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Abstract. The tunnel industry has started focusing on the maintenance and management challenges
of an existing infrastructure. It is an urgent matter in industrialised countries, where the stakeholders’
attention is increasing at a fast pace considering the incidents and the disruptions caused by improper
monitoring and maintenance. This paper presents an innovative methodology to survey and inspect
existing railway tunnels through multi-dimensional mobile mapping systems. The proposed approach
belongs to the digital strategies for infrastructure maintenance. An integrated multidimensional survey
system (ARCHITA) allows for collecting information necessary for the diagnostics of a structure with
non-destructive tests. Linear cameras, thermographic cameras, and ground-penetrating radars acquire
data to be digitalised and manipulated in different IT environments. The results, in terms of the
collected data on structural defects, allow for a new approach for the Management and Identification
of the Risk for Existing Tunnels (MIRET). The innovative approach aims at a smart integration of
information and models for the Facility Management of the transport system. The workflow for the
digitalisation and diagnosis from mobile mapping data has been implemented on two 40km-long metro
tunnels.
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1. Introduction
The main part of European rail network developed
from the second half of the 19th century until the
beginning of the 20th century [1]: its average age is
approaching a century and touches two centuries over
the first lines built [2]. High efficiency and safety stan-
dards should be maintained; to achieve this goal, digi-
tal tools to manage infrastructure are essential [3, 4].
Particularly, railway infrastructure managers have a
number of aging tunnels to be maintained [5] with
increasing traffic volumes [6]. Therefore, the planning
and management of existing tunnels is a central chal-
lenge for industrialised countries. Subject to degrada-
tion through time and permanent interactions with
the environment, tunnel structures and technological
equipment have to undergo substantial maintenance
and repair tasks to mitigate the risk of incidents or to
extend their service life [7, 8]. Nowadays, the inspec-
tion of tunnels is still performed mainly by operators
on the line during a partial or total service disrup-
tion [9, 10]. The operator fills technical sheets by
the owner’s standards, national codes, and practices
conducting visual inspections. Generally, these forms
contain general information about the tunnel (e.g.,
name, line, length, excavation type, lining material)
and the outcome of the inspection in terms of identi-
fied defects of tunnel structures. The primary defects

consist of cracks (longitudinal, transversal, reticular,
and local) and water phenomena (leakages, drops,
and infiltration) [11]. A set of photos is taken to be
attached to the report; the severity and extension
of defects are quantified using subjective coefficients.
The defects are combined to determine the hazard and
the priority of interventions. This methodology is still
the most commonly used, and a large set of infrastruc-
tures worldwide are not checked at all. However, more
recent technologies allow the survey and inspection
of tunnels and infrastructures with multi-dimensional
mobile mapping and digital methodologies for the
analysis, integration, and management of the prior-
ities along the tunnel [12, 13]. A first advancement
consists of supporting the inspection with instruments
to have a three-dimensional (3D) point cloud (geom-
etry) that can be texturised with images [14]. The
continuous acquisition along the line makes it possible
to move the activity from on-site to back-office. Defect
detections can be carried out by specific software and
they can be attached to the inspection or maintenance
report [15]. More recent technologies allow the survey
and inspection of tunnels and infrastructures with
mobile mapping. These systems can run at different
speeds, depending on the final precision and accuracy
required by the engineering purpose. They have the
advantage of speed, efficiency, and safety reducing
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Figure 1. Flow chart of the MIRET workflow.

the time of work on the line to have a set of inte-
grated outputs with a BIM approach [9]. However,
the current challenge in tunnel diagnostics is to en-
hance the quality of acquired images, develop massive
data collections, improve processing capabilities, and
analyse the data with high-level technical experience
and engineering judgment [16, 17]. Therefore, the au-
tomatic elaboration of big datasets is mandatory: the
progression in machines’ computational power allows
solutions developed within the artificial intelligence
(AI) framework [18].

