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2.5 Methoden zur Objektivierung der Wirkungsfelder

2.5.1 Methodenmatrix

In der Methodenmatrix werden die zur weiteren Objektivierung des Wirkungsfeldes erforderlichen
Schritte (rot markiert) dargestellt. Dazu wurden anhand der absoluten Héufigkeit spezifischer Unfall-
typen je Unfallszenario zum Beispiel konkrete Fahrmandver in der Simulation oder Untersuchungen zur
Wirkung des Fahrers abgeleitet. In dieser ersten Untersuchung wurden besonders die bei den Projekt-

partnern vorhandenen Moglichkeiten und Erfahrungen beriicksichtigt.

Abb. 2.11. Methodenmatrix

3 Entwicklung der Simulationsumgebung

Die Simulationsumgebung der Verkehrsunfallforschung dient der Rekonstruktion realer Unfallsituatio-
nen. Die hierfiir benétigten Informationen wie beispielsweise die Unfallskizze und die Einlaufgeschwin-
digkeiten der am Unfall beteiligten Fahrzeuge sind in einer Datenbank hinterlegt. Die Simulations-
umgebung selbst ist in MATLAB/ Simulink programmiert, wobei der Kollisionspartner z.B. mit Hilfe
von carSIM® modelliert und in diese Umgebung eingebettet wird. Die Abbildung des Motorrades er-
folgte bisher als rheonom gefiihrtes kinematisches Modell, welches keine eigene Dynamik besitzt. Fiir
eine realitdtsnahe Simulation des Unfallgeschehens ist allerdings eine dynamische Interaktion beider
Fahrzeuge innerhalb der Unfallumgebung unerldsslich. Aus diesem Grund wurde im Rahmen dieses
Projektes das Motorrad als MKS Modell codebasiert in die VUFO-Simulationsumgebung integriert. Ein
wichtiger sich daraus ergebender Vorteil ist, dass ZustandsgrofBen wie Gierrate und Rollwinkel ermittelt

werden konnen, die zur Entwicklung sicherheitsrelevanter Fahrassistenzsysteme notwendig sind.

Beispielhaft wurde dazu ein mit dem von der TU Dresden entwickelten Motorradbaukasten in der Mehr-
korpersimulationssoftware SIMPACK erstelltes Fahrdynamikmodell in die VUFO Simulationsumge-
bung eingebunden. Da diese Simulationsumgebung in MATLAB/Simulink programmiert ist, erfolgte



die Integration des Motorradmodells als sog. S-Function mit Hilfe der Code-Export-Funktion von

SIMPACK.

Um auch das Aufschlagen des umgekippten Motorrads auf dem Boden sowie das Rutschen iiber eine
Fahrbahnoberflache simulieren zu konnen, wurde das Motorradmodell um die erforderlichen Funktio-

nalitdten erweitert.

3.1 Das Simulationsmodell

3.1.1 Modelistruktur

Der Motorradbaukasten ist modular aufgebaut, so dass sich verschiedene Konfigurationen von Motor-
rddern schnell und unkompliziert erstellen lassen. Fiir folgende Baugruppen sind voll parametrisierte

Substrukturen (Teilmodelle) vorhanden:

e Vorder- und Hinterradfiihrung
e Hauptrahmen

e Raéder und Bremsen

Beispielhaft zeigt Abb. 3.1 die implementierten Bauarten der Vorderradfiihrung.

Abb. 3.1. VorderradfGhrungen (Teleskop-Federgabel, Telelever®, Duolever®)

Die verschiedenen Bauarten sind hierbei als Starrkdrpermodelle ausgefiihrt.

Der Fahrer kann im MK S-Modell auf zwei Arten modelliert werden, wie Abb. 3.6 veranschaulicht. Das
MKS-Modell des Fahrers ist eine aus 12 Starrkorpern bestehende, passive Substruktur, das heifit von
diesem Modell gehen keinerlei Regeleingriffe zur Fahrzeugfiihrung aus. Vereinfachend koénnen der
Massen- und Tragheitseinfluss des Fahrers auch durch einen fest mit dem Rahmen verbundenen Starr-
korper beriicksichtigt werden. Fiir die hier vorgestellten Simulationsrechnungen wurde die zweite

Variante verwendet.



Starrkorperdes Fahrers

Abb. 3.2. Fahrermodellierung als MKS Modell (links) und als Starrkérper (rechts)

Die Fahrzeugfiihrung durch den Fahrer wird mit Hilfe eines in MATLAB/Simulink implementierten
Reglermodells abgebildet, das dafiir verantwortlich ist, das Fahrzeug unter Beriicksichtigung eines Soll-
geschwindigkeitsverlaufs entlang der gewlinschten Trajektorie zu fithren. Das Reglermodell tauscht mit

dem MKS Motorradmodell in einer Co-Simulation Mess-, Stell- und Zustandsgroflen aus, Abb. 3.3.

Antriebs-und Lenkmoment, Bremskriifte

>

Fahrerregler Simat €= Motorrad, Strecke
(Simulink) < (Simpack)

Roll-, Gier-, Lenkwinkel, s(t), v, etc.

Abb. 3.3. Funktionsschema der Co-Simulation

Der Fahrerregler beinhaltet einen Langsdynamikregler, der die Einhaltung des aus der Geschwindig-
keitsplanung resultierenden Sollgeschwindigkeitsverlaufs gewihrleistet, und dazu als Stellgroflen ein
Antriebsmoment am Hinterrad bzw. Bremskrifte an beiden Réddern an das MKS Modell iibergibt. Ein
Querdynamikregler leitet aus den Regeldifferenzen des Rollwinkels und der lateralen Abweichung von
der Solltrajektorie ein Lenkmoment ab, das als StellgréBe an das MKS Modell iibergeben wird. Infor-
mationen beziiglich des Streckenverlaufs und damit der zu folgenden Trajektorie bezieht der Fahrer-
regler dabei aus dem SIMPACK-Modell. Die wesentlichen Ein- und Ausgangsgrofen fiir die Co-Simu-
lation sind in Abb. 3.4 dargestellt.
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Abb. 3.4. Wesentliche Ein- und AusgangsgréBen der Co-Simulation

3.1.2 Fahrbahnkontakt

Ein wichtiger Modellierungsaspekt ist die Abbildung des Kontakts zwischen Motorrad und Fahrbahn-
oberflache. In normalen Fahrsituationen tritt nur Kontakt zwischen den Reifen und der Fahrbahn zur
Ubertragung der Antriebs-, Brems- und Seitenkrifte auf. In Unfallsituationen kann es zum Kontakt zwi-
schen Fahrzeugteilen, wie z.B. dem Lenker, den Fufirasten oder dem Motorgehduse und der Fahrbahn

kommen.

Das in mehreren studentischen Arbeiten entwickelte Reifenmodell erlaubt eine realistische Abbildung
der resultierenden Krifte und Momente auch bei grolen Sturzwinkeln. Derzeit stehen Parametersétze
fiir einen Vorderreifen der Dimension 120/70 ZR 17 und einen Hinterreifen der Dimension 180/55

ZR 17 zur Verfligung.

Fiir den Kontakt zwischen der Fahrbahnebene und dem gestiirzten Motorrad sind auf beiden Seiten des
Motorrads je drei Kontaktstellen ausgewéhlt worden: Beim Sturz kann das Motorrad am Lenkerende,
an der Fahrerfuiraste sowie an der Soziusfufiraste in Kontakt mit der Fahrbahn kommen. Die Kontakt-
kréfte wirken an diesen Stellen in Richtung der Fahrbahnnormalen. In der Tangentialebene des Kontakts
wirken Reibkrifte in Langs- und Querrichtung. Beispielhaft zeigt Abb. 3.5 ein gestiirztes Motorrad-

modell mit den Kontaktstellen an Lenker und Rahmen.

Abb. 3.5. Gesturztes Motorrad



3.2 Unfallsimulation

Damit eine Unfallsituation in der VUFO-Simulationsumgebung korrekt abgebildet werden kann, ist es
notwendig dem Motorradmodell die entsprechende Startposition, den zu fahrenden Streckenabschnitt
und das zugehorige Geschwindigkeitsprofil zuzuweisen. Diese Informationen werden der Datenbank
der VUFO entnommen. Sie enthilt fiir den jeweils betrachteten Unfall eine Unfallskizze und Parame-
terdateien mit den globalen Koordinaten der Startposition, dem Verlauf der Fahrlinie sowie das zuge-

horige Geschwindigkeitsprofil.

Die diskreten Messstellen der Fahrlinie werden fiir die Simulation mit Hilfe von Beziér Kurven
beschrieben, um einen stetigen Kriimmungsverlauf zu gewéhrleisten. Dies ist erforderlich um unrealis-
tische Lenkmomentenspriinge an Unstetigkeitsstellen, die sonst vom Fahrerregler generiert werden kon-

nen, zu vermeiden. Eine approximierte Fahrlinie zeigt Abb. 3.6.

2D Bezier Curve

y-Koordinate [

x-Koordinate [m]

Abb. 3.6. Messpunkte und approximierte Fahrlinie

Beispielhaft wird im Folgenden die Simulation eines Kreuzungsunfalls vorgestellt. Das Motorradmodell
mit Teleskop-Feder-Gabel zur Vorderradfithrung und einem Monolever zur Hinterradfithrung ist in
Abb. 3.2 zu sehen. Bei diesem Unfall fuhr das Motorrad auf ebener und trockener Asphaltstra3e gera-
deaus. Der entgegenkommende PKW bog nach links ab, wodurch das Motorrad mit diesem auf Hohe

der Beifahrertiir kollidierte, Abb. 3.7

Abb. 3.7. Unfallskizze



Die Geradeausfahrt in dieser Unfallsimulation stellt fiir den Fahrerregler des Motorrades kein Problem
dar. Die Einhaltung des vorgegebenen Geschwindigkeitsprofils erfolgt nahezu exakt. Das in Abb. 3.8
gezeigte Diagramm stellt die Geschwindigkeit iiber dem Fahrweg dar. Die Abweichungen zwischen der
gewiinschten und der zuriickgelegten Bahn des Schwerpunkts liegen im Millimeterbereich und damit

im Bereich der Messgenauigkeit bei der Unfallaufnahme.
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Abb. 3.8. Geschwindigkeitsverlauf (oben), Bahn des Fzg.-Schwerpunkts (unten)

Anhand dieses Unfallbeispiels soll im zweiten Schritt die Erweiterung des Fahrerreglers um eine ABS
Funktionalitit gezeigt werden. Das ABS fungiert hierbei als idealisierte Bremskraftbegrenzung und be-
riicksichtigt nur die Reifenkraft in Langsrichtung. Aus der aktuellen Radlast und dem vorgegebenen
Fahrbahnreibwert wird die maximal iibertragbare Lingskraft ermittelt. Uber das Momentengleich-
gewicht am Rad wird nun die maximale Reibkraft an der Bremsscheibe berechnet und die Bremskraft

auf diesen Wert begrenzt, so dass ein Blockieren des Rads verhindert werden kann.

Beim rekonstruierten Geschwindigkeitsprofil kommt diese Begrenzung noch nicht zum Tragen, da die
Verzogerung nicht ausreichend grof} ist. Deshalb wurde das Geschwindigkeitsprofil derart verdndert,

dass im Kollisionspunkt eine Geschwindigkeit von ca. 25 km/h erreicht werden soll.

Im Falle der Simulation mit ausgeschaltetem ABS blockiert das Vorderrad bereits nach wenigen Metern,

wie aus dem Geschwindigkeitsverlauf in Abb. 3.9 hervorgeht.
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Abb. 3.9. Vollboremsung ohne ABS

Mit eingeschaltetem ABS ergibt sich der in Abb. 3.10 dargestellte Geschwindigkeitsverlauf. Es ist er-

kennbar, dass das Vorderrad nun nicht mehr tiberbremst und die Sollverzogerung erreicht wird.
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Abb. 3.10. Vollbremsung mit ABS



4 Zusammenfassung

In der vorliegenden Arbeit wurde beginnend mit einer ausfiihrlichen Recherche zu Fahrerassistenz-
systemen und Unfalldaten ein Verfahren entwickelt, das es ermdglicht, ohne aufwendige Case-by-Case-
Untersuchungen von Unféllen Aussagen zum Wirkungsfeld von Fahrerassistenzsystemen zu treffen.
Dazu wurden zunichst bestehende Fahrerassistenzsysteme analysiert und in ihren Wirkketten struktu-
riert. Danach wurden in den Wirkketten s.g. Basisfunktionen identifiziert. Diese Basisfunktionen geben
je eine abgegrenzte Funktion des Systems an, die losgeldst aus dem Systemkontext eine Aufgabe zur
Erkennung einer Gefahrensituation, zum Bewerten dieser oder zur aktiven Vermeidung des bevor-
stehenden Unfalls bzw. zur Reduktion der Unfallfolgen abbilden kann. Zur spéteren Bewertung wurden
die Basisfunktionen entsprechend des vorgenannten Schemas in die Module Erkennen, Bewerten und
Agieren eingeteilt. Zusétzlich zu den bereits in Serie befindlichen Systemen wurden 35 weiter Systeme

und Systemideen in die Untersuchungen einbezogen.

In einem weiteren Schritt wurden die durch die VUFO gelieferten Daten der Unfallanalyse néher ana-
lysiert und die Hauptunfallursachen der in der Einteilung abgebildeten Unfallszenarien betrachtet.
Darauf aufbauend wurden dann szenarienspezifische Anforderungen an die Fahrerassistenzsysteme for-
muliert. Diese Anforderungen wurden dann in einem Bewertungsverfahren mit dem Umfang der in
Module eingeteilten Basisfunktionen verglichen. Ziel dieser Schritte war die weitfithrende Objektivie-
rung, ohne dabei auf aufwendige Fallbetrachtungen oder Unfallrekonstruktionssimulationen zuriickgrei-

fen zu miissen.

Der Bewertung wurde fiir die bereits in Serie befindlichen Assistenzsysteme eine Methodenstudie zur
weiteren Objektivierung der Wirkfelduntersuchung in Richtung Wirkungsgraduntersuchung nachge-

stellt. Dazu wurde die Methodenmatrix vorgestellt.

Die hier entwickelte Methode zur Bewertung des Wirkfeldes bestehender und zukiinftiger Fahrerassis-
tenzsysteme stellt bereits in der aktuellen Ausbaustufe ein leistungsfahiges Werkzeug fiir strategische

Entscheidungen zur Fahrsicherheit dar. Die Methode eignet sich besonders fiir aktive Systeme.

Die in der Wirkfeldmatrix vorgesehenen Fahrerfaktoren und Fahrereinflussfaktoren kdnnten bei einer
entsprechenden Hinterlegung zum einen préizisere Aussagen zum Wirkfeld und zum anderen auf Kun-

dengruppen bezogene Aussagen zur Wirkung der Fahrerassistenzsysteme liefern.

Im Rahmen des hier vorgestellten Projektes wurde mit dem Aufbau einer fiir die Entwicklung zukiinf-
tiger Assistenzfunktionen nutzbaren Simulationsumgebung begonnen. Fiir eine realititsnahe Simulation
des Unfallgeschehens ist dabei eine dynamische Interaktion beider Fahrzeugmodelle innerhalb der Un-

fallumgebung unerldsslich. Aus diesem Grund wurde im Rahmen dieses Projektes das Motorrad als



MKS Modell codebasiert in die VUFO-Simulationsumgebung integriert. Ein wichtiger sich daraus er-
gebender Vorteil ist, dass Zustandsgroflen wie Gierrate und Rollwinkel ermittelt werden konnen, die zur

Entwicklung sicherheitsrelevanter Fahrassistenzsysteme notwendig sind.

Beispielhaft wurde ein mit dem von der TU Dresden entwickelten Motorradbaukasten in der Mehrkor-
persimulationssoftware SIMPACK erstelltes Fahrdynamikmodell in die VUFO Simulationsumgebung
eingebunden. Um einen Sturz des Motorrads simulieren zu konnen, erfolgte die Ergidnzung des Motor-

radmodells um Normal- und Reibkontaktelemente.

