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Abstract: The increasing request for digitized data among several fields, including the built envi-
ronment and cultural heritage (CH), highlights the need for proficient ways to access, archive, and
share 3D data and related information among users. The sector of reality capture produces accurate
and reliable products that can support building management and CH maintenance, at the price of
heavy and resource-demanding data. An emerging solution to this problem is represented by the
web platforms for 3D data management, that promise to relieve users from the costs of archive and
hardware, providing effective visualization, access and sharing tools. The panorama of commercial
web platforms is analyzed according to the Software-as-a-Service business model, and the features of
some representative platforms are exposed. The paper discusses the main advantages of diffused
access and collaboration and the potential issues concerning long-term archival and data persistence.
It provides a general overview of the main available platforms and describes their main features,
comparing their specific pros and cons according to their category. The future perspectives of the
web platform sector are promising as, according to the current development path, they may be able
to empower built environments and the CH sector with a diffused, systematic, and conscious use of
3D data.

Keywords: web platforms; data integration; 3D information system; collaborative platform; cloud
computing; 3D survey; 3D data; built environment

1. Introduction

The digital data are gaining an increasing, pivotal role and are becoming an unavoid-
able asset due to their characteristics of adaptability and shareability in every field. The
digitization process, at the present state, concerns mostly the already available data, as the
ones hosted in the archives (e.g., paper documents or any kind of written information) and
the geometries (e.g., architectures, objects, paintings, etc.) that have been acquired with
reality capture (RC) techniques. These techniques, supported by the evolution of the survey
instruments, are showing increasing efficiency and significant advancements in terms of
acquisition automation and product accuracy. At the present time, the digitization of the
“tangible” physical part of the built assets can rely on solid and consolidated techniques
while still remaining significant challenges to be solved, in particular when dealing with
the real use of digital data in operative professional practices.

This article focuses on and analyzes the state-of-the-art of the contemporary available
tools for data and information management that are nowadays used or that can be possibly
employed in many fields, e.g., the management of the built environment and cultural
heritage (CH) documentation. The analysis regards the information management systems
freely or commercially available of particular relevance and potential usefulness. It will
also address which data and processes they support, which problems they solve, and
what future perspectives they offer. Web platforms are information systems that ensure
simultaneous, combined, and synergic management of data and processes.
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The most promising and emerging solution now available for data management is
represented by the web platforms dedicated to the sharing of 3D data that, far from being
an effective system for digitizing the whole process, represent an efficient system to share,
access, and present the data. Web platforms provide a contemporary means of data fruition,
as they are instruments designed for collaboration and contain all the data and algo-
rithms for their effective access and processing, following the Software-as-a-Service (SaaS)
business model.

For “contemporary mean of data fruition” is here intending the fact that, in everyday
life, any digital user has the experience of the interaction with a platform, a key concept of
the sharing and platform economy. Access to the platform, in a general sense, is device-
independent, and usually there are no strict software or hardware requirements to be
fulfilled. As stated before, users generally experience this means of fruition in everyday life,
but it appears to be particularly suitable to those sectors characterized by heterogeneous
professional figures who might have limited access to powerful hardware, lack specific
geomatics skills, and are not familiar with specific software, such as the CH field. However,
they need to have access to geometrical and textual data and to interact and collaborate
with other professionals.

A web platform is a digital instrument that allows different users to collaborate through
defined profiles with different access and privileges, interacting between them and with the
data through schemas and roles defined by the architecture of the platform, by its data model,
and, in general, by its purpose, which means the real-world process that it is supporting and
enhancing. This means that somehow the platform and its data and interaction model should
have the “digital form” of the process they support, that might be more or less complex
according to the activities performed and to the adopted technical solutions.

In this article, some selected commercial solutions are examined, looking at the typol-
ogy of data they host and manage, which information is present and can be uploaded, and
which is their main purpose and the process they address.

The datasets used for the tests conducted for this review come from some case studies
of the CH world, selected from previous research experiences on the topic of web platforms.

The main test dataset is related to the digitization of Sacro Monte di Domodossola [1],
from which was chosen a single chapel from the whole complex. This dataset is particularly
suitable for extended platform testing because of the multiple survey data available (TLS,
photogrammetry, and mobile mapping scan) and 3D models (mesh, IFC). Moreover, the
dataset includes real-practice information coming from the restoration and maintenance
activities conducted by the Sacri Monti management office. The experience of the Archae-
ological Museum of Lomellina was chosen as a representative for sharing models and
information in a virtual tour of a museum [2]. The dataset involving the Aosta Cathedral
comes from a digitization case study in which a web platform was used for data delivery
and as a working tool for all the stakeholders in the restoration process [3]. The dataset that
involves the Fonte Giuturna of Roman Forum is related to a research experience concerning
the visualization of complex 3D models and information about archaeological sites [4].

This choice of CH-related datasets was made for two main reasons. The first concerns
the fact that among that CH assets can vary significantly in terms of dimension and shape
of the architecture, complexity, and texture of the surfaces, as each considered case has
its own needs and problems and requires specific solutions. The second reason is related
to the fact that among the professionals that work in the CH field, the IT skills, and the
familiarity with the geomatics pipeline and tools are different and might be scarce.

All the professional figures involved in the CH management (e.g., superintendents,
directors, conservators, historians, surveyors, and contractors), carry their own skills and
knowledge and are experienced in the use of the specific tools of their respective field,
but might lack proficiency with software for the management of survey data, both 2D
and 3D representations. For the aforementioned reasons, the whole CH field and all the
professionals involved can indeed benefit from an eased sharing of data finalized to support
the planning of activities and interventions.
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1.1. The Cloud Computing Framework
1.1.1. Definition of Web Platform

Web platforms, if observed from the perspective of the final user, have several features in
common with the cloud computing business model known as Software-as-a-Service (SaaS) [5].

In the SaaS business model, the software is owned, delivered, and managed remotely
by its provider. The service is provided based on one set of common code and data defini-
tions on a one-to-many model to the customers on a pay-for-use basis or as a subscription-
based model [6].

According to this business model, a platform is, in the wide context of digital business,
a product that serves or enables other products or services. Platforms can span from the
high-level ones that enable a platform business model to the low-level ones that provide a
collection of business and technology capabilities that other products or services consume to
deliver their own product or services [7]. Görög (2018) [8] enlarges this definition, defining
a web platform as an online structure that enables a wide range of human activities.

The concept of SaaS was developed as an alternative to the traditional way of imple-
menting enterprise software, addressing the increasing cost of packaged software repre-
sented by licensing, implementation expenses, hardware, and general maintenance fees. In
the SaaS model, the customer in fact does not own the software as in traditional licensing
but rents it from the service provider. This results in the customer being relieved from
installation, hosting, and hardware costs, which are managed by the SaaS vendor, resulting
in an initially cheaper implementation cost if compared to on-premises software [9].

Kenney and Zysman (2016) [10] identify with the term digital platform economy, a
growing number of digitally enabled activities in business politics and social interaction,
organized around digital platforms as drivers of economic change. They also enlarge the
definition as “a set of online digital arrangements whose algorithms serve to organize and
structure economic and social activity”.

Platforms have associated business ecosystems that deliver their services and tools to
members of those ecosystems mainly via Application Programming Interfaces (API) [7].

Digital platforms are composed of software, hardware, operations, and networks.
Platforms provide a set of shared techniques, technologies, and interfaces to a broad set of
users who can build what they want on that stable substrate. Platforms might even grow in
a nested way, building a platform (e.g., a service) on other platforms as a cloud computing
services, constituting a digital ecosystem [10].

As the community of platform users and clients grows, the effect of network exter-
nalities [11] appears, increasing the usefulness of a technology as its user base enlarges.
This improvement might appear, from the perspective of a client, as a reduced price for the
service, lower uncertainty about the future development and about the long-term support
of the service, the presence of complementary services and add-ons, as well as third-party
developed software within the platform, support by the user community, and a general
increase in the quality of the product [12].

With this consideration, it is possible to focus on a key aspect of the web platform
and, in general, the digital-based business: the economic sustainability achieved towards
the scale economy. Levinson (2007) [9] noticed that one of the problems in the application
service provider (ASP) business model, developed in the 1990s, with similar features to SaaS,
lost in the economies of scale trying to deliver tailored applications to every user, resulting
in an unbearable weight of the hardware and software infrastructure by the service provider.

