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ABSTRACT

From 2026, Euro NCAP will expand their assessments, focusing on the robustness of active safety systems such as
Autonomous Emergency Braking (AEB). The upcoming changes aim to better reflect real-world traffic situations. The
VERDAS project supports the inclusion of robustness layers, with an emphasis on Vulnerable Road Users (VRUs), as
studies show AEB effectiveness can be improved for that group. This paper uses real-world traffic data to identify
relevant aspects—such as infrastructure elements and visual obstructions—within existing test scenarios.
Incorporating crash data from multiple sources, the study applied descriptive statistics, alignment across datasets, and
in-depth analyses of pedestrian and vehicle trajectories, speed profiles, infrastructure elements, and obstructions.

Euro NCAP pedestrian test scenarios are performed under specific environmental conditions, which limit the variety
of the real-world crashes covered. The 2026 robustness update has the potential to substantially mitigate this
limitation.

The analysis showed that the most common pedestrian conflict situation—Straight Crossing Path (SCP)—accounts for
a substantial portion of car-to-pedestrian crashes (52-69%), moderate to severe injuries (57-73%), and fatalities (63-82
%). Case-by-case crash data analyses revealed information about frequent obstructions and infrastructure elements in
the road environment. Information extracted from crash data sources enabled identification of key SCP features, for
use in enhanced test scenarios. While the findings provide a more realistic basis for test scenario development,
limitations in dataset representativeness, technical feasibility and the careful evaluation of false vs. true positive AEB
activations remain important considerations. Together, these insights — both findings and constraints — provide a
foundation for refining test protocols to better reflect operational conditions and enhance AEB system effectiveness.

Keywords: ADAS, AEB, Pedestrian, Car-to-pedestrian crashes, Straight-crossing path, Pedestrian detection, Euro
NCAP robustness, Pedestrian field data

Petersson 1



INTRODUCTION

Retrospective Analyses of Effectiveness of AEB Systems in Car-to-VRU Accidents

Retrospective analyses of Car-to-Vulnerable Road User (VRU) accidents show a limited safety effect of Advanced
Driver Assistance System (ADAS) [1]-[13]. Tests also indicate that system performance decreases as the traffic
environment becomes more realistic, for example in the presence of additional road users and objects, variations in
clothing and vehicle colors, as well as lighting and weather conditions [14] [15].

Today’s physical rating scenarios are tested in greatly simplified and idealized conditions, which means that details in
traffic environment and mechanisms are not captured [16]. These test scenarios only cover a subset of all real-world
accident situations, even though the number of different test scenarios has increased substantially since the first
ratings of driver assistance systems in 2014 [17]-[20]. Due to the simplifications of test scenarios, the performance of
ADAS in these tests may not correspond to its performance in real-world traffic conditions. In order to improve the
robustness of ADAS performance in real-life traffic environments, the test scenarios need to reflect real-world
accident situations more accurately.

Definition of Test Protocol from Crash Data

Crash data statistics have supported the definition of test protocols for ADAS crash avoidance testing. Different
European crash data sources were investigated to identify relevant crash scenarios that involved a passenger car,
against VRUs or against other vehicles [21]-[25], Some of these test protocols were included in assessments, such as
Euro NCAP [26], which had periodic protocol updates (in 2014, 2016, 2018, 2020, 2023) reflecting some of these
projects proposals.

Euro NCAP 2026 Protocol Update Introducing Robustness

Euro NCAP has identified limitations in its roadmap Vision 2030 [27] and is expanding the assessment of active
safety measures, focusing on the robustness of systems such as Autonomous Emergency Braking (AEB). Previous
protocol updates introduced new test scenarios based on crash frequency and severity. The upcoming changes in test
scenarios aim to better mirror real-world conditions by introducing variability in key parameters, thereby enabling a
more robust assessment of system performance and ensuring scenarios are more representative of real-world traffic
situations. For the introduction 2026, Euro NCAP will limit it to one selected robustness layer (parameter) change to
today’s 2023 rating test scenario [28]. Thus, the possibility of covering all important mechanisms is limited. In the
next Euro NCAP protocol update in 2029 [27], there is a possibility to include other relevant accident scenarios and
the mechanisms behind them more realistically.