Am Beispiel eines typischen Kreuzungsunfalls, der den am héufigsten auftretenden Unfallarten zuzu-
ordnen ist, wurde die Mdglichkeit, in der Simulationsumgebung ein Unfallgeschehen realititsnah nach-
zubilden, veranschaulicht. Dariiber hinaus wurde an diesem Beispiel gezeigt, dass mit Hilfe der Simu-
lation Aussagen zur Wirksamkeit von Assistenzsystemen, hier durch den Vergleich des Bremsvorgangs

mit und ohne ABS Funktionalitit, getroffen werden kénnen.



5 Lliteratur

[1] Statistisches Bundesamt, ,,Unfallentwicklung auf deutschen Stralen 2010.,” Wiesbaden, 2011.
[2] Statistisches Bundesamt, ,,Verkehr - Verkehrsunfille.,” in Fachserie 8 Reihe 7., Wiesbaden, 2011.

[3] O. Bartels, K. Sander und Bundesanstalt fiir StraBenwesen, ,,Erkennbarkeit von Motorrddern am
Tag - Untersuchungen vom vorderen Signalbild,” Bundesamt fiir StraBenwesen, 2009.

[4] Bundesanstalt fiir Straenwesen, ,,Anforderungen an zukiinftige Kraftrad- Bremssysteme zur
Steigerung der Fahrsicherheit,* 1997.

[5] F. Volk, Untersuchung zu Wirkungsfeldern bestehender und zukiinftiger Fahrerassistenzsysteme
im motorisierten Zweirad und deren potenzieller Bewertbarkeit., Dresden: TU Dresden, 2012.

[6] H. Liers, ,,Analysis of the accident Scenario of powered Two-Wheelers on the basis of real
accidents,” in /0. Internationale Motorradkonferenz 2014, Koln, 2014.

[7]1 H. Liers, ,,Haufigkeitsiibersicht zu Motorradunfallen,” Dresden, 2012.

[8] H. Winner, S. Hakuli und G. Wolf, Handbuch Fahrerassistenzsysteme, Bd. 1. Auflage,
Wiesbaden: Vieweg+Teubner, 2009, pp. 415-421.

[9] G. Prokop, M. Mai, G. Weller und F. Heyne, ,Fahrerverhaltensmodell zur prospektiven
Effektivitatsbewertung der aktiven Sicherheit,” in /6. Technischer Kongress des VDA, Hannover,
2014.

[10] M. Griindl, Fehler und Fehlverhalten als Ursache von Verkehrsunfillen und Konsequenzen fiir
das Unfallvermeidungspotenzial und die Gestaltung von Fahrerassistenzsystemen., Regensburg:
Universitit Regensburg,Fachbereich Verkehrspsychologie, 2005.

[11]M. Mai, ,Simulation der sensorischen Wahrnehmung des Fahrers als Teil eines
Fahrerverhaltensmodells zur Entwicklung und Bewertung warnender Fahrerassistenzsysteme, in
VDI-Berichte 2204 (9. VDI-Tagung Fahrzeugsicherheit - Sicherheit 2.0), Diisseldorf, VDI Verlag,
2013, pp. 285-300.

[12] A. Eichberger, E. Tomasch, W. Hirschberg und S. Hermann, ,,Potenziale von Systemen der
aktiven Sicherheit und Fahrerassistenz,” 4TZ Automobiltechnische Zeitschrift, Nr. 07-08]2011,
2011.



Motorcycle-Car Multi-Driver Simulation - A new methodological

Approach towards increased Powered Two Wheeler safety

Die vernetzte Motorrad-Pkw Simulation - ein neuver
methodischer Ansatz zur Steigerung der Verkehrssicherheit

fur motorisierte Zweiradfahrer

Dipl.-Psych. Sebastian Will', Dipl.-Inform. Christian Mark?,
Dipl.-Psych. Alexandra Neukum?!, Dr. Armin Kaussner!

'"Wuerzburg Institute for Traffic Sciences, Veitshoechheim, Germany (WIVW GmbH)

2Center for Traffic Sciences, Wurzburg, Germany (IZVW)



Abstract

Motorcyclists are still at high risk of getting involved in accidents that result in injury (DEKRA, 2010).
Especially interactions with cars and trucks bear a high risk potential, e.g. if motorcyclists are over-
looked or if their acceleration is underestimated. In 2012, in Germany alone, 14.129 crashes between
motorcycles and other road users were registered (DESTATIS, 2012). Thus, it seems reasonable to not
just focus on motorcycle immanent countermeasures, but broaden the research efforts towards interac-

tions with other road users.

This paper deals with the new methodology of Motorcycle-Car Multi-Driver Simulation realized at the
WIVW GmbH. It enables a motorcyclist and a car driver to interact in the same virtual environment.
This approach widens the set of research methodologies to investigate safety-relevant aspects of Pow-
ered Two Wheelers (PTW). The basic idea of linking driving simulators has already been established
for cars (Muhlbacher, 2013). The multi-driver simulation allows deeper insight into interactions and
mutual behaviour adoption. Furthermore, it is possible to investigate and evaluate new technologies such
as advanced rider assistance systems, on-bike information systems or bike2X-communication under
controlled conditions and from a new point of view. The components of the Motorcycle-Car Multi-
Driver Simulation (hardware, dynamic maps etc.) as well as relevant characteristics of study planning
and conduction will be addressed. Additionally, results from the project UR:BAN, which was funded
by the BMWi, will be presented exemplarily. Therein, the influence of a tailgating motorcycle on the
car ahead was assessed. Taking eye movements, driving parameters and subjective ratings into account,
the study revealed poor influence of the tailgating motorcycle. The car drivers were not significantly

distracted and still able to react adequately to sudden critical events.

Based on these first experiences, the Motorcycle-Car Multi-Driver Simulation is a promising method-

ology in the field of empirical traffic sciences with the potential to increase PTW safety.

Keywords: powered two wheeler, motorcycle, methodology, simulation
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1 Introduction

In general, Powered Two Wheelers are an increasingly popular mode of transport. This holds especially
for urban areas, as more and more people see the benefits like e.g. less congestion or easier parking. The
number of motorcycles in use within Germany has more than doubled in the last 20 years. In January
2014 there were 4,054,946 registered motorcycles (DESTATIS, 2014). Additionally, one can observe a

trend towards more high-mileage riding (see Figure 1).
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Figure 1. Pattern of motorcycle use in Germany showing average mileage per year from
database 2007/ 2008 (DEKRA, 2010, p.8).

Unfortunately, motorcyclists are still at high risk of being involved in accidents that result in injuries
(DEKRA, 2010). As data from 20 European countries show, the relative trend of PTW fatalities does
not decline in the same amount as it does for other modes of transport (see Figure 2, Yannis, 2012).
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Figure 2. Index (2000=100) of motorcycle and moped fatalities compared with other modes
EU-20, 2001 - 2010 (Yannis, 2012, p.6).
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Figure 11. Boxplot (left) and descriptive statistics (right) showing the mean glance duration
fowards the mirrors.

The subjective ratings reflect the results of the driving data pretty well. Consequently, the manipulated

distance between motorcycle and car does not affect the participants’ subjective situation criticality rat-

ings (F(1,23)= 2.32, p = .142, n,> = .091). Except for one driver, all other drivers rate the situation at

least as unpleasant (see Figure 12).
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-
5 _
o 10
>‘II
22 g
55
= e}
9w |
o= 6
cc?
(o] -
= oc
o =] 4
S ©
by =]
o
»2
I 27
=)
2,
0

T

1

T \
safe distance tailgating

Distance between motorcycle and car

M SD
Situation criticality 6.67 1.66
(safe distance)
Situation criticality (tail- 7.21 1.86

gating)

Figure 12. Boxplot (left) and descriptive statistics (right) showing the mean reported situation

criticality.

Only the ratings on how surprising the critical situation was revealed a difference between tailgating

and safe distance following of the motorcycle (F(1,23)= 4.58, p = .043, 7,2 = .166): Participants rate the

situation as more surprising when a tailgating motorcycle follows them (see Figure 13).
















































Approaching Emergency Vehicle (AEV)

AEV provides the information of the direction of an approaching emergency vehicle. The information
helps the rider to behave not to interfere the emergency vehicles. In this experiment, we tested a scenario
of which an emergency vehicle approach from behind and overtake the motorcycle. Unfortunately, we
could not collect any valid data because the emergency vehicle was not able to approach in a timely
manner, due to reasons like the high traveling speed of the motorcycle. In summary, it is found that the
information of existing dangerous objects which riders can easily imagine was effective for all partici-

pants.

5 Conclusions

The results of experimenting HMI acceptance and effects of providing information under real traffic

conditions are as below. The effects and acceptability depends on the function.

The effects and acceptability depends on the function.

Since road works and car breakdowns are easy to imagine and are recognized as dangerous objects,

these functions are highly effective.

The effects of information like speed limits were not seen in this experimental condition.

The riders are able to fully understand the information from LCD and LED placed in the dashboard, in

a non-urgent situation.

Providing additional information like distance and urgency may improve the acceptability of the rider.
Requirements such as the timing to provide information, installation requirements of the HMI, and the
types of required information, should be considered by testing many more participants under more con-
trolled conditions. We are working on these analyses by using a riding simulator. Through these exper-

iments of both simulator and real environment, we will clarify the requirements of HMI design.
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Abstract

Due to the increasing functionalities in the motorcycle sector (entertainment system, navigation, on-
board computer, etc.), BMW Motorrad acts within the scope of the company’s strategy Safety 360° [2]
and finds itself obligated to optimize the communication between vehicle and rider. This includes both
rider inputs as well as information output by the motorcycle which is presented to the rider in an in-
creased manner during the ride. The aim is to counteract the potential that the rider is overburdened by
the new functionalities, system operations or the flood of information which can result in frustration
regarding the product or even in a decreasing riding performance. Identifying and eliminating these

potential risks accounts for safe riding.

Based on this background, a method has been developed to measure user acceptance, rider workload
and distraction by the increase of new functionalities and by new instrument and operation concepts.
This allows rating and comparing of different concepts. To provide a reproducible, safe test environ-
ment, a motorcycle simulator has been developed in cooperation with the Wuerzburg Institute for Traffic
Sciences (WIVW GmbH) and the Institute of Automotive Engineering (FZD) at the Technical Univer-
sity of Darmstadt.

Whereas flight and car simulators are widely used for education, testing and research, the use of motor-
cycle simulators is still rather uncommon, most of all in the research and testing sector. In this publica-
tion the challenges and resulting minimum requirements to develop a motorcycle simulator are pre-
sented. Special focus is placed on the subjective riding experience. During a BMW Motorcycles study,
an existing static motorcycle simulator was tested and rated in order to find optimization potential for a
new dynamic concept. The publication ends with a presentation of future upgrades of the static simulator

derived from the developed requirements and based on the identified optimization potential.



Kurzfassung

Durch die stark steigende Anzahl an Funktionen im Motorradsektor (Entertainment-System, Navigation,
Bordcomputer, usw.) sieht sich BMW Motorrad im Rahmen der Strategie Sicherheit 360° [2] vor der
Herausforderung, die Kommunikation zwischen Fahrzeug und Fahrer zu optimieren. Dies betrifft so-
wohl Fahrereingaben als auch Informationsausgaben durch das Motorrad, die dem Fahrer in gesteiger-
tem Ausmal} wéhrend der Fahrt bereitgestellt werden. Ziel ist deshalb dem Potential, dass der Fahrer
von neuen Funktionen, Bedienkonzepten oder einer Informationsflut iiberfordert wird, frithzeitig entge-
gen zu wirken. Hierdurch kann eine Frustration bezogen auf das Produkt bis hin zu einer Verschlechte-
rung der Fahrleistung vermieden werden. Die Identifikation und Eliminierung dieser potentiellen Ge-

fahrenquellen unterstiitzt somit das sichere Fahren.

Basierend auf diesem Hintergrund wird ein Verfahren entwickelt, um die Nutzerakzeptanz, Fahrer-
belastung und -ablenkung durch die Steigerung der Umfinge neuer Funktionalititen sowie neuer
Anzeige-Bedien-Konzepte zu messen. Hierdurch entsteht die Moglichkeit, unterschiedliche Konzepte
bewerten und vergleichen zu konnen. Zur Bereitstellung einer reproduzierbaren, sicheren Testumge-
bung wird deshalb in Kooperation mit dem Wiirzburger Institut fiir Verkehrswissenschaften (WIVW
GmbH) sowie dem Fachgebiet Fahrzeugtechnik (FZD) der Technischen Universitdt Darmstadt ein

Motorrad-Fahrsimulator entwickelt.

Wihrend Flug- und Pkw-Simulatoren ein etabliertes Werkzeug zur Ausbildung, Erprobung und For-
schung darstellen, ist die Anzahl der Anwendungen von Motorrad-Simulatoren vor allem im For-
schungs- und Erprobungsbereich noch sehr begrenzt. Im Rahmen dieser Verdffentlichung werden die
Herausforderungen zur Entwicklung eines Motorradfahrsimulators dargestellt und daraus Mindestan-
forderungen fiir einen Simulator abgeleitet. Besonderer Fokus wird auf den subjektiven Fahreindruck —
das ,,Fahrgefiihl“ — gelegt. Wéhrend einer BMW Motorrad internen Studie wurde hierzu ein vorhande-
ner statischer Motorrad-Simulator bewertet, um weitere Optimierungspotentiale fiir ein neues dynami-
sches Konzept zu erarbeiten. Die Vorstellung der aus diesen Anforderungen und Optimierungsmoglich-

keiten abgeleiteten Optimierungen bildet den Abschluss der Veroffentlichung.



Motorcycle riding simulation to assess instrument and

operation concepts and informing riding assistance systems



1 Infroduction

During the last decade there have been changes in the motorcycle riding tasks [1, 4]: New technologies
like cruise control for motorcycles or motorcycle mounted navigation systems have changed the primary
and secondary driving task and most of all the tertiary driving tasks have become more and more relevant
for powered two wheelers. Some new features, such as antilock brake or wheelie assistant ease the

stabilization task while other functions provide more comfort like a handle bar heating.

The increase of functions brings a raise of controls (see Picture 1) as well as an increase of information
for the rider. The prospective increase can possibly overburden the rider, so that he focuses too much
on a tertiary riding task while neglecting the primary or secondary riding task, which can lead to riding

errors up to dangerous traffic situations [7].

BMW Motorrad commits itself to provide maximum safety and carefree riding pleasure by the strategy
Safety 360° [2]. Therefore, counteracting potential risks by the future increase of controls and infor-

mation is part of this strategy.

K1600 GT - 2010 model
Navigation Starter

Radio Heating Riding mode

Suspension controls

Cruise control
Lights, Indicator

Menu, Info
Horn
Wind shield
Radio
modes *theoretically needed controls without a multi control unit

Picture 1. Theoretically needed controls a BMW K1600GT motorcycle

Comparing and assessing different input and output concepts is a part of usability testing (DIN EN ISO
9241). It is described as a method to measure the user’s efficiency, effectiveness and joy while using a
product. Therefore usability testing gives tools to optimize instrument and operation concepts related to
these three aspects. One important question concerning the rider’s security is whether a new system or

a modification has a negative influence on the rider’s driving behavior.



As discussed above, a road test can be too dangerous for participants. Thus, a test environment is needed
that produces valid and reliable results but which at the same time does not implement a risk for the test
person. In other words, an environment must be provided that imitates the real riding situation so that
the rider behaves as if riding a real bike and is physically and mentally as loaded as in real traffic situa-

tions.

1.1 Presence as indicator for a valid test environment

The phenomenon that participants behave in a virtual environment (VE) as in a real situation is called
“Presence” [5]. As per Sanchez-Vives and Slater state, three constraints are required to produce pres-

ence:

1. Sensomotory loop
2. Statistical plausibility

3. Behavior-response correlations

Item three is not considered in this paper as it is a part of the virtual traffic model, which is not in the

focus here.

