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Abstract: Technological development has strongly impacted all processes related to the design,
construction, and management of real estate assets. In fact, the introduction of design procedures
using a BIM approach has required the application of three-dimensional survey technologies, and in
particular the use of LiDAR instruments, both in its static (TLS — Terrestrial Laser Scanner) and
dynamic (iMMS — indoor Mobile Mapping System) implementations. Operators and developers of
LiDAR technologies, for the implementation of scan-to-BIM procedures, initially placed special care
and attention on the 3D sensing accuracies obtainable from such tools. The incorporation of RGB
colorimetric data into these instruments has progressively expanded LiDAR-based applications from
essential topographic surveying to geospatial applications, where the emphasis is no longer on
accurate three-dimensional reconstruction of buildings, but on the capability to create three-
dimensional images based visualizations, as Virtual Tours, which allow to recognize the assets
located in every area of the buildings. Although much has been written about obtaining the best
possible accuracies for extensive asset surveying of large-scale building complexes using iMMS
systems, it is now essential to develop and define suitable procedures controlling such kinds of
surveying, targeted at specifically geospatial applications. We especially address the design, field
acquisition, quality control, and mass data management techniques that might be used in such
complex environments. This work attempts to contribute in this sense by defining the technical
specifications for the implementation of geospatial mapping of vast asset survey activities involving
significant building sites utilizing iMMS instrumentation. Three-dimensional models can also
facilitate virtual tours, enable local measurements inside rooms, and particularly support the
subsequent integration of self-locating pictures based technologies, that can efficiently perform field
updates of surveyed databases.

Keywords: real estate; indoor mobile mapping; surveying procedures; self-localization; geospatial;
slam; digital twin; assets management;

1. Introduction

The construction and real estate sectors are undergoing a significant transformation due to the
implementation of the BIM approach, and it increasingly being required by various global standards.
Indeed, BIM technology possesses significant potential to enhance automation within the
Architecture, Engineering, and Construction (AEC) sector and is progressively becoming a standard
in numerous nations [1-11].

Based on the assumption that the BIM model is available when working on construction sites
and particularly when managing large building assets, a number of technologies have been
developed through dedicated software platforms that enable the stacking and asset management
phases of even extensive building assets. Specifically, some application platforms allow the
recognition of assets in the field while concurrently geo-locating them by using images acquired by
mobile cameras. Consequently, appropriate software platforms facilitate centralized asset
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management through the population of management databases, enable sophisticated functionalities
that permit field operators to autonomously find out where they are within the building and identify
and "tag" objects and elements in the field, thus allowing real-time compilation and updating of what
is happening in the field, rather than merely managing the collection of such valuable information
and data in real time with the operations center.

The breakthrough has made three-dimensional indoor mobile mapping instruments equipped
with high-resolution cameras, highly competitive in capturing the three-dimensional geometry of
extensive real estate assets, offering sustainable time and cost advantages over the static laser
scanning method.

Through camera integration, iMMS systems provide in the same time the recognition and geo-
location of assets, the production of maps of the site and enable three-dimensional measurements
throughout buildings. Web-based virtual tour navigation within the buildings can also be set up, and
the production of a three-dimensional point cloud of site can be obtained.

The article presents, in paragraph 1, “State of the art of systems for Indoor Mobile Mapping
(iMMS)” the evolution of iMMS technologies over time, the state of the art of indoor mobile sensing
technologies and possible future developments, highlighting the characteristics, merits and
limitations of dynamic sensing instrumentation, particularly for use in geospatial-type applications.

Section 2, “Building asset facility management,” introduces the concept of building asset
management and what technologies are currently being used for such purposes, and how mobile
mapping devices can help for this topic.

Section 3, “A case study in Milan - Italy,” describes the characteristics of a successful case study,
at the Municipality of Milan, Italy, in which iMMS technologies have been used to perform an asset
census of the entire housing property stock of the Municipality itself. A large real estate asset manager
wanted to proceed with a project of speditive geometric survey and stacking/inventory/updating of
the assets in that housing portfolio. The needs that this real estate asset manager needed to address
are described. How the survey specifications have been defined, which differ from the specifications
usually employed for topographic building surveys, are described.

Section 4 specifically the iMMS technology applied to perform the asset survey by introducing
how the data were processed. The technical choices adopted, both in terms of sensors, instruments
and surveying procedures, are analyzed in detail.

Paragraph 5 goes into detail about the procedures applied at the City of Milan surveying project,
in the organization of surveying activities and the procedures adopted in order for the work to be
carried out in quality.

Paragraph 6 describes in detail the way in the survey was carried out in order to allow the
technicians to navigate through virtual tours within the three-dimensional-photographic model in
order to recognize the assets of the buildings in the images.

Paragraph 7, “archiving of surveyed data and management of survey results, describes the flow
of data and how the survey was archived by the developer of the works.

Section 8, “Survey results,” shows some examples of the survey issues that emerged and some
examples of outliers found during survey activities.

Paragraph 9, “Conclusion,” presents in summary some comments and considerations that arose
from the project and how this activity fits harmoniously with recent technological developments.
Future developments and studies are presented.

1. State of the Art of Systems for Indoor Mobile Mapping (iMMS)

The increasing demand for three-dimensional surveys to extract BIM models of existing
buildings has been accompanied by the increasing widespread use of terrestrial laser scanners (TLSs)
[12-18]. In all those cases where restoration or renovation of an existing building is to be carried out,
if the project is to be realized with BIM approach, it is in fact necessary to make a three-dimensional
survey and then an extraction from the point cloud model of a parametric model. The laser scanner
survey operation and subsequent modeling of pipes, pipelines, and tanks have rapidly become
standard in industrial settings, particularly in oil and gas facilities, where the operation, known as
"scan to BIM," has found rapid application and success [19] [20]. The regular and standard geometries
of the service networks of these facilities have rapidly demonstrated the high effectiveness and
productivity of automatic or semi-automatic geometry recognition in particular on oil&gas
environments using point clouds acquired by static laser scanners [21-23].
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In contrast, in the field of construction and real estate, these tools are significantly less effective.
Consequently, the modeling operations, specifically the scan to BIM process, are primarily based on
the operator's manual actions, resulting in significant costs and time. Nevertheless, operational issues
remain to be resolved and effectively managed, such as through the use of artificial intelligence
algorithms. The scan to BIM in real estate and construction is primarily based on the creation of
catalogs of known geometries, which the operator has to recognize and apply to the point cloud
model of reality, rather than on processes that allow the automatic extraction of geometries from the
point cloud [24-26].

The scan to BIM process is challenging to implement for many projects with restricted budgets.
Because of this challenge, the laser scanner is frequently employed in surveying applications on
existing buildings, resulting in the production of 2D representations of floor plans and elevations.
The point cloud is used just to extract point cloud profiles, and the restitution of the floor plans,
profiles, sections, and elevations to CAD is performed manually by operators. Consequently the BIM
model is subsequently generated by starting from the floor plans and manually adding the heights
measured by the laser scanner model into the modeling software. Further difficulties that have
limited the laser scanner's widespread adoption are attributable to the fact that in order to merge the
three-dimensional scans obtained from various stationing positions with the laser scanner, each scan
must observe at least three targets that are common to the adjacent scans. The processing times
required to obtain the complete point cloud model are lengthy, with an estimated duration of
approximately three times the time required to scan the point cloud in the field.

Initially, this issue was one of the main challenges that data-processing software developers and
TLS instrument manufacturers attempted to solve in order to speed up the alignment processes
between scans. The operation of locating and recognizing targets or markers that are also present in
the adjacent scan, as well as the field placement of printed targets or spheres covered with reflective
materials, is in fact a time-consuming procedure. On the other hand, the effectiveness of automatic
alignment algorithms between scans might not produce accurate and stable results. [27-31]. For this
reason, the utilization of targets for merging scans is still prevalent in outstanding applications, as it
ensures the quality and accuracy of the registration process between scans.

Consequently, if it is imperative for engineering reasons to implement a BIM model, it is
necessary to run a survey through TLS instrumentation, resulting in the incurred costs of this
operation. In the circumstance that the BIM model is only functional for facilitating the
implementation of digital procedures that improve the efficiency of building management, as is the
case in our scenario, these expenses are currently totally unrealistic.

The introduction of mobile surveying technologies has been a significant contributor to the
reduction of surveying costs in this context. It was around the year 2000 that the scientific community
became interested in the development of mobile mapping systems [32-34].

The market saw the emergence of surveying systems that were based on mobile mapping
technology between the years 2000 and 2005. These instruments were equipped with a LIDAR sensor,
a camera, an inertial IMU system, a DMI, and GNSS [35]. These tools, mounted on vehicles, provide
efficient surveying of extensive open areas, especially metropolitan centers and infrastructure.
Nevertheless, outdoor mobile mapping systems have not influenced the construction and civil
engineering sectors, as their operation requires being able to get the instrument's position using GNSS
methods, either in real-time kinematic (RTK) mode or through post-processing. On the contrary,
buildings and residential construction are environments where GNSS signals can often not be
trackable, an important issue that has typically restricted the use of outdoor mobile sensing
instruments in these operating environments [36—40].

Since the 1990s, academics, particularly in the field of robotics, have started the development
and testing of algorithms for self-localizing robots in confined environments, in particular
warehouses. Algorithms known by the acronym SLAM, which stands for Simultaneous Localization
and Mapping (proposed and defined by Smith in 1986), [41] permit to an instrument equipped with
appropriate sensors to autonomously determine its position within a building or a three-dimensional
environment (initially applications involved automatic positioning within automated warehouses),
simply by observing its own position with respect to a 3D panorama of fixed elements in space, such
as the walls, floors, pillars [42-44]. By analyzing the changes in its position relative to a static
environment, the instrument applies SLAM algorithms to estimate its trajectory in order to
accomplish self-localization within that environment. Consequently, the device can indirectly
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survey the geometry of the surroundings. The SLAM positioning and 3D survey was initially
introduced in robotics, where a robot can understand its own position and orientation in the space,
thanks to the measurements of Lidar and IMU sensors, starting from an unknown location [45].
Commercial SLAM solutions for professional operators began to emerge in the 2010s. These systems
mostly uses multi-beam LiDAR sensors from the automotive sector, coupled by IMU sensors of
variable accuracy [46—48].

