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Abstract: Motorcycle safety is a critical concern in traffic systems worldwide. This paper introduces a novel approach to
enhancing rider safety through the integration of airless tires and advanced airbag systems, underpinned by artificial
intelligence (Al) and control sensors. Airless tires contribute to vehicle stability by eliminating the risk of sudden deflation, while
Al-driven airbag systems promise dynamic protection for riders during collisions. The study begins with an analysis of airless
tire technology, emphasizing its impact on motorcycle stability and safety. It then transitions to the development of motorcycle-
specific airbag systems, which utilize Al to process sensor data and make real-time decisions regarding airbag deployment. The
effectiveness of these systems is validated through crash simulation tests and impact force measurements, demonstrating a
substantial reduction in injury severity. Challenges such as cost, user acceptance, and technical constraints are thoroughly
examined. The paper concludes with a discussion on future trends, including the potential for Al to predict and prevent
accidents before they occur, thereby setting a new standard for motorcycle safety.

L. INTRODUCTION

.The air that is still contained in the tire is one of the factors that greatly affect the occurrence of loss of control. Based on research at
Honda, if the air pressure in the tire has decreased by only 0.3 kg/cm?2, then the stability of the motor will decrease by 10%. This
situation is often experienced by new riders who still do not understand the characteristics of tire pressure changes. With easy and
fuelefficient maintenance, airless tires will greatly assist the rider. Because there are no tires that will leak air and the tire has high
bending properties with road conditions, airless tires will increase vehicle stability and safety. High bending properties are obtained
from the elastic modulus that is smaller than conventional tires. With the airless tire and small motor dimensions due to the use of
electric energy from the airless tire compressor, we will make a two-wheel vehicle to assist people with the same functionality as a
single-wheel vehicle, the wheelchair. Airbag system has been widely used in automotive in order to reduce injuries during a crash
and save human lives. But for two-wheeled vehicles, this system is rarely used. It's because in motorcycles, when accidents happen,
people tend to be thrown from their vehicle and experience several contacts before a really serious impact occurs. The first contact
is the motor with the ground or another object, the second is the rider with the motor or ground, and the serious impact is when the
rider hits a hard/stiff object such as another vehicle or a wall, etc. Based on the data from NHTSA on traffic accidents involving
motorcycles, more than 22% of accidents occur only because of a mild collision avoidance or when sliding due to road conditions.
In addition, the rider's physical condition also affects whether an accident will occur or not. More than 90% of accidents that occur
only involve one rider and are often caused by a loss of vehicle control. Then, more than 50% of motorcycle accidents occurred with
a time of use under 6 months and 33% with a time of use under 6 years. Background In riding a motorcycle, the accident is
something that can't be predicted and avoided, because we can't guess the driver of other vehicle mistake. The lack of safety
facilities in a motorcycle is also one of the supporting factors of the high-rate motorcycle accident. And if we are looking for the
other side about the increase of the number of sales and usage of high cc motorcycle; it's also increased the excitement for world
class motorcycle racing fans today. All of these things inspired us to do some innovations that can support the driving safety of a
motorcycle, especially in the purpose for reducing the number of motorcycle accidents. So, we decided to temporarily stop our plan
for joining in world class motorcycle racing, and we are concentrating our team to make a breakthrough innovation to reach a
motorcycle driving safety.
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Background is all matter about the driving territory of motorcycle at this time. The motorcycle driving territory at this time always
increases in both positive and negative meaning. The positive meaning is the increasing of requirements from people around the
world about the motorcycle usage as an economical transportation mode and also about the race of motorcycle in world level with
higher cc. It's proven with many motorcycle exhibitions around the world and motorcycle racing with Moto GP level which is
followed by many countries, and also with the increasing sales of high cc motorcycle. But, increasing of motorcycle usage around
the world is also followed by the increasing of accidents that involve motorcycle with other vehicle, with the number of percentages
reaches 75% from the total motorcycle users, and this is the negative meaning. Objective The primary objective of this research is to
explore the potential of airless tires and airbag systems in improving motorcycle safety. By analysing the technological
advancements, benefits, challenges, and future prospects of these innovations, this paper aims to provide insights into their
effectiveness in enhancing vehicle stability, protecting riders, and preventing accidents. Scope This paper will investigate the
following key aspects: The technology behind airless tires, including their design, materials, and impact on vehicle stability. The
development and implementation of airbag systems in motorcycle safety gear, including their design, functionality, and
effectiveness. The benefits of airless tires and airbag systems in reducing injuries and fatalities in motorcycle accidents. The
challenges and limitations associated with the adoption and integration of these technologies into existing motorcycle designs. The
future trends and potential innovations in motorcycle safety technology, including advancements in sensor technology, artificial
intelligence, and smart vehicle systems. By examining these aspects, this research aims to provide a comprehensive understanding
of the role of airless tires and airbag systems in improving motorcycle safety and reducing the risk of accidents.

