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Abstract — K-means-based energy-aware cluster 
head selection in wireless sensor networks (WSN) was 
presented in this paper. The algorithm seek to utilize 
WSN devices with minimal energy dissipation rate as 
cluster heads so that they can support more cluster 
slave devices in the network. The K-means algorithm in 
this paper used threshold energy dissipation rate of 1.4 
joules for the selection of the cluster heads in the WSN 
with 50 WSN devices distributed randomly over a region 
of about 3 km by 3 km. The k-means algorithm was 
simulated in Matlab software. The simulation results 
shows that there are 4 nodes with energy dissipation 
rate less than 1.4Joules; as such the 4 nodes are 
selected as cluster heads (relays). The K-means 
algorithm was then used to cluster the rest of the 46 
WSN nodes around the 4 cluster heads. 
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I.  INTRODUCTION 

Wireless sensor networks (WSN) are networks that use 

autonomous sensor devices which are randomly distributed 

in space to monitor certain parameters in the region and 

transmit the data to the server [1,2,3,4,5,6]. The data is 

often sent to the server or storage system via a base station. 

Since the sensors are in most cases power-limited, efforts 

are always made by WSN designers at minimize the overall 

average energy needed to transmit the data from the sensor 

devices. Among other things, designers consider the 

expected propagation loss that the signal will suffer as it 

propagates within the network coverage area 

[7,8,9,10,11,12].  The signal strength is usually stronger for 

those network nodes that are closer to the base station. 

Hence, those nodes closer to the base station expend 

smaller amount of energy in the communication via the 

base station. As such, the D2D technologies tend to take 

advantage of such idea to minimize the overall energy 

demand of the entire network by allowing the nodes that are 

farther away from the base station to transmit their signal to 

the nodes that are closer to the base station which in turn 

relay the signal to the base station [13, 14, 15, 16, 17, 18]. It 

has been found that, apart from efficient channel allocation 

mechanism [19, 20, 21, 22], the D2D technology can 

improve the overall system performance  [23, 24, 25, 26,27, 

28, 29, 30, 31] . 

Accordingly, in this paper, energy aware k-means 

algorithm-based procedure [32,33,34,35,36,37,38] is 

presented for clustering sensor nodes;  enables   cluster 

head selection and facilitates device-to-device 

communication that will minimize the overall average 

energy demand for the data transmission in the WSN. 

Salient ideas behind the k-means algorithm are presented 

and sample WSN was used to demonstrate the applicability 

of the ideas presented in this paper. 

II.  K-MEANS CLUSTERING ALGORITHM 

K-means is one of the most popular unsupervised learning 

algorithms that are used for clustering data. K-Mean 

algorithm was proposed by MacQueen in 1967 

[39,40,41,42].  The algorithm focuses at minimizing 

an objective function, which is  a squared error function 

[43,44,45,46,47,48,49]. The objective function in K-means 

algorithm is given as:  

𝑗 = ∑ (∑ ‖𝑥𝑖
𝑗

− 𝑐𝑗‖
2

𝑥
𝑖=1 )𝑘 

𝑗=1      (1) 

Where 𝑥𝑖
𝑗
 is a data point , 𝑐𝑗 is the center of the cluster and 

‖𝑥𝑖
𝑗

− 𝑐𝑗‖ is the distance between 𝑥𝑖
𝑗
  and 𝑐𝑗 . The value of 

‖𝑥𝑖
𝑗

− 𝑐𝑗‖  is a measure of the distance from the cluster 

center to the n data points. 

K-means algorithm is as follows: 

1. First, K points are placed in the space occupied by the 

object (nodes or devices) and the points are used to 

represent the objects that are being clustered. The 

points at this instance are the initial group centroids 

for the clustering. 

2. Each object is assigned to a group to which the object has 

the closest centroid  

3. After assigning centroid to all the objects,  the  positions 

of the K centroids are recalculated.  

4. Steps 2 and step 3 are repeated until the centroids remain 

the same. This produces appropriate separation 

distance of the objects from which the metric to be 

minimized is calculated. 

III.  SIMULATION AND RESULTS 

In this paper, a wireless sensor network (WSN) that covers 

a region of about 3 km by 3 km with 50 WSN devices was 

considered. Notably, in the study, the WSN devices with 

the least energy dissipation rate was selected as relay nodes 
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(cluster heads). Specifically, the node with energy 

dissipation rate less than 1.4Joules/ hour of transmission is 

considered a cluster head. The clustering of the cluster 

slaves to the relays was performed with k-means and the 

algorithm was simulated in Matlab software. Table 1 shows 

the position of the 50 WSN nodes in the region with their 

energy dissipation rate. The coordinate positions of the 

sensor nodes and the position of the base station is shown in 

Figure 1. The rate of energy dissipation plot per hour of 

transmission is shown in Figure 2. 