At the moment, these instruments offers efficient indoor surveys throughout buildings, urban
areas, tunnels, and mines, with extremely fast timelines and local accuracies on the order of about 5
mm / 2 cm. There are also numerous applications in environmental, spatial, cultural heritage and
even BIM modeling, [49,50] permitting in fact to utilize the point cloud generated by these systems
for BIM modeling [51], with a focus on LoD (Level of Development) classes that are compatible with
the accuracies of these systems. The main limitation of such solutions lies primarily in the local
measurement accuracy, which is on the order of centimeters, and in the geometric drifts to which
such systems can be subject for medium/large-scale surveys. In order to reduce the effects of such
geometric drifts, numerous slam-based tools are forced to impose that in the field detection phases,
the starting point of the detection coincides with the endpoint of the surveying [52].

Nonetheless, these technologies have the significant advantage of facilitating the rapid
assessment of large locations, producing survey accuracies frequently aligned with the specifications
of a real estate rehabilitation project, typically within 1 — 2 cm locally and several centimeters in the
global survey. SLAM technology provides a great simplification of field measuring processes while
simultaneously reducing their costs. Due to the fact that the centimeter-level accuracy of the global
model in geospatial projectsis not needed, the setup of control points or control scans can be
abandoned in such applications [53,54]. A important advantage of the iMMS SLAM-based techniques
is its capacity to operate in mixed environments, that includes outdoor as well as indoor conditions,
with the only main constraint being the need for adequate three-dimensional geometry in the
surveyed areas [55,56]. This limitation precludes open areas lacking of geometrical features, such as
broad spaces or places characterized by highly regular geometries, like regular concrete road tunnels.
Moreover SALM requires that the surveyed geometry remains stable, and consequently,
measurements in densely vegetated areas with high winds moving the leaves should be avoided.

The data processing approach of static laser scanners is substantially different from the process
of producing the point cloud from such instruments. The point cloud that is generated in a post-
processing phase by the SLAM algorithm for systems that rely on it does not precisely match the data
acquired by the LiDAR sensor. In reality, the operator's trajectory during the surveying processes is
estimated through the combination of the raw data acquired by the lidar sensor with the data from
the IMU. Such an operation is performed in post-processing, and various system manufacturers and
research teams have developed proprietary solutions to improve and optimize the estimation of the
instrument's trajectory [57,58].

It is obvious that the quality of the point cloud model generated is directly correlated to the
accuracy of the trajectory estimation provided by the instrument. After the trajectory is estimated,
the software generates the point cloud at the required resolution, taking into account any geometric
constraints that typically consist of control points. Consequently, it appears contradictory to
surveyors that are familiar using TLS devices, that for example remaining stationary with the iMMS
device during the acquisition, for instance in a specific area of a building, significantly increases the
data to be processed, but this does not contribute to the increase in the density of the point cloud
model that the system will generate at the conclusion of the data post-processing.

Finally we can say that the introduction of the SLAM solution immediately represented a
valuable aid in making the surveying operations of large real estate complexes faster and more
sustainable [59-61]. For the first slam-based systems, the most significant limitation was the high
noise of the three-dimensional data and the substantial geometric drifts affecting the trajectory
estimated by the algorithm. For these reasons, SLAM devices have been utilized primarily in
applications where the main goal was not to achieve high accuracy in three-dimensional survey.
Experiences such as Microsoft's indoor localization competition [62,63] or IPIN (International
Conference on Indoor Navigation and Positioning) [64,65] have made significant and interesting
contributions to the development of SLAM algorithms [66-70].
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Figure 1. The mobile mapping devices installed on trolley. (a) Viametris iMS3D [72] (b) The NAVVIS M3 [73] (c)
Trimble TIMMS [74].

To use such systems for the contextual identification of building geometries and the geolocation
of objects and their attributes, which is the focus of this contribution, it is essential to concurrently
capture images of the navigated environments with the geometries. Initially, systems capable of
obtaining geometries and simultaneously high-quality images were restricted to equipment mounted
on mobile trolleys, such as Viametris iMS3D [71]. The main advantage of such instruments was
clearly to alleviate the operator from carrying heavy instruments and provide high-
resolution images. On the other hand to manage high resolution images necessitated a powerful
enough data processing unit and consequently, an adequate battery pack. The combined effect of the
two components resulted in considerable heaviness of the PC and batteries, necessitating the usage
of trolleys (figure 1) for the all staff movement. This clearly restricted the use of such solutions in
complex locations such as multilevel building sites and industrial facilities, as well as restricting them
from moving in areas with stairs, steps, and irregular surfaces.

Without going into the specifics of obsolete platforms, modern developments have changed
these systems into solutions that are more manageable for operators. Examples of such instruments
include the Gexcel Heron Twin Color (figure 2a) [75,76], Viametris MS-96 (figure 2b) [77], and
NAVVIS [78] (Figure 3a) and Leica BLK2Go [79,80] (figure 3b) which, despite employing different
solutions, are distinguished by increased carry versatility, permitting the system to be carried on the
operator's shoulders, thus enabling access to environments such as buildings and construction sites.
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(a) (b)
Figure 2. (a) Heron Twin Color by Gexcel [75] (b) MS-96 by Viametris [77]

These solutions facilitate the acquisition of images synchronized with photographic images,
which allows the creation of three-dimensional models in color and particularly allowing for
navigation through a Virtual Tour approach, where users can explore the spherical images captured
by the system. This enables the recognition of objects and elements within the scanned sites, while
enabling their localization, the measurement of interior geometries, and the acquisition of three-
dimensional data necessary to the BIM modeling of the buildings.

(a) (b)
Figure 3. (a) VLX2 by NAVVIS [78] (b) BLK2GO by Leica [80]

Portable systems can now be used in an affordable and logistically feasible way for the 3D
mapping of complexes in the geospatial domain, extending beyond strictly topographical contexts
[81].

2. Building Asset Facility Management

As stated in the introduction, the purpose of this article is to investigate how mobile mapping
technologies may facilitate the use of new technologies for locating, identifying, and cataloging assets
inside buildings . This is especially relevant for the management of large real estate portfolios.


https://doi.org/10.20944/preprints202502.1848.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2025 d0i:10.20944/preprints202502.1848.v1

7 of 41

2.1. A general Introduction to Building Asset Management

Facility management is becoming increasingly important in the building restoration and
maintenance business due to its capacity to streamline processes and considerably reduce
management costs. A field survey of assets for large real estate properties, serves mainly to update
and enrich the information assets that, in technical ambitus, accompanies the database already
available within the management information system of the company that manages the buildings.

Numerous experiences have shown that the survey of assets must allow:

e Increase the amount of data available, while correcting any errors and inaccuracies in the
information system;

e Providing the property manager with valuable support, overseeing the financial aspects and
resources designated to facility operations, and evaluating and managing expenses associated
with building maintenance, repairs, renovations, and utilities to ensure the efficient allocation of
resources;

¢ Opverseeing and authorizing contracts and service providers for a variety of services, including
sanitation, cleaning, and security;

e Conducting routine inspections, changes, and maintenance to guarantee the facility's daily
operations;

e Improving the administration of flat relocations;

¢ Opverseeing the appropriate care of essential services, including heating and water;

e Ensuring that facilities comply with government regulations, health and security standards, and
energy efficiency standards;

e Supervising teams of employees or third-party laborers who are responsible for security,
maintenance, and cleaning;

e Supervising the implementation of improvements and enhancements;

e Facilitate the design activities of exceptional maintenance work and optimize the sizing of
contracts for the acquisition of works, goods, and services;

e DPossess the indicators required for the development of comprehensive analyses regarding asset
management performance and potential development scenarios.

At the moment, the collecting of primary site geometry and the cataloguing and inventory of a
vast number of different data has been done mostly using various software applications based on the
use of digital devices as cameras or notepads to collect the data on the field. Employing a tablet with
a floor plan in the background, usually in PDF format, surveyors walk through buildings and
geolocate information on dedicated software (Figure 4).

Figure 4. The use of a tablet with a floor plan on the background is currently use for census projects. Courtesy
of Dalux [82].

Consequently, there exist several applications that facilitate and regulate such activities. For
instance, Acca's applications [83] are very prevalent in Italy, where of this case study is realized;
however, there are various other software applications, frequently originating from the construction
sector mainly responding to the terminology of “building asset management software,” as Asset
Panda [84] , Faciliteasy [85], Asolvi [86] UpKeep [87], to name as examples some of the most popular
applications. Such platforms include capabilities such as inventory management, inspection,
maintenance management, and scheduling and planning of maintenance activities. Nearly all these
programs provide field apps for data acquisition in situ.
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An operator, visiting the building according to the PDF floor plans of the various levels, may
match each location (e.g., room, lobby, hallway, etc.) with the collection of assets and items located
within that specific area. Consequently, it is possible to execute the stacking and inventorying of
sensors and assets inside the building (such as temperature sensors, fire sensors, intrusion sensors,
etc.), rather than cataloguing the location and attributes of lighting, doors, locks, switches, plugs, and
speakers. Such programs frequently incorporate advanced functionalities for site document
management, cost analysis, and maintenance and asset management operations. These programs
automatically can run if the building plans and/or the corresponding BIM model are available.
Collection of data activities for populating building asset databases are conducted manually by
operators and typically don't allow dimensional measurements, such as the dimension of doors or
the height of a parapet or electric button from the ground.

