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FSTechnology S.p.a.

FS Technology is the hi-tech company of the FS Italiane Group

The mission of FSTechnology is to strengthen and support digital
innovation among all the group companies, and ensure top levels of
quality, efficiency and time to market in customer services.

»2 AUTODESK UNIV



FSTechnology Spa

The BIM and GIS Competence Center
The BIM and GIS Competence Center is a team within FSTechnology.

The main objective of our team is to research and implement new
technologies to improve the management of the processes and the
workflows of the entire life cycle of infrastructure projects.

Considering the core processes of the group, we mainly support linear
infrastructure projects, and therefore:

o ltalferr, the engineering company of Ferrovie dello Stato Italiane

o Rete Ferroviaria Italiana, the company of Ferrovie dello Stato
Italiane which owns of entire railway network
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The BIM and GIS Competence Center

Marcella Faraone
Head of CC BIM&GIS

‘ ui’l

s

.-

»
———— —

Alessandro MNaria Luca stefano Eleonora
Delle Monache Mascellani Capuani Libianchi Troiani
BIM GIS GIS Specialist GIS Specialist BIM Expert BIM Expert

Technology Specialist Project Manager
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Virtual construction
site management




Virtual construction site manage

TEN-T: Trans-European Transport Network

The Trans-European Transport Network (TEN-T) policy addresses the
implementation and development of a Europe-wide network of railway lines,
roads, inland waterways, maritime shipping routes, ports, airports and railroad
terminals. The ultimate objective is to close gaps, remove bottlenecks and
technical barriers, as well as to strengthen social, economic and territorial
cohesion in the EU.

TEN-T comprises two network ‘layers’:

e The Core Network that includes the most important connections, linking the
most important nodes, and is to be completed by 2030

e The Comprehensive Network that covers all European regions and is to be
completed by 2050.

https://transport.ec.europa.eu/transport-themes/infrastructure-and-investment/trans-european-transport-
network-ten-t_en

© European Union, 1995-2022




Virtual construction site management

Support Construction Site Managers

O 00O E‘ Qp
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iy
Construction health and Work in Progress and Environmental inspections
safety checks Quality checks during construction
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Virtual construction site management

The Technologies Used

Drone Surveys

* Ortophoto or Ortomosaic
*Point Clouds Models
*BubbleViews

2
\9Z5
>
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BIM-GIS Integration

 Cut and Fill volumes calculation
* Construction site progress

Data Analytics

* Artificial Intelligence

* Augmented Reality
*Virtual Reality

* Environmental Control
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Virtual construction site management

Data Post Processing

D

Artificial Intelligence

* Automated Analysis of images
*Specific item identifications
*Time reduction

*lllegal landfills

*Dangerous chemicals leakage
*Environmental contamination

™

N7

AR -VR

*Integration Bim Models & Gis Data
*Easy Navigation (WASD or
Mouse&Arrows Keys)

*Easy Sharing

*Immersive Experience

53

Environmental Control

*Post operam analysis

* Assets protection
*Dangerous chemicals leakage
*Environmental contamination
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Virtual construction site management

Two needs - Two workflows

(e

AVAN

s

VA4

Semi-automated calculation of cut&fill volumes Estimate of the physical progress of the works
Point clouds from drone surveys e Automated production of a Revit model
Cut-out and DEMs from site areas * Automated parameter population
Volumetric surfaces for comparison in Civil 3D e Clash detection in NavisWorks

Output reports for further analysis e Algorithm to calculate the progress and
integration within the project dashboard
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Workflow analysis
Requirements and solutions implemented

e Requirements:
o Set up a workflow with a few clicks and checks
o Reduce processing times
o Get manageable drawings/outputs, that can be reused on other processes

o Preserve a good accuracy

e Technical Solutions:
o Point cloud decimation
o DEMs elaboration
o Automation through scripts

o Use of calculation algorithms
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Workflow analysis
Required formats

For the post processing of the images
and the scans acquired on site by our

surveyors, we request different formats
for different purposes:

