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E8 Borealis C-ITS testbed overview WAY 2=-
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Nordic

E8 Borealis C-ITS hardware deliverables  WAY 2=

Two Q-Free RSU Four Aventi-rebuilt Q-Free OBU with Android

One Cohda OBU Learn more in these videos:

https://youtu.be/09VOGkLZq9E
https://youtu.be/HJWidwzMvh8
https://youtu.be/Uf8mXQPjhD8

https://youtu.be/bid9bacjrgs
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https://youtu.be/09VOGkLZq9E
https://youtu.be/HJWidwzMvh8
https://youtu.be/Uf8mXQPjhD8
https://youtu.be/bid9bacjrgs

Nordic

E8 Borealis C-ITS system architecture WAY 2=
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E8 Borealis Central ITS Server (C-ITS-S)  WAY 2=

€ O @ = aventicits.westeurope.cloudapp.azure.com
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Nordic

E8 Borealis C-ITS hybrid communication  WAY2=¢

VI DENM SAM SAM DENM VI

MQTT via Ethernet MQTT via Ethernet

Traffic Management Center
Central ITS Server (C-ITS-5)

Cellular Tower
3G/4G/5G

5.9 GHz
ITS-G5
OBU
with built-in
4G-modem

Learn more in this video:
https://youtu.be/H7tMTMzz794
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https://youtu.be/H7tMTMzz794

E8 Borealis, border crossing and travel time

Nordic

WAY 2-
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Service Announcement Messages (SAM)

SWV

Travel Service
travel.svv.no

Traffic Management

Finland
matt.tmfg.fi
/.‘
s ] N
OBU
Program for Program for
ITS-AID: 53 ITS-AID: 54
Input 1: URL Input 1: MQTT-URI
Input 2: Travel-ID Input 2: Border-ID
>
\

ITS-(§§ Firmware Stack

Learn more in this video:
https://youtu.be/SalYebzUQaY

Co-financed by the European Union
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Cellular 4G/5G ®

RSU
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Create SAM

Send SAM via 4G

Send SAM via ITS-G5
Process SAM in OBU
OBU returns SAM data

EU CCMS
RA EA AA
(PKI certificates)

c}’jlv

ITS-AID:

SSP:

"\ Note: E8 Borealis has not

L implemented PKI certificates yet.

ITS-AID
SSP

Central ITS Server

URL: Cert.
tavel.svv.no ITS-AID

Travel-1D:

235465 SSP

J/
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https://youtu.be/Sa1YebzUQaY

E6 Pattergd overvi_ew

o /
= ,hv 3 Z

The RSU monitors incoming
CAMs, calculatesif thereis a
traffic congestion, and sends
out a DENM.

N

DENM: Traffic Coi estion .
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E6 Pattergd hardware deliverables

© Aventi

4 fixed ITS-G5 Roadside Units (RSU)

2 mobile ITS-G5 Roadside Units (RSU)

40 ITS-G5 Onboard Units (OBU)

Multiple possible test racks and arrangements

Co-financed by the European Union
Connecting Europe Facility
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Nordic

E6 Pattergd system architecture WAY 2
f Azure VM - Windows Server \ /ng% S

MQTT Windows Web App
Service

Frontend / Backend/ API

My MongoDB
- Moy,
Cx 5\3.3\03 C# Driver
n"Er\‘\\\

MongoDB
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Nordic

E6 Pattergd hw testing at Rygge Airport WAY 2+
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WAY 2+
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Graphics: Volkswagen

ITS G5 In production vehicles

Driving down costs for road authorities
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The NRA’s problem: WAY 2+
to know what happens everywhere at any time

To manage traffic there is a need to know about what happens on the road network to
good decisions. Traditional sensors with few exceptions cover slices across roads.

How can creative use of CAM messages enable NRAs to do a better job?

The Pattergd testsite was set up to answer this question. Pattergd is a 2 level
intersection with where 100 000 cars, trucks and busses pass through the area every
day.

Then we sat down an waited for the first Golf 8s to pass our testsite...

Co-financed by the European Union @ A t Statens vegvesen %
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Nordic

Radio silence, in Norway ... WAY 2=

Norway not a full member of the European Union, but we are a member of European
Economic Area (EEA). Hence we follow the same laws and regulations as other EU

countries.

Reasons for excluding Norway was legal issues in relation to:
* Use of radio frequency

* Privacy (GDPR)

* Data storage

A geofence is used to turn of the ITS G5 radio in Norway with the equipped cars.