2.2. iMMS Platforms for Asset Management Applications: General Principles

The software-based systems discussed in the paragraph 2.1., particularly based on a tablet for
uploading maps of visited areas, evidently contain certain disadvantages. Building plans must be
available, object recognition must be conducted in the field by the operator without a photographic
record of the current condition, and 3D measurements cannot be taken; furthermore, 3D
measurements of the entire or partial environments traversed cannot be extracted. The advent of
mobile mapping devices integrated with high-quality cameras has consequently expanded the
possible uses of iMMS systems. iMMS instruments, initially developed as self-locating devices and
subsequently employed for rapid surveys in indoor environments, can now efficiently record assets
in various contexts, consequently supporting geospatial applications (figure 5).

Figure 5. Example of a survey by iMMS (University of Brescia campus).

Moreover, alongside the three-dimensional survey of the sites, the imaging features enables the
recognition of assets within buildings and three-dimensional measurements. In addition, if not yet
present, it is possible to obtain floor plans or elevations of buildings.


https://doi.org/10.20944/preprints202502.1848.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2025 d0i:10.20944/preprints202502.1848.v1

9 of 41

Figure 6. A BluePrint of a University of Brescia building, realized using a mobile mapping device.

So, SLAM surveying allows at the same time to be employed for classical surveying activities,
while photographic acquisitions can be used for the recognition and positioning of assets within
buildings, but also as evidentiary documentation of the actual state of a building. By positioning, in
this case, we do not mean in detail just the spatial coordinate where such an asset is located, but rather
knowledge of the environment where the assets are located. For example, knowing the location of a
fire extinguisher placed inside a building means also being able to indicate in which room, of which
building, and on what floor of that building that fire extinguisher is located. This example is
illustrative that the way to carry out a classic survey with iMMS instrumentation aimed at
topographic mapping of a building, is radically different from the way to proceed for an asset survey
activity. Different objectives are followed by different methods and procedures, which will be
appropriately described in the following sections. The survey by dynamic instrumentation, therefore,
allows the production of different deliverables.

The deliverables that can be obtained from iMMS instruments are analyzed in the following
paragraphs, describing the challenges and methods for extracting these products and general
operational advice depending on activities focused on asset management rather than accurate 3D
topographic surveying. Particularly depending on the deliverables to be extracted from a survey with
dynamic instrumentation, the choice of iMMS instrumentation to be used in surveying activities is
also derived. The following paragraphs are intended to help and define guidelines of the choice of
mobile surveying systems depending on the deliverables that are intended to be extracted in an asset
management activity

3. A case study in Milan - Italy

3.1. Introduction

The methodology employed in Milan, northern Italy, is remarkable in relation to the state of the
art technologies applied. The case that was examined and that allowed for the study, analysis, and
definition of operational procedures for an extensive survey of assets associated with large building
heritages using an iMMS approach is that of the Municipality of Milan in northern Italy. The
project relates to the Municipality of Milan, which in 2015 delegated the management of its public
housing assets to the company Metropolitana Milanese (hereafter MM) [88]. The housing inventory
of the City of Milan comprises around 1,100 structures, organized into over 300 complexes. These
buildings contain almost 30,000 housing units, around 1,300 of which serve non-residential purposes,
referred to as "miscellaneous uses," including stores, workshops, and offices. Furthermore, there are
around 9,500 units, including garages and parking spaces, resulting in a total of nearly 40,000 units
under management. This statistic comprises around 1,500 housing units situated in adjacent
municipalities or beyond the City of Milan. The public housing inventory maintained by the
Municipality of Milan exhibits a clear historical stratification, fundamentally associated with the
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cyclical pattern of housing initiatives aimed at assisting the economically disadvantaged elements of
the population during the previous century. The development of this housing stock can be delineated
into three primary phases. During the initial years following World War II, in the mid-1960s, and in
the mid-1980s. Subsequent to these three phases, the municipal authority progressively withdrew
from the construction of housing for the economically disadvantaged population. The chronological
organization of building initiatives led to the development of a markedly diverse inventory. MM
resolved to undertake a project aimed at closing the knowledge gap within a substantial segment of
the managed heritage sector. For these structures, concerning shared areas both internally and
externally, as well as technological facilities, a decision was made to conduct a field survey campaign
in preparation for further targeted census efforts. The project activities are overseen by MM's
“Housing Division,” responsible for managing the public housing inventory owned by the City of
Milan, from which all contracts, including the one in question, pertaining to maintenance activities
on the buildings are processed. The project encompasses 498 structures, arranged into 142 complexes,
distributed over 9 regions of responsibility.

]

P

(@) (b)

Figure 7. (a) The buildings of project, managed by MM inside Milan are organized in 9 main areas. (b) Milan is
the main industrial city of Italy, located in the North part of the country (Courtesy of MM).

A building complex is a collection of one or more buildings that are subject to a centralized
governance structure, figure 8. The position and site address of the single central gatehouse is
frequently the primary distinguishing code of a complex, as the buildings within it usually share the
same boundaries, which is frequently delineated by a gate or walkway that clearly delineates the
complex's area of authority.
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N° SCHEDA COMPLESSO 39
MM - Metropollta na Milanese COD. COMPLESSO [ 200019 lNOME COMPLESSO I GIAGGIOLI 7
DATI GENERALI
' [COD. SEDE : )
[ZONA DI DECENTRAMENTO: 6
//, 3 PRESENZA CUSTODE : NO
) [STATO MANUTENTIVO [scala 1-4 3

[ Buildings N*: 498 |

[Buildings Complexes N° : 124 ]—‘ ’

ANAGRAFICA GENERALE

[COD. COMPLESSO [n°] 200019
INOME COMPLESSO [n*] GIAGGIOLI 7
INDIRIZZO COMPLESSO VIA DEI GIAGGIOLI
[QUANTITA' EDIFICI PER COMPLESSO [n°] 8
[COMUNE MILANO
[ANNO DI COSTRUZIONE 1959

Figure 8. Example of organization of a complex of buildings. In this case the complex has a code “200019 “and a

name “Gaggioli 7. The complex was built in 1959 and is composed by 8 buildings.

Typically, the administration of routine and extraordinary maintenance contracts for the
buildings in a complex is conducted in an aggregated approach. In addition, buildings within a
complex typically share essential services, including the heating plant, a connection of technical
services such as water distribution or electricity, and garbage collection spaces, rather than access to
the parking areas and/or garages of individual apartment owners or residents. The data acquired in
the field during the surveying process are intended first and foremost to update and enrich the
information assets that, in the technical domain, accompany the database already available within
the management information system in use at MM. The asset survey should allow the adhering to:

e Increasing the amount of data available and fixing any errors and inaccuracies in the information
system.

e Providing valuable support to MM for the monitoring of the financial aspects and resources
assigned to facility operations, evaluating and managing expenses associated with building
maintenance, repairs, renovations, and utilities to ensure the efficient allocation of resources.

e Supervising and empowering contracts and service providers for a variety of services, such as
sanitation, cleaning, and security;

e Handling periodic checks, adjustments, and maintenance to guarantee the facility's daily
operations;

¢ Improving the administration of apartment relocations;

e Overseeing the appropriate management of essential services, including heating and water;

e Ensuring that facilities comply with government regulations, health and security and
safety standards, and energy efficiency benchmarks;

e Supervising teams of employees or third-party workers who are responsible for security,
maintenance, and cleaning;

e Supervising developments and improvements;

e Supporting the planning activities of extraordinary maintenance works and optimising the
organizing of contracts for the acquisition of works, products, and services;

e Possessing the indicators required for the development of detailed analyses regarding asset
management performance and potential development scenarios.

Based on the previously mentioned general goals MM determined that the survey should
proceed with the implementation of the most innovative technologies, which would enable the
following results to be ensured in detail:

e Tobe able to obtain a state of affairs for the common areas of all surveyed buildings, which would
enable the extraction of expeditious plans of these environments with local centimeter accuracies;
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e To enable the taking of local three-dimensional measurements and the subsequent association of
assets within the buildings with each area. Mainly for the purpose of cost containment, it is
unnecessary to guarantee global centimeter-level accuracies in the surveying of the complete
complexes and buildings. Additional requirements included the ability to navigate the items in
a topologically and unambiguous way, as well as the accuracy of measurement and geolocation.

e Acquire photographic and geometric documentation that enables the identification of assets and
items in the buildings and the integration and updating of data already present in the company's
information system;

¢ Enable the storage of photographic and three-dimensional documentation of the buildings in
formats that are not restricted by proprietary software for relative visualization in the near future;

¢ Enable the acquisition of a three-dimensional point cloud model of the buildings to facilitate the
future use of automatic self-location applications. Define an online platform for the exchange of
three-dimensional and photographic data.

3.2. Project Technical Specifications

Taking into account the provided details, a list of survey criteria was created to be accomplished:

e To identify all necessary assets and categorize them into several classifications such as rooms,
staircases, public areas, external pathways, and technical rooms;

e To facilitate centimeter-level local measurements;

e To disseminate the survey results on the cloud as a virtual tour, enabling MM technical staff to
identify the assets and populate the database;

e Point Clouds and RGB data must be stored on a server without utilizing proprietary formats, but
using open formats as E57, JPG, TIFF, or LAS;

e A quality assurance mechanism must be established to facilitate real-time quality monitoring of
the survey.

e Toprovidea 3D point cloud model in the way to allow to run innovative autolocalization systems
based on the matching between point cloud and images taken from a camera carried by the
operators

3.3. Characteristics of the Instrument and of the Surveying Methodology for the 3D Survey of the
Buildings

To carry out the building's 3D Capture activity and complete the task outlined in the previous
paragraphs, it was decided to use an indoor mapping system based on SLAM technology and
multibeam Lidar sensors, capable of providing a 3D model of surroundings with synchronized and
calibrated high resolution panoramic images. Nevertheless, the selection process was focused on
systems that possessed high-quality photographic acquisition capabilities. This was necessary to
facilitate the identification of assets and items in the common areas of the structures through the
examination of the spherical images captured by the systems.