VERDAS project

The goal of the VErification methods for Robust Driver Assist System performance (VERDAS) project was to
propose new or updated car-to-pedestrian test scenarios with robustness layers, to verify ADAS performance in a
more real-world traffic environment. For this purpose, real-world traffic data was analysed to identify relevant aspects
such as infrastructure/clutter (Euro NCAP definition section 5.2.1.2 in 2026 Crash Avoidance Frontal Collision
protocol: Environments cluttered with objects such as urban furniture or secondary road users without fully obscuring
the main target) and visual obstructions within existing test scenarios, which can be used for the proposal of new or
updated car-to-pedestrian test scenarios with robustness layers. The VERDAS project has supported Euro NCAP with
its findings and proposals for the robustness test scenarios in the Technical Bulletin CA 002 Verification Conditions
for Robustness Layers [29].

For the VERDAS test scenario proposals towards 2026, the variations of robustness layers were chosen so that it
would be technically feasible regarding repeatability and reproducibility assessment on test track. Physical tests were
also performed in the project with three different systems on the market, to study the influence on the performance
between base SCP test scenarios versus the proposed SCP robustness layer test scenarios. This part of the VERDAS
project is not included in this paper, but the VERDAS End-of-project report [30] gives some examples of how the
robustness layers affected the performance.

This paper, part of the VERDAS project, presents a real-world analysis of crash and observational data with a focus
on the car-to-pedestrian Straight Crossing Path (SCP) pre-crash conflict situations, in which the car and pedestrian
cross each other’s paths on straight trajectories. The analysis was performed in two parts: descriptive statistics and
case studies. The first part provides a general overview of the problem, while the second presents a detailed analysis
of elements in SCP cases, which presence could potentially have an influence on the ADAS performance.
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METHODS AND DATA SOURCES

This study utilized real-world crash and traffic data as input to the design of updated test scenarios. The study
comprised two main components. First, descriptive crash statistics were presented to provide representative and
relevant distributions of car-to-pedestrian conflict situations and overall pre-crash factors. Second, detailed case
analysis was conducted to identify and exemplify potential crash-contributing factors that are often absent from
aggregated crash data. Together, these complementary approaches offer both a broad overview and nuanced insights
into underlying car-to-pedestrian crash factors.

The following datasets were used:

e GIDAS, the German In-Depth Accident Study, and the accompanying Pre Crash Matrix (PCM) cover
crashes with at least one personal injury in Germany [31].

e PAV, the People Around the Vehicle crash database by If, covers car-to-VRU third-party liability insurance
crashes reported in Sweden [32].

e The Swedish Transport Administration Fatality Database (STA-F) covers fatal crashes in Sweden [33].
e STRADA, the Swedish national accident database, covers police-reported crashes [34].

e Viscando on-site traffic measurement data covers details in the traffic flow in selected sites, including
measurement and analysis details [35].

e V_PAD, the Volvo Cars Pedestrian Accident Database, covers Volvo car-to-pedestrian third-party liability
insurance crashes reported in Sweden [36].

e Volvo Cars fleet on-board data (VCC-Fleet), covers a fleet of ADAS-equipped Volvo cars worldwide [37].

Figure 1 provides an overview of the analysis; Table 1 summarizes the datasets used, along with the sample sizes. The
presence of SCP situations within all car-to-pedestrian crashes was examined (1.1), and a descriptive analysis of SCP
crashes (1.2) was performed. Reconstructed crashes, in-depth crash investigations, traffic measurements, and car fleet
measurement data provided information about potential crash-contributing factors that are not consistently represented
in aggregated crash data (2).

