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Abstract— In this paper, the application of K-
means clustering algorithm for selection of relay
nodes in wireless sensor network (WSN) was
presented. The case study WSN has 120 sensor
nodes that are randomly distributed in a region of
1200 m by 1200 m. The base station (sink or sink
node) was located at 600 m by 600 m which is the
centre of the entire network coverage area. This is
to ensure maximum signal transmission from all
the nodes to the sink. The data for the simulation
was generated using the Matlab random number
generator function with normal distribution. The k-
mean algorithm for the relay node selection was
simulated in Matlab 2015a for two different
hardware capacity threshold of 4.5 and 4.0. With
hardware capacity threshold of 4.5 only 5 relay
nodes were selected out of the 120 WSN sensor
nodes. The cause of the small number of relay
node is the high hardware capacity requirement
for a sensor node to be considered as a relay
node. This is confirmed from the number (26) of
relay nodes selected when the threshold hardware
capacity requirement was reduced to 4.0. Finally,
the clustering of the WSN slave nodes with k-
means algorithm around the 5 selected relay
nodes with 4.0 threshold hardware capacity was
also conducted. In all, the results show that the
smaller the threshold of hardware capacity
requirement for the relay nodes the more the
number of relay nodes that are selected by the K-
means algorithm. However, lowering the hardware
capacity may lead to a relay node that cannot
effectively handle the high demand on the lean
hardware and network resources required for a
relay node to deliver acceptable quality of service
as relay node.
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I. INTRODUCTION
Today, Wireless Sensor Networks (WSNSs) are increasingly
applied in divers areas like precision agriculture, smart
homes, and smart cities, etc [1,2,3,4,5]. WSN uses very

small resource-limited sensors to capture environmental
parameters and transmit the data to remote locations where
the data can be utilized or stored [6,7,8,9,10,11]. Notably,
the WSN sensors devices are mostly battery-powered which
in most cases, the batteries have low storage capacities
[12,13,14,15,16]. As such, effort is usually made to
conserve the energy or manage the required transmission
power for the sensor nodes. One way of minimizing the
overall average transmission energy requirement in a
network is by the use of clustering [17,18,19,20,21,22].
When a sensor device transmit signal, the amount of energy
required depends on the distance between the sensor device
and the destination remote device that will receive the data
[23,24,25,26,27]. The longer the distance, the higher the
power demand. Conversely, the shorter the distance
between the sensor device and the receiving device, the
smaller the transmission energy demand. Consequently,
clustering is used along with device-to-device
communication to reduce the transmission energy demand
since the sensor nodes are enabled to transmit their data to
the nearby relay nodes which requires less energy than
transmitting directly to the sink (base station) which is far
away from the sensor device. However, for clustering to be
effective, the relay nodes (cluster) heads must be properly
selected keeping in mind their capacity to handle such high
transmission ~ power and  storage  requirements
[28,29,30,31,32,33]. As such, in this paper, the hardware
capacity of the sensor nodes is included as key parameter
used in the selection of the relay node. Specifically, K-
means algorithm was used to do the relay node selection
and for clustering of the WSN slave nodes to the relay
node. The simulation was implemented in MATLAB
software version 2015a.

Il. METHODOLOGY
In this study, K-Means clustering algorithm was used for
relay node selection in wireless sensor network (WSN). A
WSN with 120 sensor nodes that are randomly distributed
in a region of 1200 m by 1200 m was considered in the
study. The base station (sink or sink node) was located at
600 m by 600 m which is the centre of the entire network
coverage area. This is to ensure maximum signal
transmission from all the nodes to the sink. The x and y
location coordinates of each of the 120 WSN nodes were
randomly generated using Matlab random number
generator function with coordinate value in the range of 0
to 1200 . The Matlab software implementation of the
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random distribution function (randnd) for the x and y set
of coordinate data is given as follows;

randnd = lb + (ub — lb) X rand(120,1) 1)
where ub indicates upper value which is 1200m and lb
indicates the lower value which is Om .

In the same way, hardware capacity of WSN sensor
devices (denoted as hc) was randomly generated with the
values ranging from 0 to 5 which is defined using the

The Matlab software implementation of the
random distribution function (randnd) for the hardware
capacity of WSN sensor devices is given as follows;

randnd = lhc 4+ (uhc — lhc) X rand(120,1) (3)
The generated x-y location coordinates of the WSN sensor
nodes and their hardware capacity shown in Table 1. The
plot of the x,y location or position coordinates of the WSN
nodes and the base station is shown in Figure 1.

following composite function;

