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ABSTRACT 
Recent advancement in wireless sensor networks are used in various applications like space exploration, habitat monitoring, and 
medical treatment target tracking, military surveillance, environmental monitoring, etc. Wireless sensor networks consist of 
various nodes which contains limited power source, therefore the energy and the lifetime of each wireless sensor nodes must be 
utilized efficiently. In cluster-based routing protocols with movable sink, routing depends on the cluster head (CH), the traditional 
schemes of CH selection depend on the residual energy of the node with random cluster head selection. In our view the previous 
schemes are not an efficient methodology to achieve the energy efficiency and improve the life time of the wireless sensor nodes, 
because the random cluster head selection with one or two metrics is not an efficient scheme to achieve the high energy efficiency 
and improve the lifetime of the wireless sensor nodes, with mobile sink. Most optimal solution for the above challenge is cluster 
based routing protocol with efficient cluster head (CH) selection and cluster-based routing scheme for mobile sink with cluster 
received signal strength indicator (CRSSI). The simulation results show that the CRSSI scheme achieves high energy efficiency 9.1 % 
over PI (perpendicular intersection) and 9.8 % over LEACH (low energy adaptive clustering hierarchy), improved life time of the 
nodes (10 % over PI and 16 % over LEACH) and high packet delivery ratio (19.7 % over PI and 26 % over LEACH). This is achieved 
through an efficient CH and an efficient cluster-based routing with three metrics, the residual energy of the node, position of sensor 
node and the transmission and reception count of the node and all these metrics values received through cluster received signal 
strength indicator (CRSSI).The proposed scheme CRSSI evaluates the performance in different scenarios in terms of energy 
efficiency, life time of the nodes and packet delivery ratios and performs better compare to PI and LEACH protocols. 
 
KEYWORDS: Wireless sensor networks, clustering, localization, mobile sink, data gathering.  

      

INTRODUCTION 

 

Recently, a research proved that more energy is spent in WSNs for communication between the sensor nodes 

to the remote mobile sink [1]. The information is sent from the sensor nodes to the sink through the cluster with 

the help of cluster head, cluster is a group of nodes which can communicate each other. In cluster-based routing, 

the CH selection is an important criteria for an efficient routing. The CH is the backbone, providing solutions for 

various tasks and it is responsible for the node communication and routing, therefore CH is the central control 

point of a cluster, The CH must be selected efficiently [2].  

In traditional clustering schemes the CH selection depends on the residual energy of the node with random 

cluster head selection [3], In our view these schemes are an efficient methodology to achieve the energy efficiency 

and to improve the life time of the wireless sensor nodes, because the random cluster head selection with one or 

two metrics is not an efficient scheme. 
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Locating wireless sensor nodes is an important issue and the sensor nodes must be identified to form the 

clusters, and to route the information efficiently to the mobile sink .The localization is classified in to two different 

types namely range- based and range free approaches. Mostly received signal strength indicator (RSSI) is used 

for node position calculations [4]. But these indication increase the traffic which causes the less packet delivery 

ratio.   

Information is sent from one cluster head to the movable sink through the relay node [5], but these schemes 

need to select the relay node efficiently with multiple parameters which causes nodes overhead it decreases the 

nodes life time. 

An efficient data collection from the various CH in the densely distributed WSN is a big challenge. To achieve 

this the sink is moving all the places and collect the data’s [6] , the movement of the sink calculations depends on 

the number of clusters, which causes the in efficient data gathering scheme. 

The above studies motivate us to find the efficient cluster based routing scheme for wireless sensor networks 

for mobile sink with cluster received signal strength indicator. In this paper we proposes a new scheme (CRSSI), 

which gives the efficient CH selection scheme  with the help of the residual energy of the node, the position of 

sensor node and the transmission and reception count of the node and all these metrics values are received through 

Cluster Received Signal Strength Indicator (CRSSI). 

 

The contributions of this paper are as follows: 

 Motivated by cluster based routing schemes with data gathering using cluster received signal strength  

      indicator, all communications take place using the CRSSI for both intra cluster and cluster head to  

      movable sink.   

 We provide all mathematical functions for CH selection, cluster based routing, positions of the nodes,  

        transmission and reception count of the nodes, sink position calculations. 

 We  demonstrate the proposed scheme through NS-2 simulations, The simulation results shows that the     

        CRSSI scheme achieves high energy efficiency, improved life time, and good data delivery rate,  

        Compared to other schemes PI and LEACH. 