The sensomotory loop describes the low latency connection of proprioception and sensory data, or in
other words transferred to the test environment the natural system response to an input e.g. the roll

reaction of the motorcycle on a steer impulse.

Statistical Plausibility is based on the theory that the human’s brain works like an ongoing correlation
algorithm that searches for correlations between current sensory inputs and sensory inputs from the past
(see “correlational presence” in [6]). By this means single missing information can be overwritten by
strong memories of similar sets of stimuli. Transferred to virtual environments, it is essential to produce
sufficient output data so that the brain correlates the sensory input to similar inputs from a former real

set of stimuli.

In order to design a presence producing test environment it is necessary to know which stimuli the rider
perceives during riding a motorcycle and which of these stimuli are necessary to be reproduced within
the test environment so that the participant’s conscience correlates the virtual situation with a real situ-
ation. Modern physiology distinguishes between nine senses. Referring to the riding task four of nine
are excluded for all further research (olfaction, degustation, thermoreception, nociception) so these five

senses will be tested during further investigations:



e Visual perception
e Audition

e Tactile perception
e Equilibrioception

e Proprioception

Since no information about the influence and importance of these senses on the experience of presence

in a test environment for riding motorcycles could be found, the following research was initiated.

1.2 Riding simulator as a special test environment to experience Presence

Usability laboratories in general consist of a working zone where a test person interacts with the system
that is being tested and an area where the investigator monitors the person’s ability to use this system.

Advantages of the laboratory are controllable surrounding conditions and providing good observability.

In 2009, BMW Motorrad started with tests in a usability laboratory to assess an instrument and control
concept. The test environment produced visual and auditory outputs (video sequences of traffic scenes
were shown). It was demonstrated that some usability measuring methods could be transferred from the
automotive sector to the powered two-wheelers like “free exploration”, “thinking aloud” and “question-
naire” for a first usability assessment. However in order to measure the rider’s distraction during a riding
task, this test environment was not recommended but to build up a motorcycle simulator as one way to

imitate the riding task in an interactive way. Hence, BMW Motorrad decided to build up a motorcycle

driving simulator in the fall of 2011.

2 Concept of the first BMW motorcycle riding simulator

The first BMW motorcycle riding simulator consists of the following four components (Picture 2):
Mockup, simulation software, audio and visual output. The Mockup is built on a BMW K1600 GT
(Picture 3). In order to fake the instrument signals and to measure the rider’s inputs, the motorcycles
data circuit (CAN bus system) was manipulated (CAN-Gateway between display and control devices),

so that bus signals can be logged and changed during simulation.

The rider’s inputs are processed in a dynamics model (changeable plugin of the simulation software)
which calculates translational and rotary kinetic quantities of a virtual motorcycle model based on the
inputs throttle, breaking pressures and steering angle. The current dynamics model is a modified car
model (Mini Cooper with automatic gearbox and without anti lock brake) with reduced weight, gauge

of the track, higher brake capabilities and engine power. In addition the roll angle’s output data was



inverted and increased to fake motorcycle’s incline during cornering (participant’s acceptance to this

manipulation is shown in chapter 4.2).

The kinematic quantities are interpreted by an in-house simulation software that calculates video and
sound signals. The rider experiences a virtual reality by a 4x3m video screen and a 4.0 sound system.

The virtual horizon is rotated by the modified roll angle so that the rider experiences an incline.

/ Screen <

Rider’s _
demands Rider <+ Audio system [«
FEEEEEEEaS ShESE N———— -
; Controls Mockup Instruments <;
1

CAN

Simulation software CAN

U Audio

Plugin 3
C Dynamics Video

model

Y

Picture 2. Components of the BMW motorcycle riding simulator
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Picture 3. Simulator mockup built on a BMW K1600 GT motorcycle

3 Study to assess simulator’s quality

This study seeks to inquire information about the subjective impression on the experimental setup to
identify the most important points to improve the sense of presence. In order to make the simulator
comparable to a project partner’s (WIVW GmbH) simulator, their internal questionnaire (see “Ques-

tionnaire for assessing motorcycle simulations”) was used along with two questionnaires by BMW.



3.1 Testing group

The testing group consists of 18 men and two women between 24 and 56 years old (average 34 years)
all having a motorcycle driving license and all working at BMW Motorrad. Six participants answered
to ride less than 5,000km per year, ten between 5,000km and 10,000km, three between 10,000km and
20,000km and three more than 20,000km per year. All riders were wearing their own helmets and

motorcycle gloves during the experiments.

3.2 Experimental procedure

The experiment took about 90min per participant (see Picture 4). After being welcomed each participant

answered a demographic questionnaire.

e Welcoming, Demographic Questionnaire

e Training ride

e Riding tasks

e Questionnaire Q1

e Rider load measurement

e Questionnaire Q2 + Q3

<€€€C€E€<C

Picture 4. Experiment's structure and duration

The simulator’s controls were explained to the participants and the simulator ride started with a short
introduction ride (about Smin) consisting of an acceleration maneuver, breaking and two lane changes
on a straight highway. The introduction ride was held very shortly in order to measure the training effects

on the following maneuvers (not part of this article).

In order to ease answering of the questionnaire about assessing the simulator’s quality, the following

maneuvers had to be accomplished:



Acceleration and breaking

The driver was told to accelerate from standstill up to 100km/h and hold this speed on a straight highway
without any traffic. After 1km he saw a row of pylons on the road. The rider was told to break as late as

possible and decelerate so that the front tire of his motorcycle is in a line with the virtual pylons.

Assessing constant speed

In order to assess a constant speed without looking at the speedometer, the rider was told to accelerate
from standstill to 50km/h, 100km/h, 130km/h (randomized order for each rider) on a straight highway
without traffic, a disabled speedometer and a disabled revolution counter. In order to indicate when he
thinks he has reached the speed aimed at, the participant was told to turn up the headlights as a sign.
After ten seconds the headlights automatically turned down which was the signal for the rider to stop

the bike slowly. This procedure was repeated three times so that he assessed every speed.

Lane change on highway

In order to get an impression how the simulator behaves on lane changes, a scenario was implemented
in which two cars were driving 60km/h with a gap of 800m on the rightmost lane of three on a straight
highway. The rider was told to overtake each car separately and stop the motorcycle after that on the

breakdown line.

Constant cornering

In order to create an impression of how it feels to take wide curves in the VE, the participants were told
to follow a highway with three curves at a speed of 100km/h on the rightmost lane. After driving these

curves, he had to stop the bike on the breakdown lane. For the exact route see Picture 5.

Picture 5. Scenairio for constant cornering



Countryside highway

The last riding task for this study constitutes riding on a curvy countryside road with different speed
limits and some traffic (Route depicted in Picture 6). The rider was told to drive safely and within the
speed limits until he sees roadworks and to stop before the construction area. This scenario was chosen
to get an overall impression of the handling and to make it easier to compare the simulator’s behavior

with real motorcycle riding.

All of these riding scenarios were driven three times. After completion, two questionnaires had to be
answered: “Questionnaire for assessing motorcycle simulation” and a questionnaire directed to the de-

scribed riding tasks (details to the questionnaires in chapters 3.3 and 3.4).

Picture 6. Scenario countryside highway

After that the second part of the study started with another riding task about work load measurement
which is, however, not part of this article. The experiment for every participant ended with a last ques-

tionnaire about the simulator’s quality relating to the sensory perception (see chapter 3.5).

3.3 Questionnaire for assessing motorcycle simulations (Q1)

The focus of this study was to filter the important points for a realistic riding experience from the par-
ticipant’s field of view. To get to this information and to have a base to compare the BMW Motorrad
simulator later on to the one our project partner WIVW GmbH is using an internal questionnaire from
WIVW GmbH was used. This questionnaire is a modified version of the Witmer and Singer question-
naire [8] by Will, S. and Neukum, A. (internal document of WIVW GmbH) to fit the motorcycle simu-
lator purposes (see Picture 7). The original one by Witmer and Singer to assess virtual environments

had to be modified, because interacting with a VE in a CAVE differs from riding or driving within a VE



on a motorcycle mockup. As the focus was on fulfilling a riding task, questions regarding examining
virtual objects were irrelevant for our purpose. Nevertheless, it should be mentioned that that one ques-
tion of the modified questionnaire concerning traffic was deleted, as there was simply no traffic except

for two vehicles that had to be overtaken during the lane change task.

All of the questions incorporated the concept of reported Presence [S] and were used to clarify whether
the chosen configuration of inputs and outputs is realistic from the participant’s point of view. The scale

in this questionnaire reaches from 0 to 15 and is subdivided into 6 subcategories:

0 Notat all 7-9 middle
1-3  Very little 10-12 much
4-6 little 13-15 Very much

3.4 Questionnaire to assess riding tasks (Q2)

This questionnaire is divided into the three categories: acceleration/deceleration, cornering and overtak-

ing/avoiding. The questions can be rated on a scale from one (=bad) to 5 (=good).

As mentioned above, some modifications and scaling to the original dynamics model had to be made to
use the car model for motorcycle simulations. All modifications and scale factors were acquired itera-
tively by expert’s riding tests. The questions of this questionnaire were designed to rate these acquired

modifications.

Question one and two in category acceleration/deceleration rate the visual perception of acceleration
and deceleration. Question three rates pitching during braking. The next two questions assess the scale
factors between rider’s inputs (breaking and throttle) to the simulated acceleration/deceleration. Every

category ends with a question to rate the overall impression of the category.

Category cornering and overtaking/avoiding contains a question to the correlation between steering
torque and the motorcycle’s reaction besides the question to the overall impression. In addition to this,
category cornering asks about the visual impression of the incline and category overtaking/avoiding

about the latency of the simulation to the inputs. All questions are shown in chapter 4.2.



3.5 Questionnaire to sensory perception (Q3)

This questionnaire was asked to be answered after completion of the whole experiment in order to give
the rider much time to grasp a complete impression of the simulator. The questions dealt with the sub-

jective perception of reality related to the different senses.

Four questions concern visual perception, two acoustics, two haptics and two realism in general: The
first three categories all include one question explicitly focusing on the appearance of reality, the first
two about how helpful this channel is to estimate the rider’s speed. Category visual perception also
included one question about the ability to estimate distances based on this channel and whether the

missing channels for the rear mirrors disturbs the rider.

The category haptics included a question whether the rigid fixation of the mockup disturbs the rider.
The last two questions dealt with an overall impression of the realism and how well control inputs fit

the riding simulation. All questions are shown in detail in chapter 4.3.

4 Resulis

All questions of the questionnaires, its average results, the medians, quartiles, interquartile ranges and
minimums and maximums are displayed in the Picture 7 to Picture 9. The results are analyzed in the

following subchapters and discussed in chapter 5.

4.1 Results: Assessment of the Simulator

First of all, it is to mention that questions 12 and 16 have been formulated negatively, while the other
are formulated positively. In general, it can be seen in Picture 7 that most of the questions were answered
with a medium value (9 of 16 questions). The answer “not at all” was chosen seven times (2.1% of all

times). The highest value (15) was never chosen.

The questions 3 and 4 were answered slightly below medium on average (6.20 and 6.05) and two of
seven times “not at all” was given in this category. These questions describe the simulators presentation
of positive and negative acceleration. Question 7 which was about being able to imagine touching and
being touched by virtual objects was answered with a wide dispersion and the weighting “little” was
given on average (5.86). Participants did not have many problems with disorientation after the simula-
tion (Question 12, average: 6.05 — negatively formulated). The rider’s perspective (Question 13) and the
VE’s visual depiction were reviewed above medium (10.2 and 9.9). Simulation’s overall latency was

rated low on average (5.85).



4.2 Results: Questionnaire to assess the riding tasks

Picture 8 shows the results of the questionnaire to assess the riding tasks. It can be seen that 9 out of 12
questions were answered with a medium value (2.50 <x < 3.50) and 10 of 12 questions were answered

with a wide spread (questions assessed with values from minimum to maximum).

Question 8§ about the motorcycle’s reaction in comparison with the steering torque during steady state
cornering was answered clearly under average (2.15) contrary to the same question (Question 10) during

overtaking/avoiding (3.10).

Clearly positive rated were questions 11 and 12 concerning the latency from motorcycles input to the

outputs and the overall impression about overtaking and avoiding.

4.3 Results: Questionnaire to sensory perception

The questionnaire about sensory perception was also mostly answered with medium values (8 of 10
between -1 and 1, see Picture 9). The helpfulness of the visual feedback to estimate distances (Question
2) was rated slightly above one on average (1.15) as well as the interaction between inputs and riding
(1.35 — Question 10). Question 8 - the haptic feedback - was rated slightly negative as well as question

8 which asked whether the mockup’s stiffness felt irritating.
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1. During the trip, | only had on my mind riding a motorcycle and hardly thought about anything else.
2. | had the feeling to drive a motorcycle on a street.

3. The acceleration impression was realistic.

4. The deceleration impression was realistic

5. 1 was able to ride the motorcycle without any problem (direction, brakes, acceleration) and riding
gave me no trouble at all. It is right...

6. During the ride | had forgotten completely that | was on a riding simulator.
7.l imagined touching the objects in the virtual world and that the objects could touch me.
8. The speed impression was realistic.

9. During the trip, | had the feeling that | was surrounded by cars, trees, houses and people of the vir-
tual world.

10. During the trip, everything fit together - seeing (scenery), hearing (engine/wind sound) and feeling
(movement impression).

11. 1 had the feeling that the other road users and the surrounding objects were at the same place as |
was (other vehicles, houses, trees, pedestrians etc.).

12. When the trip was over, | was disorientated at first and had to get used to the real surrounding
again.

13. The rider's perspective of the simulation was convincing.

14. The simulation's visual representation was convincing.

15. The simulation's auditive representation was convincing.

16. The delay between my actions and the simulation's reactions was distracting.

Picture 7. Results of the questionnaire for assessing motorcycle simulations
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1. How do you assess the visual perception of the deceleration?
S~
g _E 2. How do you assess the visual perception of the acceleration?
B g 3. How do you assess the visual impression of brake and acceleration pitch?
% ] 4. Does the vehicle's acceleration fit the manipulation of the throttle?
§ S 5. Does the deceleration fit the manipulation of the brake handle?
6. How do you assess the general impression of the acceleration and deceleration?
.o 7. How do you assess the visual impression of the roll angle?
§ s 8. Does the motorcycle’s reaction fit the applied steering torque?
€ 9. How do you assess the general impression to the trip’s curves?
~ g 10. Does motorcycle’s reaction fit the applied steering torque?
§ Tg 11. Does the motorcycle react immediately on driver's inputs?
>
° & 12. How do you assess the whole feeling / the general impression of overtaking / avoiding?
Picture 8. Results of the questionnaire to assess the riding tasks
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1. The visual feedback of the riding simulation feels realistic.
2. The visual feedback helped me to estimate distances.
3. The visual feedback helped me to estimate my speed.
4. The acoustic feedback was realistic.
5. The acoustic feedback helped me to estimate my speed.
6. The riding simulation's touch feedback feels realistically.
7. | felt irritated because of the absence of the pictures in the rear mirrors.
8. | felt irritated because of the stiffness / immobility of the mockup during cornering.
9. The overall impression of the riding simulation feels realistically.

10. The interaction between controlling and riding feels realistically.

Picture 9. Results of the questionnaire to sensory perception




5 Discussion

The questionnaires’ results (Q1...Q3) show that most of the rated simulator components reach a medium
level. The rider’s perspective (Q1-13), the visual representation in general (Q1-14) as the simulators
latency (Q1-16, Q2-11, Q3-10) are better than medium so that the focus on the simulator optimization

won’t be in these categories first.

