
Chapter 11
Possible Futures of Vehicle Safety

Yves Page

Human Kind is condemned to progress. Till eternity
Alfred Sauvy (French economist)

11.1 Introduction

Inmore andmore countries in theworld, we can observe a proliferation of road safety
planning strategies which present very clear ways and measures to struggle against
road crashes in the countries where these plans are initiated. They are basically a
response to a very detailed diagnosis of traffic safety issues, generally broken down
into three categories: risk factors (e.g., speed, alcohol, vigilance, distraction, etc.);
vulnerable users or group at (over)-risk (e.g., young drivers, motorized two-wheelers,
etc.) and accident types (e.g., loss of control, intersection crashes, night crashes, etc.).
Recommended deterrence actions are obviously responses to the safety issues but,
above this, they belong to a paradigm, e.g., the ‘Safe System’, whose basic principles
are the following:

• A human being has limited biomechanical capabilities to withstand impacts.
Reduction or avoidance of impacts is therefore inevitable, noticeably by amanage-
ment of impact energies and the limitation of people exposed to forces likely to
provoke injuries.

• A human being is fallible, and therefore makes errors. The whole system of
traffic and land transport must be designed and maintained taking these errors
into consideration.

• A comprehensive diagnosis of safety issues must be conducted in order to
determine safety measures that have high safety benefit potentials and a high
efficiency/cost ratio.
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Fig. 11.1 General principles of the ‘Safe System’

• Measuresmust be consistent with choices for society (economic, human and envi-
ronmental), with positive economic impact on providers of products and services
useful for safety on land transport.

• The responsibility of safety actions must be shared among all public and private
players and not by only one player (e.g., the public authorities).

• Safety is first generated by the reduction of crashes that are easily avoidable, and
then by sustaining a transport system (not only roads) compatible with the safety
of future generations.

These general principles are often presented in these programs, according to 4
(prosaic) chapters which put forward systemic, holistic and integrated aspects or road
safety policies (Fig. 11.1). These four chapters are:

• Safe speeds
• Safe vehicles
• Safe roads, streets and roadsides
• Safer road usages

And, of course rescue services and medical treatment.

11.2 Safe Vehicles

The focus of this paper is safe motorization particularly passenger cars which count
for approximately 83% of all motorized vehicles in France. They are also involved
in 78% of injury crashes and in 75% of fatal crashes. These figures may vary a
lot between regions, especially in emerging countries where two or three motorized
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two-wheelers are predominant as well as trucks, buses and coaches. Technologies
that apply to passenger cars can in most cases also apply to other motorized vehicles
except some that are very specific (e.g., car structure, restraint systems, dynamic
control, etc.).

The question is: What is a safe vehicle? The answer to that question claims will
help us understand the extent to which the automobile design contributes to road
safety.

Safety consists of a series of measures which ensure that a task or a whole set of
tasks are conducted without any property damage or injury or any kind of other harm
(moral harm, economic loss, social harm or esthetic harm), to the one who conducts
the tasks and to others as well (Page and Coz 2003).

Safety can be envisaged from to several angles:

• Primary safety aims to prevent a harm. The difference between prevention and
avoidance is a bit vague. Say, for the sake of simplicity, that any measure that
targets attitudes and behaviors of road users as well as other players of road safety
(in charge of design, maintenance and control of vehicles, road, road equipment
and traffic management) are preventive actions, whereas measures that correct a
driving situation which is critical or is about to be critical are avoidance measures.
We do not elaborate here on the term ‘precaution’, which consists in taking
measures against a new risk, unknown and not well-documented, which generally
leads to very restrictive measures.

• Secondary safety aims to reduce the consequences of a harm (severity).
• Tertiary safety aims to bring the best and fastest care to victims.
• Quaternary safety aims to reduce the physical and psychological sequelae after a

harm.

Therefore, vehicle safety consists of a series of measures which ensure, via a
vehicle (or, nowadays, the so-called extended vehicle taking also into consideration
the connectivity between vehicles or between vehicles and environment), automobile
trips with minimum harm and external effects.

Road risk prevention is currently being coordinated by public authorities which
encourage associations and the private sector to develop, each in its own field of
expertise, actions that can help in preventing or avoiding crashes or, at least, miti-
gating injury severity in the case of a crash. However, since decades, for the sake of
innovation in safety or under regulatory or consumerism pressure, vehicle manufac-
turers and automotive suppliers have developed systems to protect vehicle occupants
(e.g., safety belt was patented in 1903 and the concept of bag filled in with air is
dated 1941) or external users (e.g., pedestrian-friendly bonnets) to improve safety
inside or outside the vehicle in reducing the consequences of an impact. Active safety
(accident avoidance) has been improved via steering, dynamic control and braking
performances.