This paper presents a methodology to carry out digi-
tisation, inspection, and diagnostics of underground
transport systems to obtain a digital model and sup-
port the decision-making process. It aims to fill
and implement the collected information from multi-
dimensional mobile mapping systems in an as-built
model [19, 20] to be used by the infrastructure man-
ager during the facility service life. The authors devel-
oped a BIM model to represent and manage an entire
subway along more than 40 km-long metro tunnels.
The results from the case study give a solid base for
preliminary technical assessments in the management
of the tunnel structures and the whole infrastructure.
Moreover, these analyses are a direct input for a later
stage of planning, design, and construction of new
railway tunnels.

2. Materials and methods
The proposed procedure allows manipulation of the
survey-inspection data to get a more objective and
dynamic diagnostic, maintenance, and risk assessment
to manage existing tunnels. The aim of the procedure
is the Management and Identification of the Risk for
Existing Tunnels (MIRET) [21]; it is composed of six
steps:

• STEP 0: Survey & Inspection (S&I) with a multi-
dimensional mobile mapping system (ARCHITA)
to carry out non-destructive surveys [22]. It allows
for collecting data about internal geometry (laser
scanner), thickness (Ground Penetrating Radars-
GPRs), and functional condition of the tunnel lining
(thermal and linear cameras, visual inspections, and
measures) [23, 24];

• STEP 1: Digitalization (DI) of the geometric survey
to obtain a georeferenced 3D model;

• STEP 2: Defect Analysis (DA) from high-definition
linear photos and thermal photos to map and digi-
talise the defects in a CAD environment. Defects
are identified, catalogued, and validated to obtain
objective indexes;

• STEP 3: Planning & Design (P&D): the digital
twin and the defects detection are combined in a
Common Data Environment (CDE). The current
state of the tunnel environment is modelled using
finite element modelling software to carry out a
structural/geotechnical verification and design the
required maintenance works;

• STEP 4: Work & Maintenance (W&M): the main-
tenance and construction works are performed ac-
cording to the P&D step. The completed works are
ready for a new S&I phase to update the tunnel
data;

• STEP 5: Monitoring (MO) is pivotal to have a
dynamic database and assessment of the structures.

Therefore, the Facility Management Platform offers
a holistic view of the tunnel conditions (e.g. geome-
try, geomorphological context, and risk and hazard
indices). Figure 1 shows the technology workflow of
MIRET.
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Figure 2. ARCHITA configuration.

2.1. The multi-dimensional mobile
mapping system

All the steps depend on the data collected by AR-
CHITA [22], a multi-dimensional mobile mapping
system. It consists of positioning sensors (Global
Positioning System, GPS), Inertial Measurement Unit
(IMU), an odometer, and other survey sensors (Fig-
ure 2):

• Laser Scanner (Leica Pegasus: Two), in configura-
tion with 8 digital cameras, 1 IMU inertial platform,
2 Z+F Profilers® 9012, 2 GPS antennas, 1 optical
odometer, and 4 thermal imaging cameras. The
two profilers, arranged at 30° and 60° to the axis of
the binary track, allow a reduction of the masking
effect due to the shadows.

• Ground Penetrating Radar (GPR) with three anten-
nas at 400 MHz central frequency plus one antenna
with 600 MHz central frequency;

• High-resolution linear cameras with image resolu-
tion beyond 10 megapixels, 1 Z+F Profiler® 9012,
and a lighting system composed of 16 LED lights
on a steel structure aligned with the cameras;

• Thermographic cameras with 640 × 512 pixel reso-
lution each and lenses that offer a 90° × 70° field of
view. The combination of the 4 cameras allows a
full 360° ring to cover the entire image of the tunnel
surface. Each thermal camera has a 70° amplitude
to have enough coverage between sets of consecutive
images.

2.2. Digitalization
ARCHITA uses the GNSS+IMU sensors to calculate
the moving trajectory both in a relative (mobile) and
absolute reference system. To analyse underground
infrastructures where the GNSS signal is absent, the
topographical survey is geo-referenced by using surface
benchmarks near the underground stations and control
points at the platforms. Since these are underground
stations, it was necessary to create a topographical
base for the mobile survey system. The benchmarks
in the access areas outside the stations have been
materialised with topographic nails fixed to the ground
and they have been taken by GPS instruments (in
total 3 for each underground station). Control points
were located on the walls of the underground stations
using topographic targets on an opaque adhesive PVC
support (Figure 3a). A total station was used to
connect, through a precision polygon with short sides
and GPS meshes, the 3 external cornerstones to the
internal control points to georeference the detected
cloud of points.