One clear deficit of the simulator is haptics/steering torque (Q2-8, Q3-6). Comparing the simulator to

real motorcycle riding, there are two main differences:

1. The simulator does not emit vibrations (originating from the engine / road surface)

2. The steering torque just depends on friction of the designed test setup and is not controlled by

the motorcycle’s riding conditions

Also, positive and negative acceleration reproduction was rated low in comparison to the rest of the
questions. Analyzing an acceleration maneuver on a real motorcycle, the rider gets three important in-

puts:

1. Visual data: motorcycle pitches, visual speed perception changes
2. Vestibular data: above a threshold the human equilibrium organ registers acceleration

3. Kinesthetic data: joints and muscles register translational acceleration and difference in steering

torque

The simulator only gives a visual feedback for which vestibular and kinesthetic information are missing.
Relating to Slater et al. [6] who describe human perception as a correlation machine, the simulator does
not seem to give enough information about acceleration maneuvers so that a correlation between virtual
and real accelerations can be found. In other words: to depict a realistic perception of accelerations,

participants need more information than just visual.

Another interesting result of the questionnaires is that the participants answered they had difficulties
imagining to touch and to be touched by virtual objects (Q1-7) but the question about feeling to be
surrounded by cars, houses and people (Q1-9) and about feeling to be on the same place like the virtual

road users and surrounding objects (Q1-11) were rated comparatively high (see Table 1).



Table 1: Comparison of Q1-7, Q1-9 and QI-11

Question arithmetic means
over all participants
Q1-7. | imagined touching the objects in the virtual world and that the ob- 5.85
jects could touch me.
Q1-9. During the trip, | had the feeling that | was surrounded by cars, trees, 8.75

houses and people of the virtual world.

Q1-11. | had the feeling that the other road users and the surrounding ob- 9.15
jects were at the same place as | was (other vehicles, houses, trees, pedes-
trians etc.).

One reason for this difference is probably that most of the time objects are distant as this would also be
the preferred behavior in reality to avoid collisions. This is possibly also the reason for the wide disper-

sion of ratings for Question 1-7.

Another reason can be seen in the fact that some people meant to hit an object during the simulation by
accident but nothing happened. The reason for this is the simulation software is also used for dynamic
simulation at BMW Forschung und Technik and displaying to hit a wall or any other object would be
dangerous for participants within the dynamic simulator. Probably the differences in these answers
would vanish if there was more traffic on the virtual roads, so that other objects are closer to the partic-
ipants within the VE. Otherwise a collision feedback could be implemented so that the participant rec-

ognizes contact with other objects without being in danger.

6 Optimization and future work

In order to improve the development speed of the simulator, a cooperation with Technical University
Darmstadt and Wuerzburger Institut fuer Verkehrswissenschaften GmbH was started. In cooperation
with these two partners, the following optimizations will be executed and a second simulator will be

built up.

One important point for a realistic motorcycle simulation seems to be realistic steering torque simula-
tion. In order to produce realistic steering torque, an electric drive will be mounted to the mockup’s front
wheel. To calculate the steering torque depending on the dynamic motorcycle states like incline, speed
etc., the dynamics model needs to be changed. It is assumed that a consistent motorcycle model will
also influence other factors in a positive way, such as acceleration and breaking, incline etc., which were

calculated by correction factors out of the Mini dynamics model.



In order to optimize the criticized acceleration and deceleration perception, two upgrades are planned:

After a report by Born [3], an increase of acceleration sensation can be created by pulling at the partic-

ipants torso to simulate inertia forces. A prototype will be built up to verify this idea. The second update

will be a small motion base to move the mockup.

Since motorcycles vibrate much more and are much louder than cars, another focus will be on vibration

and sound. To optimize acoustic sound, vibration sound and structure-borne noise, samples will be rec-

orded to emit realistic sound and vibrations.
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Abstract

Pelvic and lower abdominal injuries are a serious concern for motorcyclists involved in collisions. De-
spite their importance, the limited research that has been undertaken has commonly attributed these
injuries to contact with the motorcycle fuel tank. Following earlier studies, Wobrock et al. used MAD-
YMO simulation to investigate the effect of tank angle for an average rider on a sports bike. They found
pelvic loads to be exponentially related to tank angle, suggesting minimising tank angle may result in a

reduced risk of injury.

Using data from 139 in-depth motorcycle crash investigations in Sydney and Adelaide, Australia, the
relationship between tank angle, motorcycle type and the occurrence of pelvic and lower abdominal

injuries in crashes associated with a predominantly forward rider movement was examined.

Of the 139 riders involved in crashes, 60 experienced forward momentum following the collision. Of
those 60, 27 riders sustained injury to the pelvic/abdominal regions attributable to the fuel tank (45%).
Pelvic/abdominal injury occurred in a further four cases however these were not attributed to direct

contact with the fuel tank.

Pelvic/abdominal injuries were more common among riders of cruisers (80%) than other motorcycle
types (45%). Statistical modelling demonstrated that cruiser riders were seven times more likely to sus-
tain pelvic/abdominal injury than other riders (95% CI 1.3-38.5), and importantly, after controlling for
motorcycle type, the likelihood of pelvic/abdominal injury significantly increased with increasing petrol

tank angle (p<0.05).

These results indicated that, while tank angle does play a role in pelvic/abdominal injuries, the relation-
ship is likely to be complicated by other characteristics of tank and motorcycle design. Further work is
required to identify optimum tank and motorcycle design to improve rider protection for pelvic and

abdominal injury.
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Infroduction

Injuries to the pelvis and lower abdominal region carry a significant health burden. Injuries to this region
occur frequently in motorcycle crashes with debilitating effects, including the ability to walk, reproduce
and urinate. For motorcyclists, it has been suggested that the fuel tank is a major cause of pelvic and
lower abdominal injuries in the event of a crash [1]. It is notable that despite the consequences of these
injuries and the changes to the design of powered two-wheeler, there is a paucity of research in this area,

with much of it done in the early 1980’s.

Ouellet and Hurt [1] investigated a sample of 900 motorcycle collisions and found that 13% of riders
sustained a pelvic or lower abdominal injury. Ouellet and Hurt stated that the fuel tank was the predom-
inant contact surface and was associated with 88% of pelvic injuries. In discussing their findings, they
suggested that a tank with a smooth profile, rising gradually from the seat, or one which would distribute
the force to the pelvis over a larger surface area would be advantageous in reducing pelvic injuries. In
contrast, Ruter, Hontschick and Jessl [2] suggested that a broad, flat tank situated at seat level would be
beneficial in reducing contact with the fuel tank and promoting rider ejection. In an earlier study (1973),
Bothwell, Knight and Peterson [3] stated that the tank top should not rise above the surface of the seat

and the tank shape should be designed to minimise pelvic impact loads.

In 1976 Hight, Seigal and Nahum [4] investigated 127 motorcycle collisions and found there were only
six riders who sustained injury to the perineum, scrotum, testicles or penis. This investigation did not
include the examination of pelvic fractures. They did however propose that the width and height of the

tank relative to the seat affected the injury pattern.

A study by de Peretti et al. [S] conducted in 1994 examined nine cases of riders who had sustained pelvic
injuries, six of these being due to contact with the fuel tank. The authors proposed that the spreading of
the riders’ legs was a potential mechanism of injury, and inferred that the petrol tank should not be
wedge-shaped but rather the sides should be well padded, the petrol tank cap should not protrude and

the upper part of the tank should be on the same level as the seat and should not overhang.

More recently, Wobrock et al. [6] performed MADYMO simulations of riders impacting the motorcycle
fuel tank. They investigated the effect of tank angle on the force to the pelvis by running simulations of
a pelvis impacting the fuel tank of a sports motorcycle with different tank angles (20, 55 and 90 degrees).
A 50™ percentile sized male was used in the simulations. Wobrock et al. reported that the force on the
pelvis increased exponentially as the fuel tank angle increased. This is an important finding that warrants
further study in modern powered two wheelers. The analysis of a sample of real-world motorcycle col-
lisions studied in-depth offers a way to determine if the relationship between the tank angle and the force
on the pelvis is reflected in the risk of sustaining an injury in the real world where a range of factors

may be at play.



This paper presents the preliminary analysis of work which aimed to investigate the injury mechanisms
involved in pelvic and lower abdominal injuries to motorcyclists involved in crashes. In doing so, this
paper aims to assess the nature of the relationship, if any, between the angle of the motorcycle fuel tank

and the occurrence of pelvic or lower abdominal injuries.

Methods

Two convenience-based data sets were used in this study to examine the effect of tank angle on the
occurrence of pelvic/lower abdominal injuries. The first data set was obtained from motorcycle crashes
occurring on public roads within a three hour drive of Sydney from August 2012 to July 2014. Eligible
participants were motorcyclists aged 14 years and older who had been admitted to hospital. Motorcy-

clists were recruited by research nurses from three Sydney hospitals and one regional hospital.

Motorcyclists completed an interview which outlined the overall scope of the crash and gave suggestions
as to the causes of their injuries. Medical records were also examined to provide the injury outcome of
the crash. Injuries were classified using the National Accident Sampling System (NASS), Occupant
Injury Classification (OIC) scheme [7]. The crash scene, clothing worn and motorcycle ridden during
the crash were also inspected to increase the evidence-base for the crash details and to determine if any
of these factors had an influence on the outcome of the crash. The petrol tank angle was measured during

the motorcycle inspection using a goniometer.

From the crash details, the cause of pelvic injury was determined. The cases were then reviewed at an
inter-disciplinary panel meeting consisting of engineers, injury specialists, motorcycle specialists and
police officers where the most likely mechanism of injury was identified. Images of the fuel tank, the
vehicle inspection notes (including whether any deformation of the tank was evident), and medical notes

were available to the panel.

This data set was expanded by including cases of fatal and non-fatal motorcycle crashes occurring in
Adelaide from an in-depth crash investigation program which has been operating since 2006. This sam-
ple of data was collected using on-scene collection protocols where the crash investigation team was
notified by an automatic paging service every time the South Australian Ambulance Service was called
to a crash. The team immediately attended the scene of the crash. This sample included any type of road
crash within a 100 km radius of metropolitan Adelaide, which resulted in at least one crash participant

being transported to hospital.

The information collected for each crash includes: photographs of the scene immediately post-crash,
photographs and examination of crash-involved vehicles, interviews with witnesses, interviews with

police, an engineering survey of the crash site, drive-through videos of the crash site, police reports,



Coroner's reports for a fatal crash, injury data from hospitals and all other crash-related medical infor-
mation, licensing histories for all drivers/riders, crash history for the crash site, crash history for the
vehicles involved, a computerised reconstruction of the crash, and detailed interviews with consenting

crash participants about the crash and all relevant background information.

As a result of the different data collection protocol in the Adelaide sample, rider interviews and details
were not always obtained. The cause of injury could be determined from photos of the motorcycle at the
crash scene as well as rider descriptions. Pelvic injury, including fractures, soft tissue injury and internal

injuries, were attributed to the fuel tank when tank deformation was present and/or if stated by the rider.

Cases where the motorcycle rider experienced forward momentum following the collision were ex-
tracted from both datasets. Each case was coded as involving a pelvic injury due to contact with the fuel
tank or not. The effect of tank angle on the occurrence of pelvic injury and the type of injury was inves-

tigated using logistic regression while controlling for motorcycle type.

Each case was also coded in terms of severity of the pelvic injury using the categories: “Abbreviated
Injury Scale (AIS) of 2 or greater” (internal injuries and fractures); and “AlS of 1 or less” (soft tissue or
no injury). Where there was more than one pelvic injury, the maximum AIS injury (MAIS) in the region
was used. The analysis was performed using SPSS Statistics 20 [8]. Logistic regression was used to

examine the association between tank angle, motorcycle type and severity of pelvic injury[9].

This study was approved by the Royal Prince Alfred Hospital Ethics Committee and the University of

Adelaide Human Research Ethics Committee.

Results

Description of Sample

In-depth data was collected from 139 motorcycle crashes in the Sydney and Adelaide. Of these cases,
60 of the riders experienced forward momentum. Within the 60 riders, there were 27 cases of pelvic
injury that was associated with contact to the fuel tank (45%). There were a further four cases of pelvic
injury which were unrelated to the fuel tank and which did not occur in crashes where the rider experi-

enced forward momentum; these were not included in the analysis.

The 60 cases in which forward momentum was experienced involved 57 male riders and 3 female. Most
of the crashes involved an impact with another moving vehicle (78%) and at an impact speed of 60km/h
or less (57%). The mean age for the riders was 38 (range: 16-74 years), the mean height was 177cm
(range: 150-194cm), the mean weight was 90kg (range: 57-132kg) and the mean BMI was 28.52 (range:
19.2-41.5). Comparing this sample of riders to the National Health Statistics Report [10], the majority



of the riders had a BMI which was in the 50™ percentile or higher (56%), with 17% being above the 90™
percentile. The largest proportion of riders fell into the obese category (39%), followed by overweight
(32%) and healthy (29%).

Motorcycle types and pelvic injuries

The majority of the motorcycles ridden were sports motorcycles (55%) followed by cruisers (17%) and
touring motorcycles (12%). Pelvic/abdominal injuries were observed more often among riders of cruis-
ers (80%) than among riders of other motorcycle types (45%) (Figure 1). Statistical modelling demon-
strated that cruiser riders were seven times more likely to sustain pelvic/abdominal injury than other

riders (95% CI: 1.3-38.5).
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Figure 1. Percentage of riders with a pelvic injury on the different motorcycle types

Using univariate logistic regression, there was no significant association between fuel tank angle and
the occurrence of pelvic injury. However, once motorcycle type was included in the statistical model,
the odds of pelvic/abdominal injury was seen to increase with increasing petrol tank angle (OR =1.068,

95% CI: 1.013-1.127.

Overall, 74% of the riders who experienced a pelvic or lower abdominal injury due to the fuel tank
sustained a fracture. For 19% of the cases, the highest AIS injury experienced by the rider was a soft
tissue injury such as laceration, contusion or abrasion to the pelvic or lower abdominal region (AIS 1).
There were two cases in which the highest AIS injury was a bladder haematoma. There were clear

differences in the types of injuries sustained by riders of the different types of motorcycles (Figure 2).
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Figure 2. Type of pelvic injuries suffered by riders of the different motorcycle types

Following Figure 2, analysis highlights that riders of cruisers were nine times more likely to suffer an
AIS pelvic injury of 2 or greater than other riders of other motorcycle types (95% CI: 1.214-69.349).
Interestingly, for these more serious injuries, the fuel tank angle was not statistically associated with

serious injury (AIS 2+).

Discussion

The key finding of this analysis was that in frontal crashes, cruiser riders were more likely to sustain
pelvic injury than riders of other motorcycle types. It was also the case that increasing petrol tank angle
was only significantly associated with pelvic injury once motorcycle type was included in the statistical

model.

It is interesting to consider the seating position of cruisers and other motorcycles, and how these differ-
ences might be associated with differential pelvic injury risk. The overall shape of cruisers leads to the
rider adopting a more backward leaning posture than riders of other motorcycle types with the rider’s
legs being straight out toward the front of the motorcycle, while riders of sports motorcycles lean over
the fuel tank. It may be that the different rider posture changes the rider kinematics in frontal motion,
with the backward leaning posture of cruiser riders potentially forcing the pelvis to slide forward into
the tank during following a frontal collision. It may also be due to the shape of cruisers. Cruisers typi-
cally have a wedge-shaped petrol tank which interestingly is the tank shape that de Peretti et al. [5]

concluded should be avoided.

Rider height and weight may also influence the rider posture and/or the rider kinematics following the

crash and could be an influential factor in the force with which the pelvis impacts the fuel tank. The



MADYMO simulations by Wobrock et al. [6] only investigated force on the pelvis using a 50™ percentile
male. Within the present sample, a large number of the riders involved in crashes have high BMIs, with
17% in the 90™ percentile or higher. Future research investigating the relationship between petrol tank

design and pelvic injury risk therefore needs to consider rider anthropometry into consideration.

While we did see a significant relationship between increasing tank angle and likelihood of pelvic injury
when motorcycle type was adjusted for, other tank dimensions, such as the overall shape, height and
width of the fuel tank, may be influencing the rider kinematics and force distribution on the rider’s
pelvis, as suggested by previous research [1-5]. Further analysis is being undertaken to examine the role

that overall shape of the petrol tank might play in pelvic injury mechanisms.

