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Augmenting and Evaluating the Physical and
Digital Infrastructure for CCAM deployment



What is PDI?

= * |n this context, Physical and Digital (and Communication) Infrastructure (PDI) merit in the

AUGMENTED transport paradigm of tomorrow and the efficient penetration of CCAM is seen radical
CCAM

e PDl is a lot of things...
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...there are still some Open Questions

®
AUGMENTED
CCAM

Which are the priority PDI requirements and adaptations for different mixed
traffic application contexts, transport modes and CCAM readiness?

Which are the most cost-efficient technological paths to exploit existing and
emerging PDI to support near future CCAM ensuring the safety and efficiency
of the transport network as a whole?

Which are the concerned adopters in each case and how can we reflect the
varying governance and operational models in a service operational
framework to be beneficial for all actors on technological and economic
grounds?

How can we put in place a “no-regret” process for decision making before
proceeding to investments?

ACCAM PDI Support Classification Schema & Tools
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About AUGMENTED CCAM

AIMS to understand, harmonise and evaluate in an augmented
manner, adapted and novel support concepts of Physical, Digital
and Communication (PDI) infrastructure, to advance its readiness

for large scale deployment of CCAM solutions for all.

13 Key PDI enabled solutions to develop & validate aiming at:
v extending Connected Automated Vehicles (CAVs) Operational Design
Domain (ODD)
v an advanced functionality for the connected vehicles and cooperation
with non-connected vehicles/users
v' TRL6-7 at the end of the project

UC1: Emergency Vehicle Approaching

UC2: Equipped Vulnerable Road Users (VRUs) Protection
UC3: Non-equipped VRU protection

UC4: Traffic Management Optimisation based on Vehicle Probe Data from CCAM
UC5: Localisation of Assets and CCAM vehicles

UC6: Minimum Risk Manoeuvre (MRM)

UC7: Optimised Logistic Operation of AVs

UCS8: Insertion

UC9: Temporary Road Works

UC10: Insertion

UC11: Emergency Vehicle Approaching

UC12: UAV-based Non-Equipped VRU Protection

UC13: Road workers in the field

ACCAM PDI Support Classification Schema & Tools

AUGMENTED CCAM (or ACCAM) -
Augmenting and Evaluating the Physical
and Digital Infrastructure for CCAM
deployment

Innovation Action

Duration: 40 months

Start date: 15t Sep 2022

27 beneficiaries from 13 European

countries

Coordinator: FEHRL

Technical & Innovation Manager:
CERTH/HIT

4 Key Blocks approach

Harmonised
and extended
PDI
classification
& support
scheme &
equirements

Improved,
novel &
viable
CCAM -
ready PDI



Multi-layered evaluation in physical &
.

wenmires | Virtual test beds

CCAM

* 7 physical test sites in 3
European Cities [France, Latvia,

S p a i n] fj;f;lm;t}’f Transpolis (Living Lab)

* Confined areas & urban, rural | @ ﬁi
and highway open traffic — L
contexts Lo~ I |

* Interconnecting field trials, AV SR
and driving simulators, Digital o IR
Twins, microscopic traffic s - B =i
simulation & macroscopic traffic B B e
. «mwwsmaj!
m Od e I I N g Wt ot 1 .17

e With 9 CAVs & 10 more CVs
* Running from 20km/h to 100km/h
 Under all weather conditions

ACCAM PDI Support Classification Schema & Tools 5




ACCAM PDI Support Classification Schema

® Why?
AUGMENTED .

CCAM CCAM has the potential to improve road safety, reduce congestion and enhance global network

efficiency.

* One of the main constraints that is preventing large implementation of CCAM services is the lack of
PDI readiness to support the implementation of CCAM.

* However, all needed upgrades and investments cannot be addressed simultaneously because of

high costs.

