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Abstract 

Machine learning has emerged as a powerful tool for both engineering and geo-localization applications. In this study, we 
investigate the Terabit/sec bandwidth wireless technology application using specialized ns-3 simulation tools. Through extensive 
simulations, we explore various scenarios with diverse parameters, including population density, topology types, and overlapping 
ratios among consecutive radio sectors centered around a single access point. To extract meaningful insights from the data, we 
employ the DBScan unsupervised learning method, enabling us to identify the optimal number of classes for sector efficiency 
features. Our optimization approach considers both the number of outliers and the minimum number of elements within each radio 
sector. By analysing a synthetic dataset generated from the simulation cases, we uncover valuable insights and establish the optimal 
working point for the system. 
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1. Introduction 

The advent of wireless communication technologies beyond 5G (B5G) or 6G promises terabit-per-second (Tbps) 
data rates, enabling a multitude of smart services, accommodating a larger number of mobile users, and emphasizing 
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the communication properties such as high reliability, energy efficiency and the latency [1]. Machine learning (ML) 
offers tremendous potential for the next generation, including self-driving vehicles, voice assistants, and the effective 
utilization of vast amounts of stored data [2]. 

The rapid advancement of high-speed wireless communication systems, such as 6G, has generated significant 
interest in the application of unsupervised learning methodologies [3]. These sophisticated techniques facilitate the 
extraction of valuable insights from unlabelled data, without the need for explicit supervision, thereby presenting 
potential solutions to complex challenges in system optimization, resource allocation, fault diagnosis, and adaptive 
design. Unsupervised learning, as a prominent branch of machine learning, provides a powerful framework for 
discovering intricate patterns and extracting meaningful knowledge from unstructured data, eliminating the reliance 
on explicit labels or guidance. In the context of 6G, this cutting-edge technology exhibits great potential, empowering 
networks to autonomously analyse and comprehend intricate data patterns, ultimately fostering improved network 
optimization, efficient resource allocation, and the development of intelligent security solutions. Highlights of the 
paper are the following:  

• Simulation-based analysis and MAC mechanism for THz band communication. 

• Population density and overlapping ratios impact the collision rate. 

• The use of unsupervised ML-based DBScan clustering and high-speed MAC mechanism evaluation with it. 

In the following section, we highlight a selection of papers that are relevant to the subject matter at hand. Section 
three describes the features of THz radio communications with a focus on the collisions. Moreover, in section four we 
analyse the behavior of THz radio communication sectors in addition to the unsupervised learning-based clusterization 
application. Then we conclude with a summary of the results in section five. 

2. Related Work 

In a recent study [4], an overview of promising research directions in AI for 5G was presented, focusing on network 
optimization, resource allocation, physical layer acceleration, and end-to-end optimization. Another study [5] 
addressed the challenge of limited labeled data in machinery fault diagnostics through a deep learning-based method 
that leveraged unsupervised data and employed a three-stage training scheme, achieving promising diagnostic 
performance and overcoming data sparsity issues. The Multi-Scale Convolutional Recurrent Encoder-Decoder method 
[6] effectively captured temporal dependencies, inter-correlations, and noise robustness in multivariate time series 
analysis, outperforming state-of-the-art methods. Furthermore, in the field of routing for Opportunistic IoT (OppIoT) 
networks, a proposed protocol called GMMR [7] utilized unsupervised learning, specifically Gaussian Mixture 
Models, to automate routing decisions.  

Neural networks were also explored in various applications, such as energy consumption reduction in Wireless 
Sensor Networks (WSNs) [8], where their parallel distributed computation, distributed storage, and data robustness 
offered intelligent solutions for dynamic power management and dimensionality reduction. Additionally, a DUL-
based approach [9] was proposed in an IRS-assisted wireless-powered communication network, achieving high 
throughput without the computational complexity of GA. Moreover, the study [10] introduced CatAAE, a clustering-
based approach for unsupervised fault diagnosis in rolling bearings, eliminating the need for labeled data and prior 
feature knowledge, and demonstrating satisfactory performance, robustness, and high clustering indicators in 
experimental evaluations. 

In the realm of high-speed communication, prior research has investigated the potential of the terahertz (THz) band 
for achieving terabit-per-second communications in 6G networks [11]. While previous studies have focused on 
physical layer solutions, there is an emphasis on the need for a comprehensive communication stack design to address 
network challenges. This work provides an overview of obstacles and considerations in integrating the terahertz 
spectrum into mobile networks. Another research effort in the field of 6G/B5G has proposed a novel 3D space-time-
frequency model for wireless channel modeling, enabling the characterization of channels in diverse scenarios [12]. 
The model can be customized for specific frequencies and scenarios, including 5G, and its accuracy and practicality 
have been confirmed through simulations and measurements. Moreover, researchers have emphasized the significance 
of the THz band in 6G networks, highlighting its potential for high-speed transmission and wide bandwidth [13].  



