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 In Wireless Sensor Networks (WSNs), more energy is consumed by the nodes to send 

the data to the Base Station, than for sensing the data. So, mobile sink has been 
introduced to minimize the energy consumption of nodes and to prevent the formation 

of energy holes in WSNs. In delay-sensitive applications, all sensed data must be sent 

to the base station within a given time constraint. A mobile-sink visits the Cluster Head 
(CH) in a network and collects the data from it and delivers data to the Base Station. If 

Cluster Head fails due to energy lost, all its collected data will be lost. Hence the 

retransmission of data and reselection of Cluster Head will take time as well as 
consume more energy. In this paper, we propose a fast collection of data from Cluster 

Head and Support-in Cluster Head. More Specifically mobile sink reduces energy 

consumption by 20% and increases network lifetime by 45%. 
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INTRODUCTION 

 

 A Wireless Sensor Network (WSN) is a spatially distributed autonomous device using wireless sensor 

nodes to monitor physical or environmental conditions (Romer et al., 2004). The development of wireless 

sensor networks was originally motivated by military applications such as battlefield surveillance. However, 

wireless sensor networks are now used in many civilian application areas, including environment and locale 

monitoring, healthcare applications, home automation, and traffic control (Romer et al., 2004, Hadim et al., 

2006).  

 The cost of sensor nodes is similarly variable, ranging from hundreds of dollars to a few cents, depending 

on the size of the sensor network and the complexity required of individual sensor nodes (Romer et al, 2004). 

Size and cost constraints on sensor nodes result in corresponding constraints on resources such as energy, 

memory, computational speed and bandwidth (Romer et al., 2004).  

 The nodes are provided with limited battery power and these batteries are non-rechargeable. For sensor 

nodes, data communication consumes the most amount of energy. The energy consumption of „one message 

send operation‟ is at least 1,000 times more expensive than a local operation (e.g. sensing data). 

 WSN divides clusters each having a coordinator (cluster head) responsible for gathering the data from the 

nodes and sending it to the sink (base station). Sensors are often deployed densely to satisfy the coverage 

requirement, which enables certain nodes to enter the sleep mode thereby allowing significant energy savings. 

The cluster heads can be selected randomly or based on one or more criteria. The cluster head is the one which 

has the highest residual energy, the maximum number of neighbor nodes, and the smallest distance from base 

station. 

 All the sensor nodes sense local data and send it to their corresponding CH. The Mobile-sink will collect 

the data from Cluster Heads and delivers to Base Station. The functionality of a cluster-based WSN is shown in 

Fig.1 
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Fig. 1: Cluster-based Wireless Sensor Network. 

 

Clustering sensor nodes has the following advantages: 

(1) It enables data aggregation at Cluster Head to discard the redundant and uncorrelated data; thereby, it saves 

energy of the sensor nodes. 

(2) Routing can be more easily managed because only Cluster Heads need to maintain the local route setup of 

other Cluster Heads and thus require small routing information. This in turn improves the scalability of the 

Network significantly. 

(3) It also conserves communication bandwidth as the sensor nodes communicate with their Cluster Heads only 

and thus avoid exchange of redundant messages among themselves (Bajaber and Awan, 2011). 

 However, Cluster Heads, bear some extra workload contributed by their member sensor nodes as they 

receive the sensed data from their member sensor nodes, aggregate them and communicate it to the Base 

Station.  

 

 
 

Fig. 2: Example showing a mobile sink collecting data from feasible site in a WSN. A source node collects and  

sends all data to a feasible site 

 

 Many typical applications of wireless sensor networks (WSNs) involve the collection of data obtained by 

sensor nodes at a pre-defined sink. This is normally achieved by wireless transmission of the data, possibly over 

several hops (especially in applications where the sensors are deployed in a hostile or hard-to-access 

environment). In many cases, the wireless communication results in a major energy expenditure that limits the 

operational lifetime of the network.  

