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WHATDGAHSAIMTO
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DEPLOYEEIARDWARE

LOCALISATION THECONSTRUCTIGN'EAREA TECHNOLOGIES

A The DGAP system architecture has been conceived to allow the localisation of persons and vehicles in the constructaft siessdreen also
O2yOSA@PGSR G2 t20FtA&aS 3ISYySNRMO -fadricatadPparss, etc. Zadzuih these fe@idres haviNhbed dctudly Y
implemented or exploited in the project as they were not included in the original requirements

A In order to cover both outdoor and indoor areas (e.qg., tunnels under construction) as well as persons, vehicles, anasgsseviarious
localisation technologies have been combined:

i

eI e e e e e

GNSS (mostly for outdoor localisation of persons or vehicles)

Bluetooth LowEnergy by proximity (mostly for indoor localisation of persons or vehicles)

Bluetooth LowEnergy by multiateration (for more accurate localisation of persons or vehicles) [*]

LoRa by muliateration (for rough localisation of persons or vehicles when no other means are available) [*]

WiFiby multtlateration (for rough localisation of persons or vehicles when no other means are available) [*]

WCL5 o6& LINRPEAYAGE o6Yzaidfe FT2NI 20 tAaldAz2y 2F al aasSidiaédo wf 8

N 7

RFID by muliaterationo Y2 a Gt @8 F2NJ f 20t AalGA2y 2F al aaSiaédo of6

[*] Foreseen in the system architecture, but not actually implemented or exploited in DGAP
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DEPLOYEEIARDWARE

COMMUNICATIONN THECONSTRUCTIGN'EAREA TECHNOLOGIES

A

A

Communications are used to transfer localisation information to the DGAP backend for further processing (e.g., spatiahresphoximity) and
storage/presentation

Two main communication modes are foreseen by the system architecture:

U Direct communication from the tracking devices to the backend via GSM cellular network, when GSM coverage (at leastilalieisaer
(most of) the construction site
U [20Ff O2YYdzyAOFGA2Y GAF | aK20aLI20G¢ LX dza ol O KI dzf Ay Istricon i K ¢
site
Local communication technologies forese@vifi(primary, capable of larger traffic capacity) and LoRa (backup for areas not covakégibyith
limited traffic capacity)

Backhauling communication technologies foreseen: ethernet (when a connection to the internet is available already ortriheticonsite
through other means); LTE cellular (when LTE cellular coverage is available at least at one place of the constructoa sit®ispot can be
installed); IRIDIUM satellite network (when no other backhauling communication means are available on the construckipn site)

[*] Ethernet connectivity and an IRIDIUM modem for backhauling have been included in the hotspots, but not actuallyG&&Bdsr&ckhauling
through LTE cellular network was foreseen for the demonstration



DGAP
DRONEANDGNSSORAPPLICATION® PROFESSIONSBURVEYS

DEPLOYEEIARDWARE

THEDGAP BTSPOTS

Each hotspot includes:

WiFihotspot

LoRa Gateway

Bluetooth direct and reverse beacon

LTE cellular modem for backhauling

IRIDIUM satellite modem for backhauling

Ethernet connection for backhauling

RFID reader for passive RFIDs [*]

RFID reader for active RFIDs [*]

GNSS receiver with RTK capabilities (for reference positioning)
Hot-swappable batteries, providing several days of autonomy

220¢ 240 V power supply, remote monitoring and control, light for maintenance operatio
when dark, tampering alarm, etc.

Telescopic mast and foldable tripod to ease the transportation
Rated for up to 100 Km/h wind, and up to 130 Km/h wind gusts
2 hotspots provided for DGAP

To To Bo Bo Do To Do Do Io Do Do I» Do Do

[*] Foreseen by the architecture but not actually equipped in DGAP
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DEPLOYEEIARDWARE

THEDGAP RACKERS

A1l 02YY2y StSOUNRPYAO RSaAdady KIFra oSSy YIRS F2N G4KS & 2hdSNS GRSNG ARGES
GKS OGN} O1SNBR dzaSR (G2 t20FftAasS OSKAOfSauvsE FyR T2 NJtyviaBluaootSlod?2 vy a
Energy)

A Each tracker includes:

U GNSS receiver

U 2G GSM cellular modem

U LoRa modem (including an autonomous GNSS receiver \afEisniffer)

U  WiFitransceiver

0 SystemOnChip (SOC) including the main microcontroller and the Bluetooth Low Energy transceiver

U Internal battery and power management circuitry

U Direct communication from the tracking devices to the backend via GSM cellular network, when GSM coverage (at leastilaligigrav
the construction site

U [20Ff O2YYdzyAOFGA2Y @Al | aK230aLRié b o0F Ol KFEdZ Ayad 6KSy y2 I

A Due to the welknown problems with long delivery time of electronic components following the GO¥{andemic, various versismf the DGAP
trackers have been implemented (named Level 1, Level 2, and Level 3), so as to mitigate the problem and allow to prabec stifand the
demonstration even though not all electronic components were immediately available



DEPLOYEEIARDWARE

THELEVELL TRACKERS

A The Level 1 trackers were the only type of tracker available when the preliminary
test site survey was carried out (July 2021), as the delivery time of some electronig
components for the Level 2 and Level 3 trackers was not compatible with the
desired planning

A The Level 1 tracker includes:
U GNSS receiver
U 2G GSM cellular modem
U main microcontroller
U Internal battery and power management circuitry

A Very small and lightweight, Level 1 trackers may represent a good solution for
construction sites where GSM coverage is available more or less throughout the si
and where no localisation is required indoor or in tunnels

A When Level 1 trackers are exclusively used, local communication coverage and
backhauling using hotspots is unnecessary

03/03/2022 FinalPresentation
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DEPLOYEEARDWARE

THELEVELZ TRACKERS

A The Level 2 trackers are fully featured, and they were used, in addition to g \

Level 1 trackers, for esite installation and setup (October 2021) as well as
for the demonstration (December 2021)

A As a feedback gathered during the demonstration, interest was manifeste
for a version having a different form factor, which could be combined with
an identification badge. This suggestion led to the realisation of the Level
trackers

03/03/2022 FinalPresentation
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DEPLOYEEIARDWARE

THELEVEI3 TRACKERS
P

pece

AARARARARRRRLLL

A The Level 3 trackers are also fully featured, and they were realised after the demoqstration to shovy that tl]e feedbaekl dathey the o
RSY2YAGNYGA2Y a4 | afSaazy fSIFENYSRE O2dzZ R 6S |Olbdzarftte AYLI SYS

A An enclosure for the Level 3 electronic board has been made using 3D printing techniques. It incorporates a holderdfadssstan
identification card, and rear clips to attach it to a pocket

A CdzidzNBE a[ S@St né GNIO1SNAR YIF& 0S Fdz2NIKSNJ NBRdAzOSR A yatiganibad§e | y R
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DGAPPLATFORMISERS

MAIN DGAPUSERS ﬂ NTERNADGAPUSERS
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DGAP
Platform
Configuration
and
functionality
manager

/

Devices
Configuration
Manager

\_
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DGAPPLATFORMISERS
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DGAP ET#10OPERATIONALOW

RECEPTION

PLANNING
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DGAP BT#2OPERATIONALOW

WORKER
DEVICES
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WORKER
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03/03/2022 FinalPresentation

ON-SITE
SENSORS
CONFIGURATION

VEHICLE DEVICES
CONFIGURATION

WORKERS /
VEHICLES
MONITORING

WEATHER
DATA

DAILY REPORT

18



&
Z
)
)
(7))
L
LL
o
g
S
3 5
-
%
o)
th
(7))
G
(|
Z
&
pd
o
&

DEMONSTRATIGRTES
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DEMONSTRATIGRTES

Survey Support Service (SET#1) Demo Site
GAO3Gallerodotto
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UAV BRVEYSET #1qQ HELDEQUIPMENT