308	 Djamila Talbi  et al. / Procedia Computer Science 238 (2024) 306–3134 T. Djamila, D. Zahra and G. Zoltan / Procedia Computer Science 00 (2018) 000–000 

The exploration of channel characteristics, atmospheric attenuation, propagation mechanisms, measurements, and 
models for specific scenarios, as well as the identification of future research challenges, are addressed. Furthermore, 
the importance of next-generation 6G systems in meeting the demands of high-speed, low-latency applications is 
discussed [14]. The potential of millimeter wave (mmWave) and THz bands, including propagation characteristics, 
channel models, design considerations, applications, and ongoing standardization efforts, is explored. Another related 
study focuses on THz-based self-backhauling in ultra-dense networks for achieving near-wired transmissions and 
reducing costs [15]. Addressing challenges such as time-slot scheduling, sub-band allocation, and power allocation, a 
joint scheme, JTSP, is proposed to optimize resource allocation and achieve significant throughput gains. Lastly, the 
potential of the THz band for 6G wireless networks, encompassing propagation characteristics, measurement 
capabilities, modeling techniques, and future research outlook, is investigated [16], highlighting its ability to support 
high data rates and capacity. 

Motivated by related works, we adopted DBScan unsupervised machine learning to delve deeper into the MAC 
mechanism, aiming to extract valuable insights and pinpoint optimal efficiency features of the Adaptive Directional 
Antenna Protocol for THz networks (ADAPT). 

3. Features of THz Radio Communication 

To analyse 6G efficiently, we employ a specialized simulation tool called TeraSim [17], which simulates THz 
frequencies and proposes a new Medium Access Control (MAC) mechanism compatible with the IEEE 802.11.3d 
standardization of THz band communication schemes called ADAPT. We used the provided example of a macroscale 
scenario where the Access Point (AP) is placed at the center of a cell with a radius of 18 meters (𝑟𝑟	 = 	18	𝑚𝑚). The cell 
is divided into equally sized sectors, enabling the transmission and reception of data to meet the requirements of high-
frequency THz communication. In our case, the number of sectors is set to 30 (𝑛𝑛	 = 	30). 

 

  
 

Fig. 1. Spatial distribution of collision rates in a medium congested 
centered topology (d1). 

 
Fig. 2. Spatial distribution of collision rates in a medium congested 

uniform topology (d2). 
 
Different numbers of Mobile Terminals (MTs) are utilized in each scenario N ∈ {60, 120, 240, 480, 960} for a 

total of five different population densities. We used the introduced new parameter in [18], the overlapping ratio (m), 
to visualize the radio channel property. The overlapping ratio is defined as: 

 
𝑚𝑚	 = 	𝐴𝐴!"#/	𝐴𝐴!             (1) 

where 𝐴𝐴! represents the area of the sector 𝑖𝑖	 = 	1, . . . , 𝑁𝑁. In our case, 𝑚𝑚	 ∈ 	 {0.1, 0.3, 0.5, 0.7, 0.9}. 

4 T. Djamila, D. Zahra and G. Zoltan / Procedia Computer Science 00 (2018) 000–000 

This approach results in 𝑀𝑀	 = 	5 ∗ 2 ∗ 5	 = 	50 simulation cases. There were used two spatial distributions of 
collision rates for both centered (d1) and uniform random (d2) distributions in a high population density scenario with 
an overlap ratio of 𝑚𝑚	 = 	0.5 (see Fig. 1 & Fig. 2). The overlapping of sector areas was utilized to evaluate the impact 
of potential multiple transmissions by an MT in consecutive time frames. The probability of such consecutive 
transmissions is directly proportional to the parameter m. This phenomenon is relevant in real-world systems that 
involve burst traffic generated by MTs, which is commonly observed in high-speed communication systems. 

The size of the bubble radius corresponds to the overall count of control frames transmitted by the Mobile 
Terminals, while the darkness level indicates the collision rate. A square marker denotes the absence of collisions at 
the Mobile Terminal level. 

  

  
 

Fig. 3. Collision rate of the sectors. 
 

Fig.4. Collision rate of the Mobile Terminals. 
 
The relationship between population density and collision rate is observed, (see Fig. 3 and Fig. 4). As the population 

density increases, the collision rate also increases accordingly. To better compare the impact of population density, 
the curves are normalized. It is worth noting that at very low population densities, no collisions occur. This highlights 
the direct correlation between population density and the occurrence of collisions in the studied system. 