*  Ortophotos

Formats:
« Tif,
Technical data . tfw

* 45Mpx and102 Mpx cameras

Ortophoto resolutiion >= 2cm/pixel

Image acquisition rate: 1 photo / 2 seconds = AUTODESK UNIVERSITY



Workflow analysis
Required formats

For the post processing of the images
and the scans acquired on site by our

surveyors, we request different formats
for different purposes:

* Ortophotos

3D Point Cloud Models

Technical data

® Accuracy £ 15mm

® Precision £ 10mm
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Workflow analysis
Required formats

R AUTODESK' RECAP PRO

For the post processing of the images
and the scans acquired on site by our
surveyors, we request different formats
for different purposes:

* Ortophotos

* 3D Point Cloud Models

* 360° Photos for the Bubbleviews

- Formats:
- * Rep (res);
e E57/fls structured data _3
~ .7,7. i . :EHC . i

Technical data

® Point acquisition rate: 2 million/s

® Range: 70 metri

® Precision £ 1.9mm at 10m
~2 AUTODESK UNIVERSITY



Workflow analysis
Required formats — Classification by WBS

VI102.VI02A.V15.03

VI102.VI02A.V15.02

R Type here to search
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Workflow analysis
Required formats — Classification by WBS

VIO2.VIO2AVIE.02  *- i i VI02.VI02A.V16.03

VI02.VI02A.V15.03

VI02.VI02A.VI6

VI102.VI02A.V15.02

-
5 - ' P 15:22
Sl © Type here to search i - i ~ B ) m T =] .
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Workflow analysis
Required formats — Classification by WBS

VI02.VI02A.VI6.02 b VI02.VI02A.V16.03

" vio2.vieaavie. o9 ! vioZ¥o2R 503 %

VI02.VI02A.VI8

ll .© Type here to search
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Workflow analysis
Required formats — Classification by WBS

VI02.VI02A.VIA.03

VI02.VI02A.VI6.02 VI02.VI02A.V16.03

...V|.0-2.VI02A.V|8.0§' ! Vio£ HoZR Y503 7

VIVIOPLYAPAN/R02 2

VI02.VI02A.VIA

Sl © Type here to search
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Workflow analysis

Required formats — Classification by material

R AUTODESK' RECAP Matericli [ — A sbsaibe - Wy — %

Concrete / Steel / Timber

>

y-m

; - 1523
A Type here to search O T e 0m2002 ¢
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Workflow analysis

Required formats — Classification by material

R AUTODESK' RECAP Materia @ Hosommaron > A sbsibe  ~ Wy — @ X

Ground

Limit Box

= @) 1523 =]
08/08/2022
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Workflow analysis

Required formats — Classification by material

R AUTODESK' RECAP Materia @ Hosommaron > A sbsibe  ~ Wy — @ X

Vegetation

<>

e 15:24
3 ) 1A
B 08/08/2022 E‘
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Workflow analysis

Required formats — Classification by material

R AUTODESK' RECAP Matericli @ HessandroD ¥ N subscibe - Wy — @ X

Other materials

Limit Box

1524
o) ITA
w1 d 08/08/2022 E
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Workflow analysis

Required formats — Classification by material

R AUTODESK’ RECAP Material © Messaniop v A sbsaive ~ M — @ X

>

Distance Limit Box

15:25
2

08/08/2022
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Workflow analysis

Construction site areas
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Workflow analysis

Construction site areas

VIi01
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Workflow analysis

Construction site areas

VIi01

Vi02
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Workflow analysis

Construction site areas

VIi01

Vi02

RI101
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Workflow analysis

Construction site areas

VIi01
Vi02

RI101
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Workflow analysis

Folder structure on ACC

ACC folder structure:

o Main WBS Element

« Survey

Bubbleview

Point Clouds by Material

Point Clouds by WBS

Structured Point Clouds

Ortophotos

o

© o & O

(M)

3

4 s - o H
5 @ 7 g H

POC_Droni_CancelloFrasso @ ~

Files

> [ Intero cantiere
> (R0t
> [ TROL
> Qv
v [ vioz
>0Omn
>0Om
>
> O
> 0TS
> [Te
v O
> [ Bubbleview
> [ Nuvola di Punti per Material

