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PREFACE

this review we have collected extended ab-
I nstracts of some of the most important public
research and development results in Transport
Telematics or Intelligent Transport Systems (ITS) at VTT

Technical Research Centre of Finland during the last few
years.

The research on ITS at VTT started in earnest at the be-
ginning of the 1990s, when we realised that ITS would be
the most profound factor changing the transport systems
in the medium term, offering unprecedented potential
for improving traffic safety and efficiency. The research
started with European projects studying the impacts of
ITS on safety and the environment, and soon continued
with national research activities developing and assess-
ing new ITS applications and services.

VTT has played a significant role in Finnish ITS research.
VTT coordinated the three major national Finnish R&D
Programmes, TETRA, FITS and AINO, in the period 1998-
2007. VTT has also been involved in all other major ITS-
related R&D initiatives, actions and programmes carried
out in Finland.

VTT has been continuing its involvement in European
ITS research in the role of a partner and also as a coor-
dinator in numerous EU projects. Currently, VTIT is in-
volved in more than thirty major European R&D projects
on ITS. The topics in these activities vary from sensor de-
velopment to assessing the impacts of Intelligent Vehicle
Safety Systems (IVSS).

For example, in the eIMPACT and PreVAL projects we
have assessed the behavioural and safety impacts of IVSS.
VTT has also identified topics for future research in win-
ter services within COST353, explored human technolo-
gy interaction issues in HUMANIST — especially for chil-
dren and the elderly as pedestrians and cyclists — and de-
veloped ambient intelligence services for elderly and dis-
abled travellers in ASK-IT. Sensor development has also
been an important activity; the APOLLO and FRICTION
projects focused on the development of an intelligent tyre
and determination of on-line friction for vehicle con-
trol systems. Other sensor development deals with driv-
er monitoring, such as the SENSATION project in which
VTT developed a seat sensor to monitor driver activity. In
AIDE, VTT, together with Volvo Technology, developed

a cockpit-monitoring model to measure driver-scanning
activity while driving. The focus of PEPPER, FAIR and
ASSET is new enforcement technologies and traffic con-
trol. Cooperative driving is being studied in the SAFES-
POT, ASSET and INTERSAFE II projects, where our role
has been to focus on infrastructure sensors, among other
things. VTT has also been actively involved in PReVENT,
and is now starting the TeleFOT project on the impacts of
nomadic and aftermarket devices.

The development of ITS research at VIT has been rap-
id during these past almost twenty years. Today, ITS re-
search is being carried out in a coordinated manner by
several research teams in several knowledge centres. It
is correct to state that VIT can support their custom-
ers throughout the whole lifecycle of ITS applications
or services, from first idea to full-scale implementation,
with the following main areas of expertise:

1. Analysis of user requirements in terms of ITS, such
as preferences, attitudes, priorities and willingness to
pay.

2. Concept design such as scenarios, specifications, ar-
chitectures, modelling, vehicle internal communica-
tion, sensor prototyping, sensor data fusion, verifica-
tion and validation.

3. System development such as mobile and nomadic
communication systems, communications between
vehicles (V2V) as well as vehicle and infrastructure
(V2I), communication between different systems
parts/Many-to-Many (M2M) using the Internet, ac-
tive noise control systems, vehicle dynamics simu-
lations, software reliability and security, short-term
prediction models, etc.




4. Human Technology Interaction (development and as-
sessment of human machine interfaces, evaluation of
driver distraction and development of alertness mon-
itoring technologies, etc.).

5. Service assessment (technical performance, financial,
business model, legal, institutional, etc.).

6. Impact assessment (safety, efficiency, environment,
socio-economy).

7. Strategies for deployment (road maps, action plans,
etc.).

Overall, the challenges we face in developing Intelli-
gent Transport Systems today deal with safe and envi-
ronmentally friendly travel for all. We need reliable sen-
sor networks for environment and traffic perception, fu-
sion of the sensor data to provide situation relevant in-
formation, and the means to communicate the informa-
tion acquired to various road user groups. Eventually, the
possibilities to exploit the technical success achieved in
these broad areas depend on the users’ reactions to nov-
el applications.

It is quite clear that one of the main obstacles for the slow
market introduction of ITS and therein is the cost of safe-
ty applications. The safety systems must be made afford-
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able and penetrate all the vehicle segments from a city
car to premium-class vehicles to other road user groups
as well. One way to cut down costs is to integrate dif-
ferent intelligent and cooperative vehicle systems in the
same platform.

Even the short history of ITS indicates that the develop-
ment of intelligent vehicles and transport is spiral-like:
the same topics are revisited, but each time on a new,
higher level. We are now facing the phase in which we
need to create concepts for sensors, HMI, etc., that speed
up and open up the ITS market for real safety improve-
ments. So far, this has not been the case.

VTT is committed to meeting these challenges and devel-
oping related ITS solutions in the years to come together
with its customers and research cooperation network.

This review describes some selected and recent exam-
ples from the VTT project portfolio within ITS. While de-
velopment and deployment of ITS is advancing rapidly,
these examples to some extent reflect the key research
and deployment challenges of today.

We thank all contributors for their excellent work.



TABLE OF CONTENTS

PREFAGCE ...t eseees s es s s s8R R e R ARt R s 3

TABLE OF CONTENTS .ottt seeseeseseees s es s e 5

GENERIC ISSUES

R&D programme for real-time transport information resulting in intelligent transport SErvices ......cccoceceeververerurnencne 6
Roadmapping the transport system technology service assessments 9
Financing of transportation projects - a project model for investor and stakeholder risks and returns.......c.cccccceueneeeee 14

TECHNOLOGIES FOR FUTURE TRANSPORT

Driver workload detection for vehicle HMI adaptation......cccccceeerirnienieneninieieieeeneetesiesiestete ettt vt ee s 17
Driver alertness monitoring with seat fOil SEIISOT ..c..coiriiiiriiriiniriiieeet ettt ettt et 20
On-board measurement of friction and road SHPPETINESS .....ccuereririiiiiririeieeeeerete ettt 22
Road state monitoring for cooperative traffic safety SYSTeM ...cc.coviiiiiieririiiiieeee e 24
Mobile guide fOr CIty tTaVEILRT .c..ciiiiiiiicieec ettt s st a e n 28

DEVELOPMENT OF ASSESSMENT FRAMEWORKS
Evaluation tool fOr infOrmation SEIVICES ......ciiiieeieeieeeeeeeeeeeteeeet et ettt e e ste et e steereeaeeseesseeseessesseessensaessenseessenseessensens 31

Framework for evaluation of preventive and active safety applications..........ccovvvrnnccnccncnnnnnncccccccneene 36

ASSESSMENT OF SAFETY IMPACTS
Safety impact assessment of intelligent vehicle safety systems ... ettt ettt et ettt b ettt b e ees 40

Potential safety impacts of in-vehicle information services......... retete et 45

Technical editing: Juha Luoma, VTT
Graphic design: Sari Halme, VIT




R&D PROGRAMME FOR REAL-TIME TRANSPORT
INFORMATION RESULTING IN INTELLIGENT

TRANSPORT SERVICES

Risto Kulmala

ABSTRACT

The VTT-coordinated R&D programme on real-time
transport information culminated the nine-year Finnish
series of programmes on Intelligent Transport Systems.
AINO, as well as the other programmes in the series, in-
dicated, among other lessons learned, the importance of
R&D on deployment, the need for focused targets, the
amount of funding required to ensure impacts, and the
necessity of sufficient fundamental research.

INTRODUCTION

The chain of national Intelligent Transport Systems (ITS)
programmes of the Ministry of Transport and Communi-
cations Finland started in 1998 in the form of the TETRA
[1] programme (1998-2001) to develop information infra-
structures as well as the framework for operations to fa-
cilitate the deployment of ITS services.

The next programme, FITS [2] in 2001-2004, accom-
panied by the HEILI (2001-2004) programme on public
transport information, added ITS services to the focus of
the programme. Both programmes more or less encom-
passed all areas of ITS services. The R&D programme
activities continued through 2004-2007 in the form of
the R&D programme on real-time transport information
called AINO [3]. The next step is the development of ITS
in the general context of the information society or the
ubiquitous society. All of the above programmes have
been three-year programmes.

The budget frameworks for the programmes have in-
creased from the 0.5 M /year of the earliest programmes
to approximately 5 M /year of the later ones. Most of the
growth has resulted from the additional funding from
other programme financing stakeholders - in the case
of AINO, only one-third of the programme funding was
dedicated AINO funding from the Ministry. VIT’s main

role in the three national programmes, TETRA, FITS and
AINO, was to coordinate all the activities.

AINO PROGRAMME ORIENTATION

Unlike the earlier programmes, AINO was clearly orient-
ed towards the actual deployment of services. This has
also resulted in a number of services being developed
and, more importantly, operated in the longer term. Such
included, among others:

e A heavy vehicle driver warning and route planning
service,

e A maritime transport information service,

e A train warning service for railway crossings,

e Detailed safety-related road weather forecasting,

e Several public transport passenger information
services,

e A public transport incident information service, and

e Several urban network traffic information services.

In addition, AINO provided many service prerequisites,
such as data sources for a pedestrian and bicycle route
planner, a ramp control feasibility study, definition of
a standard electronic waybill, a real-time transport in-
formation service architecture, an eCall test bench (see
www.ecall.fi), identification of driver risk behaviour
indices, and the safety impacts of information serv-
ices [4].

R&D AND DEPLOYMENT

An influence of the R&D programmes can also be seen on
the operational level, where a networked cooperation mod-
el has clearly taken over. Research has an essential role for
deployment, especially in ITS, because the decision mak-
ers often do not know the systems and services, nor their
impacts and business opportunities. For this reason, even
minor investments on first trials and pilots are sometimes
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hard to accomplish. Hence the ITS R&D programmes in
Finland and elsewhere have included important role tri-
als and pilots (Figure 1) in order to pave the way for even-
tual deployment.

R&D activities also guide the direction of ITS deploy-
ment. This is because R&D efforts precede actual deploy-
ment and create the prerequisites for the deployment in
many ways. Hence clearly focused R&D of sufficient mag-
nitude will, in the optimal case, have considerable impact
on deployment.

Part of this impact is indirect via the decreased deploy-
ment opportunities for alternative deployments due to the
smaller R&D efforts for them. Sufficient R&D funding in a
specific focus area will also attract many stakeholders op-
erating on the fringe of the focus areas. These stakeholders
may interpret the large R&D funding as indicating large-
scale deployments and good business opportunities in the
near future. This latter type of effect was clearly seen in
the Finnish ITS R&D programme chain, especially in the
case of the latest programme, AINO. In AINO, the R&D

seed funding of the Ministry was approximately 1 million

euro annually, whereas in the previous two programmes
this amount was approximately 0.5 million.

