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Abstract 
  
Wireless sensor network (WSN) has a wide range of applications, such that 

we can connect many devices remotely to exchange data. The main workings 

of WSN are sensor nodes, a sink node, and a base station. First, we have to 

choose the environment then we can distribute sensor nodes. These sensor 

nodes will sense the data and pass the data to the sink node. From the sink 

node, the data will forward to the base station. So, here the lifetime of WSN 

will depend on the lifetime of sensor nodes. The more utilization of sensor 

nodes will decrease the life of the network. So many researches happened on 

how to prolong the lifetime of the network by conserving the energy of the 

sensor node. In this research work, we are concentrating on the sink node 

path. Compare to static sink node, we can conserve more energy with mobile 

sink node. Here we have given a solution to choose the best path for the sink 

node, such that we can prolong the battery life of the sensor node. We gave 

comparative analysis between static sink node vs existing mobile sink path vs 

proposed method Energy conservation with mobile sink node by applying 

Convex Hull (ECMSN-ConvHull).  
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1 Introduction 
  

 In various applications such as civilian, military, environment study, 

security, and transportation, etc Wireless sensor network (WSN) plays a 

major role [1][2]. Based on the applications we can form the WSN over the 

ground or under the ground or under the water. This laying of WSN structure 

completely depends on the application. To construct the WSN, the main 

component is the Sensor node. How many sensor nodes we need i.e hundreds 

or thousands also depend on requirement [1]. 

 The sensor node's role in a WSN was it monitors the area; it will forward 

the data to the sink node. So, if a user wants any data, he can send a query to 

the sensor node through the Base station (BS) and Sink Node (SN). Based on 

that query the sensor node will work and gives the result back to the user 

through BS and SN as shown in Fig.1. 

 The sensor node will work on battery, as the size of the sensor node is 

very small, battery size also very small. So small-size sensor nodes have less 

lifetime compare to Big size sensor nodes. So, the size of the sensor node is 

directly proportional to the battery size. More involvement of sensor nodes in 

communication leads to more power consumption. If it happens the sensor 

node will die very fast.  

 WSN lifetime depends on the lifetime of the sensor node. If the sensor 

node dies, it leads to a dark hole in WSN. So if we want to improve the WSN 

lifetime, it depends on the Sensor node lifetime. The sensor node lifetime is 

depending on the utilization of the battery. 

 So many researches were conducted on energy conservation of battery. 

such that we prolong the sensor node life and also WSN life [2].  

Figure 1 Basic Wireless Sensor Network [3] 
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Our main contribution in this paper as follows, we propose Energy 

conservation with mobile sink node by applying Convex Hull (ECMSN-

ConvHull). 

a.  In this method first, we have to deploy nodes, and then we have to find 

out the K value, based on that K value clustering has to do.  

b. Then by applying a convex hull we have to find out the boundary. 

c.  How much distance we need to travel the sink node to the sensor nodes, 

we can take that value as a constant value. 

d. To the boundary points, we have to add and subtract the constant value. 

Finally, we consider the sink path, which was in the BS coverage area and 

the remaining nodes will be nullified. 

 The main advantage of this proposed protocol is after the formation of 

clusters, we are defining the path, so transmission energy will be reduced for 

sensor nodes. In this way, energy conservation will happen. Less 

transmission energy of sensor nodes will lead to improving the battery 

life[12][13].  

 This proposed model also improves the data collection rate, to balance 

the network energy. It helps to reduce the transmission load and also reduces 

end-to-end delay. These all advantages we can achieve by controllable 

mobile strategy in relatively flexible in the aspect of path planning. 

  Remaining sections of this research work are: section-2 discusses related 

works, section-3 the proposed model was discussed, materials and 

methodology was discussed in section-4, the section-5 describes results and 

discussions. 

