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Executive summary

Introduction to eIMPACT

Intelligent Vehicle Safety Systems (IVSS) are seen as having
tremendous potential for reducing road fatalities, which were over
40,000 in 2005 in the EU. ICT systems such as ABS, cruise control,
adaptive cruise control and electronic stability control (ESC) have
been on the market for years, in some cases decades. The uptake of
these systems varies; ESC has had a relatively quick uptake and now
is present in approximately 40% of vehicles on the road. ACC on the
other hand is installed on less than 1% of vehicles. To achieve safety
goals, more vehicles need to be equipped. The deployment of the
systems should be accelerated. To accelerate deployment,
stakeholders such as road authorities, policy makers and industry
want to know which systems should be chosen to be accelerated,
and why?. What are the benefits? Who do they benefit? Who should
promote them, and how? Different stakeholders have different
emphases. The eIMPACT project, "Socio-economic Impact
Assessment of Stand-alone and Co-operative Intelligent Vehicle
Safety Systems (IVSS) in Europe", addresses the need to quantify
the effects of the systems in order to support decisionmaking about
research, investments, deployment incentives, etc. eIMPACT is part
of the EU's Sixth Framework Programme for Information Society
Technologies and Media.

The project carried out impact assessments of twelve stand-alone
and cooperative systems at the EU level, for 2010 and 2020. For
each of these two future years, a scenario with a low penetration rate,
reflecting no incentives to accelerate deployment, and a high
penetration rate, including policy incentives for system deployment,
was analysed. Outputs include safety impacts in terms of reductions
in fatalities, injuries and accidents, traffic effects in terms of direct
(traffic flow) and indirect (reduction in congestion) effects, and the
cost-benefit analysis (CBA) for the twelve systems. The CBA was
extended by a stakeholder analysis, examining the costs and benefits
incurred by users, industry and public authorities. Finally, policy
options and strategies were explored for deployment strategies of
IVSS.

eIMPACT produced an integrated set of quantitative impacts that can
inform decision making on strategic orientation, innovation,
investment, awareness, promotion and deployment activities by
stakeholders. The exploration of possible policy options and
strategies provides insight into what elements form a successful
deployment strategy. Thus, eIMPACT supports the three pillars of
the EC’s Intelligent Car Initiative (ICI), addressing stakeholders,
research, and awareness-raising.

The guiding principles of the eIMPACT analyses reflect the
information available to the partners at the time. Most of the systems
analysed were not yet on the market, therefore little or no empirical
information was available. The ex-ante analyses are based on the
most recent empirical results, literature review and expert judgment
available. The bases of findings are made as transparent as possible.

Deliverable D10 (incl. D9)
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Most importantly, the results can be improved when new findings
from Field Operational Tests (FOTs), driving simulators and test
tracks are made available.

Systems Analysed in eIMPACT

The twelve systems selected for analysis in eIMPACT reflect a three-
step method, where all potentially beneficial systems were
considered, the most promising systems were selected and a
balanced choice was finally made. Firstly, eIMPACT developed an
overview of the potential systems to be considered, based on the
findings of EU projects. Secondly, the systems were ranked in a
workshop with stakeholders, external experts and representatives of
EU research projects on IVSS, using a multi-criteria assessment. The
third and final step made use of the portfolio method to reduce the
number of systems. In the portfolio method, eIMPACT chose a set of
systems such that the set of systems:

e covers a range of time-to-market (present — 2020);
e covers both stand-alone and cooperative systems;

e covers systems addressing different types of functionality
(longitudinal, lateral, etc.);

o reflects the ranking from the workshop;

e chooses the highest ranking systems meeting all of the criteria
above.

The following twelve systems met the criteria above (in brackets: the
3-letter abbreviation used in tables and figures throughout this
report):

1. Electronic Stability Control (ESC)

Full Speed Range ACC (FSR)

Emergency Braking (EBR)

Pre-Crash Protection of Vulnerable Road Users (PCV)
Lane Change Assistant (Warning) (LCA)

Lane Keeping Support (LKS)

NightVisionWarn (NIW)

Driver Drowsiness Monitoring and Warning (DDM)

© 0 N o gk 0D

eCall (one-way communication) (ECA)

=
©

Intersection Safety (INS)

=
=

Wireless Local Danger Warning (WLD)
12. SpeedAlert (SPE)

The Deliverable, “Stand-alone and co-operative Intelligent Vehicle
Safety Systems — Inventory and recommendations for in-depth socio-
economic impact assessment,” (D2, [Vollmer et al., 2006]) documents
the selection process.

Deliverable D10 (incl. D9)
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Main results

elMPACT produced two types of results. Firstly, eIMPACT developed
and applied a complete, exhaustive and integrated methodology for
impact assessment, cost-benefit analysis, stakeholder analysis, and
policy deployment strategies. Secondly, eIMPACT produced
gquantitative results for impact assessment, benefit-cost ratios and
stakeholder analyses.

Methodologies

The integrated approach used engineering, demographical,
economic, psychological and behavioral views in the analyses.

With respect to the individual analytical approaches:

e The safety impact analysis made use of nine mechanisms to
address all possible effects of IVSS. The mechanisms cover
exposure, crash risk and consequences, including intended
and unintended impacts and “positive” and “negative” impacts.
After choosing a main factor out of a possible 6 from the
accident data, such as collision type, junction, weather
conditions, this information was combined with the frequency
of target conditions in the accident data, and applied to the
eIMPACT accident trend data for 2010 and 2020 to produce
guantified estimates of the reductions in the number of
accidents, fatalities and injuries.

e The traffic impact analysis took into account both the direct
effects, e.g., changes in speeds and headways, and indirect
traffic effects in terms of reduced congestion due to avoided
accidents with fatalities and injuries.

e The socio-economic impact assessment is a comprehensive
framework which integrated the assessment framework to
show the profitability of the IVSS on a societal level.

e The stakeholder analysis extended the results of the cost-
benefit analysis by exploring a wider socio-economic
perspective on key interest groups: system users, OEMs and
suppliers, the insurance industry and public authorities.

e The policy analysis identified the key elements for a
successful market introduction. It also developed a
methodology for support policy development for accelerated
market introduction.

These methodologies were developed and applied to systems not yet
on the market. The project demonstrated the usefulness of the
approach itself, as well as the potential value of the systems not yet
on the market.

Deliverable D10 (incl. D9)
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80.000

Results

elIMPACT applied the methodologies to produce quantitative results
for the safety and traffic impacts and costs and benefits of twelve
IVSS for the EU for 2010 and 2020. For this, an estimate of the
accident trend for the years 2010 and 2020, as well as the estimation
of penetration rates of systems for these years had to be made.

Accident trend

No up-to-date forecast of the safety performance (accidents/
casualties) for 2010 and 2020 was available for the EU-25.
Consequently, the project produced its own road safety forecast.

Figure 1 shows the road safety predication, and a comparison
between the forecast outcomes and the targets and predictions of the
EC and DG TREN respectively. Due to the chosen forecast approach
and the updated accident data used, the number of fatalities
predicted within eIMPACT for 2010 are higher (33,900) than the
White Paper target (25,000) or the values of the Midterm Review
(32,500).
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Figure 1: Comparison of number of fatalities predicted by eIMPACT (2008) and EC
road safety forecasts / targets (2001, 2006).

The estimated numbers of fatalities in 2010 (33,895) and 2020
(20,791) form the “accident base”, to which the changes in the
number of fatalities are applied (a similar process is followed for the
injuries). In the accident base for 2010 and 2020, the effect of the
ESC systems currently on the market has been accounted for. Only in
the quantification of the effects of ESC itself has a larger accident
base been used (to exclude the effects of ESC), in order to show the
impact of ESC in a realistic way.
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Scenarios & Penetration rates

The safety and traffic impacts and benefit-cost ratios (BCRs) of IVSS
are related the number of kilometers driven with equipped vehicles on
equipped roads. For this reason, eIMPACT undertook a three-step
process to determine the number of equipped kilometers that were
driven in 2010 and 2020.

In step 1, the penetration rates for each system for passenger cars
and goods vehicles were estimated for 2010 and 2020. This rate
reflects both vehicle equipment (and road equipment, if appropriate)
and retrofits of vehicles, for systems where that was possible. The
first scenario represents the “Business as usual” scenario, that is, one
without incentives to promote IVSS. In contrast, a “high” scenario for
each target year was developed, assuming that policies to accelerate
deployment of IVSS are undertaken. This scenario reflects a higher
penetration rate. Figure 2 shows the penetration rates for passenger
cars for the 2010 and 2020 low and high scenarios. Penetration rates
were also determined for goods vehicles and busses.

Penetration rates (fleet) for the passengers cars

80 %

70 %

60 % A

50 % A

40 % -

30 % A

20 % A

10 % -

0% -

|

ol rﬂ rﬂ_rﬂ.f

dl n

W2010 low
@ 2010 high
02020 low
02020 high

ol

ESC FSR EBR PCV LCA LKS NIW DDM ECA INS WLD SPE

Figure 2: Estimated penetration rates for the passenger fleet in %, 2010/2020, low
and high scenario.

The second step translated the estimates for new vehicles to the fleet
penetration rates for the whole vehicle fleet in the years 2010 and
2020, on the basis of current vehicle fleet age distributions in each
member state.

The third step produced the number of kilometers driven by equipped
vehicles on equipped infrastructure, an important input for impact
assessments. The calculation convoluted the distribution of vehicles
by age and the distribution of annual vehicle kilometers by vehicle
age.

Deliverable D10 (incl. D9)
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Safety Impact

All the IVSS investigated in eIMPACT show a great safety potential.
Figure 3 shows the expected reduction in fatalities in the high
penetration rate scenario in 2020, as well as the potential reduction if
all vehicles and roads would be equipped. This figure shows that few
systems are close to achieving their potential; most are not. As a
benchmark, each percentage reduction in fatalities represents
approximately 230 fatalities. In the case of ESC in the 2020 high
scenario, 3,253 fatalities would be avoided at the penetration rate of
about 75%.

Table 1 contains the absolute numbers of fatalities and injuries
avoided for all scenarios. The 14% reduction in fatalities by Electronic
Stability Control in the 2020 high scenario from Figure 3 corresponds
to the 3,253 avoided fatalities in the 2020 high scenario in Table 1.

For the cooperative systems using infrastructure, eCall and
Intersection Safety, the potential case only is shownl. Among the
group of the twelve selected IVSS, Electronic Stability Control, Lane
Keeping Support and SpeedAlert show the highest absolute numbers
in avoiding fatalities and injuries at the estimated penetration rates.
The potential of eCall (implying 100% penetration for a fair
distribution of infrastructure equipment costs) represents also a
significant reduction of fatalities and severe injuries. The difference in
penetration rate explains the large differences between the 2020 high
scenario and the potential scenario for some systems, such as the
Lane Keeping System.

ESC FSR EBR PCV LCA LKS NWwW DDM ECA INS WLD SPE

0,0% i i

-2,0%

-4,0%

-6,0%
-8,0% -+

-10,0% +—
-12,0% +—

-14,0% -
-16,0% l

-18,0%

‘D Fatalities 2020 high m Potential fatalities ‘

Figure 3 Percentage reduction in fatalities in the 2020 high scenario (yellow) and at
100% penetration rate (yellow and orange combined)

1 For eCALL and Intersection Safety, the benefit-cost ratio is displayed only for the potential
case (equipment of the total vehicle fleet, 100% penetration) for reasons of a fair allocation of
infrastructure investment costs.
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Figure 3 also shows that no single system reduces the number of
fatalities to zero at 100% penetration rate. In order to achieve the
goal of “zero fatalities”, it is not a matter of choosing either this
system or that one. Rather, it is a combination of systems that will
lead to the goal of zero fatalities.

Table 1: The number of avoided fatalities and injuries for each IVSS. Note: the values
for eCALL and Intersection Safety are only valid for the potential case

Fatalities Injuries
2010 2020 2010 2020
low high low high low high low high
ESC 1,914 2,240 2,577 3,253 32,792 38,265 41,549 52,182
FSR n.a. n.a. 49 101 n.a. n.a. 3,668 9,774
EBR n.a. n.a. 72 193 n.a. n.a. 4,241 10,925
PCV n.a. n.a. 14 39 n.a. n.a. 718 1,918
LCA 2 11 33 86 264 1,189 3,449 8,596
LKS 56 149 197 678 1,420 3,784 5,109 17,296
NIW 2 10 30 73 87 367 1,046 2,542
DDM 4 13 20 94 153 367 682 2,715
severe: 13,691 severe: 8,398
ECA 1,955 1,199 slight: -15,647 slight: -9,598
INS n.a. 803 n.a. 63,700
WLD n.a. n.a. 29 66 n.a. n.a. 989 1,906
SPE 77 119 753 1,076 2,405 3,463 24,643 34,887
Base 33,895 20,791 1,409,415 873,695

Traffic Impact

With eIMPACT'’s focus on safety systems, only five of the twelve
systems were expected to produce direct traffic effects. All twelve
systems produced indirect traffic effects, due to the reduction in the
number of accidents. Traffic impacts were modest compared to
safety impacts at the estimated penetration rate. This is logical
because the systems are primarily designed to improve traffic safety.

In general, the analyses showed that safety systems have no
negative effect on traffic flow (direct effects) at the penetration rates
examined in eIMPACT.

All systems produce effects locally (on a cross-section), due to
change in speed, earlier braking, increased headways, and change in
gap acceptance. The effects on the network level are very small to
negligible, primarily due to the low penetration rates and the fact that
the local effects of IVSS are cancelled out by other traffic flow
characteristics (e.g. delays at traffic lights). Only SpeedAlert showed
a slight increase in overall travel times on rural roads due to the
speed reduction.

The indirect traffic effects (at estimated penetration rates) were more
substantial. Positive benefits were found for all systems. The greatest
effects were found for systems that are effective on all road types
(especially motorways) and in high density traffic (when accidents are
most likely to cause congestion).

Deliverable D10 (incl. D9)
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250
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(benefits in MEUR, 2020 high scenario)
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Figure 4: Direct and indirect traffic benefits of twelve IVSS in the 2020 high scenario,
in MEUR

Figure 4 shows the value of the direct and indirect traffic effects for
the 2020 high scenario, expressed in millions of euros. All systems
had positive indirect effects, as a result of the reduced accidents
resulting in reduced congestion. Figure 4 also shows that only
SpeedAlert had direct traffic effect. The negative effect of slightly
longer travel times was offset by positive environmental effects due to
lower speeds. In monetary terms, it was a relatively small effect.

Cost-Benefit Analysis

On the basis of the benefit-cost ratios, the clear majority of the IVSS
investigated in eIMPACT is distinctly profitable from the society point
of view.

Table 2 provides an overview of the benefit-cost ratios for all
scenarios at the estimated penetration rates and share of driven
kilometres with the systems. For eCall and Intersection Safety —
which both require infrastructure investment — the benefit-cost ratio is
displayed only for the potential case (equipment of the total vehicle
fleet, 100% penetration) for reasons of a fair allocation of
infrastructure investment costs.

Deliverable D10 (incl. D9)
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Table 2: Synopsis of the Benefit-Cost Ratios

2010 2020

low high low high
ESC 4.4 4.3 3.0 2.8
FSR n.a. n.a. 1.6 1.8
EBR n.a. n.a. 3.6 4.1
PCV n.a. n.a. 0.5 0.6
LCA 3.1 3.7 2.9 2.6
LKS 2.7 2.7 1.9 1.9
NIW 0.8 0.9 0.7 0.6
DDM 2.5 2.9 1.7 2.1
ECA 2.7 1.9
INS n.a. 0.2
WLD n.a. n.a. 1.8 1.6
SPE 2.2 2.0 1.9 1.7

n.a. not available

Looking at the results for the year 2010, all introduced systems —
except NightVisionWarn which is close to 1 — are fairly above the BC-
threshold of 1 which indicates the profitability of a system from the
society point of view. Electronic Stability Control and Lane Change
Assistant are the two systems which achieve BCR’s of more than 3.
The result of 4.4 for Electronic Stability Control implies that every
spent Euro leads to societal benefit of 4.40 Euro. Four systems are
above 2: Lane Keeping Support, Driver Drowsiness Monitoring and
Warning, eCall and SpeedAlert. NightVisionWarn is around 1. The
other systems are not available on the market or have no significant
market penetration in the year 2010.

In the year 2020 all twelve systems are available on the market.
Again, the clear majority of the systems prove their profitability from
the society point of view. The best system is Emergency Braking
which has a benefit-cost ratio of above 3. Lane Change Assistant and
Electronic Stability Control are in both scenarios above 2. Six
systems have a BCR of between 1.5 and 1.9: eCall, Lane Keeping
Support, Driver Drowsiness Monitoring and Warning, Full Speed
Range ACC, Wireless Local Danger Warning and SpeedAlert. The
remaining systems are below 1 under the estimated conditions:
NightVisionWarn, Pre-Crash Protection of Vulnerable Road Users
and Intersection Safety. However, no premature conclusions should
be drawn about the profitability of those systems. The result only
indicates that from the society point of view they are less efficient
than other systems and they are not efficient under the current
estimated conditions. However, as the functionality of the system may
be enriched or system costs will decline in the future, the benefit-cost
ratio may be significantly higher.

Sensitivity analyses can provide some indication on this effect.
Moreover, it might also be the case that parts of the benefit (i.e.
higher driving comfort) are not properly reflected in the framework of
the cost-benefit analysis because the CBA focus is limited to savings
of productive resources, whereas comfort effects represent a
subjective benefit. Hence, it is necessary to carry out stakeholder
analyses from the user perspective in order to explore benefits
beyond CBA.

Deliverable D10 (incl. D9)

Version 2.0 9



eIMPACT 11.08.2008

Stakeholder Analysis

Break-even analyses and the assessment of wider economic effects
were used in the stakeholder analysis.

The break-even analyses for system users reveal that the pay-off
period of investing in IVSS depends largely on the kilometers driven
per year. Since frequent drivers are more exposed to safety risks,
systems which avoid driving conflicts or mitigate the consequences
are more attractive to them. At least for the 2020 high scenario, all
systems reach the break-even point within the average vehicle
lifetime which is assumed to 12 years throughout the eIMPACT
project.

The comparison between IVSS shows that mature systems and
systems with rather low market prices (e.g. Electronic Stability
Control, eCall) perform better in the break-even analysis than other
systems. This is illustrated in Table 3 by the scale ranging from ‘+++’
(indicating that the break-even point is reached within two years after
registration) to ‘-* (indicating that the break-even point is not reached
within twelve years).

The assessment of wider economic impacts (employment, fiscal, and
income distribution effects) leads to the following main results:

e The production of Electronic Stability Control represents a
considerable employment factor in the national and the European
economy. In the year 2010, about 3 million new vehicles will be
ESC-equipped in Germany. This corresponds to a sales volume
of about 1 bn EUR and a production value (direct and indirect
production) of about 2 bn EUR. The direct and indirect effects on
employment that result from production and implementation of
ESC in the year 2010 amount to about 10,000 employees. As
scenarios were also considered here, the range is between 8,800
(scenario low) and 10,500 (scenario high) employees. Scaling up
the results to the EU-25 (target year 2010) this would imply
employment effects between 27,000 (scenario low) and 40,000
(scenario high) employees.

e The fiscal revenues from the market penetration of Electronic
Stability Control and Emergency Braking — which were calculated
for the year 2020 — amount to a range between 131 million EUR
(scenario low) and 179 million EUR (scenario high). A comparable
calculation on European level would end up with a range between
662 million EUR (scenario low) and about 1,026 million EUR
(scenario high).

e Concerning income distribution no clear picture of effects can be
found. However, it can be shown that especially households with
more than one person and an average income receive higher
shares of the benefit than they bear through the costs of IVSS.

Deliverable D10 (incl. D9)
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System User Groups Year
2010 2020
Systems according to 1,000 kilo- Lo Hiah | Lo High
meters driven per year w '9 w '9
SUG 1: <5 - - - -
Electronic SUG2: 5-10 b s i s
Stability SUG 3: 10-15 + ++ ++ ++
Control SUG4: 15-20 ++ ++ ++ +++
SUG5: 20-30 ++ +++ +++ +++
SUG 6: > 30 ++ +++ +++ +++
SUG 1: <5 n.a n.a - -
SUG2: 5-10 n.a n.a - -
Emergency SUG3: 10-15 n.a n.a - -
Braking SUG4: 15-20 n.a n.a - -
SUG5: 20-30 n.a n.a - +
SUG 6: > 30 n.a n.a - +
SUG 1: <5 - - - -
SUG2: 5-10 - - - -
Lane Keeping SUG 3. 10-15 - - - -
Support SUG4: 15-20 - - - -
SUG5: 20-30 - - - +
SUG 6: > 30 - - - +
SUG 1: <5 + + - -
SUG2: 5-10 ++ ++ ++ ++
SUG 3: 10-15 ++ ++ ++ ++
ecal SUG 4: 15-20 B B |
SUG5: 20-30 +++ +++ +++ +++
SUG 6: > 30 +++ +++ +++ +++
SUG 1: <5 - - - -
SUG2: 5-10 - - - -
SUG3: 10-15 - - + +
Speed Alert SUG 4. 15-20 - - " "
SUG5: 20-30 - - + ++
SUG 6: > 30 - - ++ ++
Annotations:
- Break-even point is not reached within lifetime of the passenger car
+ Break-even point is reached within lifetime of the passenger car
++ Break-even point is reached in the first six years
+++ Break-even point reached in the first two years

Table 3: System profitability from the user perspective

Policy Options

In the eIMPACT project, a list of policy options for accelerated
deployment was compiled; also, different stakeholders ranked the
policy options (use, perceived effectiveness, and feasibility). The
analysis of the policy options showed that there is no single ideal
strategy to promote all selected IVSS. This is because there are
different stakeholders involved per IVSS, mainly depending on
whether the system is stand alone or cooperative, available on the
market or near market introduction, factory-fitted or after market. In
addition to these factors, whether there is an attractive business case
for the stakeholder that bears the main financial load of a strategy is
also crucial. It is more important to find a combination of instruments
that all relevant stakeholders can agree on than merely selecting a
number of instruments that are perceived to be the most effective
ones.