I AIRLESS TIRES: REVOLUTIONIZING MOTORCYCLE STABILITY

Technology and Design Airless tires, also known as non-pneumatic tires or NPTs, represent a radical departure from traditional
pneumatic tires by eliminating the need for air pressure. Instead of relying on air to support the vehicle’s weight and absorb shocks,
airless tress utilizes innovative materials and structures to provide similar performance characteristics without the risk of air leakage.
One of the key features of airless tires is their unique design, which typically consists of a series of flexible spokes or a solid lattice
structure that supports the weight of the vehicle. These structures are made from resilient materials such as rubber, thermoplastic
elastomers, or composite materials, which offer both flexibility and durability. Unlike conventional tires, which rely on air pressure
to maintain their shape and provide cushioning, airless tires distribute the vehicle’s weight evenly across their surface, minimizing
the risk of uneven wear and punctures. In addition to their structural design, airless tires often incorporate advanced materials and
manufacturing techniques to enhance their performance characteristics. For example, some airless tires feature specially formulated
rubber compounds that provide superior grip and traction in various road conditions. Others may incorporate lightweight materials
such as carbon fibre or Kevlar to reduce weight and improve fuel efficiency. Overall, the technology and design of airless tires
represent a significant departure from conventional tire designs, offering enhanced durability, stability, and safety for motorcycle
riders.Impact on Vehicle Stability One of the primary benefits of airless tires is their ability to enhance vehicle stability and
handling, particularly in challenging road conditions. By eliminating the risk of air leakage and maintaining consistent tire pressure,
airless tires provide a more stable and predictable riding experience for motorcyclists. Traditional pneumatic tires are susceptible to
fluctuations in air pressure, which can affect their performance and handling characteristics. Even minor changes in tire pressure can
lead to reduced traction, increased rolling resistance, and decreased stability, particularly at high speeds or during sudden
manoeuvres. In contrast, airless tires maintain their shape and performance characteristics regardless of changes in external
conditions, providing a more consistent and reliable riding experience. The enhanced stability provided by airless tires can be
especially beneficial for new riders who may lack experience or confidence in controlling their motorcycle. By reducing the risk of
skidding, sliding, or loss of control, airless tires can help novice riders feel more comfortable and secure on the road, ultimately
improving overall safety. Additionally, the improved stability and handling offered by airless tires can enhance the performance of
motorcycles in off-road or rough terrain environments. Traditional pneumatic tires are vulnerable to punctures and damage from
rocks, debris, and other obstacles, which can compromise their performance and safety. Airless tires, with their durable construction
and puncture-resistant design, offer a more robust solution for riders who venture off the beaten path. Durability and Maintenance
Another key advantage of airless tires is their enhanced durability and reduced maintenance requirements compared to conventional
pneumatic tires. Traditional tires are prone to punctures, flats, and blowouts, which can result in costly repairs and downtime for
riders. In contrast, airless tires are designed to withstand the rigors of everyday riding without the risk of punctures or leaks. The
solid or semi-solid construction of airless tires eliminates the need for regular inflation checks and pressure adjustments, simplifying
maintenance and reducing the risk of tire-related issues on the road.
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Additionally, the absence of an inner tube or air chamber reduces the risk of pinch flats and blowouts, further enhancing the
reliability and longevity of airless tires. While airless tires offer significant advantages in terms of durability and maintenance, they
are not without their drawbacks.

