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1. Background and Objectives

In pursuit of its goal of "generating basic academic research results for motorcycle safety,
including automotive systems", CMC has conducted a comprehensive study of the most com-
mon Powered Two-Wheeler (PTW) loss-of-control (LOC) accident scenarios documented in
the GIDAS database (German In-Depth Accident Study). The objective of this study is to de-
termine whether the accidents in the accident scenarios “Left/Right Curve” and “Straight” were
triggered by another road user.

By examining these cases, CMC aims to gain a deeper understanding of PTW-specific acci-
dent dynamics and contributing factors. Through this work, CMC seeks to make a meaningful
contribution to reducing motorcycle accidents and improving rider safety worldwide.

2. Study structure

The study is based on accidents classified into the scenarios Left Curve, Right Curve and
Straight. The previous report on LOC accidents indicated that additional analytical potential
remains, especially with regard to accidents occurring on straight road sections (Connected
Motorcycle Consortium, 2022). To address this gap, the present report focuses on these acci-
dents, occurring on straight roads.

Its structure consists of two main parts. The first part focuses on identifying accidents in which
another road user may have triggered the event. This is done through keyword searches in the
accident descriptions and by reviewing additional variables that may indicate the involvement
of another participant. The goal is to determine which cases could potentially be addressed by
C-ITS measures. The second part concentrates on loss-of-control accidents, primarily single-
vehicle accidents, occurring on straight roads. These cases are examined in more detail to
understand why such accidents occur.
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3. Results

A loss-of-control accident refers to an accident in which the rider loses control of the vehicle,
typically due to factors such as inappropriate speed, misjudgement of the road layout or ad-
verse road conditions without any direct contribution from other road users. However, once
control is lost, the resulting uncontrolled vehicle movement may still lead to a subsequent col-
lision with other participants (GDV, 2016).

3.1 Total LOC accidents

The analysis is based on a GIDAS evaluation of 8,193 accidents involving at least one PTW.

Accident causation in PTW accident scenarios (GIDAS)

Crossing traffic
Longitudinal traffic
Lane change

| Leftcurve

| Rightcurve
| Straight

Left turn

U-turn

Animals 3.0% O Accident causer = PTW

Technical defect | 0.8b& [ Accident causer = other

Others / Unknown [T 2,75 [ INii8saml

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4500 5000 5,500 6,000
Accidents

PTW accident scenario

n=27.186 accidents

Figure 1 Overview "loss-of-control" accidents (LOC)

The analysis shows that more than half of all loss-of-control accidents (around 60 %) occurred
in rural areas (Figure 2), and a similar proportion (about 61 %) took place in a curve (Figure
3).

n=8,193 Accident location
LOC scenarios

a[is%]

W urban
@ rural without motorway

W motorway, autobahn

Figure 2 Total LOC - accident location
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n=8,193 Accident site in the road network
LOC scenarios

W straight
@Ebend
Wjunction

B crossing

W roundabout
@other

W car park

M\ property exit

Figure 3 Total LOC - accident site in the road network

In almost 91 % of the accidents, no traffic lights were present (Figure 4). In the few cases
where they did exist, they were functioning properly (Figure 5).

n=8,193 Traffic light
LOC scenarios

W traffic lights, n.f.s.

@none
M at traffic centre / full l
control .
M atcrosswalk/single
control
W 1,7%
W partial traffic lights (at

road works)

Figure 4 Total LOC - presence of traffic lights

n=738 Function of traffic light

3,8%

Oin operation

O out of order

96,2%

Figure 5 Total LOC - function of traffic lights
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LOC accidents almost never occur as a consequence of a previous crash (Figure 6), nor do
they typically result in a subsequent one (Figure 7).

n=8,193 Resulting from previous accident
LOC scenarios

a[o]

M yes

@no

Figure 6 Total LOC — resulting from previous accident

n=8,193 Led to subsequent accident
LOC scenarios

o]

W yes
@ no

Figure 7 Total LOC - led to subsequent accident

There is also no discernible influence from wind conditions (variable valid since 2019, Figure
8) or from nearby infrastructure connected to public transport (e.g., bus stops, pedestrian
crossings, etc.) (Figure 9, Figure 10, Figure 11, Figure 12, Figure 13).
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n=2,147 Influence of wind
LOC scenarios