4. Instrument Used in Milan and Specific Mapping Approach Solution Applied
to the Case Study

4.1. Heron Backpack — Mobile Mapping System

The Heron MS Twin Colour mapping system, produced by Gexcel, has been utilized in the
project [89]. The producer offers various versions of the instrument. The main version adopted in the
project (2021-2022 version) includes a smart controller that incorporates the device's intelligence and
a compact battery pack. The capture head is composed by an IMU, two lidar sensors (Velodyne 16-
line multibeam) [47] [90], and a panoramic camera composed by 2 lens, which can concurrently
acquire RGB video at 24 Hz with 4K resolution (for point cloud colorization) or high-quality 5K RGB
photos upon request (to support 360° virtual tours).
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(@) (b)
Figure 9.: (a) The capture head of the Heron device; (b) Velodyne VLP-16 rotative LIDAR sensor

At the conclusion of the survey operations, the acquired data, which consist of LiDAR
measurements, IMU measurements and panoramic images, are processed for individual trajectories.
This activity is carried out through the Heron Desktop application [91] supplied with the instrument,
which allows processing the raw data acquired and applying a patented SLAM algorithm allows
estimating the instrument trajectory. The procedure utilizes IMU data to ascertain the sensor's
approximate location and spatial orientation. This is further enhanced by a registration process
employing the renowned Iterative Closest Point (ICP) technique to align each point cloud (a singular
360° scan) with its predecessors. The processing workflow follows three main steps: odometer, local
maps and global optimization.

ODOMETER

LOCAL MAP

CLOUDS

GLOBAL OPTIMIZATION >

Figure 10. Data processing workflow: (1) Odometer: The LiDAR point clouds are sequentially aligned to
compute the geometric SLAM trajectory; (2) Local Map: The trajectory is organized into segments, and the
associated point clouds are aggregated in the so called local maps; (3) Global Optimization: The local maps are
interconnected through a bundle adjustment process to minimise residual drifts.

The odometer step consists of calculating an initial estimate of the trajectory, followed by the
instrument during the survey.


https://doi.org/10.20944/preprints202502.1848.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2025 d0i:10.20944/preprints202502.1848.v1

14 of 41

The initial trajectory estimate is obtained using a geometric SLAM algorithm, and this result is
simultaneously compared with the IMU estimate to provide a co-evaluation of both: convergence
between the two methods is indicated by green coloring.

The second step, local maps, is a way of segmenting the point cloud, previously represented as
a continuous acquisition, into data chunks generated by dividing the acquisition trajectory into
chunks of defined length.

The local map representation creates rigid groups of points that can be aligned during the global
optimization phase. “3D local maps,” subdivides the surveyed point clouds into sectors (Figure 11)
such as were static scans acquired, at a generation distance defined according to the geometries of
the surveyed environments.

Figure 11. The local map phase of the Heron Desktop software. The produced local maps are presented in
various colours.

The aim of this final operation is to refine the estimated trajectory, allowing some flexibility in
the alignment of individual data chunks within it to compensate for sensor drift. For surveys that
consisted of multiple acquisitions, manual connections between local maps were used to connect the
roof, the exterior and the ground floor together, and then the entire network of connections between
local maps was optimized, a process that reduces the error between local maps through iterations
that find the best fit between point clouds. Figure 12 shows views of the 3D network of connections
between local maps during the global optimization process.
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Figure 12. The centroids of local maps, denoted by coloured dots, are automatically linked for the final bundle
adjustment and optimisation procedure.

Each colored dot represents a local map, i.e., a point cloud, a part of the acquisition that can be
freely adjusted in position during the optimization process (the dot is placed at the center of mass of
the local map). Each blue line represents an iterative best-fit constraint between two overlapping local
maps. The entire global optimization results in an optimized estimate of the survey trajectories. In
the case of low overlap and point matching, no connections between local maps are added. This
approach avoids the restriction, often present in SLAM tools, that the survey start position must
coincide with the survey end position [92-95].

If, as designed in the survey phase, the survey paths have limited areas of overlap between
trajectories, the algorithms present in Heron Desktop allow the trajectories to be merged. This makes
it possible to generate a single point cloud, with associated spherical images, for the entire complex.
This activity requires good experience and expertise on the part of the operators. The final point cloud
with the corresponding spherical images are part of the final delivery of the survey. The mobile
mapping device and the Heron Desktop processing software can also use point cloud data acquired
by other instruments to support the acquisition or processing phase. This is done by loading the
external point cloud into the memory of the system during real-time acquisition or into the software
during post-processing. The sensors have a nominal accuracy of + 3 cm, attributable to the nominal
accuracy of the Velodyne VLP 16 sensors adopted [96]. Enhanced local accuracy can be achieved via
Hesai 32-line sensors (figure 13) [97], which have a nominal range precision of 5 mm (1 o) and a
accuracy of £ 1 cm. These sensors have been recently introduced in the Heron device by the
manufacturer Gexcel.

HESAI Bl
'I! PandarXT 1

Figure 13. The Hesai mid range lidar PANDAR XT32 [97]

() (b)
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Figure 14. (a) The latest version (2024) of the Heron Twin Color (b) The University of Brescia team during some
field tests on one of the Milan Location.

The methods that have been implemented to guarantee adherence to MM requirements are
outlined below. According to the project's significant innovation, the technical specifications were
delineated through execution of a prototype project conducted prior to the commencement of the
survey operations, on a complex of buildings. This facilitated the development of methods for field
surveying, data processing, and the evaluation of ongoing activities.

4.2. Accuracy of the Survey with iMIMS for Geospatial Applications

It is essential to clearly establish that the level of accuracy required in the project, is defined in
the way to prevent errors in item recognition and misallocation of assets to inappropriate areas of the
building. Basically, the SLAM survey is aimed at enabling the recognition of the geometries of the
different sections or components of a building with the goal of locating within it the assets present,
which should be reachable through a virtual tour with transitions between congruent spherical
views, and geometrically located within the relative room (height of a switch relative to the floor
level, width of a door, distance between the edge of a window and the adjacent edge of the room). So
a virtual tour that also has a global three-dimensional geometric representation, but whose accuracy
characteristics are not the primary objective, which if pursued would require a rigorous
topographical approach that is unmanageable due to the cost and investment of asset mapping
projects. In general, the accuracy of a SLAM survey with an asset management objective must first
ensure the local congruence of the three-dimensional representation.

Indeed, if some areas of buildings are present in three-dimensional views acquired by surveyors
at different instants, or following intersecting survey paths, these detections must be congruent. So
special attention must be paid in the local relative accuracy between different acquisitions, rather, as
is customary in classical topographic surveys, in global topographic accuracy. In fact the global
accuracy of the model of a large area diminished as a result of the SLAM based real-time method's
tendency to drift along long paths. That is why the final point cloud of the environment is established
through an off-line post-processing procedure that is executed using the Heron Desktop software,
which employs a comprehensive SLAM approach. The 3D map is generated by utilizing all the
measurements collected throughout the survey.
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Figure 15. Example of a 3D point cloud model of a complex of buildings in Milan.
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This involves a global registration of all the scans, which minimizes misalignment errors among
the clouds and closes any loops in the trajectory. Unfortunately a good global accuracy, to be
guaranteed, as before stated, requires topographic framing operations and time-consuming data
processing, which are incompatible with the costs of an expeditious survey. For the reasons, the local
relative accuracy required between overlapping acquisitions, can also be very high, i.e., of the order
of 2 to 5 cm, while the global accuracy have been limited to an order of 10 to 20 cm, i.e., of the order
of magnitude of a SLAM survey in the absence of topographic geometric constraints. Anyway we
have to remember that the performance of the SLAM algorithms can be significantly impacted by the
geometric characteristics of the surveillance area and by the presence of closed loops on the surveying
trajectories.

4.3. Possible Improvements of the Global Accuracy

In order to keep the deviations cited in paragraph 4.2 under control, the post-processing
software of the data acquired with Heron, i.e., the Heron Desktop software, allows, before generating
the point cloud, to insert control points or control scans (i.e., georeferenced point clouds that are part
of portions of static scans). However, such an approach would have required defining a control
topographic network for each building complex, going more than double the survey costs. One
approach that is generally employed in SLAM systems to contain the drifts of surveying trajectory
estimation is the mentioned one of performing closed-loop survey geometries. This fact would have
been a sensitive constraint for building surveying activities, forcing, for example, surveying the stairs
of a building, up and down, i.e., 2 times.

4.4. Surveying Trajectory Organization

In a survey with Heron SLAM instrumentation, trajectory crossing is frequently suggested for
improving the robustness and accuracy of the resulting three-dimensional point cloud model, as
shown in figure 16.
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Figure 16. Mobile mapping system trajectories for surveying three levels of the University of Brescia, Italy.
Overall length = 2680 m; acquisition time = 1 hour and 11 minutes. Trajectory crossing facilitates the reduction
of trajectory drifts.

