion of distance between two specific nodes to deduce energy consumption. The protocol for information via 
negotiation (SPIN) [14] data are named using metal-data that highly describes the characteristics of the data 
which is the key feature of SPIN. In flooding routing protocol each sensor node receives data and then sends 
them to the neighbors by broadcasting, unless a maximum number of hops for the packet are reached or the des-
tination of packet is achieved. The advantage of SPIN is that the topological changes are localized since each of 
the sensor nodes needs to know only its single-hop neighbors. Besides SPIN’s data announcement method can-
not guarantee the delivery of data. 

Hierarchical routing in WSN involves the arrangement of clusters in form of hierarchy when sending infor-
mation from the sensor nodes to the base station. Energy consumption is gained using hierarchical routing by 
implementing multi-hop communication [15] for a specific cluster and thus performing aggregation of data and 
fusion in a way that decreases the number of data carried across the network to the sink. Based on the residual 
energy in the sensor nodes the cluster formation and election of a cluster head process is being done. A very 
good example of a hierarchical routing protocol is based on low-energy adaptive clustering hierarchy (LEACH) 
routing protocol. The LEACH with node scheduling concept is explained in [16]. 

The Table 1 shows the comparison of the different routing protocols in terms of scalability, lifetime, data 
diffusion and power required in WSN. From Table 1, it is understand that hierarchical technique offers an ap-
proach to energy minimization and scalability features in WSNs [17]-[19]. 

4. The Proposed Hierarchical Routing without/with Node Activation Schemes 
Main points adopted in the proposed hierarchical routing protocol are 
• It is based on the principle of clustering algorithm. 
• Modified LEACH protocol in terms of hierarchical data transfer. 
• Clusters are formed by geographical area division. 
• Cluster head selection is based on the residual energy comparison in each round. 
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Table 1. Comparison of routing techniques.                                                                     

Comparison of routing 
techniques 

 Various techniques 

Parameter Data centric Location Hierarchical 

 Scalability Limited No Good 

 Lifetime Long Long Long 

 Data diffusion No No Yes 

 Power required Limited Limited High 

 
• Geographical formation of cluster sizes is based on equal segmentation of area as in Figures 4-6. 
• Adopted the node scheduling or activation algorithm. 

4.1. Algorithm Description of the Proposed Routing Protocol 
Proposed hierarchical routing has been implemented as shown in Figure 1 for without node activation, with 
node activation scheme 1 (sleep/active) and with node activation scheme 2 (sleep then active). Each scheme has 
three levels as mentioned below.  

Level 1: One cluster with one head (Overall area) 
• Level 1 has overall area of 300 m × 300 m with 250 sensor nodes, which is considered as one single cluster 

and under the principle of clustering concept one cluster head can be selected in each round of data commu-
nication by comparing the residual energy of individual sensor node as shown Figure 3. 

Level 2: Two clusters with two heads (Overall area is divided in to two groups) 
• In level 2, the overall area space is divided into two segments and 250 sensor nodes are randomly deployed 

in two groups with two heads are elected as per the residual energy basis in each round as shown in Figure 4. 
Level 3: Three clusters with three heads (Overall area is divided in to three groups) 

• In level 3, the overall area space is divided in to three segments and the 250 sensor nodes are randomly dep-
loyed in three groups with three heads are elected as per the residual energy basis in each round as shown in 
Figure 5. 

Data communication from each sensor node to cluster head and cluster head to base station is under multi hop 
communication by finding shortest path. 

In hierarchical routing without node activation scheme, all the three levels, sensor nodes are only in active 
mode. In hierarchical routing with node activation scheme 1 (Active/Sleep), all the levels, inside the cluster half 
numbers of the sensor nodes are activated to active mode and remaining sensor nodes are activated to sleep 
mode. After the first round of data communication, active nodes are activated to sleep mode and sleep nodes are 
activated to active mode and vice versa the change of mode is occur in each round. In hierarchical routing with 
node activation scheme 2 (Active then Sleep), all the levels, inside the cluster, half of the sensor nodes from the 
available sensor nodes are activated to active mode and the remaining half are activated to sleep mode. In simu-
lation all the active nodes are drain out of its energy after some rounds then the sleep nodes are become auto-
matically activated to active nodes. 

4.2. Implementation of Hierarchical Routing for without/with Node Activation Methods 
The proposed hierarchical routing protocol is basically based on the principle of clustering algorithm. The data 
transmission at the network layer being the core area of interest which is the modified LEACH protocol in terms 
of hierarchical data transfer with the employment of energy prediction technique for selection of cluster head via 
any shortest path to the base station. In this method clusters are formed geographical area segmentation. Geo-
graphical formation of cluster sizes is based on equal segmentation of node deployment area. 

