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Executive Summary

NordicWay was an Eproject to test and demonstrate the interoperability of celluladTS
(cooperative ITS) services both for passenger and freight traffic, piloting continuous services
offering a similar user experience in the whole NordicWay network in Denmark, FinlarvdayNo

and Sweden. NordicWay was a rif# deployment pilot, aiming to facilitate a wider deployment

in the Nordic countries and in Europe in the next phase. The project followed the policy guidance
of the European Commission, and was supported via then€@uimg Europe Facility (CEF)
programme managed by INEA.

The NordicWay pilots included both the testing and piloting of the chosen common key services as
well as the additional national services andiTS application domains following the national needs
covering the defined NordicWay network. The common key services were:

cooperative weather and slippery warning
cooperative hazardous location warning
cooperative road works warning

probe vehicle data.

HpwbhPE

NordicWay had the followingeneral objectives:

1. To improve road network performance (efficiency, environmental impact, safety and
security) through deployment of cooperative services. This will make better use of existing
infrastructures and bring reduction of congestion and fatalities.

2. To improve the qudly and coverage of key safety services (road weather warning and
hazardous location warning) by usindTS. This is achieved through acquiring and using
probe data from the vehicles, and also by additional and complementary data from other
sources suchsavehicle fleets and navigation devices and smartphones. Probe data also
extends the coverage to parts of the road network where no data is currently available.

3. To demonstrate €TS benefits to users, by providing them with accurate traffic and travel
information and improved services through cellular communications and collection of
probe data, making their journeys safer and more environmentally friendly as well as
making the travel times shorter and more predictable.

4. To establish €TS markets for commeial valueadded services and to move towards new
concepts such as Maa$S (Mobility as a Service) and automation.

The key innovations of NordicWay were the following:

1. It was the first largescale pilot demonstrating the technical feasibility and as a pofof
concept of probe data collection andITS service delivery using cellular communication
(3G and LTE/4@®) combination with IT$5 communication

Final Report
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2. It offered to the users continuous interoperable services with roaming between different
mobile networksand crossborder, offering TS services with similar user experience in
all four countries.

3. It was a businesg industry/promoter oriented project, with the emphasis of building a
sustainable business model and ecosystem for the data value chain arghsldérs
(public sector ¢ road authorities, @TS operators, automotive industry, telecom
operators, and content and service providers).

4. It was built on the large investment of the public sedithe priority services of the ITS
Directive 2010/40/EU (rédaime traffic information and safetyelated information) in
improving the service provision and presentation parts of the value chain by delivering
the services in a personalised way in reale to the road users, in their vehicles on in
vehicle display and on smart devices, and also offering an open content access point for
the data.

5. NordicWaydemonstrated real improvements in the quality of key safetyirss (road
weather warning,hazardous location warningoad works warningover the currently
deployed services due toseof GITS and related probe data.

6. NordicWay was fully based on European and global standards, and was geared towards
achieving full interoperability in the four participating countries with crbesder testing,
and later extensin to other regions in Europe.

A key result of the projecsthe NodicWay. Interchange network concept

Local TMC Local TMC Local TMC Local TMC
" e e e

Traffic cloud Traffic cloud Traffic cloud Traffic cloud
DENMARK NORWAY SWEDEN FINLAND
NordicWay

ERICSSON
Interchange node

| el |

HERE VOLVO SCANIA KAPSCH
cloud cloud cloud cloud

CELLULAR COMMUNICATIONS

— 2
Short range
communications
(ITS-G5)

Smart phone Road works
trailer
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The NordicWay solutigrthe Interchange Networkis an interoperable cellular cloud basedTS
solution, which is scalable to Europe and beyond. $bkition is based on the transfer of
information between different service provider clouds and traffic clouds, combined with low
latency transfer over cellular networks between vehicle and service opefd&ssages exchanged
between clouds are based orxisting standards, using the DATEX Il data model and the AMQP
queuing protocol. The NordicWay system worked well during the pilot. The Interchange Node was
demonstrated to work well, and the architecture was proverstitthe services, also in the cress
border demonstrations carried outThe related assessment indicated that the value of
interoperability depends on a penetration rate of at least five percent.

¢KS LINP2SO0 faz2z NBadzZ SR Ay |y SO2aeadSy &dzlii2 N
relationships. The endiser is connected to a service provider or OEM, which takes care of security
and privacy of the communications.

The median endo-end latencies in the system were in most cases well below 1 second, which is
sufficient for the type of mgsages involved, which are mainly targeted at increasing situational
awareness of the driverFurther, the same evaluations examined success rates in message
delivery. Overall, message delivery rates were very high, but some messages were not delivered or
returned. The NordicWay Interchange Node did not increase the latency by more than 14
milliseconds. One critical issue was the packaging of DATEgS§sages into AMQP messages. The
use of the different standards should be further harmonized, e.g. by girnyiguidelines on the

use of location referencing by the different stakeholders in DATEX Il and on the event lifecycle
management. In addition, some issues with the AMQP headers were noticed during the
preparations for the interoperability demonstratioidence, further work, similar as the work
performed in GROADS on profiling is needeBurthermore, the HMI should be further
harmonized, as different stakeholders use currently different icons for the same messages. The in
vehicle warnings need to be costEnt with information provided from the roadside, e.g. variable
message signs.

The technical evaluations also found insufficiencies in vehicle sensor based slippery road detection
for developing decision support for winter maintenancéke indicative comumication range
forITSG5was foundto be less than 500 meters with a clear line of sight.

The impactevaluation results indicate thatreceivinghazardous locatiorwarnings influences
choice of speed and route, as well as focus in traffics&€hmpactgesult in positiveroad safety
impacts of the service, particularly relating to warnings of slipperiness, animals or people in the
road. Impactdead toreductions in traffic accidentémprovedtravel efficiency, and benefits to the
traffic management cetnes, who receive more information.

The system was piloted successfully in four countries, with more than 1 800 users. In Finland,
drivers were highly satisfied with the service, and wanted to use it after the end of the pilot. Their

Final Report
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satisfaction was esmaally prominent with how far ahead of an incident the users received the
warning. The Norwegian evaluation focused on the attitudes of maintenance contractors and road
authorities towards a hypothetical support system for winter road maintenance (i.epéetgility),

and found the acceptability to depend on the data upon which the system is based.

The Finnish evaluation also presented a s@tonomic assessment to identify expected costs and
benefits related to fullscale implementation of the-O'S serde tested in the Finnish pilot, and to
determine the expected codienefit ratio. Socieeconomic evaluation resulted in a benefibst
ratio for the period 2012030 to be at least 2.3.

The barriers and success factors identified in the pilots are to stegeee specific for the-O'S
service that was piloted, but also included issues transferrable to the establishment and delivery
of any GTS service through the NordicWay Interchange Node. Critical issues included
infrastructures and integration, standdisation, network coverage, information reliability, data
quality, stakeholder involvement, and privapeiblic partnerships with defined roles and
responsibilities. Concerning security, provisions should be put in place to ensure that data is only
providedto the intended partners. Barriers and facilitators for deployment are further described

in a specifilNordicWay radmap for next phase deployment.

The Swedish evaluation discussed fundamental issues for making the Interchange Node available
to a larger narket. Allowing access to-a multitude of data is expected to increase market potential.
Market potential could be further increased through facilitating scalability and interoperability
with other central service nodes, and through allowing other dataserdice providers to join the
NordicWay community. Establishing the NordicWay Interchange Node requires ppivilie
partnerships in which public authorities play a leading role in the early phase. This involves defining
roles and responsibilities of adictors. Because of little experience with business models and
willingness to pay, this is particularly important to ease insecurities related teteyngoperation

of the NordicWay Interchange Node.

The next phase is to go to the full deployment of thmeetchange Node. For this purpose,
mechanisms for compliance (e.g. for taking on board new stakeholders) have to be defined. As a
single Interchange Node may not fulfil the needs of all stakeholders, a more federated architecture
including multiple Intercange Nodes may be required.

The NordicWasgolutionrelies on existing standards, such as DATEX Il and AMQP. A specific event
can be coded in many ways in DATEX Il, dependent on country or operator specific preferences for
e.g. location referencing. Prafif is needed to make the messages exchanged by the different
actors more uniformand this is fully in line with the conclusions of the European Commission and
the GRoads Platform.

The results of the NordicWay project will be used by the NordicWay 2 project, which will take the
systemstill closer to largescale deployment. NordicWay 2 will brimgichmore services to more

Final Report
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users on a larger part of the road network, and also addasadto-cloud connectivity for
automated driving.

Both shortrange and mediurflong-range cellular communications have a place iTE, with
shortrange communication allowing extreme |datency for safety critical operations, and
cellular communicatios for covering the whole road network with almost allTS services.

Cooperative ITS or-lTS has been one of the priorities for ITS deployment for many years, and
especially during the past few years. It is evident that the quickest way for reachiignora road
network coverage and vehicle fleet coverage is to use a solution based on existing cellular
connectivity of vehicles in combination with already existing cellular networks. Hence, the solution
provided now by NordicWay, with proven interoperatyil low latencies, high user acceptance,
considerable benefits, and low costs is now offering the way to go forward on the European, and
also the global scale to deploylTS in the large scale.

Final Report
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1. Introduction

1.1. Objectives and scope

The main objective of # NordicWayproject wasto test and demonstrate the interoperability of
cellularGITS (cooperative ITS) services both for passenger and freight traffic, piloting continuous
services offeringa similaruser experience inthe whole network. NordicWay waa reakHlife
deployment pilot,aiming tofacilitate a wider deployment in the Nordic countries and in Europe in
the next phase.

