
DRONEANDGNSSFORAPPLICATIONSTOPROFESSIONALSURVEYS
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PEOPLETRUSTS.R.L.

AIVIEWGROUPS.R.L.

ITALFERRS.P.A.

DGAP PROJECTMANAGER: LUIGIPERROTTA

ESA TECHNICALOFFICER: RICHARDSWINDEN/ DAVIDGOMEZCASCO
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DGAPTEAM
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ÅWeb Platform

ÅMobile App

ÅAnomaliesDetection

ÅSystem Integration

ÅUser Needs

ÅBIM Generation

ÅUAV Mission Preparation

ÅUAV Mission Execution

ÅDigital Models Generation

ÅOn-site sensors

ÅWorker devices

ÅVehicledevices
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WHATARETHESERVICESABOUT
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Construction Sites
representsensitive areas
to be dailymanagedand 

monitored

CSM needsto daily
monitor the evolutionof 

the infrastructure

Infrastructureanomalies
hasto be identified to 

ensurea proper levelof 
quality

Access into the area has
to be monitoredand 

recorded
SERVICESTO

SUPPORT

CONSTRUCTION

SITESDAILY

MANAGEMENT

DailyMonitoring Service

Survey Support Service

Site Management & Service Fruition
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DGAP SERVICES

03/03/2022 FinalPresentation 5

Survey Support 
Service

- Generation of Digital 
Models

- Remote qualitative and 
quantitative analysis

DailyMonitoring 
Service

- Workers presence into 
the construction site area

- Vehicle status and 
presence into the 
construction site area

Site Management & 
Fruition Services

- Remote monitoring of 
infrastructure evolution to 
support SoW

- Automatic generation of 
Daily Report
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WHATDGAP ISAIMTO
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Foster the transition from 
traditional construction 
management to digital 
processes 

Support the involved actors 
in their daily and periodical 
activities 

Enhance the 
activities related to 
the work progress

Daily monitoring of 
access to the 

construction sites
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TRACKING 
DEVICES

DGAP ENABLINGTECHNOLOGIES
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GNSS DRONES

MACHINE 
LEARNING

LoRa/ BLE 
WiFi / GSM
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DEPLOYEDHARDWARE

LOCALISATIONIN THECONSTRUCTIONSITEAREA- TECHNOLOGIES

Å The DGAP system architecture has been conceived to allow the localisation of persons and vehicles in the construction site area.It has been also 
ŎƻƴŎŜƛǾŜŘ ǘƻ ƭƻŎŀƭƛǎŜ ƎŜƴŜǊƛŎ άŀǎǎŜǘǎέ ǎǳŎƘ ŀǎ ŎƻƴǎǘǊǳŎǘƛƻƴ ƳŀǘŜǊƛŀƭǎΣ ǇǊŜ-fabricated parts, etc., although these features have not been actually 
implemented or exploited in the project as they were not included in the original requirements

Å In order to cover both outdoor and indoor areas (e.g., tunnels under construction) as well as persons, vehicles, and generic assets, various 
localisation technologies have been combined:

ü GNSS (mostly for outdoor localisation of persons or vehicles)

ü Bluetooth Low-Energy by proximity (mostly for indoor localisation of persons or vehicles)

ü Bluetooth Low-Energy by multi-lateration(for more accurate localisation of persons or vehicles) [*]

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

ü WiFiby multi-lateration(for rough localisation of persons or vehicles when no other means are available) [*]

ü wCL5 ōȅ ǇǊƻȄƛƳƛǘȅ όƳƻǎǘƭȅ ŦƻǊ ƭƻŎŀƭƛǎŀǘƛƻƴ ƻŦ άŀǎǎŜǘǎέύ ώϝϐ

ü RFID by multi-laterationόƳƻǎǘƭȅ ŦƻǊ ƭƻŎŀƭƛǎŀǘƛƻƴ ƻŦ άŀǎǎŜǘǎέύ ώϝϐ

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

COMMUNICATIONIN THECONSTRUCTIONSITEAREA- TECHNOLOGIES

Å Communications are used to transfer localisation information to the DGAP backend for further processing (e.g., spatial resolution of proximity) and 
storage/presentation

Å Two main communication modes are foreseen by the system architecture:

ü Direct communication from the tracking devices to the backend via GSM cellular network, when GSM coverage (at least 2G) is available over 
(most of) the construction site

ü [ƻŎŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴ Ǿƛŀ ŀ άƘƻǘǎǇƻǘέ Ǉƭǳǎ ōŀŎƪƘŀǳƭƛƴƎ ǘƻ ǘƘŜ ƛƴǘŜǊƴŜǘ ǿƘŜƴ ƴƻ D{a ŎƻǾŜǊŀƎŜ ƛǎ ŀǾŀƛƭŀōƭŜ ƻǾŜǊ όƳƻǎǘ ƻŦύ ǘƘŜ Ŏƻƴstruction 
site