A vehicle manufacturer contributes to efforts in road crash and injury prevention
by undertaking and applyingmany safetymeasures via technology and by conducting
safety actions and social responsibility (driver training, education, communication,
research and corporate sponsoring). OEM’s contribute to national and international
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road safety actions by acting specifically in vehicle safety, i.e., in designing and
fitting vehicles with primary safety systems (assisting drivers in his/her naviga-
tion/guidance/control tasks), secondary safety systems (i.e., able to optimize occu-
pants protection as well as external users protection in case of a crash), tertiary safety
systems (e.g., automatic crash notification; rescue code, which is aQR code pasted on
the front and back windshields allowing the rescue services to quickly get a vehicle
identification card of the vehicle, which helps in cutting it at the right places in case
of necessary extrication).

These systems have various origins: either the availability of technologies, or
a brilliant engineering idea or inspiration, or the existence of such a system by a
competitor, or a specific strategy of a vehicle manufacturer which makes safety a
brand identity, or an economic interest, or a regulation, or a norm, or a specific
consumer test (such as New Car Assessment Programs), or, a particular accident
analysis that reveals that such and such a safety issue could be a priori tackled by
these systems.

11.3 Secondary Safety of ‘Safety of Protection’

Sequentially, an automobile impact induces an impact between an occupant (or an
external user) and a part of the vehicle (or another element of the environment if
the occupant is ejected) and then impacts between different internal organs of the
victim’s body (Page 2012).

First impact is, for an occupant, the consequence of one of these three injury
mechanisms:

• Intrusion in the passenger compartment.
• Projection (or deceleration) of an occupant against a rigid part of the compartment,

or interaction between an occupant and the restraint system (belt or airbag).
• Ejection of the body (or part(s) of the body outside the compartment).

There are other ways to be injured or die on the roads, such as carbonization or
intoxication by smoke.

Injury severity depends on, for each of these mechanisms, on the violence of
impact, on impact configuration (frontal, side, rear, rollover, etc.), on stiffness of the
obstacle and on biomechanical tolerances of the human body. These three mecha-
nisms should be targeted by secondary safety and it is usually done by using two
options:

• Vehicle structure.
• Restraint systems.

Vehicle structure must dissipate energies released during the impact while main-
taining the integrity of the compartment, i.e., avoiding/reducing intrusion in also
limiting the pulses and efforts sustained by the occupant. Prosaically, a soft structure
would properly dissipate the energy when the vehicle is deformed but would induce
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intrusion. A rigid structurewould reduce intrusion but would putmuchmore pressure
on the occupant’s body.

Vehicles being very different from one to another, one must also ensure a
good compatibility between them (mass compatibility, stiffness compatibility and
geometric compatibility) for some vehicles must not be too aggressive to the others.
This is the reason why, for example, trucks are in most countries fitted with anti-
underrun devices or heavier passenger cars must not be too stiff otherwise too aggres-
sive against smaller and less stiff cars (even though they still have to be stiff enough
to appropriately protect their occupants in case of a crash against an stiff obstacle).

Restraint systems (e.g., seat belt with pretensioners and load limiters tuned for
persons biomechanically fragile; frontal airbags; side airbags for thorax and head;
seat bossage; etc.) are essential complements to a stiff vehicle structure, which is the
current choice. Occupants must absorb their own kinetic energy residuals: the preten-
sioner (seatbelt tension) couples the occupant to his/her seat. In a frontal impact, for
instance, load limiter unrolls a few centimeters of the belt for it does not provoke
lesions to the thorax organs, and then the airbag ‘welcomes’ the occupant head and
thorax and diffuses more efforts while, additionally, preventing head and thorax to
smash into rigid parts of the wheel or the dashboard. Obviously, these features work
at reasonable impact violence. Above a certain threshold (like, for example, a frontal
impact against a deformable obstacle above 70/75 km/h), the laws of physics make
full protection hardly achievable at a reasonable automotive cost. In that case, the
vehicle sustains a heavy deformation and intrusion can no longer be prevented and
the restraint system can no longer be functional.

Lots of improvements in protection safety (usually known as passive safety) was
done at the end of the 1990s, with voluntarist policies of a few OEM’s which
can be considered as pioneers in the field, and with the development of regula-
tions concerning frontal impact (Directive 96/79/CEE et ECE.R94) and side impact
(Directive 96/27/CEE et ECE.R95), as well as development in consumer testing such
as EuroNCAP (and other kinds of NCAP’s around the world) which assign points
and stars (1 up to 5) to new cars. The first car which was ever awarded with Euro
NCAP 5 stars is a French vehicle, in 2001. Ever since, a lot of passenger cars have
been awarded 5 stars, even though with the continuous improvements, hardening and
broadening of tests since 2009 and planned up to 2020 (see Road Map EuroNCAP
released in 2014, which specifically hardens tests in passive safety and adds tests
for the presence of preventive/active safety devices). We must here underline that
EuroNCAP does not only target car occupant protection. Tests also target pedestrian
safety and soon pedal cyclist safety in crashes against passenger cars. Other kinds of
NCAP’s, under the supervision of global NCAP, also have roadmaps for enlarging
their testing.
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11.4 Primary Safety

The analysis of a road traffic system reveals that it is composed of motorized and
non-motorized road users, who drive orwalk on roads/streets. Theymove in a general
environment that they do not generally control or monitor (e.g., traffic conditions,
temporary signals, road works, etc.). These trips are governed by traffic laws. Each
and every road user is therefore supposed to monitor and adapt his trip/driving
according to rules/laws that he/she is also supposed to know since he/she has got a
driving license (not all pedestrians I admit), according to the situation he/she faces
(road, trip motivation, type of driven vehicle, etc.) and the presence of other users at
the same time and place.