The direct effect on deployment is highly dependent on
how well the deployment-related decision makers are in-
volved in the programme. In most cases, this involvement
has not been sufficiently close in the Finnish R&D pro-
grammes. The involvement was especially close in the
case of public transport information services, resulting
in a multitude of deployments throughout Finland. In the
AINO programme, the involvement of the stakeholders re-
sponsible for the actual service deployment was a precon-
dition for funding any service pilots, which seemed to be
a good solution.

If we assess AINO more closely, it shows that actors in the
field have also invested in the development of real-time
information outside the programme. During the span of
AINO, the transport administrations have invested ca 1.5
million euros in related development and 64 million eu-
ros in related deployment activities. The Finnish Funding
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Figure 1. Emphasis of Finnish ITS R&D programmes.




Agency for Technology and Innovation (Tekes) has sup-
ported several research and development projects in the do-

main.

Coinciding with AINO, we can also detect an accelera-
tion in development, e.g. in the development of the service
market, though this was also affected by external factors.
In all, the programme projects are estimated to generate
additional business worth over 1.5 million euros in 2007
and approximately 10-15 million euros in 2012.

CONCLUSIONS

On the basis of the experiences from the AINO pro-
gramme, we can draw a number of conclusions. First,
well-targeted and focused R&D programmes can bring
about a change visible in deployment. If the focus is scat-
tered or not well chosen, the impacts on deployment are
neither long-lasting nor substantial.

Second, the extent of the R&D programme funding has to
be sufficient in order to attract the private stakeholders
operating on the fringe of the programme area. With suf-
ficiently large funding, a snowball effect can occur, mul-
tiplying the expenditure in the programme R&D and also
deploying many times that of the original “seed” fund-
ing. In the scale of Finland, an annual “seed” funding of
1 million euro is sufficient but 0.5 million is not.

Third, the stakeholders and persons responsible for de-
ployment must be closely involved in the programme,
both in the decision-making hierarchy and in the actu-
al projects. Only this will ensure the exploitation of R&D
results in the deployment. A good practice would proba-
bly be to accompany an R&D programme with a deploy-
ment programme having the same focus but starting one
or two years later than the R&D programme.

Fourth, the stakeholders in charge of R&D have substan-
tial impact and leverage in the deployment and in the
policies and operational practices related to it. The recent
decision by the Ministry of Transport and Communica-
tions Finland to cut down on their own R&D funding will
greatly diminish their own possibilities to affect the fo-
cus and directions of transport and ITS policies and op-
erations on the strategic and tactical levels. At the same
time, the transport administrations will have more power
in this respect as they will now have the main responsi-
bility for the R&D activities in these domains.

Fifth, sufficient fundamental research on ITS should be
ensured, both on the national and European scale. Most
innovations are based on the findings of fundamental re-

search. The current R&D programmes have overlooked the
research part and concentrated on applied research, serv-
ice development and piloting. In the long run, this leads to
fewer innovations and the loss of competitive edge.

Last, ITS deployment is hindered by obstacles related to
other issues than R&D. The key hindrance, at least in
Finland, seems to be that ITS has not really been given its
proper role in transport policy and transport system op-
eration. In Finland, the strategies already adopt the prin-
ciple in using the following steps in transport system op-
eration and management: (1) affecting transport demand
and choice of transport mode, (2) making the use of the
present infrastructure more effective, (3) small invest-
ments to improve the present infrastructure, and (4) large
investments to increase the capacity of the transport sys-
tem. Still, the current planning and policies almost total-
ly just deal with step 4. ITS will have its natural role in
steps 1 and 2, and sometimes even 3, when the four-step
principle is applied in practice too.
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ROADMAPPING THE TRANSPORT SYSTEM
TECHNOLOGY SERVICE ASSESSMENTS

Anu Tuominen, Marja Rosenberg, Toni Ahlquist, Pirkko Rimd, Jukka Résdnen

ABSTRACT

The new technology brought into the transport system is

changing the nature of schemes, strategies or measures,
as well as the roles of the different actors within the sys-
tem. In this context, a concept called “technology service”
becomes a crucially important tool for understanding the
dynamics between the transport system and the end us-
ers. This paper presents a view of the transport system
technology services in the future and, even more impor-
tantly, the assessment knowledge needed for their devel-
opment and monitoring. The results are presented in the
form of three roadmaps: Networking technologies, Real-
time information-based interactive systems and Service
packaging.

INTRODUCTION

For a long time, different ex-ante and ex-post assess-
ments have been a standard procedure for public bod-
ies to develop the transport system. The range of differ-
ent assessment methods is wide, including, e.g., theoreti-
cal appraisals, simulations, empirical measurements, etc.
However, in all cases the question is: “How well does this
scheme or strategy meet the objectives we have set?”

Currently, new technology brought into the transport
system is changing the nature of schemes, strategies or
measures, as well as the roles of the different actors with-
in the system. In the ubiquitous society of the future, it is
argued, the functioning of the transport system will be
based on different mobile, flexible and personalized ICT
services. This development will have some impacts on the
way people move and work. The field of transport policy
and management will expand from the macro-scale in-
frastructural level towards the micro-scale end-user lev-
el. In this context, a concept called “technology service”
becomes a crucially important tool for understanding the
dynamics between the transport system and the end us-
ers. Technology service is a flexible and tailored combi-
nation of technologies and services which takes into con-
sideration the travelling or transportation preferences,
needs and expectations of the different transport system
end users. The emergence of tailored technology servic-
es brings new challenges to decision makers, businesses,
and other societal actors. Consequently, the roles of pub-
lic and private parties in the transport system will inter-
mingle in different ways, and new business models and
operational practices will arise.

METHOD

This paper presents a view to the transport system tech-
nology services in the future and even more important-
ly, to the assessment knowledge needed for their devel-
opment and monitoring. The results are based on a Finn-




ish case study [1], and are presented in the form of three
roadmaps, which all take the systems’ perspective on the
transport system development.

Basically, the roadmaps aim to provide an extended look
at the future of a chosen field of enquiry, inventorying
different possibilities [2]. They also communicate visions,
stimulate investigations and monitor the progress. The
roadmaps are composed of the collective knowledge and
imagination of drivers of change in a particular field. In
our case, the produced visionary socio-technical road-
maps aim at the above generic targets by 1) identifying
and emphasising visions that are embedded in the road-
map structure; and 2) combining different layers of soci-
ety and technology.

The roadmaps presented in this paper are based on two
workshops and reflect the themes found important by
the participants from different actors within the Finn-
ish transport sector. The potential future developments
were discussed in the workshops on five roadmap lev-
els: user needs, markets, actors, technologies and assess-
ment knowledge.

RESULTS

The roadmaps, presented in the section below, provide
three different, but complementary, perspectives on the
development of transport system technology services.
Each of the perspectives is equally important in produc-
ing well-balanced and acceptable technology services;
Networking technologies will create settings for the serv-
ice development; Real-time information-based interac-
tive systems will offer the information produced by new
technologies in a custom-built form for the end users;
Service packaging will help in implementing the neces-
sary, user friendly technology services.

The first roadmap, Networking technologies (Figure 1),
presents the tools and forms of co-operation needed to
make the assessment knowledge accessible to the differ-
ent actors in all stages of the various innovation proc-
esses within the transport system development. The vi-
sion for the roadmap is as follows. “The information flow
between public and private producers and end users (e.g.
companies, citizens) regarding transport system design
and assessment, as well as implementation, is systemat-
ically organised. New transport policy-relevant knowl-

-

Roadmap: Networking technologies
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Figurel. Roadmap 1: Networking technologies.
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edge is produced within (commonly accepted) policy net-
works.”

The second roadmap, Interactive systems based on real-
time information (Figure 2), presents technological com-
plexes giving the end users of transport systems constant
access (through vehicles or mobile devices) to real-time
information about the travelling/transport possibilities
the system can offer. The vision of the second roadmap
states: “Interactive, mobile information systems will sup-
port travelling and the transportation of goods before, in
the course of and after the journey. Infrastructure, vehi-
cles, and transport service providers will exchange infor-
mation, which will enhance the fluency, safety and envi-
ronmental friendliness of the transport system”.

The third roadmap, Service packaging (Figure 3), an-
swers the daily transportation needs of individual people
and firms. Service packaging helps the transport system
users create a selection of individual technology services
to assist in travelling or transportation, but also in oth-
er sectors of life where transport is a part of the overall
service. According to the roadmap vision: “Service pack-

aging enables the customers to define their individual se-
lection of transport technology services. Service packag-
es are easy to acquire and use, and their costs are on a

reasonable level.”

DISCUSSION

As many theorists have formulated, through different
terms and varying concepts (e.g. [3], [4], [5], [6], [7]),
the societal development in advanced industrial coun-
tries has moved towards an information society, where
the major driving forces are the development of infor-
mation and communication technology, the rapidly in-
creasing use of new devices, and the growth of the spe-
cific service sector.

Our main argument was that a move from information
society towards knowledge society and emerging ubiq-
uitous society proposes unique challenges to the trans-
port system and transport policies. As the new informa-
tion technologies, such as flexible mobile interfaces, sen-
sor technologies and real-time monitoring systems, be-
come the basis of the transport system, the views of sys-
tem itself should be re-thought. Consequently, the forms

Road map: Interactive Systems Based on Real time Information
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Figure 2. Roadmap 2: Interactive systems based on real-time information.




Short term: 1-2 years
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Figure 3. Roadmap 3: Service packaging.

of knowledge production for transport policy and system
design should change accordingly. We claim that fore-
sight methods, like visionary socio-technical roadmap-
ping, provide good premises and knowledge for under-
standing the new views.

The case study revealed that there is a need to produce
assessment knowledge simultaneously from various key
perspectives and throughout the transport service in-
novation processes. Important continuous assessment
themes include at least societal impact assessments, user
centred design and different assessments regarding serv-
ice demand and market foresight as well as business mod-
els. In the short and medium term (1-10 years) the assess-
ment of transport system technology services needs to be
focused on the following fields: market foresight, tech-
nology assessment as well as business model assessment
and evaluation of integrated data systems; societal im-
pacts and effectiveness of technology services in a pro-
duction environment where the public and private par-
ties should work in collaboration. From the point of view

of the transport system end users, essential assessment
knowledge covers the analysis on user’s activities and
acceptance of new devices and applications as well as in-
terface design conducted together with designers and end
users. In addition, it is important to identify the legal, or-
ganisational, etc. terms relating to new technology serv-
ices. In the long term (10-25 years) the interfacing pos-
sibilities, i.e. joint implementation of different interac-
tive systems; security and privacy related issues; busi-
ness models and criteria for data transmission; societal
impacts as well as actor network analysis for networking
services are examples of the issues to be emphasised in
the assessments.

