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Introduction

Network needs analysis
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NETWORK NEEDS ANALYSIS

38.000 km (2018-2022) of paved lines

NATIONAL ROADS

& HIGHWAYS

32.000 km « Managing and processing the large
amount of data available about

pavement conditions

of which

1.300 km AR :
of highways and junctions « Uniforming  quality and  safety

standards on the entire road network
under management

7.500 Km

of roads transferred to ANAS
by local administrations




INVESTMENT CHANGE MANAGEMENT

Program Agreement MIT — ANAS (2016 -2020)

5,1 billions €
for planned maintenance

q

Road
pavements 35%

around 1,8 billions for road pavements
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PA 21-25  work in progress

MULTI-YEAR BASIS

Other fundings (= 1,5 miliardi €):

= | ocal roads

= Extra-plans of planned
maintenance

= |nfrastructure Fund
= Budget law 21-24

» FSC (funds for development
and cohesion)




INVESTMENT CHANGE MANAGEMENT

The interventions on pavements are controlled in terms of quality and quantity by

the Ministry of Infrastructure and Transport, because of the strategic nature of the
work In relation to user safety and comfort.

QUALITY CONTROL: ( @ )

] Penal‘“es Pavement condition index
» |ess fundings
= Reputation loss ; i

0,90
0,82

[ Ipgv = 0,6 x Icgr + 0,4 x I1py }

| |
function of adhesion (CAT) and roughness (IRl) 2016 2020

lay = quality indicators of road conditions




Pavement maintenance
strategy
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APPROACH TO MAINTENANCE ACTIVITIES

EXTRAORDINARY ) PLANNED ) INDUSTRIAL PREDICTIVE
MAINTENANCE MAINTENANCE MAINTENANCE

e

orvegllanza

ﬂsset DataBa'_s'e 7 \

Identificazione

Rilievi e ndaglnl

i i

t;*f

Definizione

Goal:
- end of emergency logic
- multi-year planning

Project Management o A vt
_ - = i m s Realizzazione

| Organizzazione Tecnica ‘
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IDENTIFICATION OF MAINTENANCE NEEDS

Maintenance approach

REACTIVE APPROACH: PRO-ACTIVE APPROACH:
maintenance works only after action is taken before

the occurrence of pavement deterioration appears thanks to
distresses specific studies of pavement

performance characteristics
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IDENTIFICATION OF MAINTENANCE NEEDS

Maintenance approach

How is it possible to obtain the
necessary information for a PRO-ACTIVE
approach?

< —
e
~~

* A number of tools are currently available to determine pavement conditions, both
in terms of structural and functional performance.

* The new technologies allow a significant reduction in time and costs required
for data acquisition.




IDENTIFICATION OF MAINTENANCE NEEDS

Daily activities of:

Supervision

45.000 semestral visual inspections

Survey & Detection

High-performance equipment

Analysis and Elaboration
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lltalia si fa strada

RAM - Ispezioni Ricorrenti -
Pavimentazioni

C(40<=CAT<55) M Non misurato
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DATA AQUISITION

Pavement distresses detection

Distress catego

CRACKING (LONG. — TRANS. — ALLIGATOR)

DEPRESSIONS (RuTs, CORRUGATIONS,
BUMPS SAGS)

VWEATHERING AND RAVELING
POTHOLES
PATCHING

VISUAL
INSPECTIONS

according to codified methods
common to all local offices
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GRUPPO FS ITALIANE




DATA AQUISITION

Pavement distresses detection — Work in progress

Automatic detection of surface pavement distresses

The automatic surface distresses detection system consists of high-resolution
and high-frequency laser cameras, installed in the back part of a specific
dedicated vehicle.