The diversity of components of a traffic system obviously shows that the user is
not responsible for everything. He/she does not conceive/maintain roads, he/she does
not select the weather, he/she does not select traffic density, road works occurrence,
missing signals, etc. On the other hand, he/she has to take the right decisions against
what he/she encounters on the road. In other words, he/she is the last regulator of
his/her trip. Vehicles that are sold, roads that he/she drives on, road and traffic main-
tenance, must increase his/her safety and must optimize his/her decisions/actions
(even though, in such an automated task like driving, decisions are often implicit).

Therefore, if we set apart design, the conception and effectiveness of conditions in
which transport of persons and goods are performed (e.g., failures in urban manage-
ment, inefficient transport and land planning, missing alternative transport, etc.), if
we set apart problems in designing andmaintaining roads and infrastructure (i.e., visi-
bility, clarity, adequacy to characteristics of vehicle dynamics, potential for forgive-
ness, etc.) as well as vehicles, traffic safety issues develop around drivers who violate
basic safety rules (excessive drinking and driving, excessive speed, drug use, aggres-
sive driving, risky driving, etc.), or make mistakes and errors (perception, cognition,
vehicle control, bad or insufficient skills) often due to altered states (alcohol, inat-
tention, distraction, stress, fatigue, lack of sleep), or due to inexperience of driving,
or due to specific trip conditions.

Consequently, OEM’s find another way in traffic safety via driving assistance
systems. These systems have two interests: they make it easier to perform some
driving tasks and help drivers not to enter into dangerous or critical situations… or
to get out of these situations. There are a lot of these systems on the market (mainly
in highly industrialized countries), with a lot of variants, but they often demand
environment sensors that are often costly and not yet sufficiently robust.

There are currently a few taxonomies of driving assistance systems. We propose
4 of them, according to the assistance type, according to the level of influence of the
assistance and according to the active or passive participation of the driver.

According to the assistance type:

• The assistance can be of a strategic type. It then targets the itinerary planning and
the navigation. Navigation systems are typical examples of this type.
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• The assistance can be of a tactical type. It targets the selection and the performance
of the manoeuver adapted to the encountered situation. Blind spot helps detection
is a typical example of a tactical aid.

• The assistance can be of an operational type. It consists of controlling the vehicle
trajectory. Emergency braking or electronic stability control is typical examples.

According to the assistance influence:

• In afirst step, the assistancebrings an information to the driver (e.g., an information
about density of traffic or tire pressure).

• In a second step, the vehicle activates an alarm (e.g., a tone if the seat belt is not
buckled up).

• The vehicle can also activate an enhanced information (e.g., a long and high tone
if the belt is still not buckled up after a few seconds).

• The vehicle can perform a corrective action on the manoeuver (e.g., electronic
stability control).

• The vehicle can, at last, take control, the driver being fully out the loop (automatic
braking for instance).

According to the driver participation:

• Without driver intervention (e.g., automatic emergency braking)
• Anassistancewhich takes part of the driving task (e.g., autonomous cruise control)
• A driving assistance under control, which accompanies an action by the driver

(e.g., electronic stability control).

Apart from automotive parts (e.g., steering column, hydraulic brakes and tire
rubber) that are reliable and safe (compliance to rules and laws as well as general
safety of products), and apart from the considerable progress over time on steering,
braking and dynamic control, and specific primary safety systems are not that much
fitted in most vehicles nowadays and are often available in premium passenger cars
or as an option in mid-class cars. Speed limiters or cruise controls are largely dissem-
inated (in any case by French OEM’s) but not the adaptive intelligent cruise control
(maintaining a speed compatible with the vehicle pace ahead). Systems such as ABS,
ESC, emergency braking systems, navigation systems, automatic head lights, auto-
matic commuting lowbeam–highbeams, tire pressuremonitoring systems, automatic
wipers, blind spot help detection, lane departure warnings, lane keeping assist, driver
alert systems, night vision systems and variants of intelligent speed adaptation are
on their way, in the pre-market introduction, at a reasonable pace. On the other hand,
systems such as anti-collision at junction radars or anti-head-on collisions radars,
alert of incidents/accidents ahead of the trip, or systems informing the drivers about
risky sites or black spots are still at the research or advanced engineering phases.

The field for driving aids is henceforth extremely huge. Sensors detecting the
environment (ultrasonics, cameras, radars, lidars, navigation maps, GPS, etc.) are
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more and more mature and algorithms more and more powerful: they detect obsta-
cles around the vehicle, lanes on the roads, junctions, insertion access, line mark-
ings, road and traffic signals and therefore assist the driver in his/her driving tasks
(navigation/guidance/longitudinal and lateral control).