In fact, for the providers of SaaS cloud computing services, the scaling factor is funda-
mental [13], as well for the final users who achieve a cost reduction for the service, and, in the
end, transform computing infrastructure from a capital expense to an operating expense [10].

1.1.2. Applications and Perspectives

As seen in the previous paragraph, the platform business model and the SaaS model in
general are one of the main actors and drivers in the contemporary digital economy and
are strongly related to the experience in digital life of the common users. In this article, the



Heritage 2024, 7 6011

present and potential role of web platforms is explored, with particular focus on their ability
to foster and support the dissemination and the support for the management of built assets.

According to the SaaS business model, it is the service provider that takes care of the
hardware infrastructure, managing and updating all the software levels and providing
the storage space needed for the data. The SaaS cloud computing model applied to web
platforms ensures that the user is not required to have specific software or dedicated
hardware or even retain the data: everything is stored, processed, and structured for
efficient rendering within the cloud computing infrastructure.

For the purposes of this article, it can be assumed that web platforms are digital tools
available through a website that deliver to final users (e.g., scholars, restorers, managers,
general public, etc.) all the needed information for the fruition or management of an asset
(e.g., a building, a piece of CH, a collection, etc.), that are determined by the scope of
the platform [14]. In most cases, a web platform is a web app that delivers visualization
and interaction tools with 3D representations as models, meshes, and point clouds. These
geometrical data can already be present in the platform or uploaded by the user, according
to their role and privileges [15].

The main advantages related to the use of web platforms can be found in the possibility
to deal with large point clouds or mesh models without using specific high-performance
hardware and dedicated software, while the platform eventually provides the scaling of
the resources dedicated to the virtual machine on the physical server it runs on. Since all
the data are hosted and managed by the service provider, once the initial upload phase is
terminated, the final user is relieved from using and storing a considerable amount of heavy
data. Both advantages mentioned above can result in costs saved in hardware or in software.
It must be carefully considered that several platforms require a subscription whose price
varies according to the features available, the services provided, and the storage available.

Another significant advantage is represented by the enhanced possibility of sharing
up-to-date information and data between users, with a significant reduction in terms of
data duplication and version proliferation, as it is common to work on-premise (on local
machines). As the access to the platform is through a web browser and potentially from
any digital device, the rendering of the visualizer usually adapts to the computational
capabilities of the device, relying on the fact that, usually during the upload, the geometrical
data (e.g., a point cloud) are processed and indexed for fast out-of-core rendering [16,17].

For the aforementioned reasons, web platforms for 3D data management ease the possibil-
ity of being used also by non-technical figures and occasional users that do not have at disposal
hardware and software dedicated to 3D data visualization, a common working situation in the
CH field, when dealing with high-resolution data. Moreover, the use of web platforms fosters
collaboration between users through the seamless and updated sharing of the same data, with
the possibility of access management through specific user profiles and privileges.

The migration of data and processes into the various emerging cloud computing
services stresses the urgency of a reflection on the topics of data stability, which deals
with intellectual property and legal ownership of the information, with the long-term
availability and the physical location of data. Similarly, also the software and platform
stability represent a significant issue, as used tools and services might be discontinued, can
change commercial policy, or become unavailable. These aspects are crucial for sectors that
deal with information concerning collective heritage that can have great archival value and
that needs to be preserved.

In the previous paragraph, it was mentioned that one of the factors of success and long-
term sustainability of a platform is the ability to scale resources and avoid the user-specific
customization that implies excessive resource deployment that affects the infrastructure.
The following aspect is crucial: some specific sector (e.g., the CH one) might lack diffused
standardization, and it is possible to find specific needs for each asset according to its
peculiarity and uniqueness, which is inevitably reflected on the digital tools used for its
management. A platform developer that operates in this field must take into consideration
this aspect as it is fundamental for the effectiveness of its product or service, but on the
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other hand, it should be considered that to exceed in tailoring the platform to one of its
possible users might result in an increase in costs and then affect its long-term adoption
and its economic sustainability.

The primary key feature for the success of platforms across various domains, as their
extensive adoption can initiate the previously mentioned network externalities effect, will
likely reside in achieving a sustainable equilibrium between the particular requirements of
individual asset management and the general applicability of the web platform tool to a
multitude of scenarios.

In the industrial innovation management field, platforms are conceived as digital
objects with “stable core and variable periphery”, that can develop in a distributed manner
and innovate through recombination and modularization [12]. Within this perspective,
considering that the ways of accessing and using specific types of data can be standardized
even in very specific fields as the CH one, the modularization of web platform components
developed for a recurrent operation might be a possible strategy to find the sustainability
balance mentioned before.

1.2. Data for the Description of Assets

In this context, the term “data” is used to indicate the ensemble of information of
any kind that can be used for effective description of an asset to be managed and its
status. For the sake of simplicity, in this context, the data are divided into geometrical and
non-geometrical data.

The geometrical data are distinguished by their metrological quality, as they represent
in real scale or in a reduction scale the surveyed object with known accuracy. Classically,
this category comprises, among the others, vector drawings, orthophotos, and 3D models.
In this article, the main reference will be to 3D models, specifically the ones coming from
reality capture processes as direct or indirect products, in the form of a point cloud, mesh,
NURBS, or BIM model.

The non-geometrical data category consists of any general information, short or long
texts, or media that describes some aspects, status, and quality of the object in the widest
possible meaning.

1.2.1. Geometrical Data

For the geometrical data, at the present state-of-the-art, the process of digitization is
experiencing an increasing ease and speed of the on-field activities due to software, algorithm
and instrument evolution. The average reality capture task is nowadays easy to achieve due
to the achieved accuracy of the instruments and the increasing automation of both field and
processing activities. The survey sector is far from being fully automated and presents still
significant challenges and possible development paths, but the undeniable progress in terms
of ease of access to capturing tools and techniques increases the volume of surveys of real
objects, also on periodical and repeated basis, to assess progresses and changes, e.g., on a
building site or for structural monitoring purposes. The increasing volume of digitization
activities is proportional to the increase in the volume of produced data of increasing quality
and resolution, with even increased heaviness of the final products. In this scenario is crucial
to empower effective systems to store, access, share and retrieve such data, that are at the
same time of critical importance but also difficult to be handled and managed.

A similar process of increase in quantity and resolution of the acquired data, is in
progress—with some structural differences—for the non-geometrical data, that might be
digitized from analogue support (as archive documents, pictures or similar) or natively digital.

The online visualization modules (frameworks) are responsible of delivering through
rendering the appearance of 3D data stored in the system. They handle the most resource-
consuming operations as point clouds or meshes can represent a massive amount of
data and require to be rendered fast in order to provide usability and a satisfying user
experience. Moreover, the data transmission between the platform visualizer and the client
device is related to the available bandwidth of the network connection, with significant
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variability and limitation in the rate of data transfer. Champion and Rahaman (2020) [18]
identify the release of the version 1.0 of WebGL standard [19] as a significant increase in
the representation of 3D geometries in the web.

Fiorillo and Spettu (2023) [14] notice that the research on point cloud visualization
through the web was driven by the need to find effective ways to index massive point
clouds for out-of-core rendering [20,21], also adapting to the typology of data with semantic-
dependent techniques [22], in order to obtain satisfying performances on most of the devices.
The indexing of a point cloud is an operation that displays the most significant points
for a specific rendering scene according to the portion of the point cloud framed into
the viewport, the zoom level, and the type of visual projection. The goal of indexing is
to provide the most efficient number of points to be broadcasted through the network
and then rendered by the user device to ensure smooth user experience and fast loading.
The main objective of these efforts is directed towards point clouds at a territorial scale,
especially massive, country-size ones derived from LiDAR surveys [23], which, with the
actual average hardware resources, represent a real challenge for in-core rendering and in
the absence of any system that optimizes the amount of visualized points.