The solid or semi-solid construction of airless tires can result in a stiffer ride compared to traditional pneumatic tires, which may be
less comfortable for some riders, particularly over long distances or rough terrain. Additionally, airless tires may be more expensive
to manufacture and replace than conventional tires, which could pose a barrier to widespread adoption.

II1. AIRBAG SYSTEMS: ENHANCING RIDER SAFETY

Development of Motorcycle-Specific Airbag Systems The adaptation of airbag technology for motorcycle safety gear has been a
significant area of innovation in recent years. Recognizing the unique challenges faced by motorcycle riders, several manufacturers
have developed specialized airbag systems designed to provide protection in the event of a crash. These motorcycle-specific airbag
systems typically consist of a wearable vest or jacket equipped with integrated airbag modules. Unlike automotive airbag systems,
which are built into the vehicle’s structure, motorcycle airbag systems are designed to be worn by the rider, providing personal
protection in the event of a crash. Deployment Mechanisms and Sensors The deployment mechanism of motorcycle airbag systems
varies depending on the design and manufacturer. Some systems utilize tethered or wireless sensors that detect sudden deceleration
indicative of a crash and trigger the inflation of the airbag modules. Others incorporate accelerometers and gyroscopes to detect
changes in rider orientation and activate the airbags accordingly. These sensors are strategically positioned within the motorcycle
gear to accurately detect crashes and initiate the deployment sequence. In addition to detecting impacts, some systems also monitor
rider movement and position to ensure optimal deployment timing and trajectory. Types of Motorcycle Airbag Systems There are
several types of motorcycle airbag systems available on the market, each offering varying levels of protection and coverage. Frontal
airbag systems are the most common and typically inflate to protect the rider’s chest, abdomen, and spine in the event of a frontal
collision. In addition to frontal airbags, some motorcycle airbag systems also feature side airbag modules that provide protection in
the event of lateral impacts or slides. These side airbags inflate rapidly upon detection of a crash, providing additional protection for
the rider’s torso and vital organs. Effectiveness and Benefits Studies have shown that motorcycle airbag systems can significantly
reduce the severity of injuries in the event of a crash. Research conducted by the Motorcycle Accident In-Depth Study (MAIDS)
found that riders equipped with airbag vests or jackets were less likely to suffer severe injuries to the chest, abdomen, and spine
compared to those without airbag protection. In addition to reducing injury severity, motorcycle airbag systems can also help
prevent secondary injuries caused by impacts with the ground or other objects. By providing a cushion of protection around the
rider’s body, airbag systems can help absorb and distribute impact forces, reducing the risk of fractures, internal injuries, and
abrasions

Iv. BENEFITS OF AIRBAG SYSTEMS IN BIKE SAFETY

A. Reduction of Impact Forces

One of the primary benefits of airbag systems in motorcycle safety is their ability to reduce the impact forces experienced by riders
during a crash. In traditional motorcycle accidents, riders are often thrown from their bikes and can experience significant impacts
with the ground or other objects. Airbag systems provide an additional layer of protection by deploying inflatable cushions that
absorb and distribute these impact forces, thereby reducing the risk of serious injury. Studies have shown that airbag systems can
significantly decrease the severity of injuries sustained by motorcycle riders. By cushioning the rider’s body and dissipating energy
over a larger surface area, airbags help mitigate the effects of sudden deceleration and blunt force trauma associated with crashes.
This can lead to fewer fractures, internal injuries, and abrasions, resulting in improved overall outcomes for riders involved in
accidents.

B. Protection of Vital Body Parts

Another important benefit of airbag systems is their ability to protect vital body parts during a crash. In motorcycle accidents, the
chest, abdomen, and spine are particularly vulnerable to injury due to the high forces involved. Airbag systems are designed to
specifically target these areas, deploying inflatable cushions that provide protection against impacts and blunt force trauma. Frontal
airbag systems, for example, are positioned to inflate in front of the rider’s torso, creating a protective barrier between the rider and
any objects or surfaces they may come into contact with during a crash. Side airbag modules provide additional protection for the
torso and vital organs, further reducing the risk of injury in the event of a lateral impact or slide.
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By safeguarding these critical body parts, airbag systems help minimize the risk of serious injury and improve the chances of
survival for riders involved in motorcycle accidents. This can have significant implications for long-term health outcomes and
quality of life for individuals affected by crashes.