The NordicWay pilots includdxbth the testing and piloting of the chosen common key sernéses
well asthe additional national swicesand CITS application domairisllowing the national needs
covering the defined NordicWay network.

GITS services caoday be provided over either 5.9 GHz (18S) or over cellulatechnologies
(83G/4G).0One of the major targets of thdlordicWay priect was toassess how current cellular
technologyand existing cellular networlean beused to provide €TS services, hence avoiding the
need for substantiatiedicated @TS communicatiomfrastructure investments.

BasicallyNordicWay pilots €TS via Wibrid communications, where similar services are provided
both by ITS55 and by cellular communicatianSuch pilots have been and are carried out also
elsewhere, but there the basic solution has been-GE5with cellular commuications in a
complementary role. The NordicWay partnenad a different starting pointwhere cellular
communications are the basic solution foflITGS with full road network coverage, and -3%
complementsitiri LISOAFA O aK2(G aLkRiaat o

For compatibilityand interoperability reasonsgn-vehicle platforms can be equipped with hybrid
communicationswhich complement the cellular communications with ITS G5. This @oeess
to and continuity of servicesceoss geographical borders as long as one of the conication
technologies has been in use in the neighbouring countries.

In the different pilotsthree GITS servicewere commonly piloted or supported, allowing to offer
the opportunity to test the interoperability of services through the whole corriddre NordicWay
Pilot common key servicasgere originally.

1. cooperative weather and slippery warning
2. cooperative hazardous location warning
3. probe vehicle data.

In practice, road works warning was added in the list of common services during the project.

Nordidway hal the followinggeneral objectives:

Final Report
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to improve road network performance (efficiency, environmental impact, safety and
security) through deployment of cooperative services. This will make better use of existing
infrastructures and bring reduction obngestion and fatalities.

To inprove the quality and coverage of key safety services (road weather warning and
hazardous location warning) by usingTS. This is achieved through acquiring and using
probe data from the vehicles, and also by additional eathplementary data from other
sources such as vehicle fleets and navigation devices and smartphones. Probe data also
extends the coverage to parts of the road network where no data is currently available.
To demonstrate>ITS benefits to users, by providithem with accurate traffic and travel
information and improved services through cellular communications and collection of
probe data, making the journeys safer and more environmentally friendbs well as
making the travel times shorter and more pretdible.

To establish @TS marketfor commercial valu@added services and movetowards new
concepts such as MaaS (Mobility as a Service) and automation.

Assessment of the benefits and user acceptanceldiSservicesas in a clear focus of NordicWa
Theassessment results were the basistiext phase of the proje@ndfull deploymentof cellular
GITS in Nordic countrieNordicWay verifid the performance, effectiveness and benefit/cost of
cooperative services also in difficult winter and weatbhenditions.

In general, the €TS services ka been set up and operated primarily by private sector
stakeholders. For this reason, the services throughout the NordicWay cowiel@ provided by
the private sector stakeholders, whereas the beneficiaffiagilitate this by funding specific
additional costs due to piloting and evaluation. The private stakeholdsed the pilot for their
own product and service development, deployment and marketing in several ways

The key innovations of NordicWaere the following:

1.

It was the first largescale pilot demonstrating the technical feasibility and as a pofof
concept of probe data collection andITS service delivery using cellular communication
(3G and LTE/4@®) combination with IT$5 communication

It offered to the users continuous interoperable services with roaming between different
mobile networks and crodsorder, offering @TS services witsimilaruser experience in

all four countries.

It wasa businesg industry/promoter oriented project, \ith the emphasis of building a
sustainable business model and ecosystem for the data value chain and stakeholders
(public sector ¢ road authorities, &TS operators, automotive industry, telecom
operators, and content and service providers).

It wasbuilt on the large investment of the public sector on the priority services of the ITS
Directive 2010/40/EU (redlme traffic information and safetyelated information) in
improving the service provision and presentation parts of the value chain by delivering
the services in a personalised way in fé@e to the road users, in their vehicles on in

Final Report
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vehicle displays and on smart devices, and also offering an open content access point for
the data.

5. It demonstratal real improvements in the quality of key safety wiees (road weather
warning and hazardous location warning) over the currently deployed serdice$o G
ITS and related probe data

6. NordicWaywasfully based on Europeaand globalstandards, andvas geared towards
achieving full interoperability in thiour participating countries with crogsorder testing,
and later extension to other regions in Europe.

NordicWay pilot a&d as the last mile between-OS research and development and witsle
deployment. Thereforgit was geared towards solving all éhbarriers towards deployment,
analysing the performance of the system, assessing the scalability;beosfit and user
acceptance and changes in driver behaviour, plus developing a business model and a detailed
scenario for the rolbut.

1.2. Project Structue

The projectwas built up on 2 Activities, and several sattivities:
Activity 1. Management and preparation

Sub activity 1.2 Management and coordination

Sub activity 1.2 Architecture and services

Sub activity 1.3 Conformance, interoperability anangtards

Sub activity 1.4 Information and dissemination

Sub activity 1.5 Evaluation of the results and definition of the next phase
Activity 2. NordicWay pilot

Sub activity 2.1 Finnish pilot

Sub activity 2.2 Swedish pilot

Sub activity 2.3 Norwegian pilot

Sub activity 2.4 Danish pilot
1.3. Reading guide

During the project, the activities on Architecture and Interoperability were performed in close
collaboration with each other. Ensuring interoperability was the key topic in the design of the
architecture. Hencen this report, the relevant tasks will be reported together.
Final Report
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Chapter 2 of the report deals with the architecture and interoperahilitith the general aspects
driving the design of the different pilots.

Chapter 36 reports on the execution of the diffené national pilots country by country.

Chapter 7 provides an overview of evaluation activities in NordicWay. This includes i) definition of
KPIs and the evaluation guidelines, ii) evaluation of the results, and iii) definition of the next phase.

Chapter 8 gives an overview of the dissemination and communication activities in the NordicWay
project.

Chapter 9 gives an overview of the management activities.

Chapter 10 provides conclusions.
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2. Architecture, servicesand interoperability

This chapter eports on the results of the sub activities 1.2 (Architecture and services) and 1.3
(Interoperability). The report describes first the different services and use cases, which are
demonstrated in the different NordicWay pilots (sub activity 1.2.2), and thestribes the major
communication technology selection (task 1.3.1). The architecture (sub activity 1.21), ensuring
interoperability (sub activity 1.3.33 discussed in section 2.3, and a discussion on the standards
(task 1.3.2) is providkin section 24. Reflections on security and privacy (task 1.3.4) and on
certification (task 1.3.5) are provided in section 2.6

2.1. Services and use cases

The maintype ofservice addressed in NordicWeaas the delivery oDay 1Safety Related Tffic
Information (SRTI) with low latency to vehicle drivers. This includes both the detection of
dangerous situations by vehicle sensors or reported situations by drivers.

NordicWay pilogd three core services and their interoperability in the participatingirtoies.
These Dayl core services were chosebhased on priorities of the partners, estimated
performance/costbenefit, and technical readiness. The selected serviegs:
1 cooperative hazardous location warning. Drivers are warned of the following events
0 animal, people, obstacles, debris on the road
0 unprotected accident area
0 reduced visibility
o0 shortterm road works

1 cooperative weather and slippery road warning. The driver is warned of a slippery
road or of exceptional weathaonditions (e.g. fog, heg rain, heavy wind).

1 Probe vehicle data, i.e. the collection of data from vehicles directly from sensor data,
is used to support the services mentioned above.

In addition, road works warnings became an additional service, including also other than short
termroad works.Tablel gives an overview of the Day 1 and Day 1.5 services, identified in the work
of the GITS platforn{1] piloted in the different NordicWay pilots

Final Report
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Tablel: Day 1 and Day 1.5-O0°S services tested or piloted in the Nordic Way project

Day 1/1.5 Service DK Fl NO SE
Day1; 3 Slow or stationary vehicle(s) | V \Y V
Day1; 5 Hazardous location notificatic V \% \%

Day1; 6 Road works warning \% \Y Y V
Dayl; 7 Weather conditions \% \% Vv \%
Day 1; 10 Probe vehicle data V \% \Y
Dayl.5; 6 Zone access control for urb Vv

areas

The following use cases were implemented:

1 Road authority reports about dangerous situation on the road or inclement weather

1 Vehicle detects slippery road

1 Smart phone use informs on dangerous situation on the road

Road works trailer informs abowbvad works

The sequence flows of the different use cases are described in more details irAtohitecture,
Services and Interoperability[2] and the «SystemDesigrn» [3] deliverables.

2.2. Communication technologies

The main technology used for communication in the NordicWay prdjetiveen vehicles and
infrastructurewas cellular communication. Hybrid communication, using bothG5%nd cellular

communicatiorwas usedor the roadworks warning by trailers use case.

During the last year©EMs have developed connected vehgdeviceslin 2015, about 50% of cars

globallysold were connected (either by embedded, tethered or smartphone integratidh) and
their drivers are hence continuously connected to a clouldiclv can provide them with redime
information on traffic The European OEMs are promoting thextended vehiclee concept,
providingaccess to vehicle data in accordance with clearly defined technical, data protection and
competition rules through intdaces and a data server platform provided by vehicle manufacturers

[5]. The extended vehicle is currently being standardised in ISO 20077, 20078 andA0B20is

promoting the neutral server concept, by which service providers have the choice to accass dat
YIydzFlF O dzNB N &

RANBOGtfe FTNRY GKS OSKAOf S

vehicle manufactiera Q & NI S NA
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The NordicWay approach builds on this infrastructukenajor benefit of this approaatompared

to the ITSG5orientedapproach is that thenduser only communicates with a siegtusted actor.