Eno

Figure 8 Total LOC - influence of wind

n=8,193 Accident siteintunnel or on/under bridge?
LOC scenarios

aloan)

Eno

BEinatunnel

W under a bridge

mona bridge

M not part of GIDAS on
accident date
o

v @ unknown
m[0,5%|
0.1%

3(0,1%

Figure 9 Total LOC - accident site in tunnel or on/under bridge

n=8,193 Influence of a bus stop
LOC scenarios

aoelafze

M not existing
@yes
Eno

Figure 10 Total LOC - influence of a bus stop
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n=8,193 Influence of a tram stop
LOC scenarios

afo%] afioe

M not existing
@yes
Eno

Figure 11 Total LOC - influence of a tram stop

n=8,193 Influence of a subway/ rapid transit stop
LOC scenarios

o[o5] o]

M not existing
@yes
Eno

Figure 12 Total LOC - influence of a subway / rapid transit stop
n=8,193 Influence of a pedestrian crossing

LOC scenarios

=/ 0.1%| W not existing

()

Eno

@ not part of GIDAS on
accident date

Figure 13 Total LOC — influence of a pedestrian crossing

3.1.1 Summary

The analysis shows that close to 60 % of all loss-of-control accidents occurred in rural areas
and a similar share happened in curves. In over 90 % of the cases, no traffic lights were present
and where they did exist, they were functioning properly. Loss-of-control accidents are almost
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never linked to previous crashes or subsequent ones. Similarly, there was almost never an
influence from wind conditions or nearby public-transport-related infrastructure.

3.2 LOC accidents with a possible second participant

An analysis of these LOC accidents (n = 8,193) using the accident description led to the iden-
tification of 1,000 (12.2 %) cases in which a second participant was potentially responsible for
triggering the accident (Figure 14).

According to

eKey word

aCCIdent based search

description

Cases with e2nd participant

. nd might have
p055|b|e 2 triggered the

participant [EEEEEL

n=1,000

(12.2%)

Figure 14 Identification of cases with a possible second participant

The most common critical situation involving a potential second participant was identified in
the straight scenario (40.4 % of the n = 1,000 cases identified). More specifically, this refers to
accident type 141, which describes a loss of control on a straight road without any other road
influences (Figure 15).

141

Figure 15 Accident type 141 (pictogram) - loss of control on a straight road without any other
road influences

The following figure (Figure 16) shows an overview of the prevailing situation at the time of the
critical situation in these 1,000 cases. In these situations, a potential second participant was
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present (as a vehicle). These cases were classified as LOC scenarios, as rider error was the
predominant factor. The two most common situations in which a second participant could po-
tentially have triggered the accident were during overtaking and when the vehicle ahead was
braking.

Accident situations according to accident description
LOC scenarios
m Overtaking
@ Vehicle ahead is braking
W Possible right of way
violation
@ Avoidance maneuver

M Visual obstruction

@ Other

n=1,000

Figure 16 Accident situations with a possible second participant

For a better understanding, the following examples illustrate the situations shown in Figure 16.
o Overtaking: The PTW rider is initiating or performing an overtaking manoeuvre.
e Vehicle ahead is braking: Late detection of a braking vehicle in front.
o Possible right of way violation: The PTW rider is unsure whether right of way will be
granted.
¢ Avoidance manoeuvre: Swerving due to another road user changing lanes.
¢ Visual obstruction: The PTW rider is startled after noticing another road user too late.
o Other: Approaching traffic lights, braking error, cutting corners and issues related to
roadworthiness.
In these situations, various causes contributed to the critical situation or the accident. These
causes are listed below.
¢ Overtaking
Vehicle being overtaken intends to turn left
Hitting tracks, kerbs or unpaved shoulder
Driving errors (e.g., gear-shift mistakes, braking errors)
o Curve not recognised in time and speed not adjusted accordingly
e Vehicle ahead braking
o Late detection of braking vehicle ahead
o Braking errors, such as excessive use of the front brake
o Tyres with poor grip
o Possible right of way violation
o PTW rider being startled or braking too hard because other road users do not
give the impression of giving right of way to the PTW
o Avoidance manoeuvre
o Riding errors
o Hitting kerbs, tracks or tar stripes
e Visual obstruction

O O O
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o The PTW rider being startled after noticing another road user too late due to
visual obstruction
e Other

o Riding errors

o PTW rider feeling pressured by traffic behind
Based on the situations and causes that led to critical events and accidents, an assessment
was carried out to determine the extent to which existing ARAS/C-ITS technologies could have
provided support. This evaluation considers both the overall context of each scenario and the
functional capabilities of the respective systems (Table 1).