The question is: to what extent OEM’s and suppliers are able to propose protection
systems and driving assistance systems that are economically accessible to mass
production and mass commercialization. Recent history shows that it is definitely
possible when we, for example, look at the large dissemination of ABS and ESC.
Of course, often, sophisticated systems are released first on high-end vehicles before
being tried on entry level vehicles. The fast renewal of the automobile fleet is one
of the most promising safety measures though. To that end, the affordability of such
systems is crucial.

11.5 Tertiary Safety

Development of portable devices (smartphones, tablets, etc.) including the e-call
(most well known as automatic crash notification in the USA) will inevitably reduce
delays in the intervention by rescue services. Although the European Commission
considers that generalization of e-call could save up to 5–15% of fatalities in Europe,
the latest studies show lower estimates, around 2–3% in France for instance.

In addition to the alert, cooperation between OEM’s and rescue services has
recently come up with a Standard of Extrication Card which allows fire brigades to
cut vehicles more efficiently (if necessary, of course), in order to extricate occupants
trapped after an impact. It is very likely that, in future, intelligent e-calls (able to
provide information about the crash like impact speed, occupant’s presence and belt
age status, etc.), and e-health may also contribute to help rescuers and hospitals in
their injury and injury severity diagnosis and therefore help in triaging the victims
to the appropriate hospitals and trauma centers.

11.6 Technology and Safety Benefits

Past and current studies show high potential safety benefits of existing systems
(protection systems as well as driving assistance systems already largely dissem-
inated onto the market) (Sferco et al. 2001; Forêt-Bruno et al. 2001; Page et al. 2005,
2006a, 2009b; Page and Cuny 2006; Kassaagi et al. 2006; Couturier et al. 2007;
Zangmeister et al. 2007; Page and Labrousse 2007; Cuny et al. 2008; Zangmeister
et al. 2009; Page 2011, b; Fildes et al. 2015). Passive safety systems coupled with
collision prevention system and/or injury mitigation systems such as ESC or EBA
already show an unprecedented effectiveness value ever since seat belt effectiveness,
first speed limit settings or automatic speed camera settings (in France at least) came
into being: a front seat occupant of a vehicle which got 5 stars at the EuroNCAP (old
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rating) and which also has the ESC and the EBA has reduced the risk of severe fatal
injury by 70% compared to an occupant in a vehicle without ESC nor EBA.

A recent study showed that, if we consider the declining trend of fatalities between
2000 and 2010 in France (−48%), 6 points are due to the vehicle safety improvements
over this period (Page 2010). This seems very small but if we also consider that the
rate of deployment of these technologies in the vehicle fleet is very low and slow
(vehicle fleet is renewed every 15 years ormore), and these systems have started being
deployed in early 2002–2003 for passive safety and even later for active/preventive
safety, and mainly in high-end vehicles first, then we are forced to conclude that the
promise in safety benefits is actually high.

Perspectives for systems that are not largely disseminated, or still under devel-
opment, are also positive (Page et al. 2006b, 2009a; Page and Hermitte 2007, 2009;
Driscoll et al. 2007; Chauvel et al. 2013; Hynd et al. 2015). Each system has an
expected effectiveness (in terms of savable lives or avoidable severe injured people)
relatively low (often between 2 and 5%, a bit more for some of them, if the whole
fleet is fitted) according to available studies. Therefore, a combination of systems
that address various safety issues (loss of control, loss of guidance, blind spot, late
braking, night vision, etc.) is to be preferred. Expected safety gains are potentially
high and effectiveness studies research (today embedded as ‘stand-alone’ systems and
tomorrow connected with one another) must be encouraged to identify this promise
in greater detail (Page et al. 2015).

It is indeed difficult to establish a ‘Top 10’ rating of the most promising systems
which for a few reasons (Page and Hermitte 2009): Effectiveness studies are of
three kinds: the ones which simulate the expected effectiveness of systems not yet or
poorly on themarket, the oneswhich observe the actual effectiveness of systems in the
market according to their penetration rate in the fleet, and the ones which extrapolate
the safety gains that would be observed if existing systems would be disseminated
100% in the fleet. We thus have a problem of consistency among different estimates.

Whatever their types, available studies vary in the effectiveness indicators they
use. It can be reduction in injury crashes, reduction in all kinds of crashes, reduction
in fatalities, in severe injuries, in crash risk, in injury risk, taking into consideration
(or not) the penetration rate, etc. (Possibly depending on accident or impact types
such as loss of control, frontal impact and pedestrian collisions). As a consequence,
they are not exactly comparable.

Similarly,methods and techniques of evaluation aswell as simulation assumptions
(noticeably concerning the use of driving aids by drivers) vary a lot too. Furthermore,
some sensitivity studies establish effectiveness estimates depending on different
values of a set of parameters entering into consideration to make the function work.
Subsequently, effectiveness estimates might be quite different between variants of
the same system.

Actually, numerous systems present numerous variants. Variants may concern the
function itself: for example, a lane departure warning can have different triggering
thresholds, possibly selected by the driver, when the car is about to leave the lane,
when it crosses the lane line, or long before crossing the line; or an AEB can detect
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only moving obstacles in the same direction, or can detect any kind of moving or
stopped obstacles.