This actor takes care @mong others, security and privacy related issues, using industrial standard
tools and agreementshe approach is also agnostic towards the Mobile Network Operator.

Latenciedor cellular network communicationare larger than for IT&5 The services addressed
by the NordicWay projecivere mainly advisory and not timeritical. e first proof-of-concept
testsperformed in August 201 Finlandndicated that eneto-end latenciesvere in the range of
1 to 4 secads, dependent on the paths followed by the message flélythereby the latency
corresponded to a quite usualistance betweentwo carsfollowing one anotherin highway
conditions. Thissi alsowithin the limits set for similar cooperative applicati® such as informing
conceptual speeds to drivers (ISO/TS 17426)cellular communications evolve, the latenadés
the mobile linkwill decrease significantly, with S@&avingas target 1 ms air interface /s and 5
ms endto-end latency[8].

2.3.  Architecture for interoperable services

The architecture of the NordicWay systewns designed with interoperability in mind. The
development of the architecture and the dated architectureare reported in the deliverable
G! NOKAGSOGdzNBY { SNIRLOS& YR LYGSNRLISNIroAfAGRE

A major objective of the NordicWay project was to test and demonstrate interoperability BEC
(cooperative ITS) of services both for passenger and freight traffic, piloting continuaiceser
offering an equivalent user experience in the four countries involved (Finland, Sweden, Norway,
Denmark).

2.3.1. UNDERSTANDINSTEROPERABIL{IQPSECTIOHNL2)

Interoperability is a characteristic of a product or system, whose interfaces are completely
understood, to work with other products or systems, at present or future, in either implementation
or access, without any restrictions. The term was initially definedrfimrmation technologyor
systems engineeringervices to allow for information exchamff].

With reference to @TS, full interoperability can be understood as the capacity of a vehicle to
exchange information with any other relevant system (veshimiroadside in order to obtain or
provide the A@TS service intended. This means that interoperability requirements depend on the
specific needs of the services concerned. Whether the vehicle exchange also other information
that is not relevant for théntended services has no impact on its interoperability quality.

It can also be understood that restrictions concerning which systems that can exchange
information will reduce the level of interoperability.

Hence,interoperability can be measured e.g. ging from 0% to 100% where 0% interoperability
means that the vehicle systems cannot communicate with any other system in relation to the
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intended services, while full (100%) interoperability means that the vehicle can communicate with
all other relevant gstems.

It is also important to understand that the interoperability definition does not take into account in
which manner e.g. information is exchanged. As long as systems can work together and the
interfaces are understood, interoperability can be acfeig.

2.3.2. NORDI®QVAY ANCC-I TSINTEROPERABILITY MERESIOP CHAPTES)

With reference to @TS, full interoperability can be understood as the capacity of a vehicle to
exchange information with any other relevant system (vehicleoadside in order to obtainor
provide the ATS service intended.

Hence, we understand the vehicle as a system, and full interoperability is achieved when all
vehicles can work with all other vehicles and systems tdekiel, whichis required to achieve the
quality requirements bthe intended services.

2.3.2.1. GITSSERVICE QUALITY RREMENTS
The Level of Quality Parameters used, with reference to the architecture rgoare:

1. Timelinesswhich is the capacity of the system to detect and validate situations with a
minimum delay

2. Location accuracy, which is the degree to which the stated location conforms with the
correct location.

3. Latency, which is the delay before a transfer of data befgih@wing an instruction for its
transfer.

4. Error rate, which is the probability that the stated information is not correct

5. Event coverage, which is the probability that an event is reported through the service

Timeliness

The timeliness is decided by thesgence of sensors and their capacity to record an occurring event
and the capacity of the receiving body to correctly understand the information. The introduction
of ecall is a good example of a service that has been designed for maximum timeliness and
minimum latency through the systems used and the organization of PSAP’s.

The best timeliness is achieved when there is a large number of sensors well distributed over the
road network that communicate the detected information with minimum delay, in combmati
with an application capable of correctly understanding the information at the reception point.
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Table 1: Service quality parameters and values for NordicWay

Level of Quality Parameters

Timeliness (95%) Latency |[Location accuracy (95%)Error |Event
(contents) Rate |Coverage
Start Update/end (959s) Area Road
All SRTI events/conditions, except wrong way driver
* Best effort|Best effort |< 10 min |Admin. Link <15% |Best effort
(Basic) Regions between
intersections
*x Validation |Best effort (<5 min  |Admin. Link <10% |[>90% of a
(Enhancedafter first Regions between validated
detection intersectiong events
<10 min
Fokk Detection [Detection &< 3 min |Geographic|< 5 km <10% |>80% of a
(Advanced & Validation < area; 10 kn occurring
Validation |10 min aftel accuracy events
< 5 minevent
after eventoccurrence
occurrence

Latency

The latency describes the time between detection and validation of an event and the application
of appropriate measures to cope with the event. Latency is at first l@péndent on the capacity
to manage incoming information e.g. to a traffic centre.

Location accuracy
Location accuracig the degree to which the stated location conforms with the correct location.

Location accuracy reflects the capacity of sensors andicgipns to register the location of an
event with satisfactory precision, and to report the event with appropriate precision. Whereas a
specific event can be registered with high precision, it can be relevant to describe its impact with
another dimensionLocation accuracy requires a harmonized way to express locations (using same
location referencing system) to maintain precision and avoid errors.

Error rate
The error rate is the probability that the stated information is not correct.

A key to low errorate is a combination of high quality sensors and the possibility to validate and
correctly interpret received information. This is done by either checking the information received,
or by receiving the same information from many separate sources.
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Event coerage
Event coverage is the probability that an occurring event is reported through the service.

Planned events can be reported by their organizers (road works, dispensatidh y & lpoNdi X 0
their occurrence and offer good conditions for high service quality-pldnned events (road
hazards: O O A R Smuét e détécted and reported by dynamic sensors and managed by a
service provider.

2.3.2.2. NORDIEVAYINTEROPERABILITY MERES
In order tomeet the service quality requirements through the implementation of interoperable

systems a number of measures need to contribute:

Number, distribution and quality of sensors

A key to fast detection of events (whether it is adverse road conditions, atuside other events)
is a high number of well distributed and connected sensors.

Road network communication coverage

The need for connected sensors means that the road network needs to be connected. Either
through fixed installations or through- cellular merk and combinations of these. Good sensors
that cannot immediately (timeliness!) communicate sensor data does not support service quality.

Harmonized interfaces (protocols)

To allow for messages and information to be exchanged, connected systems nmist us
interoperable protocols. The more open, well used and standardized the better.

Harmonized information (gedl B F SNBEBY OSsT YSaal 3Saxo

The information / data that is communicated in the system must be readable and understood
correctly by all parties involvedt is critical to use agreed (standardized) methods to describe
messages, positions (geeferencing) etc.

Security and trust

Managing data involving infrastructure, vehicles and drivers puts high requirements on the actors
involved and the systems engabeSystems have to be designed with high security requirements
and include measures that ensures that only trusted entities have access to the system and that
data provided is reliable.

An architecture and an ecosystem supporting scalability and interdyiidya

All features of the system must be supported by an architecture that allows for evolution and
adaptation to various business conditions between actors.
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Time to implementation has to be short

GITS is developing fast. Initiatives that strive for iofgerability have to offer solutions that are
mature enough to allow for implementation now.
2.33. NORDI®VAYCONCEPT

The NordicWaygonceptbuilds on the following elements

 cloudto-cloud communication for the communication between the different service
providers and Traffic Data providers involved

1 the NordicWay Interchang&ode is the key element to assure interoperability
allowingdifferent service providers and traffic data providers to communicate with
each other,

9 cellular technologies for the transmissi of SRTI messages with low latency,
complemented with Infrastructuréo-Vehicle communication based on &S for
specific use cases.

Figurel shows theNordicWay oncept architecture.

e ' e e

Traffic cloud Traffic cloud Traffic cloud Traffic cloud
DENMARK NORWAY SWEDEN FINLAND
NordicWay

ERICSSON
Interchange node

»

| wlanle |

HERE VOLVO SCANIA KAPSCH
cloud cloud cloud cloud

CELLULAR COMMUNICATIONS

Short range
communications
(ITS-G5)

Smart phone Road works
trailer

Figurel. Overview of the NordicWay system

Endusers, either vehicle drivers with an OBU integrated in the vehicle or with a smart phone, are
always connected to a service provider. Vehicles can report evbased on sensor values, or
Final Report
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drivers can report events on their smart phones. The data is then processed at the cloud of the
service provider and through the Interchaniede sent to the local traffic cloud and to service
providers, who are interested irhts information. Traffic clouds send information on dangerous
events throughthe NordicWay Interchange Nod® service providers, whdransmit this
information to vehicles nearby the event.

The key element in the NordicWagrwept is the Interchange Nod&he NordicWay Interchange
Nodeis a broker, which directs the messages published by the different actors to actors, based on
predefined selection criteria, such as the type and location of the event in the messages. The
NordicWay InterchangBodehas a gedookup functionality, which determines the country based

on location information in the messagallowing to route messages to e.g. the Traffic cloud of
relevance(Figure2).