Percentage of cases that

ARAS/C-ITS could potentially be ad-
dressed using this system
Forward Collision Warning (FCW) 39.3 %
Motorcycle Approach Indication/Warning (MAI/MAW) 18.7 %
Intersection Movement Assist (IMA) 13.0 %
Slow Vehicle Warning (SVW) 11.3 %

Table 1 Potential of existing ARAS/C-ITS

3.2.1 Summary

An analysis of 8,193 LOC accidents revealed that in 1,000 cases, or approximately 12.2 % of
the total, a second participant was potentially responsible for triggering the event. The most
frequent critical situation identified within this subset occurred on straight roads, accounting for
40.4 % of the cases. These incidents, categorised as accident type 141, typically involve a
rider losing control on a straight road without external road influences. Within these scenarios
(n =1,000), the most prevalent triggers were overtaking manoeuvres and the late detection of
a vehicle braking ahead. Other significant factors included uncertainty regarding right-of-way,
swerving during avoidance manoeuvres, and being startled by other road users due to visual
obstructions. The underlying causes of these accidents were varied, ranging from specific driv-
ing errors such as gear-shift mistakes or excessive use of the front brake to environmental
challenges like hitting tram/rail tracks, kerbs or unpaved shoulders. Perceptual issues, such as
failing to recognise a curve in time or feeling pressured by following traffic, also played a critical
role in these incidents. To mitigate such risks, an assessment of Advanced Rider Assistance
Systems (ARAS/C-ITS) suggests that these technologies could have provided significant sup-
port. Forward Collision Warning (FCW) showed the highest potential for impact, with the ca-
pability to address 39.3 % of the cases. Additionally, Motorcycle Approach Indication or Warn-
ing (MAI/MAW) could have been beneficial in 18.7 % of situations, while Intersection Move-
ment Assist (IMA) and Slow Vehicle Warning (SVW) were found to be applicable in 13.0 %
and 11.3 % of the analyzed scenarios, respectively.
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3.3 Accidents in the straight scenario

As the report already published (Connected Motorcycle Consortium, 2022) showed, there was
still scope for further analysis, particularly in the “Straight” scenario, to understand why LOC
accidents occur on straight roads. The analysis is based on a GIDAS evaluation of 1,948 ac-
cidents in the “Straight” scenario involving at least one PTW.

The majority of these accidents occurred in urban areas (74 %), while rural areas accounted
for 24 % and highways for the remaining 2 % (Figure 17). This differs clearly from Figure 2,
which covers all LOC accidents. Accidents in curves tend to occur in rural areas, whereas
accidents on straights predominantly occur in urban areas and therefore mainly at speeds up
to 50 kph.

n=1948 Location

B urban
@ rural without motorway

W motorway, autobahn

Figure 17 LOC Straight — location

In around 20 % of the cases, a traffic light was present (Figure 18).

n=1,.948 Traffic light

W traffic lights, n.f.s.
@ none

W attraffic centre / full
control

@ at crosswalk/single
control

W partial traffic lights (at
road works)

Figure 18 LOC Straight - traffic light

In around 94 % of the cases considered, the road surface was asphalt (Figure 19). The road
was predominantly dry (Figure 20). In approximately 31 % of the cases, the surface was wet
or damp.
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n=1,948 .M Type of road surface
sosn] — m[zow)
0,6Y
ali] m[0.6%]

o140

B Asphalt

@ Paving/cobble stones
W Concrete

@ Sand/gravel

M Alternating pavement
@ Other

B Unknown
Figure 19 LOC Straight - type of road surface

n=1,948 Road condition

mdry
@Edamp
W wet

Figure 20 LOC Straight - road condition

There is almost no surface fouling in the straight scenario. However, in around 11 % of the
cases, the overall road condition was rated as poor (Figure 21, Figure 22).

