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Abstract - In wireless sensor network, energy efficiency is a 
major concern as the sensors have minimum energy capacity. 
As the sensor energy consumption plays a vital role in 
determining the network lifetime, many strategies have been 
proposed for energy conservation. One of them is mobile data 
gathering (MDG).In Mobile Data Gathering either the sink can 
go on tour to collect the data or a Mobile Data Collector 
(MDC) can collect the data from sensors and drops them back 
to the static sink. In this paper, static sink with mobile data 
collector is considered for the topic of interest. The mobile data 
collector will reach the cluster of sensors at some appropriate 
locations called as anchor points. For the formation of clusters, 
many algorithms have been proposed so far, two of them , 
Square Grid based Clustering (SGC) and Sensor Transmission 
based Clustering (STC) are analysed here for the selection of 
anchors  in the anchor based mobile data gathering approach. 
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I. INTRODUCTION 
 

Wireless sensor network is an emerging field with many 
sophisticated real world applications ranging from personal 
front to public usage. To make these applications realistic, 
number of wireless static sensor devices is deployed in the 
field. These sensors are operated with minimum capacity 
batteries. They perform two essential functions namely, 
sensing the environment and transmitting the sensed data to the 
sink. The sink will make use of these data to do further 
processing. The communication between these two 
components raise the issue since all the sensors cannot transmit 
the data to the sink directly in a single hop fashion. When they 
transmit the data in a multi hop fashion, the sensors which are 
nearer to the sink may face the ‘hot spot’ condition and thus 
spending their energy in transmitting the data from other 
sensors. To handle this unnecessary wastage of energy, mobile 
data gathering (MDG) approach is introduced. In mobile data 
gathering, some mobile data collectors (MDC) are employed to 
gather the data from all the sensors and drop them into the 
sink. To collect data from each sensor in the field, MDC needs 
to take a time consuming long tour which results in high data 
latency. Instead, the sensors can be grouped into a cluster, 
based on their proximity[3].The MDC can stay in a predefined 
position at each cluster for a specific unit of time to gather the 
data. These positions are called as Anchor points and this type 
of data gathering is called as anchor based mobile data 
gathering [1]. Selection of appropriate anchor points plays a 

significant role in improving the system performance. Many 
algorithms like Square Grid based clustering and Sensor 
Transmission based clustering have been proposed for 
clustering the sensors. The proposed work makes an analytic 
study of these two algorithms and focuses on a new improved 
algorithm for the selection of anchor positions for anchor based 
mobile data gathering.  

 
In this paper an enhanced sensor transmission based clustering 
algorithm is presented to improve the performance of data 
gathering in mobile data gathering reduce the round trip time 
of the mobile data collector and to select the appropriate 
number of anchor points. The rest of the paper is organized as 
follows. In Section II, the related research works on this 
problem are discussed. In Section III, the problem addressed is 
explained, followed by the details of the proposed approach. In 
Section IV, the mathematical model used and the performance 
evaluation is presented. The conclusion of the paper is given in 
Section V. 
 

