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[bookmark: _Hlk172308216]In the context of conventional cartographic production, oriented to multipurpose cadastres and regulated by current Colombian regulations, orthoimages, digital terrain models and cartographic databases are used, processes that are extensive from capture to analysis, and are the main input for the production of spatial information from which cadastral processes will be executed; in this sense, the need arises to improve the efficiency and accuracy of methods such as the detection of changes in constructions and the updating of the cadastral base that are immersed therein. This text presents the state of the art on the use of photogrammetric techniques, both conventional and state-of-the-art (Structure From Motion and close-range photogrammetry), applied with low-cost devices. The reader will find a bibliometric review and the development of a technical discussion based on different authors and methods, under the hypothesis that these techniques allow the generation of three-dimensional models and dense point clouds, facilitating the cadastral survey of physical features in areas where no previous data is available.
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Introduction 
Much has been said about how the new technological era has brought substantial advances in different branches of science. In remote sensing, these advances are even greater and even more identifiable. Particularly, new technologies have impacted archaeological and cultural heritage surveys in general, where immersive visualisation and 3D reconstruction of spaces from 3D scanners or high-resolution cameras have been fundamental to cutting-edge historical documentation for almost four decades (Bruno et al., 2010).
Lerma et al. (2009) linked multi-temporal workflows for change validation from terrestrial laser scanning and short-range photogrammetry to produce 3D visual environments and navigations for graphic and metric archaeological documentation. It should be noted that such photogrammetric models implicitly link digital models with high accuracies that allow for temporal recording and comparison.
A decade ago, a new milestone began in the development and use of photogrammetric applications with even more robust techniques and methodologies, such as Structure From Motion (SFM). The fields of action for the reconstruction of three-dimensional spaces are proliferating, from cultural heritage studies using multi-image photogrammetry (McCarthy, 2014) to cutting-edge applied studies of rural housing or heritage reconstruction (Mangiameli et al., 2017; Pezzuolo et al., 2018; Mistretta et al., 2019).
This article provides an approach to a review of the studies related to the methods and techniques used to carry out three-dimensional surveys of spatial elements. Furthermore, an analysis is made of the potential of these indirect methods to be applied in multipurpose cadastre processes. From the studies by Bruno et al. (2010) on the documentation of buildings and heritage elements, to the applications in urban and rural buildings described by Pezzuolo et al. (2018) and other researchers, where the potential of these methodologies is highlighted. Highlighting that despite the close relationship with cadastre, few have assessed the added value that technology can offer in this area.

Context and background
New technologies for the study and analysis of geospatial information that use as input the three-dimensional representation of objects provide opportunities for application, from the incorporation of augmented reality and virtual reality. In this line, Loureiro et al. (2020), conducted a study on research topics and future advances in three-dimensional representations.
Benford et al. (1995) proposed what would be the transition from two-dimensional 2D systems to three-dimensionality in the field of augmented reality. Indeed, algorithms, techniques, methods and remote sensing equipment focused on the reconstruction of these three-dimensional scenarios with other engineering applications and even spaces used in these augmented reality and virtual reality scenarios underwent considerable development. Sequeira et al. (1998) presented realistic 3D models incorporating textured details, which implicitly employ multi-view photogrammetric techniques.
Photogrammetry started to weigh in with its methods, allowing the reconstruction of 3D spaces to create such virtual realities. Kersten et al. (2004) and Farjas et al. (2011) showed the application of a whole photogrammetric survey flow from oblique capture cameras, which today is known as short-range photogrammetry and Structure From Motion -SFM-. This technique has been used in various fields such as the reconstruction of cultural heritage (Moyano et al., 2021; Cabanes. 2019; Alshawabkeh et al.,2019), the detection of damage to buildings (Rosella et al., 2018; Jalon et al,. 2020) and even allowing archaeological documentation to be carried out (Vilbig et al., 2020).
These methods and techniques have also been crucial in the consolidation of cartographic production processes, where under the same technical concept the focus of analysis changes. As a result, in the last two decades the use of technologies for the acquisition, processing and dissemination of information on the different elements of land cover has become widespread through short-range remote sensing systems, essentially unmanned aircraft and ground image capture, among others. The increased use of short-range photogrammetry, efficiently complemented with satellite positioning technologies (GNSS), allows obtaining cartographic products of high precision and positional accuracy (Jaud et al., 2020).
Another important factor that has facilitated the processing and analysis of information is the implementation of state-of-the-art software, incorporating mathematical algorithms, statistics, automated classifications and machine learning, which provide efficient and reliable results through appropriate indicators according to the objectives of each study. These advanced tools have revolutionised the way geospatial information is manipulated and analysed, enabling continuous and sustainable development in mapping and other engineering applications. In this regard, Kaitlyn Kingsland (2020); Napolitano and Glisic. (2017) conducted studies comprising critical evaluation of the strengths and weaknesses of these types of photogrammetric software.