 

2 Related Works 
  

 Hamidreza Salarian et al.[4] proposed a method called WRP, In this 

method based on the hop distance and date rate to closest points,  weights 

were assigned to every node. Here clustering was not considered, such that 

many nodes frequently involved in the communication 

 Chao, F., et al. [5] proposed a mobile sink node that was self-moving 

data collection from the given environment, such that energy consumption 

will occur. For that purpose UAV was used in the place of mobile sink node. 

To optimize the moving path and energy consumption they implemented a 

path optimization algorithm. 

 Wen. W et al, [6] proposed, before the construction of a path for the sink 

node, they have to select data collection nodes. Such that data will be 

collected from that collection points. For this, they were applying an energy-

aware path construction (EAPC) algorithm. 

 In [7] author proposes at the time of data collection, with the help of a 

travel planning algorithm, they can reduce energy utilization of mobile sink. 

They balanced the energy levels by reducing the sink node path with the help 

of this method. But the disadvantage is the end-to-end delay. 
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 In [8] author proposed based on the highest energy levels of specified 

node the path of the mobile sink node will be selected.  

 In [9] proposed three stages, clusters, cluster head, and data transmission 

to the Sink node. Based on these three approaches, the path will be defined 

 According to the related work, a mobile sink node is a good option to use 

instead of a static node, for the load balancing of all sensor nodes [10]. While 

coming to path selection of sink node for its mobility so many existing 

methods are, but in most of the cases the sink node will collecting from 

specific nodes, so those nodes will lose their energy very fast and, in some 

cases, end to end delay will occur, because remaining nodes will wait for 

their chance to transmit the data. 
 

3 Proposed Work 
  

 In Fig. 2, we can observe all basic components of WSN,  

1) Sensor Node 

2) Sink Node 

3) Base station 

4) Remote User 

 so, as we discussed earlier sensor node will sense the given area, it will 

forward that sensed data to the sink node and from the sink node to the Based 

station. finally, it will reach the remote user.  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 MCM model [11] 
 

  So many researches were going on to prolong the battery life of the 

sensor node. This may happen how we can make less involvement of sensor 

node in communication. Some researchers suggest Clustering, a mobile sink 

node, or implementing effective routing protocols.  In the above Fig. 2, we 

are using multi-hop in Clustering with Mobility MCM protocol [11]. 
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 In this protocol we are using Clustering with a Dynamic Cluster head, 

instead of a static sink node; we are using a mobile sink node and multi-hop 

routing. In this research work, we are concentrating on Sink node mobility. 

 Why we implementing Mobility to sink node instead of static sink node. 

In the above Fig. 2, we can observe the sink node in green color and its path 

was shown in red dashed line. Whatever path we are defining, in that path 

only the sink node will move. So selecting the path for sink node mobility 

plays a major part in the energy conservation of the battery, we discussed this 

in the below sections. Figure 3 shows Workflow of Proposed Model. 

 

3.1  Energy Conservation with Mobile Sink Node by Applying 
Convex Hull (ECMSN-Convhull) 
 

 Algorithm 

Step1:  Plot the sensor node co-ordinates in the XY Axis 

Step2: The sensor nodes are divided into clusters based on the K Means 

algorithm [3][11] 

Step3: To find a path, initially we need to draw the outer boundary by using 

Convex hull 

Step4: Identify the nodes which are located in outer bounds and add and 

subtract any constant value to get the approximate sink path 

Step5: Plot the graph by generating the points between pairs of nodes 

Step6: Now nullify the points which are far than max range from a base 

station. 

Step7: Now we get the sink path and we return the path from the function             

to the main code to plot the mobile sink path 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Workflow of Proposed Model 
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3.1.1  To Find Out Boundaries Using Convex Hull 
 

 The convex hull is the smallest set of points that completely cover all 

the n points in such a way that all two points have their joining segment 

inside the polygon. The vertices maximize the area while minimizing the 

circumference. 
 

 
 

Figure 4 To Find Out Boundaries Using Convex Hull 

 

 The below are the points which are XY coordinates for the location of 

sensor nodes which was shown in above fig.4,  in blue dots. We already 

stated that we have to deploy sensor nodes in the given environment. 