Thanks to our suppliers: Aventi, Qfree and Cohda we managed to get into a dialogue
with VW with the aim of doing tests in Norway and turn off the geofence.

Co-financed by the European Union G . Statens vegvesen
nanced by the European Union Aventi ool B
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Pretesting in Wo
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DENM from specialVehicle (10)

CC: emergencyVehicleApproaching (95)
SCC: emergencyVehicleApproaching (1)
Position confidence < 10 m

Ifsburg using Golf 8

951

OBU’s Android HMI

Rl Co-financed by the European Union
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Testing in Norway at

_NPRA Central ITS Server

Co-ﬁnancéd by the European Union
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Golf 8 Car2X supports these DENM

DENM 1,0: Traffic jam ahead

DENM 3,0: Roadworks

DENM 3,3: Roadworks, slow moving road maintenance

DENM 3,4: Roadworks, short term stationary roadworks

DENM 15,0: Rescue and recovery work in progress

DENM 15,1: Rescue and recovery work in progress, emergency vehicles

DENM 27,0: Dangerous end of queue

DENM 94,0: Stationary vehicle

DENM 94,2: Stationary vehicle, vehicle breakdown

DENM 94,3: Stationary vehicle, post crash

DENM 95,1: Emergency vehicle approaching, emergency vehicle approaching

DENM 99,1: Dangerous situation, emergency brake lights

DENM 99,2: Dangerous situation, pre-crash system activated -
DENM 99,5: Dangerous situation, AEB activated [e—rr—

Drivin in Circles
EyeGee Gen...

Illustrations: Volkswagen

Co-financed by the European Union G . Statens vegvesen %
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We have friends in other countries

Live harvesting of CAM messages in Warszawa

MessageType: CAM Version: 2 (Cam2018) - Cooperative Awareness Message
StationId: 2820794262 - 0Oxa821e796
GenerationDeltaTime: 18.667 sec
CamParameters:
BasicContainer:
StationType: 5 - Passenger car
ReferencePosition:
Latitude/Longitude: 52.187012,21.024477
Altitude: 143.60 m, conf 20.00 m
PosConfEllipse: 2.82 x 2.80 m, 179.8 deg
HighFrequencyContainer:
Heading: 181.10 deg, Confidence: 0.60
Speed: 9.10 m/s, Confidence: ©.04, Direction: FORWARD
Vehicle size: Length: 4.20 m, Width: 1.80 m, TRAILER_PRESENCE_IS_UNKNOWN
LongitudinalAcceleration: -1.50 m/s2, Confidence: 10.20
Curvature: -12.00, Confidence: ©.10, CalcMode: YAW_RATE_USED
YawRate: 1.59 deg/s, Confidence: -1.00
AccelerationControl: BRAKE_PEDAL
SteeringWheelAngle: 3.00 deg, Confidence: 0.50
LateralAcceleration: ©.40 m/s2, Confidence: 10.20
BasicVehicleContainerLowFrequency:
VehicleRole: DEFAULT (2073 mm)
Lights: DAYTIME_RUNNING_LIGHTS_ON

Co-financed by the European Union .
. Y @ Aventi
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WAY 2=

Many thanks to QFREE for
giving us access to this
data when we can’t travel
to collect it in Sweden or
Denmark

This is a traffic engineers
dream, the potential for
NRAs is mind-blowing
given the data richness in
the CAM messages!

The NPRA will continue

testing and piloting at
Pattergd until 2023!

Statens vegvesen
Norwegian Public Roads 18
Administration



© Avent B2 WAY 24
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Picture: Wikipedia
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Cooperative collision warning — wrong way driver
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Nordic

RSU wrong way driver detection logic WAY 2=

NPRA DATEX-II
node NPRA
ver.3.0 E6 C-ITS-Server

= Logic in the RSU:
< gy — If a car’s CAM moves along the

path in the wrong direction

DENM .
DATEX Il (CEN/TS 16157) (ETSI EN 302 637-3) Then trigger DENM 14.0
g ki
E ’E H 8 @ (6]
i g 228 B 288 Ee
a = ada 8 BS|EaES OBU
vehicleOnWrong o DENM CAM O
VehicleObstruction St < 14 0 |wrong way driving
geway

Learn more in this video:
https://youtu.be/nTATM39HSqc?t=856
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https://youtu.be/nTATm39HSqc?t=856