Deliverable D10 (incl. D9)
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Recommendations to progress towards a strategy to promote IVSS
from the key elements that have been identified are:

e Do not try to create a uniform strategy to promote IVSS.

e Focus on a jointly agreed upon bundle of instruments to be
used by all relevant stakeholders for a specific system.

¢ Round table discussions for stakeholders should take place
on a regular basis.

e The methodology described and applied in eIMPACT can
serve as a basis, to acquire empirical data regarding
evaluation parameters from a stakeholder specific
perspective, for the round table discussions.

e One organization or stakeholder should take the lead in
organizing this process. A possible organization could be
eSAFETY.

Conclusions and Recommendations

elIMPACT has contributed valuable knowledge about the types and
magnitude of the benefits for twelve IVSS.

eIMPACT developed complete, exhaustive and integrated
methodologies for socio-economic impact assessment, exploration of
policy options, and extension of the CBA to stakeholder analysis.
There were applied successfully in the project to produce an
integrated impact assessment of twelve IVSS. The approach can be
used in the future to assess other stand-alone and cooperative IVSS
as well as other ICT systems. The methodologies can be applied to
safety systems as well as systems that may have other primary
effects.

New information available in the future can be used to improve the
estimates provided by elIMPACT. For example, Field Operational
Tests in Europe, Japan and the US can provide valuable empirical
data about driver behavior, attitudes, risk, exposure willingness to pay
and cost data needed for evidence, improved assessments and
systems. Such information can be used to improve the impact
assessments of systems such as those addressed by eIMPACT.

Furthermore, the eIMPACT accident trend forms an important input to
the safety impact assessment and the CBA. Improved accident
forecasts can also produce more accurate safety impact estimates
and CBA. Future accident trend forecasts can be improved by
continued efforts toward a unified EU general accident database in
which definitions (e.g. injuries, road types, etc) are harmonized
across the EU. These continued efforts should begin to take into
account the potentials of new safety systems in the road safety
prognoses.

Note: The assumptions on which the penetration rates and impact
assessments were based were obtained from state-of-the-art
sources, whether that be literature or discussion with experts. The
results presented in the eIMPACT deliverables reflect the knowledge
of the partners in the eIMPACT consortium.
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1 Introduction

1.1 Background information about eIMPACT

Intelligent Vehicle Safety Systems (IVSS) are seen as having
tremendous potential for reducing road fatalities, which were over
40,000 in 2005 in the EU. ICT systems such as ABS, cruise control,
adaptive cruise control and electronic stability control (ESC) have
been on the market for years, in some cases decades. The uptake of
these systems varies; ESC has had a relatively quick uptake and now
is present in approximately 40% of vehicles on the road. ACC on the
other hand is installed on less than 1% of vehicles. To achieve safety
goals, more vehicles need to be equipped. The deployment of the
systems should be accelerated. To accelerate deployment,
stakeholders such as road authorities, policy makers and industry
want to know which systems should be chosen to be accelerated,
and why? What are the benefits? Who do they benefit? Who should
promote them, and how? Different stakeholders have different
emphases. The eIMPACT project, "Socio-economic Impact
Assessment of Stand-alone and Co-operative Intelligent Vehicle
Safety Systems (IVSS) in Europe", addresses the need to quantify
the effects of the systems in order to support decision making about
research, investments, deployment incentives, etc. eIMPACT is part
of the EU's Sixth Framework Programme for Information Society
Technologies and Media.

The project carried out impact assessments of twelve stand-alone
and cooperative systems at the EU level, for 2010 and 2020. For
each of these two future years, a scenario with a low penetration rate,
reflecting no incentives to accelerate deployment, and a high
penetration rate, including policy incentives for system deployment,
was analysed. Outputs include safety impacts in terms of reductions
in fatalities, injuries and accidents, traffic effects in terms of direct
(traffic flow) and indirect (reduction in congestion) effects, and the
cost-benefit analysis (CBA) for the twelve systems. The CBA was
extended by a stakeholder analysis, examining the costs and benefits
incurred by users, industry and public authorities. Finally, policy
options and strategies were explored for deployment strategies of
IVSS.

eIMPACT produced an integrated set of quantitative impacts that can
inform decision making on strategic orientation, innovation,
investment, awareness, promotion and deployment activities by
stakeholders. The exploration of possible policy options and
strategies provides insight into what elements form a successful
deployment strategy. Thus, eIMPACT supports the three pillars of
the EC’s Intelligent Car Initiative (ICI), addressing stakeholders,
research, and awareness-raising.

The guiding principles of the eIMPACT analyses reflect the
information available to the partners at the time. Most of the systems
analysed were not yet on the market, therefore little or no empirical
information was available. The ex-ante analyses are based on the
most recent empirical results, literature review and expert judgment
available. The bases of findings are made as transparent as possible.

Deliverable D10 (incl. D9)
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Most importantly, the results can be improved when new findings
from Field Operational Tests (FOTs), driving simulators and test
tracks are made available.

The consortium consists of 13 partners, representing Original
Equipment Manufacturers (OEM's) and suppliers, public authorities,
research institutes and universities, covering both the older and
newer EU states, and bringing the required perspectives into the
project.

The assumptions on which the penetration rates and impact
assessments were based were obtained from state-of-the-art
sources, whether that be literature or discussion with experts. The
results presented in the eIMPACT deliverables reflect the knowledge
of the partners in the eIMPACT consortium.

1.2 The scope and structure of the eIMPACT project

The main objectives of eIMPACT are:

e To carry out a socio-economic impact assessment of IVSS,
based on a description of relevant IVSS, and their expected
impacts on traffic safety and efficiency.

e To provide perspectives on the market introduction of IVSS,
integrating the input from the impact analysis, policy options
and stakeholder roles.

Figure 5 shows the work packages in eIMPACT. We briefly introduce
them below.

Input to the assessment included the identification and selection of
the most promising stand-alone and co-operative IVSS technologies
for in-depth socio-economic assessment (Work Package 1000,
Intelligent Vehicle Safety Systems). Systems are in various stages of
development. Some are close to or already on the market, while
others are in the testing and research and development stages.
Considerations of the time frame, up to the year 2020, guided the
choice of systems for in-depth socio-economic impact assessment in
elIMPACT. The choice provided direct input for the socio-economic
analysis, the development of market penetration and acceptance
scenarios, traffic and safety impact assessment and the identification
of enabling policy options for IVSS implementation.

Input to the socio-economic impact (Work Package 2000, Evaluation
Frame and Socio-economic cost-benefit analysis) also included
scenarios describing the penetration and acceptance of IVSS for the
years 2010 and 2020, and the assessment of the traffic and safety
impacts of the IVSS in these scenarios. Advanced micro-simulation
traffic models were applied in order to estimate the effects of IVSS on
traffic. Indicators for travel time, safety and emissions were quantified
to answer these questions (Work Package 3000, Impact Assessment
of Intelligent Vehicle Safety Systems). The safety impacts of the IVSS
were estimated, making use of the general accident data provided by
the Accident Causation Analysis STREP TRACE.

Identification of policy options available for enabling the
implementation of IVSS formed an important part of eIMPACT (Work
Package 4000, Policy Options for Facilitating Market Introduction).

Deliverable D10 (incl. D9)
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Public authorities need to understand what policy options they have
to support and promote the introduction of IVSS. A full range of
instruments for the implementation of the specific IVSS were
identified, and subsequently vetted by taking into account the user
and industry perspectives.

The output of the socio-economic cost-benefit analysis was used to
carry out a stakeholder-specific analysis (Work Package 5000,
Stakeholder Analysis and Overall Evaluation Results). The first
information about the desirability of IVSS provided by the CBA was
used to evaluate the specific desirability of the IVSS for each group.
The types of evaluation methods required include Financial and
Break-even analysis, applied to the specific situation of each
stakeholder. This analysis illuminates the risks and restrictions faced
by the different groups, and provides political decision makers with
better understanding of which policy instrument will be most effective
for IVSS implementation.

Integration and effective communication of the findings of this study
formed the concluding activities of eIMPACT (Work Package 6000,
Dissemination, Integration of results, and Final Workshop). A final
joint conference with the TRACE project was held in Paris on 26
June, 2008.

A feedback loop incorporating initial results from socio-economic
analysis, traffic and safety impacts and policy options formulation
allowed the maximization of learning and integration opportunities in
the project. These feedback loops allowed for checking consistency
of analyses between work packages and IVSS. This feedback loop
took place in several workshops, held in September, October and
December 2007 in Helsinki, Finland, Cologne, Germany and Delft,
the Netherlands. They led to refinement of work in other work
packages.

WP 1
Intelligent
Vehicle
Safety
Systems

Selection
and
Recommend
ations for
stand-alone
and co-
operative
systems

Feedback

WP 2 WP 3 WP 4 WP 5
Evaluation Impact Policy Stakeholder
Frame and Assessment Options for analysis and
Socio-economic of IVSS facilitating overall
cost-benefit market evaluation
analysis Market introduction results
acceptance
Evaluation Frame and Defining policy Users
penetration instruments for
Data collection enabling- OEM
] and compilation [ Traffic 1 framework ™
for EU-25 Impact approach Insurance
companies
Socio-economic Safety Policy
cost-benefit Impact implementation Public
analysis strategies
incorporating Allocation of
Sensitivity user/Indus-tries benefits and costs
analysis perspectives to stakeholder
arniing
WP 0 Project Management and Services
WP 6: Dissemination, Integration of results and Final Workshop
Dissemination Activities, Global analysis and final report and Final Workshop

Figure 5: Project organisation chart
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1.3 Structure of the report

To carry out its work, eIMPACT chose an integrated approach in both
methodology and work flow. The structure of this report follows the
logical structure of the work flow used in carrying out the project.
Figure 6 shows the work flow of eIMPACT. Each box represents a
major step and component in the project. The arrows show the flow of
information between the components.

This introduction is followed by the presentation of the system
selection and specification in Chapter 2. Chapter 3, Safety and Traffic
Impact Assessment of Intelligent Vehicle Safety Systems, presents
one of the two major parts of eIMPACT. This chapter covers the
methodologies and results achieved in developing the scenarios used
in eIMPACT, the eIMPACT accident trend and the safety and traffic
impact analyses. The outputs of Chapter 3 form some of the inputs to
Chapter 4, the Cost-Benefit Analysis (CBA). The extension of the
CBA to individual stakeholder groups is the subject of Chapter 5.
Chapter 6 addresses policy options for IVSS deployment. It also
describes a methodology for coming to multi-stakeholder strategies
for deployment IVSS. Chapter 7 places the findings of this project in
the perspective of a roadmap for IVSS.

N
‘ System selection & specification )2

l A

L System Penetration rates 2010 & 2020 3
J

3 3

5

— 3
eIMPACT Accident Safety Impact | .| Traffic Impact
Trend L
CBA
4
Policy Options 1
6 ‘ Stakeholder Analysis J
Figure 6: Work Flow in eIMPACT
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The remaining chapters state the eIMPACT project achievements and
results (Chapter 8) and outputs (Chapter 9). Finally, Chapter 10
draws conclusions from the project and provides recommendations
for future work.

The annexes contain the keywords for the report, a glossary of terms
used in this report and the specification of the twelve selected
systems.

Deliverable D10 (incl. D9)
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2 Inventory and recommendations for in-depth socio-economic impact

assessment

The aim of work package 1100, “Inventory and recommendations for
in-depth socio-economic impact assessment”, was to provide an
overview of upcoming technologies in the field of IVSS and to
recommend the most promising systems for evaluation. The list of
recommendations was not strictly obligatory for the following work
packages of the project. Methodological issues, the availability and
reliability of data and project resources determined the extent to
which the systems were analysed. Most but not all of the systems in
the list underwent complete in-depth impact analysis. Finally, the
system names were modified for clarity and consistency according to
developments in the field and recommendations from experts.

The ranking process and the aims were influenced by the interests
and points of view of different stakeholders, the need for a clear,
comprehensive, understandable and objective selection process and
consideration of the aims and possibilities of the project eIMPACT, as
well as the capabilities of the methodologies to assess IVSS.

The results of the ranking and selection process lay the basis for the
analyses in the rest of the eIMPACT project. Therefore, it was crucial
that the applied methodology meet several criteria:

o Firstly, it needed to provide a comprehensive base for system
selection,

e Secondly, it needed to enable a ranking of the most promising
systems on a transparent methodological base.

¢ Finally, it needed to recommend a choice of systems for in-
depth assessment which was in some way a representative
sample of IVSS.

The methodology consisted of three steps which reflected the goals
of the system selection process. Each step concluded with a distinct
result. Figure 7 provides an overview over the methodology followed
in eIMPACT.
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Figure 7: Overview of the system selection methodology of eIMPACT

Almost 30 systems from EU projects and initiatives were identified for
consideration for full analyses. Using selection criteria relevant to the
time window of the analysis (2006-2020), the nature of the system,
the European perspective, etc., the list was narrowed down to 20
systems. For each of these 20 systems, a “Systems Characteristics
Paper” (SCP) was developed. This SCP provided basic information,
on an A4, briefly describing the functional characteristics, time to
market, estimated costs, expected benefits, etc.

The process of discussing and selecting a limited number of systems
took place in a workshop. External experts, public officials, EU
representatives and EU 6" framework project representatives
contributed their input to the selection process at the “System
Selection Workshop” at the Fresenius University in Cologne,
Germany on March 9-10, 2006. Intense discussion, clarification and
streamlining and adding of systems resulted in the following set of
systems being considered for selection in eIMPACT (see Figure 8):
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Full Speed Range ACC

Collision Avoidance -
Emergency Braking

Lane Departure Warning
and Blind Spot
Monitoring

Local Risk Information

Safe Speed & Safe
Distance

Crash Impact Mitigation

Safe Lane Change
Manoeuvres / Blind Spot
(For trucks)

Vision Enhancement:
night vision

Speed Alert incl. curve

Collision Mitigation
Applications - low speed
- vulnerable road users

Safe Urban Intersection

Adaptive Head Lights,
External Wide Angle
Mirrors and Head-up

Display.

Cooperative Tunnel

Lane Departure Warning

Intersection Safety Vulnerable Road users

Safety

Frontal Collision Lane Keeping Support Wireless Hazard Pedestrian & Cyclist
Warning Warning Protection
Pre-Crash Safety eCALL Driver Drowsiness Vehicle Dynamic
Applications Monitoring and Warning | Management (VDM)
Driver alcohol Roll Over Avoidance Collision Mitigation

measurement Applications Emergency

Braking

Figure 8: Set of possible systems for consideration in elMPACT

Three high-level goals were used to guide the selection process. The
goals were technical and economic feasibility, customer satisfaction,
and public concern. In the first ranking process each participant
weighted the relevance and importance of the 3 high level goals as a
selection criterion. The weights for the high-level goals determined
during the system selection workshop were:

Technical & economic feasibility: 0.29
Customer satisfaction: 0.32
Public concern: 0.39

In order to get a ranking of the IVSS, all participants of the workshop
had been asked to indicate their personal view on the relevance of
each IVSS with respect to the criteria technical feasibility, customer
satisfaction and public concern. So each participant produced three
ranking values for each IVSS. The ranking values were based on a
scale from O to 100.

From the three ranking values of each participant for each IVSS a
weighted average ranking was calculated to indicate the total ranking
of the IVSS.

The process yielded 18 individual ranking values for each IVSS and
for each criterion. In total, about 1500 individual values and 543
weighted average rankings have been analysed.

The ranking results for he different IVSS is shown in Figure 9. The
ranking shows that the score of the most promising IVSS is nearly
twice that of the lowest-ranked system. Therefore, the process
produced a clear difference among the highest- and lowest-ranked
systems. On the other hand, Figure 9 shows that the scores decrease
gradually.

This indicated that there were no clear winners and losers among the
systems considered in the ranking.
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Figure 9: Overall ranking of the IVSS in the system selection workshop

Statistically, there was a lack of significance of the analytical ranking.
This lack of significance showed the very high influence of the point
of view of the different stakeholders on the perceived relevance of an
IVSS. The total ranking, however, was taken as an indication of
preferred systems.

For the final selection of IVSS, a thorough crosschecking was carried
out. The final crosscheck chose a set of systems such that:

1. They covered the range of time-to-market (present — 2020)

2. They covered all types of cooperation, i.e., stand-alone, vehicle-
to-vehicle and vehicle-to-infrastructure communication

There was at least one system per category

They reflected the rankings provided by the stakeholders before
and during the workshop (eSafety working group on
implementation roadmaps, an EU member state Department of
Transportation, a European Automobile manufacturer and the EU
strategic preferences)

5. The highest ranking systems that met all the criteria above were
selected
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The process produced the following set of 12 systems:

Table 4: Systems selected for impact assessment in eIMPACT

System name Abbre | Description
viation

Electronic Stability ESC Stabilises the vehicle within the physical limits and

Control prevents skidding through active brake intervention and
engine torque control.

Full Speed Range ACC | FSR Adaptation of speed and distance to vehicles ahead down
to standstill, including Stop and Go.

Emergency Braking EBR Fully automatic system, avoids or mitigates longitudinal
crashes (braking only).

Pre-Crash Protection of | PCV Detection of vulnerable road users and fully automatic

Vulnerable Road Users emergency braking (no passive safety).

Lane Change Assistant | LCA Warning for nearby vehicles next to or at the rear of the

(Warning) vehicle just before lane change.

Lane Keeping Support LKS Lane keeping assistance by active steering support
(Phase 2)

NightVisionWarn NIW Enhanced vision at night through near or far infrared
sensors, including obstacle warning.

Driver Drowsiness DDM Warns drivers when they are getting drowsy.

Monitoring and Warning

eCall (one-way ECA Automatic emergency call for help in case of an accident.

communication)

Intersection Safety INS Red light warning, right of way information at signalized
intersection and stop signs and left turn assistance.

Wireless Local Danger WLD Inter-vehicle communication distributing early warnings for

Warning accidents, obstacles, reduced friction and bad visibility.

SpeedAlert SPE Map and camera based system warning for speed limits

by use of haptic gas pedal and warning module for when
speed limit is exceeded.

Full descriptions of the systems appear in the annex.

These 12 systems were used in the cost-benefit, traffic and safety
impact analyses. A reduced number of systems underwent the full set
of analyses, including the stakeholder analyses.

The report, “Stand alone and co-operative Intelligent Vehicle Safety
Systems - Inventory and recommendations for in-depth socio-
economic impact assessment,” (Deliverable 2 of eIMPACT [Vollmer
et al., 2006]), provides an in-depth overview of the system selection

process.
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3 Safety and Traffic Impact Assessment of Intelligent Vehicle Safety Systems

3.1 Methodology

The report, “Impact assessment of Intelligent Vehicle Safety Systems”
(D4, [Wilmink et al., 2008]), provides concrete, unified estimates of
traffic and safety effects. Together with “Cost-benefit analyses for
stand-alone and co-operative intelligent vehicle safety systems” (D6,
[Baum et al., 2008]), summarised in Chapter 4, it forms an integrated
estimate of costs and benefits of twelve IVSS. A comprehensive
approach was followed to generate the results. The approach made
use of scientific and transparent methodologies and state-of-the-art
information to generate the results.

The impact assessment provides estimates of effects at realistic
penetration rates of the IVSS in 2010 and 2020. For each year, two
scenarios were considered: a low scenario, for a ‘business as usual’
situation, and a high scenario, where focused policy incentives are
assumed.

The functional and technical descriptions of the systems as specified
in the project formed the basis for the impact assessment.

Many of the IVSS considered in eIMPACT are future systems. Those
that are already on the market tend to have low penetration rates.
There is, therefore, not much empirical evidence on the effectiveness
and efficiency of the systems considered. With more and more
systems on the market, there is a clear need for a transparent and
scientifically sound approach to the assessment of IVSS (and similar
stand-alone and co-operative systems). The impact assessment
approach developed and implemented in eIMPACT covers:

e The estimation of penetration rates (passenger cars, goods
vehicles), using information on current fleet composition and
mileage, as well as information on the year of market
introduction and the (expected) market acceptance of
systems.

e The assessment of traffic impacts. The analysis distinguishes
between direct and indirect effects:

o direct traffic effects on the traffic flow, e.g. changes in
speeds and headways (analysed using micro-
simulation);

o0 indirect traffic effects in terms of reduced congestion,
due to avoided accidents with fatalities and injuries.

e The assessment of the safety impacts. The innovative
approach followed in eIMPACT covers all possible (intended
and unintended) effects of IVSS, using insights into system
and driver behaviour. The approach looks at the three
components of traffic safety analysis (exposure, risk of
collision, and risk of a collision to result in injuries or death).

In the analyses, the three main factors of traffic safety were
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covered by nine behavioural mechanisms as first described in
[Draskoczy et al., 1998]. The first five mechanisms are
connected to the accident risk:

o Direct in-car modification of the driving task;
Direct influence by roadside systems;

Indirect modification of user behaviour;

Indirect modification of non-user behaviour and

© ©0 O O

Modification of interaction between users and non-
users.

The second group deals with exposure:
0 Modification of road user exposure;
o0 Modification of modal choice;

0 Modification of route choice.

Finally, there is the mechanism that deals with changes in
accident consequences:

0 Moaodification of accident consequences.

The approach does justice to the complexity of the
analysis of the effects of IVSS. The method for quantifying
the safety effects explicitly takes into account the general
accident data available from the CARE database, which is
a good basis for relevant accident data (such as numbers
of fatalities and injuries in many EU countries).

