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Effect of A-Pillar Blind Spots on a Driver’s Pedestrian Visibility during
Vehicle Turns at an Intersection
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ABSTRACT - This study aims to elucidate the impact of A-pillar blind spots on drivers’ visibility of pedestrians during left and
right turns at an intersection. An experiment was conducted using a sedan and a truck, with a professional test driver participating.
The driver was instructed to maintain sole focus on a designated pedestrian model from the moment it was first sighted during each
drive. The experimental results revealed how the blind spots caused by A-pillars occur and clarified the relationship between the
pedestrian visible trajectory distance and specific vehicle windows. The results indicated that the shortest trajectory distance over
which a pedestrian remained visible in the sedan was 17.6 m for a far-side pedestrian model during a right turn, where visibility
was exclusively through the windshield. For the truck, this distance was 20.9 m for a near-side pedestrian model during a left turn,
with visibility through the windshield of 9.5 m (45.5% of 20.9 m) and through the passenger-side window of 11.4 m (54.5% of
20.9 m). Additionally, we quantified the trajectory distances where pedestrians became invisible when the driver’s view was
obstructed by A-pillars. The sedan exhibited the highest invisibility rate at 46.1% for a far-side pedestrian model during a right
turn, followed by the truck at 17.8% for the same model. These findings will be instrumental in developing new driving support
systems aimed at enhancing visibility in situations where pedestrians are obscured by A-pillars.

KEYWORDS - Driver visibility, pedestrian safety, window type, A-pillar blind spots, turning vehicle, intersection.

INTRODUCTION installed (Shibata 2009; Kuzumaki 2009; Sekiguchi
2011; Makabe 2012; Siddiqui et al. 2020; Naikal
2021). Qian et al. (2019) analyzed the optimized
braking strategy for AEB systems in vehicle-to-
pedestrian crashes to prevent or reduce collision
severity. Data from real-world crash analyses (Tharp
and Tsongos 1977; Waiz et al. 1983; Cuerden et al.
2007; Oh et al. 2008; Anderson et al. 1997; Davis
2001; Rosen and Sander 2009; Kong and Yang 2010)
and simulations (Page and Foret-Bruno 2005) indicate
that reducing vehicle impact speed correlates with a
decreased pedestrian fatality rate, highlighting the
effectiveness of AEB systems at higher speeds.
Studies have revealed that pedestrian fatality rates are
less than 5% when vehicle impact speeds are 30 km/h
or less (Matsui et al. 2013, 2016). Additionally, a
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In 2022, Japan recorded 2610 traffic fatalities, with
pedestrians accounting for 955 fatalities (37%)
(ITARDA  2023).  Therefore, implementing
countermeasures against fatal crashes involving
pedestrians is crucial for reducing overall traffic
fatalities.

In vehicle-to-pedestrian fatal crashes in Japan, the
most frequent vehicle maneuver was “traveling
straight” when the vehicle impacted a pedestrian at
speeds of 25 km/h or higher (Matsui and Oikawa
2019). Recently, automatic emergency braking (AEB)
systems that detect pedestrians using sensors installed
in vehicles have been developed and are already being
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higher (Matsui et al. 2013, 2016). Based on these
findings, Japan mandated the installation of AEB
systems with pedestrian detection in new passenger
vehicles seating up to nine and goods-carrying
vehicles with a gross vehicle weight (GVW) of 3.5
tons or less starting in November 2021 (JASIC 2021).

In Japan, the most common configuration of fatal
pedestrian crashes involving vehicles traveling at 24
km/h or less occurs during right turns, where vehicles
travel on the left side of the road (Matsui and Oikawa
2019). Although less frequent, left turns also
contribute to these fatal crashes (Matsui and Oikawa
2019).

When driving, A-pillars at the front of the vehicle can
create blind spots in the driver’s frontal view (Santos
et al. 2019). One factor contributing to pedestrian-
involved crashes during left or right turns is the
potential obstruction of a driver’s view by A-pillars.
Additionally, there is limited research investigating
the specific windows through which drivers view
pedestrians while turning. Given the discrepancies that
arise between perceived and actual obstructions in a
driver’s field of view even under similar obstruction
angles, Ramu et al. (2013) studied an alternative
method for measuring A-pillar blind spots beyond
obstruction angles. The study showed the A-pillar
obstruction ratio as an alternative method, i.e., the
ratio between the completely obstructed area and the
particular boundary area, which was derived from
experiments using a test car and high-intensity LEDs
simulating driver vision. Santos et al. (2019) measured
A-pillar obstruction angles in 75 vehicles sold in South
America, finding minimum and maximum driver-side
obstruction angles of 8° and 15.3° respectively.
Obeidat et al. (2022) conducted a laboratory
experiment using a parked vehicle to explore how
driver-related factors—such as age, weight, waist
circumference, torso angle, and eye-to-windshield
distance—affect A-pillar obstruction angles. These
studies focused on A-pillar obstruction angles in
stationary vehicles. To consider dynamic conditions,
Schindler and Piccinini (2021) investigated driver
behavior when a large truck with a trailer turned right
at an intersection of right-hand traffic roads, where a
bicycle model went straight beside the large truck.
They analyzed video data from a camera installed in
the cabin to identify the windows through which the
driver checked the bicycle model. However, they did
not examine A-pillar blind spots. Consequently, no
experimental studies have assessed the frequency and
duration of pedestrian obstruction due to A-pillar blind
spots during intersection turns.

