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Abstract— In this paper, comparison of signal strength-

based and distance-based cluster head selection for cellular 

network in the 2100 MHz frequency band is presented. The 

cluster head selection was done using Self-Organizing Map 

(SOM) clustering algorithm. The cluster head selection was 

first conducted with distance of the devices from the sink 

node (base station) as the key parameter and then, the 

cluster head selection is repeated with received signal 

strength as the key parameters. Specifically, a set of 100 

devices located in a 1 km by 1 km area is considered in the 

study and the sink (base station is located at the centre of 

the area (where the centre coordinates are  x= 0.5 km and y 

= 0.5 km). The range of values used for the selection of the 

cluster heads for distance dk and received signal strength 

intensity (RSSI) are: 200 m ≤  dk ≤ 800m and −80 dB ≤
 RSSIk ≤ −66 dB respectively. The results of the cluster 

head selection performed with the SOM algorithm based on 

distance show that only 16 cluster heads were selected from 

the 100 devices. The results of the cluster head selection 

performed with the SOM algorithm based on RSSI show 

that only 4 cluster heads were selected from the 100 

devices. The results showed that the choice of parameters 

and the threshold values used for the parameter can 

significantly affect the outcome of the cluster head 

selection by SOM clustering algorithm. 
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1. Introduction 

Today, different clustering algorithms are employed in the 

cluster head selection for the implementation of device-to-

device (D2D) communication technologies [1-6]. This has 

become necessary, as researches have shown that D2D 

communication can be used to achieve energy efficiency in 

wireless communication networks [7-11].  

Generally, the D2D technologies try to minimize the overall 

transmission energy demand in a network by allowing 

neighbouring nodes to relay their signals through a given 

node regarded as the cluster head [12-16]. The cluster heads 

are expected to have sufficient received signal strength and 

possible adequate hardware capacity. The focus on existing 

studies has been on the types of cluster heads and 

combinations of cluster head selection parameters. Most 

often, the cluster selection has been based on the location 

coordinates of the devices from the base station or the 

relative distance of the devices from the base station. The 

general assumption is that the RSSI is related to the relative 

distance (d) of the device to the base station. However, in 

reality the RSSI varies in different ways with distance 

depending on the path loss model and other loss parameter 

models that are used in the computation of the RSSI. 

Researchers have shown that RSSI depends on a number of 

factors that include pathloss [17-27], obstruction [28,29], 

atmospheric conditions [30-37], terrain parameters, climatic 

parameters [38-42], among others. Accordingly, the use of 

distance instead of RSSI in the cluster head selection is re-

evaluated in this paper. Specifically, the cluster head 

selection based on distance is compared with the cluster 

head selection based on RSSI. The key mathematical 

equations are given and SOM clustering algorithm is used 

in Matrix Laboratory (MATLAB) software for the cluster 

head selection. 

2. Methodology 

In this paper, the SOM cluster head selection for a set of 

devices in a cellular network coverage area is presented.  

The cluster head selection is first conducted with distance 

of the devices from the sink node (base station) as the key 

parameter and then, the cluster head selection is repeated 

with received signal strength as the key parameters. 

Specifically, a set of 100 devices located in a 1 km by 1 km 

area is considered in the study and the sink (base station is 

located at the centre of the area (where the centre 

coordinates are  x= 0.5 km and y = 0.5 km).  

 𝑑𝑘 =  √(𝑥𝑘 −  𝑥0)2 +  (𝑦𝑘 −  𝑦0)22
   

    (1) 

Where  dk is the distance of device k from the sink node; 

 xk ,  yk are  the coordinates of device k (node k) while  x0 

,  y0 are  the coordinates of sink node. 

Again, for each device k, the RSSI  with respect to free 

space path loss is given as [43-45]; 

𝑅𝑆𝑆𝐼𝑘 = EIRP–𝑃𝐿𝐹𝑆𝑃𝐿 (𝑘)(dB) = EIRP–32.44 −

20log(f) − 20log( 𝑑𝑘)    (2) 

Where EIRP represented the effective isotropic radiated 

power expressed in dBW, and f = 2100 MHz. 

3.  Results and Discussion 

The random function in MATLAB was used to generate the 

 xk ,  yk are the coordinates of devices for k = 0,1,2,…, 100. 