The approach made use of a “reference case” (in terms of the
number of accidents) in the considered future years. This is the
situation without IVSS. In order to establish the reference cases, the
trend for the autonomous decrease in the number of accidents was
investigated, resulting in estimates for the number of fatalities and
injuries in 2010 and 2020 in the ‘without IVSS’ case.

The results from the impact assessment are used as input in the cost-
benefit analysis (reported in Socio-economic impact assessment of
stand-alone and co-operative intelligent vehicle safety systems
(IVSS) in Europe, by [Baum et al., 2008]), also carried out in the
elIMPACT project. Where needed (for the CBA), results for specific
areas or conditions are scaled up to EU-25 level. The results are also
used as input for the policy options and stakeholder analysis.

The application of the approach in the eIMPACT impact assessment
shows that it is a valuable approach that can be replicated. In the
future, actual results can be adjusted based on new insights (e.qg.
FOT results, regarding driving behaviour, new system specifications,
etc.).

3.2 elMPACT accident trend
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No up-to-date forecast of the safety performance (accidents/
casualties) for 2010 and 2020 was available for the EU-25.
Consequently, the project produced its own road safety forecast.

Figure 10 shows the road safety predication, and a comparison
between the forecast outcomes and the targets and predictions of the
EC and DG TREN respectively.

Due to the chosen forecast approach and the updated accident data
used, the number of fatalities predicted within eIMPACT for 2010 are
higher (33,900) than the White Paper target (25,000) or the values of
the Midterm Review (32,500).
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Figure 10: Comparison of number of fatalities predicted by eIMPACT (2008) and EC
road safety forecasts / targets (2001, 2006).

The estimated numbers of fatalities in 2010 (33,895) and 2020
(20,791) form the “accident base”, to which the changes in the
number of fatalities are applied (a similar process is followed for the
injuries). In the accident base for 2010 and 2020, the effect of the
ESC systems currently on the market has been accounted for. Only in
the quantification of the effects of ESC itself has a larger accident
base been used (to exclude the effects of ESC), in order to show the
impact of ESC in a realistic way.
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Figure 11 shows the estimated penetration rates of the vehicle fleet in
the 2020 high scenario. The penetration rates vary between less than
1% (for Intersection Safety) to 75% (ESC on passenger cars). For
ESC, it is assumed that the system will be made mandatory in new
vehicles. A similar assumption was made for eCall. The high
penetration rate for SpeedAlert was (partly) based on the assumption
that enforcement of speed limits will continue to increase in the
coming years.

ESC is the only system for which a substantial penetration rate was
estimated for 2010. In 2010 and 2020, stand-alone systems generally
have higher penetration rates than co-operative systems (such as
Intersection Safety and Wireless Local Danger Warning), which also
require investments on the infrastructure side.

Penetration rates (fleet) in the 2020 high scenario
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Figure 11: Penetration rates (of vehicles equipped with IVSS) as estimated for the
2020 high scenario.

For the impact assessment, the fleet penetration rates were
converted to the share of driven km’s of the equipped vehicles, which
are higher than the fleet penetration rates (reflecting that the
equipped vehicles are likely to make more km’s than vehicles with no
IVSS).
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3.4 Results

For the cost-benefit analysis, the primary impacts are the number of
avoided fatalities and injuries in the four scenarios. Figure 12 and
Figure 13 show how many fatalities and injuries can be avoided in the
2020 high scenario, i.e. with focused policy incentives. ESC is
expected to prevent by far the most fatalities and injuries: about 3,250
fatalities (-14%2), and about 52,000 injuries (-5.7%). SpeedAlert (-
5.2% fatalities), eCall (-3.5% fatalities) and Lane Keeping Support (-
3.3% fatalities) also have substantial effects. Except for eCall, these
systems would also be the most effective in reducing the number of
injuries. The other systems’ effects are less pronounced.

ESC SPE ECA LKS EBR FSR DDM LCA NW WLD PCV INS

Change in number of fatalities in the 2020 high scenario
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Figure 12: Change in the number of fatalities in the 2020 high scenario (a minus
indicates that fatalities are avoided).

2 Note that the accident base, the number of fatalities and injuries, is smaller in the scenario
years 2010 and 2020 than it is today. The effect of ESC (a system that is already on the market
today) has been taken into account in the accident base. A different accident base is used for
ESC. Also, it is noted that the European accident statistics are more reliable and comparable for
fatalities than for injuries.
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ESC SPE LKS EBR FSR LCA DDM NIW PCV WLD INS ECA

Change in number of injuries in the 2020 high scenario
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Figure 13: Change in the number of injuries in the 2020 high scenario (a minus
indicates that injuries are avoided, a plus that the number of injuries has increased).

Several factors affect the magnitude of the estimates. The effects
shown in Figure 12 and Figure 13 are the result of a combination of
several parallel impact mechanisms, with intended and unintended
impacts. The three main factors affecting the ranking of the systems
are:

e The assessed effectiveness of the IVSS to prevent targeted
injury accidents, fatalities and injuries.

e The share of relevant accidents in the EU-25 data.

e The assumed fleet penetration of the system.

Some systems could have much more substantial impacts if the
penetration rates would be higher. Figure 14 shows the expected
potential safety effect for fatalities and injuries, if the system in
question would be implemented in all vehicles (i.e. 100% penetration
rate). The figure shows the combined effect of effectiveness and the
share of relevant accidents.

The potential reductions are in the range of 1.4-16.6% for fatalities.
For injuries, they effects range from a very small increase in injuries
(0.1%) for eCall to a decrease of 8.9% for Lane Keeping Support.
Electronic Stability Control (ESC) has the highest potential safety
impact, in terms of avoided fatalities, followed by Lane Keeping
Support (LKS) and SpeedAlert (SPE). These systems are all aimed at
several different collision types, and are reasonably to very effective
in preventing these. LKS has the highest potential to reduce the
number of injuries.
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The Emergency Braking system is not expected to have high impacts
in 2020, but this is mainly due to the low penetration rate, as the
system is assumed to have quite good potential to improve road
safety.

NightVisionWarn and Driver Drowsiness Monitoring and Warning
have quite similar effects: both systems seemingly focus on a
significant group of accidents but the systems’ effectiveness to
prevent these accidents was estimated to be limited. This can be
because within the targeted group of accidents, the system is
ultimately expected to affect only a small part of the accidents (e.g.
NightVisionWarn cannot be expected to prevent the majority of
accidents occurring in the dark), or there are unintended effects
(modified behaviour, described by mechanisms 3-8) which reduce the
total expected effect. Intersection Safety was assessed to be
somewhat more effective, but the target accident group of fatalities is
relatively small at the EU level, and therefore the system’s safety
potential to reduce fatalities is limited. The potential to reduce injuries
is much higher.

Potential safety effect of IVSS (at 100% penetration rate)
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Figure 14: Potential safety effect (%) for the 12 selected IVSS if all vehicles would be
equipped with the system.

Full Speed Range ACC (FSR) has the lowest potential impact 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).
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eCall does not prevent accidents and is relevant only for mitigating
the effects of selected collision types. However, eCall has a high
penetration rate in the 2020 high scenario, and thus still has a
relatively high impact on the number of fatalities.

However, as most of the fatalities are turned into injuries, and not
many injuries are avoided, the system will result in a very small
increase in the number of injuries.

The primary traffic effects were the changes in speeds and travel
times (resulting from changes in the characteristics of the traffic flows,
or from less congestion caused by accidents). Compared to the
safety effects, the traffic effects are modest. This is not unexpected,
as elIMPACT looks at safety systems, but an important conclusion is
that the selected IVSS have no negative impacts on traffic flows and
travel times.

Only the SpeedAlert system shows (positive) direct traffic effects in
monetary terms substantial enough to be noticed at the EU-25 level.
Although slightly increased travel times are expected because of
reduced speeds, the environmental benefits of the reduction in speed
(reduced emissions) outweigh the negative travel time effects.

At cross-sections, the direct traffic effects such as reduced speeds,
earlier braking and longer headways can be expected for a number of
systems, but this is not substantial enough at the penetration rates
examined to produce significant traffic impacts at the network and
EU-level. Those effects have, however, been accounted for in the
safety analysis.

Indirect traffic effects, i.e. avoided congestion costs resulting from a
reduction in the number of accidents with fatalities and injuries, occur
for all systems.

The largest effects are found for systems that are effective in high
traffic densities (mostly on motorways, in peak periods). The
effectiveness of the system on different road types and in different
periods of the day was derived from the safety analysis. The ESC
system showed the highest reduction in congestion costs.
Intersection Safety showed the lowest reduction (mainly due to the
low penetration rate).

It should be noted that the impact assessment focused on safety and
traffic impacts (and effects on emissions), and did not consider other
aspects such as the increased comfort that some of the IVSS
considered can bring.

Relationship with other work packages in eIMPACT

The impact assessment provided input for the cost-benefit analysis
(CBA). The most important input was the reduction in the numbers of
fatalities and injuries. Each avoided fatality and injury was assigned a
monetary value. Monetary values were also assigned to the traffic
effects: changes in travel times and emissions. In the CBA, the total
benefits were compared to the total costs of implementing the
systems to obtain the benefit-cost ratios (at the estimated penetration
rates in 2010 and 2020).

The results also provided insights for the stakeholder analysis and for
policy development.
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The impact assessment results also supported the choice of systems
analysed in the stakeholder analysis. However, other characteristics
of the system were also relevant in that choice: whether systems
were co-operative or stand-alone, and what the time to market is.
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4  Cost Benefit Analysis

4.1 Methodology

The report, “Cost-Benefit Analyses for stand-alone and co-operative
Intelligent Vehicle Safety Systems” (D6, [Baum et al., 2008]), provides
concrete, unified results for the socio-economic impact of IVSS.
Together with “Impact assessment of Intelligent Vehicle Safety
Systems” (D4, [Wilmink et al., 2008]), summarised in Chapter 3, it
forms an integrated estimate of costs and benefits of twelve IVSS. A
comprehensive approach was followed to generate the results. The
approach made use of scientific and transparent methodologies and
state-of-the-art information to generate the results.

The cost-benefit analyses for twelve IVSS follow the methodology as
presented in the report “Methodological framework and database for
socio-economic evaluation of Intelligent Vehicle Safety Systems” (D3,
[Assing et al., 2006]). It makes use of a comprehensive framework for
socio-economic impact assessment which is based on the findings of
the SEISS study. The framework applies cost-benefit analysis as the
most prominent economic assessment tool to prove the profitability of
a measure on society level. A wider socio-economic perspective,
focused on stakeholder analyses for key interest groups (e.g. system
users, OEMs and suppliers, insurance industry and public authorities)
is provided in a separate report, “Stakeholder Analyses for Intelligent
Vehicle Safety Systems” (D8 [Baum et al., 2008]).

The cost-benefit analyses generate cost-benefit results of IVSS
looking at the entire EU-25 for the target years 2010 and 2020. For
each year, two scenarios were considered: a low scenario, for a
‘business as usual’ situation, and a high scenario, where focused
policy incentives are assumed. The CBA from a process perspective
is represented in Figure 15. The CBA makes use of several inputs
which have been reported in other eIMPACT deliverables (D4,
[Wilmink et al., 2008)):

e The socio-economic impact assessment provides estimates of
effects at realistic penetration rates for the vehicle stock and —
based on this — for the share of driven kilometres of the IVSS
in 2010 and 2020.

e The functional and technical descriptions of the systems as
specified in the project form the basis for the impact
assessment and the cost-benefits analyses, too.

e The forecast for the accident trend provides the basis for
Intelligent Vehicle Safety Systems to deploy their benefits.

e The assessment of traffic impacts distinguishes between
direct and indirect effects:

o direct traffic effects on the traffic flow, e.g. changes in
speeds and headways (analysed using micro-simulation);

0 indirect traffic effects in terms of reduced congestion, due
to avoided accidents with fatalities and injuries.
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e The assessment of the safety impacts covers all possible
(intended and unintended) effects of IVSS, using insights into
system and driver behaviour. The approach looks at the three
components of traffic safety analysis (exposure, risk of
collision, and risk of a collision to result in injuries or death).
The approach does justice to the complexity of the analysis of
the effects of IVSS. The method for quantifying the safety
effects explicitly takes into account the general accident data
available from the CARE database, which is a good basis for
relevant accident data (such as numbers of fatalities and
injuries in many EU countries).

Market Introduction of IVSS
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Figure 15:  Process of the cost-benefit analyses

Taking up the information, the benefit appraisal assigns a monetary
value to all considered impacts (safety, direct/indirect traffic effects):

e The appraisal of the safety impacts is based on the damage
cost approach. It introduces base values of 1 Mill. EUR per
fatality and 39,000 EUR per injury (base year: 2003) plus
figures for the related property damage (12,000 EUR per
fatality and 3,500 EUR per injury). These values are scaled
up to year 2010 and 2020 conditions considering the
development of the real Gross Domestic Product (GDP) in
the European Union. All values in the report are expressed in
year 2008 prices. With that, the value per fatality amounts to
approximately 1.3 Mill. EUR (2010) and 1.6 Mill. EUR (2020).
Injuries are valued with about 54,000 EUR (2010) and 68,000
EUR (2020). These values already include the related
property damage.

e The appraisal of indirect traffic effects applies disaggregated
situation specific (implying also system specific) cost-unit
rates for accident caused congestion. The bandwidth — into
which most of the systems fit — is between 9,000 EUR and
15,000 EUR per fatality and 2,000 EUR and 4,000 EUR per
injury.
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o Direct traffic effects (only applicable for the SpeedAlert
system) make use of a set of cost-unit rates. Among them,
the cost unit rates for travel time savings (about 24 EUR per
hour in goods transport, about 16 EUR per hour in passenger
transport) are the most important contributor.

The system costs comprise the costs of vehicle equipment and —
where applicable — of infrastructure equipment. Moreover, operating
and maintenance costs have also to be considered. For each system,
the costs were assessed by a consortium subgroup dealing with cost
assessment. The costs which were introduced to the CBA represent
the cost price. They reflect best the consumption of productive
resources which is used for producing the IVSS. The cost prices
reflect the costs OEM’s have to pay to their suppliers plus a mark-up
for covering implementation costs on the vehicles. In contrast to that,
market prices, i.e. what the users actually will face, represent the
appropriate cost figure for stakeholder analyses. Congruent to the
benefits, system costs are transformed to annual values assuming an
average vehicle lifetime of 12 years and making use of a discount
rate of 3 % p.a.

The results of the cost-benefit analyses are obtained by confronting
the annual benefits of the systems with their costs in the years 2010
and 2020. For each system with respect to target year and scenario,
a benefit-cost ratio is derived. In total, a maximum of 48 benefit-cost
ratios have to be calculated (12 systems for two target years
considering two scenarios). Note that in reality, the number of benefit-
cost ratios is slightly lower because some systems are not introduced
by the year 2010.

Subsequently, the benefit-cost ratios undergo a sensitivity analysis in
order to identify the main drivers for the results. Tested parameters
comprise the estimated safety impacts, the estimated accident trend,
the vehicle lifetime, the discount rate and the system costs.

4.2 Results of the Cost-Benefit Analyses

The results of the Cost-Benefit assessment can be summarised to the
following main findings:

1. All systems contribute actively to the societal goal of improving
road safety.

The systems which are considered in eIMPACT are safety systems.
Their aim is to reduce the number of accidents and linked to this the
number of fatalities and of injuries. As Table 1 illustrates, the safety
impact of the IVSS is significant. Among the group of the twelve
IVSS, Electronic Stability Control, Lane Keeping Support and
SpeedAlert show the highest absolute numbers in avoiding fatalities,
injuries and accidents at the estimated penetration rates. For
example, in the 2010 low scenario ESC avoids 24.594 accidents with
personal damages. Linked to this 32.792 injuries and 1.914 fatalities
can be avoided. In the calculation of the benefits only the number of
avoided fatalities and injuries is relevant, because the property
damage of the avoided accident is a part of the cost-unit rates for
fatalities respectively injuries.
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The potential of eCall (implying 100% penetration for a fair
distribution of infrastructure equipment costs) represents also a
significant reduction of fatalities and severe injuries. Overall it
becomes clear that improving road safety must include the
contributions from all technologies which are analysed here.

Table 5: The number of avoided fatalities, injuries and accidents for each IVSS
(The values for eCall and Intersection Safety are only valid for the
potential case!)

year 2010: number of avoided

Fatalities Injuries Accidents
low high low high low high
ESC 1,914 2,240 32,792 38,265 24594 28,698
FSR n.a. n.a. n.a. n.a. n.a. n.a.
EBR n.a. n.a. n.a. n.a. n.a. n.a.
PCV n.a. n.a. n.a. n.a. n.a. n.a.
LCA 2 11 264 1,189 198 892
LKS 56 149 1,420 3,784 1,065 2,838
NIW 2 10 87 367 66 275
DDM 4 13 153 367 114 275
severe: 13,691

ECA 1,995 slight: -15,647 0
INS n.a. n.a. n.a.
WLD n.a. n.a. n.a. n.a. n.a. n.a.
SPE 77 119 2,405 3,463 1,804 2,597
Base 33,895 1,409,415 1,081,627

year 2020: number of avoided

Fatalities Injuries Accidents

low high low high low high
ESC 2,577 3,253 41,549 52,182 36,263 45,543
FSR 49 101 3,668 9,774 2,750 7,329
EBR 72 193 4,241 10,925 3,180 8,192
PCV 14 39 718 1,918 539 1,438
LCA 33 86 3,449 8,596 2,586 6,445
LKS 197 678 5,109 17,296 3,831 12,969
NIW 30 73 1,046 2,542 784 1,906
DDM 20 94 682 2,715 512 2,036
severe: 8,398

ECA 1,199 slight: -9,598 0
INS 803 63,700 47,764
WLD 29 66 989 1,906 742 1,429
SPE 753 1,076 24,643 34,887 18,478 26,159
Base 20,791 873,695 798,808

2. The improved road safety leads to a significant reduction of
accident costs. This means, there are huge safety benefits to be
realised.

The reduction of accident costs (= safety benefits) is displayed for the
2020 scenarios in 16 and 17. Besides the safety impact in absolute
numbers it is also represented to which extent the results accrue to
avoided fatalities and avoided injuries.
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The figures show that Electronic Stability Control, Lane Keeping
Support, SpeedAlert and eCall lead to the highest safety benefits.
The benefits of Electronic Stability Control add up to about 7 to 9 Bn
EUR. The benefits of Lane Keeping Support, SpeedAlert and eCall
amount also to more than 1 Bn EUR. In terms of safety benefits
distribution, it becomes obvious that for some systems (e.g.
Electronic Stability Control, eCall) the majority of safety benefits
originates in avoided fatalities whereas other systems (e.g. Full
Speed Range ACC, Lane Change Assistant) do benefit mostly from
avoiding injuries.

Mill. EUR Fatalities Injuries
0% 20% 40% 60% 80% 100%
ESC 7,010
FSR 329
EBR 405
PCV 72
LCA 288
LKS 667
NIW 120
DDM 79
ECA 1,626
INS 35
WLD 114
SPE 2,897
Figure 16: Monetized safety benefits and distribution for 2020 low scenario
Mill. EUR Fatalities Injuries
0% 20% 40% 60% 80% 100%
ESC 8,831 | ' ' ' ' '
FSR 828
EBR 1,056
PCV 194
LCA 723
LKS 2,276
NIW 291
DDM 337
ECA 2,206
INS 57
WLD 237
SPE 4,118

Figure 17: Monetized safety benefits and distribution for 2020 high scenario

3. The benefits are dominated by the safety benefits. Traffic impacts
however represent for all IVSS a considerable add-on to the
safety benefits.

The prevention and/or mitigation of accidents reduce congestion
caused by accidents. Traffic disturbances are reduced and road
transport becomes more efficient. This indirect traffic effect
represents a mark-up to the safety benefits of between 0 % and 8 %.
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Moreover, at the estimated penetration rates direct effects on the
traffic flow can only be expected for the SpeedAlert system in the
year 2020. The direct traffic benefit represents another 2 % mark-up
to the safety benefits.

4. The safety benefits grow strongly with maturity of systems and
policy support.

In the next decade many systems will either enter or penetrate the
market. Figure 18 shows the development of the safety benefits in the
temporal perspective exemplarily for half of the assessed systems. It
becomes clear that the benefits grow strongly in the next decade.
Moreover, the achievable benefits in the scenario high (including
focused policy incentives) are much higher than in the low scenario
for each of the target years.

mill. Euro _—  —F"7"™—————
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Figure 18: Development of Safety effects in mill. Euro for selected IVSS depending
on considered target year and scenario

5. On the basis of benefit-cost ratios, the clear majority of the
investigated Intelligent Vehicle Safety Systems is distinctly
profitable from the society point of view.

Table 6 provides an overview over the benefit-cost ratios for all
scenarios at the estimated penetration rates and share of driven
kilometres with the systems. For eCall and Intersection Safety —
which both require infrastructure investment — the benefit-cost ratio is
displayed only for the potential case (equipment of the total vehicle
fleet, 100% penetration) for reasons of a fair allocation of
infrastructure investment costs.

Looking at the results for the year 2010, all introduced systems —
except Night Vision Warn which is close to 1 — are fairly above the
BC-threshold of 1 which indicates the profitability of a system from the
society point of view. Electronic Stability Control and Lane Change
Assistant are the two systems which achieve a benefit-cost ratio
(BCR) of more than 3. The result of 4.4 for Electronic Stability Control
implies that every spent Euro leads to societal benefit of 4.40 Euro.
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Four systems are above 2: Lane Keeping Support, Driver Drowsiness
Monitoring and Warning, eCall and SpeedAlert. NightVisionWarn is
round about 1. The other systems are not available on the market or
have no significant market penetration in the year 2010.