Therefore, this study aims to elucidate the impact of
A-pillar-induced blind spots on drivers’ visibility of
pedestrians in vehicles making left and right turns at
intersections. The study employs two vehicle types: a
sedan and a truck with a GVW of 7.5 tons or less
(hereafter referred to simply as a truck).

METHODS
Participants

A single male participant, a professional test driver,
took part in this experiment. His task was to drive the
test vehicles, starting 220 m before the intersection,
and approach using standard driving maneuvers. The
participant operated two different vehicle types and
observed a pedestrian model while executing left or
right turns at an intersection. Throughout the driving
task, the participant wore glasses equipped with a
monocular camera to capture images of the pedestrian
model. He was instructed to maintain continuous focus
on the designated pedestrian model from the moment
of first sighting during each maneuver. Additionally,
the participant was directed to keep his head position
consistent and to adjust it along the z-axis to track the
pedestrian model with the monocular camera upon
sighting. The experiment protocol received approval
from the Ethics Committee of the National Traffic
Safety and Environment Laboratory (NTSEL) in
Japan, and informed consent was obtained from the
participant involved in the study.

Test Vehicles

For this study, we utilized two vehicles: a sedan and a
truck. Photographs of the vehicles used are presented
in Figure 1. The sedan had a GVW of 1535 kg, while
the truck weighed 4680 kg with a maximum loading
capacity of 2000 kg. The wheelbases measured 2700
mm for the sedan and 2525 mm for the truck. Both
vehicles were manufactured in Japan and featured
right-hand driver’s seats. This study specifically
focused on the A-pillars located on both the driver’s
side (right-hand side in the vehicle cabin) and the
passenger side.

Vehicle speed and trajectory distance were recorded
using a Global Positioning System (GPS) receiver
(VGVS SP5Ci, VIOS Inc.), mounted on the roofs of
the vehicles. Additionally, brake pedal force was
measured using load cells (LPR-C-03KNS15, Kyowa
Electronic Instruments Inc.) installed on the brake
pedal of each vehicle.
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Dimensions of Intersection and Pedestrian Models

Figure 2 illustrates the dimensions of the intersection
utilized in this experiment. In Japan, vehicles drive on
the left-hand side of the road. The crosswalk measured
4000 mm in width and 7000 mm in length. At the
intersection, one pedestrian model was positioned at
each of four locations along the extensions of the
crosswalk’s center line, as shown in Figure 2.

From the driver’s perspective before entering the
intersection, the pedestrian models were categorized
as a far-side pedestrian model and a near-side
pedestrian model during each left turn (Far-Left Model
and Near-Left Model) and right turn (Far-Right Model
and Near-Right Model).

Two types of pedestrian models were employed in this
study: a male model representing the far-side
pedestrian and a female model for the near-side
pedestrian. The male model stood at a height of 1730
mm with a shoulder width of 440 mm, while the
female model was 1610 mm tall with a shoulder width
of 360 mm. Both models wore dark blue jackets and
remained stationary.

During the experiment, the driver was instructed to
perform four specific driving maneuvers on separate
passes through the test intersection. The driver focused
solely on one designated pedestrian model while
approaching and passing through the intersection. The
first run targeted the Far-Left Model under left-turn
conditions, followed by the Near-Left Model in the
second run. The third and fourth runs focused on the
Far-Right Model and Near-Right Model, respectively,
under right-turn conditions. This approach facilitated
an individual assessment of the driver’s visibility of
both far-side and near-side pedestrian models during
left and right turns in both the sedan and truck.

e s _—Passenger side
5— Driver side )& . (G W _A-pillar

A-pillar = -~

(a) Sedan

To ensure controlled visibility conditions, multiple
containers were placed on both sides of the road before
the intersection. These containers initially obstructed
the driver’s view of the pedestrian models at the
beginning of each trial, as depicted in Figure 3. As the
vehicle approached the intersection, the pedestrian
model became visible, emerging from behind the
container.

Vehicle Trajectory Distances, Vehicle Traveling
Speed, Locations of Visibility, and Pedestrian
Visible Distances

Vehicle speed and position were measured by a single
GPS receiver mounted on the roof of each vehicle.
Using this positional data, the vehicle’s position along
the trajectory (trajectory distance) was measured, as
illustrated in Figure 4. The trajectory distance zero
point was defined as the location where the vehicle’s
front end aligned with the pedestrian crossing line,
depicted in Figure 4.