The system is able to acquire:
e 2D IMAGES
* 3D PAVEMENT PROFILE

From the analysis of 3D images and scans collected
by the cameras, a specific software automatically
identifies pavement distresses and classify them
on the basis of their TYPE, EXTENT and SEVERITY.
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Pavement Management System - ANAS

Conceptual model

iow > owmuch

For each direction and each lane (current and historic data)

INVENTORY CONDITION
DATA [ OROGRAPHY DETERIORATION J DATA

CONDITIONS
GEOMETRIC ROAD CATEGORY
CHARACTERISTICS (Vax)
| \ / [
[ TRAFFIC LEVELS

ACCIDENT RATE ]
N\ A

[ WEATHER CONDITIONS J




Pavement Management System - ANAS

Conceptual model

DATA ) NETWORK STATUS

) DATA ELABORATION ) INTERVENTION
COLLECTION ANALYSIS AND DECISION-MAKING

PLANNING

1. TECHNICAL PARAMETERS ACQUISITION

(local and network data): inspections; monitoring; reports AREE COMPARTIMENTALI

danas
2. STATE INDECES A= =
for each parameter = = ®
E % ;g?lﬁEE[G)II-.II:EI\I[;' MISURE SEGNALAZIONI
3. GEOMETRIC AND GEOGRAPHICAL INDICATORS, PHOTOGRAPHIC DOC., » a
WEATHER CONDITIONS E
: ¥ . . = E
data georeferencing, archiving and standardized display (SYNTHETIC or bl < . T
DETAILED format) : uh| ATASTO B conservazione [ «NETWORK
P ¥
4. PREDICTIVE MODELS f
calculation and analysis = z i ) ’ i
5. IMPOSITION OF BOUNDARY CONDITIONS & 2 STATO ASSET

technical and economic ’
PROGRAMM.
INTERVENTI DI

ANMUTENZIONE

)
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DATA ACQUISITION

Functional and structural performance monitoring and automatic distresses acquisition

ROUTINE EVALUATION OF MACROTEXTUR , gt S ' z Geometric characteristics and

VENNESS AND SKID RESISTANCE -~ pavement distresses

HIGH-PERFORMANCE
EQUIPMENT

Bearing capacity :

Pt it

" FALLING WEIGHT DEFLECI

DELPHI "W Retroreflection)%
anas 178  ad
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DATA VISUALIZATION

PIV Software

DATA FROM VISUAL INSPECTION

Overview delle Strade della Rete ANAS

Codice Strada Coordinamento Territ... Area Compartimentale Progressiva Iniziale St... Progressiva Finale Str... Classe CAT Classe IRI

Consistenza Rete ANAS per Coordinamento Territoriale ed Area Compartimentale

Strade ed Autostrade della Rete B0 AE 98 kr
ANAS Adriatica
4.697,62km
|

Carreggiata Rilevata nel 2817

Carreggiate della Rete ANAS

Carreggiata Rilevata nel 2016

— Coor

Carreggiata Rilevatain totale

0.08k..  1.000.00km  2.800.80 km

Strade ed Autostrade; Carreggiate della Rete
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DATA VISUALIZATION

PIV Software

DATA FROM HIGH-PERFORMANCE EQUIPMENT

% km rilevati per Classe IRI % km rilevati per Classe CAT

B A(CAT==65) C(48=<=CAT=55) WM Non misurato

B(55<=CAT<65) M D(CAT<=48)
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DATA ELABORATION & ANALYSIS

SIGMA Software

0AD MANAGEMENT SYSTEM

awmnsTRAzIONS Pagina Principale

Lo N
/1’3 DATI GENERALI

TR

45 2 uTiuTA
e

& GESTIONE ATTIVITA

'A)‘ GESTIONE ASSET STRADALE

\ia-‘ GESTIONE PAVIMENTAZIONI STRADALI

% 3
L% -
(S conTenziosi \

/ . W Wl YWY AR S

E;anas
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Sistema Integrato per la Gestione dell'Iinfrastruttura
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DATA ELABORATION & ANALYSIS

Uploading e data visualization

Itinerary and data uploading:
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DATA ELABORATION & ANALYSIS

Homogeneous sections

Comparison homogeneous sections 2015 = 2019 (determination of potential CAT decreases)
Exclusion of sections where maintenance work has been carried out on the pavement

SS3 bis dir.A - CAT 70
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DATA ELABORATION & ANALYSIS

List of technical solutions for pavement structure

SOLUTION TYPE
TYPE 1 - Serficial

§:: X cm

TECHNICAL constraints:
PERFORMANCE INCREASE

PRE-intervention

CAT,
IRI.