II. RELATED WORK 
 

In this section, the related research works are explained and the 
motivation for proposed work is also explained. Zhao et al [1] 
presents an optimization based distributed algorithm in which 
mobile data gathering is performed by a SenCar making a tour 
through anchor positions .The anchor positions are predefined 
by a random method in this paper. The random positioning of 
anchor points may not be suitable for all kind of deployment 
field and distribution type of sensor deployment. Some specific 
algorithm for the selection of anchors may do well. Arun et al 
[2] presents range constrained clustering for mobile data 
collection, range based clustering technique is applied. This 
algorithm can be applied to irregular polygonal field also as it 
is based on the location and the transmission range of the 
sensors. So this is suitable for both uniform and non-uniform 
distribution of sensors as well. This is because the algorithm 
takes the coordinates of sensors for the formation of clusters. 
To form the cluster this algorithm uses minimum circle fitting 
method coupled with the transmission range of the sensor. 
Even though it produces optimum results for mobile data 
gathering, the algorithm runs for O (n3) x O (n) time 
complexity. So this paper works on to find a similar kind of 
algorithm with minimum time complexity. Thanigaivelu et al 
[3] presents a grid based clustering for sink mobility based data 
gathering that divides the entire deployment area into equal 
sized grid cells. Each grid cell is a square. All the sensors 
inside the cell are static and their data can be collected from the 
sensor which is closer to the center point of the grid. This 
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sensor is called as Cluster Head (CH).CH will collect the data 
from other sensors within the cluster and retransmit it to the 
sink. Each sensor is identified by Sensor id and its 
corresponding grid id. This is applied for both static sink as 
well as mobile sink. If the cluster heads run out of energy it 
chooses the secondary cluster head with more energy and 
immediate closer to the center of the grid. This algorithm is 
suitable for regular polygonal field with uniform sensor 
deployment. If the field is irregular polygonal shape with non – 
uniform sensor deployment this method will have more unused 
grid cells.  This is because it partitions the network based on 
the coordinates of the area but not on the basis of sensor 
locations. So if a grid cell does not contain any sensors, that 
grid will become unused.  
 

III. SYSTEM DESIGN 
 

A. Square Grid Clustering method[SGC] 
 
In SGC ,the total deployment area is viewed as an N x N 
square field[3].The square field is divided into a number of 
Grid cells based on the range of the sensor r as shown in fig 
1.Each Grid cell represents one cluster. So the side of one grid 
cell is 2r. The centroid of each gives the anchor position of the 
MDC. Each anchor position is assumed to be a circle of radius 
r such that the MDC can collect the data from all the sensors of 
range r within the grid cell. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Fig.1 
Anchor positions in the Area N x N 

 
If each grid cell is of length 2r and the area of deployment field 
is nxn, thenNo of grid cells in a row of Grid, say q =n / rThen 
the total no of grid cells in the square grid = q x q     = (n / 
r) 2 
 As each Grid cell contains one anchor points, the total no of 
anchor points in a Grid is (푛 ) = q2The Data Gathering Time 
(per one trip of MDC)    =  

{Travelling time from anchor to anchor (Tt)}     
+ 

   {Time to stay at one anchor point for data gathering (St)} 
i.e.,   The Data Gathering Time (per one trip of MDC) 

T = (Tt) + (St) 
 

Travelling time from anchor to anchor   =   distance between 
anchor pointsFor SGC, the Travelling time from anchor to 
anchor = 2 r [Since the distance between anchors is same for 
SGC approach]The total tour time (Tt) =2 x r x q2If the data 
uploading time varies from sensor to sensor then the MDC has 

to stay at each anchor for a longer period. In such cases, the 
anchor stay time can be calculated as 
 
The anchor stay time (St) =no of sensors in that cluster (푛 ) x 
Upload time of a sensor (푢 ) x total data to be uploaded(푑 ) [5]   
St = 푛  x 푢 x 푑  

Total anchor stay time = 푛  x 푢 x 푑  

 
Total Data Gathering time per one trip of MDC = 2(퐪ퟐ−

1)풓 + 푛  x 푢 x 푑  ---------------1 

 
B. Sensor Transmission range based Clustering Method[STC]  
 
This algorithm takes the coordinates set of all the sensors 
which are deployed all over the field. Using these coordinates, 
it groups the sensors into a number of clusters based on their 
relative distance. To find the relative distance, Euclidian 
distance formula is used. After the distance matrix is 
calculated, it generates the list of clusters and calculates the 
centroid of each cluster. Then it returns the number of clusters 
and their centroids. 
 

 §    

     

    § 

   §  

§     

 
§ - sensor Figure 2: Sensors and Anchors in Sensor 
transmission range based Clustering 
 
In this method, to find the anchor points, the coordinate 
positions of all the sensors are taken as input. Based on these 
data, the neighbourhood sensors form clusters using the range 
of transmission power r.For forming the clusters, the distance 
matrix D [i, j] is calculated between all the sensors using the 
Euclidian formula.  
 