n=1,948 Surface fouling

1,3%

1,7%

Eno
doil
W dirt

@ other / unknown

Figure 21 LOC Straight - surface fouling
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n=1,948 Road condition rating

W good condition

@ poor condition affecting
road handling

B poor condition without
effect on vehicle handling

@ unknown

Figure 22 LOC Straight - road condition rating

The causes that led to an accident are shown in Figure 23. The main causes are speed-related
issues and other rider-related mistakes.

n=1948 Main accident causes
A N e

0/ 0,
m[06%] w[2.%] 8[1.3%]
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
W Ability to drive B Use of the road @ Speed @ Distance
@ Overtaking @ Driving side by side @ Other mistakes made by driver @ Technical or maintenance faults
@ Road condition @ Obstacles B Other

Figure 23 LOC Straight — main accident causes

Speed-related issues

A closer look at the cases in which speed-related issues were the primary cause shows that in
62 % of the known cases, the PTW was traveling within the posted speed limit (Figure 24) and
in 76 % of the known cases it was not exceeding the speed limit by more than 10 kph (Figure
25). This suggests that the underlying problem was less about excessive speeding and more
about the rider not adjusting their speed appropriately or timely to the prevailing events or road
conditions.
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n=821 Assessment of exceeding the speed limit
(Initial speed = min. 1 kph over speed limit)

m No
@ Yes

B Unknown

Figure 24 LOC Straight - assessment of exceeding the speed limit [1 kph]

n=821 Assessment of exceeding the speed limit
(Initial speed = min. 10 kph over speed limit)

W No
@ Yes

B Unknown

Figure 25 LOC Straight - assessment of exceeding the speed limit [10 kph]

In almost half of all speeding-related cases, an additional contributing factor could be identified.
In close to 16 % of the cases where speed was the primary cause, other rider errors also
played a role, and in 13 % of the cases, road conditions contributed to the accident. Further
contributing factors included alcohol consumption and insufficient safety distance (Figure 26).

n=821 Contributing causes to main cause "speed”

oz "2

m(1,3%] " m{0.7%]

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
ENone @ Other mistakes made by driver B Road condition
B Influence of alcohol B Insufficient safety distance @ Mistake made when returning to right lane
W Other @ Violation of the rule of driving on the rightside B Overtaking in spite of oncoming traffic

Figure 26 LOC Straight - contributing causes to the speed-related main cause
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Rider-related mistakes

The already-mentioned “Other mistakes made by driver” do not represent clearly identifiable
causes, but the GIDAS database makes it possible to examine these errors in more detail. It
was found that in just under 39 % of the cases in which “other mistakes made by driver” were
the primary cause, the PTW rider had planned an action that deviated from normal driving
behaviour (Figure 27). The most common intended action was braking (Figure 28). This sug-
gests that a substantial proportion of these errors occur during braking manoeuvres.

n =808 Intention of the participant (prior to crash)

W normal continuation of
drive

@other

Figure 27 LOC Straight - intention of the participant

n=314 Intention of the participant (prior to crash)
- Other -

W overtaking on lane of
oncoming traffic

@ change of lanes
mturntotheleft
@ stop

W other

@ unknown

Figure 28 LOC Straight - intention of the participant (prior to crash) — other

This pattern becomes even clearer when examining the description of the rider's actual ac-
tions. In 74 % of the known cases in which “other mistakes” were the main cause, the PTW
rider was braking (Figure 29). At the same time, in more than 91 % of the known cases, the
rider did not accelerate (Figure 30). The evaluation of steering behaviour reveals another po-
tential influence on these “other mistakes”. In about 14 % of the known cases, an avoidance
manoeuvre was attempted and less than half of these attempts were successful (Figure 31).
In 80 % of the known cases, however, no evasive manoeuvre was attempted, or was even
necessary, because these situations occurred in the straight scenario, which typically involves
only a single participant.
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n=808 Braking reaction

M braked
@ did not brake
W other
@ unknown

Figure 29 LOC Straight - braking reaction

n=808 Accelerating reaction

W did not accelerate
[@accelerated from standing
W accelerated while driving
@other

W unknown

Figure 30 LOC Straight - accelerating reaction

n=808 Steering reaction

W avoidance manoeuvre,
n.f.s.

