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Abstract
Rider visibility has been considered an important issue in car-motorcycle accidents due to the frequency of unperceptive and
negligent driving behavior. Mostly car drivers stated that they didn’t see the rider before the collision. This study aims to investigate
the contributing factors that reduce rider visibility in point of view of car drivers for car-motorcycle accidents. The study considered the
car-motorcycle accidents which occur in the built-up area. Statistical data analysis categorized the accidents into six dominant accident
types. Twenty-five accidents were selected by accident types for simulation analysis. The selected accidents were simulated in Virtual
Crash software during 5 seconds before the collision. The simulation analysis evaluated that the view obstructions, blind spots and
high speed were the contributing factors that reduce rider visibility in car-motorcycle accidents. The simulation plots identified the
involvement of contributory factors and variation within the time interval. The comprehensive in-depth analysis also evaluated that no
collision avoidance maneuvers were performed by most of the car drivers due to visibility issues before the collision. Safety systems
were proposed based on observed factors according to car and motorcycle perspectives for collision avoidance.
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1 Introduction
A visibility limitation has been considered any situation
in which the powered two-wheeler (PTW) rider or the
other vehicle driver was unable to see the surrounding
traffic or was unable to be seen by the surrounding traffic
(ACEM, 2004).
Accidents involved specific situations such as “lookedbut-failed-to-see” where the visual perception of related
information is disrupted. Several physical and psychophysical constraints on vision could describe the perception failure (Herslund and Jorgensen, 2003). Typically, in car-motorcycle accidents, the car drivers stated that they “looked but
failed to see” the oncoming motorcycle. It is possible sometimes that some of these drivers failed to look visual scene in
the appropriate areas of the incident (Brown, 2002; Clarke et
al., 2007). This phenomenon could be further described such
as the road user did not recognize the danger of driving fast
in an area with poor visibility or did not decrease their speed
in accordance with the right of way (AIB Report, 2009).
Pre-crash events were mostly considered as the main
factors in the classification of accident configurations

(Pierini et al., 2004). The TRACE project determined six
different situations and at four-legged intersections from
a statistical analysis of crashes. The situation where A
crosses the road and the path of the opponent vehicle B,
which is going straight or turning, is more common and
more severe than any other (Molinero Martinez et al.,
2007). A typical case was observed which involved a car
moving out from a junction into the path of an approaching motorcycle (Clarke et al., 2004).
This paper analyzed mainly contributing factors to
rider visibility issues in car-motorcycle accidents. The
car-motorcycle accidents were categorized into six dominant accident types by statistical data analysis. Twentyfive accidents were selected for simulation in Virtual
Crash software for 5 seconds before the collision. The
police report was used as the main data source for selected
accidents and simulation models plotted accordingly.
Analysis results showed that the view obstructions and
blind spots were the main contributing factors to rider
visibility issues in car-motorcycle accidents. The impact
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speeds of drivers and riders as well as collision avoidance
maneuvers performed by both participants before collision
were also examined in the study. Safety systems were proposed based on simulation analysis results to solve rider
visibility issues in car-motorcycle accidents.
2 Research methodology
2.1 Statistical data analysis and data sampling
Real world accident data has been considered important to understand accident characteristics and to identify
countermeasures. Car-motorcycle accident data was collected from the Hungarian central statistical office from
2011 to 2014. There were total 2,673 car-motorcycle accidents were observed which involved one car and one
motorcycle. The accidents which happened in the built-up
area were considered for the study. Statistical data analysis categorized the accidents into six dominant types based
on percentage occurrence (rate) for each accident type as
shown in Fig. 1. These accident types were described as:
(a) car and motorcycle both traveling straight and same
direction; (b) car and motorcycle both traveling straight
and opposite direction; (c) car and motorcycle both traveling same direction and one turning; (d) car and motorcycle
both travelling opposite direction and one turning; (e) car
and motorcycle both coming from adjacent direction and
without turning; (f) car and motorcycle both coming from
adjacent direction and turning. Results showed that the
most frequent accident type was vehicles coming from the
same direction and one vehicle turning about 23 %. The
least frequent accident type was vehicles coming from the
opposite direction and straight ahead about 4 %.