* Road operators lack tools that help them prioritise their actions according to their infrastructure

I and their own needs.
i
| * This leads to ineffective investments, fragmentation and delays in CCAM integration.

s o &

l For whom?
I

|
1 B
i
| &
! B
'
i n
I
1
L]
r
:

Researchers and EU- Policy makers and CCAM stakeholders
Road operators and funded Innovation Regulatory Bodies
public authorities Projects

;1 ACCAM PDI Support Classification Schema & Tools
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ACCAM PDI Support Classification Schema

Excerpt from PDI Registry — Elements highlighted in blue are
¥.- HQW? = Workst ream new items proposed/developed within the ACCAM project

AU G M E N I E D Element ¢l luster PDI element PDI sub-element PDI sub-sub-element Type Definition Attributes Sub-attribute
Vertical traffic signs are signs placed along the roads that inform
drivers of road conditions and restrictions or the possible direction
A M of travel. They are source of information for a driver, which are Anomalies (A1)
[ ] [ ] [ ] [ ] designed to provide information at a glance. N ) N
cC 1. Exploration & Definition of Context: What the Schema should i S
. N . s | readabi ility (A2) |  Contrast (A2.2)
[ ] [ ] Static trafficsigns [ |  Physical -Warning o
Resuletory | Geomey (#8) | Retroreflectivi ty (A2.3)
_Guidance Contextual ape (A6.1)
| k | [} k [} ° ° [} Pu facilit information (A3}
ook like — Studying past work done — What Is missing - Ke i
nditi
° The temporary signs and signals indicate temporary regulations or
traffic management information.
te rI I l I n O | Ogy ° Based on 150 TS 14823, the types are:
-Warning (AL, A2, A3, AB)
Temporary signs Physical - Regulatory Operation duration (A2.1, A2.3)
- Guidance (A4)
Traffic ic facilit
Control ical Traffic tcon
diti
Tunnel control signs Physical Physical traffic signs dedicated to control operation in tunnels (A1, A2, A3, A4, AB) (A2.1, A2.3)
[ ] [ ] [ ] [ ]
2. Creation of PDI Registry: Reference basis for schema — Which are
[ ] [ ] different messages depending on the situation. They can detect
speed limits, no-overtaking signs, and other road signs and display
° ° ° ° this information to the driver. Based on 150 T5 14823, the types are:
the elements that contribute to the extension of ODD, includin
- Regulatory
) g - Guidance
- Public facilities
° ° - Ambient conditions
all known and near-future services and ACCAM services
-
* =i SIS S dEd_IEatEd Physical Traffic signs dedicated to AVs control of operation (AL, A2, A3, AB)
lanes for automated vehicles.
Road works signage on pavement - . Alternative a‘,r_s to_s'lgn up road w ks_ (through vertical and
sical ntal t C signs, cones/c lling d es, road works
les)

7 fields for 10 clusters of elements [64 PDI elements & 154 sub-elements]

* Fields: (1) PDI element, (2) PDI sub-elements, (3) PDI sub-sub-element, (4) Type (Physical, physical context — as
perceived by driver/road user, Digital — Service/Digital Info output, Digital enabler, Communication enabler), (5)
Definition, (6) Attributes and (7) Sub-attributes.

* Clusters: (1) Traffic Control/Management, (2) Road infrastructure, (3) Weather conditions, (4) lllumination
conditions, (5) Road pavement/Surface conditions, (6) Traffic conditions, (7) Surrounding traffic, (8) Digital
services, (9) Communication enablers and (10) Digital enablers.

3. Mapping of PDI Registry elements to find the relationships between physical elements and their digital
counterparts, as an intermediate step between the PDI Registry and the PDI Classification Schema.