 Even worse, in multi-hop scenarios, the depletion of the sensors‟ energy sources (such as batteries) is non-

uniform, as nodes that are close to the sink are required to forward all the data traffic and are likely to be the 

first to run out of energy. Once these sensors fail, other nodes can no longer reach the sink, and the network 

ceases to operate even though sample energy remains at nodes further away from the sink. This common 

problem occurs largely independent of the communication protocols used in the network. 

 In general, the energy requirements due to the wireless transmission of data can be significantly reduced by 

the use of mobile sink. A mobile sink acts as “data transporter” that roams in the network and collects data from 

sensors via short-range communication, the energy cost of which is considerably less. Thus, the network 

lifetime increases by avoiding multi-hop communication. 

 The mobile-sink (e.g., autonomous robots) is used to collect the data from sensors and bring the data to the 

sink. By using mobile sink, not only the energy consumption of sensor node can be minimized, but also the data 
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can be gathered in a sparse or disconnected network, as mobile sinks can travel over the sensing field and 

directly collect the data from sensors (Ekici et al., 2006, Dantu et al., 2005, Khaled Almi‟ani et al., 2010).  

 When a mobile sink reaches a CH, it polls all the data stored in the CH, including data originating in other 

sensors in a cluster. The Mobile sink thus able to gather data from the entire network without having to visit all 

the sensors physically (Hamidreza Salarian et al., 2014). 

 

Related work: 

 Based on the route of the mobile sink, existing research on sink mobility can be classified into three 

categories: random path, constrained path and controllable path. In sensor networks where the path is random, 

the mobile sinks are often mounted on some people or animals moving randomly to collect interested 

information sensed by the sensor nodes. Due to random mobility, it is difficult to bound the data transfer latency 

and the data delivery ratio. On the other hand, it is possible to guarantee the data delivery efficiency with the 

help of efficient communication protocols and data collection schemes while the routes of the mobile sinks are 

controllable (Hamidreza Salarian et al., 2014). This data collection approaches in WSNs with path-constrained 

mobile sinks and path-controllable mobile sinks, can be sub classified according to the communication hops 

(single or multiple hops) and the number of mobile sinks. 

 In the flat-topology network, the sensor nodes near the base station are likely to be the first node to die due 

to forwarding the data packets from all other sensors. Based on this examination, several proposals have been 

investigated using mobile sink to reduce the energy utilization in the network (Gandham et al., 2003, Wang et 

al., 2005, Almi‟ani et al., 2009). By varying the path to the mobile sink, nodes will evenly balance their residual 

energy throughout the network which leads to a higher network lifetime. 

 The Mobile sink travel across the network and gather each sensor‟s data through the single-hop and short-

range communication. Computing well-organized mobile sink tours helps in solving the Traveling Salesman 

Problem (TSP), perhaps with additional constraints arising from buffer limitations in the sensor nodes. Several 

heuristics have been proposed to that effect, so that each sensor is visited before its buffer is full (Somasundara 

et al., 2007, Somasundara et al., 2005, Gu et al., 2005, Almi‟ani et al., 2008, Ma and Yang, 2008). 

 This approach considerably reduces the energy consumption (Wang et al., 2005, Xing et al., 2008, Almi‟ani 

et al., 2010). Because it avoids the multi-hop communication as it incurs a higher delay when the network area 

is large, as the mobile sink have to visit all sensor nodes in network physically. 

 A mobile sink is installed on a public transport vehicle which moves along a path periodically (Xing et al., 

2008). However, all cluster heads can only transmit data to the single mobile sink in one-hop mode (Scott et al., 

2007). A mobile sink collecting data from feasible site in a WSN has shown in Fig 2. However, it is also 

assumed that all sensor nodes in MSSN (Sensor Networks with Mobile Sink) are located within the direct 

communication range of the mobile sink. 

 In the cluster based (CB), the mobile element tour is obtained and improves the solution in each iteration 

based on the previous one. To achieve this, the algorithm attempts to partition the network into energy-aware 

clusters, such that in each cluster, a cluster head is eventually selected. 

 

Problem description: 

 In Cluster Head selection protocol in wireless sensor network, firstly the cluster formation is carried. In the 

steady state phase, the data are sensed by nodes and the sensed data from the sensor nodes are sent to the Cluster 

Head through which the aggregated data are sent to the Base Station. 