Figure 3b exemplifies a scheme of the topographical
points (i.e., reference points, control points, stations,
and polygon) connected to the platform (purple line).
In particular, ANAi (i=1, 2, 3) are the external corner-
stones, Sj (j=1,. . . , 12) are the station points, and Tk

(k=1, 3, 7) are the internal control points. Figure 3c
shows the position of all the points inside an under-
ground railway station. In each station, ARCHITA
collimates Tk and makes them available according
to the two reference systems (relative and absolute).
Finally, the absolute coordinates of the whole infras-
tructure can be obtained from the geospatial software
Infinity [25].
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(a).
(b).

(c).

Figure 3. (A) Opaque adhesive PVC support used to materialise the internal control points; (B) Example of a
precision polygon; (C) position of all the points inside underground railway stations.

The operating speed (15-30 km·h−1) of ARCHITA
minimises the impact on existing railways with only
a short disruption to the traffic and without the need
to turn off the electrical systems.

2.3. Defects analysis
The data from the geometric survey are used to obtain
a 3D model, while both the manual and the automatic
method are used for the defect analysis. For manual
digitalisation, a specific IT environment can process
the images based on a catalogue specific for tunnels
to obtain indices to be used in the different analyses.
Extension, intensity, and survey time are associated
with each defect to monitor its evolution. Each index
value falls within specific ranges (e.g., between 1 and
4) to quantify the infrastructure condition and to allow
monitoring alerts if critical thresholds are passed. An
AI algorithm was used for automatic defect detection
and digitalisation applying the knowledge acquired to
date to the collected data. This study adopted an ad
hoc library (Table 1) valid for mechanised tunnels with
prefabricated segment lining. The analysed defect
categories depend on the lining material:

• Masonry lining (M): longitudinal crack, transversal
crack, diagonal crack, crack network, wet surface
and leakages, loss of material in the joints, detach-
ment, deformation, moss/plants presence, and efflo-
rescence;

• Concrete lining (C): longitudinal crack, transversal

crack, diagonal crack, crack network, wet surface,
and leakage, detachment, deterioration, pop-out,
corrosion, and exposure of rebars.

Table 1 lists the defects catalogue adopted in tunnels
with concrete lining.

Masonry and water defects are treated to obtain a
global index (i.e. Extension index) that summarises
the current state of the tunnel lining. Its value is
assessed for each tunnel sector that is about 20 m-
long and is equal to the ratio between the distressed
surfaces and the total lining surface (in percentage).

Moreover, the defect mapping from high-resolution
photos and the point cloud allowed positioning, mea-
suring, and quantifying of the defects identified on
the tunnel lining is also carried out. The defects have
been considered according to the encoder network Seg-
Net [26] with a Convolutional Neural Network (CNN)
able to detect and segment cracks starting from the
image analysis (Figure 4). The deep convolutional
encoder-decoder architecture for image segmentation
allows the extraction of the crack skeleton and the
identification of the linear defects. The implementa-
tion of the process was carried out in Python [27] and
C++ [28] using the Tensorflow software library [29].