Basing on the case study, we can claim that the societal
development leads to at least four kinds of changes in the
transport system. Firstly, the actor roles and the actor
networks in the system will be pluralised. The transport
system will be more and more composed of public parties,
private parties and contributing end-users and complex
networks formed of these actors. Secondly, new kind of
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business and service layer will be formed in the system
because of these new dynamic inter-linkages between the
actors. This emerging service layer will give possibilities
to new kinds of public-private relationships and end-user
perspectives. Thirdly, we propose that this service layer
could be captured with the concept of “technology serv-
ice”. We defined technology service as flexible and tai-
lored combination of technologies and services that takes
into consideration the travel or transportation preferenc-
es, needs and expectations of the different end-users in
the transport system. Fourthly and finally, we argue that
in order to grasp this emerging network dynamism in the
system a re-thinking and a re-conceptualisation of as-
sessment and foresight knowledge is required.

To conclude, the roadmapping method tested with a Finn-
ish case study proved to be useful in producing trans-
port policy relevant knowledge from at least five differ-
ent perspectives (roadmap levels), as well as bringing
transport system actors together to discuss future trans-
port visions, policies, technologies, services and their in-
terdependencies in a collaborative manner. We find that
it holds great potential as a tool for transport policy and
system developments within the emerging ubiquitous
mode of our societies.
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FINANCING OF TRANSPORTATION PROJECTS
— A PROJECT MODEL FOR INVESTOR AND
STAKEHOLDER RISKS AND RETURNS

Pekka Levidkangas

ABSTRACT

The first privately financed road project in Finland was
analysed from the viewpoint of the private investors and
the procuring public authority. The project was mod-
elled using empirical financial, economic and technical
parameters, and was verified with recent empirical data.
The analytical technique was based on a system simula-
tion model in which the economic and financial empiri-
cal models were incorporated. The results provided rec-
ommendations for investor strategies and policy guide-
lines for procuring authorities.

INTRODUCTION

There is growing interest in finding ways and methods to
finance infrastructure capital investments with the aid
of private capital and user charges. For instance, Asia’s

fast-developing economies are facing increasing pressure
to improve their infrastructure to meet the demands of
other branches of economic and social activities. How-
ever, their need for public capital is not satisfied through
the traditional sources of tax revenues or through public
borrowing; thus the sources of funding have to be other
than public. The same applies to the ageing and congest-
ed infrastructure of the Western world.

OFF-BALANCE SHEET INFRASTRUCTURE
INVESTMENT FINANCE

A number of solutions concerning capital provision, con-
tractual arrangements and off-balance sheet financ-
ing (from the viewpoint of the State), among other is-
sues, have been introduced to overcome the problems of
funding of capital investments in the transport sector:
road toll financing in many European countries, such as

France, Italy, Spain and Nor-

-
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Operating personnel & equipment

Operating cost

Long and medium-
term debt

Debt Project company

investors
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Equity
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way; shadow toll financing
that was introduced in the
UK; France’s concessionary
arrangements for motorway
projects; build-operate-trans-
fer contracts that have been
widely used in Asian coun-
State tries like Hong Kong, Malay-
sia and Thailand, but also in
the UK, USA and Australia.

A typical off-balance sheet ar-
rangement is to build a project
company that is responsible

for engineering, financing,

J

Figure 1. Project company arrangement for E4 Helsinki-
Lahti [1].

building and operating the
facility, e.g. a road, as in the
case of E4 between Helsinki and Lahti, the first fully pri-
vately financed road project in Finland (Figure 1).
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The total cash flows associated with the E4 project com-

pany, Nelostie Ltd, include the capital flows as well as the
operating flows:

TCF, + TCF, = Rev - Ope - C - Tax - (E + D) =
FCF - (E + D)

which states that the incremental value produced by the
single-project company for its owners is the free cash flow
minus the initial capital outlays of equity and debt.

TCF, = total cash flow to equity investors

TCF, = total cash flow to debt investors

Rev =revenues of the project company; in the case
project these are the shadow toll revenues paid to
the project company by the State

Ope = operating expenses of the project company;
these are mainly all-year-round road maintenance
costs

C = construction cost, i.e. the expenses of building
the road

Tax = corporate taxes paid by the project company
E = equity capital invested in the project company
D = debt capital raised by the project company

The net present value of the project investors’ investment
(NPV_PI) follows when their invested capital is subtracted
from the present value of the project company’s cash flows:

NPV_PI =FCF -E-D

The market value of the project company (V, ) is the
present value of free cash flows, i.e. the initial capital out-
lays plus the incremental value:

Vp =FCF=E+ D+ NPV_PI
Consequently, the return on the project is:

V, _E+D+NPV_P _ FCF NPV _P

R = = = + =1+r
? E+D E+D

“E+D | E+D v

where R, and r, represent the end-of-period returns on a
compound basis.

To build a feasible framework for private finance, the
relevant risks for different stakeholders, and especially
for investors, must be assessed. The project risk consists
a number of factors - organisational, technical, financial,
economic, etc. — which, in the end, turn into economic
and financial impacts (Figure 2).

The risks must be operationalised in cash flow terms and

once the empirical material, such as volatility of cash

flows, interdependencies of risks and their autoregressive

behaviour, is available, the quantification can be made.

For the E4 project, regarded as a rather typical example

of private finance, the dominant risks include:

e capital structure choices of the project company

e low demand of traffic

e high inflation, high operating costs and high interest
rates, which are all associated with each other.




These risks can only be priced fairly if all stakeholders
have access to the relevant information. In large infra-
structure projects the relevant information is extremely
detailed, there is a huge amount of it and it can be some-
what hard to access, and in many cases it might be hard
to understand and reflect in the decision making.

The public agencies that are adopting private finance op-
tions to build and maintain the infrastructure should be
prepared to assume only those risks that are not beara-
ble by private investors. If risk sharing is extensive, the
returns paid to investors should be modest. The inves-
tors entering the business of financing infrastructure
projects and assuming the operating of facilities should
have preferences for long-term and low-risk investments.
Particularly risky projects are not best suited to private
finance.

The developed project model and analytical tools provide
a generic starting point for any large-scale infrastruc-
ture project that is being considered for private finance.
Diagnostic testing of the model provided fairly good re-
sults and the model can easily be up-dated with the most
recent empirical background data.
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TECHNOLOGIES FOR FUTURE TRANSPORT

DRIVER WORKLOAD DETECTION FOR VEHICLE HMI

ADAPTATION

Matti Kutila

ABSTRACT

Adaptive human machine interface (HMI) is needed in
future vechicles due to the increasing number of enter-
tainment facilities, vehicle controls and communication
devices that capture part of the driver’s attention. The
adaptation is intended to keep the driver demand at a rea-
sonable level, even during critical situations. However,
the adaptation requires information concerning the driv-
er workload, and this study presents a method to capture
the driver’s momentary state.

INTRODUCTION

The objective of the AIDE project (Adaptive Integrated
Driver-Vehicle Interface) was to develop a smart in-vehi-
cle human machine interface (HMI) that is adaptable ac-
cording to the momentary state of the driver, the driv-
ing environment and the vehicle itself [1]. VTT’s role

in the project was to develop equipment for monitoring

the driver’s momentary distraction level. The developed
system is called the Cockpit Activity Assessment, CAA,
module (Figure 1) that is able to estimate whether the
driver is visually or cognitively distracted [2].

METHOD

The required face data on a driver was captured by using
faceLab stereo vision from SeeingMachines, a company
that provides a wide range of different eye and head pa-
rameters (such as eye blinks, eye saccades, gaze rotations,
gaze positions, head rotations, head positions, pupil di-
ameter). The commercial platform was selected since it
enabled a focus on developing the algorithms that are
capable of classifying and detecting the cognitively im-
paired driver.

The distraction detection itself was performed with the
developed rule-based classification and multi-dimension-
al pattern recognition methodology for
capturing abnormal driving behaviour.
The developed software is able capture
the pre-processed data from camera or
replay recorded files, and perform real-
time data driver workload analysis.

VISUAL DISTRACTION

Visual distraction in this context is,
roughly, a measure of how much the
driver’s attention is diverted from the
road ahead, which, obviously, is the
main target (i.e. most attention should
be focused on the road) [3], [4]. The
core of the visual distraction detection
is an attention mapping algorithm that

Figure 1. Vehicle installation.




is based on the driver’s head and gaze directions (yaw
and pitch angles). The view from the cockpit is divid-
ed into four clusters of interest: road ahead, windscreen,
and left and right exterior mirror (Figure 2).

According to the laboratory tests, the attention mapping
algorithm performs well, providing a 72% detection rate
for the road ahead cluster (Figure 3). Adding filtering
to prevent suspiciously large head and gaze movements
would probably improve the results.

COGNITIVE DISTRACTION

Cognitive distraction is related to reductions in the driv-
er's awareness of the surrounding environment and is
therefore only indirectly measurable. Examples of cogni-
tive workload are daydreaming, thinking hard and con-
versations with passengers.

Support vector machine (SVM) is a machine learning al-
gorithm in which the basic idea is to non-linearly map
the training data to a higher-dimensional feature space
where it can be separated linearly. It was selected as the
classification method due to its ability to process multi-
dimensional feature spaces. In practice, the well-known
SVMlight algorithm [5] was implemented.

Tuning the SVM classifier was performed iteratively by
changing the input data configuration and the SVM cri-
teria. A specific laboratory tool was developed to make
modification of the learning parameters easier and
achieve optimal balance with the true and false positive
and negative detections (Figure 4). In addition, the de-
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Figure 2. Attention mapping clusters.

veloped laboratory tool visualises the cluster boundaries
and performs the necessary adaptation according to the
vehicle type.

RESULTS

The performance achieved for the cognitive distraction
detection was encouraging, especially in the passenger
car case (86% of the induced cognitive tasks were de-
tected). However, the outcome of the truck application
(68%) was not as good as expected but is nonetheless

s
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Figure 3. Results from the at-

j tention mapping algorithm.
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COGNITIVE DISTRACTION DETECTION
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promising [4], [6]. The detection rate has improved in
further tests after excluding cognitive distraction detec-
tion in a city environment when the speed was below 60
km/h. In the city, the cognitive distraction was consid-
erably more difficult to detect, and arguably not as com-
monly present, since driving demand is higher due to ma-

noeuvring.