So the total no of anchor points in STC (say na) is ≤   the total 
number of sensors deployed. So       na    ≤   nThe Data 
Gathering Time (per one trip of MDC)    = 
 
{Travelling time from anchor to anchor (Tt)}    
           + 
{Time to stay at one anchor point for data gathering (St)} 
i.e.,   The Data Gathering Time (per one trip of SenCar) T = 
(Tt) + (St) 
Travelling time from anchor to anchor =distance between 
anchor points 
     = D [ a i ,ai+1 ] 
 [Since the distance between anchors is different for STC 
approach] 
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Table 1 Parameters for Square Grid Clustering algorithm 

 
 
Table 2 Parameter set for proposed Clustering algorithm 
 

 
 
 
 
 
 

The total tour time (Tt) = D[ 푎  ,푎  ] 
If the data uploading time varies from sensor to sensor then the 
Mobile Data Collector has to stay at each anchor for a longer 
period. In such cases, the anchor stay time can be calculated as 
 
The anchor stay time (St) = no of sensors in that cluster=(푛 ) 
x Upload time of a sensor (푢 ) x total data to be uploaded (푑 ) 
[5] 
St=푛  x 푢 x 푑  

Total anchor stay time = 푛  x 푢 x 푑  

Total Data Gathering Time per one trip of SenCar 

 = ∑ D[ 푎  ,푎  ]  + 푛  x 푢 x 푑      ---------------------

---------------------- 2 
This algorithm runs with  O(N2 )time complexity and O(N2 ) 
space complexity which is better than the Range constrained 
clustering algorithm  given in [2] for which the time 
complexity is O(N3 ) and O(N2 ) space complexity. 
 

IV. RESULTS AND ANALYSIS 
 
For a sample area of 20m X 20m, 18 sensors can be deployed 
approximately with sensing range of 2 m for each sensor. 
Based on this approximation, a range of different number of 
sensors is chosen for the Square Grid method. The chosen 
values are given in the Table 1.The results obtained from the 
execution of this algorithm is also tabulated (Table 1).In case 
of the Sensor Transmission range based Clustering algorithm, 
the input parameters are the coordinate sets of the deployed 
sensors. Using these coordinate values this algorithm creates 
the set of clusters based on the proximity of the sensors. The 
proximity is measured using the Euclidean distance formula. 
Once the list of clusters is obtained, the centred of each cluster 
is computed and displayed. The dataset for this algorithm is 
shown in Table 2 with the results.For the comparison of the 
two algorithms deployment area of 4x4 sq.m,10x10 sq.m, 
20x20 sq.m fields are considered. The SGC algorithm 
produced the number of anchors 4 ,25 and 100 respectively for 
the above fields as it divides the field into the number of grid 
cells of size 2xr, whereas r is the range of transmission of the 
sensor. But the proposed STC algorithm produced considerably 
less number of anchors as the position coordinates of the 
sensors are taken into consideration for cluster formation. The 
results are depicted in the graph shown below. 

 

 
                                                                                    Figure-3
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STC
SQC

Sno Area         No of sensors   No  of  anchors 
 

1 [0 0]  to 
 [ 4  4] 

7 4 

2 [0 0] to  
[ 10x10] 

15 25 

3 [0 0]to [20 20] 18 100 

Sno No of sensors No of  anchors 
 

1 7 2 
2 15 3 
3 18 10 
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When the round trip time of the mobile data collector (MDC) 
is calculated for these two algorithms based on the formulae 
given in Equations (1) and (2), the round trip time of STC is 
very much lesser than that of SGC algorithm. The variations in 

the results of these two algorithms are clearly depicted in the 
following graph. 

 

  
Figure-4 

 
V. CONCLUSION  

 
In this paper, a new enhanced transmission based clustering 
method is proposed for finding the appropriate anchor points 
for Anchor based Mobile Data Gathering process.This 
algorithm is compared with the existing square grid method. 
The experiment results prove that the proposed algorithm 
gives better results for selecting number of anchors 
appropriate for the mobile data gathering. It also reduces the 
round trip time of the mobile data collector (MDC) 
significantly when compared with the Square Grid method. 
In future, the work will be extended for higher dimension of 
sensor deployment and automated placement of sensor 
positions.   
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