Analysis of real-world

data
1. Descriptive Crash Statistics 2. Case analysis, SCP
1.1 Conflict situations 2.1 Trajectories and speed
profiles, SCP
1.2 Pre-crash factors in SCP 2.2 In-depth crash analyses, SCP

Figure 1. Overview of analysis. Numbers refer to sections in Results and to Table 1.
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For the descriptive statistics (sections 1.1 and 1.2 in Figure 1); the data from PAV and STA-F were considered
representative of their countries, respectively, due to their data collection process. Weighting factors were used to
achieve representativeness for all police reported crashes in Germany for GIDAS [38].

The identification of relevant car-to-pedestrian SCP crashes used the Conflict Situation classification system [39-40]
in PAV and STA-F. For GIDAS, SCP crashes were defined by the UTYP variable, so all UTYP 4XX cases were
selected (except for specific pedestrian turning situations, defined by UTYPs 481, 482, 483 and 484) [41].

Crashes were grouped into aggregated pre-crash conflict situations: SCP, Car turning, Longitudinal, Reverse,
Other/Unknown, see Appendix 1.

The analysis in 1.2 categorized key pre-crash factors that may influence crash occurrence: crash location, the presence
of designated crossings, posted speed limits, the direction of the pedestrian, potential obstructions in the roadway, and
light conditions. The category Unknown refers to cases where the relevant information was not recorded or could not
be determined, while Others denote values that do not fit into any predefined category.

Detailed case analyses in 2.1 and 2.2 revealed crash-contributing factors that are often missing in aggregated crash
data. The analysis of trajectories and speed profiles in 2.1 included GIDAS-PCM, and on-site measurement data from
the Viscando dataset. Vehicle and pedestrian average speeds and accelerations from the two datasets were analyzed to
understand speed at SCP situations, for pedestrians crossing from right and left, respectively, denoted as SCP-right
and SCP-left. Viscando data also provided pedestrians’ start position when stepping out on the road, relative to the
pedestrian crossing centerline and pedestrians’ movement direction over the street. The angle was measured relative to
the direction of the pedestrian crossing, which is perpendicular to the road (i.e. pedestrian crossing the road
perpendicular is 0 degree).

e From GIDAS-PCM, 471 car-to-pedestrian SCP crashes from accident years 2003-2018 with available pre-crash
reconstructions were analyzed.
o To identify relevant traffic measurement sites for the Viscando dataset, a cluster analysis was performed based on
crash data in PAV including the following parameters:
- posted speed limit grouped (30/50/60+ kph),
- the vehicle position relative to the road network at the time of the crash: approaching, within, or exiting an
intersection, or on a road section not associated with an intersection/roundabout,
- pedestrian direction (from left/right)

The results provided an overview of general locations with car-to-pedestrian SCP crashes, e.g., crashes adjacent
to intersections in roads with posted speed limit 50 kph represent ~38% of all SCP car-to-pedestrian crashes, and
crashes adjacent to intersections in roads with posted speed limit 30 kph represent ~8% of all SCP car-to-
pedestrian crashes. The on-site traffic measurement sites were chosen after availability of measurement data,
adjacent to 3- or 4-way intersections with high density of pedestrians and vehicles and without traffic lights or
untypical infrastructure elements: the intersection Landeyvejen - Fekjan, Viken, Norway (GNSS coordinates:
59.858934, 10.493785), a pedestrian crossing at a 3-way road crossing with posted speed 50 kph, and intersection
Hogbergsgatan - Swedenborgsgatan, Stockholm, Sweden (GNSS coordinates: 59.315538, 18.064358), a 4-way
intersection in a busy central area, with posted vehicle speed 30 kph. The top-views of the chosen sites with the
trajectories of pedestrians and vehicles measured by Viscando, are provided in Figure 2. These sites are further on
called Viken site and Stockholm site, respectively.