OEM’s and suppliers continuously improve the systems, from time to time and
new systems are continuously released. Therefore, the long list of functions and
variants is always evolving. A Top 10 would shed the light on a few fashioned
systems at a given time and possibly hide promising functions not properly analyzed
yet. Moreover, some functions improve better than others overtime by, for example,
extending their coverage (AEB against moving vehicle, than against stopped or fixed
obstacles, than against pedestrians, at low speed and speeds) or by strengthening the
technology.

Primary, secondary or tertiary safety systems must not be considered in competi-
tion with one another but rather like different opportunities to solve similar problems.
For example, an intelligent speed adaptation system can reduce the driving speed,
an automatic braking system can reduce the impact speed, a reinforced car structure
combined with restraint system can be even better at lowering impact speed and
an automatic crash notification can reduce intervention delays by rescue services.
Rating them all in a Top 10 would mean ignoring their additive impacts.

If systems are sometimes complementary or additive, they are seldom fitted indi-
vidually in a vehicle, which would demand the establishment of a Top 10 of the
‘packages of systems’ rather than a Top 10 of isolated functions. Given their high
number, classifying hundreds of combinations or packages is impracticable.

To our knowledge, there is no uniqueTop 10, accepted by the scientific community
as absolutely irrevocable.

Some systems might have a restrictive target population (e.g., blind spot detection
address between 4 and 6% of the injury crashes) but a high effectiveness potential
(e.g., 50% out of the 4–6%) and a low cost. It would be unfair to disqualify these
systems by underlying the low effectiveness if it can be reached at a lesser cost. The
‘Top 10’ should therefore be established on the basis of the effectiveness as well as
on the basis of the effectiveness/cost ratio, which would, in the end, make it fully
undecipherable.

Some systems, highly effective ex-ante in theory, can be fully rejected by
drivers/users because of whatever reasons. They might feel like they (the systems)
are inefficient, useless, intrusive, and non-adapted to driving. This is, for instance,
the case of lane departure warning in the USA, which is often disconnected because
it is considered too intrusive in daily driving. This drives us back to real usage of the
systems and their parametrization, of which knowledge is still poor even though it
is highly important in the estimation of their effectiveness.

As a consequence, we do notmean to establish a kind of ‘Top 10’ so far, but recom-
mend to multiply effectiveness studies in a private/public partnership to consolidate
effectiveness estimates available by now, and disqualify ambiguities.
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11.7 Current Trends and Possible Future

A lot is said, written, discussed, wrongly or badly, about connected vehicles and
automated driving (Pajon et al. 2012). In both cases, connectivity and automation
make people dream about better days for road safety (an automated or autonomous
vehicle is supposed to eradicate human driving errors and connected driving assis-
tance systems are supposed to be better than current stand-alone driving aids) but
they also frighten people (is technology relevant, reliable, robust?What about human
beings in a highly or fully automatedworld,what about transmission of personal data?
etc.)

It is therefore useful to recall the basics of connectivity and automation to avoid
any confusion or misunderstanding. In the current real-world, what is all this about
precisely?

11.7.1 Connected Vehicle

Professionals and the public now seem to be aware of what we call ‘the connected
vehicle,’ meaning vehicles connected to other vehicles or to infrastructure or to …
whatever. This is actually a technical definition that hides two different functional
definitions of connectivity (Road Safety & Connected Mobility (Collectif) 2014):

• A driver or a passenger can be connected with the external world via a nomadic
device (e.g., a smartphone or a tablet) which has nothing to do with the vehicle.
He (or she) just uses the device while driving (or as a passenger) as he or she
would use these devices outside the car. This is just the general continuation in
the car of the ‘connected user.’

• A driver or a passenger can be connected via an integrated device which is
embedded in the vehicle and can offer different types of services. In this case, the
vehicle offers some services, which could by the way be redundant to the services
available with a nomadic device. Let us call it the ‘connected vehicle.’ Of course,
the connected vehicle mediates between the driver (and the passengers) and the
external world. The connected vehicle can also give information to the rest of the
world in case it is itself a sensor (e.g., if it detects slippery road and sends the
information to the surrounding traffic).

In both cases, the services provided by connectivity (whatever the technologies
behind and whatever the medium, nomadic or integrated) can be classified according
to the following taxonomy:

• Safety systems: the service has a primary objective to prevent crashes and injuries.
For example, car-to-car communications can help in preventing crashes at inter-
sections where visibility is reduced by buildings, trees, bus stops, whatever kind
of fixed or mobile masks to visibility.
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• Driving assistance: the service has a primary objective to help the drivers in
performing a driving task (navigation, guidance or control). For example, a navi-
gation system helps the driver in choosing his (her) route and to follow directions
that are proposed by the system.

These two categories can easily be grouped together since driving assistance
systems often have a safety aspect too.

• Traffic information: the service has a primary objective to help the driver knowing
more about the traffic ahead, e.g., whenever a route is congested, road works are
present ahead of the trip or whether a route is closed for whatever reasons—
services related to transport, usually called intelligent transport systems.

