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Abstract— In this paper, the optimal 
gateway placement in IoT sensor network using 
Enhanced Fuzzy C-Means (E-FCM) with Elbow 
method of optimal cluster determination is 
presented. The essence of this paper is to employ 
Elbow method to conduct optimal number of 
cluster selection for an IoT sensor network and 
then use Enhanced Fuzzy C-means (E-FCM) 
algorithm to determine the optimal placement of 
the gateways within the clusters and then cluster 
the sensor nodes among the selected gateways. 
In the paper, 2000 sensor nodes spread over a 
rectangular area of 1000 m by 1000 m are 
considered. The results from the Elbow method 
show that the optimal number of clusters required 
for the sensor network is 5. Also, the results from 
the E-FCM show that cluster 1 has the highest 
number of nodes (463 nodes) which is about 
23.2% of the total number of nodes in the network. 
On the other hand, cluster 0 has the lowest 
number of nodes (353 nodes) which is about 
17.7% of the total number of nodes in the network.  
The average number of nodes per cluster is 20. 
Again, cluster 1 has the highest mean distance of 
194 m per node which is about 110 % of the 
overall mean distance of 176 m for all the nodes in 
the network. On the other hand, cluster 0 has the 
lowest mean distance of 161 m per node which is 
about 92 % of the overall mean distance of 176 m. 
The highest distance to getaway occurred in 
cluster 1 with a distance of 334 m. 

Keywords— Gateway Placement, Internet of 
Things, Sensor Network, Enhanced Fuzzy C-
Means, Elbow Method 

1. Introduction 
Nowadays, IoT sensor networks are deployed in 

diver smart systems applications. From the smart home to 
smart agriculture, smart city, smart transportation, smart 
grid and many other smart systems (Rajkumar and 
Santhosh Kumar, 2024; Chataut,  Phoummalayvane and 
Akl, 2023; Bellini, Nesi and Pantaleo, 2022).In all these 
applications, the sensors play very vital role of capturing 
the environmental parameters or the system parameters 
upon which the smart systems depend for the decision 
making(Shen, Liu, Tian and Na, 2022; Sarker,2021 ).  In 
each application, wireless communication of the sensor 
nodes and the base station or gateway is inevitable (Zhang, 
Zhang, 2022; Deniz, Bagci, Korpeoglu and Yazıcı,2021).As 
such, effective and efficient getaway-sensor node 
communication is required for the IoT sensor networks. 

Researchers have shown that the energy expanded 
in any wireless communication is directly proportional with 
the communication distance (Saunders and Aragón-Zavala, 
2024; Pizzo, Sanguinetti and Marzetta, 2023; Islam, 
Ahmad,  Habibi and Waqar, 2022). Also, in many cases the 
sensor nodes are battery powered with finite life span 
(Bathre and Das, 2022; Abner, Wong and Cheng, 
2021). As such energy efficient system is required in the 
IoT sensor network (Kaur, Chanak and Bhattacharya, 
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2021; Shaker Reddy and Sucharitha, 2022). One way 
to minimize the energy consumption in sensor networks is 
by the use of clustering with optimal getaway placement 
(Shanmugam and Kaliaperumal, 2021; El Ouadi, 
2022). 

In practice, the optimum number of clusters for a 
given network is required before the getaway placement is 
conducted. Accordingly, in this study, the Elbow method is 
used for the determination of the optimum number of 
cluster while the enhanced fuzzy C-means is used for the 
optimal gateway location determination for each of the 
clusters in the network (Hamka and Ramdhoni, 202). 
With this approach, network designers can achieve optimal 
energy consumption and hence enhanced network battery 
life span. 

 

2. Methodology 
The essence of this paper is to employ Elbow 

method to conduct optimal number of cluster selection for 
an IoT sensor network and then use Enhanced Fuzzy C-
means (E-FCM) algorithm to determine the optimal 
placement of the gateways within the clusters and then 
cluster the sensor nodes among the selected gateways. The 
research procedure used is presented in Figure 1. 