Apart from the one cluster formation which makes use of the entire sensors area, other formation such as two 
and three clusters formation involves equal segmentation of area. The two and three cluster formation is known 
as second level and third level hierarchy respectively. The sensor nodes are randomly deployed in the field as 
shown in Figure 2. The hierarchical routing sensor node topology for level 1 to 3 is shown in Figures 3-5. 
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Figure 1. Proposed hierarchical routing.                                                            

 

 
Figure 2. Basic wireless sensor network topology.                                                   

 

 
Figure 3. Hierarchical routing level 1.                                                              
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Figure 4. Hierarchical routing level 2.                                                

 

 
Figure 5. Hierarchical routing level 3.                                               

 

 
Figure 6. Node scheduling or activation scheme in hierarchical routing.                   
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Hierarchical Routing with Node Scheduling Concept 
The basic concept of hierarchical routing is being implemented along with node activation method which is ex-
hibited in Figure 6. Along with hierarchical routing two methods of node activation is incorporated to get min-
imum consumed energy and prolonging the lifetime of entire wireless sensor networks. The idea behind the me-
thod 1 is node active/sleep concept and method 2 is node active and sleep concept. 

Node Activation Method 1: 
In all the levels the procedure of forming cluster and cluster head are followed by LEACH protocol. In me-

thod 1, in all levels, available sensor nodes are being activated under the active/sleep concept, which is nothing 
but in each cluster half number of nodes are being active and the remaining sensor nodes are being sleep mode. 
Under this condition the simulation obtained results shows that the lifetime is absolutely increased. Each round 
the active sensor nodes are changes its mode to sleep and sleep to active. Up to the energy level comes to zero 
this procedure being done. 

Node Activation Method 2: 
Method 2 has similar operation of LEACH protocol and in all levels available sensor nodes are being acti-

vated under the active and sleep concept, which is nothing but in each cluster half number of nodes are being ac-
tive and the remaining sensor nodes are being kept in sleep mode. The entire available active sensor nodes are 
drain out of energy and then the sleep modes in each cluster comes to active and the same procedure is end with 
the total energy drain out of the entire node in the network. 

5. Validation with Justification of Simulation Results 
Hierarchical routing is implemented in its level one, two and three and the consolidated graph represents the 
difference, out of these levels the third level is giving improved lifetime than the other two levels. The proof is 
shown in Figure 7. In each level of hierarchical routing the available residual energy diagram after 400 round is 
shown in Figures 8-10. The residual energy of the individual node available in the network after 400 round is 
clearly depicted and in Figure 11, the third level hierarchical routing representation is obviously giving more 
remaining energy which is higher than the other two levels. 

In method 1 node activation scheme of active/sleep concept is introduced in hierarchical routing level 1, 2 and 
3. The network lifetime and its residual energy representation diagrams depicted in from Figures 11-16. From 
the residual energy diagram after 400 rounds by the implementation of node active/sleep concept, the level three 
hierarchical routing with node activation concept give the best result of energy savings to improve the lifetime 
of the network. 
 

 
Figure 7. Hierarchical routing level 1, 2 and 3 network lifetime 
comparison.                                                
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Figure 8. Residual energy representation for hierarchical routing level 1.                

 

 
Figure 9. Residual energy representation for hierarchical routing level 2.           

 

 
Figure 10. Residual energy representation for hierarchical routing level 3.         
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Figure 11. Network lifetime of hierarchical routing level 1 with node 
activation method 1.                                               

 

 
Figure 12. Network lifetime of hierarchical routing level 2 with node 
activation method 1.                                              

 

 
Figure 13. Network lifetime of hierarchical routing level 3 with node 
activation method 1.                                                
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Figure 14. Residual energy of hierarchical routing level 1 with node 
activation method 1.                                               

 

 
Figure 15. Residual energy of hierarchical routing level 2 with node 
activation method 1.                                            
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tion work the level 3 three clusters with three cluster head concept is giving best performance of live nodes 
against with number of rounds. Level 1 ends with 125 rounds of all dead nodes, level 2 ends with 180 rounds of 
all dead nodes lost and level 3 ends with 325 rounds of dead nodes. So, the level 3 hierarchical routing yield the 
best lifetime improvement against the number of rounds. The residual energy representation for three levels are 
depicted in Figures 8-10 and hierarchical routing level 3 energy representation have more remaining energy 
compare to other two levels. 