 

  
 

Fig.5. Histogram of the collided sectors. 
 

Fig.6. Histogram of the sector population. 
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To analyse the collision rates in the system, we differentiated between collision rates for sectors and collision rates 
for mobile terminals. Within a given sector, multiple MTs can collide simultaneously. Due to the overlapping sector 
areas, determined by the parameter m, collisions can occur in the overlapped regions of two consecutive sectors 
attempting to communicate concurrently. The collision rate for sectors is consistently present, especially at maximum 
population density (as observed in Fig. 3). It is evident that increasing the overlapping parameter leads to a higher 
collision rate, emphasizing the direct relationship between the size of the overlapping areas and collision occurrences. 

The intensity range of collided sectors is [100, 500] (Fig. 5 & Fig. 6), In contrast, the sector populations encompass 
a range of 30 to 80. The observed difference in these ranges can be attributed to the dynamic variations in the activity 
levels of Mobile Terminals within each individual sector. This indicates that the intensity of collisions is influenced 
by the number of active Mobile Terminals in a given sector, leading to variations in sector populations. 

 

  
 

Fig.7. Dependence of the angle of the colliding nodes on time. 
 

Fig.8. Dependence of the nodes ID on time. 
 
By analysing the temporal changes in the angle of colliding nodes and the node ID (as depicted in Fig. 7 and Fig. 

8), it becomes evident that both distributions possess attributes of independence and identical distribution (i.i.d.) within 
the two-dimensional (2D) space. This observation indicates that nodes within each sector exhibit comparable random 
behavior, thereby reinforcing the notion of homogeneous action among nodes in the same sector. The consistent i.i.d. 
nature of these distributions supports the assumption of a uniform and unbiased distribution of node activity within 
sectors, bolstering the understanding of their collective behavior. 

4. The Behavior of THz Radio Sectors 

To gain deeper insights into the unique characteristics of THz radio channels, we conducted a comprehensive 
analysis of sector vectors in 50 simulation cases (refer to Fig. 9 & Fig. 10).  

 

  
 

Fig.9. Sector’s efficiency vs. rotations. 
 

Fig.10. Dependence of efficiency vectors on the number of cases. 
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By exploring the efficiency of sector vectors plotted against sectors and rotations, as well as the efficacy vectors 

plotted against the number of cases, we gained valuable insights into their performance and behavior. This examination 
allows us to better understand the efficiency and efficacy of sector vectors, contributing to the optimization and design 
of THz radio communication systems. The results provide crucial information for improving channel utilization, 
optimizing resource allocation, and enhancing the overall performance of THz-based wireless networks. 

 

  
 

Fig.11. Dependence of the number of the clusters on the radius and 
the number of cluster elements. 

 
Fig.12. Dependence of the number of outliers on the radius and the 

number of cluster elements. 
 
In the context of unsupervised machine learning, the DBScan algorithm utilizes two crucial parameters: the cluster 

radius and the minimum number of elements (𝑒𝑒_𝑚𝑚𝑚𝑚𝑚𝑚) required in each cluster (see Fig. 11). Results from the analysis 
(depicted in Fig. 12) consistently unveil a well-defined clustering solution, establishing a clear association between 
the number of outliers and the chosen values for the radius and minimum number of elements.  

 

  
 

Fig.13. Dependence of the number of DBScan clusters on the 
radius. 

 
Fig.14. Dependence of the number of DBScan outliers on the 

radius. 
 
This underscores the robustness of the DBScan algorithm and emphasizes the critical dependence on these 

parameters, offering valuable insights for achieving effective data clustering across diverse applications. The analysis 
demonstrates a distinct correlation between the number of clusters and the cluster radius (see Fig. 13). Each curve 
represents a specific minimum number of elements required in the cluster. Additionally, it is worth noting that all 
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demonstrates a distinct correlation between the number of clusters and the cluster radius (see Fig. 13). Each curve 
represents a specific minimum number of elements required in the cluster. Additionally, it is worth noting that all 
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efficiency vectors identified as outliers are concentrated within cluster 0. This finding emphasizes the significance of 
the cluster radius in determining the clustering outcome and highlights the distinct separation of outlier data points 
from the main clusters. These insights provide valuable information for understanding the clustering structure and 
identifying anomalous data points within the analysed dataset. The relationship between increasing the cluster radius 
and the resulting impact on the number of clusters and outliers is clearly evident (Fig. 14). As the radius expands, 
there is a noticeable decrease in both the number of clusters formed and the presence of outliers. 

