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Abstract— In this paper, clustering of cellular 

devices with self-organizing map (SOM) algorithm 

based on free space pathloss computed received signal 

strength is presented. First, the  𝒙 and 𝒚 coordinates of 

the devices around the base station are randomly 

determined and the distances of the devices were 

computed and then used to compute the pathloss and 

the received signal strength intensity (RSSI) for each of 

the devices.  Based on the distance and the computed 

RSSI of each of the devices, the SOM algorithm was 

used to select the cluster heads and to cluster the other 

nodes to he heads. The SOM algorithm is implemented 

using the SOM tools in the Matrix Laboratory 

(MATLAB) software. Specifically, in this paper, 100 

cellular devices were considered to be located in a 1000 

m by 1000 m region around the base station, which is 

located at the centre of the region. The results showed 

that among the 100 cellular devices considered, only 16 

cluster heads were selected by the SOM algorithm. Also, 

the cluster head with device number 89 had the highest 

number of 10 slave devices clustered around it while the 

cluster head with device number 2 has the highest 

number of 3 slave devices clustered around it. 

Keywords— Clustering, Cellular Devices, Self-
organizing Map (SOM) Algorithm, Pathloss, 
Clustering Algorithm, Received Signal Strength 
Intensity (RSSI), Free Space Pathloss 

 

 

1. Introduction 

Nowadays, in order to improve on the energy efficiency of 

wireless network communication system, device-to-deice 

(D2D) communication mechanism is employed [1-7]. This 

helps the devices within the network coverage area to rely 

on their neighbouring device to relay their data to the base 

station in a way that reduces that overall communication 

energy demand. 

In order to effectively implement the D2D communication, 

clustering algorithm is used to select  cluster heads from the 

available devices [8-11]. Most studies have shown 

clustering algorithms that rely on the relative distance of the 

device from the base station for the selection of the cluster 

heads [12-17]. However, the ultimate aim is to use the RSSI 

at the location of the devices for the cluster head selection. 

In reality, the RSSI depends on distance, but the actual 

relationship between the distance and RSSI depends on the 

pathloss model used in the computation of the RSSI [18-

24]. Accordingly, this paper presents results of computed 

RSS from free space pathloss based SOM algorithm [25-

28]. The MATLAB based SOM is also used for the 

implementation.  

2. Methodology 

This paper considers clustering of cellular devices based on 

the received signal strength which is computed based on 

link budget analysis that used the free space pathloss model 

for the determination of the pathloss. The 𝑥  and 𝑦 

coordinates of the devices around the base station are 

randomly determined and the distances of the devices were 

computed and then used to compute the respective pathloss 

and RSSI (in dBm) for each of the devices. Based on the 

distance and the computed RSSI of each of the devices, the 

SOM algorithm was used to select the cluster heads and to 

cluster the other nodes to the heads. 

2. 1  The Received Signal Strength Based on Free Space 

Pathloss  

In wireless communication, due to pathloss and other losses 

in the system, only a portion of the transmitted power (PT) 

is received by the receiver (as shown in Figure 1). With the 

free space pathloss model, the received signal strength (PR) 

is inversely proportional to the square of the distance 

between the transmitter and the receiver; 

 

Figure 1: The image of  the received power based on 

free space pathloss  

Free space pathloss model expressed pathloss in different 

forms. The free space pathloss (𝑃𝐿𝐹𝑆𝑃𝐿) in watt expressed 

with respect to wavelength is given as; 

𝑃𝐿𝐹𝑆𝑃𝐿 = (
4𝜋𝑑

ʎ
)

2

     

 (1) 

The free space pathloss (𝑃𝐿𝐹𝑆𝑃𝐿 ) in watt expressed with 

respect to frequency is given as; 

𝑃𝐿𝐹𝑆𝑃𝐿 = (
4𝜋𝑑𝑓

𝑐
)

2

    

  (2) 

Where 𝑃𝐿𝐹𝑆𝑃𝐿 is the free space pathloss (unitless); d is the 

transmitter to receiver distance (in metre); f is the frequency 
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of the signal (in Hz); λ is the wavelength of the signal (in 

metres) and c is the speed of light (in metre per second). 