CONCLUSIONS

The achieved results were sufficient in the case of the
AIDE project since the objective was to schedule the in-
formation flow of the in-vehicle HMI. For AIDE, 70% ac-
curacy was sufficient and 85% would be a good perform-
ance, so that the driver does not realise the HMI schedul-
ing. However, the issue would be very different if warn-
ing messages were provided since 5% false alarms would
frustrate a driver.
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DRIVER ALERTNESS MONITORING WITH SEAT FOIL

SENSOR

Juha Kortelainen

ABSTRACT

We developed a pressure-sensitive seat foil sensor for the
detection of a driver’s body movements. The sensor was
used as one input for the automatic drowsiness alarm
system together with an eyelid movement and head nod-
ding indicator. We could also measure heart rate and res-
piration with the seat foil sensor, e.g. for operators in a
process control room, but the external vibration prevent-
ed physiological measurements in a moving car.

INTRODUCTION

The SENSATION project (Advanced Sensor Development
for attention, stress, vigilance & sleep/wakefulness mon-
itoring) aimed to improve safety during process monitor-
ing work tasks or while driving a car. New sensor proto-
types and algorithms were developed for alertness moni-
toring. The study also included the detection of stress, as
well as measurement of night-time sleep quality.

VTT was in charge of the integration of the prototype
sensor system for driver monitoring to test the multivari-
ate diagnosis algorithms and the hypovigilance warning
system [1]. The driver monitoring application includes
dry electrodes for EEG measurement, a camera for eye-
blink detection and non-contacting sensor arrays in the
car seat and cabin roof for driver movement detection.

METHODS FOR APPLICATION OF THE SEAT FOIL
SENSOR

The SEFO sensor, developed by VTT together with Em-
fit Ltd., is a pressure-sensitive seat foil sensor for driver
monitoring (Figure 1). The pressure foil sensor has also
been applied to sleep monitoring in the medical pilots of
the project [2].

The SEFO sensor includes 8x4 sensor elements for both
the backrest and the lower seat. The sensitivity of SEFO
is good enough to detect heart rate and respiration, al-
though these could not be extracted in a moving car due

Figure 1. Seat foil sensor.

to external vibration. In the driver monitoring applica-
tion, SEFO was applied for the detection of the driver’s

position and movements.

The driver’s hypovigilance is estimated by observing the
typical movements that occur when subject is fighting
against falling asleep. This information is combined with
other sensors measuring, e.g., head nodding or eye-blink
to compose a reliable diagnosis for the warning system.

VTT also invented a method for measuring the relaxation
of a seated human body based on the whole body’s vibra-
tion response in a vibrating environment, such as a car.
The human body has vibration resonance frequencies in
the 5 to 15 Hz range. The normal seated position gives
a sharper spectral response for the vibration resonances
than the relaxed position (Figure 3) [3].

RESULTS AND DISCUSSION

A matrix-type pressure foil sensor was developed for de-
tection of both physiological signals and body move-
ments in the monitoring of either seated or sleeping sub-
jects. For driver monitoring we developed indicators of
drowsiness based both on body movements and relaxa-
tion of the body.
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Figure 2. Seat foil sensor pressure distri-
bution during head movement. The col-
oured squares show the pressure distribu-
tion in the backrest (the uppermost eight
rows with four columns) and the lower
seat (the lowermost eight rows).

The seat foil sensor system was tested in two
Sensation project pilots with drowsy driv-
ers. The interpersonal variation was very
high; with some subjects we found typical
body movements while the driver was fight-
ing against falling asleep, but some other
subjects did not act with body movements
at all, even though both the eye-blink meas-

urement and EEG analysis indicated a high
sleepiness range. However, the seat foil sen- \_

sor could be applied as one input for the in-

tegrated drowsiness alarming system together with cam-
era-based eye-lid movement detection and non-contact-
ing head nodding detection.
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Figure 3. Driver relaxation indicated with mechanical

body impedance. The black curve shows the normal pos-
ture and the grey curve shows the relaxed posture. The
frames show the different measuring positions of the seat
backrest.




ON-BOARD MEASUREMENT OF FRICTION AND

ROAD SLIPPERINESS

Tapani Mdkinen

ABSTRACT

This study dealt with on-board road slipperiness and
friction measurement by means of a sensor data fusion
approach. The applications targeted were Electronic Sta-
bility Control (ESC), Emergency braking systems and co-
operative driving functions.

INTRODUCTION

The objective of the FRICTION project (On-board meas-
urement of friction and road slipperiness to enhance the
performance of integrated and cooperative safety sys-
tems) is to create an on-board system for estimating fric-
tion and road slipperiness to enhance the performance of
integrated and cooperative safety systems. The predic-
tive information yielded by the system benefits coopera-
tive driving, such as V2V (Vehicle-to-vehicle) and driv-
er information. Moreover, applications that can benefit
from precise information on friction and road slipperi-
ness are control systems for driving safety, such as Slip
Control Systems, Emergency Braking System, Electron-

ic Stability Program, Adaptive Cruise Control and Roll-

over Avoidance. It seems evident that a one-sensor-on-
ly approach is not successful in determining friction and
road slipperiness with sufficient accuracy to improve ve-
hicle control. The project will not develop new sensors,
but uses existing sensors in a novel way. The aim is a
solution for real-time estimation of the tyre-road fric-
tion using a sensor cluster in a moving vehicle (Figure 1).
Consequently, three kinds of sensors were used: (i) exist-
ing vehicle-based sensors for monitoring vehicle dynam-
ics, (ii) environmental sensors, and (iii) a tyre-based sen-
sor. Today, the signals from these sensors are used sep-
arately for vehicle safety systems without co-operative
communication between the sensors. The project has two
characteristics: vertical in developing a new system to
enhance driver assistance, and horizontal in providing
a system for different applications and on-going projects
in preventive safety and upcoming cooperative systems.
The innovative idea is to feed the signals into a FRIC-
TION-Estimation-Observer and to estimate the tyre-road-
friction value by using on-line mathematical statistics
methods.

Figure 1.
Friction tests.
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ADVANCED DRIVER ASSISTANCE SYSTEM
PERFORMANCE WITH FRICTION ESTIMATION
Advanced driver assistance systems (ADAS) use several
variables in their calculations of safe margins for driv-
ing manoeuvres and when to warn the driver. Some of
these variables, especially the behaviour and movement
of other road users, the driver’s capabilities and alert-
ness, and future tyre-road friction, are generally diffi-
cult for a computer to measure. This results in systems
sometimes calculating safety margins even larger than
a human would use; otherwise, the safety system would
be taking risks.

There are several projects concentrating on measuring
driver alertness, adapting systems to driving history and
car-to-car communication for exchanging information
on current and future actions. Environmental sensing
has received a lot of attention during recent years and
the results were recently demonstrated in the PReVENT
project (Preventive and Active Safety Applications). On-
board sensing for friction has also received more interest
as the systems are being tested in adverse weather condi-
tions and suitable parameters are being sought.

When considering the performance improvements from a
friction estimation system, we have to first estimate the
measuring ranges, sample frequencies and driving situa-
tions; how and when the measurement works. As no sin-
gle sensor, ultimate sensor cluster or a “fifth wheel” has
been found suitable for continuous and accurate friction
measurement, the friction measurement systems are a
trade-off between price, operation ranges and benefits.

As a simple generalization, friction potential (maxi-
mum) can be measured with reasonable accuracy when
there is relatively large (around 0.3 G) acceleration or a
tyre is slipping. Environmental sensing can give an es-
timate most of the time, but the confidence intervals can
be large. When driving on snow, for example, the patch-
es of asphalt and snow are very close to each other. Tyre
deformations and sensing has the potential to provide a
friction measurement, even in straight driving with al-
most no forces used, but the development status is still
early when considering products. Aquaplaning and im-
proved measurement of tyre forces, the friction used, are
the first results from tyre sensors.

The friction used is relatively easy to continuously meas-
ure with approximately 5% error, but most of the time
the vehicle does not use all friction available, so the fric-
tion used is considerably lower than the available max-

imum friction. Using environmental sensing and meas-
urements to check if the conditions have changed, some
historical information on measured friction can also be
used. When the friction used reaches the maximum, i.e.
there is high slip, this information can be used in many
ways: broadcast to other vehicles, used in the calibration
of tyre parameters and, of course, as a reliable measure-
ment for ADAS.

The friction measurement sample rate and delay in
processing the information are still to be tested, but some
applications like ABS will surely test the limits. ABS
measures the friction by frequently locking the tyre and,
basically, only environmental sensors pointing forward
or tyre sensors could improve the performance while
braking. For now, it seems a bit unlikely that friction
measurement systems could considerably improve ABS
performance other than by giving an initial estimate of
the friction. This would considerably improve the per-
formance at the beginning of braking on ice as ABS loses
time by braking too hard at first.

The potential applications that can use friction informa-
tion are here divided into slip control, collision mitiga-
tion and avoidance, safety margin estimation, vehicle-to-
vehicle (V2V) and vehicle-to-infrastructure (V2I).

VTT’s activities and achievements in the FRICTION projects
after two years of development have been the following;:

e The architecture of an on-line friction information
data fusion algorithm,

e The first versions of data fusion in the matlab/
simulink environment and validation with real data,

e A new antenna concept for the tyre sensor,

e Novel use of Far-Infrared and polarisation cameras in
the measuring and classification of road surface slip-
periness, and

e The use of 24GHz and 77GHz radar signals in the de-
tection of dry, wet and icy road surfaces (a patent ap-
plication pending).
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ROAD STATE MONITORING FOR COOPERATIVE

TRAFFIC SAFETY SYSTEM

Matti Kutila

ABSTRACT

This study deals with an optical road monitoring sys-

tem [1]. It is a road state measuring sub-system of the
roadside traffic analysis unit, which supports situation
awareness of in-vehicle systems and decision making by
road authorities via V2I (Vehicle-to-Infrastructure) and
V2V (Vehicle-to-vehicle) links.

INTRODUCTION

The objective of the Safespot project is to understand how
intelligent vehicles and smart roads can co-operate to pro-
duce new, innovative breakthroughs in road safety. The
aim is to prevent road accidents by developing a special
Safety Margin Assistant that detects potentially danger-
ous situations in advance and extends drivers’ awareness
of the surrounding environment in both space and time.
Recently, the main focus of roadside detection has typi-
cally been related to traffic efficiency as opposed to safe-
ty-related objectives. However, the possibility of the inte-
gration of vehicle-based information through ‘co-opera-

tive systems’, and the application of new technologies and
techniques in roadside sensing offer an exciting potential
for significantly advancing the role of the infrastructure
in the context of safety. The sensors have to fulfil strict
system requirements and should provide reasonable input
data for predefined scenarios and applications.