The Interchange node receives all types of messages and information from different sources, and
Users can choose which specific types of information to subscribe to. The Interchange node sorts
the incoming messages and makes the requested inftionanstantly available for the users. New
users should be able to easily connect to the Interchange node.

National clouds

A 4

Encrypted TLS
Connections ((patex i [ Datexn ) Datex it ] Datexi ]

Location Channel Lookup
Msg queue

Connections

gb Anonymized data
e [4 l

OEM data sources

Encrypted TLS

Y

Figure2. NordicWaylnterchange Nodeoncept

The architecture isonceptuallycompatibleg A G K ! / 9! Q& corSegueNIHe onfy S NI3 S NJ
difference is that in the neutral server concept, the communication between an OEM cloud and
the neutral server is based on ISO 20078 RESPH¥hereas NordicWaysed AMQP.

The NordicWay approach does not require additional infrastructure investments, and is available
within mobile network coverageThe architecture builds on existing systems, and allows the
different stakeholders to maintaitheir own relationships and interfaces to their customers.
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2.3.4. NORDI®VAYECOSYSTEM

During the project, an ecosystem was created, in whddferent public and private partners
exchange Safety Related Traffic Information:opetition where market actors creat@mew
enhanced ecosystem with cooperation and competition, yet enabling them to maintain and
develop their own businesses and business mad&able 2 lists the actors involved in the
ecosystem. The NordicWay Interchange Node was operated by Ericsson.

Table2. Actors in the NordicWay pilots

Finland Sweden Norway Denmark
Service HERE Scania, Volvo Cars,| VolvoCars
Provider/OEM Kapsch
Traffic Data Infotripla | Ericsson, Swedish | Vegvesen Danish Road
Provider Transport Authority
Administration
TMC/Road Finnish Swedish Transport | Vegvesen Danish Road
Authority Transport| Administration Authority
Agency

The NordicWay project didot reach the implementation of a full and mature Ecosystem but
achieved to identify and implement a solution that supports the basic requirements on an
ecosystem for &TS interoperability:

A It allows for very different organizations (authorities, seryiceviders, vehicle OEM’s,
communicationLINE A RSNEA X X0 G2 LI NOIAOALI GS gA0GKAY GKS

A It accounts for very different driving forces behind these organizations (road safety,
LINEFAG FNRY aSNBAOSaAs LINBTFTAG FNRY OSKAOfSaz X

A The solution allows for ainds of relations (also #ateral) between organizations
involved, each relation with its own business agreement

A All roles within the organization can be subject to competition

A The ecosystem is designed to be inclugeasy to join and select your perences;
and stimulate business (service) development

A 2 KAOK NBIljdzZANBa&a +y I NOKAGSOGdz2NE GKIG Aa aNBEIG
demonstrated in NordicWay.

A The ecosystem must support short time to deployment (open for aftermarket solutions,
easy tojoin X un order to prevent disaggregation:ITS is under rapid development and
need solutions for interoperability that works now.

A The ecosystem should support further innovation (beyond Day 1,5 services)
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A mainchallenge for deployment of the systeimhowto get the actors exchange the data with
each other.

2.3.5. SCALABILIPALLOWING FOR GROWTH

Scalability was a design requirement for NordicWay and implemented through the selected
architecture. Scalability of-lTS services means that already existing servi®gces and users

can be connected to the-O'S clouds, which makes it possible to scale-lSGservices faster. The
interchange node has been developed to fit with the North European road transport system, and
to be scalable to European level. The d@etture has been designed to accommodate hybrid C
ITS communication, and to be border and relation agnostic. To support further development and
to shorten time to full @TS implementation, the interchange builds on standards and makes use
of existing stuctures

NordicWay also considers scalability in terms of increasing the numbelT& Services associated
and entities connected. The architecture can incorporate already existing services, devices and
users through existing-0'S cloudswvhich makes ipossible to scale up-IT'S services very fast.

The next step will be to work further on the architecture, as a single Interchange Node may not
fulfil the requirements of all stakeholders, and a more federated architecture consisting of multiple
InterchangeNodes can be required.

Figure3: Federation of Interchange nodes
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2.3.6. ALLOWING FOR FULL ROIETWORK AND EVEXOVERAGE

The NordicWay approach relies on already deployed mobile communication systems, and is
agnostic towards the molal network operator (i.e. serves all vehicles with mobile
communications, not only the customers of a specific MNO).

Hence, there may be areas, e.g. mountainous areas, in which there is no coverage but a basic
characteristic of the selected solution is thiallows for service provision also in very remote areas
and on very lowclass roads.

2.3.7. SHORTENING TIME TOEROPERABILITY
NordicWay is based on existing and well distributed technologies under continued development

and supported by widely accepted anded standards.

Hence, the NordicWay approach does not require additional infrastructure investments, and is
available within mobile network coverage.

2.3.8. SUPPORTING CREEIRDER OPERATIONS

The NordicWay Interchange Node is by itself border agnostic. Seraimednformation are
communicated cross border, only depending on the agreements between partners defined and
implemented in the Interchange Node.

Passage of national borders may cause problems with roaming cellular netwdnlch was
demonstrated in NortWay.
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2.4. Standards for data exchange

The application and use of standards has been a key characteristic of NordicWay. The NordicWay
Interchange Node, deliveringIlTS Day 1 SRTI messages, has been developed and implemented
using already existing and widedgknowledged and used standards as AMQP 1.0, TLS and DATEX
Il.

The main effort in NordicWayason the interfaces between the different clouds. The link between

the service provider and the vehicleas - for cellular communicatins - under theresponsibility of

the service providerThe communication protocol between the service provider and the vehicle
wastherebyunder the responsibility of the service provider. The service providecontinuously

aware of the location of the vehicle, allavg to efficiently communicate with the vehicles in a
specified geographical region. CAM messd@6% which are used in ITS5 communications for
informing otherNB R dzZaSNE 2F (GKS @SKAOf SQa adl Gddzax I NB
can cause network overlogd1]. DENM messagg$2] have been specified fdTSG5 transport
mechanisms, and cannot be used as such for cellular communications. In the Finnish pilot, the
DENM data contentvas used in theeommunication betweerthe service provider cloud and the
vehicle.

The NordicWay projedattilisedthe following standards:

1 ETSI €TS standards for the [1& communicationfér the roadworks use case
between road side unit/trailer and vehicle). Communication between service
provider and smart phonwas based on the data content in DENM messages.

1 DATEX Il. This is the main standard used for the communication between different
clouds and also recommendkin the delegated acts of the EU ITS Directinghe

Y 2

NordicWay project, DATEX Il version 2.3 datamoddl dza SRX @A (K & & dzLJLJX A

mode toguarantee low latencies. The standard DATEX Il exchange mechavésens
not used, instead message queuing oAxd&QPwas usedDATEX profiles for the Road
Works Warning and the Slippery Road warnimgssagevere generated.

1 AMQP. TheAdvanced Message Queuing Protoc(AMQP) provides a platform
agnostic method for ensuring information is safely transported betwegiiegtions,
among organizations, within mobile infrastructures, and across the Cloud. AMQP
is used for transmission of messages between clouds. The paytosdrflicWay, a
DATEX Il message) is encapsulated with a AMQP header, allowing the Interchange
Node to direct the message to the relevant subscribers.

Of particular importance is the implementation of the agreement to common use of DATEX Il for
all messages distribute®y the application and use of DATEX:i Il NordicWay can also be developed
to covera vast number of different events and services. By using DATEX Il message standard,
messages can also be made language independent, supportingbonatey functionality.
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A key learning from the project is however that these standards are not endighDATEX I
standard provides multiple options for road and service operators to provide information on a
specific event. For instance, different location referencing mechanisms can be used-@GLERT
hLISYy [ wZ 02 2 NR A gfdséveédad methods fgrRe etiekt Siétdldi.e. to indicate when

an event stops).

Hence, the use of the different standards should be further harmonized, e.g. guidelines on the use
of location referencing by the different stakeholders in DATEX Il and on the event lifecycle
manggement. In addition, some issues with the AMQP headers were noticed during the

preparations for the interoperability demonstration.

2.5. Security and privacy

An advantage of the architecture is that the vehicle is imtact with only a single actor (for vehécl
integrated systems the OEM through the OEM cloud and for smart phone systems the smart phone
app provider)which simplifies the security provisions that are required.

For the connection between thaterchangenode and the clouds of the differeactors' industrial
proven tools can be used. NordicWay dSd&.S 1.2 to secure the transport between the clouds.
The instance of the Interchange Node, demonstrated in the NordicWay project, does not include a
fully secure implementation of the Interchangehis development is foreseen for NordicWay 2.

Security and privacy of the communications between the vehicle and the service pragder
under the responsibility of the service provider.

Provisions should be put in place to ensure that data is onlyigeedvto the intended partners (e.qg.
no leaks due to problems with e.g. AMQP header informatianaccordance to the specific
agreements set.