In terms of frequency, the free space pathloss (PLFSPL) in 

dB is given as; 

𝑃𝐿𝐹𝑆𝑃𝐿 (dB) = 20log(d) + 20log(f) + 32.44  

  (3) 

Where 𝑃𝐿𝐹𝑆𝑃𝐿 (dB) is the free space pathloss (in dB); 𝑑 is 

the transmitter to receiver distance (in km); 𝑓  is the 

frequency of the signal (in MHz). 

Simply, with respect to the 𝑃𝐿𝐹𝑆𝑃𝐿 (dB) , for a given 

distance, 𝑑 (in km) from the transmitter, the received signal 

strength 𝑃𝑅 in dB, is given as; 

PR = EIRP–𝑃𝐿𝐹𝑆𝑃𝐿 (dB)    

 (4) 

Where EIRP is the effective isotropic radiated power in 

dBW. 

This paper considers 100 cellular devices to be located in a 

1000 m by 1000 m region around the base station, which is 

located at the centre of the region. The location of the 

cellular network base station is denoted as 𝑥𝑏, 𝑦𝑏 while the 

location of each of the cellular devices is denoted as 

denoted as 𝑥𝑑𝑗, 𝑦𝑑𝑗, for 𝑗 = 1,2,3,…,100. Now let; 

 𝑥𝑗  = 𝑥𝑑𝑗 − 𝑥𝑏     

 (5) 

 𝑦𝑗  = 𝑦𝑑𝑗 − 𝑦𝑏     

 (6) 

Hence, the distance of device 𝑗  from the base station is 

given as: 

 𝑑𝑗 =  √ 𝑥𝑗
2 +  𝑦𝑗

22
     

  (7) 

Specifically, the 𝑥𝑑𝑗 , 𝑦𝑑𝑗 , for 𝑗  = 1,2,3,…,100 were 

generated using random function in MATLAB for a 1000 m 

by 1000 m region, such that, 0 ≤ 𝑥𝑑𝑗  ≤ 100  and 0 ≤

𝑦𝑑𝑗  ≤ 100. The Base station located at the centre of the 

region has a coordinate, 𝑥𝑏 = 500 𝑚 and 𝑦𝑏 500 𝑚 . The 

𝑥𝑑𝑗 , 𝑦𝑑𝑗  and 𝑥𝑏, 𝑦𝑏 are used in Eq 5, Eq 6 and Eq 7 to 

compute the distance,  𝑑𝑗 for each of device. 

The distance,  𝑑𝑗  for 𝑗 = 1,2,3,…,100 is used to compute the 

pathloss based on free space pathloss model of  Eq 3. Then, 

the pathloss was used in Eq 4 to the received power or 

RSSI. In this paper, a value of 53 dB was used for EIRP. 

Then, the SOM clustering algorithm was used to select the 

cluster heads from the 100 cellular devices based on their 

RSSI with a given threshold RSSI value. 

 

3. Results and Discussion  

The 𝑥  and 𝑦  coordinates, along with their corresponding 

distance in the  metres from the sink (base station), the 

pathloss and the received signal strength as generated  in 

MATLAB, are given in Table 1. The plot of the 𝑥 -

coordinates and 𝑦 -coordinates of the cellular devices 

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

Figure 2 while the resultant distance of the devices is 

shown in Figure 3, the pathloss obtained is plotted and 

shown in Figure 4 and the plot of the RSSI of each device is 

shown in Figure 5. 

Table 1: The x and y coordinates, along with their corresponding distance in the  metres from the sink (base station), 

the pathloss and the received signal strength as generated in MATLAB 

Device number 
𝒙-coordinate 

(m) 

𝒚-coordinate 

(m) 

Resultant 

distance (m) 

Pathloss  

(dB) 