As depicted in Figure 4, measurement location L1
corresponded to the entrance line of the intersection,
while LO aligned with the pedestrian crossing line at
the center of the crosswalk. Laser sensors installed at
the bottom center of each vehicle’s front end
accurately identified locations L1 and LO. Laser-
reflecting plates, affixed with reflective tape on
aluminum plates, were placed at these locations.

The point where the driver first gained visibility of the
pedestrian model was designated as the location of
visibility (LV), illustrated in Figure 5. Distances over
which a pedestrian remained visible and invisible in
the vehicle trajectory were measured from LV to LO.
These distances were defined as the pedestrian visible
distance and  pedestrian invisible distance,
respectively.

Passenger side
A-pillar

Driver side
A-pillar

(b) Truck

Figure 1. Photographs of the tested vehicles
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Figure 5. Location of visibility (LV), indicating the
point where the driver began to see the pedestrian
model while approaching the intersection

Video Image Acquisition of Line-of-Sight

Glasses equipped with an eye-tracking device (Tobii
Pro Glasses 2, Tobii Technology Inc.) (Figure 6) were
used to record the frontal scene at 100 Hz (Tobii
Technology 2016, 2018). These glasses featured a
monocular camera to capture the driver’s field of view

(1) Far-side pedestrian model

measurement

and eye-tracking sensors to monitor eye gaze
positions. The gaze information confirmed that the
driver maintained focus on the pedestrian model as
instructed. Examples of video scenes captured at LV,
where the driver first observed the pedestrian model
while driving a truck, are presented in Figure 7.

\

(2) Near-side pedestrian model

(a) Left-turn

(1) Far-side pedestrian model

|

(2) Near-side pedestrian model

(b) Right-turn

Figure 7. Examples of video scenes at the location of visibility (LV), demonstrating when the driver
first observed the pedestrian model during a truck driving test
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Analysis

This study’s analysis focused on the interval between
LV and L0, examining four key aspects:

1. Frequency and types of A-pillar obstructions: This
included the number of occurrences and specific A-
pillars (driver’s side or passenger side) where the
driver’s view of pedestrian models was obstructed
during each vehicle movement.

2. Relationships among trajectory, speed, pedal force,
and visibility: The analysis explored correlations
between vehicle trajectory distance, speed, pedal
force, and the driver’s visibility of pedestrian models.

3. Pedestrian visibility and window type: The study
investigated the relationship between pedestrian
visible trajectory distance and specific vehicle
windows (driver’s side, passenger’s side, or
windshield) through which the driver could observe
pedestrian models.

4. Rates of pedestrian visibility/invisibility in LV-L0
movement: This part of the analysis examined both
pedestrian visible and invisible trajectory distances in
the LV-LO0 driving segment to calculate visibility and
invisibility rates.

Frequency and Types of A-Pillar Obstructions.

We analyzed the instances where drivers’ view of
pedestrian models was obstructed by A-pillars,
identifying whether the obstruction occurred at the
driver’s side or passenger side A-pillar. This analysis
covered the vehicle trajectory distance from LV to L0,
utilizing images captured by the monocular camera of
the wearable glasses. The driver’s seat in the tested
vehicles was positioned on the right side, placing the
driver-side A-pillar on the right and the passenger-side
A-pillar on the left from the driver’s perspective.

Relationships Among Trajectory, Speed, Pedal Force,
and Visibility.

Considering that the frequency of A-pillar
obstructions is influenced by vehicle speed, we
examined the relationships between vehicle trajectory
distance, visibility of pedestrian models, vehicle
speed, and pedal force during left or right turns at the
intersection.

Relationship Between Pedestrian Visible Distance
and Window Type.

We measured vehicle trajectory distance during which
the pedestrian was visible/invisible (pedestrian
visible/invisible trajectory distance). When the
pedestrian was visible, we investigated through which
vehicle window (driver’s side, passenger’s side, or
windshield) visibility was achieved. The driver-side
window was located on the right, while the passenger-
side window was on the left.

Rates of Pedestrian Visibility/Invisibility in LV-L0
Driving.

Our focus extended beyond pedestrian visible
trajectory distances to encompass pedestrian invisible
trajectory distances in the LV-LO segment. In
numerous instances, the driver could not maintain
continuous sight of the pedestrian model while driving
from LV to LO. In such cases, visible or invisible
trajectory distances were calculated as the cumulative
length of each trajectory segment where the pedestrian
model was visible or invisible, respectively. These
measurements were used to determine the rates of
pedestrian visibility/invisibility within the LV-LO0
movement.

RESULTS
Frequency and Types of A-Pillar Obstructions

Table 1 presents the frequency and types of A-pillar
obstructions that hindered the driver’s view of
pedestrian models during each vehicle movement
from LV to LO. Figures 8 and 9 illustrate instances
where the A-pillars of the sedan and truck obstructed
the driver’s view of pedestrian models during left turns
at the intersection. The driver’s view of the Far-Left
Model was obstructed once by the driver-side A-pillar
in both the sedan and truck. For the Near-Left Model,
the view was obstructed once by the passenger-side A-
pillar in both vehicles.