Other factors which should also be considered include the rider’s age and anthropometry (e.g. height,
weight and body mass index), as well as the crash severity (e.g. impact speed and collision object). The
exclusion of other potential confounding factors related to petrol tank shape, rider and crash character-
istics in the logistic regression analysis can be considered a limitation of this preliminary work. This
analysis was limited by a small sample size and an analysis of a larger sample taking into account these

additional factors, would be of value.

Conclusion

This preliminary analysis of in-depth motorcycle crashes indicates an increased likelihood of pelvic
injury among cruiser riders compared to riders of other motorcycle types in frontal impacts where for-
ward momentum is evident. While the results support previous findings that are suggestive of a rela-
tionship between tank angle and the risk of pelvic or lower abdominal injuries, it appears the combina-

tion of whole tank shape with rider posture may be more important and is worthy of further research.
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Abstract

The most frequent motorcycle accidents involve another vehicle violating the motorcycle's right-of-way
at an intersection. The low visual conspicuity of motorcycles (especially because of their small size) is
the primary reason why motorcycles are often not detected or seen or too late. The main safety measure
in the past has been the use of daytime running lights (DRLs) by motorcycles, which became compulsory
in the seventies in many countries. This conspicuity advantage of motorcycles as the only vehicles with
DRLs is presently getting lost by the growing use of DRLs by cars as well. In a previous study (Cavallo
& Pinto, 2012) we have shown that car DRLs are competing light patterns that create visual noise and
decrease the detectability of motorcycles. In addition to detection errors, the misperception of the ap-

proaching motorcycle's speed and time-to-arrival also contributes to accident occurrence and severity.

In order to reduce motorcycle accidents, and especially to improve motorcycle perceptibility (both de-
tection and speed perception) by other vehicle drivers, ITS based on vehicle-tovehicle communication
will probably provide effective long-term solutions (>15 years). But until then, other solutions have to
be found and could quite easily be implemented, by considering innovative headlight configurations for

motorcycles.

In two simulator studies, we tested various motorcycle headlight configurations, intended to remedy
simultaneously the two perceptual errors made by other vehicle drivers. The impact of different head-
light configurations (using colour coding and additional lights) was studied in the presence of visual
distractors (car front lights: only LEDs, only dipped beams, LEDs and dipped beams) and in different

illumination conditions (nighttime, dusk and daytime conditions).

The results indicate that headlight configurations comprising additional yellow lights on the fork and on
the motorcyclist’s helmet significantly improve motorcycle perceptibility by other vehicle drivers. Fur-
thermore, the simultaneous use of daytime running lights (LEDs) and dipped beams by cars, as fre-

quently observed nowadays, has been shown to be particularly detrimental to motorcycle detectability.



Improving car drivers' perception of motorcycles:
Innovative headlight design as a

short-term solution to mitigate accidents



1 Inftroduction

Motorcyclists are very vulnerable road users and their safety has become a critical issue in many devel-
oped counties. The number of killed and seriously injured motorcyclists has not been reduced these last
years, contrary to other categories of road users. For instance, in Italy, France, and Switzerland motor-
cyclists represented as much as 30, 26, and 24 %, respectively, of the total number of road fatalities

(IRTAD, 2013).

In-depth analyses (ACEM, 2009; Hurt, Ouellet, & Tom, 1981; Vis, 1995) show that in many motorcycle
(MC)" accidents the motorcyclists' right of way was violated by other vehicles (in 51 and 81%, as indi-
cated by Hurt et al. and Vis respectively). The most typical accident happens at intersections where a

car turns left and collides with an oncoming MC.

Perceptual errors made by car drivers are one of the main accident causation factors in collisions between
cars and MCs (in 60 or 70% of these accidents, according to Van Elslande & Jaffard, 2010, and Hurt et

al., 1981, respectively). The two kinds of perceptual errors are today well identified:

a) Non (or late) detections of the MC on the one hand, which are due to the low conspicuity (es-
pecially due to its small size, but also to dark colours and irregular contours) of MCs. The main
safety measure in the past has been the use of daytime running lights (DRLs) by MCs, which
became compulsory in the seventies in many countries and made them clearly distinguishable
from other road users. This conspicuity advantage of MCs as the only vehicles with DRLs,
which has been proven to effective in accident reduction, is presently getting lost by the growing
use of DRLs by cars as well. In a previous study (Cavallo & Pinto, 2012), we have shown that
car DRLs are competing light patterns that create visual noise and decrease the detectability of

MCs.

b) The second, and less studied error, is a misperceptions of the MC's speed, distance (Tsutsumi
& Maruyama, 2008; Gould, Poulter, Helman, & Wann, 2012), and time-toarrival (Horswill,
Helman, Ardiles, & Wann, 2005). This error is due to the small dimensions of the MC, which
lead to low angular velocities when the MC is approaching. As a consequence, MC speed is
underestimated and its arrival time overestimated. This misperception results in short temporal

intervals and safety margins accepted by other vehicle drivers when they interact with MCs.

! By motorcycle, we understand all powered two- and three-wheelers.



MC manufacturers bet on “digital conspicuity”, i.e., ITS based vehicle-to-vehicle communication that
will probably provide effective solutions in the long term (at least >15 years). These technological so-
lutions will circumvent the problem related to the limits of visual perception and attention, but until
having reliable systems at our disposal, other solutions have to be found. Innovative MC headlight
configurations could quite easily be implemented and could be an efficient means for improving MC

safety in the coming years.

An increasing number of studies carried out in the last 7-8 years highlight a renewal of research interest
for MC headlight ergonomics. Several investigations have been devoted to the definition of a new visual
signature for MCs to indicate the presence of these road users and favour their detectability. A T-shaped
light configuration (additional lights at the fork and the handlebars forming a T) (RoBger, Hagen,
Krzywinski, & Schlag, 2012) as well as an alternating-blinking light system on the motorcyclist’s helmet
have been shown to be effective (Gershon & Shinar, 2013), but are difficult to implement. Pinto, Cavallo
and SaintPierre (2014) examined much simpler light arrangements and showed significant benefits when
motorcycles had yellow headlights, and also when motorcyclists had an additional light on their helmet.
Contrary to Maruyama, Tsutsumi and Murata (2009), Pinto et al. did not find a detection benefit for
triangle headlights (with two additional lights on the MC’s handlebar).

Other studies addressed the influence of innovative MC headlights arrangements on the perception of
the MC’s speed and arrival time. Tsutsumi and Maruyama (2007) have demonstrated that headlight
configurations that vertically enlarge the MC (with additional lights on the handlebar and the fork) afford
longer accepted gaps than motorcycles equipped with just a standard front light, and this in night-time
as well as in daytime conditions. Gould et al. (2012), on the contrary, found an improved MC speed
perception when the MC was horizontally enlarged that when it was vertically enlarged. These authors

also noted improved speed discrimination when MCs were equipped with a triangle configuration.

All of these studies have focused on only one of the two kinds of perceptual errors. But the motorcyclist
who equips his MC with additional light wants to prevent both kinds of perceptual errors made by other
vehicle drivers. The present study is the first one that investigated headlight configurations that effec-
tively counteract detection errors, and at the same time reduce motion perception errors. The tested
headlight configurations therefore combined design characteristics that are efficient for motorcycle de-
tection on the one hand, but that have also been proven efficient for motorcycle motion perception. We
have specifically chosen colour coding (yellow) and MC vertical enlargement which features seemed to

have the highest potential for improving MC perception.

Our study consisted of two simulator experiments. The first one evaluated the effect of several headlight

configurations on MC motion perception, by measuring the gaps accepted by drivers when turning left



in front of a MC. The best performing configurations were chosen for the second experiment, in which

we tested their capacity of improving MC detectability.

2 Experiment 1

2.1 Method

Participants

Three groups of 23 volunteers took part in the experiment. The groups were matched with regard to age
(31 years), gender (7 women and 16 men in each group), and driving experience. All had normal vision

and were regular drivers.

Driving simulation

A small-scale interactive driving simulator was used, comprising control devices (force-feed-back steer-
ing wheel, gear lever, gas, clutch and brake pedals) as well as visual and auditive rendition systems. The
road environment was displayed on two 47’ high fidelity LCD screens: one in front of the driver and
the other one left to him. The visual scene represented a rural intersection with a road going off 45° to
the left (Figure 1). The traffic (MCs, cars, vans, trucks) approached head-on at different speeds (40 and
60 km/h at nighttime; 60 and 90 km/h at dusk and daytime) and with different time gaps between the
vehicles (3 — 7 s). The MCs were equipped with four different headlight configurations (Figure 2). The
participants’ task was to turn left through the traffic stream when they judged that turning was safe.

Figure 1. MC with the vertical configuration approaching the intersection at daytime.



Figure 2. The four MC headlight configurations tested in a leff-turn situation.

2.2 Results

Night-time

The Figure 3 shows that the vertical and the combined configurations afforded longer accepted gaps at
night-time, when the MCs approached at the higher speed (here, 60 km/h). The chosen gaps were equiv-
alent to those accepted toward cars. At 60 km/h, the time gain for the vertical and combined arrange-
ments as compared to the standard headlight was .91 s and .94 s, respectively. This means an additional

safety distance of about 15 m, which is a sizable asset when cars interact with motorcycles.
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Figure 3. Accepted time gaps (in s) according fo approach speed, for motorcycles equipped
with different headlight configurations and for cars, at nighttime conditions.

Dusk

Figure 4 reveals similar results at dusk conditions. At the higher speed (here, 90 km/h), the vertical and
the combined configurations led drivers to accept time gaps towards MCs which were notably longer
than for MCs fitted with the standard headlight, and which were equivalent to cars. The horizontal con-

figuration afforded the same time gaps as the standard headlight and did not provide any advantage.
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Figure 4. Accepted time gaps (in s) according to approach speed, for motorcycles equipped
with different headlight configurations and for cars, at dusk conditions.

The time gain for the vertical and combined configurations at dusk was .62 s and .76 s with respect to
the standard headlight, and .60 s and .74 s with respect to the horizontal arrangement. These time incre-
ments correspond to additional safety distances between 15 and 19 m at dusk, when turning left in front

of motorcycles equipped with these light arrangements.

Daytime

Figure 5 shows a similar pattern at daytime, with time gains for the vertical and combined configurations
at the higher speed (here, 90 km/h) of about .50 s, but none of these time benefits were statistically

significant.
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Figure 5. Accepted time gaps (in s) according to approach speed, for motorcycles equipped
with different headlight configurations and for cars, at daytime conditions.



2.3 Discussion

The findings of the first study indicate that only light arrangements that accentuated the vertical dimen-
sion of the MC/motorcyclist, i.e., the vertical and combined configurations, provided substantial im-
provements as compared to MCs equipped with only standard headlights or with the horizontal arrange-
ment (“triangle”). Interestingly, the time gaps accepted in front of MC fitted with these configurations

were equivalent to those accepted in front of cars.

The beneficial effect of configurations that accentuate verticality was found to be modulated by ambient
lighting conditions and the motorcycle's approach speed: these two configurations were found to be all
the more effective that ambient lighting was reduced and the MC approach speed high, i.e., in conditions

where the perception of the MC's motion was particularly difficult.

In terms of application, the use of the vertical configuration is without doubt preferable to the combined
configuration, because it requires less additional lights and may be easier accepted by motorcycle riders.
The vertical configuration was then tested in the second experiment regarding its capacity of improving

MC detectability.

3 Experiment 2

3.1 Method

Participants

Three groups of 19 volunteers took part in the experiment. The groups were matched with regard to age
(30 years), gender (4 women and 15 men in each group), and driving experience. All had normal vision

and were regular drivers.

Driving simulation

Only the central screen of the driving simulator (see Experiment 1) was used. The participants were
presented with sequences of 250 ms displaying daytime traffic scenes with cars and MCs approaching
four lanes intersections at constant speed (50 km/h). Cars were fitted with (1) LEDs, (2) dipped head-
lights, or (3) LEDs and dipped headlights lit together (Figure 6). These three environmental conditions
were introduced in order to evaluate the effect of visual distracters, consisting in car DRLs, on MC
detection. Four MC headlight configurations were tested (see Figure 7). The participants’ task was to
detect whether vulnerable road users (MCs, cyclists, pedestrians) were present in the traffic scene. The

vulnerable road users appeared at different distances and eccentricities.



Figure 6. The three environmental conditions comprising different kinds of visual distactors.

Figure 7. The four MC headlight configurations tested for their detectability in a traffic
environment with visual distractors.



3.2 Resulis

Effect of headlight configuration

Figure 8 clearly indicates that the MCs were better detected when they were fitted with configurations
comprising yellow lights. The increase in detectability, compared to the standard headlight, was consid-
erable, 29 and 19 % points for the yellow vertical and the yellow standard configurations, respectively.

The yellow vertical arrangement amounted to almost 90 % of correct detections.

Motorcycle detection rate (%)

White White Yellow Yellow
standard vertical standard vertical

Figure 8. Motorcycle detection rates (%) as a function of motorcycle headlight configuration.

Effect of car DRLs in the visual environment

Figure 9 illustrates the detrimental effect of visual distracters formed by car DRLs, especially when
numerous light sources were present around the MC. This happened when cars had their dipped lights
and LEDs lit simultaneously. The difference in correct detections between the most MC-friendly envi-
ronment, when cars were lit by LEDs only, and the most detrimental environment, when cars lit LEDs
and dipped headlights at the same time, is about 11 % points. In the most distracting visual environment
(LEDs + dipped beams), only the yellow vertical configuration provided a significant benefit as com-

pared to the white standard headlight.
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Figure 9. Motorcycle detection rates (%) as a function of lit car lights in the environment.

3.3 Discussion

The findings emphasize the beneficial effect of the yellow standard lights, and even more, the yellow
vertical configuration. They suggest that colour coding (here, the yellow colour) improved MC detection
and identification, by clearly distinguishing it from other vehicles that all have white front lights. These
results are in line with earlier findings that demonstrated a clear benefit of a yellow MC headlight over

a conventional white headlight (Pinto et al., 2014).

The conspicuity advantage of the yellow configurations also depended on the visual complexity of the
MC’s environment. When many car light sources are visible in the vicinity of the MC, then only the
yellow vertical configuration guarantees a real detectability improvement as compared to the white

standard headlight.

4 Conclusions

We have shown that the yellow vertical configuration is the most beneficial one: it improves the per-
ception of the MC’s motion as well as its detection and identification. This configuration brings together
the characteristics of the two best performing arrangements: the enlargement of the MC’s vertical di-

mension and the colour coding.

In terms of application, it is probably not realistic to assume that MC could be equipped with yellow
frontal headlights, because they are less efficient for lighting the street and may produce colour distor-
tions in road sign perception. We rather recommend a MC lighting configuration that combines a white
central front light and 3 additional yellow lights, one on the helmet and two on the fork. Using the LED

technology for these additional lights could be a good solution to limit power demands.



The recommended light arrangement is less complex than the T-configuration suggested by Rdssger et
al. (2012) and also more realistic than an alternating-blinking light on the helmet as suggested by Ger-
shon & Shinar (2013). Incidentally, both light arrangements have been tested only with regard to MC

detection, but not regarding MC motion perception.

The yellow vertical arrangement has also been shown to be much more effective than the triangle con-
figuration advised by Gould et al. (2012). The triangle configuration has also the favour of the MC
manufacturers, but we have proven that it does not improve MC motion perception at all. A slight benefit
in terms of detectability of the triangle configuration could be expected if the additional 2 lights on the
handle bar are of a different colour (yellow, orange) than car lights, but this effect has not been evidenced

yet.