Methodology  
For this article, several steps were followed with a systematic and rigorous approach in the collection and analysis of relevant literature. First, specific articles were identified by searching academic databases and specialised search engines, such as SciELO and ResearchRabbit. Selected search terms were used to cover a broad, but precise range of publications on the topic of interest such as: "photogrammetry", "3D reconstruction", "remote sensing", "Lidar", "indirect three-dimensional visualisation techniques", "terrestrial scanners", "Structured From Motion (SFM)", "Unmanned aerial vehicles (UAVs)", "environmental monitoring" and "automated mapping technologies". These terms were combined in various ways to ensure extensive coverage of the existing literature.
On the preliminary list of articles, selection criteria were applied based on relevance and quality. According to direct relevance to the topic of interest, date of publication (preferably articles published from 1990 onwards), language (studies in English and Spanish were included), and type of study (priority was given to original research articles, systematic reviews and meta-analyses). We excluded studies with low thematic relevance, publications in other languages, opinion or editorial articles, and studies with insufficiently reported methodologies or results. This methodology ensured a thorough and accurate selection of the most relevant and high quality literature for the review.
Subsequently, scientific production was assessed using bibliometric indicators, such as the number of articles published between 1990 and the present, as well as the number of citations received. These indicators provided an insight into the volume and influence of the literature on the topic, allowing a quantitative assessment of the relevance and impact of the selected studies. Thus, the selection of articles was not only based on the number of citations received, but also on the innovation and relevance of the methodologies presented in order to achieve a more comprehensive and up-to-date review.
The tools Zotero and Mendeley were used to manage the information and extract bibliometric statistics, and Vosviewer was used for the bibliometric analysis. The aim was to identify trends, patterns and relationships between variables, providing an overview of the current state of knowledge in the field of study. Finally, a critical assessment of the quality and trends of scientific research was made on the basis of the selected literature. The methods, findings and conclusions of the studies were considered to determine their relevance and contribution to the topic of interest. The time trend of the scientific output was examined to identify changes in research focus and emerging areas of interest. In addition, the application of these methods in specific areas with potential for scalability of the technique was explored.
Results
The search yielded 110 bibliographic references corresponding to scientific articles from 1995 to the present. These articles deal with aspects related to the use of photogrammetry in 3D reconstruction, remote sensing and indirect methods for three-dimensional visualisation, as well as their relationship with conventional and novel methods such as terrestrial scanners and Lidar. 
From the 110 articles and the application of criteria, 41 relevant articles were selected for further analysis. The time trace of these articles spans from 1995 to the present, with peaks in publication frequency around 2019, as shown in Table 1.
	Year of publication
	Frequency
	Year of publication
	Frequency

	1995
	1
	2017
	5

	1998
	1
	2018
	4

	2004
	1
	2019
	6

	2010
	2
	2020
	3

	2011
	1
	2021
	3

	2014
	3
	2022
	5

	2015
	2
	Total
	41



Table 1: Frequency of publication of the most relevant articles
Source: Authors

Figure 1 shows the frequency of publication of the most relevant articles from 1995 to the present. The data indicate a clear upward trend in the number of publications. From 2010 onwards, a more pronounced increase is observed, reaching a peak in 2019 with six publications in that year. In recent years, the frequency remains high, with small fluctuations, but without a downward trend, suggesting continued interest and development in the topic.
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Figure 1: Frequency of publication of the most relevant articles