In fact, the post-processing algorithm in the Heron Desktop software, provided in conjunction
with Heron for post-processing with SLAM algorithm, allows the link between surveys performed
with crossed trajectories to be strengthened through a patented approach called the Virtual Scans
approach. For the geospatial applications addressed here, if the goal is the recognition of assets from
images and their relative localization with respect to the surveyed environments, each overlapping
of trajectories is a source of potential difficulties in object recognition, for double imaging of the same
element and a source of the possibility of difficulties in navigation and object recognition/positioning.
In fact, if within a virtual tour there is no continuity in spherical views, it is possible both to get lost
in navigation and to fail to perform the operation of unambiguous recognition and location of assets.
So in these activities, crossing of trajectories should theoretically be avoided as much as possible.
However, thanks to Heron Desktop's patented algorithm, trajectory crossing allows for a hardening
between geometries and spherical views and thus automatically allows for congruence between
spherical views and three-dimensional models acquired from different paths that occasionally cross.
Where interferences/overlaps between trajectories are planned, it is necessary for the union of the
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surveyed model to perform a fusion of the overlapping detection paths, thus reducing to a minimum
the gaps between the trajectories and therefore between the pixels of the acquired images.

4.5. Quality and Use of Pictures

In surveys with geospatial goals, the photographic component of the survey plays a critically
important role, as it is from this information that operators can recognize assets and populate the
asset management DB. Indeed, MM technicians must be able to navigate via virtual tours through
the routes and recognize the details required to populate the rich DB. An important component that
determined the choice of the Heron system, therefore, was the quality of the image and its resolution,
appropriately tailored to the needs of the project. Considering that the surveys take place mostly
inside the buildings and in any case very close to the body of the building, it was considered sufficient
that the resolution of the RGB images be greater than or on the order of 5K, and much importance
was given to the overall quality of the images, which should not be blurred, dark or over/under
exposed. Indeed, the quality of an image is often confused with its mere resolution. Therefore, the
characteristics of the images had to be such that the technicians could recognize, from the photos, the
items, the assets present in the mapped areas, and in particular the attributes associated with them.
In the case of the Milan project, the company that won the contract was required to have iMMS
systems equipped with lighting to ensure image quality even for measurements taken in the evening
hours or in low-light conditions. For more specific details, such as names in intercoms, rather than
the technical identification plates of machinery in building thermal power plants, the possibility of
associating as an integrative document the photograph acquired with an external device (smart
phone, PDA, tablet) and associated as an attribute to the surveyed asset is provided. Obviously, a
mobile system with higher photographic resolutions would have made it possible to avoid such
procedures. A system capable of acquiring very high resolution images, however, would require the
mobile system to have simultaneously large computing, data management and storage capabilities
capable of handling the high resolution acquired in the field. However, this implies (as already stated
in paragraph 2) that as a result the instrument has high power consumption and therefore requires
having a good-sized battery pack on board. All this leads to larger system footprint and greater
weight of the instrumentation, details that make it less flexible and easy to use the instrument in
articulated and complex spaces with numerous scales as the case of the Milan project requires.

4.6. Resolution and “Density” of the Images

Since, as mentioned, the HERON mobile mapping system allows images to be acquired at 24Hz
frequency and 4K resolution rather than images at 5K resolution on demand. At the Milan Project it
has been defined for each type of asset the mode of photographic acquisition to be performed. Recall
that project's goal is in fact to allow its technicians to navigate within the survey through a simple
photo-to-photo approach, allowing even three-dimensional measurements to be made by operating
directly on the spherical photos. In the technical specifications, therefore, it was detailed for
surveying which items 4K photographic acquisition was deemed sufficient and for which items
minimum 5K resolution was required. This was in order to minimize the weight of the survey files.
In order to avoid splitting in image views, it is possible to filter the number of spherical images, so as
to define a minimum spatial distance, below which spherical views are not displayed, so as to avoid
excessive spatial overlap between adjacent spherical views. For Heron instrumentation such a
function is present in the Reconstructor software (figure 17) employed to export the spherical views
associated with the point cloud.
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Figure 17. Virtual tour inside a building of the Milan Project, using the Reconstructor software. The images are
taken on demand with a resolution of 5K.

Therefore, for the surveys in Milan, a 5k high-resolution photo acquisition was defined, with a
relative distance between spherical image acquisitions of no less than 5 meters. In the case where
on the contrary, images were acquired automatically and in low resolution by the system, during
post-processing the images closer than 5 meters were removed, since 4K continuous resolution
acquires a too large number of images. Thus, the goal was to manage a data acquisition limited to the
needs of the project, as it is necessary to take into account that the management and recording of
computer-heavy data is a major source of cost, both from the point of view of slowing down and
burdening data processing, and in terms of storing and saving such data over time.

4.7. Anonymization

A critical factor related to 3D surveys even with synchronized photographic cameras is the fact
that operating in environments open to the public or in the presence of the guests of such facilities (
residents, company employees, patients or staff of hospitals,...) the photographs go to document and
observe faces of people, license plates of cars and other sensitive elements that numerous
international and/or national regulations denied the right to be able to keep. Importantly, the ban
does not only cover the dissemination of images of such person/objects, but also the preservation of
such images. It is therefore necessary to activate processes in near real time, so that as soon as
possible, during or at the conclusion of mapping operations, the images are processed in order to
anonymize the sensitive elements present in the photographic sockets. In the case of the Milan project,
this procedure has not been implemented since the images acquired are only functional for asset
recognition and in no way shared or disseminated outside the operational chain of the project.
However, effective software such as the platform is available that allows automatic anonymization
of images acquired in the field, involving the anonymization of license plates, faces, bodies of people
and vehicles.
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Figure 18: Example of the results of an image anonymization realized by the Celantur Image and Video
Anonymization software [98]

5. Milan Project: Technical Specifications and Procedures to Enable the Work to Be of Quality
5.1. Organization of a Preventive Pilot Project

Given the complexity of the entire pipeline of work involving field surveying, processing of the
surveyed data with iMMS, delivery of results to MM technicians, recognition of items, general testing
of activities, sharing of data in the cloud, and storage of data, it is considered mandatory that for
projects of this size, a preliminary phase of work should be carried out to allow for verification of the
processes and technologies proposed. In particular, we detail what was carried out in the Milan
project, but which we believe should be a general rule to be adopted in such types of activities:

e Pilot Complex: prior to the start of work, a Pilot Complex has been defined in which data processing,
testing technologies and processes are tested, together with the software platforms and hardware
tools proposed;

e Survey methods and procedures: the result of the agreed activities in the Pilot Complex is the
definition of the survey methods and procedures.

5.2 Detection Modes and Procedures

Surveys using the SLAM approach are very sensitive of surveying dead times. As the operator
moves along buildings of the complex, he contextually capture the reality around him. In order to
optimize the field work activity, it is essential that the operator previously knows the path to follow,
minimizing dead time. As many complexes are composed of several buildings as high as 6-7 levels,
with paths connecting parking areas at ground level as well as underground, with entrances at
multiple levels, defining the optimal route to be taken to map all spaces adequately is a program that
has to be carried in advance, before starting the surveying process. In addition, access to buildings
must be preceded by communication to residents, scheduling the opening of doors to carry out
accesses and passages with the instrument, as well as entering areas and technical rooms usually
precluded from access. The surveying activity must also not interfere with any active routine or
extraordinary maintenance operations at the buildings as well as coordinate activities with the
facility's operations manager, who is in possession of the keys of all the areas and has detailed
knowledge of the organization of spaces in the building complex.

Specifically from the organizational point of view for each of the complexes to be surveyed, the
following procedures were defined and executed:

e Survey and preparation of the corresponding section of the Operational Report;

e Survey for data acquisition using innovative mobile mapping tools and preparation of the
corresponding section of the Operational Report;

e Processing of SLAM data and their structuring;

¢ Final delivery of the survey by the Contractor and acceptance of the work.

e Uploading of data to the cloud
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e Activity of recognizing assets in the data (images) loaded into the cloud

5.3. Site Inspection and Preparation of the Site and Operational Reports

To this purpose, it is evident that extensive professional surveying of large numbers of buildings,
where time-use efficiencies of the instrument are critical for cost management, cannot afford to have
the surveying activity scheduled in the field, without a prior inspection, by the surveyor. Therefore,
it is necessary to organize survey activities, carried out by specialized operators, who give clear and
detailed instructions to the surveyor about the routes to be followed for the survey, how to carry out
the survey with respect to the difficulties of accessing the different spaces of the buildings and in
order to avoid undesired crossing of trajectories. Namely, optimizing surveying paths and the timing
of mapping in the field. It is also obvious that a survey performed with the correct paths, with respect
to the subsequent post-processing data processing stage, significantly reduces computation time and
the possibility of errors in trajectory computation and generation of the final point cloud.

One detail that may be underestimated in surveying large-scale real estate assets is the
importance of this prior organization of which makes the files to be processed unnecessarily heavy.
e Dynamic survey instrumentation has extreme productivity but simultaneously has high

instrumentation and data processing costs. Therefore, the operator must be able to walk through
building spaces quickly, without downtime, to decrease the incidence of instrumental costs in
surveying large building complexes.

e Mobile mapping systems acquire a large amount of data, in the form of three-dimensional data
acquired by LiDAR sensors and images. While photographic data is usually acquired “on
demand,” three-dimensional data is acquired continuously. So, an operator stopping any
movement to decide where to proceed or to open a closed door causes a recording of unnecessary
three-dimensional data;

o Three-dimensional geometric surveying with iMMS, for geometric surveying purposes,
redundancy of surveying in buildings is considered a merit that strengthens and makes the
detected point cloud model more accurate. So, for such applications, the choice and definition of
trajectories can also be field-defined, as a double pass in the same areas only results in a minimal
loss of time but hardens the survey geometry. As described in previous paragraphs, in surveys
with the purpose of stacking assets, managing multiple trajectories is not necessary and introduce
just unnecessary computation time. So it is a good idea for the operator who is about to perform
expeditious surveys to already have a plan or document that already shows him the optimal
paths to follow minimizing survey time and unnecessary trajectory overlaps;

¢ The demand for high productivity, also requires the surveyor to know the location in the building
complex of certain elements that require special survey care, for example, such as the building's
thermal power plant, waste management room(s), any other technical rooms;

e To enable simplifying and speeding up survey and post-processing activities, survey paths
should be organized by short paths that have a sector in common with one or more survey
trajectories of the same complex so that the Heron Desktop post-processing software provided
with Heron can proceed to merge the surveyed models.