During right turns, the driver’s view of the Far-Right
Model was obstructed once by the driver-side A-pillar
in the sedan and twice in the truck, as detailed in Table
1 and depicted in Figures 10 and 11. The driver’s view
of the Near-Right Model was obstructed once by the
driver-side A-pillar in the sedan, with no obstruction
observed in the truck.
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Table 1. Frequency and types of A-pillars that obstructed pedestrian models when turning left and right
) Number of times the view was Types of A-pillars that obstructed the
Tumlpg Pedestrian model obstructed by A-pillar driver’s view
direction Sedan Truck Sedan Truck
Far-Left 1 1 Driver side Driver side
Left
Near-Left 1 1 Passenger side Passenger side
Far-Right 1 2 Driver side Driver side
Right
Near-Right 1 — Driver side —
Invisible

(a) Sedan

Invisible

(b) Truck

Figure 8. Situations where the driver-side A-pillar obstructed the driver’s visibility of a far-side pedestrian model

during a left turn

Invisible

(a) Sedan

Invisible

(b) Truck

Figure 9. Situations where the passenger-side A-pillar obstructed the driver’s visibility of a near-side pedestrian
model during a left turn
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Invisible

Far-Right Model

(a) Sedan

Invisible

(b) Truck

Figure 10. Situations where the driver-side A-Pillar obstructed the driver’s visibility of a far-side pedestrian model
during a right turn

Invisible

(b) Truck

Figure 11. Situations where the driver-side A-pillar obstructed the driver’s visibility of a near-side pedestrian model
during a right turn
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Relationship Among Vehicle Trajectory Distance,
Speed, Pedal Force, and Pedestrian Visibility

Figures 12 and 13 illustrate the relationship among
vehicle trajectory distance, vehicle speed, pedal force,
and pedestrian visibility. The driver began driving 220
m before L1, accelerating to approximately 40 km/h
on a straight road, then applied approximately 20 N of
pedal force to reduce speed when approaching the
intersection. The center position of the crosswalk at
the exit was set at 0 m.

Under left-turn conditions, the driver in the sedan first
spotted the Far-Left Model at 25.9 m and the Near-
Left Model at 21.8 m. In the truck, these distances
were 26.6 m for the Far-Left Model and 22.5 m for the
Near-Left Model.

During right-turn conditions, as shown in Figure 13,
the sedan driver first sighted the Far-Right Model at
32.7 m and the Near-Right Model at 30.0 m. For the
truck, these distances were 34.6 m for the Far-Right
Model and 27.0 m for the Near-Right Model.

Matsui and Oikawa / Stapp Car Crash Journal 68

Regarding pedestrian invisibility, during right turns,
the sedan driver could not see the Far-Right Model
between 23.2 m and 8.1 m. In the truck, the pedestrian
invisible trajectory distances for the Far-Right Model
were from 26.2 m to 21.1 m and from 7.6 m to 6.5 m.
A-pillar obstructions, particularly from the driver side,
caused these limitations in both vehicles.

Table 2 details the vehicle speeds at LV, L1, and LO.
Under left-turn conditions at LV, the sedan’s speed
(29.6 km/h) exceeded the truck’s (23.3 km/h) when
viewing the Far-Left Model. Under right-turn
conditions at LV, the sedan’s speed (37.3 km/h) was
higher than the truck’s (22.0 km/h). Similar trends
were observed at L1 and LO under both left and right-
turn conditions.

Table 3 outlines the pedestrian visible trajectory
distances in the LV-L0 and L1-LO sections. In the
LV-LO0 section, the sedan exhibited shorter pedestrian
visible trajectory distances than the truck in all
conditions except for right turns while viewing the
Near-Right Model. In the L1-LO section, this trend
persisted except under left-turn conditions while
viewing the Near-Left Model.

Table 2. Vehicle speeds at LV, L1, and LO

Vehicle velocity [km/h]
Left turn Right turn
Location Far-Left Model Near-Left Model Far-Right Model Near-Right Model
Sedan | Truck | Difference | Sedan | Truck | Difference | Sedan | Truck | Difference | Sedan | Truck | Difference
(a) ) | @® | () ) | @® | () b | @® | () ) | @-b
LV 29.6 | 233 6.3 209 | 21.0 -0.1 37.3 22.0 15.3 374 | 21.0 16.4
L1 21.9 18.0 3.9 16.6 16.4 0.2 21.1 18.3 2.8 20.3 16.3 4.0
Lo 11.0 8.9 2.1 11.1 8.5 2.6 15.3 12.4 2.9 16.6 8.5 8.1
Table 3. Pedestrian visible trajectory distances in the LV-L0 and L1-L0 sections
Pedestrian visible trajectory distance [m]
Left turn Right turn
Distance Far-Left Model Near-Left Model Far-Right Model Near-Right Model
Sedan | Truck |Difference | Sedan | Truck | Difference | Sedan | Truck | Difference | Sedan | Truck | Difference
(a) (b) (a)-(b) (a) (b) (a)-(b) (a) (b) (a)-(b) (a) (b) (a)-(b)
LV-LO | 259 | 26.6 -0.7 21.8 22.5 -0.7 32.7 34.6 -1.9 30.0 | 27.0 3.0
L1-L0 | 13.7 14.1 -0.4 14.6 14.3 0.3 19.5 20.6 -1.1 19.5 20.7 -1.2
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Visibility of a pedestrian model :