Based on extensive sensor analysis (related to issues of
output data, installation, power and cost), the following
sensors have previously been selected:

o CCTV camera (Closed-circuit television camera)
e Near-infrared camera

eThermal camera

e aser scanner

e RFID network

e Wireless sensor network.

The sensors provide the input data necessary for appli-
cations in, for example, object detection, vehicle passage
detection, ghost-driver detection, etc. Optical sensing is
part of the mainstream development since it is consid-
ered to be a mature, robust and affordable technology.
Furthermore, camera system installation is not disrup-
tive to traffic flow as the cameras can be fixed to bridg-
es or poles on the roadside and do not require expensive
digging up of the road surface. In addition, optical meas-
urement devices are relatively easy to maintain.

Any infrastructure sensors that can provide information
on ice via the proposed camera system are therefore of
critical importance. The proposed ice or wet road detec-
tion will be based on three different parameters meas-
ured with a camera:

¢ Graininess
eHorizontal plane polarisation intensity
e Vertical plane polarisation intensity.



TECHNOLOGIES FOR FUTURE TRANSPORT

The research question of this study is formulated as: “Is
an analysis of graininess and an analysis of differences
in horizontal and vertical polarisation planes sufficient
for detecting an icy road in outdoor conditions?”

POLARISATION DIFFERENCE ANALYSIS
Light reflection from a mirror-like surface (ice or a wet
patch) reduces the amount of vertically polarized light
compared to the horizontal plane (Figure 1). The ice re-
flectance factor in the 800 nm band is 85% [2]. The re-
duction is partially due to light being refractive on an
ice surface, but mostly due to a missing horizontal po-
larisation component. Therefore, it is expected that when
comparing the relative difference between horizontal
and vertical polarisation planes (R=Ih-Iv), and ignoring
absolute intensity levels, ice or water reflectance causes
“abnormal” change.

Figure 1. Imaging geometry of the camera vision system
for ice/wet road detection. When a light beam is reflect-
ed from the water puddle, the vertical polarization com-
ponent vanishes.

GRAININESS ANALYSIS

The key idea is to perform low-pass filtering on an im-
age, which makes it more blurry. Calculating the contrast
difference between the original and low-pass filtered im-
ages provides information on “the small elements” in the
picture.

The low-pass filtering uses the wiener filter, which as-
sumes that the additive white noise has a Gaussian distri-
bution. The wiener filter is mathematically modelled as:

H (1)

where H* is the complex conjugate of a Fourier transform
of the point-spread function. Pn is the noise power and
Pg is the power spectrum of the model image, which is
calculated by taking the Fourier transform of the signal
autocorrelation.

Blurriness is measured by estimating the total amount of
contrast in the image. The contrast (C) is the defined dif-
ference between the adjacent pixels aligned horizontally
or vertically (see Figure 2).

Figure. 2. The contrast is a
measure of the sharpness of the

changes.

The contrast is then the sum of the rows and columns of
differences:

Ctotal = Crow + Ccolumn (2)

In order to compare the contrasts in different images, the
relative change, which also represents the graininess (S)
of the image, is defined as:

C

S = original ~

Cﬁltered (3 )
C

original

Algorithms and image processing

The ice detection software (IcOR) is not only designed for
the detection task itself but also as a tool for analyzing
and improving the detection results. The program cur-
rently provides the classification confidence and detec-
tion result from three options: ice, no ice and unknown.
Unknown is the case when the confidence is not high
enough for a reliable result to be declared.

Currently, IcOR supports two video “sources”: image di-
rectories on the computer’s hard disk or two connected
live cameras. When using image folders, the horizontal-
ly and vertically polarized images must be situated in
different paths with ascending numbering. Ice detection
from images is performed once for each image, i.e. it is




stopped when there are no more images in either direc-
tory.

A stereo head uses an IEEE 1394 (FireWire) interface for
connecting the CMOS cameras. Each camera provides
monochrome images with a maximum resolution of 640
x 480 pixels. The cameras perform synchronized image
capturing, which minimizes disturbances caused by lo-
cation differences or imaging environment changes.

The detection algorithm first finds the region of interest
(ROI), which covers lanes in the static infrastructure in-
stallation and, in the vehicle implementation, the road
ahead. The probable ice patches are relatively easy to de-
tect from the difference between the two polarized imag-
es by performing an analysis of the polarization differ-
ences and graininess.

TEST ARRANGEMENTS

The test data was captured on an official tyre-testing
track in Ivalo, Finland in February 2007 (Figure 3). The
air temperature was below -30°C, giving optimal icy road
conditions. One near-infrared sensitive camera was im-
plemented for capturing the test samples. The test imag-
es were captured with the Xenics, XEVA-USB 320 cam-
era [3], which is sensitive in the 900-1700 nm range. The
detector is a Peltier-cooled InGaAs array with 320 x 256
pixels.

The samples were captured with an instrument car with
the XENICs camera installed. The same camera was used
for capturing test samples through the horizontal and
vertical plane polarisation filters.

- P

Figure 3. The captured test samples. The left-hand image
was captured with a horizontal polarization filter and
the right-hand image with a vertically polarized compo-
nent.

Data analysis was done in the Matlab environment. The
created algorithm searches for a region-of-interest (ROI)
in front of the vehicle and calculates the intensity val-

ues. In the Safespot project scenario, the camera’s loca-

tion is static and detecting ice in front is not necessarily
required. However, since the same algorithm-hardware
will also be used for in-vehicle applications, detecting
ice at least 50m ahead of the vehicle is required in or-
der to warn the driver before reaching a dangerous patch
of ice.

RESULTS

The initial tests indicate that a difference exists between
the horizontal and vertical polarization responses in the
near-infrared band. However, since the test data was not
fully spatially or temporally synchronized due to prac-
tical reasons, the absolute values should not be investi-
gated in too much detail; rather, attention should be fo-
cused on the trends in each test scenario: snow, ice and
dry asphalt.

Figure 4 shows the results of the horizontal and vertical
polarization intensity changes and, furthermore, their
difference. As the graph indicates, there is a difference
between icy, snowy and dry asphalt surfaces. Ice causes
a 59% bigger difference between the horizontal and ver-
tical polarization responses than snow and a 41% bigger
difference than dry asphalt.
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Figure 4. Light polarization analysis on an asphalt road.

The vertical axis is the intensity in the region-of-interest
scaled to range [0...1].

Figure 5 shows the experimental results of variations in
graininess measurements in various road conditions. As
hypothesized, ice produces less graininess than dry as-
phalt. The test samples were captured with polarisation
filters since the final product is intended to include two
cameras, one for horizontal and the second for vertical
polarisation images. The average graininess values for
different conditions are:
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Figure 5. Graininess measurements
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CONCLUSIONS

A method to detect patches of ice/water on a road was de-
veloped. The method is based on two different features:
a polarisation comparison and a graininess analysis. The
polarisation difference between the horizontal and verti-
cal planes is 59% greater on an icy road than on dry as-
phalt. The graininess analysis provides a 32% reduction
when moving from dry asphalt to an icy surface. Ac-
cording to the experimental results, both methods can be
used to detect ice with a certain degree of accuracy, but
a more robust system will be achieved by utilizing both
results together.

The Safespot project also describes how ice detection
forms part of a bigger system and how we intend to eval-
uate the final system. The objective of the project is to
provide early warning for drivers in order to improve
their safety margins whilst driving. An ice/wet road de-
tection system plays an important role in the architec-
ture to prevent hazardous events due to slippery roads.

The experimental results indicate that snow can also be
detected if an intensity analysis of the horizontal polari-
sation is done. This is due to the fact that the brightness
is much higher than the intensity of the reflectance from
sand or asphalt. Thus the ultimate solution would be a
combined analysis of polarisation, graininess and inten-
sity, which would provide ice, snow and wet road detec-

tion.

an Commission and VTT.
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MOBILE GUIDE FOR CITY TRAVELLER
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ABSTRACT

The aim of the study was to develop a new mobile appli-
cation for passengers on public transport in Helsinki and
Oulu. The main idea was to utilize current information
systems when creating a user-friendly mobile service to
help travelling on public transport.

INTRODUCTION

The mobile public transportation guide application called
KAMO offers journey planning and stop-specific timeta-
ble information for public transportation passengers. Pas-
sengers can also pay for their fare using the application;
travel news concerning current problems or changes to
the public transport are also available via the KAMO ap-
plication. VTT has developed the KAMO application in a
common research project with Helsinki City Transport
and the City of Oulu. The work has taken steps forward in
combining journey planning with real-time positioning-
based monitoring of the buses in the same application
and advancing the application’s usability by utilising the
Near Field Communication (NFC) technology.
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"\ Mobile devices are great tools
for guiding, helping and enhanc-
ing public transportation passen-
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available timetable and route in-
formation data is the usability of
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Figure 1. KAMO shows the next arrivals at the bus stop

in real time or based on timetables.

ments for application developers.
For example, PT guide applications
are used in all kinds of weather and light conditions, and
yet they should still be easy to use.
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NFC TECHNOLOGY

When considering usability, our development effort takes
a different approach compared to the previously present-
ed solutions and exploits a new mobile phone user inter-
face technology called Near Field Communication (NFC)
to offer ease of use for the passengers. The use of NFC
technology offers an easy way to enhance the user expe-
rience of the application. Touching an NFC tag with a mo-
bile phone opens the application on the phone’s display
without the user having to access it separately via the
menu. Tags can be used for mobile travel ticket purchases
or accessing stop-specific timetable information.

IMPLEMENTATION OF OBJECTIVES

A user requirements analysis, which was carried out at
the beginning of the development, produced a set of re-
quirements and motivation for the creation of a mobile in-

formation system for travellers on public transportation.

The most important user needs, which also become the

main design directions of the system, were:

e Easy-to-use information system providing the
travellers with route-planning tools and means to
get updated, real-time information during the trip

e  Possibility to pay for the trip using a mobile phone

e  Utility and entertainment services for travellers to
be consumed during the trip.

When the development of the KAMO system was start-
ed, a number of information systems for public trans-
portation were already available. These systems provide
timetable information, information on exceptional traffic
conditions, ticketing systems and the real-time status of
vehicles. These systems were disconnected and separated,
and intended for use with a PC.