> ([ Nuvola di Punti per WBS

> [ 04_Elaborazione

-

& Upload files

Name ~
(O Bubbleview

(O Nuvola di Punti per Material
(O Nuvola di Punti per WBS

(O Nuvole complete

) ortofoto

eeeeee

@ STEFANO LIBIANCHT ~

@ Export v Q_ searchand filter

synced with Bridge  Markup  Size
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Workflow analysis
Folder structure on ACC

ACC folder structure:

&) Docs - POC_Droni_CancelloFrasso @ @ STEFANO LIBIANCHT ~
O File:
(3 Reviews F]leS

ol Main WBS Element

Transmittals Folders  Holding arca @ Deleted items = settings

~ [ 03_Dati di Rilievo a
° Survey R ' Name ~ Description Version Synced with Bridge  Markup  Size L Q@
& ms 5 . . ) Bubbleview - - - - t :
) settings > . () Nuvola di Punti per Materials - - - - r
. .
(O Nuvola di Punti per WBS r
* Bubbleview
(O Nuvole complete r
>0On ) ortofoto 0
>0Om
= " > T3
* Point Clouds by Material o
>OTs
>[DTe
v Om
.
- Point Clouds by WBS > oo
oin ouds
> [ Nuvola di Punti per Material
> D Nuvola di Punti per WBS
3

e Structured Point Clouds - > [ 0 daborazone B g 5 e

* Ortophotos
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Workflow analysis

Folder structure on ACC

ACC folder structure:

&) Docs ~ POC_Droni_CancelloFrasso @ ~ a STEFANO LIBIANCHI ~
O Fi
G e Files

o Main WBS Element

© Transmittal @ Deleted iter = s
© 1 “
& oot~ | | @ s |38
Reports
Su rvey ot Name ~ Description Version synced with Bridge  Markup  Size L &
29 Members
<, Bridge > [ Intero cantiere O subbleview t i
@ settings > (D riot 0 Nuvola di Punti per Material r
> [ TROL
. .
(O Nuvola di Punti per WBS r
* Bubbleview > Qv
v D vioz O Nuvole complete r
’ O ortofoto r
. .
* Point Clouds by Material
.
- Point Clouds by WBS o
oin ouds
> [ Nuvola di Punti per Material
> D Nuvola di Punti per WBS
3

¢ Structured Point Clouds - > £ 04 loborezone _ |—

* Ortophotos
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Workflow analysis

Folder structure on ACC

ACC folder structure:

o Main WBS Element

« Survey

.

Bubbleview

+ Point Clouds by Material

« Point Clouds by WBS

»  Structured Point Clouds

+ Ortophotos

-

ransmittals

POC_Droni_CancelloFrasso @ ~

Files

> (R0t
> [ TROL
> Qv
v [ vioz
>0Omn
> 0Om
>
> O
> OTs
> e
v DO

>

>

> [ 04_Elaborazione

-

& Upload files

Name ~

(O Bubbleview

(O Nuvola di Punti per Material
(O Nuvola di Punti per WBS
(O Nuvole complete

O ortofoto

@ STEFANO LIBIANCHT ~

ms = Settings
oo
@ Export v Q_ searchand filter 88
synced with Bridge  Markup. size L 3
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Workflow analysis

Surveys

2019 2020 2021 2022

Vio1
Vi02

RI01
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Partners
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Virtual construction site management

Cancello Frasso Telesino Railway
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"= “Semi-automated calculation
v of cut&fill volumes



Data preparation

e Point Cloud Management:

o Classification and Ground Level

o .las files merge

e Construction Site Feature Classes

o Area name as a data attribute

e Python Script :