2.6. Certification
The NordicWay tests and demonstrations were based on two set of interoperability guidelines:

1 Agreedservice definitions (specifications with implementation guides)

1 Staged tests (agreed procedures) for interoperability verification

The performance of these demonstrations constituted NordicWay Compliance Assessment. No
formal certification vas applied asthe tests and demonstrations were restricted to NordicWay
partners.
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3. Finnish Pilot

3.1. Objective

NordicWay Coop wakhe Finnish national pilot of the NordicWay and demonstdate 3G and
4G/LTE based Vehide-Infrastructure (V2I) solution for sending/receiving safety critical messages
as described in the Commission Delegated regulation No 886/2013.n¥ie aim of the
NordicWay Coopifmt was toenhance traffic safety and itsrimary objectives wee to study the
functionality of traffic safety messages via 3G and 4G/LTE cellular netimrkssess user
behaviour when sending and receiving safety critical messagéso verifythe system's readiness

for wider use as well as canercial potential and required supporting ecosystem.

3.2. Actors

3.2.1. ROLES AND RESPONBIBE®F THE DIFFERENTORS

Themain actorsgn the pilot were

1 Finnish Transport Agency (FTA) and Finnish Safety Transport Agency, coordinators of
the pilot. The Traffic Maamgement Cene (TMC) is operated by FTA.

1 HERE Technologies, technology supplier-and main contractor

1 Infotripla Ltd, subcoractor to HERE and FTA, providihg interface between the
HERE cloud and the TMC, and the usegrfate to the TMC. Infotripla waalso
responsible for the recruitment of the test users.

i VTT Technical Research Centre of Finlanddedormingthe evaluation in Finland
and assisting-TA in coordination.

3.2.2. AGREEMENT ON PARTMERSIODELS

For the Finnish part of the NordicWay corridor, project Coop, the Finnish Transport Agency (FTA)
and Finnish Transport Safety Agency Trafi made a joint procurement, a public call for development
and pilotingof specified @TS services. This was not doseaanotice of public procurement or call

for tender, but as a call for private companies to express their willingness to develop the service in
cooperation with the Procurers. Procurement was made as R&D procurement which included
service providers own imstment in the development and largeeale piloting. The procurement
model is a Finnish way of Public Procurement of Innovation (PPI). The Procufie@nced the

extra costs caused by the pilot. The selection of the service provider was not basedeohyiron

thed SNIIA OS LINE JA RS NXhe pr&ductiddtivdiok theXITS s¢ce. LIt |y 2y

FTA, Trafi and HERE made up a contract, stating the responsibilities for the different partners
regarding the reimbursement of the extra costs caused by th@giincluding the services to be
developed, timetable, amount of users, impact assessment and technical evaluation.
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FTA and Trafi made two additional R&D procurements for the NordicWay project's technical
coordination and analysis and for the Finnish Cbot Af 2 1 Q& LYLI OG0 |aasSaavySy
evaluation. Both procurements were won by the VTT Technical Research Centre of Finland.

3.3. Pilot Concept

Figure4 gives an overview of the Finnish pilot. Events reported by the driver are received by the

HERE service provider cloud, which processes the data, and transmits reported events as single

user events both to vehicle drivers near the eventareaand forwards G2 Ly F2 G MR LI | Q& L d
the HERE cloud, the information is aggregated with messages from other users and sources, and

gt ARFGSR S@Syita INB GNIXYyaYAGGSR (G2 020K OSKAOfS:
TMC. SRTI events from th&IT are sent by Infotripla to the HERE cloud, which transmits it to

vehicles approaching or in the event area.

“National access point”

(traffic information
e.g. digitraffic)

i T™C

E " | ITS server

DATEX 2

ervice Provider cloud

Communication via
cellular network
(Unicast mpge)

<=

Personal ITS-S / Low-latency warning
of nearby vehicles

Figure4. Overview of the Finnish pilot
33.1 SERVICES
G GKS dzaSNDa aARS3>T K Sdriderspersdal mabile devideopdfaty Sy 6 SR 2
with Android OS 4.4 or newer. After registration for the piltite driver received instructions on
the procedure to downloadsthé 5 ¢ L | LILJXE = RS@GSt2LISR o0& 1 9w9

The following services weggloted:

1 Cooperative hazardous locatiomwarning. The following hazard classes are supported
(hazards in bold can be reported by the user; the other hazards can only be viewed):
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animal, people, obstacles, debris on the road
unprotected accident area

short term road workglater all road works)
reduced visibility

= —a —a -8

1 Cooperative weather and slippery road warninghe following hazard classes are
transmitted by the TMC to vehicles near the event area:

1 temporary slippery road
1 exceptional weather conditions

1 Probedata servicesnvolve the transmissiowf aggregated probe vehicle data on
vehicle position and speed from the HERE cloud to the Road Authority.

3.3.2. PILOT AREA AND TIRIN

The pilot area was the E18 highway between Helsinki and Turku, and the Ring Road | and Ring Road
I1l'in Helsinki. In November 26 the pilot test site was enlarged with the E12 between Helsinki and
Tampere, and the ring roads round Tampere including the 2.4 km long Rantatunneli tunnel, the
E75 between Helsinki and Lahti and the Road 51 between Helsinki and Kirkkonummi.

The pilot coisistedof several phases:

a) Prepilot: Proofof-concept
A proof of concept validating technical functionality was demonstrated in August 2015.
During the proof of concept both messages generated by an ITS cloud server, and
messages generated by mobile usewere transmitted with low latency to mobile users
in the neighbarrhood. The results of the proof of concept have been reported by Kauvo
& Koskiner{7].

b) Checkpoint 2: start of pilot

Prior to starting the pilot, the final solution was validated. This validation included a check
of the HMI usability, according to the guidelines of the Car €otivity Consortium, and

a check of the functionalities. A second technical validation took place in the beginning of
April, where messages were both generated by ITS cloud server and be mobile users,
driving on the E18 motorway, and received by mobilevimg along the E18 motorway

¢) Ramp up to 1000 users
The pilot started officially on 11 May 201#nd ended on 31 April 200he rampup to
1000 users is performed in several phases:

1 Week 1 friendly test users, with request to use service as much as pgessib
TMC does not validate messages.

1 Week 2 TMC goes live, and 100 additional users
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1 Week 4: 200 additional users.

1 Week 5: full scale pilot which advanced in two major communication waves
in November 2016 and February 2Qihenthe pilot test area wasmarged.

In total 1270 users successfully completed the registration procedure.

d) NordicWay interoperability

Interoperabilitytestingwasperformedduring the Finnish Coop project together with the
NordicWay public and private partners. During the interoperability work the HERE DTI
application were validated to receive SRTI messages from the NordicWay Interchange
Node. The solution was demonstrated May 2017 together with the NordicWay
partners and is described in more detail in sectibd.

3.4. Autonomous Driving and Mobility as a Service pilot

Benefits in traffic safety and traffic fluency are expected when Connected, Cooperative and
AutomatedMobility (CCAM) advances. Among the benefits are new mobility services, especially
those that connect the first and last mile of the transport and mopitiavel chain. Studies of
autonomous driving and Mobility as a ServiaaS)wvas included in the Finnish pilots. Following
chapter summarize Road Transport: Automation Road Map and Action Plarg2f206 and
autonomous bus pilot.

3.4.1. ROADTRANSPORAUTOMATIONROADMAPR ANCACTIONPLAN2016¢2020

Progress in road automation challenges and provides new opportunities for the society and
infrastructure owners. Challenges such as required infrastructure, e.g. landmarks and connectivity,
and opportunities such as enhesd traffic safety and fluency. A study was conducted with an aim

to provide transport authority guidance, activities and resource needs to prepare for the road
automation in next few yeard 3]

The study methodology composed from concise literature review, expert discussions, working
sessions, and stakeholder and authority workshops as well as of the study's authors' experience
and knowledge on the domain.

Planningand implementation were divided into five domains: infrastructure, road superstructure
and equipment, vehicle systems, services and functions, and driver. These five domains were again
divided to action cards and timetable for the authorities to implementext years. The action

cards are presented in the table below. More detailed information can be faufiB].

Final Report
NORDIGVAY PcI¢R 34/65




Nordic pAgS

~

WAY

Table3 Action cards relatd to the introduction of automated drivind13]

Infrastructure

Gradual deployment of road network for automated driving

Guidelines and venfication of road network for automated driving

Design guidelines for junctions

Ratlway level crossings

' Impact on traffic management strategies

Deployment of communication infrastructure

Avallabitity of communication infrastructure

Data content of digital maps

Back-office systems and related data collection

Movable roadside infrastructure (for road works, spectal events, etc )

Road
superstructure
and equipment

Visibility and condition of road markings and traffic signs

Location databases for automated driving

Alternative routes and detours

Harmonisation of road traffic control

Sensors or beacons embedded into road pavement

Consequences on road structure and surface wear

Posts and poles for guidance and posttioning

Vehicle systems

Positioning of vehicle

Environmental sensing

Enhanced sensor technologies for snow and ice conditions

'Radio frequency allocations

Hybrid communications

Reception of cooperative 12V messaging

Requirements for traffic status information

Properties and impacts of SAE level 3 automated driving

Identification of abnormal and hazardous transports

Functionalities of signal control

Type approval of automated functions

Changes in inspection of vehicles’ roadworthiness

Provision of in-vehicle safety data to authorities

Aftermarket device connectity with vehicle

Safe use of iInformation while driving

Access to in-vehicle resources and data

' Personalisation of automated function parametres by users

Availability of data on vehicle features and equipment

Services and
functions

Test areas

Test vehicles and fleets

Activation of and support for stakeholders 1n testing and piloting

Impact assessment

Required quality of real-time traffic information services

Truck and bus platooning

Automation in travel chains

Driver

Right to drive and examination in transition phase

Driver training and nstruction

Privacy and securtty

Information to user segments, media, channels
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3.4.2. AUTONOMOUS BUS PILOTSITY ENVIRONMENT

To study first and last mile mobility services and automated drivingitin environment, an
autonomous bus pilots were implemented in the SOHJOA project between 2016 and 2017 in
Helsinki, Espoo, Tampere and Vantaa areas in Fil@dlrhe am was to provide experiences on
autonomous bus operational use in city environment and find the best-texan application
objects to autonomous buse$he poject was implemented in Public and private collaboration by
the Metropolia University bApplied Sciences as a part of the NordicWay and Finnish cities'
collaborative 6Aika project.

