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Abstract— In this paper, evaluation of 
multiple optimal cluster and gateway placement 
implementation in IoT sensor network using 
Silhouette method and K-means algorithm is 
presented. The IoT sensor network used in the 
simulation had 2000 sensor nodes with network 
coverage area of 800 m by  800 m. The Silhouette 
score plot showed that the optimum number of 
clusters is 5. As such, K value of 5 was used in 
the k-means algorithm for optimal gateway 
placement. The K-means was implemented three 
times on the same dataset. The results show that 
the mean distance for the entire network was 139 
m in the first implementation, 140 m  in the second 
implementation, and 141 m in the third 
implementation. The maximum sensor to gateway 
distance in the entire network was 269 m in the 
first implementation, 267 m in the second 
implementation, and 274 in the third 
implementation. Again, since the energy 
consumption in sensor network is proportional to 
the communication distance, it means that the 
third implementation will have the first sensor 
node to die due to power outage given the long 
distance of 274 m. On the other hand, the battery 
life of the critical node with the longest distance in 
the second implementation will stay longer than 
that of the third implementation since the distance 
is 267m. In all, it can be concluded that the K-
means approach studied can be effective in 
optimal gateway placement. However, several 

implementations may be required and the 
implementation with the best communication 
distance result can be adopted.  
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1. Introduction 
 Wireless sensors are very vital 

components of the present day smart system [1,2,3]. The 
sensor enable networks and systems to monitor, measure 
and communicate essential parameters of the environment 
or system and hence facilitate automated controls, remote 
controls and various kinds of intelligent operations via the 
interconnected network of thing; sensors, actuators and 
system being monitored [4,5]. In any case, sensors are 
usually resource constrained; many of the sensors are 
powered using battery [6,7]. In such case, effort is made to 
enhance the battery life span through various forms of 
energy efficient mechanisms [8,9]. 

Over the years, clustering has been identified as 
one of the methods to enhance battery life span be reducing 
the transmission path length through the grouping of the 
sensors together in clusters that have a base station or 
gateway to relay the communications from the various 
sensor to the ultimate destination which in some cases is the 
server [10,11,12]. Again, implementation of clustering can 
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be done using various approaches but the focus of this work 
is to use K-means for the clustering [13,14]. The K-means 
algorithm is used to determine the optimal potion of the 
gateways in each of the clusters such the mean distance of 
all the sensors in each of the cluster is minimal [15,16]. 
This will in turn minimize the energy consumed in the 
process of transmitting data to the gateway.  

While K-means can effectively achieve the 
purpose, it has been noticed that when the network is 
densely populated, it is possible to have different gateway 
location for different implementations of the K-means on 
the same dataset. Accordingly, this study seek to assess to 
what extent such variation can affect the mean distance 
between the gateway and the sensors and also the maximum 
distance of the farthest sensor in the network. Such 
parameters are essential in determining the network life 
span for battery powered wireless sensor network. 

2. Methodology 
2.1 The description of the IoT sensor network and the 

research process 
The IoT sensor network considered in this study 

has Ns number of sensors distributed randomly over a 

rectangular network coverage area with dimensions given 
as L x W, where L is the length and W is the width. The 
sensor nodes are expected to be grouped into clusters and 
are also expected to communicate wirelessly to the internet 
via the gateways or base stations in the sensor’s respective 
clusters. The first task in this work is to determine the 
optimum number of clusters that is suitable to the given 
sensor network and also use that number to determine the 
optimal location coordinates of the gateways within each of 
the clusters.  

Secondly, the study seeks to assess how multiple 
implementations of the optimal gateway placement using 
the same dataset and number of clusters can affect the mean 
distance and the maximum distance between the sensor and 
the gateway in the entire network.  The required number of 
clusters for the network is determined using the Silhouette 
score method while K-means algorithm is used to 
determine the optimal location for the gateway. The flow 
diagram used for the research procedure is given in Figure 
1. 