A clear example of this tendency is represented by the USGS/Entwine project [24,25].
The project makes available a significant amount of point cloud data (around 65 × 1012 points)
coming from a state-wide LiDAR survey by the United States Geological Survey (USGS).
The point clouds are indexed using the Entwine framework, a data organization library for
massive point clouds, and made available through a web page hosted by the AWS Open
Data Sponsorship Program [26]. The LiDAR territorial data are available for download and
also for online visualization through Potree [27] and Cesium [28], linked in the web page
(Figure 1). The USG and Entwine project can be seen as a very simple and clear example
of the modular nature of the web platforms as defined by Gartner, Inc. (2024a): it can
be seen as a low-level platform hosted by a general-purpose, high-level platform (AWS).
Moreover, according to the platform definition of [12], the “stable core” of the platform can
be identified in the LiDAR data indexed with Entwine, as the fruition of such a massive
amount of points is crucial and it is the main purpose of the project, and the “variable
periphery” can be identified in the visualizers (Cesium and Potree), that access to the core
data might be substituted and integrated in the future.
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Figure 1. The Iowa full point cloud, displayed as its full extension (left) and with its building-scale
detail (right).

Moreover, this example shows how the indexing and rendering algorithms are at the
present time ready and effective in handling point cloud objects of enormous dimensions
through efficient systems of the level of detail management. This aspect is crucial in dealing
with territorial-scale point clouds, but its usefulness applies also to the architectural-scale point
clouds, considering the increasing resolution and point density achievable by contemporary
survey instruments and processing tools if applied to extended architectural complexes.

1.2.2. Non-Geometrical Data

The nature of non-geometrical data can be very different, spanning from text and
tabular data to images, videos, and other media. They usually do not require particular
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processing and computation abilities to be managed, but they indeed require a thorough
organization using database and information models and specific software tools and
platforms to be accessed, used, and shared.

Wynne (2018) [29] defines and classifies various typologies of digital information and
content management platforms, mainly dedicated to the CH sector, according to their
objects and proposed solutions. The collection management systems are meant to be used
to handle the lifecycle of physical and digital objects of a collection within an institution,
such as a museum or an archive. The content management systems can be used by various
cultural institutions for the use of specific digital material. The asset management systems
are intended to be an organized repository to store and deliver media to other applications
or websites. The previously described types of management systems address different
needs, such as handling groups of objects and their status and location, the management
of cultural content that, in some cases, can be the digital object itself, and the sharing and
delivery of the content towards other applications. A cultural institution might adopt
one or more of these solutions in order to pursue its objective and manage its assets and
contents, with particular regard to the integration between the systems.

The platforms that handle mainly non-geometrical data can achieve various goals
and purposes, spanning from dissemination and narrative purposes directed towards
the general public to operational management systems dedicated to CH institutions and
operators, also provided and developed by public institutions.

Access to Memory (AtoM [30] is an open-source collection management system for
cultural institutions that are interested in cataloguing collection with internationally recog-
nized standards [31] as the one developed by the International Council of Archives [32].
CONTENTdm [33] is a content management system that can be used to share with general
public digitized archive material as library collections, publicly sharing also with compre-
hensive catalogues as WorldCat [34]. Omeka [35] is an open-source content manager system
that allows users to create web exhibition of archive material. It is developed in two version,
the “classic” one meant for single projects and the “S” one for multiple site management.
Omeka.net [36] is the web platform developed on the Omeka framework addressed to
institutions that do not want to deal with servers and hosting. Museo [37,38] is a web-based
commercial collection management system that comes as a web platform for cataloguing
and dissemination. Archiui [39] is a multi-purpose commercial collection manager that
features web site creation tools for sharing and dissemination. ResourceSpace [40] is a
commercial solution for asset management system developed for general purposes that
is used by cultural and academic institutions as it features several plugins to connect to
collection management systems.

2. Web Platforms: Types, Uses and Applications

Champion & Rahaman (2020) [18] examine several web platforms among commercial,
free and institutional ones for the delivery and exhibition of 3D models. The authors
address mainly the web platforms and frameworks for the Galleries, Libraries Archives
and Museums (GLAM) sector, but their considerations are general and valid also for the
AEC sector. The evolution of hardware and software in the world of CH digitization is
opening new scenarios but at the same time some issues are not effectively addressed, as
the persistence of digital data and the use of shared data format and metadata. It can be
noticed that despite the UNESCO [41] recommended to Cultural Institutions to preserve
the digitized CH and disseminate its use and importance, 3D models are rarely preserved
for long time and usually they are lost together with the original projects that produced
them. In most of the research project and online data archives examined, there is a lack
of long-term data conservation strategy. Another issue identified is related to the rights
of use of the digital models, that are owned by the institutions that host the real objects
or manufacts, that might prevent a wide diffusion of their digitization. Moreover, it is
identified a general lack of a description of the model reliability, namely how well the model
is describing the reality, which parts are reconstruction hypotheses. This is a central issue
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in the archaeological field, as the reconstruction of 3D spaces and objects can be creative
and interpretative, as pointed out by the London Charter [42]. Finally, they propose a
list of features that a web platform for 3D data exhibition, mainly for dissemination and
study purposes, should present, such as navigation tools, annotation and measurement
tools, different visualization modes, and timeline functions, among others. It is important
to introduce a diffused use of a unique identifier for digital models that will allow us to
reconstruct the origin and the reliability of the data.

Statham (2019) [43] examines several institutional documents about physical and
digital CH; for example, the London Charter and the Seville Principles [44]. The author
states that it is important to separate the resolution and photorealism of a 3D model from
its accuracy and reality, as the visual quality of the digital object could not reflect its
metrological quality. They state that is important in this sense to make available to the
users the original data, the support of historical sources, and the nominal accuracy of the
model. Moreover, Statham describes some platforms and frameworks available for cultural
institutions, as well as the possibilities offered by game engines as visualization tools for
3D models. It notices that the most diffused platforms are the ones that provide none or
few tools for measurement. For most of the platforms, the origin and all the modifications
of the model cannot be traced, and there are no available explicative descriptions of the
model’s accuracy in the metadata.

The 3D models hosted on the web usually do not present any information about
their metrological accuracy, the origin of data, or, in general, their reliability. This might
be related to the fact that the characteristics of a model are known between those who
collaborate on the same project, but on a longer time span, the information might be lost
and will not be archived together with the model and thus not accessible to the public if
the model is shared for dissemination purposes.

A major issue is represented by the long-term archiving of the great amount of digitized
data that are produced now, both in terms of data collocation, data formats, and the expected
life of visualization and analysis software. Moreover, the use of web platforms is related
to a subscription, and, according to the business model, the data are hosted generally
by third-party storage service providers and are transformed in the format used by the
platform. In this context, long-term preservation and accessibility appear as issues to be
addressed with structured internal policies by the cultural institutions or the data owners.
For this reason, it is of crucial importance to choose the right platform, or ensemble of
platforms according to realistic needs, as well as to have a clear plan and policy about data
importance and backup routines.

2.1. Overview of Platforms and Frameworks

The panorama of commercial platforms is heterogeneous and in increasing develop-
ment as new actors, proposals, and technologies are constantly emerging. Considered this
continuous evolution and refresh of the offer and of possibilities available, a possible study
path to follow to understand the main directions and future improvements in the sector
is to categorize commercial platforms according to their business model and target users.
This choice enables us to avoid following the minor updates of commercial platforms, such
as the upgrade of a specific tool or the introduction of new ones, focusing on the main
purposes of the platforms, which can also be seen as the main issues and needs that the
developers intend to address according to the technology they have at disposal and use
and their target customers. These factors are the main ones that determine the cost and
subscription plan of the platform. All these different aspects that contribute to shaping the
web platform can be incorporated into the business model adopted by the developers.

In the following paragraphs are examined commercial, free, and open-source plat-
forms. The main aim is to provide a general understanding framework for researchers
and operators interested in the topic of web platforms in order to inform their choices and
investigations and contribute to the discussion on the topic of 3D data use. The main focus
is related to platforms developed mainly by private or non-academic actors and that were
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not mainly driven by research purposes but were conceived as open and available on the
market or freely on the web.

The enquired platforms are divided into categories that are addressed to different
sectors and applications. Most of them are directed towards the built environments; other
are focused on survey data processing and some on 3D data visualization and management.
Most of them do not target specifically a sector or application and for this reason might
not provide dedicated tools for specific operation as built asset management. For some
specific and unavoidable needs, several operators provide API for custom development of
a target-specific platform.