 

Related Work: 

 

Many schemes are there try to reduce that the traffic and increases the life time of the nodes using the 

traditional routing algorithms.  In [7-8] stated that the cluster based distributed algorithms, but it is difficult to 

form the cluster. In [9-10] state that the Comprehensive Sensing (CS) schemes for data gathering provides the 

data acquisition and data processing this scheme gives less packet delivery ratio. 

In [3] clustering in WSNs is an efficient technique to organize the nodes and routing the information, early 

proved that a basic clustering protocol in which the CH selection depends on the high energy nodes and it is not 

enough to determine the efficient CH. 

In [11] stated that, single hop technique to route the information, but it is not applicable to the large scale 

network, to avoid this large range transmissions.  In [12] reported the multi hop communication, but this scheme 

creates small clusters, that is the number of nodes inside the clusters are less, so it creates too many small clusters 

and the communication packets numbers are too high, this creates the heavy traffic load. To identify the nodes 

location the RSSI based localization schemes are utilized.  

In [13] reported the mobile beacon based on geometric constraints in WSN in which range free localization 

scheme is considered and also uses many static beacons. Therefore, it provides power efficiency, scalability and 

fined grained accuracy. By using geometric constraints, we can improve the localization accuracy. But the beacon 

points do not exactly lie on the communication circle of the sensor node.  

In [14] stated that mobile Anchor Points in WSN in which localization is one of the substantial issues. Range-

based and range-free approaches are proposed to calculate the positions for randomly deployed sensor nodes. 

Range based scheme needs node to node distance or angles to determine the location of the sensor. It provides 

higher accuracy but it require additional hardware. On the other hand, the range free scheme does not require 

additional hardware. Therefore range free scheme is considered in mobile anchor. Moreover, obstacles in the 

sensing field are tolerated. 

In [15] early proved that, HA-A2L (high accuracy localization based on angle to landmark) localization 

method is used. It consists of a) new protocol that exchange information to localization process b) localization 

algorithm that estimates angles and distance in sensor networks. When this network used in large scale sensor 

networks it is too expensive because it require extra hardware. 

In [16] stated that localization in ad-hoc networks in which AHLoS (Ad-Hoc localization system) approach 

is used. Some nodes find its location with its knowledge and others nodes find their location by a distributed 

algorithm. 

In [17] proves that, Comprehensive sensing (CS) is used for data gathering and processing. As per CS, the 

data can be reconstructed with high probability from a small number of measurement. In this methodology the 
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Gaussian metrics have a large incoherence with any fixed basis. 

In [18] reported that, EM algorithm nodes are distributed using Gaussian mixture distribution. But the energy 

levels of nodes are monotonically decreasing because every time the cluster nodes, must sent the centroid details 

to the sink, so this algorithm is not an efficient cluster based routing scheme. 

In [19] prove that mobile based localization scheme called Perpendicular Intersection (PI), indicates that a 

tradeoff between range-free and range-based approaches, PI compute the node position using the geometric 

relationship of the perpendicular intersection. 

All the above studies motivate us to create a new scheme for an efficient cluster based routing protocol with 

movable sink using CRSSI.  

 

Proposed Scheme: 

The proposed scheme (CRSSI) contains many sections, like cluster formation and head selection, prediction 

of sensor node position calculation, transmission and reception count calculation and residual energy calculation. 

 

A. Cluster formation and head selection: 

After successfully distributing the sensor nodes in a selected area, the proposed protocol starts working. This 

protocol initially determines the position and the communication distance of all the nodes with the help of the 

localization scheme (RSSI), and group the nodes within the communication range. 

The proposed scheme CRSSI selects the CH based on the parameters, residual energy of the node, and 

position of the node and the transmission and reception count of the node, all these parameters are determined 

using RSSI. 

First some of the high energy sensor nodes are randomly selected as cluster heads, then the algorithm is 

implemented to finalize the CH .In this scheme the tentative CH sends the RSSI signal (Beacon message) that 

includes nodes id, timestamp and location towards the base station, transmission and reception count of the node. 

The below figure 1. Shows the Cluster Head calculation details. 

 

 
 

Fig. 1: CH Selection using CRSSI 

 

B. Prediction of sensor node position calculation: 

Apply polynomial modeling for maximum CRSSI values. The position of sensor can be determined from the 

intersection point of two maximum CRSSI values. The required maximum CRSSI point can be predicted from 

the intersection of perpendicular lines. The below figure 2. Shows the maximum CRSSI point details. 
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Fig. 2: Maximum RSSI Point 

The crossing point of polynomials for growing and reducing fashion provide the extreme CRSSI point. 

