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 A recent advance in micro manufacturing Technology has enabled the development of 
low-cost, low-power, multifunctional sensor nodes for wireless communication. 
Diverse sensing applications have also become a reality as a result. In a wireless sensor 
network (WSN), how to conserve the limited power resources of sensors to extend the 
network lifetime of the WSN as long as possible while performing the sensing and 
sensed data reporting tasks, is the most critical issue in the network design. In a WSN, 
sensor nodes deliver sensed data back to the sink via multi hopping. The sensor nodes 
near the sink will generally consume more battery power than others; consequently, 
these nodes will quickly drain out their battery energy and shorten the network lifetime 
of the WSN. Sink relocation is an efficient network lifetime extension method, which 
avoids consuming too much battery energy for a specific group of sensor nodes.  Also 
when the nodes become dead then there needs to be a process which can increase the 
lifetime of the network. Hence In this paper, we propose a moving strategy called 
Battery Aware Sink Relocation and Recovery (BASRSR) for mobile sinks in WSNs. 
The proposed mechanism uses information related to the residual battery energy of 
sensor nodes to adaptively adjust the transmission range of sensor nodes and the 
relocating scheme for the sink and then dead nodes are recovered using a genetic 
scheme. The simulation results also prove that the BASRSR method works better as 
compared to existing ETX algorithm and One Step routing algorithms with respect to 
End to End Delay, Number of Hops, Energy. 
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INTRODUCTION 
 

A WSN consists of small-sized sensor devices, 
which are equipped with limited battery power and 
are capable of wireless communications. When a 
WSN is deployed in a sensing field, these sensor 
nodes will be responsible for sensing abnormal 
events (e.g., a fire in a forest) or for collecting the 
sensed data (temperature or humidity) of the 
environment. In the case of a sensor node detecting 

an abnormal event or being set to periodically report 
the sensed data, it will send the message hop-by-hop 
to a special node, called a sink node. The sink node 
will then inform the supervisor through the Internet. 
As shown in Fig. 1, sensor node e detects an 
abnormal event and then it will send a warning 
message to the sink to notify the supervisor via a 
predetermined routing path, say Pea = e − d − c − b − 
a. Note that the routing path may be static or 
dynamic, depending on the given routing algorithm.

 

 
 
Fig. 1: WSN Network 
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Background: 
Lindsey et al. (2002) propose PEGASIS, an 

extension of LEACH, in which nodes transmit to 
their 1- hop devices, and then the 1-hop devices 
transmit the messages to the base station. The 
LEEACH  protocol is highly subjected to Node 
Failures as compared to PEGASIS The work in (Pan, 
J., et al., 2005) shows that a two-tiered architecture 
will be having high energy efficiency when 
hierarchical clusters are deployed at specific 
locations.. Ye et al. (2004) describe a contention-
based, medium access protocol, SMAC, which 
reduces energy consumption by using virtual 
clusters. Common sleep schedules are developed for 
the clusters, and in-channel signaling is used to avoid 
collisions. Cerpa et al. (2004) propose ASCENT 
(Adaptive Self Configuring Sensor Networks 
Topologies) that operates between routing and link 
layers. Any routing or data dissemination protocol 
can use ASCENT to manage node redundancy. In 
ASCENT, nodes monitor their connectivity and 
decide whether to become active and participate in 
the multi-hop networking. Moreover, nodes other 
than active nodes remain in a passive state until they 
receive a request from active nodes. 

 
Algorithms: 
Stationary Algorithm: 

The Stationary communication Algorithm is 
used to find the route from the source Node to 
destination Node. The algorithm steps are as 
followed 

1. The Routing table for the source Node is 
retrieved. 

2. The set of Nodes are found which have the 
distance within the coverage area. 

3. If the set of neighbors has the destination 
Node then routing process is stopped otherwise go to 
step 4. 

4. The forward Node towards the destination is 
found by picking one of the Node randomly from the 
neighbors. 

5. The process is repeated until the destination 
Node is reached.  
 
One Step Routing Algorithm: 

The One Step Routing Algorithm is used to find 
the route from the source Node to destination Node. 
The input is source Node, destination Node, coverage 
area and Threshold Range are the inputs. The 
algorithms steps are as followed 

1. The Routing table for the source Node is 
retrieved. 

2. The set of Nodes are found which have the 
distance within the coverage area are called In  
Nodes or IN Nodes 

3. If the In Node Nodes have the destination 
Node then route discovered is stopped. 

4. If the In Node Nodes does not have 
destination Node then go to step5. 

5. The set of Nodes are found which have the 
distance between coverage area and the threshold are 
called border Nodes or border Node 

6. If the border Nodes has the destination 
Node then route discovered is stopped. 

7. If the border Nodes does not have the 
destination Node then next forward Node  is picked 
as one among border Node 

8. The process is repeated until the destination 
Node is reached.  

 
BASRSR Routing Algorithm: 
Transmission Range Adjustment: 

In general, a larger transmission range set for a 
sensor node will increase the number of neighbors 
and consequently enhance the quality of the energy-
aware routing; however, it also bring the drawback of 
longer distance message relaying, which will 
consume more battery energy of a sensor node. On 
the contrary, for a shorter range of communication, 
although it does not help too much for routing, it can 
conserve the usage of the residual battery energy. In   
BASRSR method, the transmission range adjusting 
will depend on the residual battery energy of a sensor 
node. 

The nodes are classified into 3 types  
 

Type1 Nodes: 
These are the nodes whose battery power is in 

the range of  

powerbatteryinitialB
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Type2 Nodes: 

These are the nodes whose battery power is in 
the range of  

2/)(3/ BurB <≤  

Super Healthy Nodes: 
These are the nodes whose battery power in the 

range of  
BurB ≤≤ )(2/

 

The Transmission range can be described as follows 
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Sink Relocation: 

1. If half of the neighbor nodes have their 
battery power below threshold then Sink Node has to 
be relocated  

2. The relocation process involves determining 
the direction in which sink has to be moved and by 
what range it has to be moved. 