Figure 2.
Pedestrian and vehicle trajectories for the Viken site in Norway (A and B, respectively) and
the Stockholm site in Sweden (C and D, respectively)
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In-depth analyses of the SCP crashes in 2.2 using GIDAS-PCM, PAV, STA-F, STRADA, V_PAD, and VCC-Fleet
provided information about details in the infrastructure and traffic situations that normally cannot be found in high-
level crash databases. Cases from different non-random sampling procedures (see Table 1) were analysed. A moderate
correlation was observed between the statistical datasets and the in-depth cases regarding pedestrians’ approach
direction (left versus right) and the presence of visual obstructions. Each case was examined to find parameters that
were considered potential factors influencing the ADAS system’s object detection and tracking performance. The
following parameters were considered:

e Road layout (e.g., lanes, refuges, pedestrian crossings, pedestrian and bike lanes).

e Parking space along the road at pedestrian road entering location.

e Posts (presence, type, location, with or without sign).

o Stationary clutter elements that obstruct the view or form a non-ideal background (e.g., electrical cabinets,
garbage bins, bollards, fences, buildings, vegetation).

e Position, speed, and trajectory of dynamic elements (e.g., moving cars, pedestrians, bicyclists).

e Temporary stand-still dynamic elements that obstruct the view or form a non-ideal background (e.g., vehicles
stopped at red lights, parked cars and bicycles, stationary pedestrians).

e Glare and low sun.

e Impact location in relation to the above-mentioned elements.

GIDAS-PCM cases, n=35, included dynamic element information, such as trajectories and speed profiles up to five
seconds before the crash happened. Additional GIDAS data, including digital images, provided information to
elaborate on the context of the scenery, in terms of infrastructure clutter and obstruction elements. For PAV cases,
n=28, photographs of the accident site were reviewed alongside information in insurance files, Nationell vigdatabas
(NVDB) National Road Database in Sweden [42], and map services. Measurements were taken of a) the road layout,
and b) distances from the collision point to nearby objects such as obstacles, buildings, parking areas, and vegetation;
see example in Appendix 2.

For the STA-F analysis, n=24, photographs of the accident site were reviewed in conjunction with data reported by the
police and detailed on-scene findings from the investigators. For STRADA, n=_8, accident site photographs were
reviewed alongside the simplified accident descriptions provided by the police. For V_PAD, n=96, the cases were
digitized to provide vehicle and pedestrian pre-crash paths. Case summaries were prepared when map data provided
additional information about the crash scene, such as road layout and objects present at the location. For VCC-Fleet, a
subset of specifically annotated car-to-pedestrian SCP crashes from 2022-2024 was examined. This subset consisted
of 33 crashes with stored ADAS camera images captured prior to the crash. No further sensor information has been
used for the analysis.
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Table 1.
Overview of datasets used and selection criteria with reference to Figure 1 and to sections in Results.

*For in-depth case analysis, different non-random sampling procedures were applied.

DATA
DATASET DATA SELECTION FROM SAMPLE SIZE ANALYSIS
SECTION
(YEAR)
GIDAS Car-to-pedestrian crashes. 2003-2022 1976 1.1
Reconstructed two- .
participant crashes Car-to-pedestrian SCP 503 202 1017 1.2
. . crashes.
with known injury
severity, December .
2022 GIDAS Car-to-pedestrian SCP 2003-2018 355 29
release crashes. '
GIDAS- PCM Carto-pedestrian SCP 503 2018 471 2.1
crashes.
Car-to-pedestrian SCP 2003-2018 355 29
crashes.
Car-to-pedestrian crashes. 2008-2024 1573 1.1
PAV Car-to-pedestrian SCP 2019-2024 275 12
crashes. ’
Car-to-pedestrian SCP crashes,
cars equipped with VRU- 2020-2023 19* 2.2
ADAS
. 79 1.2
STA-F Car-to—zf;e;féglan SCP 5009-2016
' 24% 2.2
STRADA Carto-pedestrian SCP 10,2020 8 22
crashes.
V_PAD Carto-pedestrian SCP 50002020 21% 22
- crashes.
. Cars: 48856,
Viken, Norway 2022 Pedestrians: 2199
Viscando 2.1
Cars: 38824,
Stockholm, Sweden 2024 Pedestrians: 9089
Car-to-pedestrian SCP
VCC-Fleet crashes, cars equipped with 2022-2024 33%* 2.1&2.2

VRU-ADAS
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RESULTS
The results of the analysis are organized according to the diagram shown in Figure 1 and the column “Analysis
Section” in Table 1.