Then, the  dk, 𝑃𝐿𝐹𝑆𝑃𝐿 (𝑘) and 𝑅𝑆𝑆𝐼𝑘  were computed in the 

MATLAB and the results are shown in Table 1. The plot of 

the x-coordinates and y-coordinates of the cellular devices 

around the sink (base station at the centre) is shown in 

Figure 1. In Figure 1, a region marked by  200 𝑚 ≤  𝑑𝑘 ≤
800𝑚   are selected for cluster heads. In essence, only 

http://www.jmess.org/


Journal of Multidisciplinary Engineering Science Studies (JMESS) 

ISSN: 2458-925X 

Vol. 6 Issue 5, May - 2020 

www.jmess.org 

JMESSP13420673 3406 

devices (node) that are in the given range of distance from  

the  base station can be considered by the SOM algorithm 

in the selection of cluster heads. Nodes outside this range 

are not considered and hence they cannot be among the 

cluster heads. The pathloss obtained is for the devices are 

plotted and shown in Figure 2 while the RSSI are shown in 

Figure 3. The receiver sensitivity in the network is assumed 

to be -80 dB. As such, in Figure 3, the range of RSSI used 

for cluster head is−70 𝑑𝑏 ≤  𝑅𝑆𝑆𝐼𝑘 ≤ −66 𝑑𝐵.   

 

Table 1: The randomly generated  𝐱𝐤 ,  𝐲𝐤along with the  𝐝𝐤, 𝑷𝑳𝑭𝑺𝑷𝑳 (𝒌) and 𝑹𝑺𝑺𝑰𝒌 computed in MATLAB for the 100 

devices 

Device 

Number 

x-coordinate 

( 𝐱𝒌) in m 

y-coordinate 

( 𝐲𝒌) in m 

Resultant 

Distance ( 𝐝𝐤) in 

m 

Pathloss 

(𝑷𝑳𝑭𝑺𝑷𝑳 (𝒌)) in 

dB 

Received Signal 

Strength Intensity 

(𝑹𝑺𝑺𝑰𝒌) in dBm 

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 

31 

32 

428.6 

605.17 

440.87 

98.186 

398.05 

323.07 

807.65 

300.25 

681.75 

505.16 

22.625 

986.61 

772.92 

386.34 

855.42 

742.62 

601.3 

635.33 

222.62 

723.11 

212.28 

403.32 

339.26 

803.35 

183.31 

55.543 

807.96 

849.14 

634.25 

991.72 

925.16 

911.9 

253.97 

985.7 

766.1 

455.9 

567.21 

381.54 

271.17 

834.75 

647.09 

540.16 

3.7616 

227.9 

337.92 

203.26 

432.2 

872.89 

824.98 

685.55 

914.81 

281.39 

150.93 

41.953 

112.07 

77.045 

501.18 

907.97 

746.41 

131.55 

695.12 

756.25 

984.83 

837.46 

498.19 

1156.6 

883.89 

466.35 

692.94 

499.95 

851.96 

887.1 

939.95 

739.57 

22.936 

1012.6 

843.56 

436.55 

958.4 

1146 

1020.9 

934.68 

941.5 

775.93 

260.47 

405.49 

357.29 

807.03 

533.65 

909.67 

1100 

859.27 

940.99 

1247.2 

1351.2 

1238.1 

152.89 

160.21 

157.87 

152.32 

155.76 

152.92 

157.55 

157.9 

158.41 

156.32 

126.15 

159.05 

157.47 

151.75 

158.58 

160.13 

159.12 

158.36 

158.42 

156.74 

147.26 

151.1 

150 

157.08 

153.49 

158.12 

159.77 

157.63 

158.42 

160.86 

161.56 

160.8 

-99.392 

-106.71 

-104.37 

-98.819 

-102.26 

-99.423 

-104.05 

-104.4 

-104.91 

-102.82 

-72.655 

-105.55 

-103.97 

-98.245 

-105.08 

-106.63 

-105.62 

-104.86 

-104.92 

-103.24 

-93.759 

-97.604 

-96.505 

-103.58 

-99.99 

-104.62 

-106.27 

-104.13 

-104.92 

-107.36 

-108.06 

-107.3 
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33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