 
Figure 1: The flow diagram used for the research procedure 

2.2 Data preprocessing and the determination of the 
optimum number of clusters using Silhouette 
score 

The sensor nodes coordinates are the key data used 
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the minmax normalization approach. Also, descriptive 
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statistical analysis is conducted to check for outliers, 
missing data and also determine the mean and standard 
deviation of the dataset.  

The Silhouette method is used to determine the 
optimum number of clusters applicable to the case study 
network. The flow diagram of the Silhouette method is 
presented in Figure 2. 

 
 

Figure 2: The flowchart for determining the number of clusters using Silhouette score. 
 

2.3The optimal gateway placement based on K-Means 
Algorithm 
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clusters respectively and 𝑥௝,௡, 𝑦௝,௡  are the X and Y 

coordinates of the sensor j in cluster n (where n ൑ K), then, 
the Euclidian distance, 𝑑௝,௡ of each of the sensors from their 

respective centroids is computed as follows; 

𝑑௝,௡  ൌ  ට൫𝑥𝐶௡ െ 𝑥௝,௡൯
ଶ

൅ ൫𝑦𝐶௡ െ 𝑦௝,௡൯
ଶ

    𝑓𝑜𝑟 𝑛 ൌ

1,2,3, … , 𝑘      (1) 
The total within-cluster variation which is a measure of 
how compact (or how good)the clustering is can be defined 
in respect of the WCSS where; 

𝑊𝐶𝑆𝑆 ൌ  ∑ ൫𝑑௝,௡൯௞
௡ୀଵ ൌ

∑ ቆ∑ ቆට൫𝑥𝐶௡ െ 𝑥௝,௡൯
ଶ

൅ ൫𝑦𝐶௡ െ 𝑦௝,௡൯
ଶ

ቇ௝ୀே೙
௫ ∈ ௡,௝ୀଵ ቇ௝ୀ௞

௝ୀଵ             

(2) 
Where 𝑁௡denoted the number of sensor nodes assigned to 

cluster 𝑛. 

For each sensor node in each cluster n, the distance, 𝑑௝,௡to 

the gateway or centroid is computed. Then, the means 
distance, 𝑑௠௘௔௡ሺ௡ሻ   for each cluster, n and the mean 

distance , 𝑑௠௘௔௡ for the entire network are computed, as 
well as the maximum distance, 𝑑௠௔௫ሺ௡ሻfor each the cluster 

and the maximum distance, 𝑑௠௔௫for the entire network, as 
follows; 

𝑑௠௘௔௡ሺ௡ሻ  ൌ ቀ
ଵ

ே௡
ቁ ൫∑ ൫𝑑௝,௡൯௝ୀே௡

௝ୀଵ ൯    (3) 

𝑑௠௘௔௡  ൌ ቀ
ଵ

௄
ቁ ൫∑ ൫𝑑௠௘௔௡ሺ௡ሻ൯௡ୀ௄

௡ୀଵ ൯    (4) 

𝑑௠௔௫ሺ௡ሻ  ൌ 𝑀𝑎𝑥𝑖𝑚𝑢𝑚൫𝑑௝,௡൯𝑓𝑜𝑟 𝑗 ൌ 1,2,3, … ,
ଵ

ே௡
    (5) 

𝑑௠௔௫  ൌ 𝑀𝑎𝑥𝑖𝑚𝑢𝑚൫𝑑௠௔௫ሺ௡ሻ൯ 𝑓𝑜𝑟 𝑛 ൌ 1,2,3, … , 𝑘       (6) 

The K-means algorithm is presented in the flow diagram of 
Figure 3. 

 
Figure 3: The flow diagram of the K-means algorithm 
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that the gateway placement different implementation of the 
K-means on the same dataset gave rise to different gateway 
placement in the network. This resulted in different values 
for the mean distance between the gateways and the sensor 
node and the maximum distance for the farthest sensor node 
in the network. The implication of the results is that in 
order to get the optimal gateway placement in the clustered 
sensor node, several instances of the K-means 
implementation is required on the same dataset and the one 
that gives the best results in terms of mean communication 
distance and distance of the farthest sensor node  can be 
selected as the optimum solution. 
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