It has to be noticed that these categories have to be intended as a main guide to read
the most important and prominent features of a platform. Some of the described solutions
could provide tools that belong to more than one category but are categorized under the
most representative one. As an example, most of the platforms offer visualization and
navigation, but can be comprised under other categories if they present distinctive features.

2.2. Cultural Dissemination Platforms

Cultural dissemination platforms act as repositories for heritage assets curated by
museum, libraries and other cultural institutions. These platforms are driven by the goal of
make media and resources accessible to the public, that can visualize and consult the assets
but generally there is few or no interaction at all with the 3D models. The 3D geometry is
one of the various media that are hosted and displayed by the platform and models are not
the center of the service, that is rather build narratives and awareness.

A significant example of dissemination and cultural access platform not related to
specific cultural institution is Google Arts and Culture [45], a non-profit initiative of
Google that aggregates copyright-free contents from cultural institutions and proposes
narratives and learning paths to its users about any kind of cultural content, using texts,
images, videos, thematic games, and virtual tours, also using 3D data in collaboration with
Cyark [43] with the Open Heritage project [46]. Cyark [47] is a platform developed by
a non-profit organization that started operating in 2003 with the purpose of promoting
digitization projects and providing the infrastructure to archive the 3D reality capture
data of CH sites. Nowadays the project is engaged with a more holistic approach to
documentation and storytelling [48,49], hosting texts, videos, 3D models, and multimedia
virtual tours towards its dedicated side platform, Tapestry [50]. A similar documentation
project, led also by a private non-profit organization, promoting reality capture projects
and the digital infrastructure for data showcase is the Global Digital Heritage initiative [51].
With similar documentation purposes, even though with a more specific goal, can be
retrieved in the Scan UA project [52], a volunteer-based project to document through 3D
data the war damages that occurred to the Ukrainian CH [53]. The Smithsonian Open
Access project [54] is an online open display catalog of the digitized media that belong to
the Smithsonian Institution, a cultural organization that gathers museums, research centers,
and education facilities. The number of available digital assets is significant and comprises
heterogeneous fields. The Smithsonian 3D project [55] is the internal initiative that aims
at populating the Open Access catalog with the captured 3D data from the institution’s
collections. A similar project is Europeana [56], a European Community founded project of
data sharing and aggregation from EU cultural institutions [57], that collects various types
of media as text, images, videos, audio, and 3D models. Europeana is fed by a network
of aggregators that can be thematic (work within a specific domain) or local (national or
regional). Aggregators are associated institutions and projects that gather digital objects
and supervise their quality and fulfillment to Europeana standards for the upload on the
platform [58]. A synthesis of the examined cultural dissemination platform is provided in
Table 1.
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Table 1. Synthesis of the main features of the cultural dissemination platforms.

Name Website Initiative Multimedia 3D Virtual Tour Narrative

Cyark https://www.cyark.org/
(accessed on 3 July 2024) private X X - X

Europeana https://www.europeana.eu/
(accessed on 29 August 2024) public X X - X

Global Digital
Heritage

https://globaldigitalheritage.org/
(accessed on 28 August 2024) private X - - -

Google Arts
and Culture

https://artsandculture.google.com/
(accessed on 12 September 2024) private X X X X

Scan UA http://scanua.com/
(accessed on 27 August 2024) private - X - -

Smithsonian
Open Access

https://www.si.edu/openaccess
(accessed on 28 August 2024) public X X - -

Tapestry https://tapestry.cyark.org/
(accessed on on 28 August 2024) private - - X X

The fields marked with X indicate that the feature is present, while the ones marked with - indicate that the feature
is absent.

2.3. Embedded Systems

Several companies are developing web platforms devoted to point clouds as a com-
plementary service to their main products or as their core business. These companies are
offering the web platform services as an additional one to the already established survey
instruments and software they normally provide to enhance the possibilities of data sharing
and diffusion by their clients. These platforms might be available for free for customers or
can be included in a subscription plan related to the proprietary software. The main target
user can be identified in RC firms that want to share their work with their clients on the web,
avoiding data transfer, complex export and conversion procedures, and the use of different
software. The platforms as complementary services usually perform at best with the use of the
proprietary data format of the producer, as they are part of a software–hardware ecosystem
that embodies the reality capture hardware and several tools for captured data alignment,
processing, and refinement. This leads to the consideration that this kind of platform can be
hardware or file-format dependent, as they are not conceived for general purpose use but are
targeted for expanding the offer of an already established and solid business.

Leica TrueView LIVE [59] is the web 3D collaborative visualizer developed by Leica
Geosystem that allows point cloud visualization, project sharing, and to perform virtual
tours through the panoramic images acquired from the scanner (Figure 2). The platform is
hardware-software dependent and is available also as a desktop on-premises application
with some additional features, such as the visualization mode through a virtual reality (VR)
headset. It works with structured and unstructured point clouds but also meshes if loaded
through the Cyclone Enterprise software. TrueView is part of the Leica software ecosystem,
and for most of the features, it needs the Cyclone Enterprise software [60] to be used by a
project and data manager. Its main purpose is to display on the web and share scanning
projects also for collaboration and review.

Autodesk Drive [61] (formerly A360 Drive) is the complementary service by Autodesk
for its application suite. It works as a cloud Common Data Environment (CDE) for the
on-premises software, but it integrates some self-standing web visualizers for data display
available also from mobile devices, with some collaboration and labeling tools (Figure 3). It
works mainly with proprietary file formats (e.g., ReCap RCP projects, Revit RVT models)
but also allows some interchange formats as OBJ. The platform is mainly an additional
cloud-based service that expands the offer of the Autodesk suite and can be used occasion-
ally for remote collaboration and data sharing. The same web tools are also made available
as an Application Programming Interface (API) by Autodesk for platform developers,
Autodesk Platform Services, formerly known as Forge [62].

https://www.cyark.org/
https://www.europeana.eu/
https://globaldigitalheritage.org/
https://artsandculture.google.com/
http://scanua.com/
https://www.si.edu/openaccess
https://tapestry.cyark.org/
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Figure 2. An overview of the Leica TruView LIVE platform. (Top): the combined visualization of the
structured point cloud from laser scanner and an IFC model that can be manually moved, showing
the scan positions both in the 3D view (red dots) and in the navigation map on. (Bottom left): a pho-
togrammetric unstructured point cloud visualized in the platform. (Bottom right): the 360-panorama
of a scan view, that allows user to navigate through the scan positions, showed as red circles. The
dataset is coming from Sacro Monte Calvario di Domodossola [1].

FARO Sphere [63] is the collaboration platform for the Faro environment. Sphere is
defined as a “cloud-based data management hub”, as it is intended to be used as a data and
scan project manager for the Faro hardware and software ecosystem and acts as the core of
the collaboration platform, together with the other application of the suite. Sphere embeds
WebShare [64] as a web 3D data visualizer that works with various data formats but is mainly
intended to perform at best with FARO scan projects. Inside the Sphere environment is
available HoloBuilder [65], which expands functionalities through 360◦ tours captured from
panoramic cameras, meant especially for progress management in construction sites.

The Matterport platform [66] represents a peculiar case of an exclusive web platform
approach to reality capture and data processing and management solutions. Matterport
provides its own hardware (the Matterport Pro cameras), the support for some third-party
panoramic cameras, and features the capturing from smartphone cameras. The acquisition
phase is managed through the mobile app that uploads the data directly on the platform
for processing from the field. From this phase on, almost everything is managed by the
platform without barely any user intervention. The platform provides a 3D model with
high-quality texture of the captured space as well as the panoramic image tour. The model
and the tour can be navigated by users also in VR, shared as links and embedded in web
pages (Figure 4). The annotation tools comprise tags, text, and media attachment to tags and
various measurement tools. The platform also provides complementary services, generally
billed separately, dedicated to the built environment and retail sector, such as automatic plan
extraction, realization of the Revit model, the download of the e57 format point cloud, and the
upload on other platforms (e.g., Google Maps) for marketing purposes. The main target user
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can be identified in the real estate and building management sectors, as intuitive navigation
and annotation tools are provided, and aside from the capturing phase, no geomatic or IT
skills are required of users. A recent development towards digital twinning is a pursued
partnership with AWS, aiming at integrating IoT sensor feeds in the annotated 3D model.