Finally, it should be noted that MC detectability suffers from distracting light sources on cars, especially
when cars simultaneously light dipped beams and dedicated DRLs. A better separation of these two
functions, involving improved car lighting regulations, could help making MCs easier to detect by other

vehicle drivers.
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Abstract

The “Darmstadt Method for Abrasive Testing” miniaturizes the sliding process of a fallen 75 kg rider
on real road surfaces by means of a three-armed rotor with scaled mass-, inertia, and aerodynamic prop-
erties. Over more than 30 years, it has proven to be an appropriate method to determine the friction
coefficient and protective potential of motorcyclists’ garments. While the functional principle remains
the same since the 1980s, achievements in modern control- and measurement-systems make it possible

to analyze the material behavior of the test specimen on a much deeper level.

In advance to the pending revision of the European standard for the testing of protective clothing, the
Institute of Automotive Engineering (FZD) of the Technische Universitdt Darmstadt revised their test-
rig accordingly, in matters of control, measurement and mechanics. Moreover, additional test-rigs were
built that use the same principle, but work with different parameters such as sliding diameter, mass,

inertia, friction, and aerodynamic drag.

This paper explains the functionality of the method in detail, highlighting its pros and cons. Modifica-
tions to the test-rig are presented to make it suitable for even more testing scenarios (e.g. testing of

motorcycle gloves).

Besides discussing the mechanical improvements to the test-rig, the paper shows how continuous data
acquisition is used to extract the material-only behavior from the measured data through computation of

a continuous friction coefficient.

With these optimizations, the Darmstadt Method is made suitable for both the use in certification as well

as development of motorcyclists’ protective clothes.



Kurzfassung

Das ,,Darmstéddter Verfahren fiir Schutzkleidungspriifung* stellt das Rutschen eines 75 kg Fahrers auf
einer realen Fahrbahnoberflache dar. Dazu werden dessen Massen-, Tragheits- und Luftwiderstandsei-
genschaften auf einen dreiarmigen Probentriager skaliert, welcher bei gegebener Startgeschwindigkeit
auf einer Fahrbahn bis zum Stillstand rutscht. Seit iiber 30 Jahren wird das Verfahren erfolgreich fiir die
Bestimmung des Materialreibwerts sowie der Schutzwirkung von Motorradfahrerbekleidung ange-
wandt. Wenngleich das Prinzip der Priifung seit den 1980er Jahren unveréndert blieb, ermoglicht mo-

derne Mess- und Regelungstechnik eine weitaus genauere Betrachtung des Materialabriebverhaltens.

Im Vorfeld einer anstehenden Revision der europdischen Schutzkleidungspriifnorm wurde der Priifstand
des Fachgebiets Fahrzeugtechnik (FZD) der Technischen Universitit Darmstadt hinsichtlich Mechanik,
Mess- und Regelungstechnik tiberarbeitet. Zudem wurden bei Projektpartnern weitere Priifstinde auf-
gebaut, welche zwar nach dem gleichen Verfahren, jedoch mit variierenden Maschinenparametern wie

Reibradius, Masse, Trigheit, Reibung und Aerodynamik arbeiten.

Im vorliegenden Paper wird das Verfahren detailliert erldutert. Ebenso werden seine Stérken und Gren-
zen beleuchtet. Es werden Uberarbeitungen des verwendeten Priifstands vorgestellt, die weitere Test-

szenarien ermoglichen sollen (z.B. Handschuh-Tests).

Neben der Diskussion der mechanischen Verbesserungen am Priifstand wird beschrieben, wie die kon-
tinuierliche Datenerfassung es ermdglicht, das materialspezifische Reibverhalten zu ermitteln. Verschie-

dene Auspriagungen des Reibverhaltens werden aufgezeigt und interpretiert.

Durch die aufgezeigten Priifstandsoptimierungen wird das Verfahren sowohl zur Verwendung als Zer-

tifizierungs- sowie Entwicklungswerkzeug fiir Motorradfahrer-Schutzbekleidung tauglich gemacht.



Quo Vadis, Darmstadter Methode fur Schutzkleidungsprifung



1 Einleitung und Motivation

Trotz rasanter Entwicklungen in den Bereichen aktiver und passiver Sicherheit im Motorradsektor ge-
hoéren Motorradfahrer weiterhin zu den am meisten geféahrdeten Stralenverkehrsteilnehmern. Im Jahre
2012 iberstieg die Anzahl der verletzten Motorradaufsassen die Anzahl aller unfallbeteiligten Motorra-

der . Somit endete nahezu kein in der Statistik erfasster Motorradunfall ohne Verletzte.

Die einzige Schutzwirkung in Folge eines Sturzes oder einer Kollision geht von der Bekleidung des
betroffenen Motorradfahrers aus. Die Linderung von Unfallfolgen kann demnach nur durch geeignete
Schutzkleidung erfolgen. Die Anforderungen an diese sind dabei vielfiltig. Neben Komfort und Wet-

terschutz seien hier genannt:

e Schlagdimpfung — zum Schutz vor Prellungen und Frakturen an aufprallgefdhrdeten

Korperregionen.

e Zug- und Reilfestigkeit (v.a. auch an Nahtstellen) — um ein Auftrennen der Schutzkleidung

unter Last zu verhindern.

e Abriebfestigkeit — um Lochbildung an der Schutzkleidung und damit die Gefahr von

Schiirfwunden zu mindern.

Vor mehr als 30 Jahren wurde am Fachgebiet Fahrzeugtechnik (FZD) der TU Darmstadt das ,,Darmstéd-
ter Verfahren fiir Schutzkleidungspriifung® entwickelt . Wéhrend es zunéchst aus mehreren Tests fiir
verschiedene Materialkenngréfen bestand, konnte sich lediglich der Abriebversuch bis in die heutige

Zeit durchsetzen.

Kapitel 2 des vorliegenden Dokumentes diskutiert das dem Abriebversuch zu Grunde liegende Funkti-
onsprinzip und stellt dessen Stirken und Schwichen hervor. Es wird anschlielend (Kapitel 3) darge-
stellt, wie durch eine Uberarbeitung der Mechanik sowie Mess- und Regelungstechnik der Priifstand fiir
die Zukunft geriistet wird. In Kapitel 4 wird die Tauglichkeit des Verfahrens zur Verwendung innerhalb
einer europdischen Priifnorm diskutiert. Schlielich wird das Potential des Verfahrens nicht als reines

Priifmittel, sondern als Entwicklungswerkzeug aufgezeigt und in Kapitel 6 ein Fazit gezogen.



2 Prufverfahren

Der Abriebversuch des Darmstidter Verfahrens fiir Schutzkleidungspriifung wurde zu Beginn der
1980er Jahre entwickelt, um — in Abgrenzung zu damals in der Textilindustrie gebrduchlichen Abrieb-
versuchen — den Motorradunfallhergang moglichst realitdtsgetreu abzubilden. Dieser teilt sich in fol-

gende Phasen auf, die gleichsam auf dem Rutschsimulationspriifstand dargestellt werden:

e Flug- /Sturzphase
e Aufprall
e Rutschphase

e Stillstand

Im Realunfall finden diese Phasen, sofern keine Hindernisse im Rutschweg liegen, als anndhernd ge-
radlinige Bewegung statt. Dabei konnen Rutschwege von weit {iber 50 Metern erreicht werden. Um den
Test sinnvoll unter Laborbedingungen durchfiihren zu kénnen, wird dieser lineare Rutschweg auf eine
Kreisbahn transformiert. Die auf dem Priifstand zwischen Probenmaterial und Fahrbahn erzeugte Fla-
chenpressung von 1,875 N/cm? entspricht der durch einen 75 kg-Fahrer mit 1,75 m Korpergrofie auf
dem Riicken liegenden Menschen erzeugten Flachenpressung (Kontaktfliche = 3,9 dm?). Die genannten
Korpermale bedingen zudem die Gesamttragheit der rotierenden Teile des Priifstands, wie Abbildung

1 verdeutlicht.
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Abbildung 1. Transformation des Rutschwegs auf eine Kreisbahn
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Um die Dimensionen des Priifstands auf ein sinnvolles Mal3 zu reduzieren, findet bei vorgegebener
Flachenpressung eine Skalierung von Anpresskraft und Reibfldche statt. Es ergibt sich im realen Aufbau
eine Reibkreisbahn mit einem Durchmesser von 0,9 m. Die auf knapp 60 cm? skalierte Reibfliche er-
fordert eine Anpresskraft von ca. 110 N, die durch die Gewichtskraft eines dreiarmigen Probentréger-
Sterns erzeugt wird. Um die Rotationstragheit des Gesamtsystems auf das korrekt skalierte Mal3 anzu-
heben, ist ein zusitzlicher Massenstern verbaut. Die Gesamttrigheit ergibt sich folglich durch den Rotor

des Antriebsmotors, Antriebswelle, Probenstern sowie Massenstern.

Der Priifstand ist schematisch in Abbildung 2 dargestellt.
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Abbildung 2. Rutschsimulationsprifstand (links: )

Auf dem Priifstandsrahmen (1) liegt die Fahrbahnkachel (2) auf. Asynchronmaschine (4), Massenstern
(8) und Probenstern (7) sind an einem schwenkbaren Deckel (9) montiert, der im gedffneten Zustand
das Bestiicken des Priifstands ermoglicht. Der Probenstern ist auf einer Vielkeilwelle (6) axial beweglich
und kann durch die Wippe (5) in einer angehobenen Position axial fixiert werden. Dadurch ist eine

Beschleunigung des Systems ohne Kontakt zwischen Probenmaterial und Fahrbahn mdglich.

Zur Priifung eines Probenmaterials werden jeweils drei Proben aufgespannt. Der Antriebsmotor be-
schleunigt auf die gewiinschte, frei wéhlbare Startgeschwindigkeit, wobei der Probenstern in erhdhter
Lage arretiert ist, sodass die Proben ca. 10 mm iiber der Fahrbahn schweben. Bei Erreichen der Testge-

schwindigkeit wird die Arretierung gelost und der Antriebsmotor abgeschaltet. Der Probenstern fallt



herab, sodass die Proben auf die Fahrbahn treffen. Der Rotor verzogert entgegen der Gesamtrotations-
tragheit, bedingt durch Materialreibung, Luftwiderstand und geringe Verluste durch Lagerreibung. Ein
zusétzliches Lastmoment, das bspw. ein permanentmagneterregter Motor auch bei abgeschalteter Span-
nungsversorgung erzeugen wiirde, wird durch die Verwendung einer Asynchronmaschine verhindert.
Der Versuch endet bei Stillstand des Rotors. Rutschweg und Rutschdauer werden aufgezeichnet und
ermoglichen unter Kenntnis der Startgeschwindigkeit die Bestimmung der mittleren Verzogerung. Zu-

dem konnen Masseverlust und Lochbildung an den einzelnen Proben ausgewertet werden.

2.1 Diskussion des Verfahrens

Das vorgestellte Verfahren erméglicht die Abbildung vieler Teilaspekte des realen Unfallhergangs.
Wihrend alternative Verfahren praktisch ausschlieBlich mit sehr niedrigen Testgeschwindigkeiten ar-
beiten, konnen hier realistische Startgeschwindigkeiten bis 130 km/h erreicht werden. Nach Erreichen
dieser Geschwindigkeit fallen die Materialproben auf eine realgetreue Asphalt- oder Zementbeton-Fahr-
bahn, wodurch sie anschlieBend — wie in Realitdt groBtenteils bedingt durch die Reibung zwischen
Schutzkleidung und Fahrbahn — verzogert werden. Bei Versuchen mit einem Fahrerdummy im Jahre
2005 haben sich zudem die zusétzlich verzogernd wirkenden Einfliisse durch Luftwiderstand am Priif-
stand als vergleichbar mit dem in Realunfall auftretenden Luftwiderstand herausgestellt. Nach einer
Uberholung der Steuerelektronik im Jahre 2013 wird zudem die Startgeschwindigkeit wesentlich ge-
nauer eingestellt (Av < 0,3 m/s) . Somit konnte die Reproduzierbarkeit der Messergebnisse noch weiter
erhoht werden. Am Beispiel der mittleren Verzogerung zeigt Abbildung 3 inwieweit einzelne Priifldufe

streuen.
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Abbildung 3. Reproduzierbarkeit von Messergebnissen



Die Abbildung zeigt zudem den groBen Einfluss der Fahrbahn auf das Messergebnis. Die deutlich nied-
rigere mittlere Verzogerung auf der aktuell verwendeten Asphaltfahrbahn kann durch die niedrigere

Mikrorauigkeit im Vergleich zur Betonfahrbahn begriindet werden.

Trotz der gegebenen Vorteile durch die hohe Realitdtsndhe sowie die hohe Wiederholbarkeit fillt eine
Grenze des Verfahrens sofort ins Auge: Durch die Transformation der Reibstrecke auf eine Kreisbahn,
iiberfahren die einzelnen Proben ihre eigene Reibspur mehrfach. Dies hat vor allem dann einen grof3en
Einfluss auf die Messungen, wenn das Probenmaterial schmierende Inhaltsstoffe, wie z.B. das Indigo in
Motorrad-Jeans oder weitere Appretur Riickstdnde enthilt. Solche Schmierstoffe konnen in teils hohem
Mafe den gemessenen Reibwert reduzieren und wirken sich zudem auf das Lochbildungsverhalten der

Materialproben aus.

Neben dem Schmiereffekt ist in Bezug auf die Fahrbahnoberflache auch deren Abnutzung iiber die Nut-
zungsdauer kritisch zu beurteilen. In Abhidngigkeit des Probenmaterials wird eine Fahrbahn unterschied-
lich stark beansprucht. Kritisch sind in dieser Hinsicht polierende Beschichtungen, bspw. Keramik-Be-

schichtungen, die beim Abrieb iiber die Fahrbahn Rauigkeitsspitzen in der Fahrbahnoberfldche polieren.

Wihrend schmierende Komponenten erfahrungsgemal sehr gut durch eine Reinigung der Fahrbahn —
z.B. auch durch Testldufe mit dem Para-Aramid-Referenzmaterial — beseitigt werden konnen, ist die
Kompensation der Fahrbahnabnutzung weniger einfach. So liegt der Schwerpunkt aktueller Untersu-
chungen bei FZD auf der Sicherstellung konstanter Reibeigenschaften der Fahrbahn

e wihrend eines einzelnen Testlaufes (Schmiereffekt),

e im Verlauf einer Testreihe (Schmiereffekt & Abnutzung),

e {iber die Lebensdauer (Abnutzung),
e verschiedener Priifmaschinen in unterschiedlichen Laboren (Fahrbahnfertigung).
Die Notwendigkeit dieser Untersuchungen zeigt die folgende Abbildung auf. Darin ist die mittlere Ver-

zogerung einer Textilprobe auf den beiden rund 10 Jahre alten Testfahrbahnen unter gleichen Versuchs-

bedingungen jeweils bei einem Test im Jahr 2012 und einem Test im Friithjahr 2014 abzulesen .
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Abbildung 4: Zeitabh&ngigkeit des Fahrbahnverhaltens

Wihrend heute wie damals auf der Asphaltfahrbahn eine dhnliche mittlere Verzégerung gemessen wird,
unterscheidet sich diese auf der Betonfahrbahn deutlich. Gleichzeitig kann jedoch bei den neuen Mes-
sungen auf der Asphaltfahrbahn keine Lochbildung an den Proben beobachtet werden, wihrend das
Lochbildungsverhalten auf der Betonfahrbahn erhalten geblieben ist. Gleiche Tendenzen zeigen sich bei
mehreren unterschiedlichen Textil- sowie Lederproben, die ein erstes Mal in einem Zeitraum von 2008
bis 2012 und erneut in 2014 gepriift wurden und lassen auf eine maschineninhirente Problemstellung —
augenscheinlich die Fahrbahnbeschaffenheit — schlieBen. Auch eine Alterung der Testmaterialien
konnte Einfluss auf deren Reibverhalten genommen haben. Somit miissen weitere Untersuchungen des
Langzeitverhaltens durchgefiihrt werden, um die Validitit des Verfahrens iiber die gesamte Nutzungs-

dauer zu bewerten.