Table 6: Synopsis of the Benefit-Cost Ratios

2010 2020

low high low high
ESC 4.4 4.3 3.0 2.8
FSR n.a. n.a. 1.6 1.8
EBR n.a. n.a. 3.6 4.1
PCV n.a. n.a. 0.5 0.6
LCA 3.1 3.7 2.9 2.6
LKS 2.7 2.7 1.9 1.9
NIW 0.8 0.9 0.7 0.6
DDM 25 2.9 1.7 2.1
ECA 2.7 1.9
INS n.a. 0.2
WLD n.a. n.a. 1.8 1.6
SPE 2.2 2.0 1.9 1.7

n.a. not available

In the year 2020 all twelve systems are available on the market.
Again, the clear majority of the systems prove their profitability from
the society point of view. The best system is Emergency Braking with
which has a benefit-cost ratio of above 3. Lane Change Assistant and
Electronic Stability Control are in both scenarios above 2. Six
systems have a BCR of between 1.5 and 1.9: eCall, Lane Keeping
Support, Driver Drowsiness Monitoring and Warning, Full Speed
Range ACC, Wireless Local Danger Warning and SpeedAlert. The
remaining systems are — under the estimated conditions — below 1:
NightVisionWarn, Pre-Crash Protection of Vulnerable Road Users
and Intersection Safety. However, there should not be made any
premature conclusions about the profitability of those systems. The
result only indicates that from the society point of view they are less
efficient than other systems and they are not efficient under the
current estimated conditions. However, as the functionality of the
system may be enriched or system costs will decline in the future, the
benefit-cost ratio may be significantly higher. Sensitivity analyses can
provide some indication on this effect. Moreover, it might also be the
case that parts of the benefit (i.e. higher driving comfort) are not
properly reflected in the framework of the cost-benefit analysis
because the CBA focus is limited to savings of productive resources
whereas comfort effects represent a subjective benefit. Hence, it is
necessary to carry out stakeholder analyses from the user
perspective in order explore benefits beyond CBA [BAUM ET AL.
2008].

6. The 2020 results indicate the distinct social profitability of the
systems. However, when comparing the benefit-cost ratios of the
years 2010 and 2020, it becomes obvious that the 2020 results
are somewhat lower than 2010 results. The main driver for this
development can be identified in the estimated accident trend.
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The benefit-cost ratios are decreasing with the time. At first glance,
this result seems to be counterintuitive. However, this effect can be
explained within the logic of the assessment framework. On empirical
basis, the relation between vehicle stock equipment and share of
driven kilometres is non-linear since drivers have for several reasons
different annual mileages (D4, [Wilmink et al., 2008]). Thus, the
vehicle stock increases faster than the vehicle mileage which
influences the BCR negatively, because the costs will increase
stronger than the benefits. In economic terms, constant marginal
costs (of IVSS equipment) are confronted with decreasing marginal
benefits (resulting from the less frequent IVSS use). In addition, the
number of fatalities and injuries follows a downwards trend as
estimated by the eIMPACT project. Thus, it can be stated that the
probability of high benefit-cost ratios also decreases with the time.

A shift-and-share analysis of the benefit-cost results reveals that the
benefit-cost ratio would increase from 2010 to 2020 when the safety
progress in the next decade (-38% reduction in the number of
fatalities from 2010 to 2020, as reflected by the eIMPACT accident
trend estimation) is disregarded. In this case, the 2020 benefit-cost
ratios become higher than the 2010 results (Table 7). Compared to
the 2020 base case results (including the eIMPACT accident trend),
the results which disregard the eIMPACT accident trend are higher by
62% (1/ (1 — 0.38) = 1.62). This holds true for all systems except for
the Electronic Stability Control which has undergone a different
adjusting process for the accident base.

Table 7: BCR for a fixed accident base (2010)

2010 2020

low high low high
ESC 4.4 4.3 4.6 4.4
FSR n.a. n.a. 2.6 2.9
EBR n.a. n.a. 5.8 6.6
PCV n.a. n.a. 0.9 1.0
LCA 3.1 3.7 4.8 4.3
LKS 2.7 2.7 3.0 3.1
NIW 0.8 0.9 1.2 1.0
DDM 2.5 2.9 2.8 35
ECA 2.7 3.1
INS n.a. 0.3
WLD n.a. n.a. 2.9 2.6
SPE 2.2 2.0 3.0 2.8

n.a. not available

In addition, the BCR are decreasing for some systems in the low-high
comparison and for other systems the BCR is increasing. This finding
can be explained as follows. For systems with a decreasing BCR, this
has to do with the penetration rates that are connected with the
scenarios. New vehicles have a higher mileage and the benefits are
linked only with the share of driven mileage with the system. Thus,
the marginal additional benefit for every additional equipped vehicle is
decreasing. Because the system costs are assumed as independent
from the penetration rates, the BCR is decreasing with the
penetration rate. There is a big penetration rate range in which an
additional equipped vehicle has a positive marginal BCR. That is why
the BCR is decreasing with low-high estimates.
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In contrast, for Lane Change Assistant (Warning) the BCR increases
with the low-high estimates for the year 2010. The explanation for this
finding is the very low penetration rates for the year 2010. In the low
scenario, two fatalities can be avoided. The problem here is that the
rounding errors have a very high share in comparison with the stated
number of avoided fatalities. Thus, the number of avoided fatalities
can be in theory 2.01 or 2.49 avoided fatalities. But in practice only
fatalities respectively injuries in whole numbers can be avoided.

7. Results react sensitively to changes of input variables. This holds
especially true for the eIMPACT accident trend but also for the
estimated safety impact.

Different input variables to the CBA have been tested for their
influence on the benefit-cost ratios. Among them, the accident trend
reveals the highest sensitivity. When the accident trend between
2010 and 2020 is disregarded (cf. number 6 of the executive
summary), the benefit-cost ratio is changed by more than +1.0. This
represents — according to the results classification of the sensitivity
analysis — a significant change. The other tested variables (pessimis-
tic / optimistic estimation of the safety impact [based on D4 [WILMINK
ET AL. 2008]], change of discount rate in CBA from 3% to 8% p.a.,
change of vehicle lifetime from 12 years to 16 years) change the
benefit-cost ratios by more than +/-0.1 which represents a
considerable change. In Figure 19 the sensitivity of results is
exemplarily displayed for the SpeedAlert system under the conditions
of 2020 low scenario. The value for the mean BCR (represented by
the rectangle) is 1.9. The positive or negative deviations
(highest/lowest BCR) represented by the bar above or below the
“base BCR”, respectively. Generally, the benefit-cost ratios react
more sensitively to the tested variables coming from the impact
assessment than on those which are core assumptions of the
socio-economic assessment.

3 upper value
2 i . i: base BCR
1 lower value
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Figure 19: Change of benefit-cost ratios depending on variations of CBA input
parameters

With its results, the socio-economic impact assessment arrives at
some important conclusions which provide guidance for further
research directions:
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8. In the deployment process of IVSS, bundling strategies will make
it possible to realise synergies on the cost side.

Within the eIMPACT project, the socio-economic impact of IVSS was
assessed assuming individual systems. A promising approach for the
future is the evaluation of system bundles. A possible bundle would
be Electronic Stability Control + Full Speed Range ACC + Emergency
Braking + Pre-Crash Protection of Vulnerable Road Users. System
bundles can share components, leading to cost synergies. With that,
a stronger decrease of system costs might be possible. When this
effect is strong enough, this would also offset the tendency to lower
benefit-cost ratios in the long-term. It should be noted that this
analysis has to take into account the path dependency of market
introduction. This means, some advanced systems use components
from predecessor systems, e.g. Emergency Braking can only be
introduced when Electronic Stability Control is on board.

Prerequisite for the analysis of system bundles however is the
availability of recent in-depth accident data. Foremost it must be clear
how systems interact and what this implies for the safety impact (e.g.
the bundle is not the sum of the impacts of individual systems).
Hence, the progress in accident causation plays an important role
here.

9. The socio-economic assessment of different deployment
strategies represents a promising field for future research.

When technologies become mature, the research interest naturally
moves from investigating the profitability of a developed system in
general to the question of an adequate deployment program. This
guestion is particularly important because IVSS are related to several
deployment barriers (involving aspects of market failure such as
congruency of beneficiaries and cost bearers, critical mass of
systems, hold up problems in the insurance industry, deployment
risks and ramping-up effects of the automotive industry). The socio-
economic assessment of deployment strategies needs a broader
scope than CBA. It has to consider different stakeholder perspectives
(cf. D8, [Baum et al. 2008]) in its assessment methodology. Multi
criteria analysis could represent an appropriate tool for evaluating
deployment programs. Assessment criteria could comprise e.g. the
cost-efficiency of the deployment strategy, its practicability, the
benefit-cost congruency, the financial resources needed for subsidies
by the public, the incentives on industrial R&D etc.

10. The robustness of CBA results can be improved by considering
explicitly the occurrence probability of scenarios.

The approach of the risk analysis in eIMPACT was based on
scenarios and on sensitivity analysis. This leads to a wide range of
possible BCR. To make the BCR values more robust, it is necessary
to determine the probability of occurrence for each scenario. With this
information it is possible to get a mean and a variance for the BCR
and to get the BCR for the value-at-risk, i.e. the BCR which will not be
fallen below with a certain probability. An approach to calculate this
distribution of BCR is the Monte-Carlo-simulation.
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5 Stakeholder Assessment

The report, “Stakeholder Analyses for Intelligent Vehicle Safety
Systems”, Deliverable 8 of eIMPACT ([Baum et al., 2008]), provides
quantitative results for socio-economic impacts of IVSS from the
perspective of several stakeholders (users, industry and public
authorities). Together with “Impact assessment of Intelligent Vehicle
Safety Systems” (D4, [Wilmink et al., 2008]) and “Cost-Benefit
Analyses for stand-alone and co-operative Intelligent Vehicle Safety
Systems” (D6, [Baum et al., 2008)), it forms an integrated estimate of
costs and benefits of twelve IVSS which — in this report — goes
beyond cost-benefit analysis (CBA) from the society point of view. A
comprehensive approach was followed to generate the results. The
approach made use of scientific and transparent methodologies and
state-of-the-art information to generate the results.

The stakeholder assessment is also related to the report “Policy
recommendations to promote selected Intelligent Vehicle Safety
Systems” (D7, [Alkim et al., 2008]). It shares with D7 the distinct
stakeholder perspective. However, D7 pays more attention to
information collected in interviews and a policy workshop whereas
this report is focused on assessing the benefits and costs of IVSS
from different stakeholder perspectives.

The stakeholder assessment results follow the methodology as
presented in the report “Methodological framework and database for
socio-economic evaluation of Intelligent Vehicle Safety Systems” (D3,
[Assing et al., 2006]). The methodology makes use of a
comprehensive framework for socio-economic impact assessment
which is based on the recommendations of the SEISS study. It offers
— beyond social CBA — a wider socio-economic perspective on
stakeholder analyses for key interest groups (e.g. system users,
OEMs and suppliers, insurance industry and public authorities).

5.1 Methodology and systems approached in stakeholder analyses

The assessment scope of eIMPACT is twofold: on society level and
stakeholder level. The assessment on society level proves whether
the use of a particular IVSS is profitable from the viewpoint of the
society in general. Cost-benefit analysis proves whether the welfare
of the society is improved or not, regardless of the fact who profits
and who does not. In contrast to this position, the assessment on
stakeholder level takes into account who (i.e. which societal group)
bears the costs and who incurs the upcoming benefits.

Stakeholder analyses can overcome the shortcoming of the aggrega-
ted society perspective. It may occur that the benefit-cost ratio (BCR)
indicates the system profitability from the society point of view. From
the user perspective the picture may be however quite different:

e The costs for the investment in IVSS have to be borne by the
users. Then the relevant cost figure is not the cost price (what the
OEM has to pay to its supplier) but the market price (what the end
user has to pay). As a rule of thumb, it can be stated that cost
prices have to be multiplied with factor 3 to come to market prices
and vice versa.
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In contrast to private investment, benefits apply on society level,
at least partially. Consider a system which generates also traffic
flow effects (e.g. Adaptive Cruise Control, Speed Alert). When
traffic flow becomes more homogeneous, fuel consumption,
pollution and COj-emissions can be reduced. The latter two
effects however occur on society level. They originate from
private investments but third parties incur the benefits. Hence, it is
a case of external effects (my cost — your benefit). Under these
conditions the market mechanism does not work properly.

The stakeholder perspective is not only important from the user
perspective. There are more factors which are crucial for the success
of IVSS deployment:

Some of the systems, especially cooperative systems, are
characterized by the phenomenon of critical mass. Before this
threshold is reached, they will not generate benefits.

In addition, cooperative systems need also investment in roadside
infrastructure to ensure communication between vehicles (v2v)
and the infrastructure (v2i). This investment has to be made by
public authorities or infrastructure operators. Therefore,
introducing cooperative systems will become a complicated case
for public-private partnership.

Although the market introduction of IVSS offers business
perspectives for OEMs and suppliers, there are also considerable
risks. These risks are related to financial issues (payoff of high
research and development costs, risk of call back campaigns) and
legal constraints (e.g. product liability, tort liability).

Insurance companies can potentially play an active role in the
market introduction process. Lowering insurance premiums can
represent a buying incentive for users. It has to be considered
that insurance companies usually require ex-post proven
reductions of accidents and severities as a prerequisite for
premium reductions. Hence, a hold up problem exists for
insurance companies. It becomes clear that it is important to
address them as a key stakeholder.

The stakeholder analysis has to reflect these problems and make the
benefits and costs on individual level transparent. It does so by
disaggregating the socio-economic impacts of IVSS to different
groups which are key actors in the process of IVSS deployment. To
reflect these research needs, it was necessary to develop an
extended assessment framework. This was done by incorporating
assessment methods suitable for stakeholder analysis. Figure 20
provides an overview over the broader assessment framework.

Deliverable D10 (incl. D9)

Version 2.0 43



eIMPACT 11.08.2008

Socio-Economic Impact Assessment

Society Perspective Stakeholder Perspective

Clekie Break-Even

Benefit Macro-economic Sl
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Figure 20: Methodological Framework for Socio-Economic Impact Assessment

Besides the overall society perspective (D6, [Baum et al. 2008]), the
following analyses are part of the framework:

The effects of IVSS on individual stakeholders can be analysed
by break-even analyses. These analyses show under which
conditions an investment will reach the pay-off threshold. Break-
even points can be calculated dependent on e.g. vehicle mileage
or number of years after registration. This type of analysis is
suitable for stakeholders such as system users, the automotive
industry and the insurance industry.

Currently, there is a broad discussion about adequate strategies
to raise awareness and to promote the deployment of IVSS. It is
widely recognized (according to the Eurobarometer preferred by
37% of EU citizens) that (tax) incentives represent the most
preferable action when the IVSS use will be promoted by public
authorities. Financial analysis for public authorities is used as a
tool to make clear the impact of IVSS deployment via e.g. the
value added tax (VAT) channel. Because the average sales price
will increase, the VAT vyield will also increase and generate cash
flow back to the public authorities.

The stakeholder concerns of public authorities will be also
analysed in terms of wider economic impacts and distributional
effects. Whereas cost-benefit analysis looks at supply side effects
(which resource savings result from the use of intelligent vehicle
systems in the transport system?), wider economic impacts take
into account demand-side effects of the overall economy. Key
variables are production, income and employment. Besides that,
the question “Who profits?” is also addressed in terms of income
distribution.

Quantitative empirical evidence on stakeholder analyses is scarce so
far. One example of estimating impacts on stakeholders can be found
in the E-MERGE project [Geels 2004]. Because the method as
described in D3 [Assing et al. 2006] was not applied before to
particular systems, some types of analyses serve a pilot case study
which should demonstrate the applicability of the method and the type
of results which can be generated.
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Given these boundary conditions, stakeholder analyses were only
carried out for a limited set of systems. In total, five Intelligent Vehicle
Safety Systems were selected by the eIMPACT consortium (in the
December 2007 consortium meeting) for stakeholder analysis. The
selection was done based on several criteria which should ensure a
rational based selection. The criteria used were:

e Maturity of systems: because some types of stakeholder analysis
require an advanced market penetration in order to show effects,

e Leverage effect — impact per system: system with high safety
impact are generally more attractive to users,

e Complexity of market introduction: most interesting and
challenging to the analysis are systems with multi-stakeholder
involvement in the deployment process.

Guided by these criteria, the following systems were assigned to the
different types of stakeholder analysis:

e Break-even analysis: Electronic Stability Control (ESC),
Emergency Braking (EBR), Lane Keeping Support (LKS), eCall
(ECA) and SpeedAlert (SPE),

e Financial analysis: Electronic Stability Control (ESC), Emergency
Braking (EBR),

e Wider economic impacts (employment effects and distributional
incidence): Electronic Stability Control (ESC).

In terms of calculation process the break-even analyses are carried
out quite similar to the cost-benefit analyses (D6, [Baum et al. 2008].
However, because of the different assessment perspective (i.e. user
benefits and costs) there are few remarkable differences to be noted:

e The users are distinguished into six user groups according to the
annual kilometres they drive in their vehicles.

e The cost side of the assessment is provided by the market price
which end users face instead of the cost price. The industry rule
of thumb of about factor 3 between cost prices and market prices
is also applied here.

e Benefits result mostly from the reduced risk of getting involved in
an injury or fatal accident. As opposed to the CBA where the
damage cost approach is applied, the preference to be safer
underway is reflected in the safety appraisal by the willingness-to-
pay value. Evidence suggests that these values are
fundamentally higher than damage cost values.

e Instead of providing a benefit-cost ratio (as is done in CBA) the
result is provided as a pay-off period (break-even point in years)
or a threshold in terms of vehicle kilometres.

The analysis of wider economic impacts and fiscal effects requires an
additional set of information. Crucial for this type of assessment are
production values, input-output relations between industries, tax
guotas etc. Based on this information it is possible to provide range
estimates for the employment, fiscal and distributional effects.

Since this represents pioneering work in the field of IVSS, the results
were only calculated for Electronic Stability Control and Emergency
Braking (see above).
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5.2 Results of the stakeholder analyses

The break-even analyses come up with a couple of results. Because
the different types of results (pay-off period, kilometre threshold) are
driven by the same effects, the results presentation concentrates on
the pay-off periods. The main results from the user perspective are:

e The pay-off period of investing in IVSS depends largely on the
driven kilometres per year. Since frequent drivers are more
exposed to safety risks, systems which avoid driving conflicts or
mitigate the consequences are more attractive to them. As Table
8 shows, this position can be economically justified. At least for
the 2020 high scenario, all systems reach the break-even point
within the average vehicle lifetime which is assumed to 12 years
throughout the eIMPACT project.

e As an illustrative example, Figure 21 shows the break-even points
for the system Electronic Stability Control for the 2020 high
scenario. Applying the average driven kilometres per year in the
EU-25 to the break-even analysis (System user group (SUG) 3:
10,000 — 15,000 km per year) Electronic Stability Control leads to
a pay off of the investment costs within three years. With fewer
annual kilometres (SUG 2: 5,000 — 10,000 km per year) the pay
off is reached after five years. Frequent drivers (e.g. SUG 5:
20,000 — 30,000 km per year) are able to realise the investment
pay off after about two years.

e The comparison between IVSS shows that mature systems and
systems with rather low market prices (e.g. Electronic Stability
Control, eCall) perform better in the break-even analysis than
other systems. This is illustrated (in Table 8) by the scale
reaching from ‘+++ (indicating that the break-even point is
reached within two years after registration) to ‘- (indicating that
the break-even point is not reached within twelve years).

Conducting break-even analyses for the involved industries
(automotive industry, insurance industry) requires information which
is not publicly available. Therefore, it is difficult to come up with
guantitative results for these stakeholders. A possible solution to
overcome these difficulties, presented here for the automotive
industry, is to narrow down the playing field from two sides, based on
market prices per unit and revenues on the one hand and based on
unit costs on the other hand. Given that the industry rule of thumb
suggests a factor three between cost and price it does not mean that
the difference represents the profit. This difference can be interpreted
as a sort of price-cost margin. It can only serve as starting point from
which research and development costs, vehicle implementation costs,
costs for call-back campaigns etc. also have to be covered.

Table 8: System profitability from the user perspective
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System User Groups Year
2010 2020
Systems according to 1,000 kilo- L Hiah | L High
meters driven per year ow '9 ow '9
SUG 1: <5 - - - -
Electronic SUG2: 5-10 b s i S
Stability SUG3: 10-15 + ++ ++ ++
Control SUG4: 15-20 ++ ++ ++
SUG5: 20-30 ++
SUG 6: > 30 ++ EI
SUG 1: <5 n.a n.a - -
SUG2: 5-10 n.a n.a - -
Emergency SUG3: 10-15 n.a n.a - -
Braking SUG4: 15-20 n.a n.a - -
SUG5: 20-30 n.a n.a - +
SUG 6: > 30 n.a n.a - +
SUG 1: <5 - - - -
SUG2: 5-10 - - - -
Lane Keeping SUG 3. 10-15 - - - -
Support SUG4: 15-20 - - - -
SUG5: 20-30 - - - +
SUG 6: > 30 - - - +
SUG 1: <5 + + - -
SUG2: 5-10 ++ ++ ++ ++
call SUG3: 10-15 ++ ++ ++ ++
e-a SUG 4: 15-20 T+ |+
SUG5: 20-30 II
SUG 6: > 30
SUG 1: <5 - - - -
SUG2: 5-10 - - - -
SUG3: 10-15 - - + +
Speed Alert SUG 4. 15-20 - - " "
SUG5: 20-30 - - + ++
SUG 6: > 30 - - ++ ++
Annotations:
- Break-even point is not reached within lifetime of the passenger car
+ Break-even point is reached within lifetime of the passenger car
++ Break-even point is reached in the first six years
+++ Break-even point reached in the first two years
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Figure 21: Break-even points (in years) for Electronic Stability Control —
2020 high scenario
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The assessment of wider economic impacts (employment, fiscal, and
income distribution effects) led to the following main results:

The production of Electronic Stability Control represents a
considerable employment factor in the national and the European
economy. In the year 2010, about 3 million new vehicles will be
ESC-equipped in Germany. This corresponds to a sales volume
of about 1 bn EUR and a production value (direct and indirect
production) of about 2 bn EUR. The direct and indirect effects on
employment that result from production and implementation of
ESC in the year 2010 amount to about 10,000 employees. As
scenarios were also considered here, the range is between 8,800
(scenario low) and 10,500 (scenario high) employees. Scaling up
the results to the EU-25 (target year 2010) this would imply
employment effects between 27,000 (scenario low) and 40,000
(scenario high) employees.