X = np.array([[28, 7], [36, 5], [32, 2], [56, 8], [47, 5], [50, 100], [100, 100], 

[26, 59], [19, 71], [75, 9], [34, 4], [56, 9], [28, 1], [33, 6]])                 ----------

--- Eq. (1) 

  In python, from scipy Spatial we have to import ConvexHull. This 

package helps to import a built-in function in python which is a convex hull 

that is used to draw outer boundaries of the graph which is given as input. 

Equation of convex hull:      
                                       

                                   ------------- Eq. (2) 

 

              h = convexHull(X) // Code to draw outer line of graph              ------

-- Eq. (3) 

 The above is the syntax to draw the outer boundaries of the graph which 

are taken as an example as sensor nodes.                                      

 So in equation 1, we are distributing the sensor nodes and that was 

assigned to X. Equation 2 describes convex hull to draw the boundary line, 

for that, we have supply input i.e. sensor nodes locations from equation 3. By 

applying these three equations we can observe the boundary line in the blue 

dotted line with the help of convex hull which is shown in the above fig. 4. 
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3.1.2 Generating Intermediate Points between Boundary Points 
 

We have to generate intermediate points between nodes formed in the 

convex hull. After that we have to consider one constant value, here we 

considering value 3. For those intermediate points, we have to do addition 

and subtraction operations, i.e. for every point, we have to add 3 and subtract 

3 [10]. 
  
                          

 

 

 

 

                    

 

 

 

 

 

                     Figure 5 Generating Intermediate Points Between Boundary Points 

 

 The below code is to generate n number of points between p1 and p2 

which are the edge points 

def geteratepointsinbetween(p1, p2): 

    frames = np.linspace(0, 1, num=int(get_distance(p1, p2))//3)  --------Eq. 

(4) 

The coordinates after extracting we will add and subtract a constant value 

which is 3 

constant = 3 

    x1[0] -= constant    - subtracting constant to x coordinate 

    x2[0] += constant - adding constant to 2
nd

 x coordinate 

    y2[1] += constant  - adding constant to y coordinate                 ---------Eq. 

(5) 

From equation 4 we are generating intermediate points and from 

equation 5 we are plotting the points by adding and subtracting the constant 

value. In the above fig.5, we showed that in the green dot. The selection of 

constant points depends on how much far the sink node will move 

concerning clusters. These points are going to decide the Sink node path[10]. 
 

 3.1.3 Identification of Coverage area of BS 
 

In the above fig.6, we can observe the final path which was shown in 

green dotted points, by applying the below code is to remove the points 

which are farther from the base station than the given range. 
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Figure 6 Selection of Path for Mobile Sink Node 

 

Assume the max base station range is temp_dist 

BaseStation = [(min(sinkNode_x)+max(sinkNode_x))//2, 

max(sinkNode_y)+4] 

    i = 0 

    leng = len(sinkNode_x) 

    while i < leng: 

        if get_distance(BaseStation, [sinkNode_x[i], sinkNode_y[i]]) > 

temp_dist: 

// The above codition is used to check whether the points are in the range of 

base station or not. 

            sinkNode_x.pop(i) 

            sinkNode_y.pop(i) 

 If these points are far from the base station, they are 

popped out from the path of the sink node 

            leng -= 1 

Since we are popping out the nodes, we are decreasing the sink node length 

by 1 

        else: 

            i += 1 

    return [sinkNode_x, sinkNode_y], BaseStation 

Finally, I am returning to the base station and sink path. 

The above fig.7  is the final implementation of our protocol ECMSN-

ConvHull,  

1) Deployment of sensor nodes in a given area. 

2) Applying clustering techniques. 

3) In this section, we explained step-wise how we identifying the best path 

for the Mobile sink node which was shown in orange dots. 