The Sink Relocation process in BASRSR 
Algorithm is described in detail in fig 2 
 
BASRSR Algorithm: 

The BASRSR algorithm can be described as 
follows 

1. Source Node, Destination Node, 
Transmission Range acts as an input. 

2. The set of nodes which are within the 
transmission range are neighbor nodes. 

3. If the neighbor nodes have the destination 
node then stop the process. 

4. If the neighbor nodes does not have 
destination then we consider the residual battery 
power of the nodes. 

5. The maximum residual battery is found and 
if it falls under the category of healthy nodes then 
one among them is chosen as the next forward node. 

6. If the maximum residual battery of all nodes 
is under type1 then sink relocation process in 
initiated. 

7. The above process is repeated until the 
destination is reached. 

 
 

 
 

Fig. 1: BASRSR Routing Algorithm 
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Dead Node Recovery Process: 
Genetic algorithm is for fault node recovery. So 

grade diffusion algorithm must run for each data 
transmission and genetic algorithm must run after 
every 30 data transmission. 

1) Destination node (sink) has to broadcast 
grade request packet to all its 1-hop neighbors with 
the grade value 1. Grade value of the sink node is 0.  

2)  On receiving the grade request packet all 
the 1-hop neighbors must assign grade 1 to 
themselves and must update their routing table as 
shown below. 

3)  All the 1-hop neighbors must increment the 
grade packet values by 1 and broadcast to its 1-hop 
neighbors.

 
 

   
 

Fig. 2: Grade Assignment and Routing table 
 

4)  Each sensor node update the details in the 
routing table with lesser grade values. If a sensor 
node receives the grade packet with higher grade 
value then it should not store it in its routing table. 

5)   Each node has to transmit data to the lesser 
grade node in its routing table until sink node (grade 
0) is reached as shown below. 

 
 

 
 
  
6) Algorithm is used for data transmission and 

only this has to run in the network all the time. 
7)  Genetic Algorithm must run for fault node 

recovery and it has to run after every 30 data 
transmissions. 
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8)  Check the total number faulty nodes in the 
network (energy less than the threshold value). 

9)  If the numbers of fault nodes greater than 1 
then precede else stop (only grade diffusion 
continues). 

10)  Get the IDs of all the fault nodes and form 
four chromosomes. Chromosome length must be 
equal to number of faulty nodes. 

 
Here 9,7,10,81… etc are the IDs of all the fault 

nodes in the network. 

11)  Assign randomly 1 or 0 to the faulty nodes 
in the chromosome. 

12)  Here the nodes with binary 0 must be 
replaced and nodes assigned with 1 need not to be 
replaced. 

13)  Form four chromosomes by assigning 1 and 
0 randomly. 

14)  Now choose two chromosomes which 
replace more number of lesser grade nodes. (If a 
chromosome replaces grade1 node then it must be 
preferred to the one that replaces grade2 node) . 

15)  Carry cross over operation between the two 
chromosomes.

 

 
 
16)  Now randomly flip any one of the gene in the chromosome. 

 
 
17)  Now replace the nodes whose value is 1 to increase the lifetime of the network. 
 

Results: 
 
Table Simulation Set Up 

Number of Nodes 100 
Source Node 1 
Destination Node  100 
Area  100*100 m 
Energy Transmission 20 mJ 
Energy Reception 10 mJ 
Attenuation Factor 0.5 

 
Fig shows the 100 nodes deployed in the area of 100* 100 areas in m.  
  

 
Fig. 3: Node Deployment Algorithm 
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Fig shows the comparison plot of End to End 
Delay in ms as shown in the fig on an average 
BASRSR algorithm has the lowest delay as 

compared to One step and Stationary algorithm 
across all iterations. 

 

 
 
Fig. 4: End to End Delay Comparison 

 
Fig shows the comparison plot of Number of 

Hops as shown in the fig on an average BASRSR 
algorithm has the lowest hops as compared to one 
step and Stationary algorithm across all iterations.

 

 
 

Fig. 5: Number of Hops Comparison 
 
Fig shows the comparison plot of Energy 

consumed in mJ as shown in the fig on an average 
BASRSR algorithm has lowest energy consumed as 

compared to one step and Stationary algorithm across 
all iterations. 

 

 
Fig. 6: Energy Consumption Comparison 
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Fig shows the comparison plot of Number of 
Alive nodes as shown in the fig on an average 
BASRSR algorithm has highest number of alive 

nodes compared to one step and Stationary algorithm 
across all iterations. 

 

 
Fig. 7: Number of Alive Nodes Comparison 

 
Fig shows the comparison plot of Number of 

dead nodes as shown in the fig on an average 
BASRSR algorithm has lowest number of dead 

nodes compared to one step and Stationary algorithm 
across all iterations. 

 

 
 
Fig. 8: Number of Dead Nodes Comparison 

 
Conclusion: 

In the BASRSR method, we incorporate the 
technique of energy-aware transmission range 
adjusting to tune the transmission range of each 
sensor node according to its residual battery energy. 
In the case of the residual battery energy getting low 
after performing rounds of message relaying and 
environment sensing tasks, then its transmission 
range will be tuned to be small for energy saving. 
Moreover, the relocating decision made by the sink 
will take the MCP routing protocol, as the underlying 
message routing in order to gain the merit of 
prolonging network lifetime and also there is a 
mechanism of for recovery of the nodes in the 
network. 
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