@ no avoidance manoeuvre

W failed avoidance
manoeuvre

W successful avoidance

57.5% manoeuvre
@ other
@ unknown

Figure 31 LOC Straight - steering reaction

A survey of those involved revealed that in just over 2 % of these cases the rider had made an
incorrect assumption about how the situation would unfold. In 67 % of the cases, the survey
provided no usable information and in the remaining 31 % the situation could not have been
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avoided despite the reaction. (Figure 32). One unavoidable situation, for example, would be
another road user suddenly swerving into the PTW'’s lane.

n=808 Wrong action planned? Situation different?

M Situation unavoidable
despite reaction

I Wrong assumption about
the development of the
situation / reaction of
other participants

B Unknown

Figure 32 LOC Straight — assessment of the situation

A further analysis shows that the accident was detected based on the rider’'s own vehicle dy-
namics (Figure 33). In these cases, the vehicle response deviated from the rider’s intended
input (e.g. excessive steering angle, onset of lateral slip).

n =308 Perception accident initiation

B perceived, not specified

@ not perceived

| with vehicle dynamics

@ with brake light, indicator light

W perceiving of obstruction (not
opposing vehicle)

Eonly atimpact

B other

B unknown

B action accident opponent

Figure 33 LOC Straight - perception accident initiation

Glare from the sun may also have contributed to some accidents: in just under 11 % of the
evaluable cases, sunlight was cited as the source of glare and in a further 5 % another road
user was identified as the cause. Nevertheless, most cases remain unknown (Figure 34).
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n=211 Cause of glare
(597 not
applicable)

B sun
@ other vehicle

W unknown

Figure 34 LOC Straight - cause of glare

3.3.1 Cases with no possible second participant

The analysis is based on a GIDAS evaluation of 1,469 accidents in the “Straight” scenario
involving at least one PTW (Figure 35).

n=1948 Straight scenario overview - n=1469 Critical situations with NO possible 2nd participant

B Without other influence
@ Incline / Decline

W Traffic Island

m Narrowing road

W Bumpy road

W Cases with possible 2nd participant B Other

Figure 35 LOC Straight - cases with no possible second participant

The following figure (Figure 36) provides an overview of the situations that occurred in acci-
dents in which no other road user was involved.

Accident situations according to the accident description

Straight scenario

B Other / Unknown
@ Surface

M Visual obstruction
@ Distraction

W Driving ability
@ Traffic light

B Contact curb

n=1,469

Figure 36 LOC Straight - accident situations with no possible second participant
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For a better understanding, the following examples illustrate the situations shown in Figure 36.
e Other/ Unknown
o Unadapted speed
e Brand new front tyre (slippery)
o Loss of control when accelerating
¢ Pillion rider falling off motorcycle while accelerating
e Emergency braking during driving school lessons
e Hard braking on slopes
o Dangerous driving (wheelie)
The main causes in these situations were driving and braking failure, as well as dangerous
driving.

e Surface
Wet
Changing surface
Tracks (tram)
Uneven surface
o Surface fouling (e.g., sand, gravel, oil)
The main cause in these situations was the surface itself.

O
O
O
O

e Visual obstruction
o PTW rider being startled by parked vehicles
o Heavy rain
o Glare from oncoming traffic in the dark
The main causes here are driving failures.

o Distraction
o Handling an object attached to the handlebars
o Loss of control while locating a noise on the vehicle
The main causes are driving failures.

e Driving ability
o Alcohol
o Drugs
o Microsleep
The main causes are driving failures.

¢ Traffic light
o Braking error while approaching traffic lights
The main causes here are braking failures.

e Contact kerb
o Kerbstone as a boundary to the track area
o Road narrowing
o “Normal” kerb contact
The main causes here are driving failures.
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3.3.2 Cases with a possible second participant

The analysis is based on a GIDAS evaluation of 479 accidents in the “Straight” scenario in-
volving at least one PTW (Figure 37).

n=1,948 Straight scenario overview n=478 Critical situations with possible 2nd participant

5,2%
o 2

W Without other road
influence
@ Incline / Decline

| Traffic Island

@ Bumpy road

W Cases with possible 2nd participant @ Other

Figure 37 LOC Straight - cases with a possible second participant

The following figure (Figure 38) provides an overview of the situations that occurred in acci-
dents in which a possible other road user may have triggered the accident.