Å Local communication technologies foreseen: WiFi(primary, capable of larger traffic capacity) and LoRa (backup for areas not covered by WiFi, with 
limited traffic capacity)

Å Backhauling communication technologies foreseen: ethernet (when a connection to the internet is available already on the construction site 
through other means); LTE cellular (when LTE cellular coverage is available at least at one place of the construction site wherea hotspot can be 
installed); IRIDIUM satellite network (when no other backhauling communication means are available on the construction site) [*]

[*] Ethernet connectivity and an IRIDIUM modem for backhauling have been included in the hotspots, but not actually used in DGAPas backhauling 
through LTE cellular network was foreseen for the demonstration
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DEPLOYEDHARDWARE

THEDGAP HOTSPOTS

Each hotspot includes:

Å WiFihotspot

Å LoRa Gateway

Å Bluetooth direct and reverse beacon

Å LTE cellular modem for backhauling

Å IRIDIUM satellite modem for backhauling

Å Ethernet connection for backhauling

Å RFID reader for passive RFIDs [*]

Å RFID reader for active RFIDs [*]

Å GNSS receiver with RTK capabilities (for reference positioning)

Å Hot-swappable batteries, providing several days of autonomy

Å 220 ς240 V power supply, remote monitoring and control, light for maintenance operations 
when dark, tampering alarm, etc.

Å Telescopic mast and foldable tripod to ease the transportation

Å Rated for up to 100 Km/h wind, and up to 130 Km/h wind gusts

Å 2 hotspots provided for DGAP

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

THEDGAP TRACKERS

Å ! ŎƻƳƳƻƴ ŜƭŜŎǘǊƻƴƛŎ ŘŜǎƛƎƴ Ƙŀǎ ōŜŜƴ ƳŀŘŜ ŦƻǊ ǘƘŜ άƻǇŜǊŀǘƻǊ ŘŜǾƛŎŜǎέ όƛΦŜΦΣ ǘƘŜ ǘǊŀŎƪŜǊǎ ǳǎŜŘ ǘƻ ƭƻŎŀƭƛǎŜ ǇŜǊǎƻƴǎύΣ ŦƻǊ ǘƘŜ άǾehiŎƭŜ ŘŜǾƛŎŜǎέ όƛΦŜΦΣ 
ǘƘŜ ǘǊŀŎƪŜǊǎ ǳǎŜŘ ǘƻ ƭƻŎŀƭƛǎŜ ǾŜƘƛŎƭŜǎύΣ ŀƴŘ ŦƻǊ ǘƘŜ άōŜŀŎƻƴǎέ όƛΦŜΦΣ ŦƛȄŜŘ ŘŜǾƛŎŜǎ ǳǎŜŘ ǘƻ ƭƻŎŀƭƛǎŜ ǘǊŀŎƪŜǊǎ ǘƘǊƻǳƎƘ ǇǊƻȄƛƳƛty via Bluetooth Low 
Energy)

Å Each tracker includes:

ü GNSS receiver

ü 2G GSM cellular modem

ü LoRa modem (including an autonomous GNSS receiver and a WiFisniffer)

ü WiFitransceiver

ü System-On-Chip (SOC) including the main microcontroller and the Bluetooth Low Energy transceiver

ü Internal battery and power management circuitry

ü Direct communication from the tracking devices to the backend via GSM cellular network, when GSM coverage (at least 2G) is available in 
the construction site

ü [ƻŎŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴ Ǿƛŀ ŀ άƘƻǘǎǇƻǘέ Ҍ ōŀŎƪƘŀǳƭƛƴƎ ǿƘŜƴ ƴƻ D{a ŎƻǾŜǊŀƎŜ ƛǎ ŀǾŀƛƭŀōƭŜ ƻǾŜǊ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎƛǘŜ

Å Due to the well-known problems with long delivery time of electronic components following the COVID-19 pandemic, various versions of the DGAP 
trackers have been implemented (named Level 1, Level 2, and Level 3), so as to mitigate the problem and allow to proceed withthe tests and the 
demonstration even though not all electronic components were immediately available



D
G

A
P

D
R

O
N

EA
N

D
G

N
S

SF
O

R
A

P
P

L
IC

A
T

IO
N

ST
O

P
R

O
F

E
S

S
IO

N
A

L
S

U
R

V
E

Y
S

03/03/2022 FinalPresentation 12

DEPLOYEDHARDWARE

THELEVEL1 TRACKERS

Å 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 electronic 
components for the Level 2 and Level 3 trackers was not compatible with the 
desired planning

Å The Level 1 tracker includes:

ü GNSS receiver

ü 2G GSM cellular modem

ü main microcontroller

ü Internal battery and power management circuitry

Å 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 site, 
and where no localisation is required indoor or in tunnels

Å When Level 1 trackers are exclusively used, local communication coverage and 
backhauling using hotspots is unnecessary
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Å The Level 2 trackers are fully featured, and they were used, in addition to 
Level 1 trackers, for on-site installation and setup (October 2021) as well as 
for the demonstration (December 2021)

Å As a feedback gathered during the demonstration, interest was manifested 
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 3 
trackers

DEPLOYEDHARDWARE

THELEVEL2 TRACKERS
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Å The Level 3 trackers are also fully featured, and they were realised after the demonstration to show that the feedback gathered during the 
ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŀǎ ŀ άƭŜǎǎƻƴ ƭŜŀǊƴŜŘέ ŎƻǳƭŘ ōŜ ŀŎǘǳŀƭƭȅ ƛƳǇƭŜƳŜƴǘŜŘ

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

Å CǳǘǳǊŜ ά[ŜǾŜƭ пέ ǘǊŀŎƪŜǊǎ Ƴŀȅ ōŜ ŦǳǊǘƘŜǊ ǊŜŘǳŎŜŘ ƛƴ ǎƛȊŜ ŀƴŘ ǿŜƛƎƘǘΣ ŀƴŘ ǎƘŀǇŜŘ ŦƻǊ ŀƴ ƻǇǘƛƳǳƳ ƛƴǘŜƎǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ƛŘŜƴǘƛŦƛŎation badge

DEPLOYEDHARDWARE

THELEVEL3 TRACKERS
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DGAPPLATFORMUSERS

03/03/2022 FinalPresentation 15

Construction Site 
Manager

(CSM)

Digital Model 
Expert(s)
(DME)

Drone 
Operation
Manager
(DOM)

Drone 
Pilot(s)
(DP)

DGAP 
Admin

DGAP 
Platform 

Configuration
and 

functionality
manager

Devices 
Configuration

Manager

MAINDGAPUSERS

PLATFORMMANAGEMENTROLES

INTERNALDGAPUSERS
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DGAPPLATFORMUSERS
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Preliminary Platform 
ConfigurationActivities 

Survey Support Service DailyMonitoring 

Construction Site Management ṉ ṉ ṉ

5ƛƎƛǘŀƭ aƻŘŜƭǎΩ Experts ṉ

Drone OperationManager ṉ

Drone Pilot ṉ

Devices Configuration
Manager 

ṉ ṉ

DGAP Web portal
administrator

ṉ ṉ
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DGAP SET#1OPERATIONALFLOW
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DGAP SET#2OPERATIONALFLOW
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DEMONSTRATIONSITES
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DEMONSTRATIONSITES

Survey Support Service (SET#1) Demo Site
GA03-Gallerodotto

DailyMonitoring (SET#2) Demo Site
VI01-Viadotto
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DEMONSTRATIONEXECUTION
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UAV SURVEY(SET #1) ςFIELDEQUIPMENT

DJI PHANTOM 4 ADVANCED UAV

Type Multirotor UAV 
(quadrotor)

Max Take-off 
Mass (MTOM)

1.5 kg

Max  cruise 
speed

5 m/s

Endurance 30 min

Propulsiontype Electric

Positioning GNSS receiver
(GPS, GLONASS)

Sensor type and 
characteristics

RGB sensor
/ah{ мκнΦоέ
Effectivepixels: 
20M

STONEX S900A 
GNSS RECEIVER
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UAV SURVEY(SET #1) - DATAACQUISITIONPROCESS

Requirements
analysis

Personnelselection

UAV and accessories
selection

Field&Risk
Assessment

Mission planning 
and preparation

GCP acquisition

UAV and sensor
deployment

Preparationfor 
survey

Real-time 
monitoring

Flight Execution

Verificationof 
acquireddata

Eventualre-takingof 
missingdata

UAV and sensor
check and storage

Upload of images 
on cloud

Post-flight
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UAV SURVEY(SET #1) ςPOST-PROCESSINGANDMODELGENERATION

Image upload and alignment

ωSparse point cloud isgenerated

GCP coordinatesinput

ωTo increaseoverall model positioning accuracy

Densification

ωDense point cloud isgenerated

3D texturizedmodel generation

ω3D model with texturizedmesh isgenerated

CAD model

ωOn CAD generator module
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UAV SURVEY(SET #1) ςSUMMARYOFRESULTS

GA03 «gallerodotto» VA11

Sparse cloud Sparse cloud

Dense cloud Dense cloud

3D texturedmesh 3D texturedmesh

CAD CAD
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DGAP: DIGITALSERVICESSUPPORTINGCONSTRUCTIONSITESACTIVITIES

SET#1 ς«Survey{ǳǇǇƻǊǘ {ŜǊǾƛŎŜέ SET#2 ς«DailyMonitoring» 

SET#1 aims to support the Site Manager team in the periodic evaluation 
of the advancements of the linear construction site thanks to the use of 
drone and ad-hoc payload (e.g. RGB Camera, Lidar sensors, other 
sensors). The data gathered during the drone mission will be post-
processed by a dedicated processor module in case correction processing 
is requested and will be sent to the Site Manager in a format compatible 
with existing client infrastructure (e.g. Point of Cloud, BIM Model, CAD 
Model, Other). 