Heritage 2024, 7, FOR PEER REVIEW  12 
 

 

 
Figure 2. An overview of the Leica TruView LIVE platform. (Top): the combined visualization of 
the structured point cloud from laser scanner and an IFC model that can be manually moved, show-
ing the scan positions both in the 3D view (red dots) and in the navigation map on. (Bottom left): a 
photogrammetric unstructured point cloud visualized in the platform. (Bottom right): the 360-pan-
orama of a scan view, that allows user to navigate through the scan positions, showed as red circles. 
The dataset is coming from Sacro Monte Calvario di Domodossola [1]. 

 

 
Figure 3. An example of use of the Autodesk Drive platform, showing the navigation of the point 
cloud through the scan positions (gray circles), and the use of annotation function for information 
and media attachment. Dataset from [1]. 

Figure 3. An example of use of the Autodesk Drive platform, showing the navigation of the point
cloud through the scan positions (gray circles), and the use of annotation function for information
and media attachment. Dataset from [1].

Heritage 2024, 7, FOR PEER REVIEW  13 
 

 

 
Figure 4. An overview of the Matter platform on a cultural dissemination application; the tour can 
be navigated through the information hotspots and the scan position, represented by the colored 
icons. Courtesy of the Archaeological Museum of Lomellina [2]. 

2.4. Processing-Oriented Platforms 
As a complementary proposal from hardware and file-format-dependent proprietary 

platforms, some platforms oriented their proposal towards the alignment, processing, and 
analysis of survey data. Processing-oriented platforms represent a clear example of the 
main aim of the cloud computing-based businesses, as described previously: to relieve the 
final user of the up-front and constant cost of the processing infrastructure, rely on the 
performance of the network for data delivery, and propose processing as a service to be 
subscribed to or to pay for use. This type of platform is oriented towards users that occa-
sionally deal with reality capture data but do not want to invest in dedicated hardware 
and on-premises software for data processing or users that need a shared collaborative 
environment to work remotely without investing in a dedicated server and backup. 

An emerging trend in web platforms oriented towards processing is the integration 
of tools and services that are based on artificial intelligence (AI) both as part of a wider 
offer or even as main and specific purpose. The AI-based platforms are mainly directed 
towards automatic or semi-automatic segmentation and classification of 3D data as well 
as object-recognition capabilities, especially for point clouds. 

HxDR (Hexagon Digital Reality) [68] is the core platform developed by Hexagon to 
build on its web platform offer. HxDR was launched in 2020 [69], and it provides archival 
space, visualization, processing, and collaboration tools to the Hexagon “powered by 
HxDR” ecosystem. This ecosystem is composed by the Reality Cloud Studio [70] platform 

Figure 4. An overview of the Matter platform on a cultural dissemination application; the tour can be
navigated through the information hotspots and the scan position, represented by the colored icons.
Courtesy of the Archaeological Museum of Lomellina [2].

NavVis IVION [67] is the web platform that manages capturing, processing, and data
access and sharing of the mobile mapping system (MMS) instrument produced by the
company. It offers data storage and processing capabilities, as well as annotation and
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floor plan extraction. The main target users are building managers and surveyors, as well
as factory owners that have a dedicated enterprise version that offers improvements in
archival space and security, such as encryption and single-tenant architecture.

2.4. Processing-Oriented Platforms

As a complementary proposal from hardware and file-format-dependent proprietary
platforms, some platforms oriented their proposal towards the alignment, processing, and
analysis of survey data. Processing-oriented platforms represent a clear example of the
main aim of the cloud computing-based businesses, as described previously: to relieve
the final user of the up-front and constant cost of the processing infrastructure, rely on
the performance of the network for data delivery, and propose processing as a service to
be subscribed to or to pay for use. This type of platform is oriented towards users that
occasionally deal with reality capture data but do not want to invest in dedicated hardware
and on-premises software for data processing or users that need a shared collaborative
environment to work remotely without investing in a dedicated server and backup.

An emerging trend in web platforms oriented towards processing is the integration
of tools and services that are based on artificial intelligence (AI) both as part of a wider
offer or even as main and specific purpose. The AI-based platforms are mainly directed
towards automatic or semi-automatic segmentation and classification of 3D data as well as
object-recognition capabilities, especially for point clouds.

HxDR (Hexagon Digital Reality) [68] is the core platform developed by Hexagon to
build on its web platform offer. HxDR was launched in 2020 [69], and it provides archival
space, visualization, processing, and collaboration tools to the Hexagon “powered by HxDR”
ecosystem. This ecosystem is composed by the Reality Cloud Studio [70] platform for reality
capture data, LocLab Cloud [71] for the production of digital twins, HxGN GeoCloud [72]
focused on the visualization and annotation of data at the territorial scale, and any application
built using the HxDR API. Moreover, the Hexagon Content Program [73] aims to deliver
spatial data inside the HxDR environment, acting as an in-platform store for 3D and 2D
geometrical data.

Reality Cloud Studio is a multi-purpose platform for reality capture developed using
the HxDR core, which provides the main processing (e.g., indexing, registration, meshing),
visualization (e.g., sharing and virtual tour), and user management features. The visualiza-
tion engine provides the automatic meshing of the uploaded point cloud data for enhanced
rendering. Reality Cloud Studio is data-agnostic and can work with several cloud and
mesh formats for both inputs and outputs. The platform integrates a processing workflow
for data registration, meshing, and cleaning, is interoperable with various software from
the Leica suite, and is capable of importing or exporting projects according to the users’ in-
tended uses and needs. The main aim of the platform is to move some of the most common
and requested features by average reality capture user to the cloud, with pay-per-use or
recurrent subscriptions available.

Vercator [74] is an exclusively processing-dedicated platform for the registration of
point clouds, classification, and format conversion. It supports several structured and
unstructured point cloud formats, as well as some proprietary formats, such as Faro, Z +
F, and Riegl. The Vercator project is developed by Correvate, an academic spin-out of the
University College London, which licenses the patented core processing technology [75].
The platform proposes automatic targetless registration algorithms for point clouds coming
from different sensors, as well as manual registration options. It is possible to perform an
automatic classification that uses several pre-trained models for different data coming from
standard scenarios, such as power line detection, highway and urban roads, railway recog-
nition, aerial point cloud, ground extraction, and some specific building object recognition.
Moreover, the platform also provides a format conversion service for point clouds. The
pricing model of Vercator is based on the processed number of points, usually billed by
millions of points. The business model, considering the pricing method and the offered
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services, is to propose the full reality capture processing pipeline (registration, classification,
export) as a cloud service billed based on the use of resources.

Flai [76] is a platform that primarily offers AI tools for geospatial data processing and
classification. Once the user has uploaded the data, the platform offers several built-in
processing modules that can be combined in a pipeline through a drag-and-drop visual
programming interface. The processing modules are pre-trained AI models for standard
scenarios, such as tree segmentation in forestry point clouds, generic geospatial object
extraction, etc. (Figure 5). In the same interface, it is also possible to program for filtering,
fine-tuning, and exporting, allowing users to build their own specific workflow. After
processing, the users can manually re-collocate the misclassified points and create a custom
class other than the LAS classification scheme. Flai adopts a hybrid subscription method
with a fee that covers storage and unlimited data retention and a pay-per-download method
for the data export. This highlights the fact that the main business model is to propose a
user-friendly service for geospatial data classification with pre-trained models, and also to
address non-specialized users.
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AI model. Dataset from [1].

