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1 Introduction 
The determination of rock mass characteristics represents a fundamental component of geological and 
engineering geological investigations. Traditionally, this process relies on field mapping, which 
generally provides a limited amount of data. Over the last decade, however, the development of new 
data acquisition systems, such as remote sensing techniques and geophysical methods, has enabled the 
collection of large and diverse datasets. This has led to the recognition that the methodologies used to 
calculate various parameters can be redefined and improved (Riquelme et al., 2018). 

Three-dimensional modelling based on 3D point clouds (3DPC) has become an essential tool for the 
acquisition, interpretation, and analysis of geological and geotechnical data (Riquelme et al., 2021). 
The application of 3D technologies reduces the number of personnel required in the field, increases 
measurement accuracy, and shortens the time needed to perform specific analyses. Moreover, the 
acquisition of 3D models is non-invasive, safe, and highly precise. These methods generate datasets 
that can be stored, reprocessed, and reused without the need for repeated visits to the investigated area. 
In addition, they provide improved opportunities for monitoring terrain changes, evaluating their 
development over time, and ensuring better quality control. 

For the purposes of a more comprehensive analysis of the available hardware and software on 3DPC, 
multiple surveys were carried out using an iPhone smartphone. These surveys were conducted at three 
different localities: the Milutinci locality, on schist outcrops (Ivanovski et al., 2023); the Farish 
locality, on platy and bedded limestone outcrops (Ivanovski et al., 2024); and the Serta locality, in 
flysch, specifically sandstone outcrops (Ivanovski et al., 2025), all located in the Republic of 
Macedonia. 

The analysis of the obtained results was performed in two ways. The first involved the use of various 
statistical and other comparative methods through stereonets, Excel tables, and other types of 
diagrams. The second involved the introduction of a so-called semi-automatic method aimed at 
obtaining the required data in an almost fully automated manner, which will be presented below. 

With regard to the semi-automatic method, and from the perspective of the most recent research 
related to this topic, important papers have appeared over the last years, generally covering specific 
segments of semi-automatic and automatic analysis of acquired 3D point clouds. Among these, Wu et 
al. (2024) stand out for their use of the Sparrow Search Algorithm (SSA) for automatic processing. Lu 
et al. (2024a) and Kang et al. (2024) employed several different algorithms for automatic processing. 
Cardia et al. (2023) used several different algorithms for semi-automatic data processing. Panigrahi et 
al. (2023) focused on comparing the results obtained by the DSE and FACETS methods, which also 
represents part in this paper. Zhou et al. (2024) tested an automatic method for landslide detection, 
while Lu et al. (2024) proposed a completely different approach to discontinuity extraction. 

It can be stated that, in recent years, the focus in this field has increasingly shifted toward semi-
automatic and automatic methods for generating output data. However, the results are still not at a 
fully satisfactory level, or they do not provide consistently reliable outcomes. Automatic methods for 
complete discontinuity extraction are based on a range of different ideas, algorithms, and 
methodologies. Although they produce promising results, their practical applicability and actual 
positive outcomes vary considerably. They also tend to detect false-positive results associated with 
non-geological features such as shadows, roads, or vegetation (Vasuki et al., 2014). Therefore, even 
fully automated methods currently require significant effort to remove non-geological features in order 
to ensure that the relevant geological structures are properly detected (Thiele et al., 2017).Semi-
automatic methods, on the other hand, provide the researcher with a certain degree of control over the 
entire process and yield highly satisfactory and repeatable results (Riquelme et al., 2014; Guo et al., 
2018; Li et al., 2019; Delgado-Reivan et al., 2023).  

