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Absiract

Motorcycle riders are one of the most endangered groups in modern traffic. Due to the specific driving
dynamics of one-track vehicles and the location of the predominantly driven roads, the severity of ac-
cidents tends to be considerably above average. Analyses of available accidentology data showed that
the cause for a typical accident with a motorcycle on rural roads is loss of control over the vehicle.
Prevention of mistakes by the rider in addition to occurring roll angles and braking while cornering are

promising starting points for a reduction in motorcycle accidents on rural roads.

The Federal Highway Research Institute (BASt) is supporting external research projects for increasing
traffic safety. It focused specifically on one-track vehicles in 2016 and established the research program
“roadmap — active motorcycle safety” which includes basic research topics as well as vehicle and rider

behaviour related approaches. Research aspects include “applications for riding simulators”, “motorcy-

cle cornering ABS”, “autonomous emergency braking for motorcycles” and “roll angle anxiety”.

In passenger car development driving simulators are a common tool for various research questions. For
applications in motorcycle research simulators are scarcely evaluated. The aim is to determine fields of

use and develop a validation methodology for riding simulators.

Commercially sold cornering ABS are a new development. The objective is to assess the benefit for
average riders. Additionally, these systems could be key technology for future autonomous emergency
braking systems. Initially, constraints in driving dynamics to ensure autonomous braking without influ-

ence on riding safety as well as possible deceleration levels are to be defined.

For rider behaviour, roll angles for different rider profiles in everyday and critical scenarios should be
evaluated. The methodology should contribute to detailed accidentology and development of training

methods.

With the research roadmap BASt aims to contribute to active motorcycle safety. The results are used
for further research on Advanced Rider Assistance Systems (ARAS) which support the rider in critical

situations.



Kurzfassung

Motorradfahrer zdhlen auch heute noch zu den gefiahrdetsten Verkehrsteilnehmergruppen im Straflen-
verkehr. Aufgrund der fahrdynamischen Besonderheiten von Einspurfahrzeugen und der Ortslage der
iiberwiegend befahrenen Stralen ist die Schwere der auftretenden Unfalle {iberdurchschnittlich hoch.
Auswertungen verfiigbarer Daten der Unfallstatistik zeigen, dass die typischen Motorradunfille auf
LandstraBBen in der Regel durch einen Kontrollverlust iiber das Fahrzeug bedingt sind. Die Vermeidung
von Fahrerfehlern in Zusammenhang mit Schriglage und Bremsen in Kurven sind daher vielverspre-

chende Ansatzpunkte zur Reduktion von Motorradunfillen auf LandstraBBen.

Die Bundesanstalt fiir StraBenwesen (BASt) fordert externe Forschungsprojekte zur Erhéhung der Si-
cherheit im Straenverkehr. Sie hat daher im Jahr 2016 den Fokus verstérkt auf Einspurfahrzeuge gelegt
und das Forschungsprogramm ,,Forschungsroadmap-aktive Motorradsicherheit™ ins Leben gerufen, das
Grundlagenforschung, fahrzeugtechnische Ansétze und Untersuchungen zum Fahrerverhalten umfasst.
Die Forschungsaspekte sind ,,Anwendungsméglichkeiten von Motorradsimulatoren®, ,,Motorrad Kur-

ven-ABS®, ,,Automatische Notbremssysteme flir Motorrdder und ,,Schriglagenangst*.

Aus dem PKW-Sektor sind Simulatoren zur Erforschung vielféltiger Fragestellungen bereits nicht weg-
zudenken. Dieses Forschungswerkzeug befindet sich fiir Anwendungen im Motorradbereich allerdings
noch in einem sehr frithen Stadium. Das Ziel im Grundlagenbereich ist es daher zundchst, Anwendungs-

felder zu definieren und eine Validierungsmethodik fiir Motorradfahrsimulatoren zu erarbeiten.

Neuartige Kurven-ABS-Systeme sind erst seit kurzem auf dem Markt. Ziel der Forschung ist es, den
Nutzen fiir durchschnittliche Fahrer dieser Systeme zu bewerten. Zusétzlich kdnnten diese Kurven-
ABS-Systeme eine Schliisseltechnologie fiir zukiinftige automatische Notbremssysteme sein. Fiir letz-
tere ist es zunédchst notwendig, Fahrdynamikbereiche zu identifizieren, in denen gefahrlos automatische

Bremseingriffe erfolgen kdnnen sowie die bereichsabhéngige Hohe der Verzogerung zu erarbeiten.

Im Bereich Fahrerverhalten sollen zukiinftig {iber einen mdglichst breiten Fahrerquerschnitt gefahrene
Schriaglagen im Alltag als auch in Gefahrensituationen evaluiert werden. Die entwickelte Methodik soll
zur detaillierten Unfallanalyse und zur Entwicklung zukiinftiger Trainingsmethoden herangezogen wer-

den konnen.

Mit diesem umfassenden Forschungspaket will die BASt einen Beitrag zur Verkehrssicherheit von Mo-
torradfahrern leisten. Die Erkenntnisse sollen in weitere Forschung an aktiven Fahrerassistenzsystemen,

die den Fahrer in kritischen Fahrsituationen unterstiitzen, einflief3en.
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Absiract

A study on the safety awareness of motorcycle riders in Germany was carried out by ifz the last time in
2006. Today, 12 years later, the status quo will be re-evaluated based on an ongoing online-survey.
Moreover that, the German motorcycle riders are surveyed about the topic of Advanced Rider Assis-
tance Systems for Powered Two-Wheelers (ARAS-PTW). The final study will show the level of aware-
ness of this modern technology as well as the riders knowledge and attitudes towards different current

systems.

The analysis of the participants’ answers provides information regarding behavior on the motorcycle as
well as attitudes to the topic "motorcycle safety” in general. Numerous aspects play a role, self-assess-
ment, risk thoughts while motorcycling, the behavior in wearing motorcycle clothing as well as the
participation in motorcycle trainings. The comparison of central statements with the results of the pre-
sent study from 2006 shall show in which direction the safety awareness of German motorcycle riders

has developed.

One focus of the study is the analysis of the attitudes of the surveyed motorcyclists to Rider Assistance
Systems for Powered Two-Wheelers (ARAS-PTW). In recent years, assistance systems for motorcycles
have become more important. But how well known are the various ARAS and how much knowledge
about individual systems exists? Considering already existing analyses, the study provides a corre-
sponding insight into the usage habits, handling skills and user acceptance. Additionally, tendencies
regarding a possible over- or underestimation of the potentials of common, safety-relevant ARAS are
analyzed. Among other things the results of the study shall help to assess the image and user know-how

of safety-related ARAS.



Zusammenfassung

Wie es um das Sicherheitsbewusstsein von Motorradfahrern in Deutschland bestellt ist, hat das ifz zu-
letzt im Jahr 2006 analysiert. Heute, zw6lf Jahre spéter, soll anhand einer laufenden Umfrage der Status
Quo diesbeziiglich evaluiert werden. Zugleich geht es dabei um das Thema Fahrer-Assistenzsysteme
an Kraftrddern (FAS-M). Die aktuelle Studie zeigt den Bekanntheitsgrad moderner Technik auf, ebenso

Wissen und Einstellungen der Teilnehmer zu verschiedenen Systemen aus dem Motorradbereich.

Die vorldufigen Auswertungen der Teilnehmerantworten (n= 3.543; Stand 21.06.18) liefern Auskiinfte
iiber sicherheitsrelevantes Verhalten auf dem Motorrad sowie zu Einstellungen gegeniiber dem Thema
,Motorradsicherheit™ allgemein. Dabei spielen zahlreiche Aspekte eine Rolle. Kernpunkte bilden An-
gaben zu verschiedenen Bereichen der Motorradsicherheit, zu Risikogedanken beim Motorradfahren
und tiber das Trageverhalten von Motorradbekleidung. Der Vergleich zentraler Aussagen mit der vor-
liegenden Studie aus 2006 soll zeigen, in welche Richtung sich das Sicherheitsbewusstsein der deut-

schen Motorradfahrer entwickelt hat.

Ein Schwerpunkt der Studie liegt in der Analyse der Einstellungen der befragten Motorradfahrer zu
Fahrer-Assistenzsystemen an Kraftridern (FAS-M). Insbesondere in den letzten Jahren haben Assis-
tenzsysteme fiir Motorradfahrer an Bedeutung gewonnen. Doch wie bekannt sind die verschiedenen
FAS-M und wie ist das Wissen iiber einzelne Systeme ausgeprigt? Die Studie liefert unter Beriicksich-
tigung bereits existierender Erkenntnisse einen entsprechenden Einblick in die Nutzungsgewohnheiten,
Kompetenzen im Umgang und die Akzeptanz beim Nutzer. Analysiert werden zudem Tendenzen hin-
sichtlich einer mdglichen Uber- oder Unterschitzung der Potentiale gingiger, sicherheitsrelevanter
FAS. Die Ergebnisse der Studie sollen unter anderem dabei behilflich sein, das Image sowie das Nutzer-

Know-how sicherheitsrelevanter Systeme einschétzen zu konnen.