C. Prevention of Fatal Injuries

Perhaps the most significant benefit of airbag systems in motorcycle safety is their potential to prevent fatal injuries. Motorcycle
accidents are a leading cause of death and serious injury worldwide, with riders facing a disproportionately high risk of fatality
compared to occupants of enclosed vehicles. Airbag systems offer a promising solution to this problem by providing an additional
layer of protection that can help prevent fatal injuries in the event of a crash. Studies have shown that airbag systems can
significantly reduce the risk of death and serious injury for motorcycle riders involved in accidents. By cushioning the rider’s body
and reducing the severity of impact forces, airbags help mitigate the most lifethreatening aspects of crashes, such as blunt force
trauma to the head, chest, and abdomen. This can mean the difference between life and death for riders involved in high-speed
collisions or other severe accidents. Overall, the benefits of airbag systems in motorcycle safety are clear. By reducing impact
forces, protecting vital body parts, and preventing fatal injuries, airbags offer a valuable tool for improving rider safety and reducing
the risk of death and serious injury in motorcycle accidents.

D. Simulation Model

Data collection is accomplished solely by means of simulation as it offers the opportunity to cheaply evaluate and measure various
operational driving and collision scenarios. In addition, the motorcycle concept currently only exists virtually, and real-world
driving and crash tests are costly and pose great challenges to represent targeted scenarios. The simulation model is implemented in
Siemens Simcenter’s Madymo (version MADYMO 2020.1), which serves as a multibody (MB) finite-element (FE) crash-
simulation environment. Madymo is a simulation environment for physical systems with a focus on vehicle collision dynamics and
passenger safety and injury assessment. It combines MB system capabilities for large rigid body motions as well as FE analysis for
structural behaviour. Here, simulating crash dynamics not only saves costs but can also serve to reduce time to market significantly

V. MOTORCYCLE MODEL AND ACCIDENT OPPONENT

The motorcycle is modelled with three masses, see Fig. 1, defined by their mass m, rotational inertia I, and geometry. The bodies are
linked via kinematic joints. The motorcycle chassis is attached to the suspended front fork (FF) and rear swing (RS). The telescopic
front fork translates linearly (GFF), whereas the rear swing rotates angularly (cFF). Both suspensions attach to their wheels (FW,
RW) via hubs, around which these rotate (pFW, ¢FW). To model structural deformation in an impact, the front fork allows for
angular deformation ¢FF. It depicts a rotation of the front fork inwards around the steering hub. As an impact opponent vehicle, the
simulation setup comprises a collision partner, which is represented by a 1987 Ford Scorpio configured according to [16]. The
model is part of a broader modelling and simulation strategy ranging from a multibody-system ([26]), a coupled multibody- and
finite-element setup ([25, 27]), to a full finite element model ([23]). The multibody model used here is chosen in order to simulate
long scenarios that span many seconds.

Figure 1: Three mass rigid body model of the motorcycle: A frame (Moto) and two wheels (FW, RW).
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For a thorough overview of the models that also include the passive safety systems, be referred to [24, 26]. In contrast to
investigations of passive safety measures in the course of an accident, which are already well-established, the period of interest for
this study includes only a few moments after the impact. This means that the period of interest for this study occurs well before the
passenger comes in contact with the airbags or is significantly restrained by the belts allowing to reduce the overall computational
costs significantly. On the one hand, this allows stopping the crash simulations before any computationally complex passenger-
safety-system interactions occur. On the other hand, the passive safety system, i.e., thigh belts and airbags, and the rider model can
be excluded from the simulation setup as they have no qualitative influence on the simulation results in the period under
consideration. These simulation setup modifications are beneficial for the overall numeric costs and allow for the execution of a far
greater number of simulations than what would have been feasible within the same time with the inclusion of rider and passive
safety systems.

A crucial issue with generating data from the model is that, due to complexity, the model does not allow for the application of
lateral dynamics. Cornering behaviour can thus not be incorporated into the dataset. Hence, only longitudinal dynamics are covered
by the training data. This circumstance has far-reaching ramifications: Since, for example, the steering angle moves out of the 0°
position in case of a head-on crash and by design never leaves this position during normal (non-crash) riding, the classifier would be
induced false knowledge and would most likely decide solely on the basis of the steering angle signal.