The data set used consists of N number of sensor 
nodes randomly distributed within the network area of 
coverage specified in terms of the dimensions of a rectangle 
with L as the length and W as the width, both specified in 
kilometers.  The preprocessing of the dataset assessed the 
dataset for missing data, outliers. Also the sensor node 
coordinates were normalized with the minmax method.  

 
Figure 1: The research procedure 

 
2.1  The optimal number of clusters for the sensor 
network using the Elbow Method 

The optimal number of clusters for the sensor 
network was determined using the Elbow method. The 
Elbow method utilized Within-Cluster Sum of Squares 
(WCSS) score plot in Equation 1 to determine the optimum 
value of k which is the number of clusters.  

𝑊𝐶𝑆𝑆 ൌ ∑ ቀ∑ ሺ‖𝑥 െ 𝜇௜‖ଶሻ
ே಴೔
௫ ∈ ஼೔

ቁ௜ୀ௞
௜ୀଵ             (1) 

where K is used to represent the number of 
clusters, 𝐶௜ is used to represent the ith clusters, x used to 
represent the data point (or sensor node x location 
coordinate) in clusters𝐶௜, 𝜇௜ is used to represent the centroid 
of cluster 𝐶௜ and 𝑁஼೔

 is used to represent the number of data 

points (or sensor nodes) in cluster 𝐶௜. The flow chart for the 
Elbow method is shown in Figure 2. 

Determine optimal gateway location for the clusters and also do the sensor 
node clustering using the enhance fuzzy C-means algorithm  

 

Start 

Get the sensor node coordinates dataset 

Conduct statistical analysis and preprocessing of the dataset 

Determine optimal number of clusters using Elbow method 

Stop 
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Figure 2: The flow chart for the optimum number of cluster determination using the Elbow method 

2.2 Determination of Optimal Gateway Location 
using E-FCM Algorithm 

Fuzzy C-Means seems to be a good choice for 
handling ambiguity. However, it is very slow when the 
dataset is very large. This slowness is due to the number of 
iterations it must complete to obtain the optimal solution. 
The number of iterations cannot be predetermined. This 
research proposes an enhanced method based on Fuzzy C-
Means to expedite the iteration process. The new method 
uses the grid based approach to determine the gateway 
location. 
 Consider a cluster 𝐶௜ where a grid is defined on the 
area covering the sensor nodes. This research adopts the 
local defect optimization approach to determine the region 
where the cluster head optimally lies. The approach 

precisely incorporates the solutions within a local region of 
the grid to the extended or global region of the grid. First 
consider a boundary value problem stated in Equation2 
(Bockelmann et al., 2019). 

ξτ ൌ f ∈ ω (2) 
where, ξ is a random concise operator, τ  denotes a 

function on the boundary, and f denotes a function on the 

grid composite grid ℊ. The grid composite ℊ୦,ୌ constitutes 
the global region and the local region.  

In this case, a local region ℊ୦ contains a single cell 
while a global region ℊୌ  is a conglomerate of single 
neighboring cells. Hence the global region can be defined 
on the ሺx, yሻ plane as expressed in Equation 3; 

Start

Input K, the number of clusters 

Initialize optimal number of clusters, i =1 

Compute, WCSS (Within Cluster Sum of Squares) and obtain the new 
number of centroid, 𝒊 

i = i +1 

i< K 

Plot the graph of WCSS versus i 

Stop

YES 

NO 

Locate the value of n at which the knee point of the graph occurred, that 
i is the desired optimal number of cluster  
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Figure 7: The bar chart of the number of sensor nodes per cluster as determined using the enhanced fuzzy C-means 

 
 

 
Figure 8: The bar chart of the mean distance of the sensor nodes from the gateway as determined using the enhanced fuzzy C-

means 

 
4. Conclusion 

The optimum cluster and optimal gateway 
placement for IoT sensor network is studied. The Elbow 
method is employed to determine the optimum number of 
clusters while the enhanced fuzzy C-means is used for the 
optimal l=gateway placement. The results for the case study 
sensor network showed that 5 clusters are required based on 

Elbow method and mean sensor node to gateway distance 
of 176 m is achieved for the network.  
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