Quite early in the development process it was noted that
real-time information would be a highly valuable feature
for mobile use. As almost half of the daily trips (in Helsin-
ki area) include a change of vehicle, it is an important for
the traveller to know the timetable status of the current
as well as the connecting vehicle. A detailed itinerary in-
cluding addresses and connecting lines is highly person-
alised information. Public displays at stops can be used to
show the generic stop-specific information, but for per-
sonalised and dynamic travelling information, the mobile
phone was found to be the only practical solution.

A choice between a browser-based service and a dedicat-
ed, installable application had to be made for the imple-
mentation of the mobile service. A browser-based appli-

cation is easier to maintain, new versions can be updated
on the server side and it works in more terminals than an
application. The major disadvantage of the mobile brows-
er-based approach is that mobile browsers are still very
limited in functionality, versatility and connections to
the resources of the mobile terminal.

An application, on the other hand, allows better integra-
tion with mobile phone resources, such as address book
and communication interfaces, and offers a more fea-
ture-rich user experience and better offline capabilities.
There are also major disadvantages in the application-
based approach. There are a large number of different
types of mobile terminals from various manufacturers.
These terminals differ from each other, for example, in
their features, screen size and application programming
interfaces. In practice, applications need to be tested with
every single phone model, even though manufacturers
claim that application platforms are interoperable. An-
other challenge for the application-based approach is that
only a small percentage of mobile phone users install ap-
plications in their mobile phones. This factor has a re-
markable influence on the business models of the serv-
ice in large-scale deployments. If users do not install ap-
plications in their mobile phones, applications must be
pre-installed by the manufacturer, operator or retailer.
That factor puts these actors in control of the distribution
channel of the application and, therefore, in a central role
for any potential business model.

IMPACTS OF PUBLIC TRANSPORTATION
INFORMATION SYSTEMS

Mobile passenger information systems can easily be pro-
filed for different user groups. The user can set vari-
ous parameters, such as the walking speed, the modes
of transport, constraints for interchanges, special vehi-
cles and stops convenient for disabled people. Different
user groups can benefit from the information service dif-
ferently. Tourists and other passengers making irregular
trips can benefit from the journey planner service and
paying for the ticket with the application, while heavy
application users need real-time timetables for their own
bus stops and lines. The qualification of saving the data
from often-needed information helps heavy users’ trav-
elling.

When the use of mobile applications becomes more popu-
lar, the cities and the authorities can save public costs as
investments for screens will not be needed at every bus
stop since passengers can get their personal information

from their mobile phones.




Referring to Finnish studies [1] on the impacts of jour-
ney planners or other passenger information systems, the
investments in these information systems are extreme-
ly cost-effective. They benefit bus and train operating
companies as better information attracts new passengers,
which generates additional ticket revenues. In addition,
the community benefits from the better mobility, and the
reduced use of private cars results in a reduction in envi-
ronmental costs [2].

CONCLUSIONS

There were lots of lessons learned in the design and de-
velopment of the NFC-based mobile applications. First of
all, developing an application that works as intended in
every mobile device is extremely difficult. When using
progressive features in mobile devices, one actually has
to test the application in every single device. The most
simplistic features behave alike, but trying to implement
more sophisticated features leads to behavioural differ-
ences. In practice, one needs to either build a different
version for every device or to handle device differenc-
es at run-time. We chose to build an NFC version and a
non-NFC version. The non-NFC version handles some of
the behavioural differences at run-time. Still, we cannot
guarantee that the application will work in every device
without testing it in all of them. The NFC functionality
itself is easy to integrate into an application.

Further development of the KAMO service is still need-
ed. Future development includes the addition of GPS nav-
igation and street maps to our service, and examining
how NFC could be used to input locations to plan a route
might be an interesting question. Also, analysing and
taking disruption data into account, and how to make
disruption data interact with the route-planning service,
such as planning a secondary route when an accident af-
fects the current journey plan.

Large-scale real-user tests are currently being planned.
The KAMO service will be piloted in the City of Helsin-
ki and the City of Oulu during the spring and summer of
2008. We are looking forward to gathering more specific
results on the KAMO usability and system use.
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EVALUATION TOOL FOR INFORMATION SERVICES

Raine Hautala, Pekka Levidkangas

ABSTRACT

The EVASERVE evaluation tool encompasses the entire

lifespan of service systems and can be applied to ex-an-
te, interim and ex-post evaluation. The tool has been de-
veloped especially for transport and logistics informa-
tion services but it can be extended to other lines of busi-

nesses.

INTRODUCTION

The greatest challenges for transport and logistics infor-
mation services are currently concerned with business
models and earning logics, as well as with the ambig-
uous roles and responsibilities of the actors in service
networks. Furthermore, profitable service business re-
quires sufficient user volumes. In the case of small mar-
kets, such as in Finland, this sets its own limitations on
purely market-based service production.

In addition to sufficient demand, the delivery and pro-
duction of information services that are useful and so-
cially beneficial also requires that the different compo-
nents of the service system are functional and compat-
ible. By utilising a versatile evaluation tool, the risks re-
lated to service development can be decreased at differ-
ent stages.

TOOL

Meta-tool for the evaluation and development of
information services

VTT has developed an evaluation tool entitled EVASERVE
for information service development. This tool encom-
passes the entire lifespan of a service system from user
needs and impact studies to service impacts (Figure 1).
The system developed for the support of experts and
service developers can be applied to ex-ante, interim and
ex-post evaluations. It has been developed especially for
transport and logistic services but it can also be applied
to evaluating the information services of other lines of
business.

EVASERVE contains guidelines for the evaluation of
the essential areas of information services, 11 appli-
cation-ready evaluation modules plus other tools, a
knowledge&know-how database and example evalua-
tion cases (see http://www.evaserve.fif). The evaluation
modules describe the coverage of the module, the evalua-
tion process, the applicable methods and the performance
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metrics. The other tools include tools for evaluating in-
formation and a structured description method of servic-
es. The knowledge&know-how base can be utilised when
selecting the evaluation methods, for example.

The modular structure enables flexible evaluations based
on the characteristics of the studied service or concept
or user needs. New modules can be added easily as they
become relevant and old ones removed when redundant.
The contents of the modules can be updated quickly when
needed (Figure 2).

Structured information service model

The information service model included in the evaluation
system is one of the key EVASERVE tools for describing
the service processes and concepts. It helps to describe

the entire service system and the operation principles of

the service. The service model encompasses three levels

(Figure 3):

e The information network draft describes the interde-

pendencies of the actors, e.g. data flows and cash flows,

other financial benefits, regulations by authorities and
administrative relations.

e The service process describes the actors and activi-
ties and connections to other processes and the flows
between them (e.g. data and cash flows). The service
process gives a general view of the implementation of
the service. The service process is mainly based on the
Finnish telematics architecture (TelemArk).

e The technology view is a simplified symbolic view of
the technologies applied.
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Figure 3. The information service model covers three different description levels of information services (service network

draft, service process, technology view).

The service model can be used in the evaluations made at
all stages of the service lifespan, but it is probably most
useful at the service concept design stage [1].

Tool for information valuation

An evaluation framework (Figure 4) for evaluating trans-
port information was developed in a study included in
EVASERVE [2]. The value of the information is essen-
tial for all actors in the service chain. This value chang-
es from actor to actor. Hence the evaluation methods and
techniques are changed accordingly. The evaluation tool
identifies the attributes affecting the value of the infor-
mation and specifies the applicable evaluation methods.

Figure 4. The framework for information value assessment.

EVASERVE major case studies

The development of the evaluation tool included specific
information service evaluation cases that were used for
testing and verification of the evaluation system. The re-
sults of four case evaluations are given below.

Effectiveness of services by Finnish Meteorological
Institute

The research outlined the benefits of meteorological in-
formation services provided by the Finnish Meteorologi-
cal Institute (FMI) [3]. The analysis covered multiple user
sectors: transport, logistics, construction and facilities
management, energy production and distribution, and
agricultural production.

The socio-economic benefits of information services pro-
vided by the FMI generate annual benefits of around 260-
290 ME, to the extent that the benefits could be given a
monetary value in this research. In other words, each
euro put into the services produces a benefit of a mini-
mum of 5 euros for society each year. This is a minimum
estimate since many significant sectors, such as defence
and public safety, were not included in the analysis.

Impacts of a journey planner service

Matka.fi is an Internet-based journey planner for long-
distance public transport (Figure 5). The service is main-
tained by Destia Ltd., the main financier so far being the
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Ministry of Transport and Communications Finland. It
facilitates the planning of trips and new trip alternatives.
Matka.fi benefits bus and train operating companies as
new passengers generate additional ticket revenues. The
society benefits from better mobility and from the re-
duced use of private cars, also resulting in a reduction in
environmental costs.

The impacts of the service were estimated based on sta-
tistical data and a user questionnaire [4]. Most impacts
were also monetized. The users considered the service
very useful. Based on the information on the use of the
service, it was estimated that the cost of starting and
running the service would have a payback ratio of 4. The
2006 running version of the Matka.fi service generates
approximately three times more ticket revenues for pub-
lic transport operators than Destia Ltd’s direct costs for
maintaining and developing the service.

Evaluation of a road and street information system

This study assessed the utilisation of public sector data
on road and street networks in information service pro-
vision and the data pricing principles [5]. The work con-
tained the socio-economic profitability of the Digiroad
road and street network information system, user views
on the system, and the position of the system in the mar-
kets.

Today, the socio-economic benefits of Digiroad cover the
maintenance and operation costs but not the costs of the

initial investment. The benefits of the system will most
likely grow in the future as the number of contracts for
its use is increasing, and the target of four annual up-
dates has been finally met in 2007.

Description of 511 Service in USA and San Francisco
Bay Area

This evaluation investigated the background and path in
the deployment of 511 transport information services in
the USA [6]. The content of the 511 transport information
service in the San Francisco Bay Area (SFBA) and the
service network model applied with the SFBA 511 service
are also described in the report.

In the USA, the three-digit number 511 has been selected
as a common brand for traffic and travelling-related in-
formation. The San Francisco Bay Area 511 service cov-
ers different modes and is available both on the Internet
and as a phone service. The service includes information
on traffic, transit, bicycling and ridesharing. At the mo-
ment, the service generates around 500,000 phone calls
and over 2,000,000 web sessions per month.