Assume b1 and b2 denotes the beacon points having reference distance 6m and 12m respectively, the increasing 

trend of CRSSI value as b1 and the decreasing trend of CRSSI value as b2. The distance can be calculated from 

the measurement of power in the received signal. The distance calculated from the measurement of power in the 

received CRSSI value is given by, 

𝑑1 =
√𝑇𝑝𝑇𝑎𝑅𝑎𝜆2

(4𝜋)2∗𝑟𝑠𝑠𝑖∗𝑃𝐿
                                         (1) 

 Where Tp is the transmission power, Ta is the transmitter antenna gain, Ra is the receiver antenna gain, λ is 

the wavelength of transmitter signal, PL is the path loss component and CRSSI is the received power of the 

Received Signal Strength Indicator. 

 

C. Polynomial modeling: 

Polynomial least square fitting method is used to obtain a polynomial for each fashion. Let I(x) and D(x) 

denote ith order polynomials that represent increasing and decreasing fashion respectively and they are given as 

𝐼(𝑥) = 𝑎0 + 𝑎1𝑥 + 𝑎2 𝑥
2 + ⋯ + 𝑎𝑖  𝑥

𝑖                                        (2) 

𝐷(𝑥) = 𝑏0 + 𝑏1𝑥 + 𝑏2 𝑥
2 + ⋯ + 𝑏𝑖  𝑥

𝑖                                       (3) 

 

Where a0,a1,…ai  and  b0,b1,…bi  represent the coefficients. x be the reference distance of a beacon point.  

𝐵𝑃(𝑖) = 𝑀𝐴𝑋 (𝑑1 + 𝐼(𝑥) + 𝐷(𝑥)                                           (4) 

From the equation 4, we can calculate the position of the node.  

 

D. Transmission and Reception count calculation: 

The packet transmission and reception count is measure of successful transmission of data between two 

successive nodes and the successful reception of data between two successive nodes.  

PTR= 
𝑁𝑃𝑇

𝑁𝑃𝑅
                                                                              (5) 

Where NPT gives the number of packets transmitted and NPR gives the number of packets received between 

successive nodes. 

 

E. Residual energy calculation: 

The Energy of the node is calculated by the ratio of the remaining energy of the node to the initial energy of 

the node.  

𝑅𝐸 =
𝑅𝑒

𝐼𝑒
                                              (6) 

         Where Re is the Residual Energy of the node and Ie is the Initial energy of the node. Using the above 

equation cluster head can be calculated as 

 

𝐶𝐻 =  (𝐵𝑃(𝑖)+ PTR+ 𝑅𝐸)                             (7) 

𝐶𝐻𝑖 = 𝑀𝐴𝑋 𝐶𝐻                                           (8) 

Where 𝐶𝐻𝑖 is the cluster head of i th cluster, BP (i)  is the position of the node, PTR is the packet transmission 

and reception rate and RE is the Residual Energy of the node. Therefore and from equation 8, we can choose an 

efficient Cluster Head.  

For intra clustering function that is inside a cluster member communication we use the formula    

𝐶𝐻𝑖𝑛𝑎 = 𝑇𝑅 𝐶𝐻𝑖𝑛𝑎                                      (9) 

Where CH is the cluster head, i indicates the number of cluster and na indicate cluster member number. The 

below algorithm shows the clustering Algorithm with cluster head selection. 

 

Algorithm 1:  clustering Algorithm 
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Initialize all clustering metrics 

Wait until BEACON is received 

 if a BEACON is received  

record BEACON received time ti and signal strength ss 

end if     

  Calculate BP (i), PTR, RE 

  if  𝑛𝑖 = 𝑀𝐴𝑋 𝐶𝐻 i 

 announce 𝑛𝑖   is the Cluster Head      

  end if     

 

F. Cluster routing or sink movement (random walk): 

After clustering and an efficient CH selection this random walk algorithm starts working. The mobile sink 

walks randomly towards all the clusters, when the node inside a cluster wants to communicate to the mobile sink 

for example if cluster1 and cluster1 member3 wants to communicate, the member3 send the information to the 

corresponding cluster head using𝐶𝐻𝑖𝑛𝑎  ( 𝐶𝐻1𝑛3),  then the 𝐶𝐻𝑖   send the message to sink, then the mobile sink 

inform to the 𝐶𝐻1 about its position, then the cluster member3 inside the cluster1 starts communicating through 

𝐶𝐻1 and the sink collects the data from 𝐶𝐻1𝑛3  .The above scenario is explained detail with the help of figure 3.  