ACCAM PDI Support Classification Schema & Tools 7




ACCAM PDI Support Classification Schema

X How? - Workstream

AUGMENTED 4. Schema construction - Final result is the consolidated ACCAM PDI Support Classification Shema, featuring the use and

CCAM impact of 81 PDI support elements (of varying complexity; from lower end components to higher end services).
Layer E: Conventional sensing and planning infrastructure
Pl DCI Summary of PDI Requirements for assuming | Key
Element Addressed vehicle Element — |Digital & Addressed support/impact | infrastructure support restrictions
[Registry] cohorts & requirements | DCI communicati | vehicle for each vehicle
output/ser |on enablers |cohorts & Cluster
vices requirements functionality/ODD
[Registry]
Lane width Conventional: Lane width * Lane width should
[Road Sufficient and standards- adherence to adhere to standards and
infrastructur |abiding lane width is a standards, regulations for hte
e] crucial factor for traffic regulations and smooth operation of all
safety. specific thresholds vehicles. Specifically, for
Connected & specifically for the AVs and assistance
Cooperative: As above. operation of functions (i.e. LKA, LDW),
L1-L3 automated: As automated and to minimize number
above. In addition, functions is crucial of disengagements, the
specifically for AVs, for safe driving in lane width should be
inappropriate lane width mixed Traffic higher than 2,72m -
can lead to conditions. Change defined as the “critical
disengagements. on lane width lane width” as the same
L4-L5 automated: As could pose safety- probability of automatic
above. related challenges and human lateral
even in control

ACCAM PDI Support Classification Schema & Tools Excerpt from ACCAM PDI Support Classification Schema




ACCAM PDI Support Classification Schema

= Key principles of built-up
AUGMENTED 2. Address all key vehicle cohorts, classifying them
CCAM 1. 5 escalating layers of PDI readiness, to in 4 clusters:
be aligning and be comparable with B

icti ' &= Conventional @ SAELL—L3

existing schemas in the area. oo Automated

Cooperat;ve ano_l t SAE 14— L5

Layer A: Augmented/ Layer B: Enhanced (7o connected (non- G ) omated

orchestrated acting \/ Planning and automated)
infrastructure for Actuation support

mixed fleets operation b 3. Explicitly identifying which are the Physical

Digital and Communication Infrastructure (DCIl)

/ Infrastructure (Pl) elements and which are the
elements and how they impact each vehicle cohort

Layer C: Enhanced sensing and why
and primary planning '
Ll T 4. Making it vehicle explicit by following overall the
Layer D: Anticipated sensing “Sense — Plan — Act” principle of CAVs and defining
infrastructure if and which are the specific requirements from

their side to assume this support.

Layer E: Conventional sensing and

planning infrastructure ;

ACCAN PDI Support Classification Schema & Tools
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Liaison to past work

v Consideration of relevant

previous works were (SAE,
ISAD, PIARC, CCAM Platform
WG 3, CRCS...)

v' Alighment with Layering of

other relevant schemas.

Liaison to CCAM Partnership
matrix in relation to the
mapping of the Physical and

Digital infra equivalents.

;:-é_ ACCAM PDI Support Classification Schema & Tools

|
\

-®)- Value added

U4
-
-

v Consolidation and leverage of

all ends of infrastructure,
both Physical and Digital.

It is vehicle-centric, it
specifies how PDI can support
the “Sense — Plan — Act” axes.
Fulfils gaps of other schemas,
integrating the definition of
the specific layering of HD

maps and Digital Twins.

ACCAM PDI Support Classification Schema

guﬁ What is new?

v" ACCAM has positioned its

final Layer to aim at an
orchestrated transport
operation of mixed traffic
encompassing all types of

users.

v" The ACCAM schema goes into

detail for the expected
support of each PDI element
and on each vehicle cohort,
identifying requirements and

restrictions from both ends.

v ACCAM proceeded with the

prioritization of the PDI

elements.

10



ACCAM PDI Support Classification Schema

= How to read the ACCAM Schema

AUGMENTED
CCAM General structure:
* The schema includes 81 PDI support elements, organized in the defined escalating layers of infrastructure
readiness for CCAM.