Die folgenden Ausfiihrungen stellen einen Uberblick erster, komprimierter Ergebnisse der Stu-
die, basierend auf den Antworten der Umfrageteilnehmer bis zum 21.06.2018 dar. Die fiir die
finale Auswertung zugrunde liegende Umfrage liduft bis zum 31. Oktober 2018. Anschlieend
wird das gesamte vorliegende Datenmaterial ausgewertet und analysiert. Die Ausfiihrungen in
diesem Teil sind also als vorlidufig anzusehen, liefern in den meisten behandelten Punkten aber

schon einen wegweisenden Beitrag.
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Absiract

A previous study determined that motorcycles are not adequately identified as potential collision part-
ners by contemporary production Forward Collision Warning systems (1). A recommendation of that
study was that motorcycles or representations of motorcycles be included in future Advanced Driver
Assistance Systems (ADAS) test procedure development and retroactively introduced into existing
ones. One step in achieving that goal is the development of an appropriate surrogate “soft” target for
use in ADAS testing. In addition to requirements relating to durability and test safety, such surrogate
targets must present, to the systems being evaluated, characteristics that are suitably representative of

real world motorcycles.

A motorcycle soft target is being developed having radar characteristics demonstrated to be within the
range of those for typical L3 motorcycles. This soft target is visually realistic and can be safely, reliably
and efficiently used in typical ADAS testing scenarios. The characteristics of the target are such that it

can be used for testing from any approach angle.

Fixed distance and fixed angle radar measurements were made of four motorcycles ranging from 50cc
to 1750cc, using three production grade radar sensors. These measurements were analyzed to determine
example bounds of radar response over the measurement conditions. A variety of soft target construc-
tion methods were evaluated using a proof-of-concept approach. When a suitable candidate method was
identified, a concept soft target prototype was constructed and preliminary radar measurements and
durability tests were conducted. Experiments with different radar treatments and construction materials
are ongoing. Evolutionary prototypes are currently being developed and tested, including tests to sim-
ulate potential ADAS test conditions. This paper describes the process for making and analyzing the

radar measurements. A future report will describe the full details of the soft target.

The availability of a surrogate motorcycle target that is representative of a real motorcycles over the
full range of approach angles, and for sensing technologies currently in use should aid the development
of conflict test scenarios involving motorcycles helping to ensure that motorcycles are properly consid-

ered in ADAS development.

66



Safety Potential Assessment Of Cornering ABS Systems

Based On Riding Tests

Begutachtung des Sicherheitspotenzials von Kurven-

ABS-Systemen basierend auf Praxistests

Alessio Sevarin, Michael Gruber, Ernst Tomasch

Vehicle Safety Institute, Graz University of Technology, Graz, Austria

Christian Rathgeb
KTM AG, Mattighofen, Austria

Lukas Hartwig, Karin Ausserer, Ralf Risser
FACTUM OG, Wien, Austria

99



Absiract

Motorcyclists are one of the most endangered users on the road. In order to improve their safety, inno-
vative Advanced Rider Assistance Systems (ARAS) are developed and integrated into motorcycles.
One of the latest developed systems is Cornering ABS, which claims to bring the advantages of ABS
also during the leaning phase of the vehicle. Nevertheless, due to the recent introduction no study is

available to assess the potential of the system

This study aims to assess the potential of Cornering ABS for the accident reduction, with an integrated

statistical and experimental approach.

At first, the current accident scenarios for motorcycles, based on the data of the Austrian national data-
base of road accidents, were analysed in order to observe the relevance of different crash configurations.
Furthermore, about 100 motorcycle accidents were then reconstructed and used as baseline for the eval-

uation of the system.

Insights about the functioning of the analysed system were retrieved by logging and analysing the acti-
vation of the systems under riding conditions by motorcyclists with different experience. A model could

therefore be developed to evaluate the triggering conditions of the systems.

An in-depth analysis of the baseline accidents after the virtual introduction of the system permits to
define the potential of the system for the selected cases. The results can then be extrapolated to the

entire national statistic in order to evaluate the real potential of the systems.

This study helps to define the relevance of the Cornering ABS for the current accidents scenarios and
delineate the boundary working conditions of the systems, providing relevant information for possible

improvements with the potential to lead to a further reduction of accidents.

The project was funded by the Austrian Road Safety Fund (VSF) of the Austrian Ministry for Transport,

Innovation and Technology.
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Absiract

Using autonomous emergency brake systems in one-track vehicles is much more challenging compared
to two-track vehicles. This is after all caused by the fact that the rider of a two-wheeler firstly needs to
actively stabilize the vehicle at low speeds and that he secondly could destabilize it by incorrect actions.
Thus, the intervention of an emergency brake system must not force the rider to reactions that could

destabilize the system. Furthermore, the rider still needs to be able to perform his stabilization task.

In order to fulfill the described conditions, the maximum deceleration value that a possibly unprepared
rider can handle has to be determined. Furthermore, it is important to identify the gradient to build up
the deceleration without overburdening the rider. These investigations are performed within a riding

study with expert riders on a test track.

The test vehicle for the experiments is equipped with a system that allows to initiate a braking maneuver
externally via remote control. During the tests, the deceleration level and the deceleration gradients are
increased. The test riders are experienced riding instructors. They assess which deceleration values and

gradients are acceptable for average riders who are not prepared for a braking intervention.

The results from the expert study shown in this paper will be the base line for further tests in which the
reactions of average riders to unexpected brake actuations will be investigated. The aim of these studies
is to determine an envelope curve for the design of autonomous emergency brake systems for motorcy-

cles.
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Kurzfassung

Im Vergleich zu Zweispurfahrzeugen birgt der Einsatz von automatischen Notbremssystemen in Eins-
purfahrzeugen ungleich groflere Herausforderungen. Dies ist insbesondere darin begriindet, dass der
Zweiradaufsasse zum einen im Niedriggeschwindigkeitsbereich aktiv zur Stabilisierung des Fahrzeugs
beitragen muss, zum anderen das System aber auch durch fehlerhaftes Eingreifen destabilisieren kann.
Der Eingriff eines Notbremssystems ist also so zu gestalten, dass der Aufsasse nicht zu einer Reaktion
gezwungen wird, die zur Destabilisierung des Systems fiihrt. AuBerdem muss es ihm nach wie vor

moglich sein, seiner Stabilisierungsaufgabe nachzukommen.

Um die genannten Voraussetzungen zu erfiillen, ist die Hohe der Verzégerung zu ermitteln, die einem
womoglich unvorbereiteten Fahrer zugemutet werden kann. Auflerdem ist zu untersuchen, mit welchem
Gradienten die Verzogerung aufgebaut werden kann, ohne ihn zu iiberfordern. Dies wird im Rahmen

einer Fahrversuchsstudie mit Experten untersucht.

In den Versuchen kommt ein Versuchsfahrzeug zum FEinsatz, das das Auslosen einer Bremsung per
Funkfernbedienung erlaubt. Es werden Bremsungen mit steigenden Verzégerungen und steiler werden-
den Gradienten durchgefiihrt. Der Test wird mit Fahrlehrern und —trainern durchgefiihrt, die bewerten,
bis zu welcher Hohe Verzogerungen fiir nicht auf einen Eingriff vorbereitete Durchschnittsfahrer zu-

mutbar sind.

Die Ergebnisse dieser Expertenstudie, die in diesem Beitrag vorgestellt werden, bilden die Basis fiir
Folgeversuche, bei denen die Reaktionen von Durchschnittsfahrern untersucht werden sollen, die von
einem Bremseingriffiiberrascht werden. Damit soll die Hiillkurve fiir die Auslegung von automatischen

Notbremssystemen fiir Motorrdder ermittelt werden.
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Absiract

In order to control and stabilize a motorcycle, the rider facilitates steering as well as leaning motions.
As the motorcycles velocity decreases, it is typically seen that the lateral movement of the rider in-
creases. In order to reach a higher fidelity of motorcycle riding simulators it is thus mandatory to meas-
ure both control modes rather than using only the steering input as a control of the virtual vehicle. The
rider’s influence on the motorcycle due to leaning motions results from coupling forces and torques on
the vehicle frame. It is common to use optical measurement techniques to identify the rider motions, as
a holistic measurement of all coupling forces (on the footpegs, kneepads, saddle, handlebar) is hardly

possible in real riding.

In the underlying investigation, a camera system is mounted on the motorcycle to gather information
on the leaning behaviour of a rider and his dynamic influence at low speeds. The speed at which the
vehicle becomes instable is experimentally identified and the rider’s influence on stabilizing the low
speed weave mode is discussed. A part of the experiments is replicated on the DESMORI motorcycle
riding simulator. The simulator mockup is fixed with a roll torque sensor that measures any torque
around the motorcycle’s longitudinal axis to allow for controlling the simulator via ridermotion. The

motion behavior on the simulator is evaluated for different simulator configurations.