The fiscal revenues from the market penetration of Electronic
Stability Control and Emergency Braking — which were calculated
for the year 2020 — amount to a range between 131 million EUR
(scenario low) and 179 million EUR (scenario high). A comparable
calculation on European level would end up with a range between
662 million EUR (scenario low) and about 1,026 million EUR
(scenario high).

Concerning income distribution no clear picture of effects can be
found. However, it can be shown that especially households with
more than one person and an average income receive higher
shares of the benefit than they bear through the costs of IVSS.

The performance of stakeholder analyses offers some views and
perspectives on this type of analysis:

Generally, stakeholder analyses represent a useful tool for
assessing the socio-economic impacts of Intelligent Vehicle
Safety Systems. They cannot replace information provided by
(social) cost-benefit analysis but complement it. This is helpful in
assessing potential barriers to deployment.

Since many stakeholders play a role in facilitating the IVSS
market introduction, it is important to address in the first instance
the most important and most proactive stakeholder groups. In this
light, it is a more useful approach to look first at the complete
picture of stakeholders and in the second step to select the
objects for the analysis. More specifically, the in-depth analysis of
user perspectives is a clear must. Although there is currently still
some lack of awareness, the users are the group who finally has
to pay for the systems and services. Therefore, they are in the
center of the whole deployment process. The automotive industry
will follow their roadmaps to bring these technologies to market
anyway. The insurance industry will likely use premium reductions
only as a marketing instrument.

The forthcoming Field Operational Tests provide an unique
opportunity to collect information also on user perception, willingness-
to-pay (specifically for the tested systems but also for safer road
transport in general), the value of higher comfort etc. The quality of
input data for stakeholder analyses would largely benefit from these
accompanying research activities.
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6 Policy recommendations to promote Intelligent Vehicle Safety Systems

6.1 Approach

Barriers for

D5< the Market

Penetration

D74

Recommendation
of ideal Strategy

— Objective —l Instruments — Interviews

Although the title of this chapter suggests otherwise, it does not
provide actual policy recommendations to promote IVSS. It turned out
to be too ambitious to come up with a best strategy for speeding up
the deployment of a particular system, let alone a “golden strategy”
for all systems. The reason for this is that the twelve IVSS within
eIMPACT have a large diversity of characteristics and therefore
different stakeholders and barriers. The most notable difference is
between stand-alone and cooperative systems (especially v2i).
However, the outcome of the analysis of policy instruments and
deployment strategies forms a basis for the identification of key
elements for feasible policy options to promote the market
introduction and - penetration of Intelligent Vehicle Safety Systems
(IVSS). The outcome of this analysis are recommendations for further
activities to identify useful policies and instrument bundles for the
most (societal) beneficial systems identified within eIMPACT. They
are reported in "Policy recommendations to promote selected
Intelligent Vehicle Safety Systems” (D7, [Alkim et al., 2008]).

The development of the enabling framework, the identification of the
relevant policy/stakeholder levels and the possible instruments as
well as the instrument assessment and recommendation of optimal
policies/strategies was carried out in several steps. The analysis was
subdivided into two different major parts which represent the contents
of the deliverables “Policy Option framework for promotion of
Intelligent Vehicle Safety Systems” (D5, [Alkim et al, 2007]) and
Policy recommendation s to promote selected Intelligent Vehicle
Safety Systems” (D7, [Alkim et al., 2008]) (see Figure 22).

Stakeholder

|

Main

Evaluation -> Workshop
Strategy 1: Parameters

eInstrument 1 G
/ eInstrument 2 1
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Figure 22: Methodological flowchart of workpackage 4000
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6.2 Results

The process began with the identification of potential barriers for
market deployment of IVSS. The inspection of these barriers was
necessary to detect the stakeholders who are affected most and to
generate a strategy containing adequate measures or instruments to
overcome such obstacles. Four different categories of barriers were
differentiated here (user related, economic, technological,
legal/governmental).

Additionally, the barrier examination provided valuable information
about the relevant stakeholders. The main stakeholders involved in
the implementation process were described. According to the
identified stakeholder and the assignment inside the implementation
process, 14 different instruments for boosting the market penetration
rate were illustrated on the basis of past application (e.g. awareness
campaigns, cooperative research, tax reductions etc.). Initially, each
instrument’s general design and functionality was specified. In
addition, examples from the past use either in the road safety sector
or in similar and transferable application areas are presented.

In order to ensure that the main stakeholders and the appropriate
instruments were found, a short questionnaire was composed. On the
basis of this questionnaire, 60 stakeholders in eight countries were
individually interviewed to investigate their possibilities and
experiences with the varying instruments to stimulate and influence
the penetration of IVSS on the market. In addition, the stakeholders
were asked to rate the suitability of the instruments.

The main findings of the conducted interviews about the variety of
instruments, past application experiences as well as the overall
perception of the effectiveness provided valuable input for the
preparation of a stakeholder workshop. This one day workshop was
held in Utrecht, The Netherlands on February 26" where 35
participants from 11 countries worked together to identify key
elements for deployment strategies for two specific IVSS, Lane
Keeping Support and SpeedAlert. These two systems were chosen
because they had high scores in the cost benefit analyses and they
represent a lateral and longitudinal support system as well as a
stand-alone and a cooperative system.

Based on the findings at the workshop, a SWOT-analysis was
conducted in order to point out, for each instrument and/or instrument
bundle, its strengths, weaknesses, opportunities and threats. After
this analysis, the choice of the most efficient implementation support
strategy for certain safety devices was performed.

Finally, recommendations for the ideal implementation strategies to
promote and support the market penetration of specific kinds of IVSS
regarding the involved stakeholders and their possibilities were set

up.

The main stakeholders and the instruments available to them were
identified.

The IVSS market is influenced by a variety of stakeholders. The main
groups of stakeholders were examined from the supply and demand
side.
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In the case of IVSS, the supply side consists of the OEMs and
several suppliers regarding the development and production of the
IVSS, the infrastructure equipment and communication issues for
cooperative systems. On the demand side, single users,
institutional/corporate customers like rental fleet operators or driving
schools and public/private infrastructure operators are distinguished.
The category supplementary stakeholders including driver
associations, road freight organisations, insurance companies,
governmental institutions etc. has only indirect effects on the IVSS
market since it can influence either the supply or demand side to
produce or buy the systems.

Table 9 presents the set of instruments discussed with the
stakeholders and used in the workshop. It also provides a brief
description of each instrument.

Table 9: Instruments explored in the stakeholder interviews and workshop

Instruments Description

Awareness campaigns Use of different media channels to provide information on
benefits and system function in order to improve user awareness

and understanding

Advertising media

Promotion of system via different media channels

Driver education / training

Driver information and education about systems and training how
to use them

Cooperative research

Research conducted in the cooperation among various
organisations in order to achieve more valid results.

Awards

Use of awards to label products to convince customers to use or
buy the system

Field operational tests

To verify the functions and benefits of a specific system under
real conditions in large-scale and/or long-term use

System as standard equipment

The OEMs voluntarily provide the systems in all vehicles

Discounts

Offering the system at a reduced price (due to packaging, large
sales volume, etc.) by the industry to consumer

Direct subsidies

Public body provides financial support for development or
production of the system

Tax reduction

Financial compensation in terms of reduced tax by public body to
consumer

Insurance premium reduction

Financial compensation in terms of reduced premium

Voluntary agreement

bilateral or multilateral (nonbinding) agreement between
stakeholders to cooperate in the deployment of the systems

Legislative mandatory
equipment

The OEMs are obliged by law to provide the systems in a specific
type of vehicle

Cooperative support action

Multi stakeholder cooperation that is aimed at solving
implementation issues (example: eSafety forum, COMeSafety)

A main finding of the stakeholder interviews is that there is a
difference between the instrument used by stakeholders and their
views of the effectiveness of the instruments. One example of the
overall set of findings is:
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The top 5 of instruments perceived as most effective is:
1. Legislative mandatory equipment
2. System as standard equipment instead of optional
3. Insurance premium reduction
4. Tax reductions
5. Awareness campaigns

Remarkably, this top 5 is quite different from the top 5 of instruments
most used by the interviewed stakeholders:

1. Awareness campaigns
2. Cooperative research
3. Driver education — driver training
4. Field Operational Tests
5. Advertising Media
Only awareness campaigns are mentioned in both lists.
The list of instruments formed input to the stakeholder workshop.

The one-day workshop applied a methodology for bringing together
all stakeholder groups involved in deployment of IVSS. At the
workshop, the stakeholders went through the three-step methodology
for identifying elements of a deployment strategy:

1. Rate instruments: per stakeholder group, the suitability of a
particular instrument for accelerated deployment of a
particular IVSS was rated. The result was the relative
perceived suitability of the instrument by stakeholder for each
IVSS

2. Select instruments: each stakeholder group selects the
instruments that it can use to speed up the deployment of a
particular IVSS. The result was a list of available instruments

3. Weigh evaluation parameters and grade instruments: for each
stakeholder group, the result is the viability of an instrument
for each particular stakeholder group for a particular IVSS

The evaluation parameters were: perceived willingness to pay (of the
end-users), price of the system, financial risk of business case,
technical interoperability, code of practice, infrastructure investment,
organisational aspects.

Table 10 provides an overview of the viability of the different
instruments for the Lane Keeping System by stakeholder group.
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Table 10: Instrument Viability of Lane Keeping System
Stakeholder Instr. 1 Instr. 2 Instr. 3 Instr. 4 Instr. 5
(score) (score) (score) (score) (score)
OEM Field operational | Cooperative Advertising
tests research media
2.41 2.27 1.72
Supplier Field operational | Cooperative Awareness Advertising
tests support action Campaigns Media
3.31 3.08 2.74 1.96
Road operator | Voluntary Field operational | Cooperative Awareness Cooperative
Agreement tests Research Campaigns support
3.46 3.09 2.89 2.71 action
2.34
Public sector Awareness Tax Voluntary Legislative Driver ed /
Campaigns Reduction Agreement mandatory training
3.28 3.01 2.90 Equipment 2.62
2.75
Automobile Cooperative Field operational | insurance pr Awareness Driver ed /
club support action tests Reduction Campaigns Training
3.23 3.20 2.96 2.80 2.15
Research Cooperative Cooperative Field operational | Driver ed. / Awareness
institute support action Research tests Training Campaigns
3.52 3.27 3.08 211 2.08
Other Cooperative Cooperative Field operational | Voluntary Awareness
Research support action tests agreement Campaigns
2.86 2.71 2.53 1.99 1.52

Based on the results above, a follow-up discussion of each system
took place. The participants of the “Lane Keeping Support session”
discussed the most frequently mentioned instruments:

e Advertising media

e Awareness campaigns

e Legislative mandatory equipment

e Voluntary agreement

e Tax reduction

e Cooperative research and support actions

e Field operational test

In this context, the main stakeholder, strength and weaknesses as
well as possible opportunities and threats of each instrument were
discussed roughly.

Advertising media

e This is a primary OEM instrument, but suppliers can support the
advertising effort (if not already done). Advertising is an important

instrument especially for after market system supplier.

e Usually advertising campaigns concentrate on the whole car. A
stronger focus on safety systems could raise the awareness and

information

level.

effective advertising campaigns should be created.

In cooperation with media experts, more
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Advertising in contrast to awareness campaigns are focused on
selling a product. Therefore, advertising is main instrument of the
industry.

Awareness campaigns

“Neutral” organization should establish and provide awareness
campaigns.

In order to guarantee no advertising influence by OEMs and
suppliers, the public sector should be the initiator and financier.
Information has to be trustworthy from a customers point of view.

Research institutes can deliver valuable input for selecting the
right systems and/or functionalities which should be highlighted
and promoted.

Controversially discussed proposal: a non-profit consumer
organisation should be created which is conducting independent
tests of different products.

Legislative mandatory equipment

Representative from public sector found this instrument effective
to enhance deployment, but saw a couple of disadvantages for
the use of it.

In general (agreed upon all stakeholders), legislation is the last
option to raise the market penetration of IVSS. In a market based
society, supply and demand side should decide what is produced
and bought respectively.

Administrative process to create and implement a law takes a
long time.

System benefits and cost have to be very clear before a certain
system is declared as mandatory.

Higher prices due to additional costs for manufacturers could lead
to slower renewal of the vehicle fleet if customers decide to use
old vehicles longer. This has a bad influence on the overall safety
level.

Finally, for Lane keeping support a legislative mandatory
equipment is at least for the next ten years not realistic.

Voluntary agreement

This instrument is in general a step or method to avoid legislative
measures. Therefore, it is used before the legislative mandatory
equipment.

Potential problem is the number of participants in an agreement.
Also, industry usually regards their own business case while
setting up an agreement.

Same situation for voluntary agreement as for legislative
mandatory equipment: it is too early in the market deployment
process to reach such an agreement without having certain
standards.

If voluntary agreement should be reached it would be more useful
for trucks in the beginning.
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Tax reductions

In general, this instrument has high potential, see example
Denmark (tax reductions work better in high-taxation countries).
Should be used to improve safety level very quickly.

More effective for heavy vehicles.

Application of a tax reduction for Lane Keeping Support will
increase the end-user awareness for such a system and safety in
general.

Government needs sound information base of the system and its
benefits, in order to guarantee not to waste money. Public budget
is limited.

Tax reductions should be used only for a short period. Long term
grant is just waste of money.

Cooperative research and cooperative support action

These are only supportive measures.

Public side should take the lead with support by OEMs, suppliers,
research institutes...

Public sector should raise its financial budget for cooperative
research and support actions. Support of 50% cost recovery for
private (industry) stakeholders is too low.

Cooperative research should be on a more scientific level and
give more than just information, standardization. Cooperative
support actions can be carried out like eSafety Forum.

Field operational tests

FOTs should test the acceptance and the impact of the system on
traffic and safety.

Public sector has to take the leading and conducting role in
cooperation with other stakeholders (OEMs, suppliers, automobile
clubs).

Public sector has to carry the main financial burden of FOTSs.
Therefore, the government should spent more money for the use
of this instrument.

From the results of the stakeholder workshop various strategies
can be formulated based on the matrices such as in Table 10.
From these results, a strategy could be constructed using a
combination of stakeholders and instruments. Arguments for
choosing a combination could be, for instance:

- The more often instruments are mentioned, the more likely
they are to appear in a strategy,

- The higher the numerical value of an instrument, the more
proactive the stakeholder will be

Different strategies which can be applied for a better deployment of
Lane Keeping Support can be gathered from the information from the
workshop in Utrecht.

A possible deployment strategy could be as follows: first of all, the
most strategic stakeholders in the value chain for the deployment of
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Lane Keeping Support are selected. Successively, the most likely
instruments for the stakeholders previously defined are chosen
according to the numerical value principle. In fact, it should reflect the
stakeholder real pro-activity.

In particular, the construction of a possible strategy for speeding up
the deployment of Lane Keeping Support takes into account the
active involvement of the following stakeholders:

e stakeholders of supply side:

- system suppliers, since they hold the development and
manufacturing of IVSS;

- system producers (i.e. carmakers/OEMs), because they
decide for installing IVSS on board of their vehicles or not;

e supplementary stakeholders:

- governmental institutions (e.g. public sectors), since they
possess the most powerful instruments as normative, financial
and informative instruments;

- driver association (e.g. automobiles club, driving schools),
since they can make customers aware of IVSS safety issues
and influence their willingness-to-buy;

and the combined use of different instruments according to the
Stakeholder Workshop results. In particular, the selection of the most
probable instruments to be exploited by each stakeholder has been
made taking into account the instrument numerical value on a scale
0-5. The highest value indicates that it is more likely that the
stakeholder will proactively use that instrument.

Therefore, a potential strategy for Lane Keeping Support consists of
the following instruments (see Table 11):

o field operational tests (initiators: system suppliers, automobile
clubs and OEMSs): a concerted action among on one hand system
suppliers and OEMs, and on the other automobile clubs can
increase user awareness, create correct expectations and
persuade potential customers about Lane Keeping Support
advantages;

e awareness campaigns (initiator: public sector): Ministries or the
European Commission can use awareness campaigns to raise
knowledge and understanding of Lane Keeping Support
functionalities and benefits with the final aim to change public
attitudes and perceptions;

e advertising media (initiator: OEMSs): despite the lowest numerical
value in the case of OEM stakeholder, advertising campaigns
directly promoted by carmaker (Alfa Romeo dedicated a summer
advertising campaign to the alcohol risk assumption in case of
driving) could strongly awaken customers and public opinion to
traffic safety themes. The number of equipped vehicles with Lane
Keeping Support would grow either directly (customer
informational status and willingness to buy raise) or indirectly
(supplementary stakeholders start awareness campaigns
influencing customers).
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Table 11: Strategy for Lane Keeping Support
Instruments
Field .
. Awareness | Advertising | Voluntary
operational . .
campaigns media agreement
tests
_ LKS
Suppliers
o
()
o LKS
o |OEMs LKS
<
()
S [Publi
& ublic LKS
sectors
£
T
S |Automobile LKS
clubs

The strategy development process revealed that it is possible to have
more than one strategy per IVSS. It also showed that there is no
uniform ideal strategy for all IVSS.
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7 eIMPACT and Roadmaps for IVSS (D9)

elIMPACT produced an integrated set of quantitative impacts that can
inform decision making on strategic orientation, innovation,
investment, awareness, promotion and deployment activities by
stakeholders. The exploration of possible policy options and
strategies provides insight into what elements form a successful
deployment strategy. This chapter takes the results a step farther by
presenting the perspectives of industry (OEMs and suppliers), public
authorities, and the possible user perspectives.

7.1 Roadmaps for IVSS with respect to the State-of-the-Art

The EC-funded ADASE project, which ran from 2001 — 2007,
developed a road map showing first forecasts for the deployment of
Advanced Driver Assistance Systems including Intelligent Vehicle
Safety Systems (IVSS) in Europe. The complexity and contribution of
the systems were the primary drivers in determining the sequence of
the roadmap. Figure 23 shows the ADASE roadmap, onto which the
twelve elIMPACT systems have been mapped. Simple systems
appear lower in the ADASE roadmap, indicating that they should
reach the market earlier. More complex and autonomous systems
appear at the top. No timeline is given in the ADASE roadmap.
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Figure 23: Match of ADASE roadmap and IVSS investigated in eIMPACT

A reference between ADAS and IVSS is given on the right side of the
sketch. The systems selected and assessed in eIMPACT match well
with the ADASE roadmap. Only eCALL (ECA), ESC, and Driver
Drowsiness Monitoring and Warning (DDM) are not considered in the

ADASE roadmap.
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Since the ADASE project, other projects have examined other
aspects of IVSS and thus produced other roadmaps. The Integrated
Safety systems roadmap from the PReVENT INSAFES project in
Figure 24 shows that longitudinal and lateral support systems have
already entered the market, beginning with ACC at the end of the last
century. Systems have matured since then and the costs for sensors
decreased. Thus nearly all car manufactures offer these systems or
plan their introduction.

In the short term, longitudinal safety integration is expected. Already
ACC (operational at 30 km/h or more) have been expanded to stop &
go traffic, and they entered the area of safety functions like pre-fire of
reversible belt pre-tensioners or emergency brake assistance and
collision mitigation. The systems started as comfort systems and they
entered the field of safety after proving their reliability.

The Integrated Safety systems roadmap from the PReVENT
INSAFES predicts that integrated systems coupling longitudinal and
lateral support can be expected in the next 5 years. Cooperative
systems which are based in V2X communication will appear at the
end of the next decade.

Figure 24: Integrated Safety Systems — Roadmap (PReVENT INSAFES)

7.2 Basic Conditions for IVSS Introduction

It is clear from the impact and CB analyses that the achievable
reduction in fatalities (and injuries and accidents) depends on the
penetration rates. The penetration rates depend on pricing,
dissemination, legislation, homologation, and standardization.
Legislation, homologation and standardisation need EC support.

From the demand side, the customer needs to understand the
benefits of IVSS. Firstly, the customer must be aware of the existence
of IVSS. Secondly, only then can the customer weigh if the price-to-
benefit ratio is attractive to him or her.
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The sequence of introduction has to fit into the strategies of the
relevant stakeholders. In particular, this means that the car
manufacturers’ introduction strategies (based on their specific product
philosophy) as well as the priorities like environmental and or safety
and throughput objectives of the Public Sector (e.g. Road Authorities)
have to be taken into account. In addition the user needs to
understand the benefit of these systems; otherwise the demand for
IVSS will remain on a low level.

System introduction will follow a step by step process. Firstly,
information systems will come before active support depending on the
maturation of the underlying technologies. Secondly, systems will be
bundled because of cost reasons, if they use the same components.
Figure 25 outlines the different categories of support to accelerate the
deployment of different types of IVSS.