As mentioned in the previous paragraphs, it is also a good practice for the operator to already,
during the survey, mark the association between photographic sockets and the naming of the spaces
that are being surveyed (complex/building/stairs/level/corridor/room). In order to be able to carry
out this operation, it is necessary that it is already aware in a general form of the conformation of the
building complex to be surveyed. It is, of course, necessary that the iMMS system used be set up for
such a tagging function. These needs, for extensive surveying operations, make an efficient
operational organization essential. One possible solution, proven efficient in the Milan project, is the
inclusion of a procedure whereby each building complex is associated with an initial survey with the
drafting of a survey report and the drafting, at the conclusion of the survey, of an operational report
The reports have as their ultimate goal that of planning and documenting the execution of survey
activities in the field and of documenting any problems at the very act in which they arise, with a
view to dealing with them in the immediate term.

Obviously as the object and complexes to be surveyed change, the forms and organization of
these reports will vary contextually.
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5.4. Operational Report

The operational report shows the results of the planning on the complex to be surveyed. The

Contractor shall produce summary plans to support the surveyors' activities and in particular:

e Indicate the routes/trajectories to be followed in the survey phases, verifying in advance that
these routes are accessible and arranging for the opening of usually closed can or gates. The
routes are designed so as to make the survey as efficient as possible;

e Indicate the location of technical and/or service rooms to be surveyed;

e Associate each area surveyed with its name/identification code, as mentioned above, which
uniquely identifies it. Indeed, the surveyor must be able to know without doubt the name or
codes of the spaces he or she is traversing in order to associate that code with the spherical image
acquired. In the case of the Milan project, the areas to be surveyed are divided into 3 main classes,
namely the survey of building stairs, the survey of areas outside buildings, and the survey of
technical and/or service rooms. Below (Figure 19) is an example of how it was required to provide
a plan of the location of the technical rooms in a building complex, an example (Figure 20) of the
location of and code for the stairs, an example of how the exterior areas are to be surveyed (Figure
21), so obviously to connect the entrance of the stairs to the survey paths of the exterior areas.
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Figure 19. An example of operational report, where in a draft map are detailed the positions of the technical
rooms of the complex of buildings
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Figure 20. Example of operational report with the position of building staircases
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Figure 21. Example of a operational report where are detailed the suggested best trajectories to be follow by the
surveyor. The trajectories must have a minimum overlap so to be connected.

5.5. Survey Report

Based on the surveys and the work schedule, the field mapping activity is documented out with
a Survey Report (Figure 22 b) being produced. This document indicates the personnel who performed
the survey activities and reports any problems that occurred and could have interfered with the
survey activity.
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Figure 22. An example of a comparison between the survey route planned in the operational report (a) and the
result of the trajectory realized in the reality shown in the survey report (b)

5.6. Topological Structuring of the Spaces to Be Surveyed

In the Milan Project has be requested to associate each recognized asset of the building with its
location, not only in terms of coordinates, but rather in terms of its location within each area of the
building (common area, corridor, hallway, floor landing, basement, outdoor space, and so on). This
requirement differentiates the survey from the classical specifications of a classical topographic
and/or BIM-oriented survey, mainly focused to obtain an accurate point cloud model so to be able to
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run an appropriate scan to BIM process. The structure of the spaces of the complexes is quite simple
and consists of surveying the staircases of the buildings, areas outside the buildings, technical rooms
and services. It should be noted that individual apartments, occupied by renters, as well as
appurtenances related to them, are excluded from the surveys.

Table 2. This table represent the tree structure of how the areas of a typical complex of building is organized in

the DB
— Outdoor sites = Stairs
(identified inside a building)
= Facade
Building (identified inside a building)
B (identified with building cod.) = Thermal Power
Plant

' COTpIex- Thermal Power Plant (id.en.tified inside a
(identified with (identificata con cod. CT) building or complex)
Complex cod.) = Pumps room

(identified inside a
building or complex)
= fire-fighting room
(identified inside a
building or complex)
Waste storage site
(identified inside a
building or complex)

| Hydraulic Pumps local|

Waste storage site

Associating each spherical image with the appropriate building sector, in the post-processing
phase, turned out to be a very challenging task in practice. In fact, if the association between spherical
photograph and surveyed building space is performed in real time by the surveyor, this task is
expeditious and accurate. But such an operation performed in post-processing is particularly
onerous. However, the Heron instrument, like similar instruments of the same type, currently has
limited tagging capabilities during the surveying activity, so the association between image and space
was performed, where possible, had to be realized in the post-processing phases.

5.7. Virtual Photographic Tours Functional for the Geospatial Project

Essential to asset management activities is the capability of iMMS surveying to facilitate local
three-dimensional measurements and associate the assets within buildings with each respective area.
As previously stated, it is unnecessary for cost containment to achieve global centimeter-level
accuracy in topographic surveys of large complexes and buildings. Additionally, a level
of geolocation accuracy is usually required to ensure that the building can be correctly navigated
enabling the unique and topologically unambiguous identification of assets. This need is expressed
within the requirements of a maximum deviation between points and/or pixels of contiguous
spherical scans or images that are part of the same survey trajectory rather than from different
trajectories where the data somehow overlap. The maximum allowable difference between
neighboring data can be defined empirically on a case-by-case basis, contingent upon the
assets intended to recognise in the images and subsequently geolocalized in the model and moved in
the database. In conclusion, it is essential to guarantee the model's navigability and the
corresponding alignment accuracies between images, rather than focusing on global accuracy.

The surveyed data should therefore allow surveyors to create virtual tours within the surveyed
site to perform the action of asset recognition, the purpose of the project. A specific feature within the
Reconstructor data post-processing software, delivered by the Heron instrument manufacturer with
the instrument, facilitates the possibility of Virtual Tours of the surveys (Figure 23). While navigation
with such a tool is efficient, collaborative navigation within web-based platforms is typically favored
for this purpose.


https://doi.org/10.20944/preprints202502.1848.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2025 d0i:10.20944/preprints202502.1848.v1

25 of 41

Figure 23. Example of Virtual Tour navigation along the external part of a complex, by using the navigation tool
available in the on premise Reconstructor software

5.8. Survey Deliverables
The surveying process will be producing the following deliverables:
5.8.1. BluePrints Images of Surveyed Areas

By traversing the areas of the buildings, the mobile mapping system realizes a three-dimensional
survey of the locations. The 3D model, although rich in information, is difficult for non-specialized
personnel to be directly consulted. For this reason, in the Milan survey, it was also possible to produce
BluePrint plans of the mapped areas, making an orthophoto of the point cloud. Such orthophotos are
made in a scaled JPG image format, which can be opened either in graphic CAD software rather than
in image management programs. A free app is also provided, running on any Windows platform,
which allows the BluePrint to be viewed (figure 24), and distances, areas, and elevation differences
to be measured with a simple interface that allows even operators who are not experts in CAD or 3D
management platforms to take measurements in the surveyed areas.
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Figure 24. Example of BluePrint format. The GoBluePrint free app [99] can be used for easy measurement of the
surveyed sites.

5.8.2. Point Cloud with the Associated Spherical Images

For each complex, the survey provides a point cloud model with spherical images. The raw data
acquired by Heron are post-processed with the SLAM algorithm in the Heron Desktop software, that
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produce a point cloud model in PLY format. The point cloud model and the images are later movable
to the point cloud software, Reconstructor®, that takes care of the model geo referencing, editing
procedures and final registration, if needed, with point cloud coming from static scanners or from
other HERON surveying. The project structure of Reconstructor is named .RECPR]. Directly from the
Reconstructor platform it is possible to extract point cloud and co-registered spherical images in E57
format so to be directly moved to third parties applications.

5.8.3. Building Facades Orthophoto Pictures

In addition, but this aspect is beyond the scope of this article, in the Milan Project has been
requested that expeditive orthophotos of the point cloud of the buildings' facades, at the scale 1:200,
taken by terrestrial laser scanner, be provided (figure 25). The term expeditious indicates that the
scans were to be performed without topographical support, allowing for occlusions in the orthophoto
or non-detection of the facade in all cases where there were logistical difficulties or difficulties in
viewing the facades themselves.

Figure 25. An example of one of orthophoto views of the facades of the buildings requested in the Milan project.
The survey is carried on with Terrestrial Laser scanner, without use of control points, at the nominal scale of
1:200

5.9. Confidentiality of Data

A crucial aspect, increasingly required in many fields, is the establishment of data confidentiality
protocols. Leaving aside issues of quality and privacy of the company's data management
infrastructure, with respect to survey activities and instrumentation characteristics, a few key points
should be highlighted.

(a) First, Lidar-based systems, even more sensitively if equipped with a camera, are able to
acquire a digital twin of the surveyed environments with extreme care and detail. Already the raw
data, before its processing, itself contains sensitive and detailed information. Therefore, if the
surveying activity is performed not by the owner of the instrument but by an external service firm, it
may be that confidentiality rules impose that the data not only be handed over to the client
immediately after the completion of measurement operations, but that such data not be stored in
memories of the instrument so that it can be retrieved even if physically erased from such physical
storage supports. As such, instruments with data storage on removable physical storage media (such
as memory cards or USB sticks) might be required.

