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Abstract— The aim of this  paper is to reduce the energy consumption of the wireless sensor network by making effective hole 
detection and hole healing. The ad-hoc On-Demand Distance vector(AODV) Routing protocol is used to provide the energy 
efficient path for the date forwarding. Whenever the hole is detected, temporary node from the base station is sent towards the 
hole to reduce the packet loss. The clustering concept is implemented to avoid many number of nodes movement. The healing 
takes place by the neighbouring cluster head movement. Thus the proposed model uses  Least-Disruptive topology Repair 
(LeDiR) Algorithm that provides better Qo’S of the network. The Comparision graphs for the energy consumption. Average 
end-to-end delay and Packet delivery rate are plotted. The Throughput of the system is made higher with using lower energy 
and packet loss.  
 
Index Terms—WSN,AODV,Qo’SHole Detection,Hole Healing, Cluster Head. 
 
I. INTRODUCTION 
 
        Wireless sensor networks (WSNs) consist of a 
large number of wireless sensor nodes that have 
sensing, data processing and communication 
functionalities. WSNs are typically used to monitor a 
field of interest such as to detect movement, battlefield 
surveillance, smart home environments, habitat 
exploration of animals and vehicle tracking, 
temperature changes, precipitation etc. 
        Each node may be in one of four states: transmit, 
receive, idle (when the node keeps listening to the 
medium even when no messages are being 
transmitted) and finally sleep state (where the radio 
module is switched off: no communication is 
possible). Specifically, some nodes are scheduled to 
sleep whereas the remaining ones provide continuous 
monitoring .It can be difficult or impossible to replace 
the batteries of the sensor nodes. On the other hand, 
the sink is typically rich in energy. Since the sensor 
energy is the most precious resource in the WSN, 
efficient utilization of the energy to prolong the 
network lifetime has been the focus of much of the 
research on the WSN.. The energy consumed by a 
node depends on its state..  

. Energy conservation and harvesting 
increase the lifetime of the network. Optimize the 
communication range and minimize the energy usage, 
There is a need to conserve the energy of sensor nodes 
.Sensor nodes are deployed to gather information and 
desired that all the nodes works continuously and 
transmit information as long as possible.  
This address the lifetime problem in wireless sensor 
networks.Hence in this paper ultimate focus ie to 
reduce the energy of the wireless sensor networks and 
to improve the Qo’S.An area where a group of sensor 
nodes stops working and does not take part in data 
sensing and communication is termed as a hole in the 

network. Holes are the barriers for communication. 
Holes have a huge impact on the performance of the 
network. when hole is formed nodes may not be able to 
communicate correctly if routing holes, areas devoid 
of any nodes, exist in the deployed topology. There are 
many types of holes such as  Coverage holes, Jamming 
holes, Black holes etc. Hole detection is the process in 
which the network identifies damaged, attacked or 
inaccessible nodes. Hole healing is the process of 
repairing holes using some topological algorithm.The 
software platform used to show the simulation results 
is ns-2 (Network Simulator). 
 
II. REALATED WORKS  
 
 There has been much related research on the hole 
detection problem. [1] in this paper, a reduce identical 
composite event transmission (ricet) algorithm is 
proposed to solve the problem of detecting composite 
events in wireless sensor networks. The ricet 
algorithm extends the traditional data aggregation 
algorithm to detect composite events, and this 
algorithm can eliminate redundant transmission and 
save power consumption however in  the simulation it 
has been found that the ricet algorithm can save sensor 
node power by up to 64.78% of that of traditional 
algorithms. Moreover, the riet algorithm can enhance 
a sensor node’s lifetime by up to 12.9 times and reduce 
data loss by approximately 87% but there is no 
assurance for security in this paper.[2] in this paper, 
authors propose cola, an actor placement mechanism 
that considers both the delay requirements of data 
collection and the coverage. results indicated that cola 
achieved about 30% increase in coverage and up to 
40% delay reduction in comparison to the random 
deployment. In addition, cola improved the lifetime of 
the network by reducing the average energy per packet 
but they have to consider the issue of asset planning by 
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determining the ideal number of actors based on the 
network topology and application requirements. [3]In 
this paper authors present propose a 
Hungarian-algorithm-based optimal solution, which 
is centralized. Then, a Localised scan-based 
Movement-Assisted sensoR deployment method 
(SMART) and several variations of it that use scan 
and dimension exchange to achieve a balanced state 
are proposed.  
 
The results show that the proposed method can 
achieve an even deployment of sensors with modest 
costs but they have to perform an in-depth simulation 
on energy consumption of sensor deployment 
algorithms and design some intra cluster balancing 
algorithms to achieve high-resolution load 
balancing.[4]In this paper authors presented DARA, a 
Distributed Actor Recovery Algorithm, which opts to 
efficiently restore the connectivity of the interactor 
network that has been affected by the failure of an 
actor.The proposed algorithm is completely 
distributed and requires only the knowledge of 
two-hop neighbors, which reduces the communication 
overhead significantly but must consider other metrics 
such as coverage and sensor-to-actor delay in 
determining the scope of the recovery and in selecting 
candidates for movement.Hence care must be taken to 
improve the Quality of service (Qo’S) 
 
III. EXISTING METHODS 
 
From the literature Survey, the existing methods 
utilizes many number of node movement for the 
healing  process to be carried out.This is making the 
energy getting drained earlier and the main task of the 
network is not completed. 

 
                     Fig. 1 NAM window (Healing Takes 
place by the neighbouring nodes).  

The Disadvantages of the existing methods 
are  
a) Message forwarding overhead can be 

large 
b) Not applicable for large density of nodes 
c) Repetitive network flooding. 

d) Detects holes of fixed sizes only 
e) Multi-packet loss. 