The design of detailed measures for a dedicated IVSS is explained in
the elIMPACT deliverable “Policy recommendations to promote
selected Intelligent Vehicle Safety Systems” (D7, [Alkim et al, 2008]).
In general all relevant stakeholder groups like OEMs and their
suppliers as well as user groups and the public sector have to
cooperate for a successful market introduction. The main stakeholder
groups are the OEMS and their suppliers, and sometimes the public
sector, on the supply side, and the users on the demand side. To
accelerate deployment of IVSS, it is important to bring together all
relevant stakeholders in appropriate forums such as the eSafety
Forum. Finally, whether there is an attractive business case for the
stakeholder that bears the main financial load of a strategy plays a
crucial role in the cooperation among the stakeholders. The
stakeholders’ specific tasks, needs and risks are outlined below in the
sections 7.3 - 7.5.

Support T~
Standardization! -

Support ~_ Cooperative
Homologation! \ systems

T

Next generation systems

Systems on market -~

N

Support
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Figure 25: Appropriate support in different stages
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Depending on the status and degree of market introduction, IVSS
need appropriate measures to promote them. Specific measures are
outlined below.

Dissemination (for systems already on the market)
0 raise of public (customer) awareness
0 improvements in driver education and driver safety training
0 promotion in motor press
0 investigation in infrastructure systems for v2i communication
o0 tax refunds for safety systems
Homologation on EC level (for next generation systems)
o improvement of EU-wide legislation and homologation
Standardization on EC level (for cooperative systems)

0 support of protocol standardization and frequency allocation
for v2x communication systems (Recommendations of the
eSafety Forum Initiative - Working group Communications are
already under preparation)

The safety effects (i.e. avoided fatalities and injuries) and the Benefit
Cost Ratios (BCR) calculated in eIMPACT (D4 [Wimink et al., 2008]
and D6 [Baum et al., 2008]) could be used to determine for which
systems specific measures are effective and efficient.

7.3 Perspective of supplier and OEMs

OEMs and their suppliers need to open the market for future IVSS by
providing effective systems to affordable prices, but they have to
overcome significant liability and introduction risks.

IVSS will increasingly support drivers in complex situations. As a
consequence, the functionality of these systems has to cover these
events and this increases product liability risks dramatically.

In addition the requirements regarding system performance and
availability result in increased development costs for the system
components leading to high introductions risks.

Hence, from an OEM and supplier perspective two enabling
instruments are crucial to overcome liability risks:

e Homologation and standardisation on EC-level
e Use of a common Code of Practice (CoP) on EC level.

A Common Code of Practice describing the methodological approach
to develop a specific IVSS could help to accelerate the development
and quality of an IVSS and to support the user acceptance. Such a
Common Code of Practice includes

o] An agreed set of terms and definitions

o] A basic description of the development process (to be refined
specifically for each supplier or OEM)

o] A set of recommendations on how to prove controllability of the
IVSS (e.g. expert panel, naive users) and requirement gathering
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The RESPONSE 3 project delivered version 3.0 of such a Common
Code of Practice (Oct. 2006). This draft is currently under review of
relevant stakeholder groups.

To mitigate the introduction risks OEMs and their suppliers might
choose the introduction scenario given below. In addition, they could
identify strategies to reduce their production and development costs
by standardisation of components for different OEMs (based on
common legislation for these components).

Possible introduction scenario

Stepl: launch of warning functions combined with powerful
brake assist

e no automatic system intervention ; this means a lower liability
risk

e low system cost; this will improve the willingness-to pay of
users

e mature systems already available
e pave the way for automatic systems
Step 2: launch of automatically intervening functions
e improve maturity, performance, availability and reliability
e reduce cost by new technologies
¢ additional accident mitigation and avoidance potential

Figure 26, an illustration of system dependencies, reveals the
technical basis for the possible introduction scenario described
above.

The introduction risk of IVSS could also be mitigated by the specific
support of already existing organisations. As an example, a possible
role of EURO NCAP is briefly outlined. EURO NCAP is actively
planning to enlarge its focus by assessing active safety systems (the
so-called “Beyond Euro NCAP” initiative by initiating a “star rating
program” for active safety systems). This could be a useful platform
for industry stakeholders to be actively involved in the design of new
rating schemes and rating processes. Furthermore these
recommendations of “Beyond Euro NCAP” should balance systems
benefits (accident avoidance) and economical aspects and could
serve as a frame to compare different IVSS.
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System abbreviations
eIMPACT Systems

LCA Lane Change Assistant (Warning)

WLD Wireless Local Danger Warning

FSR Full Speed Range ACC

EBR Emergency Braking

NIW NightVisionWarn

LKS Lane Keeping Support

SPE SpeedAlert

PCV Pre-Crash Protection of Vulnerable Road Users
INS Intersection Safety

DDM Driver Drowsiness Monitoring and Warning
ECA eCall

ESC Electronic Stability Control

Additional (systems not investigated in eIMPACT)

LDW Lane Departure Warning

RSR Road Sign Recognition

NV Night Vision

BLD Blind Spot Detection

7.4 Perspective of Users

The effective realisation of the expected benefits is going to depend
on conditions of systems implementation: in particular, in which
measure the system responds to drivers needs, is compatible with
their functional capacities and satisfies the criteria of relevance,
usability and acceptability.
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The expectation of users to use a IVSS can be summarised as
follows:

e Optimal safety performance in conjunction with low costs
(purchase and maintenance)

e [Ease to use with standard interfaces
e Comparability of systems

e Proof of evidence of the benefit of the users.

First of all, the attention of users has to be drawn to the new IVSS by
raising their awareness and by provision of support to understand the
“personal” benefit of these systems. For these purposes user groups
should be encouraged to participate in Field Operational Tests.

This means all measures to promote and deploy a specific IVSS have
to consider the user's needs and focussed user groups should be
actively involved in the implementation of these measures.

7.5 Perspective of public authorities

In general, all public (road) authorities in Europe have a policy goal in
common, to improve traffic flow in terms of safety, throughput,
environment and in some countries reliability. For public authorities to
reach their policy goals they have several instruments to their
disposal, but only one budget. That means that, unless the budget is
very large, choices have to be made. The priorities per country and
per public authority may differ depending on various criteria.
Regarding traffic safety the following order of investments is usually
followed. First invest in the basic conditions for traffic safety, than
invest in additional measures to even further improve traffic safety.

Basic conditions:

e Building and maintaining the national road network, making
sure that the necessary infrastructure to allow safe traffic flows
is available.

e Control the quality of the vehicles on this network, making
sure that only safe vehicles (mainly regarding passive safety)
are allowed to travel these roads

e Provide the necessary training and licensing to make sure that
only skilled drivers are allowed to drive their vehicles on the
roads

These three criteria should all three be met to guarantee a solid basis
for traffic safety because the “triangle” human behaviour (driver) —
vehicle — infrastructure, determines the level of traffic safety. If one of
these three basic conditions is not met, then there is no reason to
invest in other conditions without addressing this lack of minimum
criteria first.

Once the aforementioned basic conditions are met, it pays off to
invest in additional measures to even further improve traffic safety.
One of these additional measures would be to invest in IVSS, either
stand-alone or cooperative. The potential of these systems is to
increase traffic safety, provided that the basic preconditions are met.
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In addition to investing in IVSS, either stand-alone or cooperative to
improve traffic safety, there are more reasons for public authorities to
invest. Especially for cooperative systems there is a large potential for
road operators and public authorities, because these systems provide
the possibility to extract information from the traffic flow that is
necessary for their primary processes, such as traffic management
and maintenance of the road network. For instance, traffic
management measures are usually taken on the basis of data
collected from loop detectors. Speed, intensity and type of vehicle
can be identified by these sensors, but only at specific locations. By
means of communication between the vehicle and the infrastructure
this type of information and much more could be extracted from the
traffic flow without having such loop detectors (and the associated
costs and inconvenience from installing and maintaining them).
Furthermore, the coverage of the network can be extended largely
because cars drive on primary as well as secondary and urban roads,
whereas (loop) detectors are usually located only on the primary
roads. In addition to extracting information that nowadays is provided
by other sensors and is used for traffic management, other types of
information could be generated and used for new (to be developed)
applications. Retrieving information from the vehicle about current
ABS or ESC actions could provide local information about slippery
roads for instance.

Since communication is a two-way street, there is another potential
benefit next to extracting information from vehicles and that is
sending information to vehicles. Public authorities and road operators
could start considering the impact of being able to send information to
(specific groups of) drivers in their vehicle at a certain location at a
certain time instead of posting it on static or dynamic signs, and
thereby possible making them obsolete. The time scale of this
development however is considerably larger, due to the fact that large
penetration rates are necessary and supporting actions to modify
traffic regulations and laws might be necessary as well.

Once public authorities are convinced to invest in IVSS, the question
is what role they can play in order to promote or speed up the
deployment. Possible roles for public authorities and road operators
are, for instance, that they can create the legal framework for the
production (standardisation and homologation issues) and the use of
IVSS. Financial incentives like tax reductions and direct subsidies can
influence either the willingness to buy on the demand side and the
development/production costs on the supply side. Public authorities
and road operators can support the deployment of IVSS by setting up
and bringing forward research networks on IVSS and creating
awareness through campaigns.
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8 Project results and achievements

8.1 Meeting the project objectives

Project objective Meeting the | Explanation

objective
To carry out a socio-economic Yes The integrated approach in eIMPACT
impact analysis of IVSS, based on a selected the IVSS (WP1000); the IVSS
description of relevant IVSS, and were specified in terms of technical
their expected impacts on traffic functionality, and where, when and how
and safety. they operated (WP3000); safety and

traffic impacts were estimated, making
use of the eIMPACT accident trend
developed in eIMPACT (WP2000); the
traffic and safety impacts formed input to
the socio-economic cost-benefit analysis

(WP2000)
To provide perspectives on the Yes Policy options for facilitating market
market introduction of IVSS, introduction (WP4000) and Stakeholder
integrating the input from the impact analysis and overall evaluation results
analysis, policy options and (WP5000) made use of the outputs of
stakeholder roles the impact assessment / CBA. Key

elements for deployment strategies were
identified, as well as a methodology for
developing strategies. No one single
deployment strategy exists; rather, the
strategy will depend on the particular
system, the stakeholders involved and
the business case for each stakeholder
for that system.

8.2 Scientific & technological quality and innovations

The methodology developed in eIMPACT can be applied in the future
— thus it is reusable — and can be applied to all IVSS: stand-alone,
cooperative and nomadic systems. The integrated approach used
engineering, demographical, economic, psychological and behavioral
views in the analyses.

The excellent cooperation between OEMs, suppliers, public
authorities, universities and research institutes in the project made it
possibility to get the necessary information and data as well as to
ensure consistent assessment results. The cooperation enabled the
project to make a consistent set of assumptions and approaches
used in system specification, cost estimation, accident trend
estimation, safety and traffic impact assessment, CBA, stakeholder
analysis and policy recommendations.

The focus of the eIMPACT project was clearly on the assessment of
the potential impact of IVSS and the resulting socio-economic costs
and benefits. The eIMPACT project followed the exploratory study on
the potential socio-economic impact of the introduction of IVSS
(SEiSS) which was carried out to a significant extent by one of the
elIMPACT partners, the Institute for Transport Economics at the
University of Cologne.
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The SEISS study focused on the development of a methodological
framework for socio-economic impact assessment, the workability
demonstration of the approach and the verification by exemplary case
studies. eIMPACT built on a sound and comprehensive impact
assessment framework which is based on cost-benefit analysis.

The socio-economic assessment required reliable 1IVSS safety and
traffic impacts. The safety impact analysis formed an innovative part
of eIMPACT. It made use of nine mechanisms to address all possible
effects of IVSS ([Draskéczy, 1998]). The mechanisms cover
exposure, crash risk and consequences, including intended and
unintended impacts and “positive” and “negative” impacts. After
choosing a main factor out of a possible 6 from the accident data,
such as collision type, junction, weather conditions, this information
was combined with the frequency of target conditions in the accident
data, and applied to the eIMPACT accident trend data for 2010 and
2020 to produce quantified estimates of the reductions in the number
of accidents, fatalities and injuries. One of the challenges in the
safety analysis was quantification of all aspects related to the nine
mechanisms. Evidence from FOTSs, simulators, literature and expert
guesses were used.

The traffic impact analysis took into account both the direct effects,
e.g., changes in speeds and headways, and indirect traffic effects in
terms of reduced congestion due to avoided accidents with fatalities
and injuries. State-of-the-art micro-simulation models were used to
estimate the direct effects.

A crucial input to the safety impact assessment was the general
accident trend in 2010 and 2020. No up-to-date forecast of the safety
performance (accidents/ casualties) for 2010 and 2020 was available
for the EU-25. Consequently, the project produced its own road safety
forecast.

The analysis of traffic effects and, subsequently, their socio-economic
impacts also required a comprehensive statistical traffic database for
EU-25. Important elements of the EU-25 database were vehicle
stock, transport performance (passenger transport: pkm, goods
transport: tkm), vehicle kilometres and their distribution within the
road network and safety performance indicators (accidents per bill.
vehicle kilometres).

The socio-economic impact assessment, which made use of the
elements described above, is a comprehensive framework which
integrated the assessment framework to show the profitability of the
IVSS on a societal level.

The stakeholder analysis extended the results of the cost-benefit
analysis by exploring a wider socio-economic perspective on key
interest groups: system users, OEMs and suppliers, the insurance
industry and public authorities.

The policy analysis identified the key elements for a successful
market introduction. It also developed a methodology for support
policy development for accelerated market introduction.

The final results of the eIMPACT, e.g., safety results and BCR, are on
the one results which stand on their own, but on the other hand form
a consistent set of quantitative results and a methodological
approach.
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9 Project outputs

9.1 Deliverables

eIMPACT produced the deliverables as described in the Technical
Annex version 3, with one exception. With the permission of the
project officer, the deliverables D9, “Integration of Results and
Perspectives for market introduction of IVSS”, and D10, “Final
Report”, were integrated into one deliverable. Table 12 contains the
deliverables produced by elIMPACT, along with the related Work
Package number, Lead Participant, Nature, Dissemination Level, and
Delivery Date.

Table 12: Deliverable List of eIMPACT

Del. Deliverable name WP no. Lead Nature’ | Dissemi | Delivery
no.* particip- nation date®
ant level® .
(project
month)
D1 Website WP 6100 | PTV PU MO04
D2 Stand-alone and co-operative | WP 1100 | DCA R PU MO02
Intelligent Vehicle Safety Systems
— Inventory and recommendations
for in-depth socio-economic
impact assessment
D3 Methodological framework and | WP 2100 | UoC R PU M10
database for  socio-economic
evaluation of Intelligent Vehicle WP 2200
Safety Systems
D4 Impact assessment of Intelligent | WP 3000 | TNO R PU M26
Vehicle Safety Systems
D5 Policy option framework for | WP 4100 | UoC R PU M19
promotion of Intelligent Vehicle

3 Deliverable numbers in order of delivery dates: D1 — Dn

4 please indicate the nature of the deliverable using one of the following codes:

R = Report
P = Prototype
D = Demonstrator

O = Other

5 Please indicate the dissemination level using one of the following codes:

PU = Public

PP = Restricted to other programme participants (including the Commission Services).

RE = Restricted to a group specified by the consortium (including the Commission

Services).

CO = Confidential, only for members of the consortium (including the Commission

Services).

6 Month in which the deliverables will be available. Month 1 marking the start of the project, and
all delivery dates being relative to this start date.
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Del. | Deliverable name WP no. Lead Nature* | Dissemi | Delivery
no.? particip- nation date®
ant level® .
(project
month)
Safety Systems
D6 Cost-benefit analyses for stand- | WP 2300 | UoC R PU M26
alone and co-operative Intelligent
Vehicle Safety Systems WP 2400
D7 Policy recommendations to | WP 4200 | RWS R PU M26
promote  selected Intelligent
Vehicle Safety Systems
D8 Stakeholder Analyses for | WP 5000 | UoC R PU M27
Intelligent Vehicle Safety Systems
D9 & | Final Report and Integration of | WP 6000 | TNO R PU M30
D10 | Results and Perspectives for
market introduction of IVSS
D11 | Final conference WP 6000 | TNO PU M30
D12 | Exploitation plan WP 6000 | TNO R CO M30
9.2 Workshops
Date Event Location Impact Details
09.3.2006 System Selection | Cologne International Crucial step in process of
Workshop WP 1
5.4.2006 1st Consultation Brussels, TNO presented a Approximately 16 people
Workshop Belgium vision in the form of a| were present. The
organised by position paper on the | discussion was productive
European role of Field fleshing out the issues
Commission, Operation Tests critical for successful
Directorate- (FOT) in the FOT's.
General for deployment of stand-
Information alone and
Society and cooperative systems.
Media, Unit G4/ The topics of: the
ICT for Transport, questions to be
Field Operational answered, design,
Tests candidate systems,
the tools for
evaluation, etc were
addressed. The
position papers
25.9.2006 Scenario Brussels, Discussion and first Approximately 30 persons
workshop Belgium estimates of were present at the
penetration rates and | workshop. Final results
costs of systems with | was agreement on market
representatives of the| scenarios
European automotive
industry and suppliers
29.11.06 Presentation: Europe / IVSS national
eIMPACT Socio- | Sweden Research
economic Impact Programme, Steering
Assessment of Committee, Swedish
Intelligent Vehicle Road Administration,
Safety Systems Car manufacturers
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Date

Event

Location

Impact

Details

13.10.06

COMeSafety 2nd
International
Workshop on
Vehicle
Communications

London, UK

Discussion and
dissemination to
international experts,
researchers, industry
and government

Focus on vehicle-to-
vehicle communication
and the issues and
research needs

24-25.5.2007

2 presentations:
Presentation:
“eIMPACT -
Socio-economic
Impact
Assessment of
Stand-alone and
Co-operative
Intelligent Vehicle
Safety systems in
Europe” and
“Towards
business models
and deployment
strategies for
cooperative
systems for road
safety”

ATA
Workshop,
Bard (Val d'
Aosta, Italy)

approx. 50 attendees

Presentation available at
ATA workshop CD-Rom

26.02.08

Stakeholder
workshop

Utrecht

26.06.08

elMPACT final
conference
together with
TRACE

Paris, France

Dissemination of all
project findings to an
international
audience of over 100
persons

9.3 Dissemination

Date Event Location Impact Details
11.01.2006 |TRACE Kick Off Boulogne, All attendants of Presentation of the
Meeting France TRACE Kick Off elIMPACT project
Meeting
5.7.2006- EC DG INFSO Leuven, The Concertation Approximately 80 persons
6.7.2006 Concertation Belgium meeting generated were present, including
Meeting ICT for ideas for how to representatives of DG
Transport cooperate with other | INFSO and project
projects, including coordinators and WP-
exchange of ideas leaders of FP6 projects
and the possibility for
training of other to
use our
methodologies.
29.11.06 Presentation: Europe / IVSS national
eIMPACT Socio- | Sweden Research
economic Impact Programme,
Assessment of Steeering Committee,
Intelligent Vehicle Swedish Road
Safety Systems Administration, Car
manufacturers
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Date Event Location Impact Details
9-12.10.06 Impact London, UK International experts, | Two presentations were
Assessment and researchers, industry,| given, one in an EC
the Intelligent Car government Special Session on the
Initiative at the ITS Intelligent Car Initiative,
World Congress, the other in a special
London, UK session on accident
causation
02.11.06 eIMPACT Socio- | The Hague, The audience was Annual presentation of
economic Impact | the interested in what the | work to the Ministry of
Assessment of Netherlands | European work Transport, Public Works
Intelligent Vehicle means for the and Water Management,
Safety Systems Netherlands. the Netherlands
21.11.06 Socio-economic Rotterdam, Dissemination of TRAIL - Netherlands
Impact the methodologies to Research Institute for
Assessment of Netherlands | Dutch Researchers Transport, Infrastructure &
Intelligent Vehicle and industry. Logistics hosted its ninth
Safety Systems: annual TRAIL congress.
the eIMPACT
approach
28.11.06 Follow-up EC Brussels, Dissemination of Approximately 100
concertation Belgium methodologies and persons were present,
meeting: results to date to including representatives
elIMPACT Framework project of DG INFSO and project
coordinators and coordinators and WP-
Project officers leaders of FP6 projects
13.12.2006 EUCAR Integrated| Brussels, EUCAR Presentation on the status
safety Program Belgium of eIMPACT
Board Meeting
23.03.07 Second eIMPACT | world-wide International informed relevant
newsletter stakeholders of eIMPACT
distributed progress
28.03.07 eIMPACT: Socio- | Eindhoven, International informed policymakers at
economic Impact | the regional, national and EC-
Assessment of Netherlands levels, researchers and
Stand-alone and industry about the
Cooperative elMPACT project; over
Intelligent Vehicle 250 people attended
Safety Systems Symposium on
(IVSS) in Europe Cooperative Systems was
hosted by TNO
18- Presentation: Aalborg, Presentation reached | Presentation was held at
20.06.2007 Impact Denmark all relevant 6th European Congress
assessment of stakeholders in the and Exhibition on
intelligent vehicle area of Intelligent Intelligent Transport
safety systems — Vehicle Safety Systems and Services,
preliminary results Systems. where over 600 people
fro the eIMPACT were present.
project
26.06.2007 Presentation of Brussels, European, audience
elIMPACT to the Belgium consisted to project
Integrated Safety coordinators of DG-
Board of EUCAR INFSO FP6 projects
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Date Event Location Impact Details
18- eIMPACT project | Versailles, over 1000 persons
20.09.2007 stand at the France at the | were present at the
PReVENT Final PReVENT PReVENT Final
Exhibition Final Exhibition, from both
Exhibition Europe and other
continents
8.-13.10.2007| Impact World International Over 1000 persons
assessment of conference attended the event
intelligent vehicle | on Intelligent
safety systems — | Transport
preliminary results| Systems, in
from the eIMPACT| Beijing, China
project
8.-13.10.2007 |Socio-economic \World International Over 1000 persons
impact assessment |conference on attended the event
of Intelligent Vehicle|Intelligent
Safety Systems in |[Transport
Europe — Systems, in
Methodology and  |Beijing, China
Application within
the eIMPACT
project, World
congress on
Intelligent Transport
Systems, in Beijing,
China
7-8.11.2007 | elMPACT poster | EUCAR EUCAR related
Reception projects and partners
and were exposed to the
Conference, | expected future
Brussels, findings of eIMPACT
Belgium
29.11.2007 Discussion of The Hague, We exchanged ideas
preliminary results | the on needs and
with Netherlands | possibilities of the
representative of eIMPACT systems in
the Dutch Ministry the Netherlands
of Transport
10.12.2007 IVSS & V-ICT Gothenburg Contact with
temadagar 2007. researchers involved
Presentation of in technical projects
EIMPACT
assessment
Methodology.
10.01.08 eIMPACT Socio- PReVAL Communication of the| Experts from the PReVAL,
economic Impact | Final PReVAL and TRACE | TRACE and eIMPACT
Assessment of conference, results raised the projects were present, as
stand-alone and Brussels, interest for the well as experts in the field.
cooperative Belgium elIMPACT results.
Intelligent Vehicle
Safety Systems
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Date Event Location Impact Details
10.01.2008 Transportforum Linkdping, Contact with Auditorium: Some 50
2008. Sweden researchers involved | people involved in
Presentation of in transport and Swedish research
elIMPACT safety projects programmes
assessment
Methodology and
indicative results.
24.01.08 eIMPACT Socio- EUCAR 5 experts in the area | The project coordinator,
economic Impact | offices, of R&D and safety and the leaders of the
Assessment of Brussels, analysis provided safety and cost-benefit
stand-alone and Belgium excellent feedback analyses presented
cooperative both on analysis results.
Intelligent Vehicle (safety and Cost
Safety System benefit) but also on
the manner of
presentation
04.06.2008 Presentation about International Members of the
eIMPACT safety international ITS community
impact assessment, (approx. 40 attendees in the
in special session session)
05 at the 7"
European Congress
and Exhibition on
Intelligent Transport
Systems and
Services, Geneva,
3-6 June 2008
05.06.2008 Presentation: International Members of the
Intelligent vehicle international ITS community
safety systems — (approx. 35 attendees in the
traffic, safety and session)
the environment, at
the 7" European
Congress and
Exhibition on
Intelligent Transport
Systems and
Services, Geneva,
3-6 June 2008
05.06.2008 Presentation: International Members of the
Market failures and international ITS community
the deployment of (approx. 35 attendees in the
cooperative vehicle session)
safety systems, at
the 7" European
Congress and
Exhibition on
Intelligent Transport
Systems and
Services, Geneva,
3-6 June 2008
9.3.1 Project website

The eIMPACT website, www.eimpact.eu, is operational since April
2006. It functions as an introduction to the eIMPACT project, ists
objectives, structure etc.
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The website contains approved public deliverables, the eIMPACT
brochure, newsletters, presentations given at conferences and
announcements of workshops. The website also hosted the
registration for the eIMPACT and TRACE Final Conference (June
2008) and the Stakeholder Workshop (February 2008).