Detailed citation analysis identified the importance of not excluding recent and novel studies, despite their low initial citation rates. This consideration was integrated into the methodology, ensuring that the selection of articles was not only based on the number of citations received, but also on the innovation and relevance of the methodologies presented. This resulted in a more comprehensive and up-to-date review, reflecting both the historical evolution of the field and the most recent and promising developments.
As a result of the citation analysis of the referenced texts, it was identified that, despite the few citations in recent publications, these studies present innovative methodologies and results relevant to the field. For example, recent research such as Cortes et al. (2021, 2023), Dai et al. (2023) and Bartos et al. (2023) highlight the scalability of new methods that, although they have not had enough time to accumulate many citations, provide valuable insights and novel perspectives. It is crucial not to discard recent literature just because of its low citation rate, as these papers can provide significant advances and make an important contribution to the future development of the field.
The analysis of the citations of the referenced texts showed that some publications have close to 300 citations, being these articles the object of historical and referential review for the structuring of current research (Figure 2).
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Figure 2: Citations by author
In Figure 3 the referrers are discriminated with respect to different citation levels, in (1) those with up to 10 citations, in (2) 10 to 20 citations, (3) 20 to 100 citations and (4) referrers with more than 100 citations.

[image: ] [image: ]
(1)                                                              (2)
[image: ] [image: ]
(3)                                                              (4)
[bookmark: _Hlk172307023]Source: Authors 
Figure 3: Scale of citations per author (1) 0-10 citations, (2) 10-20 citations, (3) 20-100 citations, (4) More than 100 citations

Within the analysis of influence in the literature, we found that Bruno et al. (2010), Lerma et al. (2010) and McCarty et al. (2014), are authors with great impact on the structuring of the analysis of indirect methods of remote sensing applied with photogrammetric techniques for 3D reconstruction, directly or indirectly. This can be seen in Figure 4, where the network of researchers and scientific publications related to these authors of influence in the literature is exposed, many of them were evaluated in this document.
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Figure 4: Researchers' network of photogrammetric 3D reconstruction techniques, (1) Bruno et al. (2010), (2) ), Lerma et al. (2010), (3) McCarty et al. (2014).

Finally, the analysis of the bibliometric trend associated with integration processes (Figure 5) shows the two main technologies for the capture of detailed information: photogrammetry and Lidar. As sub-areas, SFM (Structured From Motion) photogrammetric processes and terrestrial Lidar stand out, with the trend towards automated mapping processing. On the other hand, there is a clear growth in analysis processes through virtualisation, augmented reality and generation of element patterns.
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Figure 5: Bibliometric trends

According to the literature review, for studies of specific areas and requiring very frequent monitoring (with a data capture interval of a few days), the integration of photogrammetric flights using UAVs and ground-based Lidar systems is very convenient and helps monitoring processes (Tong et al., 2015).
In projects of vegetation cover, biomass or forestry applications, the use of terrestrial or aerial Lidar systems stands out, which offers the possibility of greater penetration to the foliage. (Aicardi et al., 2017) integrated information obtained by UAV with Terrestrial Laser System (TLS) for the determination of tree heights and diameters, obtaining centimetric accuracies and as a result they highlighted great advantages with respect to the cost. Similarly (Shimizu et al., 2022), concluded in a study conducted in Japan, that the estimation of tree heights and canopy area of coniferous plantation areas improves with the integration processes (UAVs + TLS), given that using TLS alone affects the accuracy, mainly in the tree canopy.
The plurality of fields of action of this type of photogrammetric methods and techniques result in very specific analyses such as change studies that require high precision. In geomorphological processes (Błaszczyk et al., 2022), a study was conducted to detect erosion and ice core melting events, which occur very slowly, concluding that the integration of photogrammetric methods fills gaps in the data and even there, validates the potential of including such methods.
Other projects have used the integration of photogrammetric inputs and techniques to represent constructions with complex architectural features such as monuments, historic buildings, castles, religious chapels. Bolognesi et al. (2014) used integration techniques of images obtained by UAVs and terrestrial photogrammetry to model the castle "Delizia del Verginese" obtaining high accuracies in the three-dimensional model. 
Finally, the study (Wu et al., 2018) established a methodology to integrate oblique aerial images with terrestrial images in order to generate photorealistic 3D urban models, with potential in diverse applications such as planning, urban management and monitoring, environmental studies, among many others. The project stands out for two important aspects: it preserves the photographic fidelity in the visual details represented, and it presents a high positional accuracy, comparing the results obtained independently (aerial and terrestrial) and integrated.