 The Cluster Head will die earlier than the other cluster members, because of its operations of receiving the 

sensed data from nodes, sending the aggregated data to Base Station. The energy level will dynamically 

decrease and thus the energy of the Cluster Head gets drained after certain period. When the Cluster Head die, 

the data gathered by cluster nodes will never reach the Base Station. 

 As a result the collected packets will be lost. Thus the sensor nodes have to re-send the data packets to the 

newly selected Cluster Head, which increases the energy dedicated. Another problem is that the node requires 

more energy for transmission of packets from the sensor nodes to the Base Station. Until the new Cluster Head 

is selected, most of the events occurring in the network are not transmitted to the Base Station. 

 

Proposed model: 

 To address the problem, we introduce the concept of selection of Support-in Cluster Head (SCH) in each 

cluster and Mobile-Sink for collection of data from each cluster head. Each node in the network will send the 

message to the base station. The message includes the energy level and the location of the sensor node. The 

Base Station will choose two efficient sensor nodes through the information received from the sensor nodes. Of 

these two efficient sensor nodes, the one with the most energy value and nearest to the Base Station will be 

chosen as the Cluster Head and the remaining node will act as Support-in Cluster Head. Once the node have 

elected as the cluster head, the base station will broadcast a join request message to all other nodes in the 

network. The Cluster Head will wait for other nodes to join the cluster.  
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Algorithm for Cluster Formation in the Base Station (): 

Executed at the Base station 

begin: 

 initialization Thresh_energy = min (S_energy) + T_req energy , dis = ti_r; 

 Compute DIS from sensing field; 

 Compute M_hc = (DIS/dis) – 1; 

 Select RootCH (); 

 Set hop count = M_hc 

 Transmit (ACK CH) ; 

 If (REM_battpow <= 2* Thresh_energy) then 

  Initiate cluster formation(); 

 Endif; 

End; 

 Each node receives invitation message packets from multiple cluster heads in order to form clusters. 

Therefore, each node determines its cluster by choosing the cluster head depending on smallest distance among 

node and cluster head with the highest energy. After each node joins the cluster, it will transmit the join reply 

message that it will be a cluster member for the respective Cluster Head. 

 As soon as the Cluster Head receives this join message from normal node, it will assign time slot and sets 

the TDMA (Time Division Multiple Access) schedule and transmit to that node immediately. Once the node 

receives the slot, the node must keep it for communicating with Cluster Head in the allocated time slot. In steady 

state phase, the sensor nodes will send their sensed data to their corresponding Cluster Head in time slot to avoid 

the collision and thus reduce the traffic. 

 

 
 

Fig. 3: The flow of Cluster Formation in an Wireless Sensor Network. 

 

 
Fig. 4: Data collection From Cluster Head By Mobile Sink. 
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 The cluster Head will aggregate the received data by data fusion technique. Once the clusters are 

determined in the clustering step, the next task is to finding the tour to traverses the mobile-sink from one 

Cluster head to other cluster and to reach finally the sink. 

 From sink the Mobile-sink will starts an tour to collects the data in network, as it will visit and stop for data 

collection in Cluster Head. In our approach once the cluster head and the support-in cluster head has been 

identified, the optimal tour connecting has been found. 

 The cluster based algorithm is used to find the optimal tour for the mobile sink traversal. In the CB 

algorithm there are two phases: Tour-building and Final tour improvement. During the tour-building phase, it 

finds a tour that visit clusters. After tour is obtained, the final tour improvement phase proceeds to improve the 

quality of the tour. Figure 5 shows the steps of CB algorithm. 

 The cluster based algorithm is used to find the optimal tour for the mobile sink traversal. In the CB 

algorithm there are two phases: Tour-building and Final tour improvement. During the tour-building phase, it 

finds a tour that visit clusters. After tour is obtained, the final tour improvement phase proceeds to improve the 

quality of the tour. Figure 5 shows the steps of CB algorithm. 

 

 
 

Fig. 5: The Cluster Based Algorithm Steps. 