Table 1: Recorded output signals from the motorcycle simulation model.

abbreviation description unit comp.
Body lin. vel. motorcycle body linear velocity m/s T
Body lin. acc. motorcycle body linear acceleration m/s? T
Body ang. vel. motorcycle body angular velocity rad/s Y
Body ang. acc. motorcycle body angular acceleration rad /s? Y
FW ang. vel. front wheel angular velocity rad/s

FW ang. acc. front wheel angular acceleration rad /s?

RW ang. vel. rear wheel angular velocity rad/s

RW ang. acc. rear wheel angular acceleration rad /s?

RS ang. pos. rear swing angular position rad

RS ang. vel. rear swing angular velocity rad/s

RS ang. acc. rear swing angular acceleration rad /s>

FS lin. pos. front suspension linear position m

FS lin. vel. front suspension linear velocity m/s

FS lin. acc. front suspension linear acceleration m /s>

FD ang. pos. front deflection angular position rad

FD ang. vel. front deflection angular velocity rad/s

FD ang. acc. front deflection angular acceleration rad /s?

FW cnt. force front wheel contact force N

RW cnt. force rear wheel contact force N

FW/RW vel. diff. wheel speed differential rad/s

FW/RW acc. diff. wheel acceleration differential rad /s?

cnt. sensor left contact sensor left boolean

cnt. sensor right contact sensor right boolean

To circumvent this contingency, signals that contain information about lateral motion are to be strictly neglected in order not to
overestimate the decision-making ability of a classification model. This poses a major restriction on parts of the available sensor
data, as certain DOFs are only changed when the motorcycle collides with an opponent. Signals that are affected by the restriction
are the motorcycle body’s velocity and acceleration, both linear and angular. In Table 1, all modelled sensors and available signals
are listed. The first five signals are subject to dimensional limitation. The used component of these signals is given in the last
column.
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In order to emulate the response of a tire pressure sensor, the resulting contact force between the crash opponent and each tire is
combined with the contact force between each tire and the road surface, yielding the residual contact forces pFW and fRW for the
front and respectively the rear wheel.

VL DATA ACQUISITION

A notable benefit of the proposed method is that the data used to train ML models does not come from logged real-world sensor
data but from closely monitored simulations. This means that each individual sample can be assigned to a scenario and, therefore,
also state (non-crash/crash). The knowledge about the state introduces the ability to use supervised learning methods. A switch is
incorporated into the model in order to automate the labelling process. It is flipped as soon as a part of the motorcycle comes in
contact with the car. The switch is allowed only one initial flip since, for the purpose of this elaboration, a crash does not stop until
the simulation terminates. The switch reliably distinguishes between normal non-crash operation and crash scenarios, and is, thus,
eligible to be further used as a class label for the machine learning classification application.

A fundamental operation of this investigation is to produce data covering the whole spectrum of both non-crash driving and crash
scenarios. Training data must contain all necessary information to reliably differentiate between those two states, but it can only be
composed of a multitude of individual simulations. The fact that the labelling process is not a task to be carried out manually but
rather by the simulation itself enables to consider all necessary scenarios. Henceforth, a scenario-parameter-based simulation
definition is used to fully exploit the fact that individual simulation postprocessing is not required. Consequently, a set of scenario
parameters with an allocated range defines each subset. The individual subsets are then merged to form a comprehensive database.
In order for the parameter space to be sufficiently covered by a given number of instances, Latin-hypercube sampling (LHS) is
applied. LHS, in contrast to simple-randomsampling (SRS), subdivides each parameter’s range into equal-sized subdivisions, thus
effectively partitioning the entire parameter space into hypercubes, called strata. A random sample is generated from each stratum,
thus ensuring that the resulting distribution is fully representative of a given population ([29]). All resulting simulative
measurements are available under [34].

A. Class A: Uncritical Data
Within the class of uncritical data, simulations are divided into two subsets. The first of which uses a sinusoidal base structure as a
road profile. The second subset supplementary adds specified use cases to the database that cannot be reproduced by the sinusoidal
subset.