3 Uberarbeitung

Das zuvor beschriebene Verfahren hat sich seit nun tiber 30 Jahren als zuverldssiges Werkzeug in der
Schutzkleidungsentwicklung bewahrt. Um den modernen Mdglichkeiten der Mess- und Regelungstech-
nik gerecht zu werden, wurde jedoch in 2012 die Steuerelektronik iiberholt. So gibt nun ein digitaler
Encoder mit einer Auflosung von 1440 Schritten je Umdrehung und einer Ausgabefrequenz von 500 Hz
den zuriickgelegten Weg sowie die aktuelle Drehgeschwindigkeit aus. Beide werden je Zeitschritt in
eine Textdatei geschrieben und stehen somit fiir weitere Auswertungen zur Verfligung, worauf im Fol-
genden weiter eingegangen wird. Anschlieend wird auf Anpassungen des mechanischen Systems ein-

gegangen.



3.1 Kontinuierliche Datenauswertung

Mit der urspriinglich am Priifstand verbauten Messtechnik wurden praktisch ausschlieBlich Mittelwert-
betrachtungen durchgefiihrt. Heute besteht unterdessen die Mdglichkeit, sich iiber einen Testlauf sowohl
Rutschweg als auch -geschwindigkeit mit einer Ausgabefrequenz von 500 Hz ausgeben zu lassen. Wei-
tere Differentiation liefert die Verzégerung Xp,¢o,-. Diese ergibt sich zum groBten Teil aus der Materi-

alreibung, jedoch auch aus Luftwiderstand und Lagerreibung.

In Analogie zum Ausrollversuch eines Fahrzeugs, kdnnen letztere messtechnisch ermittelt werden, in-
dem der Rotor des Priifstands aus einer bestimmten Startgeschwindigkeit auslauft, ohne dabei den Pro-
benstern auf die Fahrbahn fallen zu lassen. Wird die Verzogerung des Rotors bezogen auf die Linge des
Probentriager Arms X0, Uber dem Quadrat der Rutschgeschwindigkeit v aufgetragen, ergibt sich ein
anndhernd linearer Verlauf. Fiir v = 0 ergibt sich die Verzogerung bedingt allein durch Lagerreibung,
welche als konstant angenommen wird. Die Steigung der Geraden lédsst auf den Luftwiderstand schlie-

Ben.
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Abbildung 5. Bestimmung von Luff- und Lagerverzégerung
im Auslaufversuch von vo = 100 km/h

g wAp
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Abbildung 6 zeigt die gemessene Verzogerung am Rutschsimulationspriifstand bei einem Auslaufver-

such sowie den Verlauf der nach obigem Prinzip durchgefiihrten Approximation. Vor allem im Bereich

hoher Geschwindigkeiten ist eine sehr gute Ubereinstimmung zu erkennen.
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Abbildung 6. Auslaufversuch am Rutschsimulationsprifstand von vo = 100 km/h

Werden die approximierten Anteile %40, Und X;44er in einem anschliefend durchgefiihrten Material-

test von der Gesamtverzdgerung abgezogen, ergibt sich die allein durch die Reibung des Probenmateri-

als erzeugte Verzogerung Xy qterial:

XMaterial = XRotor — XAero — XLager

Ist diese Reibverzogerung bekannt, kann schlieBlich der Reibwert des Probenmaterials bestimmt wer-

den:

u= Freip _ M XMaterial _ XMaterial
Fyormai m-g g

Abbildung 7 zeigt den Verlauf der Gesamtverzogerung sowie der Reibverzégerung (in diesem Fall
gleichzusetzen mit dem Reibwert) iiber der Zeit. Da der Einfluss des Luftwiderstands mit der Rutsch-
geschwindigkeit abnimmt, ndhern sich beide Kurven im Verlauf der Messung aneinander an. Die blei-
bende Abweichung resultiert aus der Lagerreibung. Der genaue Verlauf des Reibwertes ist erwartungs-
gemal stark abhingig vom getesteten Material. Eine Interpretation verschiedener Verldufe wird in Ka-

pitel 5 vorgenommen.
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Abbildung 7. Anteile der Gesamtverzégerung am Rutschsimulationsprufstand

3.2 Mechanische Anpassungen

Neben der Modernisierung der Elektrik- und Elektronik-Komponenten wurden und werden mechani-

sche Optimierungen durchgefiihrt, die die folgenden Punkte zum Ziel haben :

e Effizienzsteigerung des Priifablaufes
e Ergonomieverbesserung
e Verstellbarkeit von Maschinenparametern (Anpresskraft, Tragheit)

e FErweiterung des Funktionsumfangs (z.B. Handschuhtest)

Zudem werden Peripheriegerite entwickelt, wie z.B. eine Nivelliervorrichtung, um eine Ausrichtung
der Fahrbahnkachel parallel zur Rotationsebene des Probensterns zu erleichtern, oder eine Schneidevor-

richtung zur teil-automatisierten Probenherstellung.

Der momentane Aufbau des Rutschsimulationspriifstands erzeugt die Anpresskraft allein bedingt durch
das Gewicht des Probensterns. Sie ist somit — abgesehen von dynamischen Effekten durch Fahr-
bahnunebenheiten — anndhernd konstant und zudem nicht anpassbar. Fiir einen Nachfolger des Priif-
stands wird daher die Moglichkeit untersucht, die Anpresskraft durch einen geregelten Aktor zu erzeu-
gen. Dadurch konnten z.B. definierte Kraftspitzen beim Aufprall auf die Fahrbahn — oder gar ein wie-
derholtes Aufprallen, wie es beim Purzeln des gestiirzten Motorradfahrers auftreten kann — nachgestellt
werden. Zudem ergeben sich Moglichkeiten, geédnderte Testszenarien, wie z.B. Abriebversuche von

Handschuhen oder Stiefeln abzubilden, die andere Fldchenpressungen erfordern.



Sofern es — durch eine eigene Aktorik oder nur durch austauschbare Gewichte am Probenstern — mdglich
ist, die Flachenpressung an alternative Testszenarien anzupassen, sind neue Probentriger erforderlich,
um beispielsweise Handschuhe aus der Serienproduktion aufspannen zu kdnnen. Die Anbringung neuer
Probentriger oder von Gewichten zur Erh6hung der Flichenpressung wirkt sich direkt auf die Rotati-
onstragheit des Gesamtsystems aus. Folglich ist auch der Massenstern derart zu konstruieren, dass bei-
spielsweise die radiale Position der verwendeten Massen verdnderlich ist, oder die Massen selbst erhoht
oder verringert werden konnen. Dabei ist besonderer Wert auf die Auswuchtung der rotierenden Teile
sowie die Mittensymmetrie des Massensterns zu legen. Bei Probengeschwindigkeiten von 130 km/h
treten Querbeschleunigungen von bis zu 300 g auf, die andernfalls zu radialen Lastiiberhéhungen in den

Lagern fiihren, oder zu Biegemomenten im Massenstern.

Abbildung 8 zeigt oben den derzeitigen Querschnitt des Massensterns schematisch auf. Durch die Ex-
zentrizitdt des angebrachten Gewichtes und die hohen auftretenden Zentripetalkréfte F,, konnte im Lauf
der Jahre eine plastische Verbiegung des Massensterns beobachtet werden. Die radiale Position des Ge-
wichtes ist durch eine einzelne Bohrung vorgegeben und nicht verdanderlich. Die nachfolgende Darstel-
lung zeigt eine Moglichkeit zur Unterdriickung des zentripetalkraftinduzierten Biegemoments und der

Montage von Gewichten an verdnderlichen Positionen.

Fahrbahn

Abbildung 8: Mégliche Uberarbeitung des Massensterns

Weitere Untersuchungen bei FZD betreffen die Moglichkeit, die Fahrbahnkachel wihrend eines Ver-

suchs horizontal zu verschieben, um den beschriebenen Schmiereffekten entgegenzuwirken.



4 Normung

Fiir die Verwendung des Verfahrens in einer Européischen Priifnorm muss es sich vor allem durch fol-

gende Eigenschaften auszeichnen:

e Hohe Reproduzierbarkeit der Messergebnisse
o Tlber die Zeit
o in unterschiedlichen Priiflaboren

e Erzeugung eines objektiven Kennwertes

Beim derzeit in der europiischen Priifnorm EN 13595 genutzten Verfahren wird eine Materialprobe bei
konstanter Reibgeschwindigkeit von 8 m/s durch handelsiibliches Schleifpapier abgerieben. Als Kenn-
grofB3e fiir das Materialverhalten wird die Dauer herangezogen, die benétigt wird, um ein Loch durch die

komplette Dicke der Probe zu reiben.

Wenngleich mit diesem Verfahren ein gewisser Abstand zum Realunfallgeschehen hingenommen wird,
so liefert es mit der Lochbildungsdauer — zumindest theoretisch — eine objektive Kenngrofle, die eine
Relativbewertung verschiedener Probenmaterialien zueinander ermoglicht. Im Priifbetrieb hat sich je-
doch die Reproduzierbarkeit der Messungen als ungeniigend herausgestellt. Probleme stellen sowohl
das Schleifpapier dar, das kein gleichbleibendes Abriebverhalten gewahrleistet, als auch das Kalibrie-
rungsverfahren, in dem ein Denim-Gewebe, welches ebenfalls kein konstantes Materialverhalten besitzt,
als Referenzmaterial verwendet wird. So werden bei sonst identischen Messbedingungen in verschiede-
nen Labors unzufrieden stellende Messunterschiede erreicht. Fiir die Verwendung innerhalb einer Priif-
norm sind derartige Messunterschiede untragbar, weshalb ein Alternativverfahren gefunden werden

muss.

Dafiir empfiehlt sich das beschriebene Darmstéddter Verfahren. Wie in den Kapiteln zuvor beschrieben,
zeichnet es sich durch eine hohe Reproduzierbarkeit und Realitdtsnihe aus. Als Kennwert bietet sich in
Analogie zum bisherigen Verfahren die Lochbildung an. So kénnen Testmaterialien auf Lochbildung
bei vorgegebener Startgeschwindigkeit getestet werden. Als Mehrwert im Vergleich zur bisher genutz-
ten Methode steht zudem der Reibwert der Materialprobe zur Verfiigung. Sollte eine Zielvorgabe fiir
den Reibwert in die Priifnorm aufgenommen werden, bedeutet dies einen Sicherheitszuwachs fiir Mo-
torradfahrer, da die Schutzkleidungsentwicklung bewusst in Richtung optimaler Verzogerung des Ge-
stiirzten geleitet wird. Durch die kiirzeren Rutschwege verringert sich in direkter Folge die Gefahr von
Aufprillen an Bdumen, Leitplanken oder anderen Hindernissen im Stralenverkehr. Die maximal mdg-

liche Verzogerung ergibt sich aus der Grenze, ab der kein stabiles Rutschen des Verungliickten mehr



stattfindet, sondern der Fahrer zu purzeln beginnt. Nach wird eine mittlere Verzogerung zwischen 0,7 g

und 1,1 g empfohlen.

= Stabiles Rutschen
= Uberschlagsgefahr

= Verzogerungsbereich des
rutschenden Motorrades

dv dv _ dv

2V 2 2 =Y - 2
dt>10m/s at 7..10 m/s at 5...7m/s

Abbildung 9. Verzégerungsbereiche

Weiterhin bleibt jedoch die Verwendbarkeit der Fahrbahnkachel zu kldren. Aus Griinden der leichter
handhabbaren Fertigung soll zukiinftig von der Nutzung einer Asphaltfahrbahnkachel abgesehen wer-
den und ausschlieBlich auf Zementbeton als Fahrbahnwerkstoff zuriickgegriffen werden. Dieser hat sich
zudem in Voruntersuchungen iiber die Nutzungsdauer als bestdndiger hinsichtlich seines Lochbildungs-
verhaltens herausgestellt. Die Anderung des Reibwertes iiber die Nutzungsdauer der Fahrbahn stellt
einen Schwerpunkt aktueller Arbeiten am Testverfahren dar. Die Verwendung einer nach Stralenbau-
norm ZTV Beton 1997 gefertigten Zementbeton-Fahrbahn auf einem Schwester-Priifstand hat sich seit

iiber 15 Jahren bewéhrt und stellt daher eine vielversprechende Alternative dar.

5 Entwicklungswerkzeug

Wihrend das Darmstidter Verfahren zur Anwendung innerhalb der Priifnorm denkbar einfach konfigu-
riert werden kann — Lochbildung und mittlere Verzégerung sind mit einfachster Messtechnik festzustel-
len — bieten zuvor beschriebene Uberarbeitungen ein groBes Potential zu Detailuntersuchungen des Ma-

terialverhaltens.

Als Beispiel sei der erwartete Reibwertverlauf einer handelsiiblichen Lederkombi genannt: Deren La-

ckierung bedingt einen sehr niedrigen Reibwert zu Beginn des Rutschvorgangs. Ist diese oberste Schicht



abgetragen, sodass das Leder selbst {iber die Fahrbahn rutscht, erhoht sich der Reibwert des Probenma-

terials deutlich. Vor allem bei Tests aus hoheren Geschwindigkeiten entstehen iiber den Rutschvorgang

hohere Temperaturen. Fiihren diese zu Verhértungen des Leders, fallt der Reibwert schlieBlich wieder

ab. Abbildung 10 stellt dieses Verhalten schematisch dar.

1. Reiben auf Lackschicht
2. Reiben auf Leder

3. Verhartung durch
Temperatureintrag

v

Abbildung 10. Erwarteter Reibwertverlauf einer lackierten Leder Probe

Abbildung 11 zeigt den gemessenen Verlauf des Reibwertes in Abhéngigkeit des Rutschweges sowie
den Geschwindigkeitsverlauf. Mit einer Geschwindigkeit von 109,1 km/h (bei gewiinscht 110 km/h)

kommt die Probe in Kontakt mit der Zementbeton-Fahrbahn. Der Rutschweg betrdgt 51,54 m und die
Rutschdauer 3,53 s.

1.3
1.2
1.1

Abbildung 11.
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Beim Vergleich der beiden Abbildungen fallen direkt die starken Unterschiede zwischen erwartetem

und gemessenem Reibwert-Verlauf ins Auge. Dafiir kommen mehrere Begriindungen in Betracht:

e Die groBe Reibwertspitze zu Beginn der Messung ist auf eine Kraftilberhohung beim
Aufprall der Proben zuriickzufiihren. Diese tritt ebenfalls im Realunfall auf und erhoht
folglich den Realititsbezug des Verfahrens. Gleichzeitig verstirkt sie jedoch die
resultierende Verzogerung und verfilscht somit den unter Annahme Kkonstanter

Flachenpressung errechneten Reibwert.

e Der zu Beginn des Rutschvorgangs auf die Fahrbahn aufgebrachte Lack wirkt im weiteren
Verlauf des Tests zu stark schmierend und reduziert folglich den gemessenen Reibwert im

mittleren Bereich der Messung.

Einen Vergleich dieser Messung mit einer zweiten Messung bei auf 60 km/h reduzierter Startgeschwin-
digkeit zeigt Abbildung 12. Darin ist der Reibwert der Proben iiber der Rutschgeschwindigkeit aufge-

zeigt.
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Abbildung 12. Variation der Startgeschwindigkeit

Erneut ist die Reibwertspitze zu Beginn beider Rutschvorgidnge deutlich zu erkennen. Nach dem Ab-
klingen der aufprallinduzierten Normalkraftschwankungen zeigt sich jedoch eine sehr gute Uberein-
stimmung beider Kurvenverldufe. Die Differenzen, welche gegen Ende der Messungen auftreten, konn-

ten die Folge leichter Lochbildung bei dem Test aus hoherer Startgeschwindigkeit sein.