Hs,
Residual service-life

POST-intervention

CAT;

IRI;

HS;

Residual service-life

STRATEGICAL
constraints:
BUDGET

Cost 1
€/sgm

Cost 2
€/sgm

Cost 3
€/sgm

Priority index = f(Coeff. of importance; Coeff. of effectivness; Coeff. of use)
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DATA ELABORATION & ANALYSIS

Maintenance plans
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Future works
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ROAD ASSET MANAGEMENT

Work in progress

Model for the planning and management of maintenance interventions (RAM System) = allows to start a radical
transformation of the management and surveillance system of the various network assets

The RAM model can be summarized in a 4-step process:

1. Data collection 2. Analysis 3. Data Elaboration 4. Decision-Making

© ©6

O

’ Boad infrastructure * Condition of the asset * Forecast of asset * Economic value of the asset
inventory by Asset - degradation through obtained through the
* ldentification of ) ea.llzed and planned mathematical models planned maintenance work
' . maintenance works
environmental conditions (maintenance needs * Budget available « Study of different
* Identification of boundary identification) alternative intervention
conditions strategies

OPTIMAL TECHNICAL AND ECONOMIC PLANNING OF OVERALL SCHEDULED
anas MAINTENANCE INTERVENTIONS FOR ALL ASSETS
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Instrumentation of Anas service vehicles

Work in progress

The idea is to arm Anas service cars (about 2,000 vehicles) with tires equipped with

sensors that are able to accurately detect certain types of pavement distresses (e.g.
holes, cracks) through accelerations measurements.

— to "READ" in REAL TIME road pavement
conditions along the network of
competence




Building Information Modeling

Work in progress

< Servic
% g g j,f S“UIvai er
<
4 3% 38 5 §§
% 8% €3 32 38 & Processo
=] &3
&8796, %% e QO g Spé

Lo tradizionale
&

Archibyg

......

Masse

Documentazione
appalti di servizi

Innovazione

Tecnologica
A9g;
63‘69(0\0‘9\ doc,,,:;:’;::r'f;
%\‘55‘3‘\ J‘(,J 2 la/,'h
"t Oy,
&t
§ ‘
§F& F¢ 8% % %
&5 55 ﬁ”»i gﬁé Processo BIM Opere in
@ sotterraneo
BIMBsovider

BIM: methodology for digitalizing the

management process of road infrastructure

Digitalizzazione del processo

Immediata condivisione dei modelli informativi

danas
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responsabili
GRUPPO FS ITALIANE

Unico ambiente di lavoro in cloud (ACDat)




ANAS Smart Road
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What’s «Anas Smart Road»?
The vision

Anas has been fully embracing digital transformation so as to meet growing road network management requirements and users’
needs since time out of mind; the “Anas Smart Road” Program, established in 2016, has been conceived to promote a new
mobility paradigm aimed at assuring safety, connectivity, innovation and paving the way for autonomous driving by putting road
users at the heart of the Company’s operations.

o
$538 dello Stelvio 2 Ben efl ts
$5301 del Foscagno b
$536 del lago di Como e dello Spluga >
$5336 dell'aeroporto di Malpensa W ﬁ:\%‘“'ﬂ
$5336 dir %4 RA14 Diramazione per Fernetti =
s 5 } /ijr QV‘_\/\) 55202 Triestina ; ﬁ'
$S703T: iale di Novara o / .

P A @ s «Anas Smart Road» provides powerful road

' Tangenziale di Parma

management tools by means of which both traffic and
maintenance can be steadily monitored and controlled

$573 Senese-Aretina

$5223 di Paganico
“
§51 Via Aurelias
£45 Orte-Civitaveechia_ S

$iViaAurela
A90 Grande Raccordo Anulare di Roma {

A91 Autostrada Roma-Fiumicino <\/
& g

S «Anas Smart Road» provides users with helpful services

B s e ton \V——\ 561 Dl aimed at enhancing driving experience and increasin
b e 5694 Tangenziale Ovest di Lecce
RAS Raccordo Sicignano-Potenza o
} ; f J safety
$5131 Carlo Felice
g‘ 1; T A2 Autostrada del Medilemﬂeo\ \4\
$§5195Racc Nodo di Cagliari 4 58554 C, T ’Vé SATT AT
\:‘& § i
. A29bis Palermo-Punta Raisi * s, q%' ) 55106 jonka
it ame SRS M R it e «Anas Smart Road» is meant to make roads fully
k\ ST sustainable by yielding and conveying renewable energy
anas