Adding RSU wrong-way-driver detector

Nordic

WAY 2-

&« c @ E6-Patersd | | © @ 25 O hitps atterod.westeurope.cloudapp.azure.com

o) Aventi | Ee-pattergd

) a
Automat 1 9 m| a

Valerveien, Moss Pattekollegakrysset

a8
= B
Station ID: 24
Station Type: Road Side Unit
Speed: N/A
Location: 59.44340380,
foss glass sade AS
10.70427080 9 Moss glass og Fasade A @

Soft. Version: va.7

9 Alex Andersen Norge AS

Detector Type osh Bepe 9

Wrong Way Driver Detector o ]

Add New Show detectors

Current RSU data

Dekkmann Moss o
Tire shop

NorgesGym AS - o
Treningssenter i Moss

Bertel O. Steen Moss,
Vare-Last-Buss

B Truck dealer

RSU ID RSSI Distance(m)

pss AS

0 0.00
-94 1095.89 Qoua Norge AS avd Moss

14
Patterodkrysset

© 202(

E6-Patterpd
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The road ahead for ITS-G5 as Aventi sees it

Illustration: NXP
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C-ITS/V2X with hybrid ITS-G5 and 4G/5G  \iav .

One platform for all road traffic services

A bus can send
SRM to request
green light, and
receive SPAT for
traffic light status

56600

A vehicle detecting slippery uwooo§
road sends outa DENM

Diesel trucks can
automatically turn of their
engines while waiting for
SPAT with green light

Trams and 2835558382
others can avoid Trafﬁc Iight

980000R008000000000000

collisions by .

monitoring each transmits DEN-M A plow truck is

others CAM When pedestrian transmitting DENM to
push thebution alert other vehicles

messages

about ongoing road
maintenance.

88888382828
A crashed vehicle starts transmitting
DENM to alert other vehicles.

99600000001
0906000000t

jo0000000000000d
188882222000088
1888200000000009
1666560000600004
50
56

86
o

86686650!

SAM can be used for special cases like Road Use Charges, studded

=
6000060000
55555050000
508880068800

Vulnerable road The autonomous ire fees, low emission zones, border crossing, travel time reports,
| userscan )| TSRS truck Weigh-In-Motion, booking of parking or charging station, and

transmit CAM SPAT messages An ambulance

and DENM to with traffic light can send SRM to

alert cars status request green

m All road users can

light, and receive
O SPAT for traffic
% transmit CAM between o) light status
1 and 10 times per . v

H
second to alert others B o ooouoaoono!onﬂaoonnaoonoaooo

. 385283838582888885888855550 5852223225 23282828385222838;
about their location,

Camera detects
pedestrians and

The backend systems and infrastructure can send IVI as

irecti wrong-way-
sends out speediand direction. drivergandy virtual traffic signs to vehicles (static signs, variable
sends out messages signs, variable speed signs)

During an emergency
an ambulance can
send DENM to alert
vehicles that itis
approachlng

DENM

Positioning and tracking of public transport

o
H
8! %
2 and dangerous goods vehicles in tunnels

Co-financed by the European Union Statens vegvesen
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A single digital European market for V2X

* %

Onboard Units
Who will sell them?

Roadside Units

(Te\ia) Ee\encs
V2X App for smartphones? é =
4G/5G 4G/5G

MR

Pedestrians with V2X transmitter

Thermal camera to
generate CAM and

Electric bikes with built in V2X DENM for people

Retrofit private vehicles with V2X OBU
o
=y 4
Retrofit publicvehicles with V2X OBU
Retrofit corporate vehicles with V2X OBU

V2X builtinto new vehicles
-~
PR

)
AN

V2X built into new road equipment

Roadside radar to
generate CAM and
DENM for old vehicles

. L]
Standard V2X
Roadside unit for
CAM, DENM, IVI,
SPAT, MAP, SAM

Who will own them?

Traffic Data Servers
Who will own them?

C-ITS MQTT Server

C-ITS-S Hub
(Central ITS Server)

‘-
m

Big Data servers
for machine learning,
traffic prediction,
scientific research and

business development.

Co-financed by the European Union
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Data & API providers

Who will it be?

/( telenor

ENTUR

0O chargetrip

= Kartverket

L

Statens vegvesen
Google

Microsoft

O IDnomic

@ smartcar

@ Aventi

Data subscribers
Will they pay for it?