It is shown, that the used vehicle simulation model lacks the stability of a realistic motorcycle. While
determination of the ridermotion improves the presence of the simulator, no reduction of the lowest

achievable speed can be reached.
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Zusammenfassung

Die Steuerung eines Motorrades sowie dessen Stabilisierung erfolgen durch Lenk- und Lehnbewegun-
gen des Fahrers. Insbesondere bei niedrigen Fahrgeschwindigkeiten werden im Realversuch gréfere
Ausschlige in der Oberkorperbewegung beobachtet als bei hoheren Geschwindigkeiten. Zur Steigerung
der Wiedergabetreue eines Motorradfahrsimulators ist es daher erforderlich, beide Einflussgroflen ab-
bilden zu konnen, anstatt die Steuerung des virtuellen Fahrzeugs allein durch Lenkeingaben zu realisie-
ren. Die Einflussnahme des Fahrers auf das Fahrzeug mithilfe von Lehnbewegungen erfolgt durch das
Einleiten von Kréften und Momenten auf den Fahrzeugrahmen. In der Realfahrt ist eine ganzheitliche
Messung dieser Koppelkrifte zwischen Fahrer und Fahrzeug (iiber FuBrasten, Knieschluss, Sattel, Len-
ker) kaum umsetzbar, weshalb hier auf optische Messverfahren zur Identifikation der Fahrerbewegung

zurilickgegriffen wird.

In der vorliegenden Untersuchung wird ein kamerabasiertes Bewegungsmesssystem an einem Mess-
motorrad angebracht, um Aussagen iiber das Lehnverhalten des Fahrers und dessen dynamischen Ein-
fluss bei langsamer Fahrt zu erhalten. Der Niedriggeschwindigkeitsbereich flir das verwendete Mess-
fahrzeug wird experimentell bestimmt und der Einfluss von Fahrerbewegung auf die Stabilisierung der
Niedriggeschwindigkeitspendelmode diskutiert. AnschlieBend wird ein Teil der Versuche auf dem
DESMORI Motorradfahrsimulator nachgestellt. Die Anbindung des Motorrads auf der Simulatorplatt-
form ermdglicht dabei die Bewegungserfassung iiber eine Rollmomentsensorik. Das Fahrerbewegungs-

verhalten auf dem Simulator wird fiir unterschiedliche Simulatorkonfigurationen ermittelt.

Es wird gezeigt, dass sich das genutzte Fahrdynamikmodell weniger stabil als ein reales Motorrad fahrt.
Wihrend die Beriicksichigung der Fahrerbewegung das Fahrempfinden des Simulators verbessert, ist

alleine durch sie keine Reduktion der niedrigsten erreichbaren Fahrgeschwindigkeit moglich.
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Preventing lateral sliding in curves

Verhinderung seitlichen Rutschens in Kurven
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Absiract

End of 2013 Bosch brought MSC (Motorcycle Stability Control) to the market. This system consists of
an inertial sensor based lean angle estimation, a lean angle dependent ABS and traction control. While
safety of braking and accelerating in curves are considerably increased by this system the range of use
is still bounded by the physical limits of the friction between tire and road. If the motorcycle begins to
slide laterally a one-sided intervention of single wheels as done for passenger cars (ESP®™)is not possi-
ble. Therefore other possibilities to induce yaw torques or lateral forces to stabilize a sliding motorcycle

are required.

With this understanding the world’s first realization of a motorcycle safety system for the prevention
of lateral sliding wheels is described. The core component of the system is an actuator which provides
repulsion forces by fast escaping gas. The resulting force progression compensates the missing lateral
tire friction force and is therefore able to prevent skidding of the motorcycle. At first, the concept has
been analyzed extensively by riding dynamics simulation studies especially regarding friction changes
in curves. For the build-up of the actuator prototype, gas pressure tanks from airbag units of passenger
cars were integrated into the test bike apparatus. For the recognition of lateral sliding wheels, inertial
sensors are used to estimate the wheel slip angles. First riding tests were performed by inducing sliding
conditions provoked by applying strong brake forces when passing low friction patches in curves. The
tests showed clearly that the feared scenario of a lowsider can be avoided, which is currently not ad-

dressed by any other active safety system on the market.
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Kurzfassung

Um die Zahl der Verkehrsunfille und besonders auch die der Verkehrstoten zu reduzieren, wird der
Fahrer eines modernen Personenkraftwagens von einer Vielzahl an Fahrerassistenzsystemen bei seiner
Fahraufgabe unterstiitzt. Diese konnen je nach Funktion entweder mit dem Fahrer interagieren oder

direkt auf die Fahrdynamik einwirken.

Fiir Motorradfahrer existieren bisher noch wenige, in Serie verfligbare Assistenzsysteme. Am weitesten
verbreitet sind das Anti-Blockier-System und die Traktionskontrolle, welche jedoch beide erst abschwé-
chend eingreifen, wenn der Fahrer zu stark bremst oder beschleunigt. Da das Potential der passiven
Sicherheit bei Motorréddern jedoch geringer ist als beim Pkw, sind aktive Sicherheitssysteme in diesem
Segment noch wichtiger. Automatisierung ist hierbei der wichtige Schliisselschritt hin zu Wissensauf-

bau tiber aktive Eingriffe.

Dieses Paper befasst sich mit der Frage, wie Modellwissen iiber die Fahrdynamik des Motorrads in die
Entwicklung neuer Komfort- und Sicherheitssysteme einflieBen kann. Durch die Adaption der aus der
Automatisierung des Pkws bekannten Technologie der modellpradiktiven Regelung auf das Motorrad,
wird ein Ansatz gewihlt, der es erlaubt, menschliches Fahrverhalten durch eine geeignete Gewichtung

unterschiedlicher Kriterien zu generieren.

Als Konzeptbestitigung, dass zugrundeliegendes Fahrdynamikmodell echtzeitfahig und genau genug
ist, wird ein Prototyp vorgestellt, welcher die menschlichen StellgroBen technisch ansteuern und auf

einer abgesperrten Teststrecke die komplette Fahraufgabe ohne Fahrer ibernehmen kann.
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Kurzfassung

MaBnahmen der aktiven und passiven Sicherheit bei Kraftfahrzeugen sorgen seit Jahren fiir einen Riick-
gang der Verletzten und Getdteten im StraBenverkehr. Dem entgegen steht der steigende Anteil verletz-
ter und getdteter Aufsassen motorisierter Zweirdder. Hier zeigt sich, dass grofles Potential fiir weitere
SicherheitsmaBnahmen im Zweiradbereich besteht. Insbesondere aktive Sicherheitssysteme kdnnen im
Bereich der Unfallpriavention einen entscheidenden Beitrag zur Steigerung der Sicherheit motorisierter
Zweiridder leisten. Das Ziel ist es, Fahrerassistenzsysteme zu entwickeln, die im Unfallgeschehen wirk-
sam und durch den Fahrer akzeptiert sind und genutzt werden. Aufgrund der Fahrdynamik von motori-
sierten Zweirddern miissen Fahrerassistenzsysteme speziell fiir das Motorrad entwickelt und beziiglich

der Wechselwirkungen mit dem Fahrer untersucht werden.

Das Normalfahrverhalten sowie das Unfallgeschehen motorisierter Zweirdder, welches mittels Daten
des deutschen statistischen Bundesamtes sowie mit Daten der German In-Depth Accident Study unter-
sucht wurde, liefert die zu adressierenden Szenarien mit zugehorigen Assistenzfunktionen. Die Anfor-
derungen aus dem Fahrerverhalten, der Nutzerakzeptanz und mogliche Kaufanreize wurden dabei be-

riicksichtigt.

In Anlehnung an das menschliche Fahrerverhalten wird ein kaskadierter Beobachter entworfen, der das
Fahrverhalten in Bahnfiihrungsebene sowie der Stabilisierungsebene iiberwacht. Dieser Beobachter
wurde auf einem instrumentierten Versuchstriger implementiert und in einer vollautomatisierten Real-

fahrt ohne Fahrer validiert.

Auf Basis der Erkenntnisse der Fahrdynamik werden unter Nutzung des Beobachters fahrdynamisch-
intervenierende Fahrerassistenzsysteme auf einem Versuchsmotorrad implementiert und in einer assis-
tierten Realfahrt demonstriert. So konnen die Fahrerassistenzsysteme sowohl langs- als auch querdyna-
mische Eingriffe realisieren und den Fahrer wiahrend der Fahrt in der Ausfiihrung seiner Fahraufgabe

unterstitzen.