The simulation results show that there are 4 nodes with 

energy dissipation rate less than 1.4 Joules; as such the 4 

nodes are selected as cluster heads (relays). The x-y 

coordinate of the relays are shown in Table 2. The location 

of the cluster heads (relay) are presented in Figure 3. The 

clustering of the nodes to the relay is shown in Figure 4. 

Essentially, in the WSN considered, 50 WSN nodes were 

studied and the K-means algorithm selected 4 of the WSN 

nodes as the cluster heads and then the rest of the 46 WSN 

nodes were clustered around the 4 cluster heads. Each of 

the 4 WSN nodes selected as cluster heads has energy 

dissipation rate less than 1.4Joules. 

Table 1:  Position of the 50 WSN nodes in the region with their energy dissipation rate 

Device number x-coordinate (m) y-coordinate (m) Energy dissipation per 

hour of transmission 

1 

     2 

     3 

     4 

     5 

     6 

     7 

     8 

     9 

    10 

    11 

    12 

    13 

    14 

    15 

    16 

    17 

    18 

    19 

    20 

    21 

    22 

    23 

    24 

    25 

    26 

    27 

    28 

    29 

    30 

1043.1 

       449.99 

       1758.3 

       786.44 

       133.36 

       2264.8 

       728.36 

       1327.2 

       2063.4 

       1077.7 

         2209 

       1184.1 

       2050.2 

       2112.1 

       1326.9 

       58.733 

       992.57 

       1272.9 

       810.81 

       591.16 

       2465.2 

       1289.8 

       2663.3 

       1173.5 

       2307.3 

       1190.4 

       2425.5 

       2265.2 

       1132.2 

       648.06 

1602.2 

       269.85 

       335.12 

       408.88 

         2036 

       1485.5 

       569.13 

         1485 

       442.82 

       164.92 

       2552.1 

       1681.7 

       2788.8 

         2090 

       1748.4 

       2446.2 

         2637 

       2966.7 

       1.5671 

       2596.3 

       1837.7 

       2969.9 

         1583 

       1438.6 

         2404 

       683.53 

       1494.3 

       2702.6 

         1724 

       2535.5 

5.9706 

        6.669 

       1.2879 

       6.5324 

       4.2617 

       1.4458 

       5.4061 

       2.7326 

       2.1078 

       2.8494 

       2.3186 

       2.7016 

       1.3839 

       6.7168 

       3.5368 

       5.8474 

       7.2565 

        5.492 

       5.8222 

       5.0066 

       2.1154 

       5.4132 

        8.677 

       8.8653 

       3.4326 

       2.8762 

       6.0848 

       6.7628 

       4.7533 

       2.8538 
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    31 

    32 

    33 

    34 

    35 

    36 

    37 

    38 

    39 

    40 

    41 

    42 

    43 

    44 

    45 

    46 

    47 

    48 

    49 

    50 

       2371.2 

       2847.9 

        982.7 

       2013.8 

       1315.9 

       2500.5 

       2306.6 

       501.76 

       2585.9 

       2969.6 

       1543.3 

       2652.8 

       1764.1 

       464.26 

       599.59 

       1220.9 

       2246.1 

       2476.8 

       2369.9 

       955.57 

       2215.9 

         1758 

        740.2 

       1999.2 

       250.45 

       1877.9 

       1982.8 

       2189.3 

       2672.3 

       2946.9 

       2307.1 

       1744.3 

       2784.9 

       1740.3 

       50.949 

       362.58 

       2588.1 

       1452.9 

       2534.6 

       628.22 

       9.5314 

       1.7386 

       1.9514 

       2.2784 

       2.4981 

       6.5886 

       6.1634 

       1.4687 

       9.3808 

        7.558 

       7.6406 

       1.5706 

        8.744 

       9.4096 

       9.8596 

       8.7304 

         8.07 

       5.6204 

       2.5984 

       4.5873 

 

Figure 1; Coordinate positions of the WSN nodes and the cluster head heads (relay) 
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Figure 2; Energy dissipation per hour of transmission. 

 

Table 2. The x-y coordinate of the relays and their  energy dissipation per hour of transmission 

Relay number (Device 

number) 

x-coordinate (m) y-coordinate (m) Energy dissipation per 

hour of transmission 

1(3) 

2(6) 

3(13) 

4(38) 

1758.3 

2264.8 

2050.2 

501.76 

335.12 

1485.5 

2788.8 

2189.3 

1.2879 

1.4458 

1.3839 

1.4687 

 

 

Figure 3; Position of the cluster heads (relay) 
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Figure 4; Clustering of the WSN nodes using  k-means algorithm. 

IV. CONCLUSIONS 

Clustering of wireless sensor network devices was 

presented. The clustering was based on K-means algorithm 

which used threshold energy dissipation rate of the WSN 

devices as the key parameter for the selection of the cluster 

heads. The key ideas and mathematical expression about K-

means algorithm were presented and a sample WSN was 

used to demonstrate the application of the K-means 

algorithm in clustering of WSN devices. 
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