(b) Second, the spread of cloud-based data processing services, where the data processing
software is not provided to the surveyor but rather takes the form of an online data processing service
may involve uploading the raw data to an online portal. Once data processing is completed, the result
is shared with the surveyor. Again, before proceeding with the activation of such procedures it
should be verified with the site owner whether such online data sharing, however limited to the raw
data processing operation, may be permissible under the management and confidentiality protocols
of the client. Particularly in industrial or sensitive sites. such procedures may not be allowed. In the
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case of the Milan project, the problem of sending data for cloud processing did not arise because the
chosen instrumentation provides, along with the instrument, the appropriate software for on premise
data processing.

5.10. DB Structure to Be Populated

MM has a structured DB that contains a list of approximately 211 items and assets in the common
areas of its buildings, each with different attributes to be surveyed and documented. The main
purpose of the Milan Project was to populate and update that DB. This process must be performed
by MM technicians who, by observing the images acquired in the field, must associate each area of
the building with the assets present in that area. The recognition, at the moment, has to be done in a
direct way and machine learning algorithms, although present in the literature, have not yet been
implemented and tested for these activities. The survey must be realized so that these assets can be
recognized in the pictures captured by the mobile mapping system and localized in the correct spaces
(for example: complex/building/stair/level of the stairs). It is therefore obvious that the quality of the
images must enable such recognition.

Table 3. This table is an example of the DB structure by which the assets of the Milan project are managed

ITEM DESCRIPTION

Interphone Model / typology

Interphone Number of intercoms connected
to the external handset

Interphone maintenance status

Enlightening Bodies typology

Enlightening Bodies Number

Enlightening Bodies Type of lights arranged for
exposure to the elements
atmospheric

Enlightening Bodies maintenance status

The complexity of asserts recognition lies in the fact that a range of collateral information, often
very specific, is required for each item. For example for the item “architectural barriers,” several
attributes and data have to be documented as:

e Presence of elements that prevent, restrict or make it difficult to move or use services, especially
for people with limited motor or sense capacity

e  Check if entrance halls, hallways and distribution spaces in general have adequate width for the
passage of wheelchair users

e If the main shared spaces are equipped with furniture elements arranged in such a way as to
allow easy mobility and usability for wheelchair users;

e Ifindoor floors are made of non-slip materials and free of obstacles;

e If are present elements that prevent, restrict or make it difficult to move or access to services,
especially for people with limited mobility capacity or sensory capacity;

e If are present solutions to overcome the existence of architectural barriers

As can be seen, the characteristics of the attributes to each item can also be very complex, and
hard to process by automatic systems, although it is assumed that soon the implementation of
artificial intelligence procedures will be capable of providing important support for such recognition.

6. Assets Recognition from Images and Populating the DB
6.1. Mobile System Survey Trajectories

In order to enable the technicians to recognize in the different images the assets to be recognized,
it is necessary to ensure the possibility of virtual touring within the survey by the technicians

themselves. It is therefore first necessary that for each building complex all trajectories are joined
together in order to create a unique point cloud model for the entire building complex. This requires
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that all survey trajectories must have an overlap zone with other survey trajectories. In the design of
surveying paths, it is therefore necessary that in order to avoid unnecessary redundant detections in
the same areas, it should be avoided as much as possible that surveyors pass through the same areas
multiple times. On the other hand, a minimum overlap between surveyed areas must be ensured so
that they can be joined in order to create a single model for the entire building complex. As mentioned
earlier, this approach, is not optimal in terms of obtaining the maximum overall accuracy of the three-
dimensional model, but it allows simultaneously to have a single model and at the same time
minimize the size of the surveyed datum and minimizes the areas of criticality due to the presence of
duplicate data in the three-dimensional navigation. An example of this type of path design is
visualized in Figure 21, where the path of the area outside the building complex (in red color), finds
minimal overlaps with the paths for the surveys of the exterior part of individual buildings (paths in
yellow color). The union of the paths for surveying the exterior parts of the buildings (Figure 21 in
yellow color), will join the surveys of the individual staircases of the individual buildings (Figure X),
due to the fact that the path for surveying the staircases stipulates that the acquisition begins in the
area outside the building, thus intersecting the paths for surveying the exterior of the buildings
(Figure 21 - yellow paths).

6.2. Trajectory Detection Specifications

Therefore, it is necessary to ensure that in the case where the surveying trajectories cross each
other, that the deviation between the spherical photos is less than or of the order of magnitude of the
smaller objects to be detected, in order to allow their unambiguous identification in the images. Since
the smallest elements to be subjected to stacking turn out to be the electrical network sockets and
switches, a value empirically estimated at 4 cm was set as the limit of geometric deviation between
three-dimensional models corresponding to the corresponding spherical views. One method of
avoiding multiple spherical photos in the same survey area, taken from the same or multiple survey
trajectories, is to set up a filter that deletes from the final result the images closer than 5 meters. From
the problems that occur from having multiple images acquired in the same area, it follows the good
practice to minimize the areas of overlap between surveys with mobile systems. Particularly critical,
therefore, are trajectories that, inside buildings or outside connect, through trajectory crossings or
overlapping of the same, common parts such as garages, stairs, interior corridors, and paths outside
buildings. This indication in strictly geospatial applications, clashes with the mode of operation is
used by SLAM instrumentation, and in particular by the Heron instrument employed here, which
specify that in order to obtain the highest possible global accuracy from geometric surveying, it is
necessary for trajectories to cross frequently and for the areas of overlap detected by the different
surveying passes to be numerous. It should be remembered that such a procedure is indicated in
order to have a very accurate final three-dimensional model of the building complex, a fact, however,
that is beyond the requirements of the project.

6.3. Model Navigation modes by Virtual Tour

In order to ensure a Virtual Tour of the entire complex, i.e., that navigation with continuity
within the building complex is guaranteed, it is necessary that all survey trajectories made with
Heron be joined and connected to each other. Continuity of navigation does not require that the
trajectories be geometrically accurate, but it does require that at points of overlap or transition
between trajectories, the transition is made with continuity and without discrepancies.

6.4. Trajectory Detection Specifications
6.4.1. Virtual Tour with Software Reconstructor

The Reconstructor point cloud management software, supplied with the Heron system, contains
a tool for navigating the Heron survey, allowing one to move along acquisition trajectories, moving
from one spherical view to the next (figure 26). Such a tool, which operates on a single Personal
Computer, is excellent for observing survey quality, making three-dimensional measurements, and
producing the previously introduced BluePrints. Such a platform does not require exporting the
model to an interchange format, as this tool is within the software itself, and therefore the data can
be maintained in Gexcel's proprietary project format. This navigation, however, does not permit
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annotations and does not support sharing the navigation among different users, as it is not web
based. It is on the other hand excellent on the contrary for fast verification by test engineers of the
quality of the alignment of three-dimensional data (thus also photographic data) from different
trajectories. The three-dimensional data surveyed by mobile systems presents significant sharing
issues, particularly due to the computer heavy nature of the surveyed point cloud. For this
motivation, different solutions were sought in the Milan Project that could facilitate the sharing of
the surveyed data among different users.
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Figure 26. Example of Virtual tour in the Reconstructor platform, of a site of the Milan project.

6.4.2. Virtual Tour by WebBased platforms

To this purpose, in the Milan project it was planned that the data would be shared over the
network, so that operators could perform recognition activities by navigating within the spherical
views. Numerous web based platforms are available to visualize three-dimensional data collected
with LiDAR instrumentation, and among them, platforms that provided Virtual Tour style
navigation that would allow easy and intuitive navigation between different spherical views have
been analyzed. At the time of starting with the project activities, the only platform that
simultaneously web based Virtual Tour style navigation and at the same time an agile action of
structuring the views in a tree structure, and an easy annotation activity, was the Cintoo platform.
The use of such a platform also allows tags to be attached to the recognized elements. (figures 27 -
28).

single_shot_camera_34_1670949463.50 X

Figure 27. Example of how the data of the assets are managed in Cintoo. Example from tagging tests in the
University of Brescia
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single_shot_camera_30_1670048884.43 X
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Ethemet Socket RDB

Figure 28. Example of how the data of the assets are managed in Cintoo. Example from tagging tests in the
University of Brescia

In this way, when an element with its characteristics is recognized, it is highlighted in the model,
and therefore all operators working on the project will be made aware of which items and objects
have already been recognized and recorded in the DB. At the time of writing this paper, other
platforms with similar features have been presented in the market, such as Atis Cloud [100] and
Benaco (figure 29) [101,102].

" Gexcel Heron singleshot 2>
i Captureawin:
‘Gecel HERON MS TWIN Color
Setting: 8K st shots

Figura 29. Navigation interface in the Benaco [101] web platform. The example is taken from navigation tests
in the “Modulo” building at the Faculty of Engineering of Brescia University.

6.5. Virtual Tour Approach

The approach followed to recognize items and their associated attributes in spherical
photographs can be managed in two ways:

e The first, which is essential, is for the images to be navigable in a Virtual Tour style mode. The
operator recognize the assets in the image and has to annotate separately the location where the
assets recognized is present. This approach is very manual based, and the operator has always to
be aware of the position of the image inside the complex of buildings, during his travel along the
trajectories.

e The second, which is optimal but not easy to implement, involves having the spherical images
organized in a tree structure in which the corresponding images are listed for each building
environment in the agreed structure. This approach first requires that all images be organized in
a directory structure and that the software platform used for such navigation allow the
organization of the data i.e., spherical views with such a structure. (figure 30).
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Figure 30. The figure visualize how the navigation can be organized in a tree structure. Every level represent an
area of the building following the global structure (table 2)

This approach of navigating between areas of the building complex, requires that each image be
associated with the name or code of the area where that image has been acquired in order to facilitate
the association of items to different zones of the complex. For example, in the navigation phase for
the recognition of items in the images, the operator who intends to observe the spherical image(s)
acquired, for example, the landing located on the 3rd floor, of staircase H, of Building B in Complex
A, will simply have to select in the data navigation platform, the relevant directory, and not arrive at
that data forcedly through a virtual journey starting from the entrance of the building complex to the
required room. In this way, the technician who has to recognize the items can simply type in the
name of the area of interest and immediately observe the images captured in that area.