Vehicle travel speed

Visible
M Invisible by right side A-pillar
Invisible by left side A-pillar

Brake pedal force

LV: Starting position to view the pedestrian model

L1: Initial line to the intersection
LO: Pedestrian crossing line

LV L1 L0 LV LI LO
70 T K 70 i -
1 Driver 1 Driver
- . X 1 sid r 1 sidy
gz ¥ Windshield | indow] =z ¥ Windshield | window
£5 50 Visible E o 50F = W Visible
= | 19m | =z ! 20m
| . k - = L - .
'§_ ;: 40 \Z‘).()‘km h 1 0.4 H Invisible § ; 40 | 1.4 n ™ Invisible
2% 30 E“Z{_?’O‘\Zl‘km,h y
';j 2 20 [~ ) ke % £ 2 m 18.0 km/
> @ > & i 8.9 km/h
10 1 10 1
25.9m 13.7'm 26.qm 14.1'm
0 L L 1 0 1 " 1
40 30 20 10 0 40 30 20 10 0
Vehicle trajectory distance [m] Vehicle trajectory distance [m]
(1) Sedan (2) Truck
(a) A far-side pedestrian model during a left turn
LV L1 LO LV L1 L0
70 . 70 '
L ! Passenger L 1 Passenger
= 60 Windshi{eld side =7 60 Windshiel:d side
=1 window - & window .
E - SOF e ——— W Visible E 3 50 + Visible
= 8 1 =2 "13.0m
11.9m8.2
32 4o e Tnvisible BE dof P 4m Invisible
&3 1 &8 5 1
s 2 30 209 kmh o 2 30F 21.0k
£4 2 . RS W
S g [ 1111 km/h S £ [
T 16.6 km/h =8 ol 3 kmh
0 ) 21.8jm 14.6m 0 L 225 14.3'm
40 30 20 10 0 40 30 20 10 0
Vehicle trajectory distance [m] Vehicle trajectory distance [m]
(1) Sedan (2) Truck
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Figure 12. Relationship among vehicle trajectory distance, vehicle speed, pedal force, and visibility of a pedestrian
model during a left turn
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Figure 13. Relationship among vehicle trajectory distance, vehicle speed, pedal force, and visibility of a pedestrian
model during a right turn

23



24 Matsui and Oikawa / Stapp Car Crash Journal 68

Relationship  Between  Pedestrian  Visible
Trajectory Distance and Vehicle Window Types

Figure 14 illustrates the pedestrian visible trajectory
distances categorized by the types of vehicle windows
through which the driver could observe the pedestrian
models. Under left-turn conditions for the Far-Left
Model, the pedestrian visible trajectory distances were
24.4 m in the sedan and 26.0 m in the truck. In the
sedan, visibility of the Far-Left Model primarily
occurred through the windshield (24.0 m, 98.4%) and
minimally through the driver-side window (0.4 m,
1.6%). Similarly, in the truck, visibility of the Far-Left
Model was through the windshield (24.6 m, 94.6%)
and the driver-side window (1.4 m, 5.4%). These
findings indicate that during left-turn conditions,
drivers in both the sedan and truck predominantly
observed the Far-Left Model through the windshield
(94.6% to 98.4%).

For the Near-Left Model under left-turn conditions,
the pedestrian visible trajectory distances were 18.1 m
for the sedan and 20.9 m for the truck. In the sedan,
visibility of the Near-Left Model was divided between
the windshield (9.9 m, 54.7%) and the passenger-side
window (8.2 m, 45.3%). Similarly, in the truck,
visibility of the Near-Left Model was through the
windshield (9.5 m, 45.5%) and the passenger-side
window (11.4 m, 54.5%). Thus, under left-turn
conditions, drivers in both vehicles experienced nearly
equal visibility rates between the windshield and
passenger-side window for the Near-Left Model.

For the Far-Right Model under right-turn conditions,
the pedestrian visible trajectory distances were 17.6 m
in the sedan and 28.4 m in the truck. The sedan driver
viewed the Far-Right Model solely through the
windshield, whereas in the truck, visibility was
through the windshield (14.9 m, 52.5%) and the
driver-side window (13.5 m, 47.5%).

Regarding the Near-Right Model under right-turn
conditions, the pedestrian visible trajectory distances
were 27.4 m in the sedan and 27.0 m in the truck, with
visibility exclusively through the driver-side window
in both vehicles.