Im Ergebnis steht ein Beitrag zur Steigerung der Fahrzeugsicherheit motorisierter Zweirdder durch die
Entwicklung von Assistenzfunktionen in Anlehnung an das menschliche Fahrerverhalten, um identifi-

zierte Unfallsituationen zu adressieren und kiinftig friihzeitig zu vermeiden.
Schlusselworter

Fahrerassistenzsysteme, Normalfahrverhalten, Unfallforschung, Unfallgeschehen, Fahrerverhalten,

Nutzerakzeptanz
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Absiract

Recognizing dangers before they arise. Seeing obstacles which are not yet visible. Assess risks early
and act accordingly. By connecting vehicles and infrastructure, we are taking one step further to achieve
the vision of an accident-free world. The communication between infrastructure and vehicles is techni-
cally realized by cooperative systems. This is referred to as V2X communication (vehicle-to-vehicle or
vehicle-to-infrastructure communication) or more generally, by C-ITS (Cooperative Intelligent

Transport Systems).

While the C-ITS roadmap for the automotive domain is nearly established, motorcycles are gaining
attention as part of the future connected world. Cooperative systems offer new opportunities which can

make motorcycling significantly and sustainably safer.

Since motorcycles differ in design, driving dynamics and riding behavior compared to passenger cars,
car systems cannot directly be transferred and adapted to motorcycles. For the use in the two-wheeler
sector, specific motorcycle requirements must be taken into account. This includes principle-based ad-
aptations to the V2X applications (i.e. specific use cases), but also hardware and software adaptations
as positioning accuracy, triggering algorithms, antenna positioning and to the human machine interface.
Being aware of these challenges, well-known representatives of the motorcycle industry founded the

"CMC - Connected Motorcycle Consortium" in 2016 (see www.cmc-info.net).

Based on the C-ITS concepts of the automotive industry, the "CMC Roadmap" defines applications for
the motorcycle of the future. The main focus lies on applications that positively effect and increase the
safety of motorcyclists in traffic. Based on functional descriptions of V2X applications, the impact on
accident statistics is investigated by the Institute for Traffic Accident Research at Dresden University

of Technology (VUFO).

The CMC-Roadmap will be presented and exemplified by a V2X use case with motorcycle relevance.
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Kurzfassung

Gefahren erkennen bevor sie entstehen. Hindernisse sehen, die noch gar nicht zu sehen sind. Risiken
frithzeitig einschétzen und entsprechend handeln. Durch Vernetzung von Infrastruktur und Fahrzeugen
rliickt man der Vision einer unfallfreien Welt immer néher. Die Kommunikation zwischen Infrastruktur
und Fahrzeugen wird technisch durch kooperative Systeme ermdglicht. Man spricht in diesem Zusam-
menhang von V2X-Kommunikation (Vehicle-to-Vehicle- bzw. Vehicle-to-Infrastructure-Kommunika-

tion) oder allgemein gefasst von C-ITS (Cooperative Intelligent Transport Systems).

Wihrend die C-ITS Roadmap fiir den Automobilbereich weitestgehend etabliert ist, gewinnen einspu-
rige Fahrzeuge als Teil der zukiinftig vernetzten Welt immer mehr an Bedeutung. Mithilfe kooperativer
Systeme ergeben sich neue Moglichkeiten, welche das Motorradfahren signifikant und nachhaltig

sicherer gestalten konnen.

Da Motorrdder im Vergleich zu Pkw u.a. Unterschiede beziiglich Design, Fahrdynamik und Fahrer-
verhalten aufweisen, konnen Pkw-Systeme nicht ohne weiteres {ibertragen und auf Motorrader adaptiert
werden. Fiir den Einsatz im Zweiradbereich miissen motorradspezifische Anforderungen beriicksichtigt
werden. Darunter fallen prinzipbedingte Anpassungen an die V2X Funktionen (spezifische Anwen-
dungsfille), aber auch hardware- und softwareseitige Anpassungen an die Positionsgenauigkeit, Aus-
l6sealgorithmen, Antennenpositionierung sowie an die Mensch-Maschine Schnittstelle. Sich diesen
Aufgaben bewusst, grilndeten namhafte Vertreter der Motorradindustrie im Jahr 2016 das ,,CMC —

Connected Motorcycle Consortium® (vgl. www.cmc-info.net).

Aufbauend auf den C-ITS Konzepten der Automobilbranche definiert die ,,CMC-Roadmap* die An-
wendungsfille fiir das Motorrad der Zukunft. Das Hauptaugenmerk liegt hierbei auf Funktionen zur
Erhohung der Sicherheit des Motorradfahrens im StraBenverkehr. Basierend auf den Funktionsbeschrei-
bungen von V2X Anwendungen wird die Auswirkung dieser Systeme auf die Unfallstatistik durch die
Verkehrsunfallforschung an der TU Dresden (VUFO) GmbH untersucht.

Die CMC-Roadmap wird vorgestellt und anhand einer V2X Anwendung beispielhaft die Motorrad-

relevanz erliutert.

233



Powered Two-Wheeler HMI Design For Cooperative Intelligent

Transport Systems (C-ITS)

Motorrad HMI Design fir Cooperative Intelligent Transport Systems
(C-ITS)

Dr. Sebastian Will
Wurzburger Institut fUr Verkehrswissenschaften (WIVW GmbH)

Thomas Hammer (WIVW GmbH)
Markus Kébe, Tristan Liebick (Technische Universitat Dresden)
Kazuyuki Maruyama (Honda R&D Co., Ltd.)
Taro Onoue (Yamaha Motor Co., Ltd.)
Markus Strack (KTM AG)

Masaru Mamiya (Suzuki Motor Corporation)
Tomohiro Matsuda (Kawasaki Motors Europe)
Raphael PleB (TU Darmstadt, Fachgebiet Fahrzeugtechnik FZD)
Arne Purschwitz (BMW Motorrad)

258



Absiract

Cooperative Intelligent Transport Systems (C-ITS) will further increase traffic safety by means of com-
munication between different vehicles as well as between vehicles and infrastructure. This technology
allows for early and various kinds of warnings and recommendations as the vehicle can receive infor-
mation from other sources in addition to vehicle-based sensors. Hence, these new assistance systems
such as “traffic jam ahead warnings” need to deliver information to the rider. This poses new challenges
towards Powered Two-Wheeler (PTW) specific Human-Machine Interface (HMI) design. Information
from C-ITS needs to be presented in a way that ensures recognition without distracting the rider from

the primary riding task.

Being aware of this challenge, the Connected Motorcycle Consortium (CMC) established a task group
dedicated to the investigation of PTW HMI design for C-ITS functions. On the one hand, the task
group’s mission is to identify recommendations and guidelines from various transport sectors that help
designing HMIs for C-ITS appropriately. As motorcycles differ clearly from other vehicles such as
passenger cars or trucks, PTW specific studies are conducted within the scope of this CMC task group.
The concept of a participant study will be presented to demonstrate how HMI design for C-ITS is in-
vestigated. The study - aiming at optimizing the information strategy - was conducted on the dynamic
motorcycle riding simulator DESMORI at WIVW. It investigates the effects of C-ITS information tim-
ing while riding. An outlook outlines a second study dealing with visual warning characteristics (i.e.

blink rate) to make warnings more salient.

The task group’s general working content as well as the C-ITS HMI studies including methodology and

results will be presented.
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Kurzfassung

Cooperative Intelligent Transport Systems (C-ITS) nutzen Kommunikationstechnologien zwischen
Fahrzeugen als auch zwischen Fahrzeugen und Infrastruktur, mit dem Ziel die Verkehrssicherheit wei-
ter zu erhohen. Da neben der Sensorik des eigenen Fahrzeugs auf zusétzliche Informationen zuriickge-
griffen werden kann, ist mit Hilfe dieser Technologie eine Vielzahl von Assistenzsystemen realisierbar,
die zudem frithere Informations- bzw. Warnzeitpunkte zulédsst. Diese neuen Assistenzsysteme, wie
bspw. ein ,,Stauende-Warner, miissen dem Fahrer Informationen auf addquate Weise darbieten. Dies
stellt neue Herausforderungen beziiglich der Gestaltung von Mensch-Maschine-Schnittstellen (sog. Hu-
man-Machine-Interfaces, HMI) am motorisierten Zweirad dar. Die Darbietung der Informationen muss
derart erfolgen, dass sie leicht von den Fahrern erkannt und verstanden werden, jedoch ohne diese von

der primédren Fahraufgabe abzulenken.