Type Multirotor UAV
(quadrotor)
Max Takeoff 1.5 kg
Mass (MTO |\/|) L1 C/A, L1C, L1P, L2C, L2P, L5
GLOMNASS: L1 C/A, L1P, L2C, L2P, L3
. . BEIDOU: B1, B2, B3
Max cruise 5m/s Satellite Tracked GALILEO: E1, E5a, E5b, Alt-BOC, E6
QZSS: L1 C/A, L1C, L2C, LS
Speed SBAS: L1, LS
. L-Band Atlas H10 / H30 / Basic
Endurance 30 min Channels 600
Position Rate 5 Hz, optional 20Hz
. . Signal R isiti <1
Propulsiontype  Electric “RTK Signal initaizaion Typicaly < 0 5ec
Hot Start Typically < 15 sec
Posrtlonlng GNS$ecelver Initialization Reliability =599 %
Internal Memory 8 GB
(G PS’ GLONAS Micro SD Card Expansion slot up to 32 GB
POSITIONING!
Sensottypeand RGBsensor HIGH PRECISION STATIC SURVEYING
‘ot Horizontal 2.5 mm + 0.1 ppm RMS
characteristics  / ah{ MK H oo
1 1 . CODE DIFFERENTIAL POSITIONING
EﬁeCtlveplerS - Horizontal 0.25 m RMS
Vertical 0.45 m RMS
20 M 5Isnarﬁ-htil';;":jl;'1':].";ITI'C.'INIT"\JG2 -
Haorizontal 0.30 m RMS
Vertical 0.60 m RMS
REAL TIME KINEMATIC (< 30 Km) - NETWORK SURVEYING?
Fixed RTK Horizontal 8 mm + 1 ppm RMS

. . Fixed RTK Vertical v RM
03/03/2022 FinalPresentation ned erfica 1> mm + 1 ppm RMS _




UAV BRVEYSET #1) DATAACQUISITIONROCESS

Mission planning Preparationfor
andpreparaton survey . Flight Execution Postflight

Requirements GCPRacquisition Realtime Verificationof
analysis UAV andsensor monitoring acquireddata
Personnekelection deployment Eventuake-taking of
UAV andaccessories missingdata
selection UAV andsensor
Field&Risk check and storage
Assessment Upload of images

on cloud
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UAV BRVEYSET #1q POSTPROCESSINGIDMODELGENERATION

Image upload anealignment

wSparse point cloucs generated

GCReoordinatesnput

w Toincreaseoverall model positionin@ecuracy

Densification

wDense .point-clouds generated

3Dtexturizedmodel generation

w 3D model withtexturizedmeshis generated

CAD model

wOn CAD generatanodule
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GAO3 galleroaotto»

Sparse cloud

Dense cloud

3Dtextured mesh

CAD

UAV BRVEYSET #19 SUIMMARYOFRESULTS
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Sparse cloud

Dense cloud
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DGAP: [BITAISERVICESJPPORTINGONSTRUCTIGHNTESACTIVITIES

SET#L «Survey{ dzLJLJ2 NI { SNIJA OS¢ |SET#2 «DailyMonitoring»

SET#1 aims to support the Site Manager team in the periodic evalua SET#2 provides continuous information to the Site Manager about ar
of the advancements of the linear construction site thanks to the use presence into the construction site together with additional weather
drone and aehoc payload (e.g. RGB Camera, Lidar sensors, other  information required for the daily monitoring. An dmbc operator device
sensors). The data gathered during the drone mission will be post  will be provided to each worker and a vehicle device will be installed
processed by a dedicated processor module in case correction proce board of each vehicle operating into the work area while a tpady

is requested and will be sent to the Site Manager in a format compati weather provider will be used to obtain any relevant information (e.g.
with existing client infrastructure (e.g. Point of Cloud, BIM Model, CA weather condition, temperature, wind, other) in the interested area.
Model, Other).

Quantitative and Qualitative measurements Real timeoperation data ¢ Live Report

A volume of concrete used A Presencelocalizationandtypologyof workers (technical
A number of reinforcing steels placed, employees common workerskilledworkers etc.)