IV. PROPOSED METHOD 
 
In the proposed method the introduction of temporary 
node from the base station in the clustered 
environment plays the vital role in performing 
effective healing. In the existing methods whenever 
the hole is detected the neighbouring nodes will take 
part in the healig process. hence the number of node 
movement increases which ultimately increases the 
energy consumption and average end-to-end delay. 
simultaneously the packet delivery rate is reduced, 
because of these issues focus is mainly in the 
optimization of these mentioned parameters. Hence 
clustering concept is implemented here to avoid the 
number of node movement. . In order to support data 
aggregation through efficient network organization, 
nodes can be partitioned into a number of small groups 
called clusters. Each cluster has a coordinator, 
referred to as a cluster head, and a number of member 
nodes. Clustering results in a two-tier hierarchy in 
which clusterheads (CHs) form the higher tier while 
member nodes form the lower tier. The member nodes 
report their data to the respective CHs. The CHs 
aggregate the data and send them to the central base 
through other CHs. Because CHs often transmit data 
over longer distances, they lose more energy compared 
to member nodes. The network may be reclustered 
periodically in order to select energy-abundant nodes 
to serve as CHs, thus distributing the load uniformly 
on all the nodes. 
              The main advantages of clustering is that 
Besides achieving energy efficiency, clustering 
reduces channel contention and packet collisions, 
resulting in better network throughput under high 
load. Clustering has been shown to improve network 
lifetime. 

 
Fig. 2 Clustering in wsn 

 
     The routing protocol used here is the AODV. 
Being a reactive routing protocol AODV uses 
traditional routing tables, one entry per destination 
and sequence numbers are used to determine whether 
routing information is up-to-date and to prevent 
routing loops. AODV is a very simple, efficient, and 
effective routing protocol for Mobile Ad-hoc 
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Networks which do not have fixed topology. This 
algorithm was motivated by the limited bandwidth 
that is available in the media that are used for wireless 
communications. It borrows most of the advantageous 
concepts from DSR and DSDV algorithms. The    on 
demand route discovery and route maintenance from 
DSR and hop-by-hop routing, usage of node sequence 
numbers from DSDV make the algorithm cope up 
with topology and routing information. Obtaining the 
routes purely on-demand makes AODV a very useful 
and desired algorithm for WSN. 
The algorithm used here is the a Least-Disruptive 
Topology Repair (ledir) algorithm. Ledir is a localized 
and distributed algorithm that leverages existing route 
discovery activities in the network and imposes no 
additional pre-failure communication overhead. The 
flow of the Algorithm is given below. Initially Hole 
detection has to be done: Check for STUCK Nodes, 
Send the data and find which node can’t be send the 
data to next hop, Collect all stuck node information, 
Discover the hole, Determine Hole Position, Calculate 
Hole Size. Secondly the Hole healing process has to be 
continued, Assign the Destination to have a 
Temporary node.,Send Temporary node to continue 
data forwarding, Calculation of Euclidean Distance by 
neighbouring  cluster head, Move nearby cluster head 
to heal the hole, Heal the hole and continue the 
process. 
 
V. SIMULATION RESULTS 
 
The Outputs of the NAM window is shown as below: 

   
Fig. 3 Hole Healing by the Temporary Node 

 

 
Fig. 4 Hole Healing by the Cluster Head 

In Network Simulator ns-2 after the deployment of the 
nodes as clusters, Fig. 3 shows that, Whenever the 
hole is detected, the neighbouring nodes will intimate 
to the base station, to send the temporary node for the 
healing process, meanwhile all the nodes in the 
network will be calculating the Euclidean distance 
between them to the hole position. In the Euclidean 
plane, if p = (p1, p2) and q = (q1, q2) then the distance 
is given by 
        

 
Fig. 4 Shows after the calculation of Euclidean distance 

 
The Cluster Head moves towards the hole for the 
healing process to be carried out and then the 
temporary node returns to the base station The graphs 
has been plotted for three cases: The Healing is done 
by all the neighbouring nodes, Healing done by the 
Temporary node followed by neighbouring nodes and 
Healing is done by the Temporary node followed by 
the Cluster head. 
          

 
Fig. 5 Delay comparision 

 
Fig. 5 Shows that the proposed model has the Lower        
Average end-to-end delay, which is the great 
advantage of the proposed model 

 
Fig. 6 Packet Delivery comparision 
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Fig. 6 shows that the proposed model has the        
higher packet delivery rate, which increases the 
throughput of the network 
    

 
Fig. 7 Energy comparision 

 
Fig. 7 Shows that the proposed model has the better 
energy efficient routing routing where the energy 
consumption is reduced by 3%. 
 
CONCLUSION 
 
In this paper the proposed  method in which the 
routing is done using AODV  in order to reduce the 
packet loss and clustering concept is implemented to 
reduce the movement of number of nodes as only 
cluster head is involved in the healing process. The 
graphs for existing method where all the 
Neighbouring nodes which are located at an 
appropriate distance from the hole are involved in the 
healing process, and our proposed model with the 

introduction of Temporary node from the base station 
without clustering and the same with clustering 
concept where only the cluster head is involved in the 
healing process is plotted and shown. The inference 
from the graph shows that the proposed model with 
the On-Demand based cluster head healing has an 
increased Packet Delivery Rate and Reduced Energy 
consumption and delay. Thus the proposed method 
provides better simulation results as an energy 
efficient method. The energy consumption is reduced 
by 3%.The Quality of service of the network is also 
increased. 
 
Further the paper can be extended by using various 
other protocols so that the efficiency of the system can 
be still more improved and Self -Healing Mechanism 
of holes can be analysed to make the communication 
system process effectively in the real time. 
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