Um dieser Herausforderung zu begegnen, wurde im Connected Motorcycle Consortium (CMC) eine
Arbeitsgruppe gegriindet, die sich mit der Untersuchung zweiradspezifischer HMI-Ldsungen fiir C-ITS
befasst. Einerseits besteht die Aufgabe der Arbeitsgruppe darin, Richtlinien und Gestaltungsempfeh-
lungen aus anderen Transportbereichen, wie bspw. dem Pkw- oder Lkw-Sektor, als Basis fiir eigene
Richtlinien und Guidelines, zusammenzutragen. Da sich Motorrdder jedoch deutlich von Personenkraft-
wagen oder Lastkraftwagen unterscheiden, werden im Rahmen dieser CMC Arbeitsgruppe auch mo-
torradspezifische Untersuchungen durchgefiihrt. Das Konzept einer solchen Probandenstudie wird vor-
gestellt, um die Untersuchungsansétze zur Erforschung zweiradspezifischer C-ITS HMI-Lésungen zu
erlautern. Die Studie wurde auf dem dynamischen Motorradfahrsimulator DESMORI des WIVW
durchgefiihrt und zielt auf die Optimierung der Informationsstrategie ab. Die Studie befasst sich mit der
Auslegung des Informations- bzw. Warnzeitpunkts wéihrend der Fahrt. Im Ausblick wird eine weitere
Studie skizziert, die den Fokus auf die visuelle Informationsgestaltung legt, um die Wahrnehmbarkeit

der Warninformation zu optimieren.

Im Rahmen des Vortrags werden sowohl die generellen Tétigkeitsschwerpunkte der Arbeitsgruppe

HMI fiir C-ITS am Motorrad, als auch die Methoden und Ergebnisse der HMI Studie vorgestellt.
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Absiract

This work investigates the conditions in which hard braking is needed for motorcyclists and passenger
vehicle drivers. The work utilizes two large-scale naturalistic data sets. These data sets include video
and sensor-based recordings of riders and drivers operating their personal vehicles over periods ranging
from months to years. The MSF100 data set includes 100 motorcycle riders, traveling a total of over
363,000 miles in 38,000 trips. The SHRP2 Naturalistic Driving data set includes over 3,400 drivers,
traveling a total of over 32.5 million miles in more than 5 million trips. Within the present work, crashes
and near-crashes from these data sets were cataloged and reviewed to organize comparable cases.
Within these cases, the braking levels achieved by riders and drivers were determined. The results of
this work characterize conditions in which hard braking was required for motorcyclists and for passen-
ger vehicle drivers, and describe the response of the vehicle operator. Surrounding measures were also
collected, including a measure of available response time. This work provides a number of valuable
outcomes. It is of value in understanding how critical situations are similar or different between pas-
senger vehicle and motorcycles. In addition, it characterizes how the two vehicle operator types respond

to critical situations, and it compares the deceleration during this response.
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Absiract

Aim of this study was to compare driving behaviour, visual scan strategies and visual detection of mo-
torcyclists for car drivers and dual drivers (car drivers who are also motorcyclists), using a virtual reality
(VR) car driving simulation with integrated eye-tracking (HTC Vive head mounted display). Sixty-four
male subjects (31 car drivers and 33 dual drivers) completed five VR rides (counterbalanced between
subjects) of about 2.5 minutes each. Subjects had to follow the route to a predetermined destination
while they wore a HTC Vive head mounted display and sat in a chair with accompanying FANATEC
controls (steering wheel, breaking and gas pedals). In each ride they were confronted with traffic events
that are known to be related to an increased crash risk between motorcycles and cars. Effects of group
(car driver, dual driver) on driving variables (lateral position and speed) and gaze variables (overall
scan patterns, glances and dwell times at areas of interest) were measured. Results indicate that in gen-
eral dual drivers made significantly more glances towards other cars on the road and spent less time
gazing inside the car (speedometer) than car drivers. Furthermore, dual drivers had a more dispersed
horizontal scan strategy and gazed more at the relevant motorcycles during the events, although these
results did not reach significance at the .05 alpha level. No differences were found on the driving pa-

rameters.

Keywords

Road Safety; Motorcyclists; Virtual Reality Simulation; Eye-tracking
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Absiract

Research question / Starting point for investigation:

The improvement of motorcycle and moped riders’ safety is in the European agenda. Regrettably, the
current scattered approach adopted by the industry and the academia is inefficient. The identification of
a shared motorcycle safety roadmap may optimise the efforts of the stakeholders. To contribute on that,
this paper presents a method to enable a collaborative evaluation of the potential effectiveness of safety
solutions for motorcycles by exploiting the knowledge and experience of the stakeholders in the field

of motorcycle safety.

Methods:

The method presented here and proposed for future use relies on a “Knowledge Base” approach, in
which expert opinions regarding the relevance of a set of items in a range of situations are collected,
together with empirical exposure data. Turned into motorcycle safety, the items to be evaluated were
safety functions, and the exposure data were real crash data. A Knowledge Base of Motorcycle Safety
(KBMS) was used to collect expert opinions regarding the potential effectiveness of a given set of safety
systems with respect to a set of given crash scenarios. The real data allow considering actual frequencies
for the given scenarios. The outcome of the KBMS was a computed priority list of the most promising

safety functions for the improvement of motorcyclists’ safety.

Results:

The outcome of this work was the implementation of a complete framework for a Knowledge Base of
Motorcycle Safety, to be administrated by the active research community in our field. One example of

its application is also presented.

Impacts / Effects / Consequences:

When reaching an agreement in the definition of the KBMS, its future application will contribute in

identifying the priority list of safety solutions for powered two wheelers.
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Absiract

Under the FIM Racing Homologation Programme for helmets, the International Motorcycling Federa-
tion grants helmets a homologation which is a mandatory prerequisite for access to FIM Circuit Racing

World Championships and Prize events (as of 2019).

To obtain such homologation, the helmet has to meet the high performance standard set by the FIM, in

addition to being approved according to selected international standards.

The helmet properties are evaluated through a test protocol which aims to trigger the development of
helmets offering an optimal protection for riders. An optimal protection is understood as providing a
minimised risk of skull fracture and of the multiple possible forms of brain damage, as well as a meas-

ured and controlled mechanical performance of the protective padding and the shell.

The FIM test first assesses the helmet response to very high and medium-low severity linear impacts
randomly in 13 out of 22 pre-established locations distributed all over the helmet surface. This aims at
evenly assessing the level of protection against skull fracture and at determining the mechanical prop-

erties of the protective padding (or liner).

The main innovation lies in the fact that the FIM test procedure then pioneers the assessment of the
helmet’s response to medium severity oblique impacts with a view to evaluating the level of protection
against brain injuries generated by critical rotational motions. The oblique test constitutes the most
novel and modern aspect of the testing methods and reflects a very common scenario occurring in real

world accidents, although never addressed in international standards so far.

In addition, a penetration test is included in the protocol and used to check the shell’s resistance to

impacts against sharp objects.

The FIM is hopeful that the testing protocol can evolve still further, while serving as an inspiration for

and cascading to international standards for road-use helmets.
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Absiract

In comparison to other road user, in particular to car occupants, motorcyclists are still exhibiting a much
higher risk of being severely injured or killed in an accident. In Germany, the risk of being fatally
injured as a motorcyclist was 17 times higher per driven km as for car occupants in 2016. In addition to
measures improving the active safety, e.g. assistance systems, also the passive safety, e.g. personal

protective equipment needs to be further enhanced in order to reduce or to prevent accidental injury.

For the development of meaningful measures, it is necessary to analyse the accident events and to be
able to describe the kinematics of the motorcyclist and the forces and loadings applied in the course of
an accident. Based on this, the effectiveness of protective systems can be investigated by means of

numerical simulations (MBS, FEM).

A method is presented for reconstructing accidents and reasonably narrowing down the potentially pre-
ceding kinematics, which is typically complex in two-wheeler accidents, in a multi-step approach. By
means of multi-body simulations using generic two-wheeler and vehicle models, the boundary condi-
tions for the loading of the rider’s body are determined. After a translation of those to reduced impact
simulations using Finite Element human body models in combination with conceptual models of pro-

tective systems, an estimation of their potential can be derived.

Among others, the presented method is applied in the European projects MOTORIST, ISABELLE and
PIONEERS. With this method, the course of motorcyclists’ accidents can be better understood in the
future in order to deduce protective measures with the desired positive effects. The inclusion of generic
approaches and models allows a broad application of the presented method, which is seen as a contri-
bution to solving the general conflict of objectives in motorcycle safety research between reasonable
coverage of real-world accidents and necessary data depth in the single case, hence supporting the re-

duction of motorcyclists’ accidental injury.

338



Kurzfassung

Motorradfahrer sind im Vergleich zu anderen Verkehrsteilnehmern, insbesondere Pkw-Insassen, immer
noch einem deutlich erhdhten Risiko ausgesetzt, bei einem Verkehrsunfall schwer verletzt oder getotet
zu werden. So war in Deutschland im Jahr 2016 das Risiko, als Motorradfahrer todlich zu verungliicken,
auf die Fahrleistung bezogen um den Faktor 17 hoher als fiir Pkw-Insassen. Neben MaBnahmen im
Bereich der aktiven Sicherheit (z.B. Assistenzsysteme) muss auch die passive Sicherheit (z.B. Schutz-
kleidung) fiir Motorradfahrer verbessert werden, um Unfallfolgen reduzieren oder verhindern zu kon-

nen.