Pointly [77] is devoted to the geospatial data annotation using AI-based classifiers.
The platform offers some pre-trained AI models for standard use case scenarios, such as
aerial lidar data, urban asset classification from mobile mapping scans (MMSs) or highway
classification. It also provides a user-specific classification service based on a custom sample
dataset. Pointly supports the default LAS classification scheme and allows users to use
custom labels for the classes if needed (Figure 6). Aside from the significant AI processing
tools and a visualization module, no other significant tools are present, even for measuring
and annotation. Pointly is mainly a processing platform directed towards users who need
digital twins at an urban or territorial scale but are not interested in investing internal
resources in data processing and classification and rather prefer buying it as a service. In
this perspective, the use of a web platform allows users and vendors to interact and refine
the data classes working in the same environment.
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Figure 6. An overview of the Pointly platform. On the left, the visualization of a classified point
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2.5. Framework and Visualizers

The most diffused type of platform is represented by visualizers that allow users
to navigate and explore geometrical data with a smooth experience, thanks to efficient
indexing algorithms for a fast rendering of the 3D geometry. Visualizer also provides some
additional annotation tools for tagging and media attachment, improving user experience.
For simplification reasons, this category also comprises not just standalone platforms but
also modules and frameworks that can be used to build a custom platform. Inside this
category, it is worth mentioning the platforms devoted to 360-tours that, even if not typically
displaying any 3D geometry, allow users to navigate captured space and eventually make
annotations and take measurements of the panoramic images. Considering the effectiveness
and resolution of the images, this type of solution can also be useful in the field of CH.

FlyVast [78] is a platform for advanced visualization of unstructured point clouds
and meshes. Allows users to create projects with various datasets and different clouds
and meshes. 3D geometries can be measured and annotated using the various available
tools. Among the others, it is particularly effective the section tool that allow us to slice
the point cloud and draw on the section and place annotations also with attachments
(Figure 7). FlyVast proposes also the possibility to share entire projects or specific views or
representations (e.g., a section of the cloud with annotations), enriching the possibilities
of collaboration and sharing. Another distinctive feature is the presence of unsupervised
segmentation of the point cloud [79] that extracts distinctive features from point cloud
objects. This last feature is potentially very powerful as it can allow users to add semantic
meaning to the point cloud but now seems to be challenged by geometrically complex
architectural datasets (Figure 8). FlyVast is a platform suitable for users that need to
deal with generic unstructured point clouds for any source and with mesh models in an
intuitive environment that provides tools for 3D annotation and the possibility to extract
2D representations that are still of common use in some sectors.

Atis.cloud [80] is an advanced visualizer with balanced features and a rich set of
tools. It supports both unstructured and structured point clouds and various mesh formats.
For the structured point clouds, a 360-tour navigation of the scan stations is available, as
well as VR visualization. Atis.cloud supports and visualizes custom scalar fields for point
clouds, coming from processing in external software (Figure 9, bottom left), as well as
point cloud classification both in LAS class scheme [81] and custom class scheme. Also, 3D
models are supported and displayed. Users can manually align models called “resources”
to reference objects called “sources” and perform dimensional tolerance analysis, which
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is an interesting feature for architectural design and planning, reconstruction, and digital
anastylosis (Figure 9 top). The platform provides the common annotation and measurement
tools that can be used for issue and note reports, with tagging and attachment functions, a
feature potentially useful in the building management sector and collaborating with other
users. Moreover, it is available an orthophoto generation feature (Figure 9, bottom right)
that can be particularly useful in some context and is able to exploit the potential of the 3D
geometry present on the platform.

Benaco [82] is a platform that proposes 360◦ panoramic tours using static scans,
panorama images, and photogrammetry projects. The platform processes the input data
and realizes the tour and a 3D model for image projection. The user can orbit the model
or navigate through the way points, in which case they can use the annotation tools that
comprise labeling and measurement tools. Benaco is simple to use and can be used for the
inspection and annotation of panoramas.

3DUserNet Vision [83] manages various types of survey data and CAD models. The
platform scheme is oriented toward sharing survey data and user collaboration. It also
supports classification display for point clouds. Each project is structured in tasks, which
are work sessions with dedicated representations of the data with specific views and
annotations meant for a predefined purpose. The platform supports versioning of the
projects. It provides advanced annotation and measurement tools, a sectioning tool for 3D
geometry, and a document repository that supports any type of data.

Euclideon udCloud [84] is a platform based on Unlimited Detail (UD) technology by
Euclideon, which features a powerful and efficient indexing search engine for massive
point clouds that builds a voxel for each pixel on the screen [85], with the goal of efficiently
using the same dataset for any global and detailed visualization. This feature is particularly
effective in large geospatial datasets coming from several detailed surveys. The udCloud
platform features a powerful rendering engine and several annotation and measurement
tools, as well as section, bounding box, and elevation profile tools. The same UD technology
is present in an on-premise desktop application, udStream [86]. Furthermore, an SDK is
also available as a framework for custom platform development.

Xeokit [87] is an open-source visualizer distributed for free with some limitations
and a commercial license with full features. It supports various 3D data formats, such as
meshes, IFC models, and point clouds in the LAS format. It features various annotation
and measurement tools. It is provided as a software development kit (SDK), and its
functionalities can be expanded while working on the code. The main interesting feature of
the Xeokit is the wide range of file formats for several types of 3D data, from point clouds to
BIM models in IFC format, that it accepts; this aspect is particularly suitable for developers
that are looking to build a web platform that is able to display geometries from various
origins and in different formats.

Potree [27] is one of the most diffused point cloud visualizers. The project [88] orig-
inated from the SCANOPY one [89] and is still under constant development. Potree is
an open-source converter and visualizer based on WebGL that can be used both as a
standalone desktop application built through the Electron framework [90], as well as an
embedded tool in websites. The use of Potree for web applications is a common choice both
for use cases that involve data at a territorial scale and for experiences at an architectural
scale [14]. Potree presents various rendering modes of the point cloud and supports also the
visualization of point cloud classes from the LAS scheme. It integrates various annotation
tools that allow users to take several measurements on the point cloud (distance, area,
volume), put point labels with textual descriptions, cut dynamic sections of the cloud and
create tours through waypoints. Potree is a powerful multi-scale visualizer as it features an
octree-based indexing of the point cloud that creates several levels of detail with double
resolution between each in the same dataset, which are then rendered according to the
required visualization, as shown in Figure 10 [16].

Sketchfab [91] is a platform that acts as an online repository for 3D models, both
mesh and point clouds. It is at the same time a visualization and dissemination platform
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and a showcase and online shop of models. Users can upload their models and share
them with the community, embed the visualizer in their website, or sell the downloadable
model to interested customers through the Sketchfab shop. The main focus of the platform
is on rendering and scene building for models, which makes it suitable for the effective
dissemination of CH assets.

3DHOP (3D Heritage Online Presenter) [92–95] is a visualizer for 3D data distributed
as SDK for building custom platforms. It works mainly with high-resolution meshes, but it
also supports point clouds in the PLY format. 3DHOP is widely used and adopted especially
in the CH dissemination field, as it provides a performative visualization environment and
various annotation and representation tools. It features a point of interest tool that allows users
to identify specific points on the model that act as a bookmark and can be enriched with some
narrative and pictures of real objects. It is also a tool for changing the illumination of the scene,
which is particularly useful to increase the readability of engraved or decorated surfaces.

Cesium Ion [28] is a platform with a strong geospatial focus that provides an effective
rendering based on 3D tiles [96] of massive datasets. The platform supports a large number
of 3D data formats, including point clouds, and features an internal repository of geodata,
such as satellite imagery, and terrain and building models worldwide. Ion is a stand-alone
web platform, but the general business model of Cesium is directed towards companies
and developers that need a geospatial data management framework to integrate in their
applications. Cesium provides to developers the CesiumJS Javascript library, the SDK
of the Ion platform, and several open-source environments and resources for major 3D
software and formats, such as Unity, Unreal Engine, and Open 3D Engine (O3DE). The
main business model of Cesium appears to be, on one hand, to build a solid commercial
offer based on high-performance and versatile geospatial data visualization and on the
other hand, to be recognized as a main player in the open geospatial data field, empowering
in this way the commercial enterprise.
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Entwine [24] is a framework for point cloud indexing released as free software under
an LGPL license. It is based on an octree-based storage format, the Entwine Point Tile [97],
and its main purpose is to render massive point clouds from aerial surveys. Entwine is
only a data organization library, and it needs a viewer module in order to display its data,
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like Potree, Cesium, or Plas.io [98,99], or a drag-and-drop browser visualizer based on the
LAS file format and its derivations.
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Figure 9. Example of workflow in the Atis.cloud platform. (Top): visualization of structured point
cloud and manual alignment of a movable object, an IFC model. (Bottom left): a visualization
comparison between color and a custom scalar field (planarity with 0.1 m radius, calculated on
an external software). (Bottom right): orthophoto of the colored point cloud, processed inside the
platform. Dataset from [1].
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Figure 10. Examples of point clouds displayed in Potree. On (top): the point cloud of the Fonte
Giuturna in the Roman Forum, Archaeological Park of Colosseum, Rome displayed from the Potree
viewer of the SyPEAH platform [4]. (Bottom left), the full octree structure of a point cloud in Potree.
(Bottom right) the point cloud classes visualization with the LAS schema, that fosters labels from
geospatial semantics. Dataset from [1].