Accident situations according to the accident description
Straight scenario

W Overtaking
@ Vehicle ahead braking

| Possibleright of way
violation

[ Avoidance maneuver

m Visual obstruction

@ Other
n=479

Figure 38 LOC Straight - accident situations with a possible second participant

For a better understanding, the following examples illustrate the situations shown in Figure 38.
e Overtaking
o The PTW rider not recognising the other vehicle turning left
The PTW getting stuck in tram/rail tracks during an overtaking manoeuvre
Failure when returning to lane after overtaking
Failure while overtaking several vehicles in “slalom manoeuvre”
“Wheelie” going wrong while overtaking
The PTW rider overtaking despite narrowing road and hitting a kerb
The causes in these situations are poor forward visibility, dangerous driving and impatience.

O O O O O

¢ Vehicle ahead braking

o The vehicle in front of the PTW braking suddenly, right after it started to accel-
erate

CMC Basic Specification 22



Accident Analysis — LOC

o Late detection by the PTW rider of a braking vehicle in front
o The PTW rider being startled by another vehicle’s braking manoeuvre
The main causes here are inattentiveness and failure to maintain the safety distance.

e Possible right of way violation
o The PTW rider being unsure whether they would be given right of way
o The PTW rider realising too late that right of way should be given to the other
road user
The main causes are failure to give right of way or fear of failure to be given right of way.

e Avoidance manoeuvre
o Swerving due to lane change by another vehicle and skidding on tram tracks
The main cause here is the surface (tracks and kerbs).

¢ Visual obstruction
o The PTW rider being startled due to late detection of another road user
The main cause here is the visual obstruction at intersections.

e Other
o Braking error when approaching traffic lights
o The PTW rider being startled after being overtaken by another road user
o Unsafe/insecure driving behaviour by another road user leading to an extreme
reaction by the PTW rider (braking failure)
The main causes here are driving and braking failures.

3.3.3 Summary

On straight roads, the main risk factors of losing control can be divided into two categories, the
risk factors when no other road users are involved and the risk factors when other road users
are involved. The following table (Table 2) provides an overview of these two categories.

Risk factors when no others are involved Risk factors when others are involved

Road conditions (wetness, dirt) Braking manoeuvres by other vehicles
The rider’s own mistakes (e.g. distraction) Overtaking manoeuvres
Inappropriate speed Unclear right-of-way situations

Table 2 LOC Straight — risk factors while riding

Risk factors when no others are involved

Analysis of accidents on straight roads clearly shows that when drivers are involved in acci-
dents on their own, the causes usually lie with them or with the hazards of the road.

The statistics are clear: the main causes of loss of control are inappropriate speed (responsible
for 42.1 % of cases) and other driving errors (41.5 %). These human factors are therefore
responsible for well over 80 % of accidents. The most common errors are:
e Inappropriate speed: A sudden bump or a moment of inattention can be enough to
cause the vehicle to become uncontrollable.
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o Distraction: Loss of control often occurs when the rider is trying to operate a device on
the handlebars or is distracted by an unusual noise coming from the vehicle.

e Unfit to ride: This includes driving under the influence of alcohol or drugs, as well as
the risk of microsleep.

e Dangerous driving: Risky manoeuvres such as a “wheelie” can lead to loss of control.

Even a seemingly perfect road can have its risk factors for motorcyclists. In around 31 % of
accidents on straight roads, the road surface was wet or damp, which drastically reduces tire
grip. The most common road hazards are:

o Wet or damp surfaces: Reduce grip and increase braking distance.

o Surface fouling: Unexpected sand, gravel, or an oil spill can cause a sudden loss of
grip.

e Tram tracks or ruts: These can trap the tyres with an unpredictable effect on steering
and cause the vehicle to skid. Those risks are even higher in wet conditions, where
steel rails are very slippery.

¢ Uneven road surface: Potholes or bumps can unsettle the vehicle’s trajectory and/or
skid at higher speeds.