RSSI  

(dBm) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

631.1887 

355.0737 

997.0033 

224.1715 

652.4511 

604.9906 

387.2454 

142.1872 

25.1350 

421.1123 

184.1003 

725.7753 

370.3627 

841.5601 

782.8721 

693.7876 

9.8023 

843.2133 

922.3320 

770.9542 

42.6599 

378.1861 

704.3396 

729.5130 

224.2771 

269.0547 

673.0312 

477.4922 

1005.6 

779.37 

997.05 

872.5 

1129.8 

979.99 

389.59 

404.03 

704.79 

842.33 

290.16 

774.04 

768.21 

967.59 

157.65 

155.44 

157.58 

156.42 

158.67 

157.43 

149.42 

149.73 

154.57 

156.12 

146.86 

155.38 

155.31 

157.32 

-104.15 

-101.94 

-104.08 

-102.92 

-105.17 

-103.93 

-95.918 

-96.234 

-101.07 

-102.62 

-93.358 

-101.88 

-101.81 

-103.82 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

734.2297 

571.0259 

176.8551 

957.3840 

265.3220 

924.5809 

223.7704 

373.5638 

87.5003 

640.1165 

180.6169 

45.0511 

723.1735 

347.4376 

660.6168 

383.8686 

627.3465 

21.6498 

910.5700 

800.5587 

745.8475 

813.1128 

383.3063 

617.2792 

575.4949 

530.0517 

275.0698 

248.6290 

451.6388 

227.7128 

804.4496 

986.1042 

29.9920 

535.6642 

87.0772 

802.0914 

989.1449 

66.9463 

939.3984 

18.1775 

683.8386 

623.7164 

236.4449 

177.1238 

829.6434 

766.9217 

934.4783 

107.8889 

182.2275 

99.0953 

489.7638 

193.2453 

895.8916 

99.0896 

44.1656 

557.2952 

772.4951 

311.9401 

178.9825 

338.9557 

210.1456 

510.1525 

906.3643 

628.9239 

101.5339 

390.8548 

54.6166 

501.2829 

431.7212 

997.5603 

811.6026 

485.6517 

894.4478 

137.5466 

390.0049 

927.3562 

917.4938 

713.5740 

618.3374 

343.2879 

936.0273 

124.7740 

963.39 

618.04 

250.3 

1266.8 

811.52 

1314.6 

248.42 

415.64 

132.2 

805.99 

264.51 

897.02 

729.93 

350.23 

864.29 

862.61 

700.62 

180.29 

971.61 

827.68 

903.63 

1217.6 

736.52 

625.57 

695.67 

532.86 

571.79 

498.2 

1095 

842.94 

939.68 

1331.3 

140.78 

662.6 

931.44 

1218.7 

1219.7 

621.95 

1000.2 

936.2 

695.13 

157.28 

153.43 

145.57 

159.66 

155.79 

159.98 

145.51 

149.98 

140.03 

155.73 

146.05 

156.66 

154.87 

148.49 

156.34 

156.32 

154.52 

142.72 

157.36 

155.96 

156.73 

159.32 

154.95 

153.53 

154.45 

152.14 

152.75 

151.55 

158.39 

156.12 

157.07 

160.09 

140.58 

154.03 

156.99 

159.32 

159.33 

153.48 

157.61 

157.03 

154.45 

-103.78 

-99.926 

-92.075 

-106.16 

-102.29 

-106.48 

-92.009 

-96.48 

-86.53 

-102.23 

-92.554 

-103.16 

-101.37 

-94.993 

-102.84 

-102.82 

-101.02 

-89.225 

-103.86 

-102.46 

-103.23 

-105.82 

-101.45 

-100.03 

-100.95 

-98.638 

-99.25 

-98.053 

-104.89 

-102.62 

-103.57 

-106.59 

-87.076 

-100.53 

-103.49 

-105.82 

-105.83 

-99.981 

-104.11 

-103.53 

-100.95 
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56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