102.08 

861.32 

417.87 

99.484 

953.15 

992.11 

597.19 

791.9 

349.41 

243.83 

339.85 

745.29 

546.62 

841.09 

294.76 

897.43 

802.79 

207.35 

42.027 

107.61 

808.78 

915.15 

117.34 

669.39 

526.35 

123.73 

782.56 

280.19 

47.453 

305.19 

322.38 

479.87 

867.48 

514.37 

314.81 

728.57 

630.24 

608.38 

997.72 

16.69 

725.85 

974.93 

593.85 

959.2 

147.52 

259.68 

185.49 

199.33 

103.83 

26.852 

105.38 

716.88 

732.7 

608.22 

695.98 

54.321 

356.86 

516.26 

332.83 

819.78 

502.1 

947.97 

843.07 

263.09 

123.04 

734.5 

211.3 

664.29 

319.53 

690.19 

979.26 

634.32 

698.31 

447.44 

460.95 

242.45 

684.47 

973.67 

287.67 

277.89 

520.86 

880.94 

980.26 

1046.2 

1046.3 

177.93 

987.89 

1009.3 

629.58 

798.68 

350.44 

265.63 

793.36 

1045.1 

817.75 

1091.7 

299.73 

965.78 

954.46 

392.13 

820.86 

513.51 

1246.1 

1244.3 

288.07 

680.6 

903.62 

244.86 

1026.5 

424.97 

691.82 

1025.7 

711.54 

847.3 

976.07 

690.69 

397.35 

999.65 

1159.8 

672.97 

1035.7 

521.13 

1141.4 

158.77 

159.34 

159.34 

143.95 

158.84 

159.02 

154.93 

156.99 

149.84 

147.43 

156.93 

159.33 

157.2 

159.71 

148.48 

158.64 

158.54 

150.81 

157.23 

153.16 

160.86 

160.84 

148.13 

155.6 

158.06 

146.72 

159.17 

151.51 

155.74 

159.16 

155.99 

157.51 

158.73 

155.73 

150.93 

158.94 

160.23 

155.5 

159.25 

153.28 

160.09 

-105.27 

-105.84 

-105.84 

-90.449 

-105.34 

-105.52 

-101.43 

-103.49 

-96.337 

-93.93 

-103.43 

-105.83 

-103.7 

-106.21 

-94.979 

-105.14 

-105.04 

-97.313 

-103.73 

-99.655 

-107.36 

-107.34 

-94.634 

-102.1 

-104.56 

-93.223 

-105.67 

-98.012 

-102.24 

-105.66 

-102.49 

-104.01 

-105.23 

-102.23 

-97.428 

-105.44 

-106.73 

-102 

-105.75 

-99.783 

-106.59 
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74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

429.86 

871.22 

967.89 

414.98 

753.12 

614.41 

945.27 

962.66 

530.51 

602.56 

660.67 

6.0076 

99.436 

215.82 

83.398 

599.9 

849.08 

478.53 

722.9 

320.85 

939.9 

742.62 

11.525 

461.26 

826.55 

606.56 

540.96 

282.73 

751.34 

524.7 

414.72 

853.96 

439.17 

766.3 

10.988 

452.42 

765.81 

489.85 

178.42 

399.95 

907.79 

492.03 

775.62 

622.22 

286.95 

174.59 

659.25 

544.99 

123.17 

848.1 

394.48 

15.87 

871.36 

709.93 

514.51 

1150.5 

1101 

586.69 

1138.6 

755.23 

1216.9 

962.72 

697.23 

974.45 

822.46 

178.52 

412.12 

933.09 

499.05 

980.55 

1052.7 

557.98 

743.69 

733.18 

1086.5 

752.76 

848.18 

606.93 

826.7 

1061.7 

892.55 

153.17 

160.16 

159.78 

154.31 

160.07 

156.51 

160.65 

158.61 

155.81 

158.72 

157.25 

143.98 

151.24 

158.34 

152.91 

158.77 

159.39 

153.88 

156.37 

156.25 

159.66 

156.48 

157.51 

154.61 

157.29 

159.46 

157.96 

-99.672 

-106.66 

-106.28 

-100.81 

-106.57 

-103.01 

-107.15 

-105.11 

-102.31 

-105.22 

-103.75 

-90.478 

-97.745 

-104.84 

-99.407 

-105.27 

-105.89 

-100.38 

-102.87 

-102.75 

-106.16 

-102.98 

-104.01 

-101.11 

-103.79 

-105.96 

-104.46 
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Figure 1: Plot showing the threshold for the devices considered as cluster head which are those occupying the distance 

between 200 m and 800 m from the sink node 

 

 

Figure 2: Plot showing pathloss of each of the devices. 
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Figure 3: Plot showing the RSSI for each of the devices. 