The study concluded that it is sensible for the secondary
beneficiaries, i.e. the public actors, to pay the majority or
all of the costs regarding the deployment, operation and
maintenance of travel information services. This conclu-
sion is supported by evidence of the fact that, in general,
travellers are not willing to pay very much for travel in-
formation services like 511.
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CONCLUSION

The EVASERVE evaluation tool has, thus far, in addition
to the aforementioned evaluation cases, been used in the
evaluation of the service architecture of an international
transport chain [7] and the development of meteorologi-
cal information services in the Balkans area in connec-
tion with EU research projects [8, 9]. Furthermore, it is
currently being used in several EU research projects de-
veloping transport information services.
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FRAMEWORK FOR EVALUATION OF PREVENTIVE
AND ACTIVE SAFETY APPLICATIONS

Johan Scholliers

ABSTRACT

PReVAL (Preventive and active safety applications -

Evaluation of safety functions) was a subproject of the
PReVENT Integrated Project (Preventive and active safe-
ty applications), in which different preventive safety ap-
plications have been developed and demonstrated. The
major aim of the PReVAL project was to assess the safety
potential of functions developed and demonstrated in the
PReVENT integrated project and to develop a harmonized
framework for the assessment of preventive safety ap-
plications and advanced driver assistance functions. The
framework was built on the experiences gained in the
PReVENT project and other related projects. The frame-
work integrated different procedures for the evaluation
of the technical and human factors and the assessment of
the safety impacts in one holistic approach.

INTRODUCTION

Preventive safety functions help drivers avoid or
mitigate accidents through the use of in-vehicle systems
that sense the nature and significance of developing risk

situations, and communicate these perceived risks to the
driver. The PReVENT integrated project has developed
and demonstrated various functions that create a “virtual
safety belt” round the vehicle (Figure 1), such as:

e foresighted driving by the creation of an electronic
horizon through telecommunications: drivers are
warned early of safety related hazards ahead, either
from map-based information or through messages
from other vehicles.

e safe speed and safe following functions: drivers are
warned when entering a dangerous situation due to
high speed or short headway.

e enhanced lane-keeping support: assistance for
drivers when performing lane change manoeuvre;
warning and assisting drivers when they are
unintentionally going to leave the lane.

e intersection safety: informing drivers of dangerous
situations at intersections; communication with
traffic light signals.

collision mitigation and pre-crash systems: automatic
or semi-automatic braking when a collision becomes
unavoidable in order to reduce the severity of the
crash.

e integration of different functions in a single vehicle,
e.g. all-around collision warning.

These functions have high potential for saving lives, but
at the moment there are no methods available to compare
different functions and to quantify the safety impact of
the functions. The safety potential of a preventive safety
function is determined by several factors, such as the
technical reliability and performance, the interaction
between the driver and the vehicle, and the impact these
factors taken together has on the traffic safety level (safe
operation of the traffic system, interaction between users
and non-users) [1]. The evaluation is organised according
to three aspects: (1) technical evaluation, (2) human
factors evaluation and (3) safety potential assessment.
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Figure 1. Virtual safety belt.

The PReVAL project aimed at the development and appli-
cation of an assessment framework for preventive safety
systems that produced comparable and reproducible re-
sults for active safety functions. Starting from the ex-
perience gained in the evaluation activities in the PRe-
VENT subprojects, and from other related projects, pro-
cedures for technical, human factors and safety potential
evaluation were developed [2]. These procedures were
then applied to the applications in the INSAFES (INte-
grated SAFEty System) project, in which different appli-
cations developed in other PReVENT projects were inte-
grated into a single vehicle. Based on the feedback from
INSAFES and other experts and evaluations, the differ-
ent procedures were updated and integrated in a single
holistic framework. VTT’s main roles in PReVAL includ-
ed the coordination of the project and the management of
the safety assessment.

EVALUATION FRAMEWORK

The concept situational control was introduced as a
general concept linking the technical, human factors and
general safety impact assessment of preventive safety
systems within a common framework. Situational control
is defined as the degree of control that a Joint Driver-
Vehicle System exerts over a specific traffic situation.
With this concept, the general purpose of a preventive
safety system can be understood as an attempt to

increase situational control. Consequently, the general
goal of evaluation is to assess the extent to which this is
achieved.

The technical evaluation focuses on the technical per-
formance and reliability of the system and its ability to
detect imminent risks of losing situational control, i.e.
its competence in detecting dangerous situation devel-
opments. The technical evaluation is performed in two
phases: “Verification” to test the individual components
and subsystems against the technical specifications, and
“Validation” to test whether the goals and specifications of

the complete system are met.

The main goal of human factors evaluation is to assess
the extent to which the system succeeds in generating
the intended behavioural responses from the driver in
target situations, i.e. once the risk for loss of control is
detected, the ability of the function to affect situational
control through the driver by providing information and/
or warnings.

The goal of safety potential assessment is to make an
aggregate-level assessment of the effects on the harm
metrics (e.g. number of fatalities) based on general
assumptionsoftechnical performance,behavioural effects
and accident statistics. PReVAL used the behavioural




effects approach developed by eIMPACT (Socio-economic
impact assessment of stand-alone and co-operative
intelligent vehicle safety systems in Europe). The method
is based on the assessments of technical performance
and behavioural effects making use of accident statistics,
estimations of fleet penetration rates and other relevant
tools (see pp. 40-41).

The “V” design cycle, which is commonly used in the au-
tomotive industry, was extended by including the different
steps of the evaluation process (Figure 2). The new work-
flow is based on CONVERGE (Transport Telematics Sup-
port & Consensus) [3][4],
used in the PReVENT subprojects, and the experiences of
APROSYS (Advanced PROtection SYStems) [7] and AIDE
(Adaptive Integrated Driver-Vehicle Interface) [8].

the evaluation methodology

TECHNICAL AND HUMAN FACTORS EVALUATION

Technical and human factors evaluations go through the
following steps:

1. System and functions description: at the start of the
validation, a sufficiently detailed function descrip-
tion needs to be available, which is common for all
assessments and done in a consistent way to ensure
that all information needed for developing the evalu-
ation plan is available and that similar systems can
be compared.

2. Expected impacts: for technical evaluation, this step
involves describing the technical objectives of the
system in such a way that it is possible to evaluate
the performance of the system. For human factors
evaluation, this step involves generating hypotheses
on how the system can be expected to change the

5.

driving behaviour in the target situations. This

step includes definition of indicators for measuring
relevant aspects of system performance in the target
situations.

. Test Scenario definition: in order to verify the

expected impacts and hypotheses, test scenarios

are defined for the different evaluations. The
scenarios are specified through a description of the
manoeuvres, operational conditions for the tests and
the parameters of the target objects for detection.

. Evaluation method selection: the selection of

the evaluation method depends on the desired
level of result quality, as well as availability of
resources. The range of methods available includes
inspection methods (e.g. expert panels), inquiry
methods (Human Machine Interface concept
simulators; simulator studies; Computer Aided
Engineering methods, including hardware-in-the-
loop simulations), and trial methods (professional
or test drivers on a test track, roads or in a driving
simulator).

Measurement plan: the test plan specifies the
number of tests and the definition of independent
and dependent variables. The goal should be to get
statistically significant answers for all hypotheses
under evaluation.

. Execution and reporting: the verification and

validation tests are executed, data are analyzed and
conclusions are drawn.

SAFETY IMPACT ANALYSIS

The methodology used to estimate the safety potential
was the behavioural effect approach, which is developed
in the eIMPACT project (see next chapter). The rationale

Safety Safety
Use Cases mechanisms| Impact analysis
Safety po(entlal
[
Functional ; Hypothese}{ jcfenano H Mlethod H Tlest Validation
S efinition selection pfn (function level)
' Human Factors ] Human Factors
+ .
dF“"C,“O,n Expected Scenario Method Test '[MJ
escription impacts definition selection plan /
Expected Scenario Method Test
Technical impacts definition selection plan
Specifications ; (component level) Figure 2. Evaluation
i Technical

framework, including
technical evaluation,

=> Design cycle

human factors evalua-
= Evaluation cycle

Design

tion and safety impact
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of this approach is to assess a number of safety impact
mechanisms, starting with how the functions affect
driver behaviour and travel patterns. Based on previous
research results relating to the relationship between
driver behaviour and crash risk, and/or consequence
or desktop estimates based on expert judgments, these
behavioural changes are projected into relative and/or
absolute changes in fatality numbers.
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SAFETY IMPACT ASSESSMENT OF INTELLIGENT
VEHICLE SAFETY SYSTEMS

Pirkko Rimd, Risto Kulmala, Niina Sihvola, Anna Schirokoff

ABSTRACT
The safety impacts of 12 in-vehicle safety systems IVSS

were studied to provide impact estimates for a benefit
cost analysis. An exhaustive method for the analyses
was developed. The results showed that IVSS have con-
siderable potential to improve traffic safety. With the as-
sumed market penetration in 2020, the most prominent
systems included Electronic stability control, Speed alert,
eCall and Lane-keeping support. It seems to be important
to develop several systems in parallel.

INTRODUCTION

The eIMPACT project (Socio-economic impact assessment
of stand-alone and co-operative intelligent vehicle safety
systems in Europe) assessed the socio-economic effects
of Intelligent Vehicle Safety Systems (IVSS) and their im-
pact on traffic, safety and efficiency. VIT’s role focused
on the development of a safety impact assessment meth-
od, provision of safety impact estimates and fleet pene-
tration rates for the 12 systems included in the study.

The safety impact assessments were provided for two tar-
get years, 2010 and 2020, and two penetration scenarios

business as usual and an enhanced, promoted business

scenario. The safety impact estimates in terms of per-
centage changes were followed with numerical estimates
of avoided fatalities and injuries. This provided a central
input for the benefit cost calculations, which estimated
monetary value for these benefits.

The impacts of intelligent vehicle systems may appear in
many, also unexpected, ways. Examples of effects ex-
pected to increase traffic safety are avoiding speeding,
reducing speed and anticipating an incident or hazardous
conditions, stopping car driving when tired, etc. Exam-
ples of unexpected effects could be more careless driv-
ing, shorter headways, increase in speed, distraction or
even positive learning effects or imitating the effects of
equipped vehicles.

METHOD

The method developed for the safety impact assess-
ment was based on previous understanding of the im-
pact mechanisms of ITS, which cover the three fac-
tors —accident risk, exposure and severity of conse-
quences - contributing to road safety. In the analy-
ses, the three main factors for traffic safety were cov-
ered by the nine behavioural mechanisms in Draskoc-
zy, Carsten and Kulmala [1]. The first five mechanisms
are mainly connected to the accident risk, namely (1)
direct in-car modification of the driving task, (2) di-
rect influence of roadside systems, (3) indirect modi-
fication of user behaviour, (4) indirect modification of
non-user behaviour and (5) modification of interaction
between users and non-users. The second group deals
with exposure: (6) modification of road user exposure,
(7) modification of modal choice, (8) modification of
route choice. Finally, there is the mechanism (9) Modi-
fication of accident consequences.
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eIMPACT applied and demonstrated the ideas widely, and
further developed a tool to systematically analyse the ef-
fects. The power of the tool is to take into account the
nine safety impact mechanisms, the relevant variables
in accident data and the frequency of different accident
types or circumstances in the data.