A excavation volume A Presencelocalizationandtypologyof vehicles

A presence of honeycomb patterns or cracks A Weathercondition

A etc

Interoperability with Piattaforma Costruzioni

Work progress analysisy comparing: (ConstructionsPlatform)

A data acquired and processed at TO and T1; Automatic compilation of the Daily Report
A data acquired on field with the design model



3D FINTOLOUDMODELSORQUANTITATIMEIEASUREMENTS

The availabilityof point cloud modelsallows performing quick&smartquantitative measuresin order to speedup on-sites monitoring activitiesto be
performedby Italferr personels

POTRE&pplicationintegratedin the DGARPIlatform,availablealsoon mobile devicesallowsto checkon the point cloud modelsseveralrelevantfeatures

neededto verifythe correctrealizationof the works

lengthandsurfacemeasurements

\Y,
V angleandcurvaturemeasurements
V volumemeasurements

Vv

countingmacroobjectsrelatedto the project
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BIMMODELSENERATIONJPPORTINBA/ORKPROGRESSNALYSIS

Startingfrom the point cloudmodel, Italferr BIM Specialistreatesa 3D BIM Models,usingBentleyContextCapturesoftware,whichcan

uploadedin the DGARlatformand correctlyvisualizecaind managedusingAutodesk-ORGEpplication

DGARPlatformcan support Italferr specialistsn carryingout

projectrelatedactivitiessuchas

V Quickanalysiof worksprogressstatusby developingBIM
modelsof structuresusingon-site datagatheredat TO and
datacollecteda Tn+

V Quickanalysisof adherencewith by comparingBIM on-
site modelsdevelopedfrom data collectedon field with
BIM models related to the design and planned

constructionactivities



MACHINEEARNINGLGORITHHMORANOMALIESETECTION

Construction Manager
onstruction Site anager Image Gallery

V Anomalies detection in structures such as superficial
anomaliesin concrete (e.g. cracks,ecq can be visuallyand
automaticallydetected analyzinglarge quantities of pictures
gatheredon site. ThisfunctinalityallowsL § I f Sp&iblistan &
speed up monitoring activities, limiting the number of

personneto be usedon site

V Anomaliegicturescollectionand recordingis alsouseful for
producing technical inspection forms including all the

evidencegrom the inspection

V Aregisterof the anomaliegicturescanalsobe usefulfor legal
iIssueswith the Contractorin relationto the correctexecution

of worksandrelatedpayments




CGONSTRUCTIGHNTEDAILYMONITORINGEPORT

Construction Manager

Autobetoniera 153 VI01-Viadotto
Operaio Comune 153 VI01-Viadotto
Operaio Comune 153 VI01-Viadotto

V Ad hoc on-site communicationequipment(hotspot, beacon)
and tracker devicesguarantee an optimal signal coverage

(alsoin indoorareas)

V automaticanddailyidentificationand positioning(IN/OUT of

operatorsandvehiclesvorkingon the constructiorsite
V Automaticgenerationof dailymonitoringreport

V Potential interoperability with L G I TS NeNAE&G NHzO 0 A
tfFa0F2NYE

438 2 2021-12-14T14:07:41.492

438 2 2021-12-14T14:07:44.780

r

438 2 2021-12-14T14:07:57
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KEYRESULTS

DGAP \&BFORTAL

Construction Manager
Construction Site Manager

Sito di Costruzione

Gestione Siti

Gestione Dispositivi

Richiesta Missione

Convert Measure Tool
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Welcome to DGAP

oetP

® Logout

WBS

ID Appalto

7600

7600

7600

8246

ID Lotto

153

153

153
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Nome WBS

GAO03-Gallerodotto

VI01-Viadotto

VI11-Ponte sul Fiume Simeto

NAO1-Sede NAIS Roma
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KEYRESULTS

DGAP MBILEAPP

~

1525 4 0 @ ©

START

03/03/2022

<=
1520 4 0 @ ©

November 04 2021

Welcome Csm

Your Contract

Contract ID Contract Contractor Daily Report
Name

FinalPresentation

Description

o °.61%m

Your Surveys Category ‘Wealher WBS Lot ‘ ExC Data
30
Date Status :
021-10-0
09:43:48
At 1-10-05
( 11.5
10-05
( 25.114
0-0
e 21-10-0
09:54:11.654
10-0
== 09:55:42.¢
09
( 1(
2021-10-05
)2:49.406
21-10-0
( 0-2€ 10:05:48
a 4
NEW SURVEY ‘ ' 20211005
Impiegat 10:47:19.220
@) < [ @) <
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KEYRESULTS

SURVEBUPPOREERVICESET#1)
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