6.6. Improvement on the Instrument

Optimal would be to have an iMMS instrument that is equipped also with a real-time tagging
system that can be governed directly in the field by the surveyor. A surveyor moving within a
building can in this way easily and without loss of time, signaling in the instrument when a room or
zone changes, such as moving from a hallway to a room, by linking in real time each spherical image
with physical space in the building complex and/or building in which the image has been acquired.
Unfortunately, commercially available iMMS systems, including the Heron system, have tagging
systems that are still very crude, and not very effective in the field. For this reason, in the survey
activities of the Milan project, image/area code association was only occasionally performed, due to
the high costs that such post-processing operations would have required.

7. Archiving of Surveyed data and Management of Survey Results

For a project of this importance, a crucial aspect is the organization of the flow of the surveyed
data, the manner in which the results are delivered, and the archiving of the results. Such data flow
must facilitate:

e the quality control actions of the survey operations and the delivered deliverables
¢ the data navigation and asset recognition operations by MM technicians
e the archiving of the survey products

The project includes an intensive and accurate in-progress review phase of the surveying
activities. In particular, an accurate GANTT has been drawn up, in which the survey activities have
been scheduled. During the survey activities the surveyors adopted procedures of continuous
communication with MM to manage and plan the field survey activities, coordinate access at the
building complexes, and manage the survey timelines, processing and delivery of all deliverables in
an organized way.
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7.1. In-Process Testing

For such a massive surveying project, practical procedures for verification of activities were
rigorously established to minimize the possibility of activities not being carried out in quality. The
work-in-progress testing activities required that 5 percent of the surveys be totally verified, and only
if frequent nonconformities were found that number of tests would have to be increased. The main
objective of the testing of the activities was not only to verify that the results of the surveys complied
with the specifications, but more importantly that the procedures for performing the surveys
followed the defined criteria and rules. For all complexes, it was also planned to verify the quality of
all acquired images and verification that there were no problems in uploading the three-dimensional
and photographic data to the Cintoo online data sharing platform. This operation also made it
possible to highlight any gross errors in the three-dimensional reconstruction of the model of the
surveyed buildings.

7.2. Management of the Raw Field-Detected Data

With regard to the raw data detected in the field, the surveyors once the post-processing activity
of the data detected in the field for a building complex was completed, were required to share the
raw data detected by Heron and the files produced by the SLAM (Heron Desktop) post-processing
software and the point cloud model and images of the complex, in the project format of the
Reconstuctor point cloud management software. In this way, the quality test staff was enabled to
navigate the project within the Reconstructor platform, verifying the correct alignment of the point
cloud model and compliance with all design specifications. As mentioned in 7.1, for 5 percent of the
surveying, the tester group would have to repeat the entire data post-processing process from raw
data to the final model. Moreover within the Reconstructor platform, the tester provided quality
verification of all photographic captures acquired with the mobile system. After the testing
operations were completed and only after the delivery of the data in the e57 format with images and
subsequent uploading to the Cintoo platform, the raw data of the Heron survey (consisting of all
acquired images, the data files taken from the LIDAR sensors, and the inertial sensor file), the Heron
Desktop software management files, and the Reconstructor project files, could be removed from the
server. Such data are not mantained in the archive.

7.3. Uploading the Data to Cintoo platform

Concurrently with the delivery of the data in formats compatible with the technical platforms
for post-processing the data, the surveyor would then upload the model of the complex to the Cintoo
web-based platform. Where possible this data was uploaded in a tree structure, with the images
divided into appropriate directories. The quality test team would perform verification that in
uploading the data from the technical data processing software Reconstructor, to the Cintoo web
based platform was performed correctly. On that data, MM technicians could then begin the asset
recognition activity by navigating within the Cintoo platform. In order to limit the cost of managing
Cintoo's server space, only a limited number of models of complexes were simultaneously
maintained online in the shared space.

7.4 Archiving of the Surveyed Data

The final product of the three-dimensional survey, consists of a point cloud with associated
spherical images acquired by the HERON, as well as other secondary products such as orthophotos
of building facades. Such a data structure from the mobile technology survey is managed, in the
Milan Project, by the surveyor within the Reconstructor software but the final product, is a unique
point cloud model, of the entire complex (figure 31 - 32), often organized in directories according to
the structure (table 1) and in the e57 interchange format with images in JPG format.
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Figure 32. The “Senigallia” complex in Milan. The 3d point cloud model obtained by the mobile
mapping survey (tests of the University of Brescia)

Such three-dimensional data represents an important value for MM, such that it can be put to
asset. Furthermore, in the Milan project it was placed as a constraint that the final archived data,
should be in an open format not locked to proprietary software and formats. So the entire amount of
surveyed data, separated by building complexes, and in turn in the above-mentioned directory
structure, was archived in the company servers. In order to carry out asset recognition activities or
for future uses of the three-dimensional data with images, technicians should therefore arrange for
downloading the data to the company computers and browsing it in Reconstructor, either through
the Cintoo platform or through different platforms that MM decided to exploit.

8. Survey Results

The large amount of survey work, involved intensive quality control activities to correct cases
where data processing did not produce the results in accordance with the project specifications. The
volume of the 3D data and images is closed to a value of 100 terabyte. The quality testing work,
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carried out by Gexcel, ensured that the results met the specifications. There were contained
inconsistencies on numerous occasions, which are briefly described below.

8.1. Poor Image Quality

Ensuring the quality of the images was a very demanding task for the surveyors to guarantee,
particularly due to problems of improper lighting of the photographed scene rather than excessive
operator movement. In a few isolated cases, it was necessary to repeat image acquisition. The quality
of the images generally was found to be adequate to ensure recognition of the assets in the pictures
by the operators

% Cintoo

Figure 33. An example of a blurry image. This defect happens when the on demand 5K resolution image is taken
with the capture head on movement.

Figure 34. For improper lighting is applied the images the results can be of underexposed images

8.2. Misalignment Between Three-Dimensional Models

More serious than the quality of the images, but easier to be corrected, by a software reworking
of the data, were the cases in which the survey trajectories were not joined correctly, thus not allowing
the navigation of the model and generating overlaps between the three-dimensional models. In some
cases, minor misalignments were found, which were nevertheless required to be corrected (Figure
35).

The work has been successfully completed, and all the data are stored in the servers of MM. Data
can now be used to recognize and locate assets, or to address a wide variety of building management
needs
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Figure 35. An example where an incorrect alignment between trajectories resulted in an appreciable discrepancy

between the walls of a building.

9. Conclusions and Future Developments

First and foremost, the project met the basic requirement of conducting a census of the assets in
the buildings. This recognition, which is currently performed directly by technicians, may see the
implementation of machine learning and artificial intelligence algorithms. The prospects for the use
of such technologies are obviously very interesting. Several tests are under development to apply Al
technology in this application field.

The Milan project required a great effort of both preliminary and organizational study because
of its highly innovative approach, which required the definition of survey specifications and data
processing and management methodologies from zero.

The value of the acquired data is currently showing its full significance and a lot have to be
done to give value at the huge surveying project.

In fact, having carried out a survey not only photographically but also with the three-
dimensional component, in addition to enabling local measurements to be carried out in the mapped
areas, as originally planned, is making possible to investigate the introduction of innovative
technologies. Thus the Milan Project achieved the required result of creating a Digital Twin of all the
building complexes managed by the engineering company. The three-dimensional point cloud model
can be used to create BIM basic models, which can be employed for the implementation of on-site
and real-time self-location technologies by maintenance workers rather than by the personnel
responsible for updating the asset DB. Indeed, technologies are now available to support self-location
of operators within simplified three-dimensional BIM models but also referring to simple point cloud
models. For example, a platform such as Cupix [103], allows operators to self-locate within
parametric models, but also using a simple, non-parameterized point cloud model as a reference. The
goal now is to implement these new technologies so as to make the updating of the company's data
base rapid and sustainable, and in order to implement Digital Twin technologies to streamline the
management processes of the social housing assets managed by MM. In particular at the University
building dedicated to study rooms, a survey of it was carried out with the same instrumentation used
to map the buildings of the City of Milan. From the point cloud obtained, a simplified BIM model of
the building itself was extracted into the Dalux platform. The goal was not the realization of a detailed
BIM model, but rather a simplified BIM model that can be produced quickly and functional only to
support the self-localization features present in the Dalux platform. The all survey took few hours,
including data processing while the extraction of the simplified BIM model took half a day of activity.
A challenge that emerges during the processes of identifying and locating items and assets is the need
to progressively associate attributes such as brand, type, installation date, scheduled maintenance
date, and functional parameters (e.g., operational status, malfunction, or maintenance phase
management) to each object. For extensive building assets, it would be advantageous for maintenance
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personnel, particularly those navigating large buildings for the first time, to automatically discover
their exact position. This capability would facilitate prompt intervention in maintenance or repair
tasks on the correct components and regions. For this reason some Facility Management platforms
have implemented automated location features within buildings or construction sites. An exemplary
case is the document management platform Dalux, which has developed a tool named SiteWalk, that
enables an operator, equipped with a handheld or helmet-mounted camera, to self-locate within a
building by merely capturing photographs of the surrounding environment. These solutions are
gaining popularity; however, they are significantly constrained by the necessity of possessing a BIM
model of the area for accurate localization. The BIM model of a building is increasingly accessible on
new construction sites; however, this is not the case for extensive existing architectural heritage,
where construction projects have not been conducted in BIM format and where plans and blueprints
are frequently unavailable in digital form. In these kinds of situations, it is absurd to suggest doing
an investigation aimed at developing the BIM model of the building complex solely to facilitate the
implementation of the self-localization functionality described above.
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