The first two years of trials were successfully completed in open traffic. The results indicate that
the autonomous bus EZ10 used in the pilot is not ready trage on public roads without special
attention of the operator. Obstacles such as illegally parked cars cause issues as the bus stops in
its pre-set route. Alspthe arctic weather conditions such as snow and ice prevent the bus usage.
Problems with low geed, sensor sensitivity, predictability of events and signalling to the users
could be solved with better connectivity, i.e. Cooperative ITS services. More testing is also needed
with the bus positioning as indicated by the GNSS RTK or 3G/4G corredtioesta during the

pilot.

To conclude, better connectivity is needed to connect the automated buses to the Cooperative ITS
systems and to the new mobility services. Aldear and wide city roads are needed in order for

the autonomous bus to operate frge The autonomous bus pilot will continue in 2@2018 in

the ROBUSTA projefd5]. Aim of the ROBUSTA project is to study automated bus with advanced
4G/LTE corectivity in a new service ecosystem.
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«H» SOHJOA
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Figure5. EZ10 autonorﬁo.u.s bus used in the SOHJOA project to study autonomous bus operational use.
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4. Swedish Pilot

4.1. Objectives

The aim of the Swedish pilot was to demonstrate the possibility to communicate between vehicles,
infrastructure and clouds and to show the interoperability, scalability and flexibility of the
NordicWay interchange network.

4.2. Actors

4.2.1. ROLES ANRESPONSIBILEIBF HE DIFFERENT ACTORS

The main actorg the pilot were

1 The Swedish Transport Administration (STA), also coordinator of the Swedish pilot,
responsible for the connection of the pilot with national traffic management centre
database. The STA also pard Road Works vehicles to be used in the pilot.

I Ericsson AB, responsible for the development and operation of the NordicWay
Interchange server and the Swedish Traffic Cloud

1 Volvo Car, provider of demonstration vehicles and test drivers. Developing DATEX
harmonized DATEX Il messages and interfaces for the services

I Scania CV, provider of demonstration vehicles and test drivers. Developing DATEX
harmonized DATEX Il messages and interfaces for the services. ITS G5 station in test
vehicles.

1 Kapsch Trafficom, prider of hybrid equipment for RWW demonstration. Developing
DATEX harmonized DATEX Il messages and interfaces for the services

1 SWECO, supporting STA with the planning and management of the pilot
4.2.2. AGREEMENT ON PARTMERSIODELS

The Swedish pilotvas co-financed by all participating partners. Was establishedbasedon a
cooperation established for the development of a nationdl'S Road Map developed through the
Swedish Innovation Agency. STA has established bilateral development agreements with each
partner (except SWECO who works under a framework agreement contract) which also defined
the relations between the partners through the Swedish Pilot Project Plan.

4.3. Pilot concept

The Swedish pilot diffed from the other NordicWay pilots in its ambition to fas on the build
up of an authentic €TS ecosystem based on available technologies and relevant organizations.
This means that, as far as possible, existing organizatmmtsibuted with their available solutions
and technologies. As important OEMs (VoRar, Scaniahad already developed hwvehicle
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solutions for data collection and information to drivers, these elementsIdiS&ere not assessed
within the Swedish pilot. The argument being that what has been considered as commercially and
technically rdevant for an OEM to build into the vehicles should not be put at trial in the Swedish
pilot. In addition, due to the limited size arpkriod of the NordicWay pilotit is unlikely that any
change in safety levels or network performance could be measieel strength of NordicWay is

its cross borderdimension and the Swedish Pilot focus on how interoperability and market
measures can contribute to the overall project goals. Hetiw Swedish Pilot accommodat¢he
development of the interoperability dimesion of the NordicWay project to the benefit of all pilots.

In addition the Swedish pilot included demonstrations based on the use of OEM clouds and their
connection to the Interchange server.

Local TMC Local TMC Local TMC Local TMC

' e ' '

Traffic cloud Traffic cloud Traffic cloud Traffic cloud
DENMARK NORWAY SWEDEN FINLAND

P=\

ERICSSON

i S

NordicWay
Interchange node

HERE VOO SCANIA KAPSCH
cloud cloud cloud cloud

CELLULAR COMMUNICATIONS

Short range
communications
(ITS-G5)

Smart phone Road works
trailer

Figure 5. @edishpilot in the context of the NordicWay ardktecture

4.3.1. SERVICES

4.3.1.1. DESCRIPTION OF TER\VSCES
The Swedish pilot delivered the functionality required and provided the system required in order

to conduct NordicWay interoperability demonstrations (i.e. execution of the common NordicWay
Use Cases). The sims concerned (defined by thelITS platform as Day 1 services) were
separated into different tasks although they were coordinated in execution.

Cooperative hazardous location warning
The Swedish pildibcused on one of the sukervices of Hazardouscation Warning in order to
meet the interest from the project partners and to establish a realistic®aiem which includes
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a greater variation of systems and services. The service concerned (defined byTiBéP@tform
as a Day 1 service as parttbé Hazardous Location notifications) was carried out as a separate
task however linked to the Hazardous Location service common for NordicWay.

Cooperative Road Works Warning

This was demonstrated by implementing a Road Works Warning (RWW) use castncpobis

RWW unit on a road works vehicle sending a natification to the road user. In this setup, a Truck
Mounted Attenuator (TMA) on the road works vehicle is activated which triggers a RWW DENM
[12] (decentralized environmental notification message) to be broadcasted oveB5T&d can

then be received by approaching vehicles. The message is also transmitted to the RWW backend
via cellular networks where the meage is transformed into the DATEX Il format for RWW and
forwards the message to the Nordic Way interchange node. The Interchange node distributes the
RWW message to all subscribing service providers. The Service Provider then sends an alert
message to suderibed users in the event area through the cellular network. In the Swedish pilot
ten road works vehicles were equipped and transmitted messages to twelve Volvo cars and four
Scania buses.

Figure 6.The Swedish roadworks warning pilot setup.

4.3.1.2. PILOT AREAND TIMING
In the Swedish pilot the vehicles were used in their normal daily routines and driving in the city of

Gothenburg and Soédertélje. In addition, controlled tests were carried out to be able to perform
repeated measures and study events in a mooatrolled way than what was possible when the
vehicles whereoaming during normal operatiorin total, more than 7000 events were recorded
during the trial period.

The tests and demonstratigwere carried out between November 2016 and September 2017. A
major test and demonstration took place May 10, 2017, at the Swedish Norwegian boarder
demonstration.

4.3.1.3. PILOT MAINTENANCEDABPERATIONAL ISSUES
The pilot usectellular networkgthrough OEM cloud) and 198 to communicate between road

works vehicles (thasignals when the shock absorbent equipment is activated) and client vehicles
that receive the RWWnessages and presents them to the driver. The aim is to include both
stationary and moving road works. Information on active and planned road works is alsdgut

Final Report
NORDIGVAY PcI¢R 40165




Nordic * T

~

WAY]

by Swedish Transport Administration and included in the information package providzditar
networksthrough the OEM cloud.

The solutions wre evaluated in two trials:

1. afreedriving study using only Gddmmunication
2. atrial with controlled parameters using both }&5 and CN communication

Thedriving study:

Tests near Sodertélje involved first two, with a ramp up to thme@d worksvehicles. Receiving
vehicles were four buses travelling a fixed itinerary. BothSkaniacloud and the Scanieehicle
destinations were logged. Tests in the vicinity of Gothenburg involved sigldt worksvehicles
and twelve receiving cars roaming freely in performing their-tteglay business. Both the Volvo
cloud and the Volveehide destinations were logged. Tests of the $1oAid only logged th&TA
cloud destination.

The trial withcontrolled parameters:

The trial with controlled parameters took place on September 19 and September 25 on the test
track of Eskilstuna airport, tesii) the Scania equipment. Testing of the Volvo equipment took place

on September 26 in Gothenburg in the vicinity of Lindholmspiren. Tests involved sending of more
than 20 messages from one location. The trial was carried out withr@ee worksvehicle (fom

Kapsch TrafficCom) and two client vehicles (from Scania and Volvo cars respectively) on a dedicated
test track. It compared precision and functionality between the two communication methods
under study.

In order to eliminate external unknown factorstime measurement of send/receive latency, the
driving study was complemented by a completely supervised and controlled measurement
campaign withlogging of parameters and computation of latency and of message success rate
done in the same way as describedle driving study but with a limited time period.

4.4. Interoperability demonstration

This section describes the interoperability demonstrasiqrerformed in the NordicWay project
which was an important project achievement in itself.

44.1. INTRODUCTION TO INDEERABILITY DEMONSTRAT

What did we want to demonstrate?

Crossborder
Crosscompany
Cross brand
Cross organization
Multiple services

=a =4 —a —a -2
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1 Cross technologyg hybrid

Concluding roaming in cellular networks and hand over between operators is a challenge at
nationd borders, a corner case, but relevant to integratedztions.