Discussion

The upward trend observed in Figure 1 can be explained by several factors. Firstly, the widespread use of novel techniques and methods, such as photogrammetry and Lidar, has facilitated the processing and analysis of three-dimensional information, making these technologies more accessible and practical for a variety of applications. In addition, the increase in data processing capacity and the availability of specialised software have enabled researchers and practitioners in the field to obtain more accurate and detailed results.
Another key factor contributing to the growth in the frequency of publications is the advance in artificial intelligence (AI) and its application in the processing and analysis of data obtained through photogrammetry and Lidar. AI makes it possible to automate and significantly improve the analysis of large volumes of data. For example, Fu et al. (2022) presented such processing of large volumes of data, which not only accelerates the research process, but also results in increased accuracy and applicability of the results.
The peak in publications in 2019 may be due to several factors. First, the technological maturity achieved by this year allowed for a wider and more efficient application of photogrammetric and remote sensing technologies. Second, increased funding for research projects related to the use of these technologies may have boosted scientific output. Finally, multidisciplinary collaborations between areas such as archaeology, civil engineering and environmental studies may have generated more research and publications.
The continuing increase in the publication of relevant papers suggests that these technologies will continue to evolve and find new applications. The integration of these techniques into various areas of study, such as geomorphology, environmental monitoring and urban modelling, is broadening the scope and impact of research. Furthermore, the upward trend indicates a growing acceptance and recognition of the importance of these technologies in the scientific community, which is likely to lead to further research and development in the future.
Although photogrammetry has proven to be effective in a number of applications, there are still challenges to be addressed, such as standardising methodologies and integrating data from different sources to obtain more accurate and useful three-dimensional models. Future opportunities include improvements in software and algorithms, broadening applications in areas such as natural disaster management, urban planning and environmental monitoring, as well as increasing training and education of professionals in these technologies to ensure their adoption and effective use in different contexts.
The analysis of the bibliometric trend associated with the integration processes, represented in Figure 5, shows the two main predominant technologies for the capture of detailed information: photogrammetry and Lidar. These technologies have enabled significant progress in the accuracy and efficiency of geospatial data capture. Sub-areas within these technologies include Structure From Motion (SFM) photogrammetric processes and terrestrial Lidar, which have become key trends in automated mapping processing. In addition, there is a growth in analysis processes using virtualisation, augmented reality and feature pattern generation, indicating a diversification in applications and analysis methods.
Research highlights the use of manned flight imagery, which involves high costs and more complex administrative procedures compared to UAV flights. This difference highlights the need to articulate different types of inputs to enhance and streamline processes. Majeed et al. (2017) presented a technique to update topographic maps using two different image acquisition platforms. They concluded that, although employing different data sources represented a challenge, this significantly helped in updating the information, meeting the accuracy requirements for 1:5000 scales. In addition, they highlighted cost reduction, flexibility in data capture and the integration of different sources. These aspects are relevant if one wishes to discuss their use for cadastral updating and the application of these methods in multipurpose cadastre processes.
In projects that integrate various techniques it is crucial to consider the heterogeneity of the inputs and their relation to the types of objects to be represented (e.g. vegetation or buildings) and the objective of the project; the key is to achieve the integrality of various data formats and their exchange, where the need to have the right spatial positioning for such 3D reconstructed spaces starts to become apparent (Markiewicz et al., 2015).
Some projects require integration techniques that guarantee high accuracy for monitoring and behaviour of elements. The precision and positional accuracy of the products are crucial to determine the relevance of the studies. Although satellite positioning systems (GNSS) can provide high-precision data, they are not always suitable for all study objectives. Forlani et al. (2014) conducted a study on the optimisation of control points for terrestrial photogrammetry with NRTK (Real-Time Kinematic) systems, concluding that, in urban areas, point acquisition can become more complex. In Spain, Cabrelles et al. (2022) integrated long- and short-range photogrammetric images in the project Monitoring the Stability of a Cliff in Cortes de Pallás. The use of photogrammetric control points and their verification allowed obtaining accuracies of geodetic order in the monitoring processes, with fluctuations in a range of 1 to 3 cm, demonstrating that high accuracies can be achieved with photogrammetric techniques.
It is therefore relevant to hypothesise that such models can be simplified and scaled with a property focus towards 3D cadastres and multi-purpose cadastres. The ability to simplify and scale photogrammetric and geodetic models with high accuracy could significantly transform the way cadastres are managed, allowing for more efficient monitoring and management of property and land use. 3D cadastres provide a detailed three-dimensional representation of properties given an altimetric reference ellipsoid (Erba et al., 2019), facilitating urban planning, infrastructure management and land dispute resolution. In addition, multipurpose cadastres integrate diverse information, such as legal, environmental and economic data, allowing for more informed and holistic decision-making. This approach can improve the accuracy and functionality of cadastral records, optimising resources and promoting more sustainable and orderly urban development.
On the other hand, technologies such as 360-degree cameras have emerged as innovative tools in the field of land surveying and cadastre, offering a panoramic perspective that transforms the capture of spatial data. These cameras, combined with advanced photogrammetry techniques, allow for a more accurate and comprehensive documentation of properties and land. In the cadastral context, where accuracy and completeness of information is crucial, photogrammetry with 360-degree cameras facilitates the creation of detailed and up-to-date three-dimensional models of real estate.
Fangi et al. (2018) argue that, with 360-degree image capture, a complete view of the environment is obtained, which allows for a better visualisation of the physical and architectural characteristics of the properties. And it can even link external and internal spaces as detailed in the study by Barazzeti et al. (2019), thus helping to obtain a three-dimensional reconstruction of interiors and exteriors.
This technology not only improves the accuracy of property identification and classification, but also streamlines the cadastral updating process by providing more complete and accessible data for analysis and management. The integration of 360-degree cameras with photogrammetric techniques represents a significant advance in cadastral management, optimising the quality of information and facilitating more informed decision making.
Property valuation, when integrated into multipurpose cadastre processes, can benefit considerably from scalable photogrammetric techniques using indirect methods. These techniques allow capturing physical-premises information with high accuracy without direct interventions, facilitating a more efficient and less invasive analysis. For example, Fabris et al. (2023) demonstrated that photogrammetric methods can assess structural changes and the state of conservation of buildings through indirect image analysis, providing crucial data for property valuation and management. Similarly, 3D models generated by SFM and Close Range Photogrammetry (CRP) techniques allow the extraction of physical-predial characteristics from three-dimensional representations.
Figure 6 illustrates a study by Stellacci and Condorelli (2022), which shows how these photogrammetric techniques allow the three-dimensional reconstruction of building facades. This reconstruction facilitates the monitoring of changes over time without the need for direct physical interventions.
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Figure 6: 3D reconstruction of building facades