2.6. Facility Management Platforms

A consistent and structured proposal for the built environment sector is represented by
the platforms for facility management and BIM-like solutions. These platforms are oriented
towards building managers, real estate operators, and construction companies. They provide
a shared environment in which the three-dimensional data are displayed and navigable by the
users and that have at disposal annotation, tags, and, in some cases, a document repository to
be used as tools for facility management, e.g., to mark criticalities and assign tasks.

Cintoo [101,102] is a platform devoted to the construction sector with a clear building and
infrastructure management approach. It works mainly with structured scans, mobile mapping
scanning, UAVs, and generic unstructured point clouds. Unstructured point clouds are
processed to appear as structured by Cintoo to obtain virtual waypoints for the 360-tour. Other
than the panoramic tour, the platform has an effective 3D viewer for point clouds, models, and
user-uploaded meshes. Cintoo automatically processes a mesh from the input data that is used
for improving the rendering capabilities through a feature called TurboMesh [103]. Several
annotation, slicing, and measurement tools are available, as well as tagging abilities. Moreover,
CAD and BIM models are supported and can be uploaded, visualized, and manually aligned
by the user to the survey data and vice versa (Figure 11, top left), displaying a heat map with
the deviation analysis of the alignment (Figure 11, top right). The platform appears to be
BIM- and facility management-oriented, as it completes its features with a data repository
that supports some of the most common file formats for images, drawings, and documents.
Users can annotate the geometry and assign tasks to other users with descriptions and media
(Figure 11, bottom). Cintoo embodies various useful features for users that plan to manage
reality capture data, CAD, models, and documents in a single environment.
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Figure 11. The Cintoo platform. (Top left): the manual alignment tool of an IFC model and a point
cloud, displaying the reference geometry (blue) and the 3D model to be aligned (red). (Top right): the
deviation analysis tool operated between two laser scans. Dataset from [1]. (Bottom): an example of
the data repository provided by the platform. Dataset from Torre Degli Zoppi, Bergamo [14].

Bloom Explorer [104] is directed towards the construction management sector. It
supports structured and unstructured point clouds, CAD and IFC models, that can be
displayed together. The uploaded geometries can be registered together and clashed in
order to check for interferences. For structured point clouds, the 360-tour exploration is
available. It features a clear interface and several advanced tools for annotation, measure-
ment, point cloud slicing, and cropping, as well as floor surface evaluation and demolition
and construction tools, specifically dedicated for the AEC sector. Bloom proposes also an
Autodesk product plugin for data sharing with on-premises applications.

3. Discussion

In this article, several solutions and methods for managing and sharing geometrical
and non-geometrical data have been enquired. The results are summarized in the following
Tables 1 and 2. It must be considered that the features have been tested at the moment
of the writing and might change due to evolution and further development of the plat-
forms. Moreover, for some frameworks, the presence of a feature depends on the specific
implementation by the final developers. In these cases, the field is marked with a footnote.

In Table 2, the input section describes how the data are uploaded on the platform (by
the user or automatically) and of which type. The automated column takes into account
the feature offered by some platforms in which the upload is made automatically from
the capturing software. The output section describes which data can be downloaded from
the platform (e.g., for backup or to be used in other software). The original data column
refers to the possibility to download the data that were uploaded by the user in the input
phase. Full takes into account the possibility of downloading the geometrical data that
have been processed by the platform as a whole entity, while part takes into account the
possibility of downloading a user-defined portion of the data (e.g., through the use of a
bounding box). Annotations refers to the possibility of downloading the user-produced
non-geometrical data that have been inserted as labels, tags, and annotations localized in
the geometry. Table 3 summarizes the main features identified in the examined platforms.
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Table 2. General information and input-output features of the examined market-available platforms.

General Information Input Output
Point Cloud 3D Model Geometrical

Platform Category Availability
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Leica TruView LIVE Dig. ecosys. Commercial - X X X X - - - - -
Autodesk Drive Dig. ecosys Commercial - X X X X - X X - -
FARO WebShare Dig. ecosys Commercial - X X - - - - X X -

FARO HoloBuilder Dig. ecosys Commercial - - - - - X - X - X
Matterport Dig. ecosys Commercial X - - - - X - X - -

NavVis IVION Dig. ecosys Commercial - X X - - - X X X -
Reality Cloud

Studio Processing Commercial - X - X - - X X - -

Vercator Processing Commercial - X X - - - X X - -
Flai Processing Commercial - - X - - - X X X -

Pointly Processing Commercial - - X - - - X X - -
FlyVast Visualizer Commercial - - X X - - X X X X

Atis.cloud Visualizer Commercial - X X X X X X X X -
Benaco Visualizer Commercial - X - - - X X X - X

3DUserNet Vision Visualizer Commercial - - X X - X X X X X
Euclideon udCloud Visualizer Commercial - - X X X - - X - -

Xeokit Framework Open-source and comm. - - X X X - - 1 - 1 - 1 - 1

Potree Framework Open-source - - X - - - - X X X
Sketchfab Visualizer Commercial - - X X - - X X - -
3DHOP Framework Open-source - - X X - - - 1 - 1 - 1 - 1

Cesium Ion Visualizer Free, commercial - - X X - - X X - -
Entwine Framework Open-source - - X - - - - 1 - 1 - 1 - 1

Cintoo Facility mgt Commercial - X X - X X X X X -
Bloom Explorer Facility mgt Commercial - X X - X - X X X -

1 This feature might depend on the framework implementation by final developers. The fields marked with X
indicate that the feature is present, while the ones marked with - indicate that the feature is absent.

What emerges from the research as a global consideration is that the platforms and
the tools used to manage data are radically different for purpose and kind of user. For non-
geometrical data, most of the tools available at the present time have been developed with
the specific goal of managing archives and collections, namely aggregation within the care
of cultural institutions of physical and digital heritage objects that have been gathered by
topic or for historical reasons. For the management of a collection, it is important to have a
solid data structure that must be adequate for the nature of the objects and their curatorship
needs, which is the core of any database. The available software solutions are widely
consolidated in their field, and on the market there are currently several tools available as
commercial, open-source, or for free, meeting most of the needs of cultural institutions.

The platforms that are intended for dissemination can be considered as in-between a
collection management system and a visualization platform. They are open to the public
and embed visualization tools according to the hosted media, which can also be 3D models
of manufacts or architectures. In this case, the role of geometrical data is the representation
of a database record, and the interaction between users and geometries is usually low. These
platforms are set with the main goal to archive and preserve a collection of data and to
grant access to the extended public for knowledge, education, and dissemination purposes.

The panorama of the platforms oriented towards the management of geometrical
data is wide and heterogeneous, as it offers multiple solutions for hosting, visualizing,
sharing, and processing 3D data from reality capture processes. In this article, we analyzed
a selection of commercial platforms for 3D data management, focusing on the business
model, which determines what kind of users and specific tools they offer.
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Table 3. Visualization, annotation and processing features of the examined web platforms.
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Leica TruView LIVE Dig. ecosys X - X X 2 X X X - - - - - -
Autodesk Drive Dig. ecosys - - X - X X X - - - - - -
FARO WebShare Dig. ecosys X X X X X X X - - - - - -

FARO HoloBuilder Dig. ecosys - - X X 3 X X - - - - - - -
Matterport Dig. ecosys X X X X X X X - - - X X X

NavVis IVION Dig. ecosys X - X - X X X - - - X X -
Reality Cloud Studio Processing X - X - X X X - - - - X X

Vercator Processing X - - - X - - X X X X X -
Flai Processing X - - - - - X X X X - - -

Pointly Processing X - - - - - - X X X - - -
FlyVast Visualizer X X - - X X X X - X - - -

Atis.cloud Visualizer X X X X X X X X - - X - -
Benaco Visualizer X X X X X X - - - - - X -

3DUserNet Vision Visualizer X - - - X - X - - - - - -
Euclideon udCloud Visualizer X X - - X X X - - - - - -

Xeokit Framework X - - - 1 X X X - 1 - - - - -
Potree Framework X X - - X X X X - - - - -

Sketchfab Visualizer X - - - - X - - - - - - -
3DHOP Framework X - - - X X - - - - - - -

Cesium Ion Visualizer X - - - X - - X - - - - -
Entwine Framework - 1 - 1 - 1 - 1 - 1 - 1 - 1 X - - - - -
Cintoo Facility mgt X - X X X X X - - - X - X

Bloom Explorer Facility mgt X - X - X X X - - - X X -
1 This feature might depend on the framework implementation by final developers; 2 This feature is available on
the desktop software; 3 Present as legacy feature. The fields marked with X indicate that the feature is present,
while the ones marked with - indicate that the feature is absent.