• Services not related to transport, often called infotainment (Internet in the car,
watching or downloading videos and many other applications currently available
on smartphones and tablets…).

The connection is ensured bywhatever kinds of technologies (3G, 4G, 5G, DSRC,
etc.), which are beyond the scope of this paper but which present high performances
as well as limits. Therefore, especially for connected safety systems and driving
assistance systems, the functions work under particular circumstances called ‘use
cases’ and not in any circumstances. For example, as connected technologies usually
use GPS to localize a vehicle or a person somewhere on earth, this information is
known to be not very accurate (a few meters accuracy) which prevents one from
using it for impact avoidance for example (at least for the moment).

Moreover, international standards of principles allow some consensual rules for
human–machine interaction (HMI) in order to properly design interfaces that are not
distracting drivers. These apply for any kind of manipulation the driver is in charge
of (radio tuning, navigation system use, etc.).

These systems are in full expansion, though in pre-deployment phase by now.
They deserve a lot of attention, especially to hinder possible distractive effects, to
select, amongst all systems, those which have the largest expected safety benefits,
and of course to prevent cyber-crime.

Preliminary effectiveness studies about connected driving assistance systems or
connected safety systems (and for functions such as alert of incidents, blind sport
detection and information about status of traffic lights) show that expected benefits
are positive but minor. These effects are even lower if they are considered to be ‘in
addition’ to stand-alone driving assistance systems.

11.7.2 Automated Driving

Autonomous vehicle, automated driving, self-driving cars, driverless vehicles,
unmanned driving, automated car, etc., are expressions often used to name a vehicle
(and not necessarily a car) which takes over all or part of the driving task which is
today under the driver control during a trip or a fraction of the trip. The delegation
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from the driver to the system consists of longitudinal control and/or lateral control
and/or environment monitoring, and especially obstacle detection.

Therefore, an automated car is not systematically automated continuously and
automation is not systematically complete. Automation can be conditional, partial,
high or full, depending on automation level and driving situations (so-called use
cases). A use case depicts a function of delegation, in certain conditions (traffic,
road and environment and delegation mode). For example, the ‘Traffic Jam Assist’
function often addresses the following use case: dense traffic, up to 40–50 km/h, the
vehicle drives on its lane, without any possibility of automated lane change, with
road markings (left and right), all weather conditions but fog (or lack of visibility),
when the driver can have his/her hands off the driving wheel.

Various bodies (NHTSA, SAE, OICA, VDA5, etc..) defined automated driving
levels (in general, from 0 to 5), starting from manual driving or driving assisted with
some low level of assistance, i.e., information aids (level 0) to full automation in all
circumstances (level 5). These levels are established according to the distribution of
tasks and driving authority between the driver and the vehicle, especially in situations
when an impact is predictable (Table 11.1).

Motivations for such vehicles are ecological (optimization of traffic flows and
reductions of pollution), demographical (assistance to anxious drivers, increase of
comfort, assistance to elderly drivers in some difficult/uncomfortable manoeuvers),
safety (reduction in crashes and mainly injury crashes), economical (optimization
of vehicle lifetime and use, optimization of land use) or related to quality of life
(additional time to do something else in the vehicle) (Page 2014).

The big challenges are technological (performance, reliability and robustness
of sensors and artificial intelligence), ethical and legal (are we ready to drive on

Table 11.1 Automation levels

Source OICA, vehicle standards map 2014, Ministry of Transport, New Zealand
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automated road and what is the appropriate legal framework that goes with it?)
and ergonomics (how to design driver automaton relationships that manage driving
situations, critical situations and crash risk situations better than today?).

Some driving tasks are already partially or fully automated, for example, longitu-
dinal control in certain traffic conditions (e.g., adaptive cruise control), but automa-
tion will come progressively, starting with simple use cases and then with more
complex ones (i.e., congested traffic on dual carriage ways with longitudinal control
exclusively, and then on highways at higher speeds, and then in both cases with
lateral control and possible lane change, and then in more complex environments
such as urban areas, etc.). Of course, fully automated vehicles are also experimen-
tally possible now in complex traffic, at very low speed, at a high cost, on very
well-known routes that the system learns: shuttle on reserved lanes without any
traffic will be possible sooner than usually expected.

Conditions for deploying such vehicles also concern technical certification
(homologation requires reference to technical regulations or assumption of absence
of danger related to the technology if no technical regulation exists yet) and their
compatibility with usage regulations: indeed, if a vehicle is certified but cannot be
used because of traffic laws, for example, deployment is impossible.

There are a lot of automated systems which work in certain traffic conditions, in
certain modes (eyes-on, hands-on, eyes-off, etc.), for passenger cars, public trans-
ports, other types of vehicles and on dedicated roads or public roads. There are, by
now, in the research phase or in the experiment phase, current vehicles on the market
being fitted with driving assistance systems underneath level 3 (out of 5) of automa-
tion. In other words, these are assistance systems. The driver can always act as a
supervisor (except for autonomous braking systems, but these kinds of ‘last resort’
systems are not classified in the SAE taxonomy).