Insurance Companies
Car rental

Shared driving web sites
Workshops

Retail

Gas stations

News stations

Traffic alerts services
Weather stations

Fleet owners

Fleet management
Transportation companies
Police

Emergency vehicles
Public Safety

Concerts and events
Amusement parks

Ferry operators

Traffic centers

Seamless ticket providers
Bus, airline, train, boat, taxi
Parking companies

Road contractors
Advertisement

Social Networks

Schools

Scientific research
Business Development
Pay as you go car tax

Toll Roads

Nordic

WAY 2=+

End users of data

Do they want it?

Naturhistorisk museﬁ

Mynchmuseet &

Q‘Fb‘g

Yoy,

@
2,

Statens vegvesen

Norwegian Public Roads
Administration
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11.

Pains resolved by a common V2X platform WAY 2=

Pains - Companies:
Mobility-as-a-Service (MAAS) providers (ENTUR, Vy) have problems interfacing with
car-sharing and ride-sharing providers.
Insurance companies and travel log providers (kjgrebok) struggle with various dongle,
app, and API solutions to accurately track vehicles. Also, several services may require
dongles in the same car
Gas stations don’t know how many road travelers plan to stop by or what need or want
Gas stations, hotels, and motels can’t provide good and tailored offers for approaching
travelers
Electric vehicle planning apps can’t reserve and coordinate use of charging stations,
and have problems calculating power usage in hills and curves
Ferries can’t plan their departures dynamically based on approaching vehicles.
Professional truck drivers have problems finding rest stops and parking for their
mandatory breaks.
It takes TomTom, Here and NRK up to 20 minutes to alert drivers about a closed tunnel
or road, and they can’t inform the vehicles’ navigation systems about variable message
signs (VMS), variable speed limits, unplanned or short-term roadworks.
Roadside assistance personnel (and emergency responders) sometimes struggle to find
the stranded vehicles.
Attractions along the road can’t inform nearby road travelers.
Bus and taxi companies have problems tracking their vehicles in tunnels, especially
complex city tunnels with many exists.

Nordic

Pains - Cities and road operators:

1. People find today’s toll roads unfair, and politicians are
looking for time-of-day and location-based Road Use Charge
solutions.

2. Theincreasing number of electrical vehicles makes collected
fees from fuel and toll roads decrease.

3. Many feel unsafe in tunnels and winter convoys

4. Many trucks from foreign countries cause dangerous
situations in Norway.

5. Corona makes public transport a risk

6. Traffic pollution is too high in Norwegian cities in the
wintertime and limiting access for diesel and gasoline vehicles
is difficult to organize.

7. Urban mixed-use traffic areas increase the number of
dangerous situations for cyclists, pedestrians, and
wheelchairs.

8. Itis hard to find public street parking in the cities, especially
for delivery trucks, craftsmen, and handicapped drivers.

9. During tunnel fires the firefighters don’t know where
accidents, people, vehicles and dangerous goods are located.

10. The national TMC (Traffic Management Centers) do not
provide detailed local traffic information for cites and towns.

Administration

SR Co-financed by the European Union G : Statens vegvesen %
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The last hurdle for V2X:
C-ITS ITS-G5 v.s. C-V2X PC5

Application Layer

Avoid collisions, optimize traffic flow.

Safer, faster, cheaper, greener road trips.

Facilities Layer

Digital Twin of the car’s internal
status and the surrounding traffic

UDP/TCP IEEE/ISO/ETSI

IPV6 Transport/Network

Access Layer

information exchange

—
o
]
£
]
an
O
o
(14

=

Configuration and cross-layer

.(__Z_o-ﬁnanced by the European Union
Connecting Europe Facility

Security

Interface to EU C-ITS security credential

@ Aventi

management system (EU CCMS)

Nordic
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Short range v.s long range for WAY 2
C-ITS ITS-G5/DSRC and C-V2X PC5

Short Range (V2X) Direct Long Range (V2N)

Cellular Base Station s
Infotainment

SAE J2735 3GPP Release 14
V2i SAE J2945,ETSI TS102 687 V2l SAE J3161/1* (under development) V2N 3GPP

va2v vav
A e A

e
C— R

)

Operational in Japan and Europe. Pilot Trials LTE-V2X Operational : DCM (Data Communication Module)

Deployment continues in USA . + Persistent Packet Collision Problem Information
« Persistent Half-Duplex Problem Entertai t

+ Persistent Near-Far Ploblem
+ Congestion Control etc.