In all conditions, the shortest pedestrian visible
trajectory distance in the sedan was 17.6 m for the Far-
Right Model during right turns, followed by 18.1 m for
the Near-Left Model during left turns. In the truck, the
shortest visible trajectory distance was 20.9 m for the
Near-Left Model during left turns, followed by 26.0 m
for the Far-Left Model during left turns.

Rates of Pedestrian Visibility and Invisibility in the
LV-L0 Movement

Figure 15 displays the total pedestrian invisible
trajectory distances during the LV-LO movement.
Under left-turn conditions, the total invisible trajectory
distances for the Far-Left Model were 1.5 m for the
sedan and 0.6 m for the truck. For the Near-Left
Model, these trajectory distances were 3.7 m for the
sedan and 1.6 m for the truck. Thus, in both scenarios
of Far-Left Model and Near-Left Model under left-
turn conditions, the sedan exhibited longer pedestrian
invisible trajectory distances than the truck.
Additionally, for both vehicle types during left turns,
the invisible trajectory distances for the Near-Left
Model were greater than those for the Far-Left Model.

Under right-turn conditions, the total pedestrian
invisible trajectory distances for the Far-Right Model
were 15.1 m for the sedan and 6.2 m for the truck. For
the Near-Right Model, these trajectory distances were
2.6 m for the sedan and nonexistent for the truck.
Therefore, during both scenarios of Far-Right Model
and Near-Right Model in right turns, the sedan
exhibited longer invisible trajectory distances than the
truck. Moreover, for both vehicle types during right
turns, the invisible trajectory distances for the Far-
Right Model exceeded those for the Near-Right
Model.

Figure 16 illustrates the rates of pedestrian visibility
and invisibility during the LV-L0 movement. Under
left-turn conditions, the invisibility rates for the Far-
Left Model were 5.9% in the sedan and 2.3% in the
truck. For the Near-Left Model, these rates were
17.0% in the sedan and 7.2% in the truck. For both the
Far-Left Model and Near-Left Model, the invisibility
rates were slightly higher in the sedans than in the
trucks.

Under right-turn conditions, the invisibility rates for
the Far-Right Model were 46.1% in the sedan and
17.8% in the truck. For the Near-Right Model, these
rates were 8.7% in the sedan and 0.0% in the truck. In
both scenarios of Far-Right Model and Near-Right
Model, the sedans had higher invisibility rates than the
trucks. Furthermore, for both vehicle types during
right turns, the invisibility rates for the Far-Right
Model were slightly higher than those for the Near-
Right Model.

Among the invisibility rates for left and right turns, the
highest rate was observed in the sedan for the Far-
Right Model during right turns (46.1%), followed by
17.8% for the truck under the same condition, and
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17.0% for the sedan for the Near-Right Model during

left turns.
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DISCUSSION

The experimental findings from right turns made by
the sedan revealed a pedestrian invisibility rate of 46%
for the Far-Right Model. This indicates that drivers
may encounter difficulty observing pedestrian models
for approximately half of the vehicle trajectory
distance in the LV-L0 section. Hashimoto et al. (2009)
examined blind spot areas caused by A-pillars during
right turns at an intersection using ground plane
projection maps. Their research demonstrated that
pedestrians crossing from left to right at an
intersection tended to remain in the blind spot longer
compared to those crossing in the opposite direction.
Such findings suggest that fatal pedestrian crashes
involving vehicles making right turns at low speeds
are frequently reported in real-world scenarios (Matsui
and Oikawa 2019). One potential contributing factor
could be delays in drivers' cognitive responses to
pedestrians due to A-pillar obstructions.

In both left and right turns, the sedan consistently
exhibited higher invisibility rates compared to the
truck, as depicted in Figure 16. Particularly
noteworthy is the sedan's invisibility rate for the Far-
Right Model (46%), significantly surpassing that of
the truck (18%) during right turns. This discrepancy
may be partially attributed to differences in the
inclination angles of the A-pillars. In the vehicles
tested, the sedan featured an A-pillar inclination angle
of 29°, whereas the truck had an angle of 60°, as
illustrated in Figure 17. The sedan's smaller inclination
angle from the horizontal line could allow for longer
trajectory distances of invisibility for drivers during
intersection turns. Additionally, structural disparities
in the A-pillars between the two vehicles may also

play a role; the sedan's A-pillar was wider compared
to that of the truck, as shown in Figure 11. A-pillars
are designed to safeguard occupants in frontal
collisions and rollovers, with sedans typically
incorporating sturdier A-pillars to enhance protection.
Consequently, the combination of a smaller inclination
angle and thicker A-pillar in sedans might lead to
extended invisible trajectory distances for far-side
pedestrian models.

The eyepoint heights of the tested vehicles were 1196
mm from the ground for the sedan and 1693 mm for
the truck. Despite the truck having an eyepoint height
497 mm higher, the impact on the driver’s view being
obstructed by the A-pillar is likely minimal, as the A-
pillar angle remains relatively constant regardless of
eyepoint height.