Table 2: Parameter space for non-crash scenario set A.1.

parameter range unit
sine amplitude D: = 6 m
phase shift D = 360 ~©
road "'noise’ 0O : 0.025 m
UMoto.init. A1l -1.2 . 1.2 lll/.\'
Laccel /decel A1 -500 - 500 N m

Scenario Set A.1

A mesh of rigid shell elements which is created before each simulation serves as contact surface for the motorcycle. This road model
has a total length of 300 m and a segment length of 0.2 m. The sine amplitude ranges from 0 m to 6 m. The first subset’s road profile
is described by a sinusoidal base profile with added noise in order to mimic road-unevenness. By ensuring that the interval length
corresponds to the road length, the steepest section is limited to a road gradient of 12% which amounts to the maximum gradient
found on open roads according to [22]. Phase shift and noise amplitude are also incorporated as parameters for additional variation.
A set of 20 exemplary road profiles is depicted in Fig. 2. The figure additionally depicts an expanded view in order to illustrate the
superimposed noise. The motorcycle’s initial velocity ranges from 3 m/s up to 23 m/s. The speed range is chosen to correspond to
that of the crash scenarios (6). Otherwise, if speed distribution in one class far exceeds that of the other class, the classification
model would tend to incorporate that bias. Lastly, brake and acceleration torque acting on the wheel hubs are derived from one
single parameter (since they cannot occur at once).
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[8] show that the mean braking torque of a motorcycle can be assumed to be 500 Nm and is distributed, so that 70% is directed to
the front wheel and 30% to the rear wheel. Likewise, [14] investigate the acceleration of high-performance race motorcycles. The
authors state that the braking torque at the wheel can reach up to 1000 Nm. As a conservative estimate the acceleration torque limit
is set to 500 Nm since the motorcycle under investigation here is not designed for racing. Scenario set A.1 is composed of 100
entities that are parametrized via LHS. The parameters with their corresponding variation range are listed in Tab. 2.

10

road height in m

-10

T
A

0 250
road length in m

Figure 2: Road profiles for non-crash scenario set A.1. The road consists of a start platform which is connected to a randomly
generated sinusoidal profile with a maximum gradient of up to 12% and a superimposed noise

Scenario Set A.2

Although the parametrized scenario generation already covers a wide range of applications, some use cases cannot be emulated by
this method and should still be considered in the database. These scenarios, referred to as set A.2, are designed manually and
appended onto the dataset. Namely, these simulations are intended to replicate the following use cases: (i) riding over potholes, (ii)
approaching a curb stone, (iii) riding down multiple curb stones, and (iv) riding over speedbumps. Road profiles that are designed to
imitate these obstacles are depicted in Fig. 3. In combination with initial velocities lying within the same range as in subset A.1, see
Tab. 2 and using LHS as sampling method, a total of 20 simulations (4 in each use case) are performed to build subset A.2.

B. Class B: Crash Data

The data containing accidents involves more than just head-on collisions, where simple threshold-based decision logic would suffice
for detection. Instead, the aim is to examine a broad range of conceivable impact scenarios. Consequently, parametrized scenario
generation is resorted to again. Two different base architectures are designed to cover the motorcycle striking a stationary car at
different angles and velocities (subset B.1) and a car striking the stationary motorcycle at different angles and velocities (subset
B.2). Additionally, a set of ISO 13232 crash scenarios are simulated and preserved in order to validate the classifier’s ability to
generalize after being trained.
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Figure 3: Additional road profiles for non-crash scenario set A.2

T Moto,.init, 3. 1

Figure 4: Schematic illustration of crash scenario set B_ 1.

Table 3: Parameter space for crash scenario set B_71.

parameter range unit
UMoto.init, B. 1 6.7 = 13.4 m/s
v O ~ 360 =
Oy . B.1 -1.2 - 1-2 m
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Scenario Set B.1

Set B.1 consists of 100 simulations in which the motorcycle with an initial velocity moto, in it, B1 approaches a stationary car that
is both rotationally (aB1) and laterally (oy,B1) displaced. Figure 4 illustrates the structure of the scenario set B.1. By offsetting the
car by offset, grazing-accidents are included in the scenario database. Table 3 shows the range in which the parameters are varied.
Scenario Set B.2

For more variation, in B.2 the setup is inverted with the motorcycle now stationary and the car pointing at the motorcycle at
different angles, see Fig. 5. Additionally, the direction of rotation of the car is shifted by yB2 for further variation of the point of
impact. Table 4 lists the range of variation for each parameter assigned to set B.2.

l'( ‘ar.init, B. 2 I

Figure 5: Schematic illustration of crash scenario set B.2.