Learn more in this video, highly partial to DSRC: https://youtu.be/Lai9nK_mf8k

Co-financed by the European Union
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https://youtu.be/Lai9nK_mf8k

In the USA:

Nordic

WAY 2-

Peace deal between DSRC and C-V2X

SE AAl forms a V2X deployment

“During the plan’s first five years, LTE C-
V2X exclusively will operate in the band’s
upper 20 MHz, DSRC exclusively will
operate in the lower 20 MHz, and the
remaining 30 MHz will be made
available on a priority basis to Next-Gen
DSRC and Advanced (5G) C-V2X
applications as they are developed and
deployed,” the AAl explainedin a
release. “After five years, a single
technology will be selected to use the
5.9 GHz band going forward. That will
also begin a ten-year phaseout period,
during which the technology that does
not prevail will phase out of its initial
exclusive 20 MHz allocation in either the
band’s upper or lower portion.

cC @

*

Rl Co-financed by the European Union
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© & httpsy//www.sae.org/news/2020/04/v2x-technology-choice-plan

Industry group aims to end V2X tech dilemma, FCC bandwidth
play

2020-04-30 BILL VISNI
A proposed five-year trial could finally determine a V2X technology winner.

ﬁ

In a competing-technology conflict some have compared to Betamax vs. VHS but with life-and-death
implications, the Alliance for Automotive Innovation (AAl) industry trade group proposed a solution this
week to end industry discord over how best to execute vehicle-to-everything (V2X) safety
communications. This followed an AAI proposal just days earlier intended to convince the Federal
Communications Commission (FCC) to abandon a controversial plan to re-allocate a portion of the 5.9-
GHz radio “Safety Spectrum” that for two decades has been reserved for transportation-related V2X
communications.

The AAI - which is comprised of almost all major automakers as well as several electronics suppliers -
said it has established a strategy that will allow the two “competing” V2X technologies, Dedicated
Short-Range Communications (DSRC) and cellular radio-based V2X (C-V2X) to co-exist for five years in
prescribed portions of the 75-megahertz range of the 5.9-GHz band reserved for the Safety Spectrum.
Lack of industry consensus on which technology to deploy has been a significant factor in curtailing
fitment of production vehicles with V2X capability and, many believe, also has restrained investment in
the infrastructure required to exploit V2X's potential.

“During the plan’s first five years, LTE C-V2X exclusively will operate in the band's upper 20 MHz, DSRC
exclusively will operate in the lower 20 MHz, and the remaining 30 MHz will be made available on a
priority basis to Next-Gen DSRC and Advanced (5G) C-V2X applications as they are developed and
deployed,” the AAl explained in a release. “After five years, a single technology will be selected to use
the 5.9 GHz band going forward. That will also begin a ten-year phaseout period, during which the
technology that does not prevail will phase out of its initial exclusive 20 MHz allocation in either the
band's upper or lower portion.”

Half the battle
The 5.9-GHz band was first allocated to the Safety Spectrum in 1999. The first significant vehicle and
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Starting from November 2020 onwards, Austrian motorways will be fitted with
i short-range quip to enable a direct exchange of safety-
relevant information between the road infrastructure and vehicles. Through a

procurement of V2X roadside units, the Austrian motorway operator ASFINAG has taken an
important step to enable the dialogue between road infrastructure operators and road
users. V2X stands for Vehicle-to-everything communication and includes co-operative,
safety-related communication among vehicles and infrastructure. ASFINAG will start the
deployment on selected sections and expand it to the overall Austrian motorway network
within the next few years.

525 Roadside Units

The stepwise rollout of up to 525 roadside units and a central control unit will begin in
November 2020 and include maintenance for at least 12 years. The communication
technology behind V2X is a variant of Wireless LAN, also known as Dedicated Short Range
Communication (DSRC). Other commonly used designations are ITS-G5, C-ITS, Car2X, [EEE
802.11p or WLANp. It is currently the only thoroughly tested, proven and interoperable
form of short-range communication in the domain of co-operative intelligent transport
systems. The roadside units do not use Internet connections, but rather establish ad-hoc
short-range connections between vehicles and infrastructure. Full operation of the first
generation of safety-relevant use cases will start within the next 16 months. Afterwards,
new use cases supporting automated driving and connected traffic management will be
introduced. The deployment on the Austrian motorway network is co-financed by the
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