* New elements/services targeted by AUGMENTED CCAM are highlighted in green.

Restrictions for

Scheme reading Horizontal Axes:

Digital and Communication elements element
A, B, C, D or E depending on the specific element. needed for the implementation of the PDI implementation
ﬁ Physical or Digital Infrastructure element support element. /I\

dditional
Communication Flequirements and aquirements in case

digital Enablers ey restrictions

enablers acommendations . f special
frastructure/event

Infra-structure
type

l

Your PDI element. Indication of vehicle

Requirements and \I/

recommendations for Requirements and

supports each of the the PDI element recommendations for
vehicle cohorts specified

How the element

cohorts that are affected
implementation, special infra (e.g.
further than enablers. tunnels, bridges) 11

by the element

ACCAM PDI Support Classification Schema & Tools in previous field




The Infrastructure readiness for CCAM assessment tool

Aug"éiNJED https://infra.ait.ac.at/infra-readiness-for-CCAM-tool

* To be able to apply the ACCAM
classification schema on roads

w5 Infrastructure readiness for CCAM assessment tool Create new Segmentation ]|

Disclaimer

L] [ ]
. A S S e S S I | I g t e ( ( A M r e a I I I e S S O By using this tool, | acknowledge that it is a beta-version and neither AIT Austrian Institute of Technology (AIT) nor the Augmented CCAM project are responsible for the results from the infrastructure assessment and actions that are built upon them. The tool is provided “AS IS” without warranty of any kind; neither the accuracy,
- completeness nor the usability for any particular purpose or the freedom of third party rights are guaranteed or warranted. | accept that the tool is a beta version and still have flaws and bugs and the results produced by the tool need to be checked with another method or tool for they may not be reliable. | agree that 1 will not

share or distribute this tool to a third party and that | will not reproduce or maodify the tool without AIT's permission.
ilability of the tool without notice. AIT does not guarantee that the software meets all requirements and purposes of the users.

AIT is not obliged to provide any updates, upgrades and/or bug-fixings. AIT may any time at AlT's c ience end the

selected roads or road sections, at any P o o e SR S A S S M AT

Feel free to use the tool and if any flaws are detected or further developments are of interest, do not hesitate to contact infra-readiness@ait.ac.at

[ ] [ ] [ ] [ ]
I n Sta n Ce a n d fO r Va rl O u S S I m I I a r You are working on pro_jectmmth the project-TAG
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ACCAM Infrastructure Support Tools

AUGMENTED https://augmented-ccam.pragma-iot.com LGN ReGISTER

CCAM

®

AUGMENTED Infrastructure Support Tools for CCAM
CCAM

Prioritised Infrastructure Support Tool & ACCAM PDI Support Schema Enhancement

AUGMENTED CCAM offers digital tools to the CCAM community and, especially, to road operators, potential road infrastructure investors and mobility researchers, so as to get the most out of the classification schema and to
contribute to its continuous update and improvement.

Plan your infrastructure for CCAM Improve the ACCAM PDI Support Schema

Use our decision-making tool to prioritize your actions for improving and updating the Help us to improve the PDI classification schema by proposing changes to existing PDI
infrastructure in order to support automated driving. elements or add new ones.

> USE THE TOOL 4. DOWNLOAD THE MANUAL > USE THE TOOL 4, DOWNLOAD THE MANUAL

LN Contact Us
AUGCGMENTED

CCAM
e X (Twitter)

AUGMENTED CCAM aims to understand, harmonize and evaluate in an augmented manner adapted and novel support solutions of
Physical, Digital and Communication (PDI) infrastructure, to advance its readiness for large scale deployment of CCAM solutions for @ LinkedIn

all
@ Email

The AUGMENTED CCAM Project has received funding from the European Union’s Horizon Europe programme under Grant
Agreement No. 101069717 ACCAM Website