The outcome of the cluster head selection performed with the SOM algorithm based on distance, is shown in Figure 4 and 

Table 2 with the device number indicated on each of the cluster heads. The result of the clustering of the slave nodes to the 16 

cluster heads with SOM algorithm is shown in Figure 5. 

 

Figure 4: The outcome of the cluster head selection performed with the SOM algorithm based on distance showing that 

16 cluster heads are selected. 

Table 2: The outcome of the cluster head selection performed with the SOM algorithm based on distance showing that 

16 cluster heads are selected 

Device 

number 

x-

coordinates 

(m) 

y-

coordinates 

(m) 

Resultant 

distance (m) 

Pathloss (dB) RSSI (dBm) 

1 428.6 253.97 498.2 152.89 -99.392 
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5 

10 

20 

24 

25 

39 

40 

43 

45 

56 

63 

74 

82 

84 

93 

398.05 

505.16 

222.62 

803.35 

183.31 

597.19 

791.9 

339.85 

546.62 

669.39 

322.38 

429.86 

530.51 

660.67 

320.85 

567.21 

540.16 

914.81 

77.045 

501.18 

199.33 

103.83 

716.88 

608.22 

123.04 

634.32 

282.73 

439.17 

489.85 

659.25 

692.94 

739.57 

941.51 

807.04 

533.65 

629.58 

798.68 

793.36 

817.76 

680.6 

711.54 

514.51 

697.23 

822.46 

733.18 

155.76 

156.32 

158.42 

157.08 

153.49 

154.93 

156.99 

156.93 

157.2 

155.6 

155.99 

153.17 

155.81 

157.25 

156.25 

-102.26 

-102.82 

-103.24 

-103.58 

-99.99 

-101.43 

-103.49 

-103.43 

-103.7 

-102.1 

-102.49 

-99.672 

-102.31 

-103.75 

-102.75 

 

The clustering of the cluster heads to the cluster slaves performed by the clustering algorithm is shown in Figure 5. 

 

Figure 5: The result of the clustering of the slave nodes to the 16 cluster heads with SOM algorithm. 

 

The outcome of the cluster head selection performed by the 

SOM algorithm based on RSSI, is shown in Figure 6 and 

Table 3 with the device number indicated on each of the 

cluster heads. The result of the clustering of the slave nodes 

to the 4 cluster heads with SOM algorithm is shown in 

Figure 7. 

 

In all, with the RSSI, only 4 cluster heads were selected by 

the SOM algorithm, whereas sixteen 4 cluster heads were 

selected by the SOM algorithm when distance was used as 

the key selection parameter. The results showed that, the 

choice of parameters and the threshold used for the 

parameter can significantly affect the outcome of the cluster 

head selection by SOM clustering algorithm. 
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Figure 6: The outcome of the cluster head selection performed with the SOM algorithm based on RSSI  showing that  

sixteen 4 cluster heads are selected. 

 

Table 3: The outcome of the cluster head selection performed with the SOM algorithm based on RSSI showing that 4 

cluster heads are selected. 

Device 

number 

x-coordinates 

(m) 

y-coordinates 

(m) 

Resultant 

distance (m) 

Pathloss (dB) RSSI (dBm) 

23 

32 

47 

97 

87.5003 

21.6498 

29.9920 

217.7321 

99.0953 

178.9825 

137.5466 

138.6017 

132.1975 

180.2871 

140.7785 

258.1040 

141.3689 

144.0637 

141.9151 

147.1803 

-66.4666 

-68.5051 

-66.8798 

-70.8625 
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Figure 7: The result of the clustering of the slave nodes to the 4  cluster heads with SOM algorithm based on RSSI. 

 

In all, with the RSSI, only 4 cluster heads were selected by 

the SOM algorithm, whereas 16 cluster heads were selected 

by the SOM algorithm when distance was used as the key 

selection parameter. The results showed that, the choice of 

parameters and the threshold used for the parameter can 

significantly affect the outcome of the cluster head 

selection by SOM clustering algorithm. 

 

4. Conclusion  

The effect of cluster head selection parameter on the Self-

organizing map clustering algorithm employed in device-

to-device communication in cellular network is presented. 

First, the SOM algorithm was employed to select cluster 

heads based on the distance of the device from the base 

station. Next, the cluster head selection was conducted 

using RSSI as the key parameter. The results showed that 

the number of cluster heads selected with the RSSI is lower 

than that selected with the distance as the key parameter. It 

was concluded that the selection parameter and especially 

the threshold values used for each of the selection 

parameters do affect the SOM algorithm outcome in a 

significant way. 
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