The proposed approach gave interesting results in
terms of common classification metrics computed and
averaged over the pixel distribution: accuracy, pre-
cision, and recall values were 93 %, 62 %, and 61 %,
respectively. In particular, the automatic approach is

114



vol. 63 no. 2/2023 Multidimensional Mobile Mapping and Integrated Approach

Defect code Defect name Unit
C1 aggregate exposure m2

C2 pop-out m2

C3 exposure/corrosion of reinforcement m2

C4 surface lining detachment m2

C5 Wet spot m2

Superficial C6 leakage from joints m2

concrete C7 leakage from cracks m2

defects C8 freeze/thaw cycles m2

C9 presence of moss or vegetation m2

C10 non-homogeneous reticular cracks1 m2

C11 homogeneous reticular cracks1 m2

C12 longitudinal cracks1 m
C13 transverse cracks1 m
C14 diagonal cracks1 m

T12 longitudinal cracks1 m
T13 transverse cracks1 m

Technological T14 corner cracks1 m
defects T15 chipping surface m2

T16 joint concrete spalling m·m−2

T17 misalignment prefabricated tunnel rings m2

I18 previous structural linear works m
Previous I19 previous structural areal works m2

interventions I20 previous surface linear works m
I21 previous surface areal works m2

Table 1. Defects catalogue for concrete lining, 1 cracks type I: up to 5.0 mm wide surface cracks and more than
5.0 mm cracks if they affect the lining surface; cracks type II: more than 5.0 mm wide surface cracks and side-to-side
cracks.

Figure 4. Comparison between human-made and automatic annotation. A – original image; B – image + human-
made annotation; C – image + classification probability map; D – image + AI annotation; E – human annotation; F
– classification probability map; G – blurred classification probability map; H – binarised and blurred classification
probability map.
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Figure 5. Example of final tiles of an original image
and its mask.

more reliable when defects are simple and in isolation,
while the human contribution is pivotal for complex
feature overlaps: human supervision is necessary to
interpret images from the tunnel inspection.

The image’s resolution depends on the ARCHITA
speed and the distance of the lining from the cameras:
1 × 1 mm2 pixel size is possible when the mapping
system does not exceed 15 km·h−1 and the surveyed
surfaces are less than 5 m away. A dataset of 500
images each with a resolution representing different
portions of the whole infrastructure, has been con-
sidered to carry out the automatic algorithm able
to detect water defects. The images were provided
with a .json file that specifies the (x, y) coordinates
of the polygons containing the identified defects and
damages. All the polylines containing the individual
defects allowed drawing image masks using a rasterisa-
tion algorithm. The mask is a black-and-white image
of the same size as the original one whose white pixels
identify the areas containing the labelled defects. As
a final result of this process, 500 masks have been
obtained. Both the images and the masks need re-
sizing and cropping because they were too large and
multiple defects were in each image. Firstly, all the
images and the corresponding masks have been resam-
pled to 12.5 % of their original resolution; then, 320
× 320 tiles by setting an offset of 6 % of the tile size
have been obtained (Figure 5). Issues coming from
border effects when trying to segment cropped images
have been overcome using redundant parts from larger
image tiles and reducing them before combining again.

The dataset was divided into train and test sets;
the comparison between train and test images shows
a slight overestimation of defects by AI, on average
10 % more than the manual detection.

Figure 6 compares manual (Figure 6a) and auto-
matic digitisation (Figure 6b) for water defects in a
mechanised tunnel.

(a).

(b).

Figure 6. Manual Detection (A) vs Automatic De-
tection (B) in a mechanised tunnel.

2.4. Planning & Design
In this study, data from defect mapping have been
statistically processed and combined with additional
parameters (i.e. structure performances, seismic haz-
ard, and geological data) that provide descriptive and
analytical information about the boundary conditions
of the infrastructure. Finally, a Space Multicriteria
Analysis (SMCA) [30] gave a proper overview of the
tunnel conditions with the Priority Index (PI). It de-
fines the level of attention or condition that determines
the order for the management of the infrastructure
elements according to their relative importance. This
assessment aims at managing and identifying the risk
for existing tunnels for the strategic management of
resources and infrastructural assets. It is a structured
and repeatable index that takes into account the haz-
ards and vulnerability of the structures over time and
under different conditions.

Figure 7 shows the priority layout for an existing
tunnel, where different values of the final indexes
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Figure 7. Priority analysis for tunnels.
Green=Priority 0, Yellow=Priority 3, Or-
ange=Priority 2, Red=Priority 1.

Figure 8. Progressive sections on the point cloud in
3DReshaper [31].

have been found: green, yellow, orange and red areas
highlight the increasing level of risk from minimum
to maximum, respectively.