 

 
 

Fig. 6: The Final Mobile Sink Tour Improvement Phase. 

 

 The wireless sensor network is partitioned into possible number of clusters. As a result, the tour does not 

violate the length constraint L. However, the tour itself is the minimum-length, one for the set of clusters and 

typically the tour traveling time at this stage is strictly less than L. This gap will raise the possibility of 

amending the tour by choosing alternative support-in cluster head (closer to the respective cluster head), as long 

as the tour length constraint remains satisfied, so as to reduce the total hops distance between Cluster head and 

nodes in their relevant clusters. 

 For the cluster head in a cluster an alternative support-in cluster head is selected by the base station 

(denoted SCH) which is the next node to the cluster head in the cluster. This algorithm shows the distance how 

much the mobile sink tour length would increase if cluster head were replaced by support-in cluster head in this 

cluster only, and commits the change to the alternative support-in cluster head for the cluster where the length 

increase would be minimal. This process is continued until there is no possible ways to change the cluster head 

without changing the tour length constrain L. 



88                                                          Kumaresan K and Krishnan A.,2014 

Advances in Natural and Applied Sciences, 8(17) Special 2014, Pages: 83-91 

Simulation and results: 

Simulation Environment: 

 It has been simulated that 200 nodes are randomly located in a region with area 150x100 m
2
 with the Base 

Station located at 200 m far away. All nodes in the network start with an initial energy of 15 J. The performance 

is measured by number of rounds, amount of data transmitted and network lifetime. 

 
Table 1: Simulation Parameters. 

Items Values 

Maximum packet delay allowed(PD) 100 to 400 seconds 

Number of sensor nodes 150,200,500 

Initial Energy (J) 5J 

Base Station position Located at 100m 

Node distribution Node are randomly distributed 

Mobile sink speed(v) 1 m/s 

Sensor node data transmission range 15m 

 
Table 2: Notations 

 
 

Results: 

 Fig.7 shows the energy consumption for Cluster Based (CB) and RD_VT, with more number of sensor 

nodes. The RD_VT algorithm leads to highest energy utilization because of the preorder traversal and longer 

range data forwarding paths from the sensor nodes to the rendezvous point. 

 The Cluster Based (CB) has reduced the energy utilization compared with RD_VT because in finalization 

process of tour if the required delivery time is not dishonored it replaces the selected cluster head in each cluster 

with a node closer to the cluster head to reduce the number of multi-hop data transmission. 

 

 
 

Fig. 7: Network Energy Consumption For CB,RD_VT. 

 

 Fig.8 shows the network lifetime for RP_VT and CB. Cluster Based (CB) will distribute the energy more 

uniformly than other approaches, specifically 14% more than RP_VT. In RP_VT, long forwarding paths are 
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observed from sensor nodes to rendezvous point. As a result, it leads to non-uniform energy consumption of 

nodes and 24% decline in sensor network lifetime as compared with Cluster Based (CB). 

 

 
 

Fig. 8: Network Lifetime for RP_VT and CB. 

 

 Fig.9 shows network energy consumption and sensor network lifetime for CB and RD_VT. The energy 

consumption for RD_VT decreases by 20% when the required data packet delivery time is increased from 100 

to 350 s, whereas cluster based (CB) reduces its energy consumption of 37%.Thus CB performance is good even 

with small changes in time of data packet delivery. 

 From the above analysis, it is clear that the CB algorithm has reduced the energy consumption of nodes and 

finds the best mobile sink tour to traverse over the network and by this protocol the sink can gathers the data in 

an effective with lower delay time. 

 

 
 

Fig. 9: Sensor Network energy consumption for CB andRD_VT under different changes in time of data packets  

delivery. 

 

Conclusion: 

 In this paper, the mobile sink for the collection of data from cluster head and support-in cluster head has 

been introduced. As the mobile sink will traverse over the cluster head and collects the data, the delay of 

receiving the data by the base station has been reduced and energy drain of cluster head has been minimized. 

Here, we proposed the support-in cluster head by which the data packet loss has been reduced. Through the 

simulation scenarios, we showed that the proposed system increases 45% of the network life-time significantly. 
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