Several software tools are available for the semi-automatic analysis of point clouds and the detection 
of discontinuities in geological structures. However, a full analysis of the characteristics of all the 
above-mentioned software packages would represent a very extensive undertaking. Therefore, a study 
was carried out with the aim of selecting at least two software packages suitable for semi-automatic 
point cloud analysis in structural geology. For this purpose, and based on data obtained from a large 
number of published studies (Gigli et al., 2011; Riquelme et al., 2014; Dewez et al., 2016; Riquelme et 
al., 2015a; Chen et al., 2016; Slob et al., 2005; Wang et al., 2016; Chen et al., 2017; Gomes et al., 
2016; Jaboyedoff et al., 2007; Leng et al., 2016; Zhang et al., 2018; Wu et al., 2020; Wu et al., 2021; 
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using the geological compass, and consequently not with the virtual compass either. However, DSE 
successfully recognized this plane as one of the main planes at this site. The high occurrence of 
vertical structures indicates the presence of faults or fractures, which is fully consistent with the actual 
field conditions. 

From the table (Fig 3b), it can be concluded that the data obtained using the geological compass and 
the virtual compass coincide with a very high degree of precision. A relatively high degree of 
correspondence is also observed for the most frequently measured plane using the geological compass, 
which in reality represents a fracture that is the most visually exposed. The detection ratio of the other 
fractures is also at a high level. The bedding plane, which was relatively more difficult to measure, 
was also detected, one could even say more successfully by DSE, since it identified it as the third most 
represented plane, which corresponds well to the actual field situation. 

5 Analysis 
From the perspective of DSE, the differences between these three localities are relatively more 
pronounced. Based on this comparison, it can be stated that the Serta locality yielded the best 
processing response from the software. This may be related to the dimensions and complexity of the 
scanned object, as well as the presence of vegetation and the duration of the scanning process. The 
greatest discrepancies were obtained at the Farish locality, where the scanning process lasted the 
longest and where vegetation was most abundant. 

The case with Farish locality indicates that the semi-automatic system is not perfect, as it forms planes 
regardless of the actual connection between the points, meaning that some points may be grouped 
together even though they do not belong to the same plane set, despite being located close to each 
other. Therefore, working with such systems requires maximum dedication, focus, and careful 
interpretation. Since the semi-automatic method provides options for modifying the processing 
settings, the 3D point cloud can be reprocessed using different plane-forming parameters, which may 
lead to improved results. In some cases, the terrain itself dictates the need to deviate from the default 
software settings, which is precisely why such adjustable parameters are available. 

It can be said that DSE has a broader processing capacity for this type of data compared with the 
geological compass and the virtual compass, since a larger number of factors influence its results. DSE 
provides a wide range of adjustable parameters and available tools for improving the final output, with 
practically extensive possibilities for optimization. Considering the volume of the obtained data, this 
method provides speed and efficiency; however, achieving such processing speed also requires a more 
powerful computer configuration. 

6 Conclusions and Recommendations 
The DSE method was developed specifically for this type of problem. Therefore, it can be considered 
highly promising. It provides a high degree of discontinuity recognition, offers a solid number of 
options for modifying parameters in order to obtain more realistic results, and generates a wide range 
of useful visual outputs. The large amount of data, the presence of minor issues within the point cloud, 
and several smaller problems related to certain visualizations indicate that DSE is currently a very 
promising tool that can provide valuable support to geological practice. 

Although the proposed methodology provides a significant improvement in automation, a solid 
background in structural geology is still required in order to obtain optimal results. The complex 
methodology and algorithms implemented in this software cannot fully distinguish all useful surfaces 
that an experienced geologist would recognize as relevant to the investigation. In automated processes, 
surfaces that are not of primary interest may still influence the generation of plane sets for the 
investigated area and may therefore lead to misleading interpretations. 

In all examples where this software was used, its accuracy in identifying the most dominant planes 
within the investigated outcrop is evident. However, caution is required when interpreting planes 
represented by lower percentages, which in any case do not substantially affect the overall structural 
interpretation. 
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Despite the high degree of accuracy enabled by modern technological tools, fieldwork remains 
essential for understanding the characteristics of any terrain and for fully recognizing and 
characterizing the discontinuities present. Regardless of technological progress, engineers and 
geologists still need to gain experience directly in the field. A good understanding of the geological 
setting and field processes, combined with a strong geotechnical background, is crucial for the correct 
interpretation of results obtained through these modern methodologies. 
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