In this study, we analyzed pedestrian visible trajectory
distances concerning the types of vehicle windows
through which drivers could observe pedestrian
models, as shown in Figure 14. Under left-turn
conditions, drivers could see the Near-Left Model
through both the windshield and the passenger-side
window at roughly equal rates for both the sedan and
the truck. Initially, drivers view the Near-Left Model
through the windshield. As the vehicle approaches the
intersection, however, drivers may fail to recognize
the Near-Left Model unless they shift their gaze to the
passenger-side window. In typical traffic situations,
drivers often focus primarily on oncoming traffic
participants such as cyclists through the windshield
while approaching an intersection. Consequently,
identifying a near-side pedestrian in such scenarios
could be challenging unless drivers intentionally
glance through the passenger-side window.

(a) Sedan

(b) Truck

Figure 17. Inclination angles of A-pillars from the horizontal line
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Our investigation also considers pedestrian positions
under right-turn conditions, given that most vehicle-
to-pedestrian collisions at low speeds in real-world
crashes occur during this maneuver (Matsui et al.
2019). The Institute for Traffic Accident Research and
Data Analysis of Japan (ITARDA) categorizes total
road width into several groups for documenting real-
world crashes. The full road width (7.0 m) in our
experimental setup corresponds to the 5.5-13 m road
width category in ITARDA’s classification.
According to ITARDA’s database, within this road
width range, right-turn vehicle collisions involving
far-side pedestrians accounted for 47%, while those
involving near-side pedestrians were 53% (ITARDA
2012). This indicates a slightly higher incidence of
crashes involving near-side pedestrians. In our study,
we observed that during right turns, the near-side
pedestrian was visible only through the driver-side
window. Viewing through the driver-side window,
rather than through the windshield, requires drivers to
turn their heads to the right. One contributing factor to
such crashes may be the challenge of monitoring near-
side pedestrians through the driver-side window rather
than through the windshield.

Examining vehicle travel speed and pedal force during
left turns, we observed that the driver released the
brake pedal, reducing the pedal force to 0 N, and
subsequently began accelerating the vehicle. During
acceleration in both tested vehicles, the driver’s view
of the Far-Left Model was obstructed by the A-pillar,
as shown in Figure 12. The locations of this
obstruction ranged from 1.9 m to 0.4 m in the sedan
and 2.0 m to 1.4 m in the truck along the trajectory
distance, corresponding to a time to collision (TTC) of
0.64 s to 0.12 s in the sedan and 0.83 s to 0.55 s in the
truck. In this study, TTC is defined as the real time to
reach the location at the center line of the pedestrian
crosswalk (LO0) (e.g., 0.64 s corresponds to the time
before reaching L0). The location of 1.9 m or 2.0 m
from LO corresponds to the edge of the crosswalk. Our
analysis suggests that when a vehicle accelerates,
driver visibility is obstructed near the edge of the
crosswalk due to A-pillar obstructions. In these left-
turn scenarios, there is a potential risk of collisions
with far-side pedestrians. Thus, the development of
sensing technologies that alert drivers to approaching
pedestrians between left-turning vehicles and far-side
pedestrians is imperative.

For instance, when the sedan turned right, the Far-
Right Model became visible to the driver at a vehicle
trajectory distance of 32.7 m but was obscured from
23.2 m to 8.1 m before becoming visible again at 8.1

meters. The 8.1 m mark approximately corresponds to
the center of the intersection, near the crosswalk. If a
driver, distracted by other traffic participants during a
right turn, fails to notice a pedestrian appearing at the
center of the intersection, there is a risk of a vehicle-
to-pedestrian  collision. As a technological
countermeasure, research using vehicle-to-everything
(V2X) communication technology is underway
(Cornec et al. 2023). Additionally, the development of
vehicles capable of directly detecting pedestrians on
crosswalks using cameras or lasers and subsequently
applying automatic braking is anticipated. There is an
urgent need for new driver-assist technologies that can
recognize pedestrians even when they are outside the
driver’s field of view.

In this experiment, we investigated how the A-pillar
blind spot occurs with a stationary pedestrian model.
When a pedestrian model moves, the obstruction of a
driver’s view by the A-pillar may differ from the
findings of this study. This difference could depend on
the relative positions of a moving pedestrian model
and the A-pillar in a turning vehicle (Hashimoto et al.
2009). In the present experiment, during right turns
with the sedan, the driver-side A-pillar obstructed the
driver’s visibility of the Far-Right Model, as depicted
in Figure 10(a). The sedan exhibited an invisible
trajectory distance of 15.1 m, ranging from 23.2 m to
8.1 m in the LV-LO section. If a pedestrian model
begins crossing just before the vehicle reaches the
point at 8.1 m along its trajectory distance, the model
may remain in the blind spot area longer as the vehicle
completes the turn. In such scenarios, the distance at
which the model becomes visible again will be less
than 8.1 m. Considering this scenario in real traffic
conditions, the shorter visibility distance increases the
risk of a pedestrian-involved collision. In future
studies, it is crucial to investigate at which position on
a crosswalk pedestrians become invisible due to an A-
pillar in conjunction with vehicle movements.