Fig. 1 Percentage of car-motorcycle accidents
by accident types in built-up area

2.2 Virtual crash simulation
Twenty-five accidents were selected by accident types for
simulation analysis. The police report was used as a data
source for selected accidents and simulation models plotted
according to scale (M 1:200). The simulation model used
in the study was shown as an example in Fig. 2. Policereported accident data contain a good deal of valuable
information, such as vehicle types, road types, and locations involved (Jacobs et al., 2000). The accident characteristics considered in simulation models include participant’s position, sizes, brake, relative heading angle, speed,
view obstructions and traffic volume. In order to identify
the contributing factors in car-motorcycle accidents, the
investigation involved a full reconstruction of the accidents on Virtual Crash software 2.2. The reconstruction of
a road vehicle accident is a multidimensional engineering
task designed to reconstruct the cause of an event and its
course. It can also be understood as a reverse engineering operation (Wach, 2016). Car-motorcycle accidents were
simulated based on simulation models for 5 seconds before
the collision. This time before the collision has been considered important because drivers/riders must perceive and
react according to aware/unexpected situations.
2.3 Collision configuration and blind spots
measurements
In order to describe the collision configuration and the orientation of the car and motorcycle at the time of collision,
the relative heading angles between the car and the motorcycle were measured. The relative heading angle represents
the angle between the car and the motorcycle at the time of
contact, expressed as a positive angle, clockwise from the
vertical where zero degrees corresponds to both vehicles

Fig. 2 Simulation model example
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being pointed in the same direction (ACEM, 2004). A blind
spot is an area in the range of vision that car driver cannot see properly but which he really should be able to see
(Collins Publishers, 2018). These blind spots of a car were
measured in a field test using one car and one motorcycle.
Fig. 3 showed the observed blind spots region in terms of
relative heading angles at moment of collision for specified
interval of time. The results showed that about 36 % riders
were in blind spots area at moment of collision.
3 Results and discussions
From the analysis of simulation results, the observed contributing factors related to rider visibility issues were view
obstructions (stationary and mobile), blind spots, impact
speed and collision avoidance maneuvers (braking, swerving). All this information increased the accuracy and reliability for in-depth analysis of accidents.
3.1 View obstruction and blind spots contribution to
rider visibility issues
View obstructions can be defined as the sight of view not
visible due to stationary or mobile view obstructions. To
observe view obstruction from the driver point of view the
camera emulator tool was used on the left, right and top
mirror positions in cars in Virtual crash software. Results
showed that the stationary view obstructions (buildings,
vegetation and parked vehicles) were identified as contributing factors for 28 % accidents and the mobile view
obstructions (cars and large buses) were identified as contributing factors for 24 % accidents.
Blind spots in car-motorcycle accidents represented an
area in which car driver declared that they failed to see
the oncoming rider. Blind spots were measured by considering the range of relative heading angle values (Fig. 3).