9.3.2 Publishable Results

Late in the second period of the project, exploitable results were
achieved. The final versions of the safety and traffic impacts were
available in April, 2008; the Cost-benefit Analysis, Stakeholder
analyses and Policy Implementation strategies were complete in June
2008. The consortium decided to present the complete set of safety,
traffic, CBA and stakeholder results for the first time at the eIMPACT
final conference (June 2008). The consortium expects that many
results will be published after the completion of the project.

In June, 2008, a article in Traffic Technology International, “Impact
Analysis”, with reference to the presentation given at the Geneva ITS
Congress appeared. Traffic Technology International is an
international publication with an average circulation of 18,085 (2006).

9.3.3 Integration with other projects

eIMPACT cooperated with the STREP TRACE (Traffic Accident
Causation in Europe). TRACE was also a sixth framework project of
DG INFSO. eIMPACT and TRACE worked together in two ways.
Firstly, eIMPACT worked in co-operation with the parallel TRACE
project, focusing on accident causation analysis. TRACE provided
eIMPACT with the accident data needed for the safety impact
calculations. The data was based on the CARE database and an
internal data enquiry organised among TRACE partners.

During the project, information about the methodological approaches
was shared in project meetings and in a workshop. In addition, a
common workshop was arranged to discuss the results of the work. In
TRACE, the main responsible partner for providing eIMPACT with
data was Loughborough University. (National Accident Data for Great
Britain is collected by police forces and collated by the UK
Department for Transport. The data are made available to the Vehicle
Safety Research Centre at Loughborough University by the UK
Department for Transport. The Department for Transport and those
who carried out the original collection of the data bear no
responsibility for the further analysis or interpretation of it.) CDV
(eIMPACT and TRACE partner) had responsibility to provide the
Central Eastern European accident data. Secondly, eIMPACT and
TRACE partners attended each other's meetings on safety
assessment methodology. At these meetings, approaches were
presented and explained.

eIMPACT also worked with several PReVENT sub-projects.
eIMPACT based the choice of five of the twelve IVSS assessed in the
project on the following PReVENT projects: COMPOSE, WILLWARN,
Intersection Safety, LATERALSAFE and SAFELANE. eIMPACT also
cooperated with PReVAL. PReVAL used the same evaluation
methodology used in eIMPACT.
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10 Conclusions and recommendations

10.1 Conclusions

The safety impact analysis carried out in eIMPACT showed that the
selected systems have a significant potential to help improve traffic
safety. The systems with the highest impacts are ESC and
SpeedAlert, which are expected to help reduce approximately 3,250
and 1,100 fatalities, respectively, as well as approximately 52,000
and 35,000 injuries, in the 2020 high scenario’. These systems
combine high penetration rates with a large target group of accidents
and a high effectiveness of the system to prevent the targeted
accidents.

Independent of the penetration rate, the systems with the highest
potential to help avoid accidents with fatalities and injuries are ESC,
Lane Keeping Support and SpeedAlert. While ESC and SpeedAlert
are, in the 2020 high scenario, quite close to realising their potential,
this is not yet the case for Lane Keeping Support, which has a low
penetration rate.

Several other systems have a quite high potential, but limited to
moderate impacts because of (very) low penetration rates. Among
these are Emergency Braking, Driver Drowsiness Monitoring and
Warning, Wireless Local Danger Warning and Intersection Safety
(mainly for injuries). eCall, on the other hand, has a high penetration
rate in 2020, and is quite effective in preventing fatalities, but it does
not reduce the number of injuries (in fact, as small increase is
expected).

Finally, there are some systems that are quite effective to very
effective in what they are designed to do, but target only a small
share of accidents with fatalities and injuries. These systems (notably
Full Speed Range ACC and Lange Change Assistant) therefore have
low impacts in terms of the total number of avoided fatalities and
injuries.

The potential of some systems (e.g. Lane Change Assistant
(Warning) and Lane Keeping Support) can be increased by designing
them in such a way that the system is switched on by default (but can
still be switched off should the driver want this).

The traffic impact analysis distinguishes between direct and indirect
traffic effects. Simulations with microscopic traffic models showed
that the selected systems generally have neutral direct traffic impacts,
at the penetration rates examined in eIMPACT. The only exception is
SpeedAlert, where some negative travel time effects are expected on
rural roads.

Because lower speeds are associated with a positive environmental
effect, the total direct effects for SpeedAlert are still positive.

7 Note that the reference case in both future years was the situation without IVSS, but taking
into account the autonomous, decreasing trend of accident numbers. This means that, if the
systems were available today with the same penetration rates as in those future years, the
expected impacts in terms of avoided fatalities and injuries would be considerably higher.
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Additional calculations based on the number of avoided fatalities and
injuries and costs associated with congestion showed that benefits
from reduced accident-related congestion can be expected for all
systems. The benefits are highest for systems that are effective on
congestion-prone roads with high traffic volumes (predominantly
motorways). However, the number of avoided accidents is the most
important factor. ESC, as the system with the highest number of
avoided accidents, has the highest indirect effects.

The neutral effects are not surprising since the systems’ main effects
are supposed to be on safety — they were not designed to improve
throughput. Even when systems showed clear effects (e.g. hard
braking or reduced speeds after a warning), the effects were mostly
very small, or very local, or only apparent in very rare events. On the
level of complete trips as made by vehicles in the EU-25, this
generally means that the direct traffic effects are negligible, especially
at low penetration rates.

Expressed in monetary terms, the traffic effects (direct plus indirect)
of these IVSS are small (but all positive) compared to the safety
effects. The safety effects will therefore dominate the cost-benefit
analysis.

The effects of individual IVSS (with the exception of ESC) may
appear to be quite small, especially when looking at the low scenarios
and estimates for the earlier target year 2010. It is, however, typical
for traffic safety measures that the magnitude of effects of individual
measures is usually not very high — there is no single measure that
can solve all problems. In practice, vehicles will usually be equipped
with several systems that together may have a considerable potential
to increase traffic safety. Another factor to consider is that the
expectations for a new measure have been overestimated in the past.
The objective of eIMPACT was to make an effort to try to provide
reliable, well motivated effect estimates.

Regarding the IVSS and the vision of “zero fatalities” there is no
‘either / or’ but ‘and’. No single system will reduce the number of
accidents to zero, as shown in Figure 3. The most effective systems
in the potential scenario, at 100% penetration rate, reduce the
number of fatalities by about 17% (Electronic Stability Control and
Lane Keeping System), which is a substantial number of lives at the
EU level. A logical combination of IVSS can prevent or mitigate even
more different types of accidents, if it is applicable on various road
types and at different times of the day.

All systems which are on the market in the year 2010 are clearly
profitable from a society point of view, with the exception of one.
Electronic Stability Control and Lane Change Assistant are the two
systems which achieve BCR’s of more than 3. Four systems are
above 2: Lane Keeping Support, Driver Drowsiness Monitoring and
Warning, eCall and SpeedAlert. NightVisionWarn is around 1. The
other systems are not available on the market or have no significant
market penetration in the year 2010.

In the year 2020 all twelve systems are available on the market.
Again, the clear majority of the systems prove their profitability from
the society point of view. The best system is Emergency Braking
which has a benefit-cost ratio of above 3. Lane Change Assistant and
Electronic Stability Control are in both scenarios above 2.
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Six systems have a BCR of between 1.5 and 1.9: eCall, Lane
Keeping Support, Driver Drowsiness Monitoring and Warning, Full
Speed Range ACC, Wireless Local Danger Warning and SpeedAlert.
The remaining systems are below 1 under the estimated conditions:
NightVisionWarn, Pre-Crash Protection of Vulnerable Road Users
and Intersection Safety.

Break-even analyses and the assessment of wider economic effects
were used in the stakeholder analysis.

The break-even analyses for system users reveal that the pay-off
period of investing in IVSS depends largely on the kilometres driven
per year. At least for the 2020 high scenario, all systems reach the
break-even point within the average vehicle lifetime which is assumed
to 12 years throughout the eIMPACT project.

The comparison between IVSS shows that mature systems and
systems with rather low market prices (e.g. Electronic Stability
Control, eCall) perform better in the break-even analysis than other
systems.

The assessment of wider economic impacts (employment, fiscal, and
income distribution effects) leads to the following main results:

e The production of Electronic Stability Control represents a
considerable employment factor in the national and the European
economy.

e The fiscal revenues from the market penetration of Electronic
Stability Control and Emergency Braking — which was calculated
for the year 2020 — amount to a range between 131 million EUR
(scenario low) and 179 million EUR (scenario high). A comparable
calculation on European level would end up with a range between
662 million EUR (scenario low) and about 1,026 million EUR
(scenario high).

e Concerning income distribution no clear picture of effects can be
found. However, it can be shown that especially households with
more than one person and an average income receive higher
shares of the benefit than they bear through the costs of IVSS.

There is no single ideal strategy to promote all selected IVSS. This is
because there are different stakeholders involved per IVSS, mainly
depending on whether the system is stand alone or cooperative,
available on the market or near market introduction, factory-fitted or
after market. In addition to these factors, whether there is an
attractive business case for the stakeholder that bears the main
financial load of a strategy is also crucial. It is more important to find a
combination of instruments that all relevant stakeholders can agree
on than merely selecting a number of instruments that are perceived
to be the most effective ones.

The methodology used in eIMPACT is complete and exhaustive. The
eIMPACT methodology proved able to assess both systems on the
market and in development. With respect to systems in development,
the method estimated the potential value of these systems. The
approach can be used in the future to assess other stand-alone and
cooperative IVSS as well as other ICT systems. The methodologies
can be applied to safety systems as well as systems that may have
other primary effects.
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The eIMPACT methodology made use of an integrated approach with
engineering, demographical, economical, psychological and
behavioural views. The safety impact methodology employed nine
mechanisms to address all possible effects of the IVSS, both
intended and unintended, and then quantified the effects. The traffic
impact assessment accounted for direct and indirect traffic effects.
The socio-economic impact assessment made use of an integrated
assessment framework. The stakeholder analysis extended the
results of the cost-benefit analysis by exploring a wider socio-
economic perspective on key interest groups: system users, OEMs
and suppliers, the insurance industry and public authorities. The
policy analysis identified the key elements for a successful market
introduction. It also developed a methodology for support policy
development for accelerated market introduction. Finally, European
data compilation played a key role in producing the results in
eIMPACT. The eIMPACT accident trend, market penetration
scenarios, cost development, traffic forecasts and breakdown (by
road category and country) all formed inputs to the eIMPACT models.

10.2 Recommendations - outlook

Some basic conditions for IVSS introduction became clear during the
course of the project. Firstly, the customer who may buy an IVSS
needs to understand the benefits of IVSS. The customer must first be
aware of the existence of these systems, in order to make a balanced
judgment as to whether the (price / benefit) ratio is attractive for him
or her. Secondly, the sequence of IVSS introduction has to fit into
stakeholder strategies, e.g., the car manufacturers’ product
philosophy and road authorities’ priorities (environment, safety,
throughput). Finally, IVSS introduction will follow maturation of
technologies. Systems will be bundled in order to realize synergies on
the cost side. System bundles can share components, leading to cost
synergies, leading to a stronger decrease of system costs.

elIMPACT carried out a single system analysis. This analysis provided
insight into which systems have great potential in terms of safety. In
the future, we expect combinations of systems to be offered, for either
cost or effectiveness reasons. Future research can address which
combinations are most effective in terms of specific impacts. The
prerequisite for the analysis of such combinations of systems is the
availability of accident data. It must be clear how the systems interact
and what this implies for the safety and other impacts of interest — the
combination impact is most likely not the same as the sum of the
impacts of the individual systems.

Finally, the socio-economic assessment of different deployment
strategies represents a promising field of research. When
technologies become mature, the research interest naturally moves
from investigating the profitability of a developed system in general to
the question of an adequate deployment program.

This question is particularly important because IVSS are related to
several deployment barriers (involving aspects of market failure such
as congruency of beneficiaries and cost bearers, critical mass of
systems, hold up problems in the insurance industry, deployment
risks and ramping-up effects of the automotive industry.
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The socio-economic assessment of deployment strategies needs a
broader scope than CBA. It has to consider different stakeholder
perspectives (cf. D8, [Baum et al. 2008]) in its assessment
methodology. Multi criteria analysis could represent an appropriate
tool for evaluating deployment programs. Assessment criteria could
comprise e.g. the cost-efficiency of the deployment strategy, its
practicability, the benefit-cost congruency, the financial resources
needed for subsidies by the public, the incentives on industrial R&D
etc.
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Annex 2 Glossary

The selected systems:

ESC Electronic Stability Control

FSR Full Speed Range ACC

EBR Emergency Braking

PCV Pre-Crash Protection of Vulnerable Road Users
LCA Lane Change Assistant (Warning)

LKS Lane Keeping Support

NIW NightVisionWarn

DDM Driver Drowsiness Monitoring and Warning
ECA eCall (one-way communication)

INS Intersection Safety

WLD Wireless Local Danger Warning

SPE SpeedAlert

Terms used in the safety impact analysis:

accidents all accidents involving personal injury.

bus (or Motor vehicle with at least four wheels, used for

coach) transporting people. Public or private use. Type DK
driving licence required (BE, GB, IE, NI). Includes bus,
more than 8 and 16 seats, minibus, trolley-bus (except
LU), scheduled bus, unscheduled bus, school bus.

CARE Community Road Accident Database. CARE is a
Community database on road accidents resulting in
death or injury (no statistics on damage — only
accidents). The major difference between CARE and
most other existing international databases is the high
level of disaggregation, i.e. CARE comprises detailed
data on individual accidents as collected by the
Member States

E112 Calls made to the emergency number 112 containing
location information.

FARS The Fatality Analysis Reporting System (FARS)
contains data on all vehicle crashes in the United
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fatality

goods
vehicle

injured

passenger
car (or taxi)

PReVENT

States that occur on a public roadway and involve a
fatality.

death within 30 days of accident, except ES (24 hours),
FR (6 days), IT (7 days), PT (24 hours). Suicide not
included (except DK, ES, FR). Natural death not
included (except LU, SE).

Heavy goods vehicle: motor vehicle with at least four
wheels, with a permissible gross weight of over 3.5
tons, used only for the transport of goods. With or
without a trailer. Type C driving licence required.
Includes road tractor, road tractor with semi trailer, lorry
>3.5t, tanker.

Lorry up to 3.5 tons and van: motor vehicle with a
permissible gross weight of up to 3.5 tons, used only for
the transport of goods. Type BE driving licence
required. Includes vans.

Injured in a road accident. Hospitalization or medical
treatment not necessarily required (except FR). Self
declaration of injury (DK if slight, FI, GB, IT, IE, NI).
Opinion of the police.

Seriously injured: Injured in a road accident.
Hospitalized at least 6 days (FR). Hospitalized at least
24 hours (BE, DK, ES, GR, LU, PT). Hospitalized as in-
patient (DK, NL). Not hospitalized, hospitalized for
observation or as in-patient (GB, IE, NI). No reference
to hospitalization (AT, SE). Opinion of the police
(except BE, ES, FR, LU, NL, PT). Police guidance
provided (DK, GB, IE, NI). Persons died 30 days after
accident included (except FR, LU, PT).

Slightly injured: Injured in a road accident. Hospitalized
6 days or less (FR). Hospitalized less than 24 hours
(BE, DK, ES, GR, PT). Not hospitalized (DK, GB, IE, NI,
NL). Medical treatment required (DK, FR, LU, PT).
Police guidance provided (DK, GB, IE, NI). Opinion of
the police.

Passenger car or taxi: motor vehicle with three or four
wheels, used to transport only or mainly people.
Seating for no more than 8 passengers. Type BE
driving licence required. Includes minibus (GB, NI).
Motor vehicle with four wheels for public use in the
transport of people.

PReVENTive and Active Safety Applications. The
Integrated Project PReVENT is a European automotive
industry activity co-funded by the European
Commission to contribute to road safety by developing

Deliverable D10 (incl. D9)

Version 2.0 89



eIMPACT 11.08.2008

PReVAL

TRACE

and demonstrating preventive safety applications and
technologies.

The PReVAL subproject provided the PReVENT project

with a harmonised evaluation framework, define a
methodology to be used in the impact assessment of

various applications and apply the methodology to a set

of given use cases.

TRaffic Accident Causation In Europe. The TRACE

project looks into accident causation and the evaluation

of the safety benefits of technologies.

Terms used in the traffic impact analysis:

headway

intended
speed

micro-
simulation

time-to-
collision

The headway between vehicles in is the amount of time

that elapses between two vehicles passing the same
point travelling in the same direction on a given route.

The intended, or desired speed, is the speed that
drivers choose when they are not influenced by any
vehicle ahead of them.

Micro-simulation models are computer models where
the movements of individual vehicles travelling around
road networks are determined by using car following,
lane changing and gap acceptance rules.

The time-to-collision is the time that remains until a
collision between two vehicles would have occurred if
the collision course and speed difference are
maintained.
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Annex 3 System specifications

Electronic Stability Control Acronym : ESC

Functional description of system

The aim of ESC is to stabilize the vehicle within the physical limits and prevent skidding
through active brake intervention and engine torque control.

ESC compares the driver's intention with the vehicle's response, determined by measuring
lateral acceleration, rotational speed (yaw velocity) and individual wheel speeds. ESC then
breaks individual front or rear wheels and/or reduces excess engine power as needed to
help correct under-steering or over-steering.

ESC also includes anti-lock brakes and all-speed traction control, which senses drive-wheel
slip under acceleration and individually breaks the slipping wheel or wheels, and/or reduces
excess engine power, until control is regained.

ESC cannot override a car's physical limits. If a driver pushes the possibilities of the car's
chassis and ESC too far, ESC cannot prevent a crash. It is a tool to avoid spinning and to
help the driver to maintain control.

Avoiding an obstacle Sudden wrenching of the | Driving on varying road
steering wheel surfaces
_g‘ 4 . 4
s A . & 5 ,
Xy . s i,/-‘—"’ 83 3/@*\{55\
i’l‘a b \ l’ /,-” )
—0 9

The system is active at all times. It works as follows:

e ESC checks in which direction the driver wants to steer;

e ESC checks where is the vehicle is headed to;

e If the desired direction does not match the heading, ESC stabilizes the vehicle by
intervening in the braking system without any further driver action. The car is held
on track more safely.

System components and costs

An ESC system, according to the functional description above (evaluated in elMPACT),
requires the following components:

e Hydraulic modulator unit with attached ECU
e Sensors Wheel-speed / Steering-angle / Yaw-rate and lateral acceleration

Costs: (total sum of components incl. implementation costs)
2010: 158 EUR
2020: 145 EUR

Source cost data: elMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks
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ESC is now a widely deployed system, ready to perform in every vehicle platform.