This observation further emphasizes the critical importance of finding the optimal balance between the cluster 
radius and the minimum number of elements required for each cluster. Careful consideration of these parameters is 
essential for achieving accurate and effective data clustering while minimizing the presence of outliers in the analysed 
dataset. Striking the right balance ensures that the clustering results are meaningful, representative, and reliable, 
enabling valuable insights and knowledge extraction from the data. To determine the optimal working point, we 
investigated the relationship between the number of outliers and the minimum number of cluster elements (see Fig. 
15). It is evident that when 𝑒𝑒_𝑚𝑚𝑚𝑚𝑚𝑚 = 1, each element forms an individual cluster, resulting in the number of clusters 
equating to the number of elements. Consequently, the number of outliers is zero in this scenario (refer to Fig. 15).  

 

  
 

Fig.15. Number of outliers vs. number of elements. 
 

Fig.16. Classes of sector efficiencies. 
 
Through our analysis, we determined that the optimal working point is achieved by requiring a minimum of 6 

elements in each cluster of sector efficiency vectors, as it corresponds to the absolute minimum on the curve for 
𝑒𝑒_𝑚𝑚𝑚𝑚𝑚𝑚 > 1 . Accordingly, we established 7 distinct classes (𝐶𝐶$, 𝐶𝐶#, 𝐶𝐶%, 𝐶𝐶&, 𝐶𝐶', 𝐶𝐶(, 𝐶𝐶))	  to categorize the sector 
efficiencies. Outliers are enrolled into class 𝐶𝐶$. This careful selection of the working point and class categorization 
enhances the precision and effectiveness of the data clustering process, providing meaningful insights into the sector 
efficiency patterns within the analysed dataset. 

Given the relatively high number of outliers (383 out of 1500, which is approximately 25.5% of the data), it is 
notable that Fig. 16 comprises a significant number of low values (dark blue rectangles belonging to 𝐶𝐶$). However, it 
remains an open question as to why sectors with identifiers 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑡𝑡𝑡𝑡_𝐼𝐼𝐼𝐼	 ∈ 	 {5, 15, 25}  and case identifiers are 
consistently localized within clusters identified as 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶_𝐼𝐼𝐼𝐼	 ∈ 	 {𝐶𝐶', 𝐶𝐶(, 𝐶𝐶)}. This intriguing observation presents an 
opportunity for further investigation and exploration to determine the underlying factors contributing to this specific 
clustering pattern, potentially unveiling unique characteristics or dependencies specific to these sectors and cases. 

5. Conclusions 

In this paper, we presented a method for unsupervised machine learning-based clustering of local properties in 
Terahertz radio communication technology using 50 simulation cases. The 2D spatial localization was performed for 
30 sectors surrounding the AP. We determined that the optimal number of sector efficiency classes is 7, identified 
through the DBScan clustering algorithm. Further research is needed to address questions such as the unequal 
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distribution of sectors among classes and the applicability of labeling proposed in this work for supervised machine 
learning. 
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there is a noticeable decrease in both the number of clusters formed and the presence of outliers. 
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essential for achieving accurate and effective data clustering while minimizing the presence of outliers in the analysed 
dataset. Striking the right balance ensures that the clustering results are meaningful, representative, and reliable, 
enabling valuable insights and knowledge extraction from the data. To determine the optimal working point, we 
investigated the relationship between the number of outliers and the minimum number of cluster elements (see Fig. 
15). It is evident that when 𝑒𝑒_𝑚𝑚𝑚𝑚𝑚𝑚 = 1, each element forms an individual cluster, resulting in the number of clusters 
equating to the number of elements. Consequently, the number of outliers is zero in this scenario (refer to Fig. 15).  
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notable that Fig. 16 comprises a significant number of low values (dark blue rectangles belonging to 𝐶𝐶$). However, it 
remains an open question as to why sectors with identifiers 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑡𝑡𝑡𝑡_𝐼𝐼𝐼𝐼	 ∈ 	 {5, 15, 25}  and case identifiers are 
consistently localized within clusters identified as 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶_𝐼𝐼𝐼𝐼	 ∈ 	 {𝐶𝐶', 𝐶𝐶(, 𝐶𝐶)}. This intriguing observation presents an 
opportunity for further investigation and exploration to determine the underlying factors contributing to this specific 
clustering pattern, potentially unveiling unique characteristics or dependencies specific to these sectors and cases. 

5. Conclusions 

In this paper, we presented a method for unsupervised machine learning-based clustering of local properties in 
Terahertz radio communication technology using 50 simulation cases. The 2D spatial localization was performed for 
30 sectors surrounding the AP. We determined that the optimal number of sector efficiency classes is 7, identified 
through the DBScan clustering algorithm. Further research is needed to address questions such as the unequal 
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distribution of sectors among classes and the applicability of labeling proposed in this work for supervised machine 
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