Pnvacy Policy Terms of Service © 2023 All Rights Reserved

ACCAM PDI Support Classification Schema & Tools




CCAM Infrastructure

Plan your infrastructure for CCAM (Cooperative Connected Automated Mobility) & anua)

A decision-making tool that assists road infrastructure operators, transport network managers and any authorized decision maker
that they make it CCAM (Cooperative Connected Automated Mobility) read
- . .
Apply your criteria
L

Select Layer (optional)
[
Key Features 0 D°0 Oco Deo D40
[}
c c n M Note: To view the PDI elements thal are required to support an automalted driving layer fully, please do not select any of the following crileria and cli

to decide on priority investments for their infrastructure at physical, digital and communication side, so

Select Vehicle Cohorts

Vehicle cohorts you would like to address (more than one options are possible)

* Diverse Input Categories: From vehicle cohorts to cost rates and special ot © st © it 0 0
infrastructure recommendations, our tool is designed with precision to cater = =<

Enabling Automated Driving rating ©

to all your planning needs.

* In-depth Rating Systems: Detailed scales for priority, safety, readiness for

Current Readiness of the service

automation, and cost ensure you get an all-encompassing understanding. o om0 e 0 e 0 <o o

Select Support for Minimal Risk Maneuvers (MRMs)

Minimizing/mitigating unexpected MRMs @

* Context-Specific Insights: Whether you're interested in highways, rural, or ST -
urban areas, our tool provides nuanced insights to guide your infrastructure s conem s e consor

(more than one options are possible)

L]
| a n n I n Key Context Highway @ Key Context Rural ® Key Context Urban @
.
i ircumstances i Applicable under circumstances

e Comprehensive PDI Elements Overview: A meticulous display of PDI
elements — both physical and digital/communication,
organised across incremental support layers for CCAM, ensures you have all S
the information at your fingertips. S ——

Support for Special Infrastructure

* User-Centric Design: Filter results, view detailed insights, and explore the
PDI registry and scheme, all from one central hub.

@ Linkedin
e Email
ACCAM Website

¢l ACCAM PDI Support Classification Schema & Tools
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Feedback Tool: Improving the

ACCAM PDI Support Schema N

e Stay Updated: As the schema evolves, stay in the loop with timely
notifications on the status of your proposals.

Help us to improve our PDI Support Classification Schemal Propose changes and preview them, using the ¢* and the Add PDI Element options. The AUGMENTED CCAM Committee will evaluate your proposed changes/
additions and will update the schema accordingly! We will keep you informed about the progress respectively.

PHYSICAL INFRASTRUCTURE ELEMENTS

DIGITAL INFRASTRUCTURE OUTPUT ELEMENTS (SERVICES)

safely navigate and.

perceived (no visual

L4-L5 Automated: a.__.