So the advantage of our proposed protocol is the path is always near to 

the clusters. Such , transmitting energy will be very less. If the path is so far 

to Clusters, the more energy they needed for transmission, then energy 

utilization also more. In our proposed method, energy utilization will be less.  
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Figure 7 the View of Proposed Protocol 

 

3.2 Mathematical Model 
 

    The main advantage of this proposed protocol is after the formation 

of clusters, we are defining the path, so transmission energy will be reduced 

for sensor nodes. In this way, energy conservation will happen. Less 

transmission energy of sensor nodes will lead to improving the battery life.  

 

3.2.1 Calculation of Transmission Energy 
 

 If the distance is r meters, then transmission energy (Tx)for sending 

and receiving of p-bit data as follows 

Energy Tx(p, r) = Energytrans  x p + Energyrec  x r x p        Eq. (6)                                                                                

 In eq. 7, If sensor nodes were far distance to sink node then 

transmission energy (Tx) will be computed as follows: 

EnergyTx(p, r) = (N-1) x p x (Energytrans  x r + Energyrec) + Energytran  x 

p x n                                                                                        Eq. (7)                                                                                                                             

 Here Energytrans is total energy spending on the transmission of p-

bit data and Energyrec is total energy spending on receiving p-bit data 

 

3.2.2 Calculating the Node Energy Levels. 

 

The initial energy level of sensor nodes we considered 5 joules. We have 

to consider which node has less transmission energy. First, we have to 

identify that node, here Node 5 had less Tx energy i.e 

0.000212300000000004 from above table 1. 

Now new energy levels of node5 are as follows : 

Node 5 Energy level = Energy levels – Tx energy levels 

Therefore, Node 5 Energy level = 5 – 0.000212300000000004 

                                                    = 4.9997877   
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Table 1 Calculating of Node Energy Levels. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this way, we have to calculate the energy levels for every node having 

less transmission energy.  

 

4 Materials and Methodology 
 

4.1 Static Sink Node Vs Mobile Sink Node 
 

There are many advantages are, if we are implementing technology sink 

mobility. In WSN the mobile sink nodes are usually intelligent vehicles like 

Airplane, robots, etc. With help of this, the sink node will acquire mobility, 

such that it will collect the data from the sensor nodes which we deployed in 

the given area[4][5]. 

 
 

                                                               Figure 8 Static sink node [1] 

  

 

 

Name   Energy Tx-Energy 

NODE2 5 0.00024435 

NODE4 5 0.000212300000000004 

NODE5 5 0.00020230000000000001 

NODE6 5 0.000233340000000000003 

NODE7 5 0.0002236755 

NODE9 5 0.00023240000000003 
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If we using a static sink node, what happens means the nodes near to sink 

node will consume more energy. From the above fig. 8, consider so many 

clusters are there, but we consider two clusters A and cluster B, which was 

near to sink node. More energy consumption will happen from that two 

clusters. so the nodes in that clusters will die very fast. This is the 

disadvantage of a static sink node[14][15]. 

If we are using mobile sink node, which was shown in fig. 2. The sink 

node will move from one place to another place, such that it covers a 

maximum number of clusters. So, it will balance the load among the clusters. 

Maximum clusters will share the load, to pass the data to the mobile sink 

node. In this way, we can conserve the energy of the sensor node from the 

unnecessary involvement of clusters in communication. The cluster which 

was responsible for transferring of data, those clusters only involved in 

communication and the remaining clusters will be in rest mode[6][7].  

 

4.2 The Proposed Method and Existing Mobile Path 
       

In the proposed method these are the steps we are following 

1) Deployment of sensor nodes in a given area. 

2) Applying clustering techniques. 

3) In section 3, we explained step-wise how we identifying the best   

path for the Mobile sink node which was shown in orange dots. 

So, the advantage of our proposed protocol is the path is always near to 

the clusters. Such that transmitting energy will be very less. In the existing 

methods, the path is so far to Clusters, the more energy they needed for 

transmission, then energy utilization also more. Whereas in our proposed 

method energy utilization will be less[3][16][17][18].  