Descriptive Crash Statistics (Section 1)
This section provides an overview of the descriptive statistics for the datasets and uses relevant parameters to
summarize their main characteristics.

SCP out of all conflict situations (Section 1.1)

SCP is the situation with a higher share for all types of severities. A slight increase in share is observed when focusing
on MAIS2+ injuries, compared to the full sample. This increase is more pronounced when focusing on fatalities where
the share of SCP situations range between 63% and 82%.

Table 2.
Conflict situations share in car-to-pedestrian crashes for SCP in comparison
with the Total for GIDAS, PAV, and STA-F

GIDAS GIDAS PAV STA-F
(unweighted) (weighted) n=1573 n=79
n=2696 n=1975
% % % %
Conflict SCP Total 69 52 53 -
situation MAIS2+ 73 57 61 -
Fatal 82 63 68 71
Turning Total 16 16 12
MAIS2+ 14 16 11
Fatal 4 6 5
Longitudinal Total 2 3 8
MAIS2+ 2 4 8
Fatal 2 3 8
Reverse Total 7 17 16
MAIS2+ 7 14 14
Fatal 2 3 8
Other/Unknown Total 7 12 12 -
MAIS2+ 5 9 6 -
Fatal 11 25 12 29

Pre-crash factors in the SCP situation (section 1.2)

The table below (see Table 3) shows descriptive statistics for some pre-crash factors. It was observed that crashes
occurred more commonly on roads with posted speed limits between 40 and 50 kph. The proportion of crashes
occurring at designated crossings varied significantly between datasets. In GIDAS, more than half of the crashes
happened at non-designated crossings, whereas in PAV, the majority occurred at designated ones. The most common
VRU direction was from the right, with fatalities representing an even higher proportion in these situations. In the
GIDAS dataset, most of the crashes happened in daylight. The PAV dataset shows a more balanced distribution
between daylight and night/dusk/dawn. STA-F presents a slight increase in the share of fatalities happening at night,
dusk, or dawn compared to daylight. The data also show that most cases (33% in GIDAS and 23% in PAV) occurred
from the right without obstruction. Cases from the left without obstruction accounted for 22% in GIDAS and 17% in
PAV. Those from the left with obstruction were less common (16% for GIDAS and 11% for PAV), and the shares were
similar to those of the cases from the right with obstruction.
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Table 3.

Pre-crash factors for SCP car-to-pedestrian crashes for GIDAS, PAV, and STA-F

GIDAS PAV STA-F
n=1017 n=275 n=79
% % %
Crash location Before inters./roundabout 22 24 19
In inters./roundabout 1 3 3
After inters./roundabout 14 10 32
No inters. Nor roundabout 60 47 33
Other 3 6 0
Unknown 0 11 14
Pedestrian crossing site Designated for the VRU to cross 23 61 55
(regardless of road scgment type) Not designated for the VRU to cross 62 34 37
Unknown 15 5 8
Posted speed limit <=30kph 19 21 5
40-50 kph 76 59 90
>=60 kph 1 8 5
Unknown 4 13 0
VRU direction From left 39 29 35
From right 58 42 65
Unknown 3 30 0
Obstruction From left with obst. 16 11 -
(for PAV: when VRU direction known) From left without obst. 22 17 -
From left, obst. unknown - 13 -
From right with obst. 25 26 -
From right without obst. 33 23 -
From right, obst. unknown - 10 -
Unknown 4 - -
Light Daylight 72 48 43
Night/Dusk/Dawn 28 42 57
Unknown 0 11 0

Case Analysis (Section 2)

This section presents results from case analyses, where detailed analyses were conducted on cases from different non-

random sampling procedures.