 

 
Fig. 3: Random Walk with Sink position A 

 

For example the node n1 need to sends the information to the sink, it tries to send the Data_Ready _ni  message 

to the CH where it resides (where ni indicates the node number). The CH starts sense the position of the sink, then 

it send the message Data_Ready_CHi_ ni (where CHi indicates the cluster number and ni indicates the node 

number), then the sink walks towards the CHi where it gets the request. Let us consider the node n1 inside the 

cluster1 needs to send the data to the sink, the n1 sends the Data Ready _n1 message to the CH1, and then the CH1 

sends the message Data_Ready_CH1_ n1  to the sink. After receiving the message from the cluster head the sink 

identifies the CH1 as well as the node and it starts sending its position information (using equation 4) to the CH1, 

after these communication processes are over the sink starts walking to the corresponding CH1 and collects the 

data. The below algorithm shows the intra cluster communication with cluster head and cluster head to the mobile 

sink routing. 

 

Algorithm 2:  Routing Algorithm for mobile sink 

Initialize all clusters and its members 

Calculate the position of the sink  

Calculate the cluster heads and cluster member’s position 

if signal received from any cluster members 

     then  𝐶𝐻𝑖𝑛𝑎 = 𝑇𝑅 𝐶𝐻𝑖𝑛𝑎 

               Send a BEACON message to sink  

end if     

 if  sink nodes to communicate corresponding node 

       then   pass the sink position details to    𝐶𝐻𝑖𝑛𝑎  

      starts communication between   𝐶𝐻𝑖𝑛𝑎 and sink 

   end if     
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RESULTS AND DISCUSSION 

 

This section shows the simulation result of the proposed localization scheme. The simulation is done in 

network simulator tool NS2 [1]. In the simulation result we compare our localization scheme with LEACH [3] 

and Perpendicular Intersection (PI) scheme [4]. The bellow table –I shows the simulation parameters details. 

 
Table I: Simulation Parameters 

PARAMETERS VALUES 

Simulation area  1800m×3800m  

Radio range  240m  

Data rate  11Mbps  

Channel model  Two ray ground reflection model  

Speed of anchor  2m/ms  

 

A. Residual energy: 

It is defined as the ratio of total energy consumed by the node to the total energy of the node.    

 

 
      Fig. 4: Residual Energy 

 

Figure 4.Compares the simulation results of Residual Energy of the LEACH [3], IP [4] and CRSSI, it shows 

that the, CRSSI achieves maximum Residual energy compared to other (9.1 % over PI and 9.8 % over LEACH) 

schemes. 

 

B. Packet delivery ratio: 

It is defined as the ratio of number of packets received to the number of packets send at a specific time period. 

 

 
 

 

      Fig. 5: Packet delivery ratio 

 

Figure 5. Shows the comparison between LEACH [3], IP [4] and CRSSI and it shows that the, CRSSI attains 

maximum packet delivery ratio compared to other (19.7 % over PI and 26 % over LEACH) schemes. 
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C. Life time: 

It is the ratio of number of rounds and the number of alive nodes it is shown in below fig.6 shows the 

simulation result of life time. 

 
 

Fig. 6: Life time of the node. 

 

Figure 6.Compares the simulation results of Life time of the node for LEACH [3], IP [4] and CRSSI and it 

shows that the, CRSSI achieves maximum life time compared to other (10 % over PI and 16 % over LEACH) 

schemes. 

 

Conclusion:  

In this paper we investigated the challenging problem of an efficient cluster based routing for wireless sensor 

networks with the mobile sink, unlike the previous traditional schemes which consider only the random selection 

schemes for the cluster head selection, we proposed a new scheme for cluster based routing protocol with movable 

sink and an efficient data gathering using the efficient CH selection with the help of cluster received signal strength 

indicator (CRSSI) which gives the efficient communication messages to all the sensor nodes fast and accurately.  

Furthermore we provide the scheme which selects the CH with the help of the metrics residual energy of the node, 

the position of the sensor node and the transmission and the reception count of the node and all these metrics 

values are received through the cluster received signal strength indicator (CRSSI) with mathematical model. The 

simulation results show that the CRSSI scheme achieves high energy efficiency 9.1 % over PI (perpendicular 

intersection) and 9.8 % over LEACH (low energy adaptive clustering hierarchy), improved life time of the nodes 

(10 % over PI and 16 % over LEACH) and high packet delivery ratio (19.7 % over PI and 26 % over LEACH). 

This is achieved through the efficient CH and efficient cluster-based routing with three metrics, residual energy 

of the node, the position of the sensor node and the transmission and the reception count of the node and all these 

metrics values received through cluster received signal strength indicator (CRSSI). 

The future development of this paper will be the cluster head selection schemes considers the prediction based 

matrices forward aware factor, which  route the information through the relay node. The cluster head, relay node 

selection and also the sink location calculation are based on the prediction based on forward aware factor 

calculations are need to be studied in future. 
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