Assessment of the expected safety benefits of automated driving system is starting
and the few available studies are not really convincing since they usually assert that
90% of crashes are due to human errors (meaning implicitly the driver) and that
removal of drivers would remove crashes…which is to a large extent questionable….
Driver error is most often the consequence of a combination of factors, human,
technical and situational that prevent the driver from correcting a critical situation
with which he/she is confronted (Page 2013). Error is a symptom of a malfunction
(that sometimes leads to the crash), but not a primary cause of the malfunction:
accident causes are found before the error and their influence is direct or indirect,
dependingonwhenwegoback in the accident analysis. For example, the combination
of fatigue, speed and grip problem is a group of factors that impact the situation at
the end of the accident process that ends up with a guidance error and finally a loss
of control. But, upstream this process, one can identify other intermediary causes
such as road configuration which favors speeding before entering a difficult bend,
lighting that does not allow a good bend visibility, etc.; as well as causes even more
‘indirect’ but also predominant in terms of accident prevention such as education,
information, social culture toward speed, driving, risk and safety.

An additional way of presenting things consists of considering driver errors
as limits of adaptation of drivers with critical situations to which the current
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traffic system confronts him/her. We have also to consider that ‘human factors’ are
what actually make the driving system work, more or less efficiently, despite its
shortcomings, thanks to the adaptation capabilities that are inherent in humans.

If the driver is removed from driving, driver adaptation is also removed…a loss
that has to be compensated by automated systems.

11.7.3 Frugal Engineering and Frugal Safety

In high-end countries, short-term future and mid-term future are definitely related
to automate driving and connected vehicles that allow different types of services,
especially safety services. Highly or fully automated driving, even in some specific
simple use cases such as traffic jam pilot or traffic jam chauffeur on motorways, will
definitely not come very soon since there is still room for technical improvements
to get safe and secure vehicles that will drive with non-automated vehicles on the
same roads. The more eyes-off, the more difficult. If occupants are supposed to
do something other than driving, they will of course be willing to sit in a vehicle
comfortably and not behind at the wheel seat, and not necessarily belted. Therefore,
we collectively have to think about new restraint systems compatiblewith an ‘eye-off’
traffic, i.e., ‘out-of-regular-position’-occupants!

Beside this, themost predominant barriers to the deployment of safety systems are
definitely their costs, and if most of them are considered to be effective in preventing
injuries and extending years of life, they deserve to be encouraged.

One way of doing this is frugal engineering. Frugal engineering is the process of
reducing the complexity and cost of a good and its production. Usually, this refers to
removing nonessential features from a durable good, in order to sell it in developing
countries. It also refers to make cost reductions during the process of innovation,
engineering, production and commercialization. There are many ways of doing this,
the biggest challenge is to avoid producing bad products/services at low cost in bad
conditions, which could have long-term negative effects on the brand, the whole
economy and the safety/security of products.

Current examples of low-cost safety systems can be found in smartphones, with a
lot of free or cheap applications such as lane departure warning, drowsiness warning
or forward collision warning, based on simple algorithm and the smartphone camera
as sensor, for example (or blood pressure sensor as another example). They do not
prove efficient and cannot be considered as frugal engineering as they are often
nomadic devices produced outside the OEM’s world. A step forward would be to
integrate frugal engineering as a basic paradigm for safety, so that it is for low-end
cars which present nevertheless quite good levels of quality so far.

Automated vehicles, connected vehicles and frugal safety engineering are the
three likely pillars for the future of vehicle safety based on technology.



220 Y. Page

References

Chauvel C, Fildes B, Lahausse J, Page Y (2013) Automatic emergency braking for pedestrians.
Effective target population and expected safety benefits. In: 23rd ESV conference, Seoul, June
2013

Couturier S, Faure J, Page Y, Labrousse M (2007) The benefits of double pretension in decreasing
knees & lower legs injuries in frontal impacts. In: ESV conference, Lyon, 2007

Cuny S, Page Y, Zangmeister T (2008) Evaluation of the safety benefits of existing safety functions.
Rapport D.4.2.2. du projet TRACE (Traffic Accident Causation in Europe), Juin 2008

Driscoll R, Page Y, Lassarre S, Ehrlich J (2007) An evaluation of the potential safety benefits of the
French intelligent speed adaptation project. In: 51ème AAAM conference, Melbourne, Oct 2007

Fildes B, Keall M, Bos N, Lie A, Page Y, Pastor C, Pennisi L, Rizzi M, Thomas P, Tingvall C (2015)
Effectiveness of low speed autonomous emergency braking in real-world rear-end crashes. Accid
Anal Prev 81:24–29

Forêt-Bruno J-Y, Page Y et al (2001) Comparison of thoracic injury risk in frontal car crashes
between occupant restrained without belt load limiter and those with 6 kN and 4 kN belt load
lilmiters. Stapp Car Crash J 45