o DEMs trimming by area

o Renaming area + survey suffix

-_élu Wi

Contents

T Search

O/ 85 &
Drawing Order
4 [F] Map

4 [J] cantien

O

+[7] DT4 - L2-Te.tf

Value
53,3607

42,6395
4 [J] CO5L2-TB.2if
Value
447916

44,3868
4 [7] AT6L2-T6.tif
Value
48,8222

440318

4 aremnv CoanuFeatnr

A Name

AS021.2-T6
ASD3L2-T6
ATD1-T6
AT5L2-T6
oy
CO5L2-T6
DT04 - L2-T6

4im

rea manadement Inalvran r"C

~

.
= | Catalog

Project Portal Favorites

Status

NeoeoOoNEeEOE

Search Project

4 i T6-20cm
aam 4 ASO2-T6
v BB As02L2-Te.tif
4 [ ASO3L2-TE
v BB ASDIL2-To.Ai
4 @ ATO1-T6
v BB ATO1-TEAH
4 W ATSL2-T6
v BB ATSL2-To.tif
4 [ ATBL2-T6
v @@ ATeL2-To.xf
4 @ COS5L2-T6
v BB cosL2-Teuf

D104 - L2-T6

P
+ | BB o704 - L2-Tetit
result
.

E\J

- oIt 21102297
s 2maTELTAE 40 ARATACASEL oo - IS S ——" AR |~ — - e
naamd\Nnenment s\where tech\fs_tech\nuvola punti\result\pol.shp")

Da“’.T”, polygon)

Name Status Date
L] ASO2(} Th.tfw @ 19/0
&] AS02L2-T6.tif © 19/0
& AS02L2-T6.tif aux.xml @ 19/0
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Creating the volumetric surfaces - Civil3D

e Civil 3D Template
o Lightweight style

o Geographic reference )
System CIVIL 3D 2022

® GeoTlFF import

o Create Surfaces from DEMs

o Save as .dwg

e Dynamo Routine
o Create volumetric surfaces

o Rename to include info on
the surveys compared

o Export .xIsx reports
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Creating the volumetric surfaces - Civil3D

e Dynamo Script

»2 AUTODESK UNIVERSITY



Creating the volumetric surfaces - Civil3D

e Dynamo Script
o Get DEM Surface

Get DEM Surfaces . Creati

»24 AUTODESK UNIVERSITY



Creating the volumetric surfaces - Civil3D

e Dynamo Script
o Get DEM Surface

o Create List Surface

Extr

Create List Surfaces
- List Sublists List.Transpase Code Block ,_AE
r & list ¥ e p— it 3} S5 —f g -1 i | = L
_"__--_- ¥ = e al1]; '--;1- 1
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Creating the volumetric surfaces - Civil3D

e Dynamo Script
o Get DEM Surface
o Create List Surface
o Extract Data from DEM

ra Aavivucsk UNIVERSITY



Creating the volumetric surfaces - Civil3D

e Dynamo Script - N
o Get DEM Surface = = S
o Create List Surface
o Extract Data from DEM

Tr!“"i’f,_ = mPﬁ L Y_-— P‘mi J 3 - _m__ -\:\ po= =

o Create Volumetrics surfaces

Crerate
Volume

Surface Write Excel Rep
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Creating the volumetric surfaces - Civil3D

e Dynamo Script
o Get DEM Surface
o Create List Surface
o Extract Data from DEM

o Create Volumetrics surfaces

ESENEh T S e

B =
i [ wewm |
o Write excel report — m_‘_:_}‘: o= 2N
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Creating the volumetric surfaces - Civil3D

e Dynamo Script

e

o Get DEM Surface e S u%zﬁ_

= memm .,_.,Fg i 7

o Create List Surface
o Extract Data from DEM

o Create Volumetrics surfaces Watch Dialog
o Write excel report
o Watch Dialog

e
- B - _ »
> -oe ]

—_— =

Open/Close Excel

ECTTEE B

Curne Fonei f
T @ Pene
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Creating the volumetric surfaces - Civil3D

e Civil 3D Template
o Lightweight style

o Geographic reference
system

® GeoTlFF import

o Create Surfaces from DEMs

o Save as .dwg

e Dynamo Routine

o Create volumetric surfaces

o Rename to include info on [
the surveys compared T e W s 2l = s s e e 1l i

o Export .xlsx reports
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Building the Project Dashboard

»

SEil

.
m

Drone Mission Analytics  update 50400 E Y

* The reports extracted ©  pricion: Rilieve 14 Dicembre 2021
suitable for Business