In this study, the MIRET platform was imple-
mented to survey two metro lines. Three-night dis-
ruptions of the railway traffic allowed a geometric and
photographic scan of the infrastructure to be managed.
The automatisation of the process is the basis for the
comparison of multiple inspections to implement risk
assessment, integration with monitoring and predic-
tive maintenance during the service life of the facility.
In particular, the periodic surveys shall be scheduled
by the infrastructure manager based on the age of the
structure, its structural properties, the length, the
environmental conditions, and the traffic.

3. Results
3.1. Digitalization
Processing of geometrical data and images from AR-
CHITA allowed extracting a sequence of sections, to
improve and optimise information (Figure 8).

Data from the geometric survey were used to ob-
tain a 3D CAD model and an IFC model. Given the
point cloud, GEDO Scan Office 2.0 [32] returned 3D
polylines of the railway track and the 3D Reshaper
software [31] returned a mesh from the point cloud and
3D polylines from the elements along the investigated
underground line. The georeferenced digital radio-
metric images from the thermographic survey [33]
were directly synchronised with the cloud of points

Figure 9. 3D model of a surveyed station in Solibri.

(a).

(b).

Figure 10. Virtual reality inspection. A) objective
geometric data; B) visual information.

obtained from the laser scanner. High-resolution lin-
ear images and thermal images permitted to evaluate
the tunnel condition and digitalise its defects. Data
from GPRs gave the ballast thickness, condition and
humidity, the lining thickness, and the void between
the soil and the lining. The methodology allowed digi-
talisation of the overall geometry of the infrastructure
including the rails and fastenings (i.e. sleepers), tun-
nel lining, station structure, platforms, and walkways.

The geometry of the tunnel is obtained in an ab-
solute reference system by integrating the odometric
measurements on board ARCHITA and the control
points at known coordinates connected to the external
reference system.

Moreover, by using the 3DReshaper [31], it is pos-
sible to digitise the overall geometry of the infras-
tructure including rails and fastenings (i.e. sleepers),
tunnel lining, station structure, platforms, and walk-
ways. Figure 9 shows the final model obtained using
the software Solibri [34]: it is possible to distinguish
rails, fasteners and sleepers (i.e. brown, pink and grey
longitudinal surfaces), civil works (i.e. grey surfaces
of tunnel lining and yellow surfaces of platforms), life-
lines and systems (i.e. cyan, blue, and green), and
hydraulic fire system (i.e. red longitudinal lines).

Moreover, virtual reality permits verifying, in real-
time, the infrastructure conditions and obtaining ob-
jective geometric data and visual information (Fig-
ure 10).
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Figure 11. Detachment of concrete cover and expo-
sure of the rebars (yellow area).

3.2. Defect Analysis
Moreover, the high-resolution photographic survey
allowed the identification of lining defects that over-
lapped with the tunnel geometry. During the post-
processing phase, the acquired data are referred to
the real progressive of the railway line, thus allowing
a precise location of the detected defects (Figure 11).
For each defect, its location, areal or linear develop-
ment, and category have been recorded according to
the adopted defect library (Table 1).

High-resolution linear images and georeferenced
thermal images permitted us to evaluate the tunnel’s
condition and digitalise its defects. Figure 12 shows
water defects in blue areas; Figure 13 left and right
compares HD-resolution images with thermal images
whose surface temperature ranges between 18 °C (i.e.
blue areas) and 24 °C (i.e. red areas): the red ar-
row between Figure 13 left and right) indicates water
defects.

3.3. Planning & Design
The outputs from the laser scanner and the thermal
survey are synchronised and can be overlapped to
identify the areas/stretches with a high content or a
high extension of leakages and wet surfaces, platform
or ballast erosion due to leakages or wet surfaces, and
water retention in the track ballast. In particular, for
each tunnel sector, graphical drawings and summary
tables provided the defect mapping.

Figure 14 represents defects on a tunnel segment
approximately 150 m in length. The tunnel lining is

Figure 12. Water Defects detection (blue area).