Das dynamische Materialverhalten kann in Abhéngigkeit von der Korperregion, in der das Material zum

Einsatz kommt ein unterschiedliches Idealverhalten aufweisen. So sollten beispielsweise Regionen, die



nach dem Aufprall auf die Fahrbahn einen groen Einfluss auf die Bremswirkung besitzen (z.B. Gesal,
Oberschenkel, Schultern, Riicken, etc.) —unabhingig von weiteren GroB3en wie zum Beispiel der Schlag-
ddmpfung — einen konstant hohen Reibwert und damit gute Verzogerungswerte erzeugen (Verlauf 1 in
Abbildung 13). Ein Nachlassen des Reibwertes, wie ihn Verlauf 2 zeigt, ist dabei einem ansteigenden
Verlauf, wie ihn Verlauf 3 zeigt, zu bevorzugen, da dieser zu Beginn des Rutschvorgangs — also bei
noch hohen Rutschgeschwindigkeiten — bessere Verzogerungswerte erzielt. Sollte jedoch zu Beginn des
Rutschvorganges ein dhnlich hoher Reibwert wie in Verlauf 1 oder 2 an der Handschuhfldche auftreten,
konnte der Fahrer beim Aufdriicken der Handballen auf die Fahrbahn die auftretenden Reibkréfte ggf.
nicht mehr abstiitzen. Somit wird es dem Gestiirzten erschwert, das Rutschen mit Hilfe der Hinde zu
stabilisieren. An dieser Stelle wére also ein zunichst niedriger Reibwert zu wiinschen, der jedoch im
Verlauf des Rutschvorgangs kontinuierlich ansteigt (Verlauf 3 in Abbildung 13). So kann der Gestiirzte

die Bremswirkung erhdhen, sobald er kontrolliert {iber die Fahrbahn rutscht.
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Abbildung 13: Unterschiedliche Materialverhalten bei gleichen Mittleren Reibwerten ut
(Modellrechnung)

Die Verldufe 1 und 3 zeigen einen weiteren Vorteil der kontinuierlichen Datenauswertung auf: Bei den
frither durchgefiihrten Priifungen konnten lediglich die mittleren Verzdgerungen tiber die Rutschzeit
trutscn oder den Rutschweg S,.,¢5.n bestimmt werden:
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Zum einen unterscheiden sich beide Mittelwerte aufgrund des nicht konstanten Verzogerungsverlaufes
voneinander. Es muss also stets festgelegt werden, welche Referenz zur Mittelwertbildung herangezo-
gen wird und weshalb. Zum anderen erreichen alle drei gezeigten Reibwertverldufe gleiche Mittelwerte
iiber die Zeit, obwohl sie fraglos ein génzlich unterschiedlich zu bewertendes Reibverhalten aufweisen.
Aufgrund dieser Problematik liegt ein weiterer Entwicklungsschwerpunkt auf der Generierung neuer
Kennwerte, die eine Bewertung des Materialverhaltens unter Betrachtung des Verwendungszwecks er-

moglichen.

Trotz der geschilderten Problematik hinsichtlich der Fahrbahnkonstanz besteht zum Darmstédter Ver-
fahren hinsichtlich Realitdtstreue und Reproduzierbarkeit der Ergebnisse aktuell keine Alternative. Die
zuvor gezeigten Betrachtungen sind derzeit allein mit diesem Verfahren durchfiihrbar. Andere bekannte
Verfahren weichen in der Regel nicht nur deutlich stirker vom Realunfallgeschehen ab, sondern erzeu-
gen zudem Kennwerte, die hochstens indirekt relevant fiir Motorradfahrer-Schutzbekleidung sind. Fiir
die Entwicklung zukiinftiger Schutzbekleidung bietet das Darmstédter Verfahren somit besonders gro-

Bes Potential.

6 Fazit / Ausblick

Das Darmstadter Verfahren fiir Schutzkleidungspriifung — im speziellen der Abriebversuch — zeichnet
sich durch einen realgetreuen Testablauf hinsichtlich des Motorradunfallgeschehens aus. Bereits bei der
Verwendung einfachster Messtechnik konnen mehrere Kennwerte generiert werden, die relevant fiir das
Realunfallgeschehen sind. Dabei hebt es sich besonders durch die zusétzliche Betrachtung des Reibwer-

tes von anderen Verfahren hervor.

Die in diesem Dokument aufgezeigten Uberarbeitungen am Rutschsimulationspriifstand schaffen einen
groBBen Mehrwert gegeniiber dem bisherigen Priifablauf. Die genannten mechanischen Arbeiten am
Priifstand verbessern die Ergonomie, erh6hen die Effizienz und ermdglichen neue Testszenarien. Die

erneuerte Messtechnik schafft die Moglichkeit zur dynamischen Betrachtung des Materialverhaltens.

Diese Vorteile kann das Verfahren jedoch nur dann sinnvoll nutzen, wenn ein gleichbleibendes Reib-
verhalten der Testfahrbahn — sowohl wihrend eines einzelnen Testlaufes, als auch iiber die Lebensdauer
hinweg — gewihrleistet werden kann. Daher sind weitere Untersuchungen der Fahrbahnkachel hinsicht-

lich Betonzusammensetzung sowie Reinigung und Abnutzung unabdingbar.

Sobald diese Voraussetzungen geschaffen sind, hat das Darmstédter Verfahren fiir Schutzkleidungsprii-
fung die Anforderungen erfiillt, um in der européischen Priifnorm verwendet zu werden und damit einen

Beitrag zur Entwicklung sicherer Motorradfahrer-Schutzbekleidung zu leisten.
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Abstract

Ducati launched in 2014 the Multistrada D-Air® model, featuring a fully integrated, intelligent system
of sensors wirelessly connected to Ducati Apparel airbag jackets by Dainese. Marking a ‘world's first'
in the motorcycle industry and combining the innovative designs from two famous Italian brands, the

new Ducati model takes a significant step forward in two-wheel safety.

Combining the expertise of both Ducati and Dainese, the intelligent passive safety system uses sensors
built into the Multistrada's existing electronics to constantly understand the vehicle's dynamic situation
and deploying only when subjected to a genuine accident scenario, considerably reducing the risk of

injury upon impact.



The technology of Multistrada D-Air® motorcycle with airbag



The Multistrada 1200 S Touring D|air

Ducati introduces the Multistrada 1200 S Touring D|air model, featuring an integrated, intelligent
safety system wirelessly connected to Ducati Apparel D|air® airbag jackets by Dainese. Marking a
‘world’s first’ in the motorcycle industry and combining the innovative designs from two famous
Italian brands, the new Ducati model takes a significant step forward in two-wheel safety.

The cooperation of expertise between Ducati and Dainese has produced an intelligent system that
uses sensors built into the Multistrada 1200 S Touring’s electronics to constantly understand the
vehicle’s dynamic situation, deploying only when subjected to a genuine accident scenario. The
Multistrada D|air® system completes the data analysis and airbag deployment inside both the rider
and passenger jackets in just 45 milliseconds, considerably reducing the risk of injury upon impact.

The Ducati D|air® is the first production motorcycle with an integrated jacket airbag system to
complete the necessary tests for certification by Germany’s rigorous TUV SUD, the association
responsible for defining the standards for wearable airbags. Ducati’'s premiere of the technology,
developed with Dainese, further underlines the Italian motorcycle manufacturer’'s commitment to
enhanced safety, already represented by their Ducati Safety Pack consisting of multi-level ABS,
traction control and power-controlling Ride-by-Wire.

The Ducati Multistrada DJ|air®, which is also equipped with Ducati’s semi-active Skyhook
suspension, will be available in European Ducati Dealerships from May 2014 onwards along with
the D|air® Street jackets.
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Multistrada DJair® Street technology

Now common place in the automotive world, the airbag remains the most effective passive safety
system. A really effective motorcycle airbag for street use, however, must have a deployment time
of less than 80 milliseconds in order to provide adequate protection to the rider against the impact
of another vehicle. Until now, this system simply did not exist.

Ducati’'s Multistrada DJair® system is designed to deploy in just 45 milliseconds, protecting the
rider and passenger’s body exposed to impact by absorbing the forces with an airbag expertly built
into the jacket by Dainese. The airbag system is capable of split-second inflation without hindering
the rider and intelligent enough to understand the difference between a potentially dangerous
accident and a low-speed incident, or the motorcycle simply falling over.

This intelligence comes from a sophisticated algorithm, which manages data delivered from two
triple-axis accelerometers fixed to the left and right fork bottoms of the Multistrada’s front
suspension and an additional two rear triple-axis accelerometers mounted in the D|air® Electronic
Control Unit (ECU) positioned under the seat. When the sensors detect a potentially dangerous
crash scenario, an algorithm is triggered which takes just 25 milliseconds to decide if airbag
deployment is necessary or not. If deployment is necessary the Dl|air® ECU onboard the
Multistrada, which is continuously in bi-directional radio contact between the system and the
Dainese jackets, initiates and completes airbag inflation in just 20 milliseconds, a total of 45
milliseconds from the start of impact.

The system adds just 1kg to the Multistrada and the only visual difference to the model is the
addition of an extra LED display on the main instrumentation that constantly provides the system’s
active status. The horizontal display is divided into three sections with illuminated displays from left
to right for “Rider”, “DJair” and “Passenger”. Designed to provide reassurance to the user, both the
green-coloured Rider and Passenger sections illuminate constantly to confirm that the rider’s and
passenger’'s airbag jacket is connected (paired) with the D|air® system and ready for use. The
system is programmed to warn the user of a jacket system error by flashing slowly and will flash
faster if the jacket has failed to connect to the system after 30 seconds of key-on. The central
yellow light remains off when the system is active and ready for use, but will illuminate constantly
to warn of a low battery in the airbag jacket or a D|air® system error.

The original round, dot-matrix part of the Multistrada’s instrumentation is utilised to display
information for rider and passenger airbag battery levels in addition to airbag jacket scheduled
maintenance reminders.
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Multistrada D|air® airbag deployment scenarios

The system’s intelligence is able to recognise the main scenarios in which the Multistrada DJair®
must deploy its airbag jackets. Those scenarios include: a) the vehicle’s frontal impact into another
object, b) collision impact into the side of a vehicle side or rear impact from another vehicle and c)
when control is lost and the motorcycle is sliding on its side. In this last scenario, the airbag
deploys ready to provide protection against the rider or passenger sliding into an obstacle.

By recognising these scenarios, the system avoids to deploy during non-dangerous incidents, such
as aggressive sport riding, losing balance while manoeuvring at low speed or the motorcycle
simply falling over while parked.

Multistrada DJair® Street jacket by Dainese

The Ducati D|air® Street jacket (not included with motorcycle) is designed for long-range touring
and provides maximum protection and comfort by introducing the Djair® airbag technology with
GORE-TEX® membrane. In addition to the D|air® Street airbag system, which is powered-on with
a slide switch built into jacket, the garment is equipped with shoulder and elbow protectors and a
Wave back protector inside a waterproof and breathable GORE-TEX® fabric with detachable
thermal lining. The highly innovative system is designed, developed and patented by Italian
manufacturer, Dainese S.p.A., a world leader in the field of protective clothing for motorcyclists.

The garment incorporates two high-pressure, three-dimensional, 12 litre structural airbags inflated
by two 'cold' technology gas generators integrated into the jacket lining. The three-dimensional
airbag structure provides a controlled, high-pressure expansion that assumes a pre-formed shape
designed to wrap around and protect the rider's body. The jacket, which weighs just 1.5kg more
than an ordinary jacket, feels exactly the same as a conventional garment, while achieving
maximum impact absorption with minimum bulk.

The DJair® Street jacket reduces impact energy transmitted to the body by up to 72% compared
with a back protector and up to 89% compared with a chest protector. This substantially enhances
back, collarbones and chest protection in addition to limiting the ‘tilting’ of the wearer’'s head in
relation to the neck, by reducing excessive helmet movement while ‘tumbling’ during an accident.

The DJair® Street jacket’s integral system, which requires a maintenance check every 24 months
starting from its first connection (pairing) with the Multistrada D|air®, is powered by a battery pack
charged via a USB connection built into the garment, from which a 5 hour charge will guarantee 30
hours of autonomy. The Dj|air® jacket maintenance reminders and battery levels are clearly
communicated to the rider via the Multistrada’s instrumentation.
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The Multistrada 1200 S Touring D|air

The brand new DJair® system is fully integrated into the highly acclaimed Multistrada 1200 S
Touring, the multi-tasking motorcycle that features confidence-inspiring electronics, including the
advanced Ducati Skyhook Suspension (DSS).

The DJair® introduction continues the Multistrada adventure with a long list of fascinating and high-
tech features that enhance the model's reputation for industry-changing innovation, including the
second generation Testastretta 11° DS engine and the Bosch ABS 9ME braking system with full
Riding Mode integration.

Combining ground-breaking design and unprecedented technology, the Multistrada’s Sport,
Touring, Urban and Enduro Riding Modes enable a truly enjoyable and customisable riding
experience separated by just one click. The four-bikes-in-one concept makes instant adjustment to
power and torque delivery in addition to electronic adjustment of suspension settings, traction
control, ABS and Ducati Skyhook Suspension, instantly transforming the Multistrada to suit its rider
and environment with precision.

Hailed as a true ‘game-changing’ motorcycle, the Multistrada 1200 S Touring has attracted all
types of riders by removing the borders between motorcycle categories. With the latest 150hp
Testastretta 11° DS engine, a class-leading dry weight of just 207kg* and the application of
advanced ergonomics, the Multistrada is not only powerful and playful, but also a comfortable and
versatile adventure on two wheels. The eight-level DTC and three-level ABS of the Ducati Safety
Pack (DSP) is now in addition to the innovative new DJair® system, further underlining Ducati's
focus on performance safety.

Dressed in Ducati red, the early entry 2015 Multistrada 1200 S Touring D|air comes fully equipped
with additional side luggage, heated grips and centre stand and will be available in European
Ducati dealerships from May 2014 onwards.

*New Multistrada 1200 S Touring DJair model
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	Entwicklung einer Methode zur Analyse und Wirksamkeitsbewertung von Fahrsicherheitsfunktionen in motorisierten Einspurfahrzeugen (Dipl.-Ing. Kay Büttner; Dr.-Ing. Volker Quarz – TU Dresden / Dipl.-Ing. Franka-Maria Volk – BMW)

	Motorcycle-Car Multi-Driver Simulation – A new methodological Approach towards increased Powered Two Wheeler safety (Dipl.-Psych. Sebastian Will – Wuerzburg Institute for Traffic Sciences, Veitshoechheim, Germany (WIVW GmbH) / Dipl.-Inform. Christian Mark – Center for Traffic Sciences, Würzburg, Germany (IZVW) / Dipl.-Psych. Alexandra Neukum; Dr. Armin Kaussner – Wuerzburg Institute for Traffic Sciences, Veitshoechheim, Germany (WIVW GmbH))
	Die vernetzte Motorrad-Pkw Simulation – ein neuer methodischer Ansatz zur Steigerung der Verkehrssicherheit für motorisierte Zweiradfahrer (Dipl.-Psych. Sebastian Will – Wuerzburg Institute for Traffic Sciences, Veitshoechheim, Germany (WIVW GmbH) / Dipl.-Inform. Christian Mark – Center for Traffic Sciences, Würzburg, Germany (IZVW) / Dipl.-Psych. Alexandra Neukum; Dr. Armin Kaussner – Wuerzburg Institute for Traffic Sciences, Veitshoechheim, Germany (WIVW GmbH))

	A study of visual interface on development of Vehicle to X communication system for motorcycles (Taro Onoue; Yoshiaki Uchida; Kazuyuki Umiguchi; Kenji Seto – YAMAHA MOTOR CO., LTD.)
	Studie über ein visuelles Interface bei der Entwicklung von „Vehicle to X-Kommunikationssystemen“ für Motorräder (Taro Onoue; Yoshiaki Uchida; Kazuyuki Umiguchi; Kenji Seto – YAMAHA MOTOR CO., LTD.)

	Motorcycle riding simulation to assess instrument and operation concepts and informing riding assistance systems (Sebastian Guth – BMW Motorrad, Germany)
	Motorrad-Fahrsimulation zur Absicherung von Anzeige-Bedien-Konzepten und informierenden Assistenzsystemen (Sebastian Guth – BMW Motorrad, Germany)


	II / Session 3
	20_Meredith_b
	21_Espié_a
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