Full Speed Range ACC Acronym : FSR

Functional description of system

The Adaptive Cruise Control Full Speed Range (FSR-ACC) system keeps a driver-set speed
or, in case the vehicle in front is slower, a driver-set distance to this vehicle. The system is
activated by the driver. When the vehicle comes to a standstill, it only starts again after a
command by the driver. The system is deactivated either by a driver input (“deactivate™) or
by a driver intervention (braking). From deactivation a “resume” is possible activating the
previous values for desired speed and distance.

The goal of the system is to keep a safe headway and extend the operating range of the
conventional cruise control by making it usable in more traffic situations than in free flow
driving and by providing this functionality at all speeds, from standstill to stop&go traffic to
high speed driving. When a deceleration is required that is stronger than the system limit
(around 4 m/s2) the driver is warned, e.g. by an audible signal. Within the deceleration
limit rear-end crashes are avoided in following traffic. An avoidance of other standing
obstacles is not tackled by the system.

System components and costs

An FSR system, according to the functional description above (evaluated in elMPACT)
requires the following components:

e Long-range (150m) radar with beam-shaping (wide angle in front of the vehicle and
narrow in the far field)

Warning module

Display extension

Braking actuation

Vehicle trajectory estimation

Driver intention estimation

Costs: (total sum of components incl. implementation costs)
2010: 158 EUR
2020: 143 EUR

Source cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks

(none)
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Emergency Braking Acronym : EBR

Functional description of system

The aim of EBR, a fully automatic system, is to avoid or mitigate longitudinal crashes
(braking only). The system reacts if a vehicle approaches another leading vehicle. The
system reacts in three steps:

1) Optical and acoustical warning, if the approach could lead to an accident.

2) Autonomous partial braking, if the distance is reduced further.
3) Autonomous full braking, if an accident appears inevitable. Input is the distance and the
relative speed to a leading vehicle

The system reduces the impact speed in case of immediate danger, which increases passive
safety and reduces accident consequences. It results in:

e Reduced risk of injuries / collision mitigation through decreased impact velocity.

e Reduced braking distance through immediate braking action and adapted, improved
brake assist function.

e Support for collision avoidance and collision mitigation.

The system works as follows:

It continuously senses the distance to vehicles ahead (radar).
This is followed by object identification (listing).
The differential velocity to objects is calculated.
The driving corridor is calculated.

The system then provides as output the time to collision

to relevant objects in driving corridor, and action
(warning and/or braking) is taken when needed.

System components and costs:

An EBR system according to the functional description above (evaluated in elMPACT)
requires the following components:

Mid-Range-Radar MRR
Braking actuation

Vehicle trajectory estimation
Driver intention estimation
Warning Module

Costs: (total sum of components incl. implementation costs)
2010: n.a.
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2020: 107 EUR

Assumption: An additional camera could be necessary in order to assure liability obligations
and enable the full potential of EBR.

Source cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks:

The system is technically based on the Full Speed Range ACC. It also is one of the first
steps of the introduction of collision avoidance systems.

Pre-Crash Protection of Vulnerable Road Users Acronym : PCV

Functional description of system

The aim of PCV is to detect vulnerable road users and employ fully automatic emergency
braking (no passive safety) when a collision is unavoidable.

The system is meant for both passenger cars and goods vehicles. It improves safety via the
protection of road users outside the vehicle, such as pedestrians, cyclists and other
vehicles. The focus is on front crash scenarios, on the period between 1-3 seconds (this
varies with OEM) and 100 milliseconds before impact. The system mitigates the
consequences of crashes through autonomous braking.

The system takes the driver's place in case the driver doesn’t brake at all or not sufficiently.
Pedestrians are detected within a distance of 40 meters. Due to autonomous and/or more
effective braking the consequence is a reduced collision speed. Some fatalities will hence be
transformed to severe and light injuries.

The figure below simply shows the regions in front of the vehicle corresponding to
detection, classification, decision and activation.

| Track/Classification Area | Activation Area

System components and costs

A PCV system, according to the functional description above (evaluated in elMPACT),
requires the following components:

Stereo video system

Braking actuation

Vehicle trajectory estimation
Driver intention estimation
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Costs: (total sum of components incl. implementation costs)
2010: n.a.
2020: 125 EUR

Source cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks
PCV differs from EBR in the following ways:

e the special focus on vulnerable road user which have different detection
characteristics and thus the need of a different sensor technology;
e a wider detection angle and typically shorter detection time.

Lane Change Assistant (Warning) Acronym : LCA

Functional description of system

The system enhances the perception of drivers in lateral and rear areas and assists them in
lane change and merging lane manoeuvres through three functions:

e rear monitoring and warning: to improve driver attention and decrease the risk of
collision in the rear area of the vehicle, particularly in case of limited visibility or
critical workload of driver attention;

o lateral collision warning: to detect and track (in general moving) obstacles in the
lateral area and to warn the driver about an imminent risk of accident (e.g.
collision);

e lane change assistance with integrated blind spot detection: to assist the driver in
lane change manoeuvres while driving on roads with more than one lane per
direction.

Vehicle-to-vehicle accidents is the main category of accidents that benefit from the system.
In particular, when sensor data detect an obstacle in the lateral and rear area of a vehicle,
including the blind spot area, the system gives to the driver visual (i.e. lamps) or acoustic
(i.e. alarm) information using a warning module, in order to stimulate the driver reaction.
The illustration below outlines the scope of a LCA system.

Lateral and rear monitoring
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Lane Change System Overview.

Two MRR components looking sidewise and backwards in conjunction and a warning module
to display information are regarded as sufficient for an LCA system. A third radar looking
directly backwards to monitor the rear would improve the system, but this would increase
the costs of the system.

System components and costs:

An LCA system according to the functional description above (evaluated in elMPACT)
requires the following components:

e Warning Module
e 2 Mid Range Radar (MRR — in the rear)

Costs: (total sum of components)
2010 : 130 EUR
2020: 103 EUR

Source cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks

e The LCA system evaluated in eIMPACT is assumed to be active all the time and if a
minimum velocity is exceeded. In addition, an LCA System could basically be
designed such, that a driver could switch it off, but such a feature is not
recommended.

e Including a haptic steering wheel could improve a driver”s reaction, but such a
feature increases price and complexity. Hence, the eIMPACT LCA system description
does not include this functionality.
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Lane Keeping Support Acronym : LKS

Functional description of system:

A lane keeping system for passenger cars and commercial vehicles supports the driver to
stay safely within the “borders” of the lane. It determines the vehicle position relative to
lane markings and combines this with recognition of driver intention or behaviour (e.g.
taking turning lights into account or via analysing the motion of the vehicle via ESC) to
check for unintentional lane departure. The system is for use on motorways and rural roads,
and works under various road- and driving conditions. There are two

phases of development which reflect different objectives and

situations.

Phase 1: the driver is warned by sound or by a steering wheel with
haptic feedback, but the vehicle would continue to leave the lane
without any intervention of the driver.

Phase 2: the driver is assisted by an active steering wheel trying to

intervene in order to keep the vehicle on a correct path within the 5
lane. Phase 2 is investigated and evaluated in eIMPACT.
The system can be switched off by the driver, and temporarily
switches itself off when lane markings cannot be detected well enough
or the velocity is below a predefined threshold.

The driver is always informed of the availability of the system (e.g.

integrated display in the warning module).

The system is an intervening system, but does not keep the vehicle Esd=s

autonomously in the middle of the lane. The driver is always
responsible for the driving direction of the vehicle.

Note that some implementations of LKS systems are already on the
market. Depending on their specific functions they may require
additional components.

Phase 2

Phase 1
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System components and costs:

An LKS system, according to the functional description in phase 2 above (evaluated in
elMPACT), requires the following components:

Active steering system
Warning Module

Mono camera (front)
Stabilize vehicle

Costs: (total sum of components)
2010: 273 EUR
2020: 223 EUR

Source cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks:

For eIMPACT we chose not to consider digital map databases. Digital maps can be used to
keep the system operational even if the lane markings are missing or ambiguous for a short
road section, but add cost and complexity to the system.

We also chose not to consider forward looking active sensors (radar/lidar/laser) for
elMPACT. Such sensors can provide data on travel paths of vehicles ahead. These systems
could enhance the functionality but would also increase cost and complexity.

NightVisionWarn Acronym : NIW

Functional description of system

The aim of NIW is to extend the visible range for a driver in darkness, including obstacle
detection and warning, as well as warning for vulnerable road users.

The visible range for the driver in darkness is extended without disturbing on-coming
drivers by using an “invisible high beam”. This is achieved by using an infra-red camera
looking forward and displaying its view on a screen in the vehicle. The display shows the
area in front of the vehicle with a longer range of visibility than with the normal low-beam
headlights (see figure).

It detects and warns for obstacles and vulnerable road users if a critical driving situation is
detected. It reduces fatalities and injuries for all kinds of accidents occurring in darkness.

NIR Camera &

Windscreen Caontrol Unit
(partly NIR transparent) ()
¢

(]
80 100 120 140

NIR Frontlights

(Halogen with Filter)
Modified Frontlights
with Interferencefilter
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System components and costs:

A NIW system according to the functional description above (evaluated in elMPACT)
requires the following components

Display extension

Warning Module

Active illumination for NIR
Mono Camera image guided

Costs: (total sum of components incl. implementation costs)
2010: 202 EUR
2020: 163 EUR

Source cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks:

Application of FIR technology if obstacle warning (non infrared emission objects) is

excluded.

Acronym : DDM

Driver Drowsiness Monitoring and Warning

Functional description of system

The Driver Drowsiness Monitoring and Warning system monitors the condition of the driver
with respect to symptoms of drowsiness. When it diagnoses the driver as ‘hypovigilant’ (i.e.,
‘drowsy’, or even ‘sleepy’), the type of warning issued depends on the criticality of the traffic
situation, i.e., the estimated momentary risk. Warnings can range from alert sounds to seat
belt vibration. The expected reaction of the driver is to pull over and take a rest or another
measure (e.g., going home by train).

The system’s architecture is shown below.
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The system gives the warning based on onboard driver physiology monitoring sensors and
vehicle and driver sensors. The following parameters are measured:

e The eyelid activity (PERCLOS, i.e., percentage of time that eyelids are closed),
which is measured by the Eyelid Sensor (ELS).

e The steering grip sensor provides information about the pressure the driver
applies on the steering wheel on the left and right side respectively, where the
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variation of the steering grip pressure as a function of time is related to state of
vigilance. This is combined with the PERCLOS measure to obtain a final
physiological classification of drowsiness level.

e Lateral position measurement relative to the edge line of lane (using a camera);
steering wheel parameters; speed and speed variability.

e Environmental parameters: road geometry, presence and location of surrounding
vehicles (video-based), GPS-derived measures.

The Driver Drowsiness Monitoring and Warning system works in all lighting conditions and
basically at all allowed speed ranges. The system works at all road types, although it works
best on motorways because of the quality of lane markings for lateral position
measurement. The limitation of the system is that lane markings should be of reasonable
quality.

System components and costs

A DDM system, according to the functional description above (evaluated in elMPACT)
requires the following components:

Warning module

Steering grip sensor

Driver monitoring camera

Mono camera for line monitoring

Costs: (total sum of components incl. implementation costs)
2010: 118 EUR
2020: 98 EUR

Source cost data: elIMPACT consortium with the exception of Centro Ricerche Fiat.Source
cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks

(none)

eCall (one-way communication) Acronym : ECA

Functional description of system

The Pan-European in-vehicle emergency call system is known as eCall. The eCall system is
based on either the automatic detection of an accident with a sensor or a manual
emergency call made by pushing a button. The eCall system includes both functions. In
both cases a normal voice communication is opened to the emergency centre after a small
delay, and accident vehicle location and identification as well as possible accident severity
information is transmitted automatically. The automatic detection of an accident is based on
the vehicle's sensors or the sensors built into the eCall device. The in-vehicle sensors can
detect e.g. the triggering of an airbag, intense deceleration, vehicle roll-over or a sudden
temperature increase. The data of the vehicle location and direction at the time of the
accident is obtained from satellite positioning.
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eCall system overview

The benefits of the eCall system are primarily based on the faster relaying of essential initial
accident information, such as the type of accident and the precise accident location. The
acceleration of the road-accident response time is expected to reduce the severity of road
accidents. The eCall system itself will not reduce the number of original accidents, but it
may decrease the number of secondary accidents.

The automatic eCall triggering strategy

The automatic eCall trigger will be designed to be safe and robust, i.e. designed so that a
minimum of false alarms is generated.

The automatic eCall is triggered by an in-vehicle sensor or sensors. Currently, the use of
the airbag signal as the trigger is preferred by the vehicle industry.

The system will be designed to reflect as many different crash types as possible (e.g. front,
rear, side and roll crashes).

The manual eCall triggering strategy

The manual eCall trigger will be designed so that accidental triggers are rare. There are
different scenarios for how accidental triggers can be avoided. One solution could be that
the system will alarm only when the button has been pushed twice within 5 seconds.
Appropriate education is needed in order to minimise the number of manual eCalls without
emergency content.

System components and costs

An ECA system, according to the functional description above (evaluated in elMPACT)
requires the following components:

e Public Service answering Point (PSAP)

e GPS
e mobile phone (and corresponding infrastructure of a mobile network operator
(MNO))

Required Technologies: The eCall-message generated in the vehicle — providing the so-
called Minimum Set of Data (MSD) via mobile phone — is enriched and transmitted via a
mobile network operator (MNO) to a PSAP system (Public Service Answering Point is an
infrastructure system). The PSAP activates all required activities to send out emergency
vehicles to the location of the accident.

The GPS system is used to determine the position of the accident vehicle and is part of the
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transmitted MSD.

Costs: (total sum of components incl. implementation costs)
2010: 61 EUR; PSAP infrastructure: 29.4 M EUR per year
2020: 60 EUR; PSAP infrastructure: 29.4 M EUR per year

Source cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks:

The ECA system evaluated in eIMPACT is based on investigations of EU-funded projects to
prove the technical feasibility (e.g. GST project (Global System for Telematics)). Many
European countries signed a Memorandum of Understanding (MoU) for the introduction and
are currently preparing the deployment of an eCALL system. First installations of eCALL will
provide more accurate figures for the costs of PSAPs.

Intersection Safety Acronym : INS

Functional description of system

Intersection Safety assists the driver in avoiding common mistakes which may lead to
typical intersection accidents. The safety impact assessment of elMPACT covers two
functions:

1) Traffic light assistance: The driver shall be prevented from ignoring the red light. This
ends in an urgent acoustic warning if the situation becomes critical. In order to assist the
driver in avoiding such a hazard a speed recommendation will be given when approaching
an intersection with traffic lights, depending on the current and intended status of the traffic
light. With this additional information, the driver is able to drive with appropriate speed,
knowing in advance which situation he will be faced with when reaching the intersection.

2) Right-of-way assistance: The right-of-way assistance pays special attention to lateral
traffic. The system warns the driver if he seems to violate a right-of-way but also if
somebody else is expected not to give the right-of-way to the case vehicle. It supports the
driver in finding an acceptable gap between vehicles in order to cross the intersection
safely. Visual information on the screen and, if necessary, an acoustic warning shall support
the driver in his decision making (e.g. a warning that gives an assessment of the gap to the
on-coming vehicles) but also directly prevents accidents that occur because of inattention or
occluded field of view of the driver. This warning is based on the predicted trajectories of
the case vehicle and other road users (see figure below).
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3) Left-turn assistance: The left-turn assistance warns the drivers about potential collision
with other vehicles with crossing path. The left-turn assistance pays special attention to
oncoming traffic during the left turn. According to speed and distance to conflict area of
both vehicles, the controller checks the risk of the situation and presents visually a risk level
(green, yellow, red) to driver. The risk level is presented with a continuous manner for the
time of an identified risky situation. It supports the driver in finding an acceptable gap
between vehicles in order to cross the intersection safely. Also an acoustic warning is given
if the situation is dangerous (no safe left turn). Visual information on the screen and in the
end acoustic warning shall support the driver in his decision making (e.g. warning that gives
an assessment of the gap to the on-coming vehicles) and the system might also be able to
prevent accidents that occur because of inattention or occluded field of view of the driver.

System components and costs

An INS system, according to the functional description above (evaluated in elMPACT)
requires the following components:

V2X communication unit

Locally high resolution positioning
Digital intersection maps on lane level
Warning module

Hazardous intersections need to be equipped with a traffic status and forecast unit for all
the traffic lights of the intersection.

Costs: (total sum of components incl. implementation costs)
2010: n.a.
2020: 960 EUR; infrastructure equipment: 35.2 M EUR per year

Source cost data: eIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks

INS is supposed to be a fully cooperative approach. Nevertheless, the collision avoidance
function can profit from additional autonomous sensor based functions.

Wireless Local Danger Warning Acronym : WLD
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Functional description of system

The PReVENT system WILLWARN (Wireless Local Danger Warning - WLD) - supports the
driver in safe driving by inter-vehicle communication.

The system detects hazards via its own sensors and communicates the hazard information
to other vehicles via vehicle-to-vehicle communication. Messages are exchanged with
oncoming traffic and by networking (hopping). The messages are kept alive in a road-
network for some time and distance depending on the equipment rate of the system. Also,
information from the roadside (road works, roadside units, etc.) can be integrated via
infrastructure-to-vehicle communication. Only drivers approaching the hazardous spot will
get the warning. It is expected that the warnings are given approximately 10 seconds
before the driver reaches the hazardous spot. The system provides only warnings. Thus, the
system provides drivers with the opportunity to adapt the vehicle speed and inter-vehicle
distance early-on, leading to a higher situational awareness of potential unforeseen danger.
The system is designed primarily for non-urban roads.

The WLD safety impact analysis covers the following applications:

1. (Detection) and warning of obstacles (other vehicle) on the road. Warning about an
obstacle is given if one's own car is an obstacle for others. This means that the vehicle has
an accident and might be an obstacle for other vehicles. The warning can be submitted
based on airbags, emergency flasher etc.

2. Detection and warning of reduced friction or reduced visibility due to bad weather. The
warnings are given to the drivers only if they are confirmed by a substantial number of cars.
Sensors used for detecting the low friction/visibility might be lights, wipers, temperature,
wheel speeds, gyro - or in the future friction and visibility sensors.

The figures below illustrate the scenarios investigated in elMPACT.

Obstacle behind a curve Low friction on ruralroad  Low visibility
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System components and costs

A WLD system according to the functional description above (evaluated in elMPACT)
requires the following components

V2V communication unit
GPS-module

Digital map

Warning module

Costs: (total sum of components incl. implementation costs)
2010: n.a.
2020: 132 EUR

Source cost data: elIMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks

As the detected hazardous situation is transferred to another vehicle by vehicle-to-vehicle
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communication, not only the traffic density, but also the penetration level of WLD vehicles
needs to be high enough to be able to achieve the maximum safety effects of the system.
The concept of warning dissemination and transport in the car used in WLD enables a high
benefit even at low equipment rates.

SpeedAlert ‘ Acronym : SPE

Functional description of system

Speed Alert is a map and camera based system warning for speed limits by use of a haptic
gas pedal and a warning module for when the speed limit is exceeded. The goal is to reduce
the number of accidents due to speeding. The system informs about static, temporary and
variable speed limits. The driver remains responsible for maintaining a safe and proper
speed. The system does not monitor the conditions of the road, tires, etc.

The system is introduced in 2 phases:

e Phase 1: Stand-alone system that gives speed limit advice based only on static and
fixed time dependent speed limits. This system will be operational in 2010.

e Phase 2: Cooperative system that also takes into account information broadcast by
traffic centres, VMS-es and beacons, and gives speed advice not only based on speed
limits but also based on recommended speeds. In particular, the system dynamically
recommends speeds in curves, near work zones and schools, on slopes and bridges, and
for events, weather and traffic. This system will be operational in 2020.

A display informs the driver of the present speed and numeric speed limit, with additional

colour coding (green = below speed limit, yellow = slightly above, red = far above). A

special symbol is used if there is insufficient data. We propose to use separate symbols to

distinguish between speed limits and advisory speeds (e.g., a red circle for speed limits and

a blue background for advisory speeds). If the speed limit is exceeded by a certain margin

for a prolonged time (in the order of seconds), the driver is warned by an additional audio

signal, optionally combined with a haptic signal through the accelerator. The margin is in
the 0 — 20 km/h range, for example 10 km/h if speed enforcement is unlikely, and 5 km/h if
likely. This can be set by the driver.

The system can be switched off by the driver.

It is assumed that it will take some time to deploy full coverage of speed limits on digital
maps by map providers. Improvement of the speed limit data update process will improve
the data quality by 2010. Provision of variable and temporary speed limits is included in the
2020 system.

System components and costs

A SPE system according to the functional description above (evaluated in elMPACT) requires
the following components

Positioning system (GPS/GNSS)
Digital maps with static speed limit
mono camera (front)

Display extension
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Haptic gas pedal

DAB (digital audio broad-cast) (2020)

SRC (sample rate conversion) (2020)
GPRS (general packet radio service) (2020)

Costs: (total sum of components incl. implementation costs)
2010: 233 EUR
2020: 200 EUR

Source cost data: elMPACT consortium with the exception of Centro Ricerche Fiat.

Remarks

The Speed Alert system evaluated in elIMPACT is based on the technological concept
developed by the SpeedAlert consortium.

The maps are updated once per year (through CD/DVD) from 2010 onwards, and on-the-fly
from 2020 onwards.

In 2010 the maps will have 90% coverage of main roads (motorways, national highways)
and 20% coverage of urban and rural roads. In 2020 these figures are 100% and 80%,
respectively.
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