4<hc< 5 very strong capacity. ]
3< he< 4 strong capacity
2< hc< 3; fairly strong hardware capability $ 2)
1< he < 2; poor capabilityJ
hc < 1; very poor capability
Table 1; The generated x-y location coordinates of the WSN sensor nodes and their hardware capacity
Device Hardware | X-coordinate | y-coordinate Device Hardware | X-coordinate | y-coordinate
number Capacity (m) (m) number Capacity (m) (m)
1 4.8763 61 3.6374
131.6786 105.5857 675.3802 73.6106
2 4.613 62 1.3891
1187.659 324.0829 365.8563 842.0209
3 0.7215 63 2.3376
5.7218 988.9993 919.4559 52.3885
4 3.2581 64 3.3728
1009.104 1146.812 233.3031 88.2127
5 4.375 65 4.6234
956.7638 36.0773 847.9474 644.0708
6 0.5243 66 2.3674
1072.525 901.728 226.5741 119.4347
7 4.3498 67 4.9384
987.8263 566.5329 454.959 1010.153
8 4.8174 68 0.6783
320.8522 292.969 772.4364 1009.413
9 2.8746 69 0.6374
493.6045 714.2932 963.3282 891.9843
10 1.3562 70 1.1283
104.2481 603.2749 100.1644 185.0374
11 4.7162 71 4.9384
1124.382 675.1333 1147.532 814.4052
12 2.4452 72 1.4382
532.6615 1189.1 957.7619 640.2948
13 2.8174 73 4.2189
325.7086 285.9416 601.0319 1201.344
14 4.7984 74 1.6172
224.5266 643.4329 538.1456 801.297
15 4.9904 75 4.9283
179.6974 603.6351 551.6344 988.1556
16 0.2096 76 1.2384
167.9988 770.5123 378.2442 560.2978
17 2.321 77 0.6231
1073.349 838.5123 627.8451 533.8653
18 3.2736 78 4.7123
678.8991 453.6626 630.6437 1019.002
19 3.4283 79 3.1212
1053.182 46.5958 1009.505 103.0546
20 0.1328 80 4.7234
768.043 1092.898 981.3648 164.4285
21 4.3726 81 1.9821
715.7543 488.3365 795.5249 214.0832
22 4.9847 82 4.2634
178.9772 1219.864 467.4601 482.6879
23 3.3429 83 4.8345
496.1047 121.8732 1002.046 1026.492
24 3.8126 84 2.7283
93.7945 323.3318 657.8684 991.9008
25 4.8371 85 4.8394
433.3109 1127.572 433.0331 74.6621
26 4.3928 86 1.8273
633.6995 983.0316 1159.365 492.9563
27 3.3987 87 3.8293
296.2203 414.0602 1081.477 650.522
28 1.8219 88 3.8273
152.2566 839.2429 679.2695 514.6146
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29 3.3817 89 1.8123
227.0679 168.5956 768.5574 811.0098

30 0.9374 90 2.7162
296.2615 890.4821 724.8086 775.3482

31 3.2091 91 0.7283
515.1908 131.8124 256.4945 360.506

32 0.2784 92 0.8172
61.307 807.1823 371.9474 532.9496

33 1.3624 93 2.7834
1114.607 610.148 581.4417 19.1221

34 0.5091 94 3.7734
1166.464 961.8775 284.5835 1215.028

35 0.8457 95 45526
606.0633 882.8374 1042.482 206.3973

36 3.6459 9 0.8234
416.972 1099.997 240.4745 131.1436

37 4.1734 97 2.3374
604.0672 1115.842 278.9451 459.8051

38 0.7234 98 2.1728
137.2964 244.23 210.7702 244.6107

39 3.0834 99 0.1772
455.9056 862.7224 281.0955 604.6125

40 47834 100 1.2273
455.9056 862.7224 537.9501 419.1636

41 2.1263 101 0.8394
963.3591 37.7082 384.1089 1175.004

42 1.8475 102 4.1283
481.2062 918.6945 1140.124 1136.317

43 3.1734 103 1.2263
298.4119 617.3709 531.1696 65.0388

44 3.3094 104 2.4884
498.6975 592.5538 228.1894 911.0189

45 0.8219 105 0.5394
119.0952 1117.077 1117.283 332.273

46 2.0938 106 3.2832
162.9469 752.9902 1209.678 522.0639

47 2.791 107 1.8834
1163.172 762.6207 541.8599 676.4503

48 3.7263 108 3.4162
1180.56 1061.105 137.1935 1163.995

49 3.9043 109 3.3398
710.1982 994.5245 318.6298 515.7773

50 3.2093 110 4.2384
73.8081 712.0708 504.6343 1213.793

51 1.7623 111 2.0293
289.8823 225.8538 734.5111 372.2046

52 4.9283 112 0.7092
801.4514 1208.34 323.7434 865.6341

53 3.7734 113 1.3235
1013.909 1094.544 744.3165 822.7187

54 0.9123 114 4.8384
19.0182 35.4034 878.125 665.6469

55 0.8344 115 0.3728
53.1211 604.8697 273.7903 861.9404

56 2.9112 116 4.2234
208.6506 207.3336 144.972 822.9451

57 3.9028 117 2.8374
436.0375 296.2409 366.2987 219.9377

58 1.6374 118 2.3849
903.4462 879.9461 393.5851 158.0596

59 2.1892 119 4.8849
799.764 617.9265 523.7101 1233.548

60 1.0231 120 2.8374
556.7481 581.6475 627.0425 211.2846
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Figure 1; The plot of the x,y location or position coordinates of the WSN nodes and the base station.