Intelligence tools (e . 2 368 94671 37985

4
@ .. @ - = N —
L ."3.
® Project dashboard to "op0 ° $, D RE L

Obijects recognized

wtified

o3 ---II‘|

interrogate and g
visualize on a map o -

(@ -
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Workflow analysis

Estimating processing time and accuracy

e Result:
o Point cloud decimation
o DEM processing

o Surfaces genaration in Civil 3D

4,00%
3,50%
3,00%
2,50%
2,00%
1,50%
1,00%
0,50%

0,00%

Volume difference between decimated area (%)

0,65%

Difference 5 -2

2,63%

Difference 10-2

3,65%

Difference 20 - 2
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Estimate of the physical
progress of the works



Solution for Calculating the Physical Progress of
Infrastructures

ELIY Viewpoint  Review Animation  View  Output BIM360Glue Render Tooladd-ins1 €+

D'- @ @‘ r‘g CJ’_—E} qﬂfwdkémt & = oy {} [ Appearance Profiler [

P h H Append Refresh Reset_ File Select & Unhide | Links i A Bt DateTools | App Manager
. S I Ca ro re S S O t e - All...” Options AT 5 -V Rendering
y Project - Select B Search ~
Clash Detective X
Structures T
z Clashes - Total: 1049 (Open: 1049 Closed: 0}
3 o e T e T e e |
Pulvini old 894 894 [ [} o 0 |
O Tru e m Od e I Travi old 2370 2370 [ 0 0 0 ‘
Piloni Old 1049 1049 0 0 0 0
SolettsCompl Old 1078 1078 © 0 o 0
- . . Fondazioni  Old 100 100 [ 0 o [} |
Slm Ilfled model Spalle old 22 2 0 0 o o |
O p CLs old 1197 197 0 0 0 0 1
Metal Old 650 650 0 0 0 0
T e = f 8 5 5 \
|
| rodtest | | Resetan | compactain | petetean | |G updatesn &~

¢ Railway Embankments

e Navisworks Clash Detection

e Calculation algorithm and
dashboard data integration

Rules | Select | Results | Report

Contents

[l ciash Point.
[lpate Founa
[Classigned To
[]Date approved
[l 4pprovea By
[ltayer Name
[litem Path
[Jitem 1D

[l status
[oistance
[CIDescription

[ comments
[1Quick Properties
[limage
[]simulation Dates

~Include Clashes
For Clash Groups, include:

[] Include only filtered results

Indude these statuses:

[ adive
[Reviewed
[approvea
[IResolved

~Output Settings

Report Type Report Format
All tests (combined) GRETT v ‘ ‘Write Repart ‘
w S —

Liner
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Physica

e Pre-loaded
families

e Parameters

| Progress of Viaducts — True BIM Model

REezH@-

ile Architecture

ks

Modify,

Select ~ Properties

Properties

@ 3D View

3D View: {3D}

Graphics

View Scale

cale Value 1

Detail Level

Parts Visibility
Visibility/Graphics Ov....
Graphic Display Opti...
Discipline
Show Hidden Lines
Default Analysis Displ...
Sun Path

Extents

Crop View

Crop Region Visible
Annotation Crop

Far Clip Active

Offset

Scope Box
Section Box
Camera
Rendering Settings
ocked Orientation

perties help

Project Browser - POC_Viadotto_VI01_VI02_4D_V.

Analytical Links

Cable Trays
Casework
@ VI01

5 VID2_Mast

Bridge_BOTTOM
Bridge_TOP

Standard

- VIO2_Mast_S1
- VI02_Mast 52
- VID2_Viaduct_Span_AC

Click to select, TAB for alternates, CTRL adds, SHIFT unselects.

Annotation Symbols

VIO T_intersection
VI _intersection2
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Physical Progress of Viaducts — SIL
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Clash detection report post-processing
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Automated compilation of SIL
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Conclusions




Virtual construction site management

How to achieve up to 40% in overall time reduction
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Virtual construction site management

How to achieve up to 40% in overall time reduction
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Virtual construction site management

How to achieve up to 40% in overall time reduction
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Virtual construction site management

Next steps
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