Figure 13. Comparison of HD-resolution images (left)
and thermal images for defect detection (right).

represented with details about the progressive, the
track position (i.e. even or odd), and its elements (e.g.
piers and cap). All defects are divided into categories
and other important elements or previous works on
the tunnel lining are pointed out (e.g. ribs, sealing,
and painting).

3.4. Work & Maintenance
After the digitalisation, the extension index (E.I.)
for each defect along the tunnel sectors has been
calculated, it is the ratio between the extent of the
defect and the inspected sector area. As an example,
Figure 15 represents the EI values obtained for 14
sectors.

Moreover, in this study, the AI has been used for
defect detection: the total area of manually digitalised
defects is 1006.8 m2 while the total area of AI digi-
talised defects is 1100.6 m2: false positives were 19.8 %,
while false negatives were 10.5 %. Such differences
highlight the need for a further calibration of the
algorithm for a reliable defect detection using an ap-
propriate neural network.

Extension indices from digitalisation were then used
in the SMCA analysis to evaluate PI. To assess the
tunnel conditions, different categories of defects (i.e.
masonry deterioration, water defects, seismicity, hy-
drology, superficial geology, and deep geology) have
been considered. Table 2 lists the priority indices ob-
tained for 14 sectors along the tunnel whose Extension
index is in Figure 15.

The PI values highlight severe issues about the pres-
ence of water (more than 45 % for sectors 1, 12, 13,
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Figure 14. Example of a Defect Map.

Figure 15. Extension Index: water and masonry distress.

Priority Masonry Superficial Deep
Sector Index Deterioration Water Seism Geology Hydrology Geology

[%] [%] [%] [%] [%] [%] [%]
Sector 1 74.33 3.53 45.55 1.00 0.25 24.00 0.00
Sector 2 60.75 3.22 38.03 1.00 0.50 18.00 0.00
Sector 3 56.18 2.86 36.32 1.00 2.00 14.00 0.00
Sector 4 37.68 2.34 28.34 1.00 2.00 4.00 0.00
Sector 5 40.40 1.67 31.23 1.00 1.50 5.00 0.00
Sector 6 35.02 1.12 30.40 1.00 1.00 1.50 0.00
Sector 7 38.53 1.08 31.45 1.00 1.00 4.00 0.00
Sector 8 37.34 2.45 30.39 1.00 1.00 2.50 0.00
Sector 9 32.10 1.15 25.45 1.00 1.50 3.00 0.00
Sector 10 36.29 1.23 26.06 1.00 2.00 6.00 0.00
Sector 11 56.71 1.45 44.26 1.00 2.00 8.00 0.00
Sector 12 62.67 2.43 45.49 1.00 0.75 13.00 0.00
Sector 13 68.49 3.65 45.34 1.00 0.50 18.00 0.00
Sector 14 77.91 4.32 52.34 1.00 0.25 20.00 0.00

Table 2. Priority index over the tunnel sectors.
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and 14) and hydrology (more than 15 % for sectors 1,
2, 13, and 14): the priority of intervention is barring
hydraulic works and they will mainly concern water
disposal. However, deep geology does not imply criti-
cal conditions for the surveyed sectors; seism (i.e., a
constant value equal to 1 %) and superficial geology
(the highest value is 2 % for sectors 4, 10, and 11) do
not pose a threat.