lights under special

PDI Elements Search Q l <+ ADD PDI ELEMENT
(of icati
Layer Element Expected support E:::T:l::lca fon Requirements Vehicle Cohorts Key Restrictions
. .
[ ] Lane width is crucial for - Recommended lane g::::::::;‘;l“” The minimum width for
E Lane width safe driving in mixed width 2.8-4.2m (based L1-L3 Autom-a-t-ed' A LDWI/LKA systems
traffic conditions as it.._ on SLAIN, 2021:2,72___ A varies between. .
! ’ L4-L5 Automated: A...
Similar to static traffic Traffic Sign - When installing ﬁonven:ec;nzl: - Temporary emergency
E Temporary signs signs, temporary signs Database (for temporary signs, same L:I:ge:utum;:-l;ed' A signage might be
° ° ° o ° ° o ° ° support drivers' and__ support TSR requirements apply a__ L4-L6 Automated: A__ placed on the road d. .
* Examine ldentity: Dive into the existing PDI support classification
. Static traffic signs Supporting Traffic Sign - Signs must be in good g:::::::;n:l: D - Heavy rain and fog
E incl. tunnel control conventional vehicles' Database (for condition without any L1-13 Autum;:{ed' makes traffic sign
signs riving and enhancin... Suppol wear (—> see table in... recognition very diffic...
° ° i dri d enhanci rt TSR ( tabl LALE Automated:” it diffi
schema and spot opportunities for enhancement.
Vegetation & (Varying) Vegetation - Removal of obstacles c ted &' ) Future research is
E Temporary and temporary negatively affecting L‘:—Ilgezutoméie B needed in the detection
structures -... structures/obstacles. .. visibility (Ref: SHOW... L4-L5 Automated:rA of parking as an...
. . Conventional:...
Shoulders (Hard Shoulders, hard or soft, - Min_ width 2.5m T 6 To use the shoulders by
E (paved) & Soft increase fraffic safety, (PIARC, 2021), or I Avs for MRMs, they
L ° ° ° ° shoulders) as they serve as >=3m (to also R need to be known
* Editor : Modity existing PDI elements, comment on their B R— :
e 4
Lane markings are Lane markings quality, gonven:ec;n:l: D In adverse weather and
° ° ° ° ° ° ° ° ° E Lane Markings essential for the visibility and L:I:r;elﬁutum;:-t-ed:,, glare conditions (heavy
t t t t t localization of all. consistency are. L4-L6 Automated: rain, fog. snow on the.
CiaSSITICation or Introauce new ones using our intuitive interrace.
1 @ tional: §
L Road studs and Road studs and other - Road studs can be CLUICIL T E S Exploration needed,
I - Connected & ..
r & E other reflectors on reflectors on the road- placed so the lane is L1-L3 Automated: whether the
X the road-side side can be placed o... recognized in bad... L4:L5 Automated:” combination of road...
L]
L ; .
1 Traffic signs indicating - Signs should be S ETE S
4 o ' ° & E Leme {elegy e the lane topology, readable & placed ez
| & . ) guidance signs Iy found ! ! L1-L3 Automated:
| ive Review: Once you've made your suggestions, our
I ° ° ° ° ° FeksliEy Pedestrian Crossings Traffic Sign - Compatibility with gz:::::::‘:l: oruet... The accuracy level
& E . Signage assists drivers Database (for standards and associated with road
l crossings signage X . L1-L3 Automated: X
i and vehicles to safely. . support TSR.__ regulations. For... L4-L6 Automated: a__ marking detection. .
‘ ’
b Conventional:
" [ ] [ [ ] Traffic lights assist - Position of the traffic CAVs have difficulties
- . . . Connected &. .. R
| o e Va a I n g a n re I n I n g yo r p rO p O S a S & E Traffic lights drivers and vehicles to light 50 it can be Y to recognize traffic
I u u °

For your road to provide full layer support, you might need more infrastructure elements.

Please take a look at the PDI Schema for more information. You can also check the PDI Reqgistry.

LN Contact Us

AUGMENTED
e X (Twitter)

CCAM
AUGMENTED CCAM aims to understand, harmonize and evaluate in an augmented manner adapted and novel support solutions of
Physical, Digital and Communication (PDI} infrastructure, to advance its readiness for large scale deployment of CCAM solutions for @ LinkedIn
all.
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e Email
ACCAM Website

© 2023 All Rights Reserved

The AUGMENTED CCAM Project has received funding from the European Union’s Horizon Europe programme under Grant
Agreement No. 101069717
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@AUGMENTED CCAM @AugmentedCCAM
#* | Funded by The AUGMENTED CCAM Project has received funding from the European Union’s Horizon
Yt European Union  Europe programme under Grant Agreement No. 101069717.

The contents of this presentation reflect only the authors’ view. The European Climate, Infrastructure and Environment Executive Agency (CINEA)
and the European Commission are not responsible for any use that may be made of the information it contains.

The AUGMENTED CCAM Project has received funding from the Swiss State Secretariat for Education, Research and
Innovation (SERI)
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