Trajectories and speed profiles (Section 2.1)

The kinematics of the crash were studied using two datasets, GIDAS, and Viscando. Detailed information on speeds
was divided into SCP cases with the pedestrian crossing from the right (SCP-right) and from the left (SCP-left). Table
4 shows the shares for the datasets.

Table 4.

Number of SCP crashes for GIDAS-PCM, and Viscando

GIDAS- Viscando
PCM
SCP-right crashes 321 -
SCP-left crashes 150 -

All crossing directions

2 measurement locations
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Vehicle mean speed profiles were analyzed to understand speed distributions from the GIDAS-PCM dataset’s
reconstructed time-history data. Table 5 summarizes the results for vehicle mean speeds. Viscando on-site traffic
measurement data shows lower mean vehicle speeds (24 and 16 kph for 50 kph and 30 kph locations respectively).
Figures with more detailed information can be found in Appendix 3.

Table 5.
Overview of kinematic parameters for the vehicle and the pedestrian in two different datasets,
GIDAS-PCM, and Viscando.

GIDAS-PCM Viscando
Vehicle speed SCP right 2 s before collision M=37.4(SD=14.4) -
kph
(mean +/-SD)
1 s before collision M=36.9 (SD=13.9) -
At collision M=33.15 (SD=13.8)
SCP left 2 s before collision M=43.8 (SD=16.1) -
1 s before collision M=43.3 (SD=15.7) -
At collision M=38.7 (SD=16.2)
All crossing 2 s before zebra - Viken:
directions crossing M=24.0 (SD:82)
Stockholm:
M=16.2 (SD=7.6)
At zebra crossing - Viken:
center M=22.2 (SD=7.61)
Stockholm:
M=16.7 (SD=6.3)
Vehicle SCP right Max decceleration M=-1.4 (SD=2.1) -
deceleration
m/s2 (mean
+/-SD)
SCP left Max decceleration M=-1.8 (SD=2.2) -
Pedestrian SCP right 2 s before collision M=7.0 (SD=4.4) -
speed kph
(mean +/-SD)
1 s before collision M=7.0 (SD=4.4) -
At collision M=7.1 (SD=4.6) -
SCP left 2 s before collision M=7.1 (SD=5.4) -
1 s before collision M=7.3 (SD=5.6) -
At collision M=7.4 (SD=5.7) -
All crossing 2 s before zebra - Viken:
directions crossing M=5.4 (SD=1.6)
Stockholm:
M=4.7 (SD=1.3)
At zebra crossing - Viken:
center M=5.7 (SD=1.9)
Stockholm:
M=5.3 (SD=1.2)
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On-site traffic measurement data: movement direction and position of pedestrians stepping onto the road.

The trajectories of the pedestrians at the Viken site were analyzed, and Figure 3 shows the spread of angles and
positions of the pedestrians, moving from left (eastbound) and right (westbound) directions (left and right images,
respectively). The distributions demonstrate large spreads in terms of positions (reaching far beyond the extent of the
painted pedestrian crossing lines) and directions, with a clear tendency to go from the side of the crossing towards its
middle. This tendency is more pronounced for the pedestrians moving from the left (walking eastbound direction). For
pedestrians moving from the right (walking westbound direction), there is a sidewalk along the secondary road that
aligns with the pedestrian crossing, so they tend to walk closer to the middle of the crossing at a smaller angle.

Figure 3.
Pedestrian position and angle distribution at the start of the pedestrian crossing. Middle image: Top-view of the
crossing with recorded trajectories. Left and right images: Position vs. angle scatter plots for pedestrians from the
left (walking eastbound direction) and from the right (walking westbound direction), respectively.