4. Discussion
The MIRET framework is an organic approach for the
efficient and effective maintenance of tunnels: it allows
and objective and dynamic diagnostic, maintenance,
and risk assessment to manage existing tunnels. The
analysis of their conditions permits to determine the
maintenance/rehabilitation procedures for restoring
the defects identified by the equipment ARCHITA.
Recent technologies allow the survey and inspection
of tunnels and underground transport infrastructure
with mobile mapping. These systems can run at differ-
ent speeds, depending on the final precision and accu-
racy required by the activity goal of minimising inter-
ference to the traffic. The proposed multi-dimensional
mobile mapping system has the advantage of speed,
efficiency, safety, and reducing the time of work on
the line. The ARCHITA equipment (e.g. thermal and
linear cameras, laser scanners) gives a large set of out-
puts to be integrated and managed. The underground
environment involves drawbacks of GPS signal loss
and data calibration. Hence, alternative solutions can
be adopted using cheap and available communication
system infrastructure: wi-fi fingerprinting and QR
calibration are currently used in most buildings for
indoor positioning [35, 36]. Further analyses shall
consider the influence of the placed technology, cables
and other systems on the reliability of diagnostics of
tunnel lining faults. This academic paper presents the
methodology to manage data from GNSS+IMU sen-
sors in tunnels and to map defects from high-resolution
photos with manual and automatic procedures. The
proposed approach stemmed from a study and has
been implemented in two existing metro tunnels. On
the whole, more than 40 km-long railway lines have
been monitored to schedule their maintenance.

The presented methodology is versatile and can be
implemented to study different tunnels, both railway
and road ones. In particular, it could help to carry
out digitisation, inspection, and diagnostics of under-
ground transport systems to obtain a digital model
of the work. The results contribute to the integrated
platform to manage and identify critical conditions in
existing tunnels. The reality-based information con-
tributes by obtaining the as-built model of the tunnel
to be used by the infrastructure manager during the
facility service life. Indeed, the digital twin and its
detected defects form a common data environment:
the integration of the entire process in the BIM envi-
ronment contributes to optimising the management
process [37]. The potential of BIM allows different

stakeholders to monitor the infrastructure conditions
and schedule maintenance works, optimising resources,
and minimise burdens [38]. The virtual reality inspec-
tion aims to verify the current state of the tunnel
and gives objective geometric data and visual infor-
mation to all parties. Indeed, monitoring allows a
dynamic database and assessment of the structures
to identify the best option from different perspectives.
Moreover, the results from the proposed framework
can be supplemented with the monitoring of techno-
logical equipment to ensure regular tunnel operation.
Indeed, operational, economic, and environmental out-
puts highlight the need for a multidisciplinary study,
to balance the often-conflicting objectives of tunnel
managers, passengers, and citizens.

5. Conclusion
Transport infrastructures are large-scale works that
require large investments and complex relationships
between stakeholders. For this reason, it is necessary
to manage them with a multidisciplinary approach.
Multidimensional information should be considered
to manage a facility during its service life to optimise
geometric, operational, environmental, and economic
variables that affect the scenario. Underground in-
frastructures are a major transport system that en-
sures public transport sustainability while balancing
the often-conflicting objectives of their stakeholders.
In general, today, all information regarding existing
infrastructures is often fragmented and incongruent
due to traditional methods of data collection and
management. For this purpose, the presented pro-
cess ARCHITA shall be integrated into the Manage-
ment and Identification of the Risk for Existing Tun-
nels (MIRET) platform to process survey-inspection
data. ARCHITA permits to collect geometrical and
functional data using a laser scanner and linear and
thermal cameras during the automatic survey and
inspection activities. In the MIRET approach, the
ARCHITA phases can be repeated to update data
through different time steps. The multi-dimensional
mobile mapping systems permit to collect information
with non-destructive tests, preserving the integrity of
the tunnel structures. The results give a solid base for
preliminary technical assessments in the management
of the tunnel structures and the whole infrastructure.
Monitoring allows a dynamic database and assess-
ment of the structures to identify the best option
from different perspectives. The results allow a more
objective and dynamic diagnostic, maintenance, and
risk assessment to manage existing tunnels. More-
over, these analyses are a direct input for a later stage
of planning, design, and construction. Within the
MIRET framework, the authors are investing in the
development of AI to manage multiscale resolution,
extraction, aggregation, and reconstruction of surface
damages on the tunnel concrete lining.

The results contribute to managing and identify-
ing critical conditions, and scheduling maintenance

120



vol. 63 no. 2/2023 Multidimensional Mobile Mapping and Integrated Approach

work based on objective indices in existing tunnels.
Further research should focus on the integration and
recognition of defects and objects using an artificial
intelligence.
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