SET#2 provides continuous information to the Site Manager about any 
presence into the construction site together with additional weather 
information required for the daily monitoring. An ad-hoc operator device 
will be provided to each worker and a vehicle device will be installed on 
board of each vehicle operating into the work area while a third-party 
weather provider will be used to obtain any relevant information (e.g. 
weather condition, temperature, wind, other) in the interested area. 

Quantitative and Qualitative measurements 
Å volume of concrete used
Å number of reinforcing steels placed, 
Å excavation volume
Å presence of honeycomb patterns or cracks 

Å etc

Work progress analysis by comparing:
Å data acquired and processed at T0 and T1;
Å data acquired on field with the design model

Real time operation data ςLive Report
Å Presence, localizationand typologyof workers(technical

employees, common worker, skilledworkers, etc.)
Å Presence, localizationand typologyof vehicles
Å Weathercondition

Interoperability with Piattaforma Costruzioni 

(ConstructionsPlatform)

Automaticcompilation of the DailyReport
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3D POINTCLOUDMODELSFORQUANTITATIVEMEASUREMENTS

The availabilityof point cloud modelsallowsperformingquick&smartquantitativemeasuresin order to speedup on-sitesmonitoring activitiesto be

performedbyItalferrpersonels.

POTREEapplicationintegratedin the DGAPPlatform,availablealsoon mobiledevices,allowsto checkon the point cloudmodelsseveralrelevantfeatures

neededto verifythe correctrealizationof the works.

V lengthandsurfacemeasurements

V angleandcurvaturemeasurements

V volumemeasurements

V countingmacroobjectsrelatedto the project
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BIM MODELSGENERATIONSUPPORTINGWORKPROGRESSANALYSIS

Startingfrom the point cloudmodel,Italferr BIMSpecialistcreatesa 3DBIMModels,usingBentleyContextCapturesoftware,whichcan

uploadedin the DGAPplatformandcorrectlyvisualizedandmanagedusingAutodeskFORGEapplication.

DGAPPlatformcansupport Italferr specialistsin carryingout

projectrelatedactivitiessuchas:

V Quickanalysisof worksprogressstatusby developingBIM

modelsof structuresusingon-sitedatagatheredat T0 and

datacollectedaTn+1

V Quickanalysisof adherencewith by comparingBIM on-

site modelsdevelopedfrom data collectedon field with

BIM models related to the design and planned

constructionactivities
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MACHINELEARNINGALGORITHMFORANOMALIESDETECTION

V Anomalies detection in structures such as superficial

anomaliesin concrete(e.g. cracks,ecc) can be visuallyand

automaticallydetected analyzinglargequantitiesof pictures

gatheredon site. ThisfunctinalityallowsLǘŀƭŦŜǊǊΩǎSpecialistto

speed up monitoring activities, limiting the number of

personnelto beusedonsite

V Anomaliespicturescollectionand recordingis alsousefulfor

producing technical inspection forms including all the

evidencesfrom the inspection

V Aregisterof the anomaliespicturescanalsobeusefulfor legal

issueswith the Contractorin relationto the correctexecution

of worksandrelatedpayments
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CONSTRUCTIONSITEDAILYMONITORINGREPORT

V Ad hoc on-site communicationequipment(hotspot,beacon)

and tracker devicesguaranteean optimal signal coverage

(alsoin indoorareas)

V automaticanddailyidentificationandpositioning(IN/OUT)of

operatorsandvehiclesworkingon the constructionsite

V Automaticgenerationof dailymonitoringreport

V Potential interoperability with LǘŀƭŦŜǊǊΩǎά/ƻƴǎǘǊǳŎǘƛƻƴ

tƭŀǘŦƻǊƳέ
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DEMONSTRATIONOUTCOMES
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DGAP PLATFORMPRESENTATION
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KEYRESULTS
DGAP WEBPORTAL
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KEYRESULTS
DGAP MOBILEAPP
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KEYRESULTS
SURVEYSUPPORTSERVICE(SET#1)
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3 differentsurveysperformedfrom July2021until December2021on GA03-Gallerodottoto monitor the siteprogress.3274RawImagesgatheredbydronein threesurveysallowingthe generationof requesteddigitalmodels