Fiir die Entwicklung zielgerichteter Malnahmen ist es notwendig, das Unfallgeschehen zu analysieren
und die Kinematik der Motorradfahrer sowie die im Unfallablauf einwirkenden Kréfte und Belastungen
beschreiben zu konnen. Auf dieser Basis kann mittels numerischer Simulationen (MKS, FEM) die

Wirksamkeit von Schutzsystemen betrachtet werden.

Es wird eine Methodik vorgestellt, wie Unfille rekonstruiert und die fiir Zweiradunfille typischerweise
komplexe Kinematik in einem mehrstufigen Verfahren sinnvoll eingegrenzt werden. Mittels Mehrkor-
persimulation werden unter Einbeziehung generischer Fahrzeugmodelle die Randbedingungen fiir die
Belastungsvorgiinge am Kérper der Aufsassen ermittelt. Nach einer Ubertragung dieser auf abstrahierte
Anprallsimulationen mit Finite-Elemente-Menschmodellen in Kombination mit Wirkmodellen von

Schutzkonzepten kann eine Abschidtzung des Potentials erfolgen.

Die Methodik findet u.a. Anwendung in den Europdischen Projekten MOTORIST, ISABELLE und
PIONEERS. Unfallablédufe von Motorradfahrern kénnen damit in Zukunft noch besser nachvollzogen
werden, um Mallnahmen mit moglichst positiven Effekten zu erarbeiten. Die Verwendung generischer
Ansitze und Modelle erlaubt eine breite Anwendung der vorgestellten Methodik. Damit soll ein Beitrag
zur Auflésung des grundsétzlichen Zielkonfliktes in der Forschung zur Motorradsicherheit zwischen
sinnvoller Abdeckung des Realunfallgeschehens und notwendiger Datentiefe im Einzelfall geleistet und

die Reduktion von Unfallfolgen fiir Motorradfahrer unterstiitzt werden.
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Absiract

The overall number of severely injured participants and fatalities in road traffic accidents has decreased
enormously in the last decades for nearly all traffic participants expect the casualties of motorcycle
riders, they have only decreased in a smaller percentage, in some European countries there was even an

increase registered.

The aim of this study was to analyze the current accident situation of motorcycles with cubic capacity
> 125 cm?® in Germany, especially with most severely injured and killed riders MAIS 3+. The charac-
teristics and reasons of these injury pattern are analyzed and countermeasures for injury protection pro-

posed.

The accident data of 464 drivers of motorcycles were analyzed, collected by a scientific research team
of GIDAS (German In-Depth Accident Study) in the area of Hannover and Dresden within the years
2010 up to 2015. This data is a statistical representative sample of the real accident occurrence in Ger-

many.

The study points out that 16.9% of motorcycle accidents lead to most severely injured riders with
MAIS 3+. Compared to car occupants this percentage is about 8 times higher. Comparative collectives
of car occupants show that only 1.9% of MAIS 3+ injured persons occur. Additionally it could be shown
that approximately 22% of motorcyclists with helmet use suffered head injuries. Most severe injuries
AIS 3+ could be found at the head frequently in the form of skull fractures including the skullbase.
Most severe injuries can be seen often at the thorax documented in form of rip fractures and/or fractures
in the area of the shoulder (clavicular) with accompanying injuries of the inner organs. Severe Spine
injuries appeared frequently in form of fractures of the thoracic spine, followed by fractures of the
lumbar spine and the cervical spine. In the area of the abdomen there were many severe injuries docu-
mented with fractures in the area of the pelvis and often accompanying injuries of the inner organs.
Minor injuries in form of abrasions and contusions are often documented at the arms, followed by frac-
tures of the hand or the fingers and fractures at the ulna as well as at the humerus. At the legs there are
especially femoral fractures documented as well as muscle and ligament injuries in the area of the knee
and fractures of the tibia and fibular. At the feet fractures and luxations at the ankle joint are very

common as well as fractures of the toes.

Countermeasures for more protection can be seen in different areas, on one hand in driver and vehicle
assistant systems to influence the driver behavior and to reduce the driving speed and give concrete
information for the avoidance of accidents, especially with severe injuries AIS 3+. There will also be
suggestions regarding the optimization of the infrastructure design and the design of the peripheral areas
with more implementation of special guardrails at exposed areas, to avoid severe injuries, especially no

exposed objects at the roadside at accident hotspots. On the other hand measures on the vehicle design
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can lead to further injury reduction in avoidance of sharp and edge structures at cars and especially
trucks. Also a higher use rate of protective clothes will help to protect the body of motorcycle riders in
the accident and impact event. Also the implementation of protector systems at the bike like leg protec-

tors and coverage can avoid severe leg and foot injuries.
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Zusammenfassung

Die Gesamtanzahl von schwerverletzten und getoteten Personen bei StraBenverkehrsunfillen hat in den
letzten Jahrzehnten stark abgenommen. Die Anzahl an verungliickten Motorradfahrern hat hingegen
nicht in gleichem Mafle abgenommen, es kann sogar in einigen Léndern eine Zunahme registriert wer-

den.

Das Ziel dieser Studie ist die Analyse der Unfallsituation von Motorrddern mit Hubraum > 125 cm? in
Deutschland, im Hinblick auf schwerverletzte und getotete Fahrer. Es sollen Charakteristik und Verlet-
zungsschwerpunkte der schwerstverletzten Motorradfahrer analysiert und Losungsvorschlige zur Ver-

letzungsprophylaxe erarbeitet werden.

Unfalldaten von 464 Motorradfahrern wurden analysiert, die von einem wissenschaftlichen For-
schungsteam im Rahmen des GIDAS Projekts (German In-Depth Accident Study) in Hannover und
Dresden in den Jahren 2010 bis 2015 gesammelt wurden. Dabei handelt es sich um eine statistisch

reprasentative Stichprobe aus dem realen Unfallgeschehen in Deutschland.

Die Analyse der aktuellen Verletzungssituation zeigt, dass Motorradfahrer in 16,9% schwerstverletzt
wurden, d.h. einen Verletzungsschweregrad MAIS 3+ erlitten und damit etwa 8 mal héufiger als Pkw-
Insassen. Unter Benutzung eines Schutzhelmes erlitten ca. 22% der Motorradfahrer Kopfverletzungen.
An schweren Verletzungen traten insbesondere Frakturen des Schédels einschlieBlich Schidelbasis auf,
Schédelhirntraumata sind selten. An schweren Thoraxverletzungen traten insbesondere Frakturen von
Rippen und der Schulter/Clavicula auf sowie oft begleitende Verletzungen der inneren Organe. Im Be-
reich der Wirbelsdule kam es bei den schweren Verletzungen am haufigsten zu Frakturen der Brustwir-
belsdule, gefolgt von Frakturen der Lendenwirbelsdule und der Halswirbelsdule. Im Bereich des Abdo-
mens kam es zu hiufig zu schweren Verletzungen in Form von Frakturen im Bereich des Beckens sowie
zu begleitenden Verletzungen der inneren Organe. Bei den Armverletzungen waren neben den leichten
Verletzungen (Schiirfwunden, Prellungen, etc.) Frakturen der Hand/Finger sowie der Speiche fiihrend,
gefolgt von Frakturen der Elle und des Oberarms. Im Bereich der Beine konnten insbesondere Ober-
schenkelfrakturen sowie Muskel- und Bandverletzungen im Bereich des Knies erkannt werden sowie
Frakturen des Schienbeins und des Wadenbeins. Im Bereich der Fiile waren viele Frakturen und Luxa-
tionen im Bereich des Sprunggelenks und des Knochels vorhanden sowie auch der Zehen. Ursachlich
fiir die Verletzungen, die in der Studie im Detail fiir unterschiedliche Kérperregionen und Einzelverlet-
zungen ermittelt wurden, waren am hiufigsten der StraBenaufprall und Anpralle an Objekten und ge-

staltfesten Fahrzeugstrukturen von Pkw und Nutzfahrzeugen.