GRUPPO FS ITALIANE




Technological Infrastructure
The challenge of digital revolution

e ®
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SYSTEM GREEN ISLAND

INFRASTRUCTURE

DATA
SYSTEM
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Technological Infrastructure
Multifunctional Pole
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Technological Infrastructure
Technological Cube

(4
HOSTS SMART ROAD

TECHNOLOGIES
2)

* Switch 10/100 BASE TX - 10G BASE SR - PoE;
* 350 kVA Transformer and DC/DC Converter;
e Battery container;

* loT Narrowband Gateway;

e UTP Cable Terminal BOX;

*  Optical Fibers Terminal BOX.
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The Smart Camera
A watchful eye on user security

AID WEATHER

» Stopped vehicle Real-time weather detection by video stream

A90_P16_KM_60_170 s X
detection processing.
* Slow vehicle —— ,
detection BB (TR AT il
* Traffic congestion

? Rain

*  Wrong direction
detection

* Lane change
recognition

A91 P31_KM_9_880

* Pedestrian
recognition

18-09-2019 i8:
A s

A |

> Severe winter
storms

ok

*  Smoke or mist on
the road
e Weather conditions

= i«' || |

LB W f
|

=
,’r‘" 7]
NS

? Rainfall

* Recognition of
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Green Island as Energy Oasis
The green heart of "Anas Smart Road"

PHOTOVOLTAIC ENERGY EQUAL TO 100.000 kWh/YEAR

EOLIC ENERGY EQUAL TO 30.000 kWh/YEAR

ENERGY-SAVING ADAPTIVE LIGHTING

FREE WI-FI INTERNET CONNECTIVITY FOR USERS

STOPPING POINTS AND SOLAR ENERGY

ELECTRIC CHARGING STATIONS

MONITORING AND INTERVENTION SYSTEM WITH
DRONES

The role of the Green Island is to
maximize energy efficiency and :
minimize operating costs |
]
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The «Anas Smart Road» Control Room
At a glance

The «Anas Smart Road» Program can rely on a network of control centers hosting the ICT infrastructure which fully
underpins road management and user services. Smart Road uses two communication standards:

e ITS-G5, based on IEEE 802.11p set and proposed by ETSI;
e (C-V2X, based on LTE-V2X set and proposed by 3GPP.

Green Island
- -
‘‘‘‘‘‘‘‘ i T N o
| : L ] G e
| ir ~ - :
e 0 e S ]
: Remote Control - E“‘ b= g aapiee
- \

: Centdr e Local Control
: : P 0! o [ Center
I < I Local .
| N | - \
| Anas Central  ~<) __--7~ SESEENT s e . \
: Systems ) SRS L, \‘
@] 1y o i B ’,:

\ 2 v.“.‘o are /I -—"’

¥ o - ool > s

\ are oz iA
Y fo o ‘ ia
' Ao —
M‘\-"’ “ \"’-’—’> i
\_"—‘ 4 i a
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* Remote Control Center (CCR)

A centralized Cloud Data Center where data from
the whole set of «Anas Smart Roads» is processed
by means of Artificial Intelligence and Big Data
algorithms. Additionally, the «CCR» features a
Central Control Room gathering video flows from
the CCL’s all over Italy

* Local Control Center (CCL)

The «Green Island» hosts a computing center where
the C-ITS messages exchanged between vehicles
and Road Side Units as well as video streams from
«Smart Cameras» get processed and shared with
the «CCR». Furthermore, the «CCL» is equipped
with a Local Control Room for swift responses to
road events




C-ITS Services

Infomobility for safe driving

«Anas Smart Road» offers C-ITS services supporting and enhancing road users’ driving experience. These services
fall into the «C-ITS European framework» whose guidelines and standards Anas has been strictly sticking to so as to
implement and deliver an increasing number of beneficial and helpful Day 1 and Day 1.5 use cases over time.