     In the existing technique after fixing the path for the mobile sink node, 

then nodes will deploy and clusters will be formed. So, in some situations the 

clusters were so far from to sink node, hence more energy will be wasted in 

this existing method.  

 

5 Results and Discussion 
  
5.1 Comparative Analysis between the Static and Mobile Sink 
Node 

 

The comparison graph between the proposed and static sink node as 

shown in above fig. 9, In just 411 iterations, node 8 died, and node 2 is also 

ready to die. Whereas in the proposed method we can observe energy, levels 

are high. Even though after 4lakh iterations also no node was ready to die. 

This shows that energy conservation happens with our proposed method. 

Table 2 provides  Energy level status of ten nodes in both static and mobile 

sink node. 
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Figure 9 A Comparative Analysis between the Static and Mobile Sink Node 

 

Table 2 Energy level status of ten nodes in both static and mobile sink node 

 

 

 

 

 
 

 

 

 
Figure 10 Comparative Analyses between Proposed and Existing Methods 

 

Because we are concentrating on transmission energy, in proposed 

transmission energy was very less. Figure 10 shows Comparative Analysis 

between Proposed and Existing Methods. 
 

 

Protocols 

After performing 411 iterations 

Node 

1 
Node 

2 

Node 

3 

Node 

4 

Node 

5 

Node 

6 

Node 

7 
Node 

8 

Node 

9 

Node 

10 

Static 

sink 

node  0.31 0 0.24 0.23 0.34 0.13 0.12 0 0.11 0.23 

Proposed 
method 1.34 1.54 1.34 1.45 1.43 1.24 1.34 1.34 1.54 1.23 
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5.2 Comparative Analysis of Dead Node Occurred Between Static 
Sink Node, Existing Sink Path, and Mobile Sink Path 

 

       In the below fig.11 we have given a clear comparative analysis between 

static sink node, existing sink path, and mobile sink path. In the existing 

technique at 7400 iterations, a black hole occurred (dead node). In the static 

sink node at 411 iterations the dark hole happened. So more than 4 lakh 

iteration also no node will be dead in the proposed method 
 

 
Figure 11 A Comparative Analysis of Dead Node Occurred Between Static Sink 

Node, Existing Sink Path, and Mobile Sink Path 

 

6 Conclusion and Future Scope 
 

Wireless sensor network (WSN) has a wide range of applications, such 

that we can connect many devices remotely to exchange data. The main 

workings of WSN are sensor nodes, a sink node, and a base station. First, we 

have to choose the environment then we can distribute sensor nodes. These 

sensor nodes will sense the data and pass the data to the sink node. From the 

sink node, the data will forward. So many researches happened on how to 

prolong the lifetime of the network by conserving the energy of the sensor 

node. In this research work, we are concentrating on the sink node path. 

Compare to static sink node we can conserve more energy with mobile sink 

node. Here we have given a solution to choose the best path for the sink 

node, such that we can prolong the battery. so Here the lifetime of WSN will 

depend on the lifetime of sensor nodes. So, the advantage of our proposed 

protocol is the path is always near to the clusters. Such that transmitting 

energy will be very less. If the path is so far to Clusters, the more energy they  
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needed for transmission, then energy utilization also more. Whereas in our 

proposed method energy utilization will be less. we give a clear comparative 

analysis between static sink node, existing sink path, and mobile sink path. In 

the existing technique at 7400 iterations, a black hole occurred (dead node). 

In the static sink node at 411 iterations the dark hole happened. So more than 

4 lakh iteration also no node will have died in the proposed method. This 

shows we made energy conservation happens with our proposed method ( 

ECMSN-ConvHull ). In the future, there is a chance for energy conservation 

to improve the network life with routing techniques, to avoid load on sensor 

nodes. Such that most of the nodes were in rest mode. So network lifetime 

will be prolonged. 
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