Schutzmalinahmen koénnen in verschiedenen Ansétzen forciert werden, einerseits in Fahrer- und Fahr-

zeugassistenzsystemen, die das Fahrerverhalten beeinflussen und die Fahrgeschwindigkeit reduzieren
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und konkrete Informationen geben, um Unfille zu vermeiden, insbesondere derjenigen mit AIS 3+ Ver-
letzungen. Auch werden Vorschlége zur Optimierung der Stralengestaltung und des Seitenraumes zur
Vermeidung von schweren Verletzungen gegeben, beispielsweise keine exponierten Straenrandob-
jekte an Unfallschwerpunkten von Motorradfahrern und Verwendung von geeigneten Schutzplanken.
Andererseits konnen auch weitere Schutzmafinahmen an Fahrzeugen die Verletzungen des Motorrad-
fahrers beeinflussen, u.a. Entschérfung der Auflenkonturen von Nutzfahrzeugen und Pkw, sowie mehr
Eigenschutzmalinahmen durch Tragen von Schutzkleidung insbesondere mit integrierten Protektoren.
Auch das Motorrad konnte durch Implementierung von Beinprotektoren und Schutzverkleidung die

gefdhrdeten Bein- und Fu3bereiche vor Frakturen schiitzen.
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Long distance touring can lead to increased rider fatigue either due to environmental conditions or due
to physical fatigue from the many riding hours. The rider’s fatigue reduces his/her ability to control
the motorcycle, decreases alertness and increases reaction time, which potentially can lead to an acci-
dent. Further medical emergencies as heat exhaustion or even fainting can render the rider incapable

of controlling the motorcycle.

During ADAS&ME project, a rider condition monitoring system was developed and integrated in the
Personal Protective Equipment (PPE) of the rider and the motorcycle. The novel system monitors

three rider states: physical fatigue, inattention and stress.

In the context of developing and verifying the accuracy of the new system, experiments were per-
formed with the following three objectives: 1. to study if it is possible to induce the above-mentioned
rider states in the controlled conditions of a laboratory experiment; 2. to assess the accuracy of the
system relative to professional medical grade equipment; and 3. to collect data for the development of

rider state detection algorithms.

A motorcycle simulator inside an environmental chamber was employed for the experiments. Twelve
volunteers were instrumented with both the ADAS&ME rider condition monitoring system, integrated
on the PPE and the reference medical system; during the test, specific simulator scenarios and envi-
ronmental conditions were examined. Additionally, the volunteers responded to self-assessment ques-

tionnaires concerning their condition.

This paper aims to describe the experimental setup, as well as the initial findings with regard to: a) the
evaluation of the successful induction of each state and b) the measuring accuracy of the rider moni-

toring system relative to the medical reference.
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Unterschiedliche Ansatze sicherer Kurvenfahrlinien und deren

Aneignung - Hintergrinde und mogliche Verbesserungen
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According to the official police road accident database in Austria, run-off-the road accidents in left-
hand curves are the most frequent accident type involving motorcycles. “Corner cutting” is a potential
cause of such accidents, especially when forward visibility is poor. Previous research has shown that
riders’ tolerance to roll angles, i.e. to leaning their motorcycles into a curve, is an issue in crashes in
left-hand curves. Accordingly, two studies were initiated based on the current state of knowledge. One
of these studies focused on roll angles, the other looked at a potential countermeasure to motorcycle

crashes in left-hand curves.

In one of the studies, existing video footage and freeze frames shot in two different curves in Carinthia
were reused to measure roll angles and capture other information like lane position, riding style and

type of motorcycle.

The other study developed and investigated the impact of the use of road markings painted close to the
centre line in tight left-hand curves with poor forward visibility. An impact is expected given the strong
belief among motorcycle riders that road markings are slippery and driving over them should be
avoided. In this study, three video cameras were placed at nine curves on motorcycle routes, one at the
beginning, one at the vertex and one at the exit of each of the curves. The curves were selected based
on accident records and infrastructure issues. Two different road marking designs were tested. Auto-
matic image processing was used to identify motorcyclists and their lane position. Other information
on the motorcyclist was captured with the assistance of a graphical user interface. While statistically
significant results were found for both road marking designs, there were some differences in their re-

spective impacts.

The use of road markings painted close to the centre line in narrow left-hand curves was shown to be
an effective intervention at locations with a high accident risk and a high level of corner cutting. Based
on the results of the study on roll angles, more accurate advice could be provided to motorcycle riders
approaching a curve. Both studies indicate that more research is needed on roll angles and motorcy-
clists’ fear of exceeding a certain roll angle and that new countermeasures should be developed to ad-

dress the impact of this phenomenon.
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Zusammenfassung

Den offiziellen Unfallstatistiken in Osterreich zufolge sind Abkommensunfille nach rechts in Links-
kurven der haufigste Unfalltyp bei Motorradern. Kurvenschneiden bietet sich als Erkldrung dafiir an,
iiberhaupt in Kurven mit geringer Sichtweite. Jiingst verdffentlichte Forschungsarbeiten haben gezeigt,
dass die Schriglagentoleranz, also die Fahigkeit von Motorradfahrern, ein bestimmte Schriglage in
einer Kurve zu erreichen, bei diesen Unfillen eine wesentliche Rolle spielen konnte. Um tiefer in die
Materie einzudringen, wurden zwei Studien durchgefiihrt, die zwei verschiedene Aspekte des Unfallri-

sikos in Linkskurven untersuchten.

Fiir eine der beiden Studien wurden Video und Standbilder benutzt, die urspriinglich als unmittelbare
Riickmeldung fiir Teilnehmer eines Fahrsicherheitstrainings fiir Motorrdder gedacht waren. Dieses in
zwei Kurven im Liesertal in Kédrnten aufgenommene Material wurde schon einmal flir wissenschaftli-
che Zwecke genutzt, es wurden Kurvenfahrlinien von Motorradfahren untersucht. Diesmal wurden die
von den Motorradfahrern eingenommenen Schriglagen zusammen mit anderen Parameter wie Kurven-

linie, Kurvenfahrstil und Typ des Motorrads als BezugsgroBen erhoben.

Die andere Studie beschiftigte sich mit der Frage, ob vermutlich aus Schraglagenangst resultierende
Unfille mit Bodenmarkierungen bekédmpft werden kénnen, die in betroffenen Linkskurven neben der
Mittellinie aufgebracht werden. Es wurde erwartet, dass Motorradfahrer — wegen ihres starken Glau-
bens an die Rutschigkeit von Bodenmarkierungen — einen Bogen um diese machen wiirden. Mittels
dreier Videokameras, je einer am Beginn, dem Scheitel und dem Kurvenausgang, wurden die Fahrlinien
von Motorradfahrern und auch hier einige BezugsgroBBen bestimmt. Zwei verschiedene Formen von
Bodenmarkierungen wurden in neun Kurven erprobt. Die vollstindige Auswertung mittels automati-
scher Bildverarbeitung gelang nicht, die meisten Informationen wurden letztlich mittels einer eigens
entworfenen Eingabemaske beurteilt. Die Auswertung ergab statistisch signifikante Veranderungen der
Fahrlinien in der gewiinschten Art und Weise. Nur bei einer Kehre wurden nachteilige Effekte beo-

bachtet.

Die Aufbringung von Bodenmarkierungen nach der Mittellinie in engen, uniibersichtlichen Linkskur-
ven erwies sich als eine effektive Art, Fahrlinien von Motorradfahrern zu beeinflussen, zumindest in
Kurven mit hohem Unfallrisiko und haufigem Auftreten von Kurvenschneiden. Aufgrund der Erkennt-
nisse liber typische Schriglagen konnten zutreffendere Informationen iiber sinnvolle Kurvenhdchstge-
schwindigkeiten fiir Motorradfahrer kommuniziert werden. Beide Studien zeigten weiteren For-
schungsbedarf auf: Das Phdnomen Schriglagenangst und mogliche Malinahmen gegen daraus

resultierende Unfalle werden gebraucht.
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Drivers of the Powered Two Wheels are considered among the most vulnerable road users, as evidenced
by the number of accidents increasing every year. The significant part of the fatalities relates to single

vehicle loss of control in bends.

In order to improve road safety and mitigate the risk of accidents in bends, it is necessary to better train
riders to learn and estimate a secure trajectory. Until today, no system exists to objectively evaluate

bend-taking maneuver. This evaluation is subject to an imprecise instructor appreciation.

The aim of our work is the development of tools for the objective evaluation of bend taking practices
and the characterization of the achieved trajectories that should be used for the initial training and re-
training. Data trajectories will be used by the examiner or instructor in order to objectively evaluate

bends realized by drivers.

During this investigation, an algorithm based on low-coast, multi sensor platform was developed to
accurately reconstruct motorcycle trajectories achieved when negotiating bends. The data required for

the reconstruction are acquired using instrumented motorcycle in the VIROLO++ Project.

The proposed solution allowed to reconstruct motorcycle trajectories, in bends with sufficient continuity

and a high accuracy compared to the traditional INS/GPS solution.

By offering accurate insight on how different riders are taking bends, this can be used for training pur-

poses to increase the safety of motorcycle Riders.
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In a joint effort, two leading Austrian academic institutions, with expertise in motorcycle dynamics and
single-track vehicle research, have developed and instrumented a highly developed motorcycle for test-
ing and measurement tasks related to traffic accident research and analysis. This motorcycle probe ve-
hicle (MoProVe) is based on a high-end street bike sponsored by KTM, which represents the state-of-
the-art in current motorcycle technology. Within the viaMotorrad project, the vehicle was upgraded
with two independent high-performance measurement systems, by the Technical University of Vienna
and the AIT Austrian Institute of Technology. Apart from GPS, HD-Video and IMU-data, CAN-bus

data can be directly collected from the motorcycle.