783.7365 

534.1376 

885.3595 

899.0049 

625.9376 

137.8690 

217.8016 

182.1411 

41.8199 

106.9417 

616.4435 

939.6610 

354.4557 

410.6291 

984.3494 

945.5792 

676.6447 

988.3023 

766.8314 

336.6993 

662.3819 

244.1653 

295.5073 

680.1784 

527.8468 

411.5935 

602.6382 

750.5201 

583.5332 

551.7925 

583.5706 

511.8199 

82.5927 

719.5701 

996.1561 

354.5343 

971.2588 

346.4488 

886.5439 

454.6949 

413.4273 

730.5854 

646.4774 

833.1520 

398.2822 

749.8222 

835.2205 

322.4604 

552.2616 

979.1291 

549.3085 

330.4236 

619.4716 

360.6366 

756.5095 

413.9007 

492.3451 

694.7432 

972.7339 

327.7550 

837.8032 

739.0722 

954.1745 

31.9226 

356.8690 

662.6538 

281.5016 

230.3831 

711.1286 

624.5729 

590.6087 

660.4380 

47.5547 

348.7848 

451.3406 

240.9050 

715.0450 

856.1823 

281.5077 

731.0508 

137.7629 

836.7228 

1071.4 

838.59 

1215.7 

983.28 

976.75 

846.52 

389.12 

581.52 

980.02 

559.62 

699.42 

1125.5 

505.67 

860.77 

1067.8 

1066.1 

969.8 

1386.7 

833.94 

902.93 

992.46 

984.92 

297.23 

768.11 

847.19 

498.65 

645.17 

1033.9 

854.75 

808.27 

881.32 

514.02 

358.43 

849.41 

1024.9 

798.11 

1294.8 

446.4 

1149.1 

475.11 

933.29 

158.2 

156.08 

159.3 

157.46 

157.4 

156.16 

149.41 

152.9 

157.43 

152.56 

154.5 

158.63 

151.68 

156.3 

158.18 

158.16 

157.34 

160.45 

156.03 

156.72 

157.54 

157.47 

147.07 

155.31 

156.17 

151.56 

153.8 

157.9 

156.24 

155.76 

156.51 

151.83 

148.69 

156.19 

157.82 

155.65 

159.85 

150.6 

158.81 

151.14 

157.01 

-104.7 

-102.58 

-105.8 

-103.96 

-103.9 

-102.66 

-95.907 

-99.397 

-103.93 

-99.063 

-101 

-105.13 

-98.183 

-102.8 

-104.68 

-104.66 

-103.84 

-106.95 

-102.53 

-103.22 

-104.04 

-103.97 

-93.567 

-101.81 

-102.67 

-98.061 

-100.3 

-104.4 

-102.74 

-102.26 

-103.01 

-98.325 

-95.194 

-102.69 

-104.32 

-102.15 

-106.35 

-97.1 

-105.31 

-97.641 

-103.51 
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97 

98 

99 

100 

217.7321 

125.6546 

308.9146 

726.1044 

138.6017 

588.2094 

366.1568 

806.7595 

258.1 

601.48 

479.06 

1085.4 

145.84 

153.19 

151.21 

158.32 

-92.341 

-99.69 

-97.713 

-104.82 

 

 

Figure 2: The 𝒙 and 𝒚 coordinate position of the cellular devices. 
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Figure 3: Resultant distance of the devices. 

 

Figure 4: Pathloss of each device based on free space pathloss model. 
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Figure 5: The received signal strength intensity for each device. 

 

Figure 6: The outcome of the cluster head selection performed using the SOM algorithm showing the SOM topology 

with 16 cluster heads selected. 

The outcome of the clustering performed using the SOM 

algorithm is shown in Figure 6. According to Figure 6, 

exactly 16 cluster heads were selected by the SOM 

algorithm and the device numbers of the cluster heads is 

indicated on them, as can be seen in Figure 6. The results of 

clustering of the cluster heads to the cluster slaves 

performed by the SOM clustering algorithm are shown in 

Figure 7. 

Based on the results in Figure 6 and Figure 7, cluster head 

with device number 89 has the highest number of 10 slave 

devices clustered around it while the cluster head with 
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device number 2 has the highest number of 3 slave devices clustered around it. 

 

Figure 7: The outcome of the clustering performed using the SOM algorithm showing the clustering of the slave devices 

to the SOM selected cluster heads. 

4. Conclusion 

The selection of cluster heads from a set of cellular devices 

using self-organizing map (SOM) clustering algorithm was 

presented. The SOM algorithm used the RSSI of the 

cellular devices as the key parameter for selecting the 

cluster heads. Also, the SOM algorithm was used to cluster 

the slave cellular devices to the cluster heads. The SOM 

algorithm was implemented using the MATLAB software. 
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