The twelve systems selected for the analyses were:
1. Electronic Stability Control (ESC)

Full Speed Range ACC (FSR)

Emergency Braking (EBR)

Ll o

Pre-Crash Protection of Vulnerable Road Users
(PCV)

Lane Change Assistant (Warning) (LCA)
Lane-Keeping Support (LKA)
NightVisionWarn (NIW)

Driver Drowsiness Monitoring and Warning
(DDM)

9. eCall (one-way communication) (ECA)

10. Intersection Safety (INS)

11. Wireless Local Danger Warning (WLD)

12. SpeedAlert (SPE)

© N o u

The expected benefits are highly dependent on how wide-
ly the systems will be in use in the target years. The es-
timation of penetration rates took into account the rele-
vant information on market acceptance of IVSS from ear-
lier and ongoing EU projects; information about the per-
centages (volumes of new cars) of different car segments

(from small cars to luxury cars); several years to reach
the target market shares set for transport policy; the cur-
rent market acceptance rates; differences between goods
vehicles and cars.

Two penetration scenarios were provided. The high fleet
penetration degrees assume that the implementation of
IVSS will be promoted by incentives, campaigns or other
additional measures.

RESULTS

For the high fleet penetration scenario, the most prominent
systems in 2020 would be ESC (14% decrease in fatalities),
Speed Alert (5% decrease in fatalities), eCall and Lane-
keeping support (3% decrease in fatalities) (Figure 1).

The Emergency Braking system is assumed to have quite
good potential to improve road safety. However, it is not
expected to have high impact in 2020 because of the low
penetration rate. NightVisionWarn and Driver Drowsi-
ness Monitoring and Warning have quite similar effects:
both systems seemingly focus on a significant group of
accidents but the effectiveness to prevent these accidents
was estimated to be limited. Intersection Safety was as-
sessed to be somewhat more effective, but the target ac-
cident group of fatalities is relatively small in EU, and
therefore the system’s safety potential to reduce fatali-
ties is limited. The potential to reduce injuries is much
higher.

Safety effect on fatalities by system and penetration rate
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Full Speed Range ACC (FSR) has the lowest potential im-
pact on fatalities. This system targets only a small share
of all accidents (but is expected to be quite effective in
preventing those). This is also the case for Lane Change
Assistance (LCA) and, to a lesser extent, for Pre-Crash
Protection of Vulnerable Road Users (PCV).

In all, the effects of individual IVSS may appear to be
smaller than expected, especially when looking at the
low scenarios and estimates for the earlier target year
2010. It is however typical for traffic safety measures:
the magnitude of individual measures is not usually very
high. Several measures are needed to improve traffic
safety. In addition, when the effect estimates indicated
in terms of percentage changes were applied in the acci-
dent figures expected in 2010 and 2020, the results show
considerable savings. ESC in the assumed high penetra-
tion in 2020 would contribute to avoiding 3,250 fatalities
and 52,000 injuries.

eIMPACT studied individual systems, not combinations
of systems. However, a very theoretical scenario in which
all 12 systems are implemented would provide an insight
into the magnitude of the effects of IVSS. For the high
scenario in 2020, a theoretical estimate would mean a de-
crease of 26% in fatalities, for the implemented in full-
scale, 55%. The estimate is quite positive considering that
the systems studied are mainly warning systems leaving

the control of the vehicle to the driver. However, it is im-
portant to notice that these figures are based on analyses
excluding all interaction among systems. It is also note-
worthy that many of the systems have other than safety
benefits - they improve comfort and mobility as well.

In terms of percentage changes, the effects on injuries
are smaller than the effects on fatalities for electronic
speed control (ESC) and for lane-keeping support (LCA),
and no effects are shown for eCall (Figure 2). For speed
alert (SPE), the effects on injuries are near the same as
for fatalities.

For many systems, the target year 2020 may be too early
to reach any significant penetration and safety benefits;
examples of these are Intersection safety system, Wireless
local warning system, Full speed range ACC, Pre-crash
protection of vulnerable road users and Lane change as-
sistance warning system. Therefore, it is also useful to
discuss the potential of the 12 systems to improve road
safety for full penetration. According to the estimates,
electronic stability control (ESC) and lane-keeping sup-
port (LKS) were estimated to be the most powerful in pre-
venting fatalities, showing decreases of 15% to near 179%.
The effect of estimates of speed alert (SPE), emergency
braking system (EBR), emergency call (ECA), and driver
drowsiness (DDM) varied between 5% and 9%.

Safety effect on injuries by system and penetration rate
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Safety effect on fatalities by system in full penetration rate
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Figure 3: The effect of the 12 systems on fatalities in full penetration. SPE1 is for fixed speed limits. SPE2 is
dynamic and takes into consideration variable speed limits.
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Safety effect on injuries by system in full penetration rate
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Figure 4: The effect of the 12 systems on injuries in full penetration. SPE1 is for fixed speed limits. SPE2 is
dynamic and takes into consideration variable speed limits.




Lane-keeping support (LKS) would be the most power-
ful in preventing injuries (-9%), intersection safety (INS)
and emergency braking (EBR) came next (-7%).

DISCUSSION

It was estimated that the systems would contribute to im-

prove traffic safety considerably. The effects resulted in a

combination of several parallel impact mechanisms, with

intended and unintended impacts. Four main factors af-

fecting the ranking of the systems were as follows:

e The assessed effectiveness of the IVSS to prevent
targeted fatalities and injuries

e The share of relevant accidents in the EU25 data

e The assumed fleet penetration of the system

e The assumed accident trend.

Consequently, Speed Alert and ESC are effective because
both systems target several accident types in the acci-
dent data with significant shares of all accidents. In ad-
dition, the effectiveness in preventing target accidents
was estimated to be good and fleet penetrations in 2020
to be significant.

eIMPACT provided specific, unified estimates of traffic
and safety effects. Together with cost benefit analyses,
the results form an integrated estimate of costs and ben-
efits of twelve IVSS. A comprehensive approach was fol-
lowed to generate the results. The approach made use of
scientific and transparent methodologies and state-of-
the-art results to generate the results. The basis of the
assessment is valid and it is strongly suggested that the
safety assessments of any advanced driver assistance
system should be based on this type of approach. The ap-
plication of the approach suggests that this type of anal-
ysis is doable with practical and valuable results. In the
future, when more accurate data is likely to be available,
the safety estimates can be further improved.

eIMPACT also provided perspectives on the market in-
troduction of IVSS. The results of eIMPACT can be used
to provide guidance in the deployment of IVSS. The re-
sults support decision-making processes for research
programmes in terms of focus and funding, as well as
awareness, promotion and deployment activities at the
EU, national and regional levels. These results can also
be used by policy makers, road operators and driver clubs
in terms of investment, promotion and deployment deci-
sions. Finally, industry and insurance can take the re-
sults as needed to develop product and innovation strat-
egies.
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POTENTIAL SAFETY IMPACTS OF IN-VEHICLE

INFORMATION SERVICES

Elina Aittoniemi

ABSTRACT

The main aim of this study was to assess the potential im-

pacts of real-time personal road traffic in-vehicle infor-
mation systems on injury accidents in Finland. An expert
survey was used to measure the safety impacts. The re-
sults showed that a weather and road condition warning
service and a well-implemented route and service guid-
ance system would improve traffic safety and reduce the
number of injury accidents in Finland. Incident warning
systems do not have a notable safety impact due to the
small number of incidents on Finnish roads, but their pri-
mary purpose is to improve traffic flow.

INTRODUCTION

By providing traffic information to the driver it is possi-
ble to reduce the time needed for travelling and the driv-
er’s stress, as well as to improve driving comfort. With the
help of real-time traffic information services, information
on routes, timetables and traffic jams, as well as enter-
tainment information, can be provided to the driver.

The benefits are, however, not undisputable. With the in-
creasing popularity of different in-vehicle devices that
require direct attention from the driver, driver distrac-
tion can occur on different levels, preventing the driver
from concentrating on his primary task of safe driving.

METHOD

The safety impacts of in-vehicle information systems
have been studied very little worldwide. The impacts
have seldom been quantified and none of the reviewed
studies found provided an extensive safety evaluation.

In order to numerically define the possible safety impacts,
an expert survey was carried out by applying the Delphi
method. The Delphi method is a popular tool for assess-
ing different problems with the help of experts’ opinions.
Three services were selected in the impact study: (1) a
weather and road condition warning service, (2) an inci-
dent warning service, and (3) a route and service guid-
ance system. The participants were asked to estimate the
magnitudes of different impacts of the use of in-vehicle
information systems. The survey was implemented as an
Internet survey in two stages. The experts for the sur-
vey were invited through Finnish and international net-
works.

RESULTS

135 Finnish and international experts answered the sur-
vey in the first stage and 67 of them also answered in its
second stage. Provided these systems are installed in eve-
ry passenger car in Finland, injury accidents due to bad
weather and road conditions could be reduced by 11-18%
per year. Through use of the route and service guidance,
all injury accidents could be reduced by 0.5-2.5%. These
reductions correspond to annual reductions in injury ac-
cidents by 87-137 and 15-83 respectively. Injury acci-
dents during incidents could be reduced by approximate-
ly 1%, but due to the low number of incidents on Finnish



roads, the service does not have a notable impact on the
amount of injury accidents. The primary benefits of an
incident warning system concern benefits in traffic flow.

DISCUSSION

Implementing a weather and road condition warning
service as a mobile or in-vehicle device in Finland as ex-
tensively as possible is recommended on the grounds of
this study. The incident warning service does not provide
significant benefits regarding injury accidents, but it
could be implemented as part of a route guidance system
to offer benefits to traffic flow. The route guidance and
service system has a positive impact on injury accidents,
but attention has to be paid to its implementation in order
to keep the driver workload on an acceptable level.

Indicative information on the potential safety impacts
of in-vehicle information systems was achieved through
the study. As an advantage of the study implementation,
information on the magnitude of separate safety impacts
of the use of in-vehicle information systems was also
obtained. The greatest positive impacts were achieved
through a reduction in average speeds and trip lengths,
and through a better driving style in general due to the
use of the systems. Receiving and processing the warn-
ing and information messages had the greatest negative
impact on safety.
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