Table 4: Parameter space for crash scenario set B.2.

parameter range unit
UCar.init.B.2 6.7 : 134 m/s
3. 0 : 360 -
Yz.B.2 -5 - 5 =

Validation Set B.3

Validation scenarios are implemented in order to evaluate the final performance of the trained models and, thus, their ability to
generalize. Scenarios according to [18] are selected for this purpose in order to be representative. The ISO norm 13232 provides a
set of impact configurations based on a statistical analysis of real-world crash events. The full set consists of 25 impact
configurations, shown in Fig. 6.

C. Machine Learning Classification

The remainder of the chapter is devoted to the task of building machine learning models using the scikit-learn toolbox in Python
([31]). The section is structured into preprocessing of the raw data, model preselection, and hyperparameter-tuning using grid-search
in combination with cross-validation (CV).

D. Preprocessing
Data preprocessing can often lead to a significant performance enhancement compared to working with raw data. Preprocessing
includes distribution management, standardization, checking for, and handling of missing values.
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Figure 6: Scenarios of the validation set B.3 from [18]. Each scenario is described by a code XXX-Y/Z, where XXX encodes the
relative position of car and motorcycle, Y is the cars, and Z is the motorcycle’s impact velocity in m/s.

As some classification algorithms tend to perform better or even depend upon standardization, a scaling routine is implemented
prior to the classification. Whereas some classification algorithms like decision trees and ensembles do generally not require data
standardization, others, like, for example, neural networks, are strongly reliant on it. Otherwise, features that have different
magnitudes are not treated equally. Standardization scales each feature to unit variance. In order to be consistent, a transformation
vector is computed on the training set and applied to the test set rather than scaling each dataset to unit variance in its own right. The
standardized value x ' i,m for each sample i,m of timestep i and feature m is carried out via with xm being the arithmetic mean of
feature xm and xm its standard deviation ([37]).
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An additional preprocessing method is featuring extraction via principal-componentanalysis (PCA). It aims to derive meaningful
and non-redundant variables from the original dataset by projecting it to a lower-dimensional space by means of singular value
decomposition (SVD). By this the original dimension of the feature space dimension, which is with a total of 23 features fairly high,
could be reduced, this could be beneficial considering that the concluding model is to be run in real-time on an embedded system.
However, the desired effect does not materialize well and the method proves to be ineffective for this application. Consequently, it
will not be addressed further in this report. For a thorough introduction to PCA and its potential enhancements be referred to [1]

E. Training-Test-Split

A decisive circumstance to consider when subdividing time-dependent data is that neighbouring samples have a tendency to be
located in close proximity to each other. A random training test split, like it is often performed on non-time-dependent data, is,
henceforth, not an appropriate splitting method [33]. In the case of this application, training-test-split is carried out on whole
coherent simulations itself rather than on samples. As this is a safety-critical application, a 50-50 split is performed, meaning half of
the available data is retained for testing to cover a broad range of scenarios. The remaining half is dedicated towards training the
models. Additionally, none of the ISO scenarios of set B.3 shall be included in the training set as it is of particular interest to assess
how well-trained models generalize on these representative scenarios.

When training a model for classification purposes, close attention must be paid towards the distribution of the two classes. Since
crash-labelled samples are, in this case, much less frequently represented in the raw dataset, non-crash-labelled data requires
subsampling in order to achieve equal distribution. The desired distribution is achieved with a sampling rate of twelve. The resulting
sizes and distributions of the two datasets are displayed in Tab. 5.

Table 5: Parameter space for crash scenarios set B.2.

dataset class samples
non-crash 13.842

training crash 10.908
total 24. 750
non-crash 11.238

test crash 11.778
total 23.016

For the final application of the real-time classification model into the virtual” system” of the motorcycle, a sample rate of 2 kHz is
selected. This is a sample rate that most commercially available sensors are able to safely handle and which also leav