The project viaMotorrad, funded by the Austrian Road Safety Fund (VSF), aims for a semi-automated
risk assessment of roads, performed by a probe vehicle. In this project, the vehicle is a one-of-a-kind
motorcycle that can collect all relevant driving dynamics data needed for comprehensive road safety
investigations. Road sections which are considered high-risk for motorcycles should be detected by the
data. The goal is to act and plan measures before accidents occur, in order to decrease the number of
fatalities in riders. Based on the results of this project, future research should include the development
of a motorcycle-specific Hazard Map of the road network. With the collected data, not only traffic safety

investigators could improve their activities, but also road operators and bikers themselves.

First results show that data collected with the MoProVe can provide insights into linking riding dynamic
data to infrastructure data of the road network. The analysis started with the transformation of the col-
lected time-based data to the needed path-based data. Current work includes the investigation of data
thresholds, in order to establish the difference between considered risky and normal road segments. The

final goal is to implement preventative measures to reduce motorcycle accidents.
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The most frequent cause of Powered Two Wheeled vehicle (PTW) accidents involves another vehicle
that violates the PTW’s right of way at an intersection (ACEM, 2009). Two mains causes underlay these
accidents : on the one hand a detection (or late detection error, the famous “sorry mate I didn’t see
you”), and on the second hand a misperception of the PTW’s speed and time to arrival (Horswill et al.,
2005). Several works have been undertaken over years to determine a better visual signature for the
PTWs (e.g. Maruyama, Tsutsumi & Murata, 2009), and to improve the speed perception of PTWs using
additional lighting systems (e.g. Gould et al. 2012). In a previous research work, conducted using virtual
reality, we have shown the interest of a vertical lighting configuration to improve the drivers’ perception
of motorcycles’ motion (Cavallo et al., 2015). In this paper we present the results obtained thanks to a
real-world experiment, on track, at dusk and night-time. The participants were in their own car in a left-
turn situation while a PTW or a car approaches. The oncoming car used its “standard” front lights. The
oncoming PTW used either its “standard” front light system, or a specific “vertical” configuration
(“standard” front light plus additional lighting systems on the rider’s helmet and on the PTW fork)
aiming at a visual increasing of the vertical size of the PTW. The findings indicated that the “vertical”
configuration significantly increased the gap accepted by car drivers towards PTW. In our paper we

discuss the experiment and these results.
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Electric motorcycles have been produced for more than a decade, yet electric motorcycle sales from the
largest companies making these might reach only 2000 units a year. This paper seeks to answer why
electric motorcycle sales are low and why motorcycles seem to be progressing more slowly on a path
to electrification than automobiles. Additionally, this paper will suggest electric motorcycle configura-
tions that would excel for urban markets in the immediate future, and which cannot be readily achieved

with internal combustion engines.

Energy and Aerodynamics

Electric motorcycle driving range is driven by two principal factors: the energy capabilities of battery
packs made with affordable and available technology, and the energy requirements of travel over the
variety of speeds expected by a general-purpose motorcycle. For the first, lithium-ion cells have been
the preferred choice for electric vehicles for the last decade. In the early 1990s, Sony introduced the
18650 lithium-ion battery cell, a cylindrical cell 18mm in diameter by 65mm long. It rapidly became
the preferred cell size for consumer electronics applications, and later was adopted by Tesla as the most
affordable cell for electric automobiles. While other cell configurations are also used in electric vehi-
cles, the 18650 most clearly shows lithium-ion progress as it has been produced the longest. Specific
energy capacity for 18650 cells has climbed from 1994, with an early Sony cell storing 94Wh/kg to
current cells that approach 270Wh/kg. This is still very low compared to a fuel such as gasoline, which
has a specific energy of about 12,000Wh/kg. A typical internal combustion engine will convert, on
average, about 18 percent or 2,100Wh/kg, of this specific energy into motive power (Figure 1). At
higher engine loads, internal combustion engine efficiency improves, so for high-speed travel the spe-
cific energy delivered by gasoline may double from this average value. The low specific energy density,
along with the high-cost of lithium-ion cells (just recently falling to under $150/kWh at the cell level)
has meant that electric motorcycles have been designed around relatively-low-energy-yet-still-heavy
battery packs. For instance, the Brammo Empulse had a 9kWh pack, while recent Zero motorcycles can
be equipped with maximum battery capacity of about 15kWh. These energy capacities amount to a little
less or a little more than the effective energy provided by 4 liters of gasoline for an internal combustion

engine working under high load.
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Research Question / Starting point for investigation: Advanced Driver Assistance Systems
(ADASS) such as Forward Collision Warning have been developed for light passenger vehicles (LPVs)
to avoid and mitigate collisions with other road users and objects. These technologies may have con-
tributed to a reduction in LPV fatalities in the EU. However the number of powered two wheeler (PTW)
fatalities has decreased at a lower rate. To fully realize potential safety benefits across all vehicle cate-
gories, these technologies also need to be effective in avoiding collisions with PTWs. To accomplish
this, knowledge of the pre-crash LPV-PTW vehicle trajectories and conflicts is needed to guide the

development and testing of effective crash countermeasures for both LPVs and PTWs.

Methods: Crash scenario database development tools previously developed to evaluate LPV-LPV crash
countermeasure effectiveness have been extended to LPV-PTW crash scenarios. This involved using
information for a large sample of LPV-PTW crashes from the EU MAIDS database, which is based on
in-depth accident investigations. The vehicle pre-crash trajectories were estimated based on the coded
data and digitized information from the scaled pre-crash scene diagrams. The pre-crash conflict state

was then analyzed based on these trajectories.

Results: The estimated pre-crash trajectories using this method indicate that LPV-PTW pre-crash con-
flicts in France, Germany, and Italy are similar to those observed in the US. The results also indicate
that many of the conflicts begin later (e.g., less than 2 sec before impact), compared to results from

previously estimated LPV-LPV pre-crash trajectories.

Impacts / Effects / Consequences: LPV-PTW crash countermeasures need to function with shorter
pre-crash conflict epochs, or in the pre-conflict phase, in order to be effective. This information may
help to define requirements for LPV-PTW crash countermeasures (e.g., C-ITS), evaluate their effec-
tiveness, and inform the development of performance confirmation tests (e.g., New Car Assessment

Programs).
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Motorcyclists are a vulnerable group of road users. Studies show that March and April are crucial
months with a high number of motorcyclists involved in traffic accidents. On the one hand, a thorough
check of the motorcycle and safety gear as well as the rider’s skills are essential for a safe start of the
riding season. On the other hand, other road users haven’t seen a motorcyclist on the road for a long
time and they are not looking for, nor expecting to see one. Therefore, the Day of the Motorcyclist is
held at the beginning of the riding season. Our goal is to offer motorcyclists of all levels an educational

as well as amusing day.

Together with our partners, we organise a free agility course and check-up on 12 different locations in
Flanders. During the agility course, motorcyclists do a set of exercises to train their physical skills and
test their mental processing ability. Afterwards, the professional trainers give them tips and tricks to
further improve their skills. During the event, we also offer information about safe motorcycling to
make them aware of a good attitude and correct risk awareness on the road. All motorcyclists partici-
pating in the agility course receives a goodiebag with interesting literature about safe motorcycling,
various gadgets for motorcyclists and discount coupons. They also get a chance to win one of the many
prices: a voucher of 1,000 euro to spend in a motorcycle clothing store, a set of new Michelin motorcy-
cle tyres, vouchers for a Ready to Ride motorcycle training, a one year free motorcycling insurance, ...

Lastly, we ask motorcycle stores to organise an open house day on the day of the event.

The Day of the Motorcyclist is a low-threshold event to introduce motorcyclists to our Ready to Ride
motorcycle training, wherein we focus on safe motorcycling on public roads. During the training, pro-
fessional trainers provide motorcyclists with intensive guidance as they work on insight, awareness
raising and behavioral change in this vulnerable target group. The enrollment peak in March for the

Ready to Ride trainings proves the usefulness of this large-scale event.

Contact:

Wouter De Clercq
Wouter.declercq@vsv.be
+32 1544 32 65

You can see the presentation slides on the following pages, or click here to open the Powerpoint file.
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This paper presents the current situation of motorcycling in Brazil, describing the traffic regulations
concerning motorcycles, rider’s training and what is necessary to get a driver’s license, listing motor-
cycle manufacturers, dealers, sales and accident statistics, motorcycle sports, clubs, events and tourism,
as well as giving some information on motorcycle safety, advanced training schools, and motorcycle
publications available in the country. Due to the fact that it is a very extensive subject the paper presents

only a brief overview of motorcycling in Brazil and has no intention of being complete.
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