Why did we want to demonstrate?

1 Communication of the interoperability demonstration to decision make#s, &
professionals and public audience

1 The demonstration as such puts high requirenteoh the performance of the systems
involved: Everything has to work simultaneously.

4.4.2. DEMONSTRATION SCERSRI

The main interoperability demonstration wagldon 10 May at the SwedisNorwegian border in
SvinesundDuring the event, the system was demonséd at Svinesund to invited guests and
transmitted live to Helsinki, Oslo, Trondheim and Stockholm, with in total about 100 participants.

Additional demonstrations were held at Stora Holm near Gothenburg for slippery road use case
and at the DanistSwedis border between Copenhagen and Malmé.

During the demonstrations, vehicles and. equipment transmitted messagegvents to the
Interchange Node, which was received by vehicles approaching the evdm®t$ollowing scenarios
were demonstrated:

1 Hazard lightlert fromVolvo Cato both Scanidruck and HERE app (Svinesund)

i Crossborder road work warning: TMAs in Sweden and Norway transmit datahte
Interchange Node, which is received by Scania and Volvo Car vehicles crossing the border,
and to the nationatoad authorities (Svinesund)

1 Crossborderhazardous locatiowarning(Blocked road warninghNPRAequipment sends
message to the Interchange nodehich is received by the HERE app and national road
authorities (MalméCopenhagen)

1 Slippery road warning exchange between Volvo CarSuahig Stora Holm)

4.4.3. DEMONSTRATION DOCUMAENON

The video taken at the demonstration is available at YouTube vikattipd//youtu.be/gTrrl4ymvyc

Links to d¢her videos and all material related to the demonstration is available at
www.NordicWay.net.
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5. Norwegian Pilot

Norway piloted cellular communication based-ITS services on the Norwegian part of the
NordicWay network. In addition, ETSI ITS G5 communication was included at a few selected
locations.

The Norwegian network covered the section of the E6 from Oslo to the bofda&weden where it

was linked to the Swedish part of the NordicWay network. The Norwegian pilot had its main focus
on this road section since it is an important corridor connecting the rest of Norway to the European
core road networks.

Norway has also gast road network where large parts are located in sparsely populated areas
with limited traffic. Like in Sweden, Norway needs to employ technologies that make use of existing
infrastructure and systems. Hence cellular networks (e.g.: 3G, 4G, LTE) vwmaajoheéechnology
employed whereas ETSI standardized ITS G5 (5.9 GHz) hotspot technology was be utilized at
specific locations.

5.1. Objective

The Norwegian part of the pil@ncompassed:

1 300 connected vehicles in total around the Oslo and Gothenburg areas dsimgles
connected to the OBIll-port

9 4000 connected cars using only native equipment and production Volvo cars

1 Demamstration of cooperative ITS services between infrastructure and vehicle in August
2016 ¢ intelligent road works warning sigrbased on Ra&erry Pi,communicating
through the NordicWay Interchange and showing warnings with countdown directly in
the dashboard of oncoming car

1 A mobile app that could be used to signal road works warning or hazard warning light to
the NordicWay Interchange

1 A webbased map showing all messages on the Interchange

Equipment for making intelligent signs

Test on weight declaration from Heavy Goods Vehicle using ITS stations communication

over ITSG5 and DENM messages, with Scania and Aventi

Active role in developmerdnd testing of the NordicWay Interchange

=a =

Technical evaluation of the NordicWay Interchange Node
Quality assessment of Slippery Road Alerts from vehicles
Delivery of data from pilot vehicles/users to support impact evaluation

= =4 —a -

! https://www.youtube.com/watch?v=GlYEyPn-Q00&feature=youtu.be
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1 Demo of creating a zeremission zone in Oslo using geofencing and powertrain
management of plugn hybrid vehicles in cooperation with Volvo Cansl9.-20. October
2017

1 Development of an addn to QGIS for coverage assessments (cellular ar@G 5T Sith
possibilities to expantb other communication forms such as LPWAN) BINTEF

5.2. Actors

5.2.1. ROLE®ANDRESPONSIBILIT@STHEDIFFERENACTORS

The pilot consists of the following main actors:

The Norwegian Public Road AuthoiiyPRA)Coordinators of the pilot

Volvo Car Corporan: Main contractor for research, development and implementation
NTNU: Quality assessment and verification of data

SINTEF: Framework for evaluation for NordicWay, evaluation of the Norwegian Pilot
Aventi: Contractor for ITS station for G5 test, in cootierawith Scania

= =4 —a —a -8

5.2.2. AGREEMENDN PARTNERSHMODELS

The Norwegian Public Roads Administration entered into a standard agreement for research and
report assignments with Volvo Car Corporation (internal reference: 2014/082868). The Norwegian
and Swedish roaduthorities has contributed with equal funding for the cooperation with Volvo
Car Corporation to provide probe data from vehicles including friction estimation.

The agreement with Aventi was signed in the fall of 2016 after an intention announcement.
5.3. Pilotconcept

The core idea of the Norwegian Pilot, as illustrated in the below diagram, is that a Volvo vehicle
can estimate friction based on its droard sensors and pass this on to the Volvo bew#t. The
information can then be used to warn other driveasid to regulate winter maintenance.
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Figure7: Core idea of thelNorwégian|pilot: /slippery roa@bndition is detected by vehicle sensorsand
warning about itis passed to other drivers and winter maintenance.

In the Norwegian pilot, several sources attion measurements were used to assess the quality
of the different providers. The quality of the friction estimations was used to determine further
research and use of data from fleets of cars.

5.3.1. SERVICES

5.3.1.1. DESCRIPTICDF THESERVICES
The Norwegian Pilawill cover the three core services in NordicWay.

1 Cooperative Hazardous Location Warning: Hazard warning lights. i3¢raied in August
2016 with Volvo Cars, as well as the common demo for all countries in May 2017. This
data is also planned to be sharg¢drough a new cooperationunder completion per
December 2017 between Volvo Cars and the NPRA, for data from the production fleet.

1 Cooperative Weather and Slippery Road Warnirge pilot was ugand-running ahead of
schedule, and reached 300 cars, not 83 as intended. However, the switch from a fleet
requiring dongles to communicate with the cloud to fully saihtained production cars
was made. This far succeeds the original aim, making available a fleet of approximately
4000 production cars, and grang.
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Probe Data Service$he Norwegian Pilot has shown a lemmning and successful early
adoption of the fleet, giving the NPRA has a vast data set from car fla&85 (CAM,
DENM): At selected hot spot in E6 GSkinesund

In addition to the 3 NoritWay Pilot common key services, Norwgijoted and studied the
following GITS applications: road status information (covering all the common applications), heavy
goods vehicle (HGV) netop control (covering the probe vehicle data application).

f

Testing

The roadstatus information consisted of collecting slippery road conditions from the
vehicles on the road. Good indications on slippery road conditions can be used to improve
winter maintenance operations. This will improve safety on Norwegian rogldish are

often narrow, winding along fjordsand up and down mountains and hilly terraimsth a

nice mix of cars and heavy goods vehicles. National Public Roads Administration (NPRA)
had a very successfoboperation with the automotive industry representativesngihe

car as a sensor to extract information about the slippery road conditions. This information
was analysed to find the quality of measments, and is planned to be used in decision
support for both the public and road authorities.

Privacy is be arssue for a road status information system collecting data from individual
vehicles. Hence, privacy concerns has been handled with great care throughout the
project.

In several European countrighe weight of heavy trucks is controlled, in order to ensure
compliance with weight regulations. Today, this is done by passing a weight station where
the trucks have to stop at a scale. HGV control basedidis@nables at least partly non
stop operations of such control functions, thus improving more efficigygrations for

both road operators and hauliers. In the Norwegian Pilot tests were carried argrisfer

the HGV weight and dangerous goods information directly to the road administvitor
roadside ITS stations.

with ITS stations droard unitsand road side, using 1@ and DENM were performed

throughout 2017. Testingneountered numerous problems with both retrieving data from the
trucks, as well as using the DENM standard. DENM has no support for weight declaration, so
creative methods had tbe used to be able to send axle based measurements from the vehicle to
the road side unitMore details can be found if16].

5.3.1.2.

PLOTAREAAND TIMING

The Norwegiamproject hadthe following milestones:

=a =4 —a -

NO1 Definition and scope 29.05.2015
NO2 Piloting 29.02.2016
NO3 Demonstration 31.08.2016
NO4 Evaluation report 31.08.2017
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All milestones were met. The evaluation report was delayed due to increased complexity of the
task and internal reorganisation.

5.3.1.3. SERVICEEVEIAND QUALITYREQUIREMENTS
The technology used is new, and the aim of the pilot was to gain experience withetlas assess

its potential for the NPRA. It has provided the possibility to gain much needed experience with this
new data type, enabling us to build-iouse as well as external knowledge in how to utilize probe
data efficiently for the transportationextor. Advances made in the project are partly responsible
for changes in the curriculum in the Master degree education for transportation engineers at the
local university.