We utilized different sizes of pedestrian models for
far-side and near-side scenarios. For instance, the
dimensions from median to shoulder were 220 mm for
male and 180 mm for female dummies. The width of
the pedestrian model can affect when view obstruction
by the A-pillar begins for the driver. Therefore, future
research should explore how varying pedestrian sizes
influence pedestrian visible trajectory distances,
particularly for far-side and near-side scenarios.
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There have been various methods focused on
addressing blind spots caused by A-pillars. Many
studies have targeted obstruction angles or invisibility
angles using parked vehicles (Sundin and Hasselblad
2008; Ramu et al. 2013; Santos et al. 2019; Obeidat et
al. 2022). Ramu et al. (2013) conducted a laboratory
experiment using LEDs instead of a driver’s eyes,
while Obeidat et al. (2022) gathered experimental data
where participants in parked vehicles used smartphone
cameras to measure invisibility angles caused by
pillars. However, to date, there is no literature
specifically targeting A-pillar blind spots related to
pedestrians using experimental data from camera
images at a driver's eye level while a vehicle is in
motion on the road. In contrast, studies utilizing
Japanese near-miss databases recorded by drive
recorder cameras, provided by the Smart Mobility
Research Center of Tokyo University of Agriculture
and Technology, analyze driver behavior in actual
traffic environments (Matsui and Oikawa 2023;
Raksincharoensak et al. 2010). These recorders are
installed near the front mirror, differing from the
driver's eye position. Therefore, the methodology and
findings of this study represent a novel contribution to
the field of ergonomics.

This research does have several limitations. The
experiment involved one professional driver who was
186 cm tall, using glasses equipped with a camera for
image capture and analysis. If a driver is taller than
186 cm, they may adjust their seat farther back from
the steering wheel than the test driver, resulting in
different eye points and potential variations in A-pillar
blind spots. Obeidat et al. (2022) investigated factors
affecting invisibility angles caused by vehicle pillars,
highlighting that the distance between a driver’s eyes
and the windshield is a significant factor. They noted
that taller participants tend to position their driver
seats farther back from the steering wheel, while
shorter individuals show the opposite trend. Further
investigation into A-pillar obstruction across a wide
range of driver eye positions considering different
human dimensions—including age, gender, stature,
weight, chest size, and waist circumference—is
necessary to deepen our understanding.

Our study investigated driver visibility during turning
movements using only a sedan and a truck, which
limited the variety of vehicles tested. Even within
sedan types, the angle and cross-section thickness of
A-pillars can vary between vehicles. Ramu et al.
(2013) conducted experiments using high-intensity
LEDs instead of a driver's eyes and a stationary vehicle
in the test site, demonstrating that different A-pillar
obstruction angles resulted in varying obstruction
rates. Additionally, the height of the cabin can be

greater in heavier truck GVWs, potentially altering
visibility of pedestrians due to the higher position of
the driver's eyes. Further investigations into driver
view across a broader spectrum of vehicle types and
models are necessary.

CONCLUSIONS

This study investigated the impact of A-pillar blind
spots on a driver’s visibility of pedestrians during left
and right turning movements at intersections, using
two types of vehicles: a sedan and a truck witha GVW
of 7.5 tons or less. A professional male test driver
participated in the experiment, wearing glasses
equipped with a monocular camera to capture images.
The driver was instructed to maintain focus solely on
a targeted pedestrian model from the moment it was
first sighted under each condition. The primary focus
of the analysis was the vehicle trajectory distance from
the location of visibility (LV), where the driver first
spotted the pedestrian model, to the location of the
pedestrian crossing line (LO).

The experimental results specifically revealed how A-
pillar blind spots occurred and clarified the
relationship between pedestrian visible trajectory
distance and specific vehicle windows. The findings
indicated that the shortest pedestrian visible trajectory
distance for the sedan was 17.6 m for the far-side
pedestrian model (Far-Right Model) during a right
turn, with visibility solely through the vehicle’s
windshield. For the truck, the shortest pedestrian
visible trajectory distance was 20.9 m for the near-side
pedestrian model (Near-Left Model) during a left turn;
visibility for this model was achieved through the
windshield for 9.5 m (45.5% of 20.9 m) and through
the passenger-side window for 11.4 m (54.5% of 20.9
m).

Additionally, we calculated the pedestrian invisible
trajectory distances when the driver’s view was
obstructed by A-pillars. The sedan exhibited the
highest rate of pedestrian invisibility at 46.1% for the
Far-Right Model during a right turn, followed by the
truck at 17.8% for the Far-Right Model under similar
conditions.

Considering the impact of A-pillar blind spots on
driver visibility during vehicle turning maneuvers,
there is a clear need to develop new driver support
systems. These systems should be capable of
identifying pedestrians at risk of collisions, especially
when the driver’s direct line of sight is obstructed. The
findings from this study will aid in the development of
new driving support systems aimed at improving
visibility in situations where pedestrians are obscured
by A-pillars.
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