Fig. 3 Blind spots area of a car

The exact position of blind spots for car-motorcycle accidents was described by considering relative heading
angle values with respect to time. Simulations were run
for each accident on virtual crash software and relative
heading angles were measured for each time interval. The
selected time interval (5 seconds) was considered important because the car drivers and motorcycle riders have to
perceive and react before the collision. The reaction time
of car drivers was studied, and results determined that it
was around 0.70–0.75 s when fully aware and 1.25–1.5 s
when unexpected situations (Green, 2000). The reaction
time of motorcycles under fully aware or unexpected conditions was measured about 0.7–0.9 s (Tang, 2003).
The simulation data plots were developed between relative heading angle and time for all six types of accidents
as shown in Fig. 4 (a)-(f). These simulation plots identified the involvement and variations of contributory factors (view obstructions and blind spots) within the specified time period. In these plots, the relative heading angle
(degree) was taken along x-axis and time (seconds) was
taken along the y-axis. Different marks in the plots provided different type of information such as circular marks
represented the visible region; cross marks represented the
blind spots region and rectangular marks represented the
view obstructions (stationary and mobile) region.
The relation between relative heading angle and time for
the accident type in which vehicles coming from the same
direction and straight ahead was shown in Fig. 4 (a). The
results showed that in most of the cases there were circular
marks which identified the visible region in point of view
of car drivers and some cases there were cross marks which
detected blind spots as contributing factor for the specified time period. Furthermore, the relation between relative heading angle and time for the accident type in which
vehicles coming from the opposite direction and straight
ahead was shown in Fig. 4 (b). The results showed that for
the only case most of the points were rectangular which
detected view obstruction as contributing factor and some
points were observed circular which identified the visible
region for car drivers just before the moment of collision.
The relation between relative heading angle and time
for the accident type in which vehicle coming from the
same direction and turning was shown in Fig. 4 (c). The
results evaluated that in most of the cases there were circular marks which identified the visible region except one
case in which most of the points were rectangular which
identified the view obstructions as contributing factor to
rider visibility issues. In some of the cases, there were
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cross marks which detected blind spots as contributing factor for specified interval of time. The the relation
between relative heading angle and time for the accident
type in which vehicles coming from the opposite direction and turning was shown in Fig. 4 (d). The simulation
results showed that in most of the cases there were circular marks which identified the visible region except two
cases in which most of the points were rectangular which
detected the view obstructions as contributing factor to
rider visibility issues. In one case there were some cross
marks which detected blind spots as contributing factor
to rider visibility issues for a very short interval of time.
The relation between relative heading angle and time for
the accident type in which vehicles coming from an adjacent
direction and without turning was shown in Fig. 4 (e). The
results showed that in most of the cases there were rectangular marks which detected the view obstructions as contributing factors to rider visibility issues for the long-time interval. In some of the cases there were some cross marks which
detected the blind spots as contributing factor to rider visibility issues and there were some circular marks which identified the visible region for a short interval of time. The relation between relative heading angle and time for the accident
type in which vehicles coming from an adjacent direction
and turning was shown in Fig. 4 (f). The results evaluated
that in most of the cases there were rectangular marks which
detected the view obstructions as contributing factor to rider
visibility issues for a long-time interval. There were some
circular points which identified the visible region for a short
interval of time. In some case there were some cross marks
which detected blind spots as contributing factor to rider visibility issues for a very short interval of time.
3.2 High speed contribution to rider visibility issues
Motorcycles’ poor conspicuity may be intensified with
higher speed, which may decrease their detectability from
a turning motorist’s perspective (Brenac et al., 2006; Kim
and Boski, 2001). Previous studies revealed that the risk
of injury increases with impact speed. However, exact
impact speeds are not mostly available in most crash
reports (Watanabe et al., 2012; Seyer et al., 2000).
The observed speed of car and motorcycle for 5 second
before collision and at moment of collision were shown in
Table 1. The rider speed was observed as contributing factor
from simulation analysis results. The speed of motorcycles
was observed higher as compared to cars in most of the cases
which affect its visibility. Statistics about the speed distributions by motorcycles and cars found that average motorcycle

Table 1 Car and motorcycle speed information
No.

Speed (Km/h) before
collision

Speed (Km/h) at moment
of collision

Motorcycle

Car

Motorcycle

Car

1

59

47

59

38

2

44

35

33

25

3

37

19

29

8

4

48

23

42

13

5

59

25

59

15

6

39

21

38

15

7

53

24

47

15

8

48

21

42

14

9

52

15

52

4

10

37

21

35

15

11

44

33

34

27

12

57

22

57

17

13

66

18

54

15

14

38

27

36

17

15

40

12

32

13

16

42

29

32

21

17

35

30

25

19

18

84

28

74

17

19

37

29

36

30

20

36

25

34

15

21

32

25

32

15

22

50

23

50

17

23

37

36

32

26

24

42

31

31

21

25

59

30

48

11

speed was mostly slightly higher than average car speed on
the same types of roads (Department for Transport, 2006).
Simulation analysis results showed that 24 % motorcycles
had impact speed of 50 km/h or more and 72 % motorcycles
had impact speed between 25 to 50 km/h at moment of collision. Results also showed that 80 % of cars had an impact
speed of 25 km/h or less at the time of the collision.
Collision avoidance maneuver is an action performed by
the participant to avoid aware/unexpected collision such as
braking, swerving etc. Simulation analysis results evaluated that in car-motorcycle collisions, 84 % of the car drivers did not attempt any collision avoidance maneuvers and
16% of the car drivers attempted some sort of collision
avoidance maneuvers (0 % by braking, 16 % by swerving)
as shown in Table 2. Results also evaluated that 56 % of riders did not attempt any collision avoidance maneuvers and
48 % of the riders attempted some sort of collision avoidance maneuvers (20 % by braking, 24 % by swerving).
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(a)