I1l. RESULTS AND DISCUSSION
MATLAB software version 2015a was used to simulate the
relay node selection based on K-means algorithm as well as
the clustering ot the remaining WSN slave nodes to the
selected relay nodes. The result of the relay node selection
is shown in Table 2, which shows the x-y location
coordinates of the selected relay nodes and their
corresponding hardware capacities. Also, Figure 2 shows
the graphical plot of the x-y location coordinates of the
selected relay nodes. Notable, the selection of relay nodes
in this paper was based on the nodes with hardware
capacity greater than 4.5 and above. As such, the results in
Table 2 show the relay nodes with hardware capacity that
are above the threshold of 4.5. Table 2 also shows that only
5 relay nodes were selected out of the 120 WSN sensor

nodes. The cause of the small number of relay node is the
high hardware capacity requirement for a relay node. This
is confirmed from the number (26) of relay nodes selected
when the threshold hardware capacity requirement was
reduced to 4.0 , as shown in Table 3 and Figure 3. Finally,
Figure 4 shows the clustering of the WSN slave nodes with
k-means algorithm around the 5 selected relay nodes with
4.0 threshold hardware capacity. In all, the results show that
the smaller the threshold of hardware capacity requirement
for the relay nodes the more the number of relay nodes that
are selected by the K-means algorithm. However, lowering
the hardware capacity may lead to a relay node that cannot
effectively handle the high demand on the lean hardware
and network resources required for a relay node to deliver
acceptable quality of service as relay node.

Table 2; The selected 5 relay nodes, their x-y location coordinates of the selected relay nodes and their corresponding

hardware capacities.

CH number (device x-coordinates (m) y-coordinates (m) Hardware Capacity
number)

1(1) 1154.3 314.98 4.529

2(2) 311.84 284.74 4.7875

6(11) 4.7162 1124.38 675.133

8(15) 4.9904 179.697 603.635

14(37) 41734 604.067 1115.84
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Figure 2; The graphical plot of the x-y location coordinates of the 5 selected relay nodes with thresh hold hardware capacity of

4.5.

Table 3; The selected 26 relay nodes , their x-y location coordinates of the selected relay nodes and their corresponding

hardware capacities with thresh hold hardware capacity of 4.0.

IMJSTP29120510

CH number (device x-coordinates (m) y-coordinates (m) Hardware

number) Capacity
1(1) 4.8763 131.679 105.586
2(2) 4.613 1187.66 324.083
3(5) 4.375 956.764 36.0773
4(7) 4.3498 987.826 566.533
5(8) 4.8174 320.852 292.969
6(11) 4.7162 1124.38 675.133
7(14) 4.7984 224.527 643.433
8(15) 4.9904 179.697 603.635
9(21) 4.3726 715.754 488.337
10(22) 4.9847 178.977 1219.86
11(25) 4.8371 433.311 1127.57
12(26) 4.3928 633.7 983.032
13(37) 41734 604.067 1115.84
14(40) 4.7834 838.49 47511
15(52) 4.9283 801.451 1208.34
16(65) 4.6234 847.947 644.071
17(67) 4.9384 116.08 4.7965
18(75) 4.9283 551.634 988.156
19(78) 4.7123 630.644 1019
20(80) 4.7234 981.365 164.429
21(83) 4.8345 1002.05 1026.49
22(95) 4.5526 1042.48 206.397
23(102) 4.1283 1140.12 1136.32
24(110) 4.2384 504.634 1213.79
25(114) 4.8384 878.125 665.647
26(119) 4.8849 523.71 1233.55
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Figure 3; The graphical plot of the x-y location coordinates of the 26 selected relay nodes with thresh hold hardware capacity

of 4.0.
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Figure 4; Clustering of WSN with k-means algorithm around the 5 selected relay nodes with 4.0 threshold hardware capacity

IV. CONCLUSION threshold, the smaller the number of relay nodes the K-
The use of K-means algorithm in the selection of relay means algorithm was able to select.
nodes in wireless sensor network is presented. The K- REFERENCES
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