From Figures 11-13, the hierarchical routing with node activation methods 1 (active/sleep) level 1, 2 and 3 
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implementation is shown and the simulation work for level 3 is giving best performance of live nodes against 
with number of rounds than the other two levels. The residual energy representation for three levels are depicted 
in Figures 14-16 and hierarchical routing with node activation methods 1 (active/sleep) level 3 energy repre-
sentation have more remaining energy compare to other two levels. 

From Figures 17-19, the hierarchical routing with node activation methods 2 (active then sleep) level 1, 2 and 
3 implementation is shown and the simulation work for level 3 is giving best performance of live nodes against 
with number of rounds than the other two levels. The residual energy representation for three levels are depicted 
in Figures 20-22 and hierarchical routing with node activation methods 2 (active then sleep) level 3 energy re-
presentation have more remaining energy compare to other two levels. 

The residual energy of all the methods is tabulated as standard mean values in Joules in Table 2. By observation 
 

 
Figure 16. Residual energy of hierarchical routing level 3 with node 
activation method 1.                                               

 

 
Figure 17. Network lifetime of hierarchical routing level 1 with node 
activation method 2.                                              
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Graph Illustrating Residual Energy Vs Nodes-Hierarchical Level 3- Node Activation Method 1

 

 
Residual Energy at Each node
Residual Energy Mean Value

0 50 100 150 200 250 300 350 400
0

10

20

30

40

50

60

70

80

90

100
Graph Illustrating the Network Life Time-Hierarchical Level 1- Node Activation Method 2

Number of Rounds

N
um

be
r 

of
 A

liv
e 

N
od

es



R. Saravanakumar, Dr. N. Mohankumar 
 

 
413 

 
Figure 18. Network lifetime of hierarchical routing level 2 with node 
activation method 2.                                            

 

 
Figure 19. Network lifetime of hierarchical routing level 3 with node 
activation method 2.                                              

 

 
Figure 20. Residual energy of hierarchical routing level 1 with node 
activation method 2.                                               
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Figure 21. Network lifetime of hierarchical routing level 3 with node 
activation method 2.                                                

 

 
Figure 22. Residual energy of hierarchical routing level 1 with node 
activation method 2.                                               

 
the hierarchical routing level 3 node activation method 2 (active then sleep) standard mean value is giving the 
minimum energy consumped and having high value of mean. It is understood that the higher value is representing 
the remaining energy available in each sensor node after 400 round of simulation process. Table 3 indicates the 
details of simulation parameters used in simulation. 

6. Conclusion 
New concept through hierarchical routing technique based on the development of work in node deployment 
geographical area has been divided as segments and within the segment; the deployed sensor nodes and its cluster  
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Table 2. The residual energy of standard mean value of all methods                                                        

The standard mean value of 
all methods 

Various techniques  

Name of the method Standard mean value (J) 

 Hierarchical Routing Level 1 07.8692 

 Hierarchical Routing Level 2 12.0860 

 Hierarchical Routing Level 3 41.9168 

 Hierarchical Routing Level 1- Node Activation Method 1 07.9992 

 Hierarchical Routing Level 2- Node Activation Method 1 16.3419 

 Hierarchical Routing Level 3- Node Activation Method 1 42.3501 

 Hierarchical Routing Level 1- Node Activation Method 2 70.0472 

 Hierarchical Routing Level 2- Node Activation Method 2 90.1922 

 Hierarchical Routing Level 3- Node Activation Method 2 143.8999 

 
Table 3. Simulation parameters                                                                                  

The simulation  
parameters 

Various techniques  

Name of the parameter Quantity 

 Total number of nodes in field 250 

 Initial energy of each node Ein in Joules 200 

 Packet size k in bytes 100 

 Energy cost at transmission and reception of a bit of data Eelec nJ/cycle 50 

 Amplifier coefficient Eamp in pico Joule per bit 100 

 Base station position in meters (150,150) 

 Topology area of the network in meters 300 × 300 

 
formation with cluster head selection are implemented. In the implemented proposed routing protocol and its 
simulation results for hierarchical routing technique level 1, level 2 and level 3 for without and with node acti-
vation scheme, the level three hierarchical routing technique with node scheduling or node activation scheme 
exhibits its best results of energy consumption and increased lifetime of network in terms of number of rounds 
and dead nodes than other two levels. Inside the hierarchical routing technique and its levels, the node activation 
method 1 (active/sleep) and 2 (active and sleep) are incorporated in normal hierarchical routing levels 1, 2 and 3 
in such a way to improve the lifetime of the network. The entire simulation results are obtained and out of that, 
hierarchical routing level 3 with node activation method 2 results is proved as extremely the best for the im-
proved network lifetime and residual energy in terms of the number of live sensor nodes and dead nodes. 
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