Hynd D, McCarthy M, Carroll J, Seidl M, Edwards M, Visvikis C, Tress M, Reed N, Stevens A
(2015) Benefit and feasibility of a range of new technologies and unregulated measures in the
fields of vehicle occupant safety and protection of vulnerable road users. Final report. TRL for
the European Commission, Mar 2015

KassaagiM, BouslimiW, Val X, Page Y, Bersac J-M (2006) Effectiveness of emergency brake assist
in rear-end accident scenarios. In: FISITA conference, paper F2006D062, Yokohama, Japan,
22–27 Oct 2006

Page Y (2010) How safe is vehicle safety? The contribution of preventive and passive safety to
saving lives on European road and streets. Jubilee seminar on road traffic safety, Delhi, Dec 2010

Page Y (2011a) An overview of the safety benefits of (some) passenger car safety systems. Revue
Méditerrannéenne de Medecine d’Urgence, Juin 2011, Numéro 7

Page Y (2011b) Thierry Hermitte et Sophie Cuny. How safe is vehicle safety? The contribution of
vehicle technologies to the reduction in road casualties in France from 2000 to 2010. In: AAAM
conference, Paris, Octobre 2011

Page Y (2012) A comprehensive overview of the frequency and the severity of injuries sustained by
car occupants and subsequent implications in terms of injury prevention. In: AAAM conference,
Seattle, USA, Octobre 2012

Page Y (2013) Do vehicle technologies address specific safety issues inside urban areas.
Contribution à un ouvrage ‘Safety, sustainability and future urban transport’, New Delhi

Page Y (2014) Un véhicule autonome… Pourquoi? Congrès Médecine et Traffic. Automobile Club
Médical de France, Paris, Novembre 2014

Page Y, Coz J-YL (2003) Démarche accidentologique et sécurité des véhicules. Revue de la
Gendarmerie Nationale N° 207, Juin 2003

Page Y, Cuny S (2006) Is electronic stability program effective on French roads? Accid Anal Prev
38(2):357–364

Page Y, Hermitte T (2007) The TRACE Project, an initiative to update accident causation and
evaluate the effectiveness of technologies. In: ESV conference, Lyon, 2007

Page Y, Hermitte T (2009) Ranking the safety benefits of road safety applications. Outcomes of the
EU-funded TRACE project. In: SIA vehicle dynamics symposium, Lyon, France, Sept 2009

Page Y, Labrousse M (2007) An overview of the safety benefits of (some) passenger car safety
systems. In: Ipass Conference, Bordeaux, Nov 2007

Page Y, Foret-Bruno J-Y, Cuny S (2005) Are expected and observed effectiveness of emergency
brake assist in preventing road injury accidents consistent? In: 19th ESV conference,Washington,
June 2005



11 Possible Futures of Vehicle Safety 221

Page Y, Thomas P, Hervé V, Kirk A (2006a) An estimation of side airbag effectiveness in
preventing thoracic injuries using French, British and German crash data. In: 50ème AAAM
annual conference, Chicago, IL, 17–20 Oct 2006

Page Y, Driscoll R, Lassarre S (2006b) LAVIA: Les effets potentiels du Limiteur s’Adaptant à la
Vitesse Autorisée sur la Sécurité Routière Colloque LAVIA, Versailles, 9 Nov 2006

Page Y et al (2009a) Reconsidering accident causation analysis and evaluating the safety benefits
of technology: final results of the TRACE project ESV conference, Stuttgart, June 2009

Page Y, Zangmeister T, Cuny S, Kreiss JP (2009b) The evaluation of the safety benefits of combined
passive and on-board active safety applications. In: 53th AAAMconference, Baltimore, Oct 2009

PajonM, PageY et al (2012) Enlighting the future: from autonomousADAS to autonomous driving.
In: VISION conference, Versailles, Octobre 2012

Page Y et al (2015) A comprehensive and harmonized method for assessing the effectiveness
of advanced driver assistance systems by virtual simulation: the P.E.A.R.S. initiative. In: ESV
conference, Gothenburg, June 2015

Road Safety & Connected Mobility (Collectif) (2014) Rapport. Challenge Bibendum, Chengdu,
Novembre 2014

Sferco R, Fay P, Page Y (2001) Potential effectiveness of enhanced stability programs (ESP). What
European field studies tell us. In: ESV conference

Zangmeister T, Kreiss J-P, Page Y, Cuny S (2007) Simultaneous evaluation of multiple safety
functions in passenger vehicles. In: ESV conference, Lyon, 2007

Zangmeister T, Kreiss J-P, Page Y, Cuny S (2009) Evaluation of the safety benefits of passive and/or
on-board active safety applications with mass accident databases. In: ESV conference, Stuttgart,
June 2009


	11 Possible Futures of Vehicle Safety
	11.1 Introduction
	11.2 Safe Vehicles
	11.3 Secondary Safety of ‘Safety of Protection’
	11.4 Primary Safety
	11.5 Tertiary Safety
	11.6 Technology and Safety Benefits
	11.7 Current Trends and Possible Future
	11.7.1 Connected Vehicle
	11.7.2 Automated Driving
	11.7.3 Frugal Engineering and Frugal Safety

	References