This indirect methods approach is applicable to scale and replicate cadastral processes, improving the physical survey of property by integrating advanced sensors and precise techniques. Its application not only optimises the quality of cadastral information, but also promotes a more sustainable and less intrusive management of real estate, even reaching to determine urban building typologies, as presented by Peña et al. (2017) in their study of 3D modelling of historic facades of Santiago de Compostela in Spain.

Conclusions and recommendations
Advanced technologies, such as photogrammetry and Lidar, have proven to be essential for the capture and analysis of 3D information. The increasing availability of specialised software and the integration of SFM techniques and terrestrial lidar have facilitated a significant increase in the accuracy and efficiency of 3D surveys. This technological evolution has made these methods more accessible and practical, driving more frequent publications and advances in research. The study has evidenced not only the technological advancement, but also the growing interest and need for these techniques in a variety of disciplines. This trend is expected to continue, driven by new innovations and applications of artificial intelligence and other emerging technologies.
The incorporation of artificial intelligence in the processing and analysis of photogrammetric and Lidar data has revolutionised the field, enabling efficient automation and significantly improved accuracy. AI facilitates the handling of large volumes of data and optimises results, which has led to a remarkable growth in the number of relevant studies and publications.
Photogrammetric techniques, especially when integrated with other technologies such as UAVs and Lidar, present great potential for improving multi-purpose cadastral processes. The ability to generate detailed 3D models and make accurate updates to the cadastral base can transform property and land use management, facilitating more effective urban planning and more efficient resource management.
Despite progress, challenges remain, such as standardising methodologies and integrating data from diverse sources. Future opportunities include improving software and algorithms, expanding applications in emerging areas such as natural disaster management and environmental monitoring, and increasing professional training in these technologies. The ability to integrate different data formats and ensure high accuracy will be crucial to address these challenges and maximise the potential of photogrammetric techniques in various applications. 
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