(b)

(c)

(c)

(d)

(e)

Fig. 4 (a) Same direction and straight-ahead; (b) Opposite direction and straight ahead; (c) Same direction and turning;
(d) Opposite direction and turning; (e) Adjacent direction and without turning; (f) Adjacent direction and turning
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Table 2 Collision avoidance maneuvers frequency
Collision avoidance
maneuver

Car drivers
(Frequency)

Motorcycle Riders
(Frequency)

No collision avoidance
attempted

21

14

Braking

0

5

Swerve

4

6

Total

25

25

A better understanding of the correlation between
motorcyclist injury severity and other involved factors
such as crash characteristics, vehicle, human and weather,
may help for the identification of appropriate countermeasures (Pai, 2009). In order to improve the detection of powered two-wheelers (PTW) by drivers, in-vehicle sensors or
vehicle-to-vehicle communication could be employed to
increase awareness to the drivers and provide important
information (Fuerstenberg, 2005; Matheus et al., 2005).
Safety systems were proposed by considering the
observed contributing factors to rider visibility issues
for both car drivers and motorcycle riders’ perspectives. From a car driver’s perspective, timely detection of
approaching motorcycle could signify a way to avoid accidents. The car-motorcycle accidents in which blind spots
was observed as a contributing factor to visibility issue
the proposed safety systems included in-vehicle sensors
which can warn drivers before hazardous situation. The
car-motorcycle accidents in which the view obstruction
was observed as contributing factor to visibility issue the
proposed safety systems included active safety devices
(e.g. ABS, collision avoidance devices) which can provide
the warning about the imminent collision or minimize the
severity of the collision. For accidents in which high speed
was observed as contributing factor to rider visibility
issues the proposed safety systems included the vehicle to
vehicle communication (V2V) which can share information between vehicles about speed, braking, the direction
of travel and location. Driver training can also help car
drivers to make the right decision in a hazardous situation

to avoid the collision or minimize the severity of the collision. From a motorcycle rider perspective, the safety measures included the use of speed warning systems, high visible helmet, daytime running lights, and modified rider
clothing to improve the rider visibility. The study revealed
that 10 % speed reduction before the collision can reduce
fatal injury of car crashes by 30 % (Krafft et al., 2009).
4 Conclusion
This paper investigated the contributing factors to rider visibility issues in car-motorcycle accidents with the help of a
simulation tool and safety measures were proposed accordingly. The investigation involved a full reconstruction of the
accidents on Virtual Crash software 2.2. Car-motorcycle
accidents were categorized into dominant accident types
based on statistical data analysis. The accidents which
involved one car and one motorcycle in the built-up area
were identified by accident types. Twenty-five accidents
were selected by accident types for simulation analysis. The
collision configuration and the orientation of the car and
motorcycle were described by measuring, the relative heading angles between the car and the motorcycle at the time
of the collision. The simulation analysis evaluated the main
contributing factors to rider visibility issues such as view
obstructions, blind spots and high speed. View obstructions
(stationary and mobile) were observed higher as compared
to other contributing factors to rider visibility issues. Car
drivers were observed negligent about blind spots as contributing factor to visibility issues. It was also observed
that the high speed of rider did increase the possibility of
the rider not being seen and some drivers took the wrong
decision before the collision. Simulation data plots showed
the involvement and variation of contributing factors which
reduce rider visibility for 5 seconds before the collision. The
study found that most of the car drivers could not perform
collision avoidance maneuvers such as braking and swerving due to observed rider visibility issues. Safety systems
were proposed from car and motorcycle perspectives based
on simulation results to solve rider visibility issues.
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