The platforms categorized as embedded systems are mainly dedicated to users that
work in the reality capture field and need to share data with their clients for display
and validation purposes. Their main advantage is related to the integrated environment
between instruments, software, and platforms, easing data sharing. The main disadvantage,
at the present model, is related to the fact that the development has been focused on the
visualization performances, especially for the survey data coming from the company
ecosystem, while the compatibility with external data is less advanced. Moreover, the
potential lack of useful annotation tools can be identified, as well as the possibility to
structure information and attachments. For non-specialized users, the experience of data
navigation can be strongly influenced by the clarity and completeness of the 3D data
(especially for point clouds) and the ease-of-use of the interfaces. In this category, on the
side of visualization and ease-of- use of the interface, the Matterport platform proposes a
navigation experience based on panoramas, enhancing and easing the user experience with
the familiarity of high-resolution images. It proposes also several advanced annotation and
representation tools.

Processing-oriented platforms are particularly suitable for users that need occasional
processing (e.g., scan alignment, point cloud classification) as they mainly work with a
pay-per-process business model. On one hand, this solution enables cost savings for firms
that perform some tasks, sporadically, and do not want to invest in hardware or training.
On the other hand, the visualization and annotation tools might be basic, and the possibility
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of modifying and improving the processed data, especially for the point cloud classification,
might be absent or reduced.

Visualizers are the most intuitive type of platform examined here and they provide
powerful rendering abilities and a wide support for various input data, empowered by
annotation tools. In most cases, other instruments for a more advanced use of 3D data
might be absent.

Frameworks (application libraries, components, SDKs, and APIs) allow advanced
users to build their own platform, with a wide range of possible customization and feature
implementation. The development, hosting, and maintenance of the single components and
of the final system in this case is up to the user, which leaves this option as a suitable one for
companies and institutions that can access and afford internal or external IT development.

Facility management platforms provide useful tools for visualization, management,
and annotation of 3D data. In some cases, also a document repository is available. They
appear as a complete solution for the built environment sector. A possible limit could be
that for some applications, their work pipeline can be too rigid, as it is mainly developed
for the purpose of building management.

For all the examined platforms, the navigation tools (e.g., orbit, pan, flythrough, bubble
view) are similar and function in almost the same way in all the considered cases, granting
a significant ease in data navigation that is also analogous to most 3D software, ensuring a
standardized user experience.

It has to be noticed that in all the cases, the geometrical data are used as unitary and
rigid, not being subdivided into components. Even the platforms dedicated to point cloud
classification and object recognition handle the clouds as a monolithic, annotated object, as
their main goal is to process the data to identify in it the classes for further uses in other
software environments.

From the analysis conducted, it was found that within the domain of web platforms,
the possibility to manage the 3D data coming from reality capture using a semantic structure
as a data model is not available at the moment. At the present time, it is possible to manage
single architectural components by attaching information and data through labeling and
annotation functions offered by several platforms.

Assuming a holistic point of view on the subject of data management, the forthcoming
evolution of the web platforms can be directed towards the development of tools able
to manage geometrical data as a collection of components constituting a building or an
architectural object using a data structure that can be standardized or user-determined.

Within a structured and building-oriented database model, it is possible to manage
the information related to building management and restoration that can be located in
the 3D model, allowing users to navigate the data and information from the database and
from the 3D. Assuming that the captured data are the most accurate representation of the
physical space and real object, the possibility of using it directly within a database structure
adequate to support the maintenance and management process for the built environment
without losing geometrical or non-geometrical information is promising and could improve
the efficiency and possibilities of the building management sector.

As mentioned before, at the present time this possibility is not commercially available
and information management within the 3D model requires that users adapt with the avail-
able tools, e.g., annotations, labels, points of interest, etc. Considering the panorama of the
available tools and frameworks for rendering and visualizing 3D objects and considering
the availability of consolidated database managers, the possibility that developers can struc-
ture existing components in order to obtain a platform with the described characteristics
is concrete.

Web platforms offer a solution to the need for 3D data and information sharing,
overcoming the issue of specific IT skills and the use of dedicated software. To develop a
general and comprehensive platform able to satisfy all the possible users, processes, and
needs would be a too ambitious and unfeasible goal. The sector of CH deals with peculiar
objects that are unique and require a specific and tailored approach; nevertheless, several
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needs in the data access and navigation activities are similar and should be available on
any web platform.

From the conducted analysis, it can be considered that the ease-of-use of navigation
of the 3D data is a fundamental feature to implement. The immediate recognizability of
spaces and architecture strongly enhances the user experience, especially for the ones with
little geomatics experience, having the possibility to take measures and dimension of the
3D data.

Moreover, the management of information is crucial for the long-term use of the
3D data and platforms. It is also a fundamental tool for the management of the built
environment, especially in the CH sector. At the present moment, the main information
enrichment tool is represented by the spot labeling and annotations that are visible in the
3D and panoramic visualization. These tools can be enhanced with the possibility for users
to structure geometrical and non-geometrical data in a customizable information system,
as a database, in order to address the needs of their organization and processes.

4. Conclusions

The field of digitization underwent a significant evolution in terms of automation
and usability of survey instruments, software tools, processing algorithms, and ways to
manage and share the data. Web platforms that are widely available and accessible at the
present time represent an efficient way for managing, archiving, and sharing the 3D data
and their related information. On one side, such web-based tools relieve users from the
costs of providing powerful hardware and from the system maintenance, easing access
to the reality capture data to potentially any institution or subject through a reduction of
the initial investment needed. On the other side, the issues of data ownership, long-term
archive and accessibility, system migration, and any other topic related to the data lifecycle
have to be addressed carefully, establishing shared and solid data management policies.
The significant advancement in the accessibility of 3D data is accustoming professionals
of various sectors to the advantages of reality capture and of the use of geometrical data,
increasing awareness and then empowering the request and the availability of more ad-
vanced tools to manage all the building or heritage lifecycle and maintenance with a strong
support of reliable geometrical data from reality capture.

The emerging challenge that will be faced is related to the management of the sig-
nificant amount of data that are digitized right now and that will be in the future, with
increasing requests by the final user and data quality and accuracy delivered by the instru-
ments. In this context, the development of efficient web platforms for data sharing will be
a fundamental resource if they will be able to be a valid alternative to standalone software
and enable generic users to access and work with the data without any specific training
and dedicated hardware.

From the analysis of the state-of-the-art of the considered web platforms, it can be
foreseen that their evolution and further development will follow algorithm evolution
and fill the market gaps. The range of input formats is expected to be wider in the future
than the export format, as the need for interoperability between systems increases. The
rendering performances can increase, pushed by the more efficient indexing algorithms
and by the growing computational capabilities of digital devices. It has to be considered
that this evolution would be necessary also because of the increasing resolution of survey
instruments and of their outputs. On the annotation side, the possibility of information
attachment can be enriched with extended media support and links to internal repositories
and supported by dedicated user interfaces. The processing aspect of web platforms can
be expected to be more diffused, and some basic tools (e.g., manual alignment, deviation
analysis, and mesh creation) can also be available on general-purpose platforms. Moreover,
the most advanced ones can be expected to evolve to fill the gap with the main processing
software in order to provide similar services on a cloud computing basis.
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