The quality was assessed by using the friction measurement trucks of the NP&éraisae. The

data produced by the Volvo cars will be evaluated against this reference by two independent
partners; SINTEF and NTNU. Friction estimations from the cars were compared to a Road Analyzer
and Recorder friction measurement truck, in operatiam the NPRA, as well as optical mobile
friction measurement units such as the Teconer RCM411. Extensive field testing was performed to
create data sets for comparison and research. The results of the assessment show that the friction
estimation has potentl. It is however not accurate enough to be used to safe guard that
requirements of friction thresholds are met, as per winteaintenance contracts. Howevghere

is use already in warning driverSlippery Road Alert is in production for Volvo Qiatest
generation of cars. Furthermore, the data is considered valuable as input for decision support
systems. These can be:

Winter maintenance in genergloptimization

Decision support for closing mountain passes, or other exposed parts of the road network
Traffic Management Centrals

Road condition forecasting, national system Vegveer

Professional driverg use alone or as part of decision support system. Plan to be tested
in Borealis and NordicWay?2 projects

General public when cohesive and known informatiam be provided

39 party products

i Statistics and analysis for research, education and internally in the NPRA to further
understand, fleet data, probe data, the vehicle as a sensor, big data, road condition
forecasting, etc.

= =4 —a —a A
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5.3.2. ADDITIONAL SERVICES

The coopertion with Volvo Cars evolved into harvesting new datatypes such as signage and lane
markings, and has been very fruitful for both sides. In addittodemo was performed showing

how the powertrain of a plugn hybrid can be controlled so that a hybrid Vel behaves as an
electric vehicle in a designated area. This was destrated in October 207 in Oslo. Geofences
were drawnup directly in the production system for road and infrastructure management,
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National Road Databa%and pushed out to the Nordic#y InterchangeNode Volvo Cars picked

it up from the Interchang&ode passed it on to the vehicles in the vicinity of the geoce and
controlled the powertrain so that onithe electric drive was used within the area. Functions of this
demo include chaging the batteries outside zones, to make sure enough power is available, and
reporting to NPRA on any emissions produced in the a&e@deo of the demonstration is available

at https://www.youtube.com/watch?v=5ErEZa7kkxw

Norway also made an app for reporting road works warning or hazard warning to the NordicWay
InterchangeNode A webbased map solution for showing Interchandde events. And in
cooperation withSINTEEeveloped a coverage met] applied as an add on in QGIS for making
coverage assessments for cellular and@®BScommunication. This might be developed further to

be more refined, and to include LPWAN technology or other communication ranges. It is open
source, and can be fourat: https://github.com/hjelkrem/Hybriddekning

2 hitps://www.vegvesen.no/en/professional/Roads+and+transport/National+Road+Data+Bank+NRDB
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6. Danish Pilot

6.1. Objective

The Danish Pilot was designed to measure the performance of the transfer of SRT HiSatfetly

Traffic Information) messages from the Danish TMC and back again (and to other nodes) via the
NordicWay Interchange Node. The measurememtse used for assessing the quality of the End
to-End exchange of SRTI messages in the NordicWay Network.

The use cass for testing were divided into functional tests and performance tests.

Futhermore, verification of endto-end functionality (communication all the way from onehiae
over national clouds and NordicWay Interchange Node to anothbickeeand TMCjvas carried
out as a part of the Danish pilot.

6.2. Actors

Implementation of the general use cases required that all actors in the uplink and downlink
operations was involved. These actors incldidtee Danish Node (TMC and Cloud), other national
Nodes and the Nordi/ay Interchange.

For the restricted use cases without vehicles, the required actors included one or more of the
national Nodes and the NordicWay Interchari¢ede

6.2.1. AGREEMENT ON PARTHERSIODELS

Testingrequired the participation of the NordicWay partners, who were responsible for providing
and operating the various links of the uplink and downlink connections of the use cases. Data
analysis was carried out by the Danish Road Directorate.

6.3. Pilot concept

The focus of the performance testing was the integration of the Danish Node into the NordicWay
Network and the exchange of SRTI messages in the form of DATEX Il messages to and from the
Danish TMC via a pgoduction version of the NordicWay InterchangéeTpurpose of the
assessment was to assess performance behavioat to test performance requirements in terms

of absolute numbers.

Beside the performance testingend to end functionality was also verified through
demonstrations.
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6.3.1. SERVICES

6.3.1.1. DESCRIPTION OHE SERVICES
The Danish Pilot included the cooperative serviceich were deployed by NordicWay,

complemented by data collection and analysis services.

6.3.1.2. GOOPERATNEERVICES
The cooperative services provided for producing, consuming, communicating simibuding

safetyrelated traffic messages (hazardous location warnings and weather and slippery road
warnings) in the NordicWay environment.

6.3.1.3. DATACOLLECTIORERVICES
The purpose of the data collection services was to collect data to be used for analgsis a

evaluation of the QoS parameters. The services included:

1 Logging services for recording the activity at the various links involved in uplink and
downlink operations.
1 Services for delivering the logged data to the data analysis services.

6.3.1.4. DATAANALYSISERVICES
The data analysis services provided for analysing the logged data in order to determine and

evaluate the QoS parameters.

6.3.1.5. PILOT AREA AND TIMING
The Danish Pilot covered the Danish part of the NordicWay corridor.

The period of operation of the logyd services for test over time covered emmnth period (from
2017-07-07 to 201708-07)

6.3.1.6. SERVICE LEVEL AND IQUAREQUIREMENTS
The cooperative services and the associated logging services were subject to the following service

level and quality requirements

0 The cooperative services and the logging services should be available and operational at
the various links of the uplink and downlink connections for the testing pegiercept
for outtakes due to planned maintenance and possible errors and failures.

0 Logging of data must be implemented at the various links. The logged data should be
standardized in order to make data comparable across links.
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7. Evaluation and definition of the next phase

This chapter presents the main evaluation results from the NordicWay project and main issues in
defining the next phase.

7.1.  Definition of KPIs and evaluation guidelines

The first evaluation task in NordicWay was the development of the NordicWay Evaluation
Handbook[17]. The Evaluation Handbook provides definition of KPIs and guidelines for evaluation
of GITS services within the NordicWay project. The guidelivere developed to comprise-0O'S
services within three core services;

i Cooperative hazardous location warning
ii. Cooperative weather and slippery road warning
iii. Probe data services (stdystem for i and ii)

The NordicWay Evaluation Handbook diske European ITS gfarm (EIP) quality assessment
methods and Quantis methodology for assessment of technical performance and quality
assessment, the EasyWay evaluation framework for assessment of impacts and benefits and
Technology Acceptance Models for evaluation of useeatance.

The evaluation approacivas designed to cover a) technical performance and quality assessment,
b) impacts and benefits, and c) user acceptance. The Evaluation Handbook dnelutkga
collection guide, an evaluation methodology guide and a description of the evaluation process.

The evaluation approach presented in the Evaluation Handhoulerlined evaluations of all
NordicWay pilots.

7.2. Evaluation of the results

Every national ot documentedtheir evaluation setup and results in a national evaluation
outcome report [18][19][20][21]. These report followed the approat prescribed by the
NordicWayEvaluation Handbook.

Additionally, the main results of national evaluationgre extracted and summarised in the
NordicWay Evaluation OutconfReport[22]. The rational evaluation outcomes provideuseful
input to discussindull-scale deploymenbf GITS serviceEightpresents issues included in the
evaluation of NordicWay pilots. The evdiaa of any singlgilot did notinclude allof these issues.
By juxtaposing and collocating the evaluations, however, a comprehensive evaluatielT$f C
services based on cellular netwonkas possible
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Figure8. Evaluation aspects in NordicWay

In the Danish, Finnish an8wedish pilotstechnical performanceassessment concentrated on
latenciesfor messages transmitted between different servers and systems. Whereas the Danish
evaluation tested latencies for messages of different volumes, the Fireualuation tested
latencies of messages transmitted between the Finnish service cloud, the Finnish node and the
mobile users involved in their pilot. The Swedish evaluation presented latencies for messages
transmitted between a Road Works Warning vehidMg), and clouds and vehicles belonging to
OEMs Scania and Volvo. The evaluations found that latencies increase with increasing size of
DATEXI messages. Latencies further depeadon what systems messagegere transmitted
between. For instancghe median latencyin the mobile linkasmeasuredbetweentransmission

2T I vYSaar3asS d GKS dzaASNDa LI 20iSS aarraSi kS NB 033 3.0
smartphone, reflected at the service provider clonds0.3 seconds. Thamedianlatency between
thereceipt at the service provider cloud and the receipt at the Finnish traffic cl@s@.7 seconds

For themessages from RWW vehicles and the Volvo cloud in the Swedish evaltiadomedian
latencywas0.9 secondsand between the RWW vehicle and theeéving vehicles in the order of

2 secondsThe evaluations also indicated that the latencies in LTE networks were generally clearly
lower than in 3G networks.

Further, the same evaluations examined success ratemeansage deliveryOverall, message
delivery rates were high, but it proved difficult to identify the reason why some messages were
not delivered or returned. Server downtime or setups for registration or logging of events
underlyingmessages were commonly reported as probable causes. In orddetermine the

cause of lost messages, a test of the NordicWay Interchalugle was conducteda client in a

cloud outside the Interchange sent one million messages through the interchange with a payload
of 2 kilobytes. No messages were lost, and messages were sent at a rate of 16 messages per second.
The NordicWay Interchangdode did not increase tle latency by more than 14 milliseconds.
Although it did not cause messages to be lost, the test did reveal a message leak caused by disk
swapping, which must be resolved in next phase development. Another critical igmi¢he
packaging oDATEXI messags into AMQP messages.

The use of the different standards should be further harmonized, e.g. by providing guidelines on
the use of location referencing by the different stakeholders in DATEX Il and on the event lifecycle
management. In addition, some isstI with the AMQP headers were noticed during the
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