Stationary Vehicle In-Vehicle Speed
Slippery Road Ahead S8 @ e En;erﬁgncy
raking

A In-Vehicle
Wrong Way ! @~ Signage
Driving ) Emergency
Slow Vehicle __‘Q_ TR
Plipad - Lane Closed Approaching
Ahead
Obstacle On The
Road
Traffic Jam
Vehicle Entering &3‘ Ahead a Generic

The Lane et ) : Danger
ab
Conditions ””Jl Road Closed
Ahead
Animal On Traffic Information &
The Road W Road Worker Road Works @ Smart Routing
On The Road Ahead (VMS & Infomobility)

. Implemented Services The majority of these «User Services» is delivered by means of
a naS a mobile application, aka the «Anas Smart Road App»,

TR A To LR . Services on the go available for both iOS and Android devices




Q)

App Smart Road Anas

User Services

IMPROVES THE TRAVEL OF USERS ALONG THE
SMART ROAD SECTION : , P @
SOS <
St Q Quarto dell
) i Colonna
Chiamate di emergenza E olonna ?
112 ()
emergenza ronto
- - A
wmeri preferiti Industnale L’J
Artigianale 50
+ 'nzione! Incidente
aggiungi San Cesareo 750
itiere fisso
Possibile Veicolo
. . . . O 40 @ Trascina per chia ITr:aﬁl‘)’:":Ia
Services and real-time information on road conditions through: (

e |OT (Internet Of Things)
* Advanced mobile networks (Wifi in Motion, LTE, 5G)
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Experimental solutions
Keeping up with progress

«Anas Smart Road» opens up new possibilities in terms of technological achievements coming up with unique solutions to
challenging road management problems: experimental solutions can be fully developed and easily integrated thanks to the «Anas
Smart Road» infrastructure’s scalable nature.

MIT — Good Vibrations RWIS — Road Weather Information AREA System

System
Smartphone Sensing for data collection y Internet of Things based system

aimed at bridge real-time monitoring and designed to steadily keep an eye on static

entry level predictive maintenance Image processing through Al and machine and moving construction site status

learning to detect weather and pavement
conditions
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The power of expertise
Drawing upon experience to overcome new challenges

The «Anas Smart Road» Program started off with the SS 51 The A91 RM-FCO, linking Rome to the FCO Airport, was
Alemagna which was exhibited in occasion of the FIS Alpine successfully tested in 2021 along with an innovative National
World Ski Championships 2021 held in February in Cortina Control Room hosted by the «Anas Smart Road Center»;
d'Ampezzo. several experimental projects are currently underway.

80 kilometers

4 tunnels 13 kilometers
7 towns 1 Green Island
3 Green Islands 42 TAPs
336 TAPs
= | Due to the lack of european ‘? Anas has been partnering with «Anas Smart Road»
% standards, Anas has developed major car manufacturers so as “\ ,& infomobility services have been
a Road Side Unit which is able | to ensure its road infrastructure conceived, designed and
to communicate with vehicles can be fully compatible with On implemented to
over both DSRC and Cellular- Board Unit-equipped vehicles straightforwardly suit road
V2X users’ needs
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Conclusions
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ITECH & Al FOR MANAGING MAINTENANCE ACTIVITIES

PREDICTIVE MAINTENANCE

Ny

TECHNOLOGICAL & DIGITAL SUPPORT

MATERIALS & MONITORING INTER
EQUIPMENTS CONNECTIONS

SMART ROADS ) SMART PAVEMENTS
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GO BEYOND THE TRADITIONAL CONCEPT OF
INFRASTRUCTURE AS A MAJOR MATERIAL WORKMADE

OF STEEL, CONCRETE AND ASPHALT

Ry

NOT ONLY A TRANSFER SYSTEM, BUT A WAY THROUGH

WHICH TO IMPROVE USERS’ LIFES
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ROAD
INFRASTRUCTURE
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< !! Thank you _for your attention

{

-

Eng Arlanna Stimilli g. Franceéto Lupi

-

Anas S.p.A., Direction for Operation ‘ s S.p.A., Technology Innovation & Digital Spoke
Pavement Maintenance Division - Center of Excellence Smart Road & SHM
a.stimilli@stradeanas.it frlupi@stradeanas.it
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