Sometimes it is minor, unforeseen events that trigger a fatal chain reaction:

¢ Sudden moments of shock: Being blinded by oncoming traffic or noticing a parked car
too late can trigger an abrupt, incorrect reaction.

e Technical problems: Even a brand-new front tyre can have less grip at first and take
you by surprise.

e Acceleration errors: Accelerating too hard, especially with a passenger, can make the
vehicle unstable and lead to a loss of control.

e Practicing emergency braking during driving school lessons can also lead to a loss of
control if done incorrectly.

Risk factors when others are involved

The second category shows how other drivers can indirectly cause the PTW rider to lose con-
trol. Even if there is no direct collision, interaction with other vehicles on straight roads often
leads to critical situations. Paradoxically, attempting to avoid an accident then results in a loss
of control. The three most common situations are:

¢ Risk factors when overtaking
Loss of control often occurs at the very moment when you want to pull out to overtake or pull
back in. The main reasons are often impatience or poor foresight, but also very specific driving
errors: a gear change at the wrong moment, braking too hard or touching the unpaved shoulder
when merging back in can immediately make the vehicle unstable.

e The vehicle in front is braking
One of the greatest risk factors is recognising too late that the vehicle in front is braking. The
causes of this are almost always inattentiveness and insufficient safety distance. The result is
panic braking, which can easily lead to the wheels locking and loss of control.
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¢ Uncertainty and evasive manoeuvres
This category combines two closely related problems: uncertainty about whether you will be
given right of way and having to swerve suddenly. When another driver unexpectedly changes
lanes or you feel uncertain at an intersection, this often provokes hard braking or steering
manoeuvres. It is precisely these abrupt reactions that make the vehicle unstable. It becomes
particularly dangerous when such evasive manoeuvres also hit obstacles such as tram tracks
or a kerb, which can immediately throw the vehicle off course.

4. Summary and Conclusion

The study analyzed 8,193 loss-of-control (LOC) accidents, revealing that while over half of
these incidents occur in rural areas and curves, straight-road scenarios present a significant
and distinct safety challenge. The research categorises these accidents into two primary do-
mains: those occurring while the rider is alone and those triggered by the presence of others.
In single-vehicle accidents on straight roads, human factors are responsible for over 80 % of
occurrences, with inappropriate speed (42.1 %) and general driving errors (41.5 %) acting as
the dominant causes. Environmental hazards also contribute heavily, as 31 % of these inci-
dents involve wet or damp surfaces, while road irregularities such as sand, gravel, and tram
tracks often catalyze a critical loss of stability. In the 12.2 % of cases where a second patrtici-
pant triggers the event, the most common critical situations involve overtaking manoeuvres
and the late detection of a braking vehicle ahead. These interactions often lead to panic-in-
duced reactions, such as abrupt swerving or excessive braking, which compromise the vehi-
cle’s stability.

In conclusion, the findings emphasise that loss-of-control accidents are overwhelmingly driven
by human error and perceptual failures, which are frequently exacerbated by unfavorable road
conditions. While a vast majority of these accidents are related to inappropriate speed and
inattention, the interaction with other road users creates high-risk scenarios that lead to unsta-
ble evasive manoeuvres. To mitigate these risks related to LOC accidents (especially when
other road users are involved), the study highlights the critical contribution of Advanced Rider
Assistance Systems (ARAS/C-ITS). Specifically, technologies such as Forward Collision
Warning (FCW), which could address nearly 40 % of relevant cases, and Motorcycle Approach
Indication (MAI/MAW) with nearly 19 % offer the highest potential to avoid such accidents.
Ultimately, the integration of these cooperative intelligent systems could provide a crucial
safety net to compensate for human limitations and improve situational awareness in both solo
and multi-vehicle contexts.
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Abbreviations

ARAS Advanced Rider Assistance Systems
C-ITS Cooperative Intelligent Transport Systems
CMC Connected Motorcycle Consortium
FCW Forward Collision Warning

GIDAS German In-Depth Accident Study
IMA Intersection Movement Assist

LOC Loss of Control

MAI Motorcycle Approach Indication
MAW Motorcycle Approach Warning

PTW Powered Two-Wheeler

SVW Slow or Stationary Vehicle Warning
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