On-site traffic measurement data: speed profiles for interacting pedestrians and vehicles

At the Stockholm site, detailed dynamics were studied for both pedestrians and vehicles as they approached the
crossing, with a focus on how speed varied in the different types of crossing events with and without interactions
between car and pedestrian at the crossing. The distributions of approach speed of both pedestrians and cars are shown
in Figure 4. The crossing events were sorted into: 1) pedestrian crossing when there were no approaching cars (no
interaction, Fig. 4A); 2) car crossing when there were no pedestrians approaching (no interaction, Fig. 4D); 3)
interaction between a pedestrian and a vehicle, where the vehicle gives way to the pedestrian (Figs. 4B and E); and 4)
interaction where pedestrian waits to let the vehicle pass (Figs. 4C and F).

The speed profiles indicate that:

e pedestrians tend to reduce speed before the intersection. Those who let cars pass reduce the speed most, as
expected.

e pedestrians accelerate just before stepping into the intersection, which is different from typical test cases.

e pedestrians tend to cross the road at a constant speed (90% within the interval of 4.5kph—6.5kph), which is
slightly higher than normal walking speed.

e when a vehicle gives way to a pedestrian, the latter tends to have a higher speed (median around 6 kph)
compared to pedestrians who let the vehicle go first (5.5 kph).

e some pedestrians run across the road when crossing before the car, with speeds reaching 8 kph.

Overall, the speed profiles of both pedestrians and vehicles exhibit location- and situation-dependent dynamics, with
pronounced non-uniform speed profiles.
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Figure 4
Speed as a function of distance to the middle of the intersection for pedestrians and vehicles at the Stockholm site.
Pedestrian and vehicle directions are shown on insets. Black lines: median speed; dark-colored regions: 25" to 75™
speed percentile; light-colored regions: 5" to 95" speed percentile.

In-depth analysis (Section 2.2)

Table 6 presents a data summary of the presence of infrastructure/clutter elements and obstructions from the in-depth
analyses of crashes. In the few cases with no infrastructure or clutter elements, the accident scenario could be
described as similar to current physical verification test scenarios, which are clean and idealized. However, most cases
include one or more infrastructure and clutter elements or/and obstructions.

The most common infrastructure and clutter elements were different types of posts, which could be seen in almost all
cases. These could be grouped into three categories based on post thickness: streetlight post (diameter approx. 23 cm),
traffic light post (diameter approx. 12 cm), and traffic signpost (diameter approx. 7 cm). In almost all cases, there
were multiple posts in the field of view for the sensor systems. Other less common elements were fences, guard rails,
electrical cabinets, garbage bins, and rows of bollards. In around half of the cases, visibility was totally or partially
obstructed, just before the pedestrian stepped out in front of the vehicle, based on witness statement or analysis of the
event from the vehicle’s ADAS field of view. The most common cases were pedestrians walking out from behind
vehicles that were parked or temporarily stopped in adjacent lanes. Buildings and hedges close to the road were also
found to obstruct the view, although less frequently.

The presence of other VRUs at the time of the crash was demonstrated by images recorded on camera for the VCC-
Fleet dataset and based on witness statements for the other datasets. It can be seen in the VCC-Fleet data that there are
other VRUs between 0 to 7 meters from the pedestrian in around one fifth of the accidents.
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Table 6.
The presence of infrastructure/clutter elements and obstruction in the in-depth case analyses

GIDAS PAV STA-F  STRADA V_PAD  VCC-

PCM Fleet
Number of cases n=35 n=19 n=24 n=8 n=21 n=33
Infrastructure /Clutter
Yes 24 18 24 8 18 32

Type of Infrastructure/Clutter
(there can be more than one per case)
On the side the pedestrian crossing from:

Post (single) 10 1 1 1
Posts (multiple) 10 18 19 6 16 30
Bollards 0 1 8
Fences & Guard rails 1 4 4 3 1
Electrical cabinet, Garbage bin, etc. 2 5 5 1 1
Other VRUs 0—7m from the pedestrian:
VRUs 4 0 3 1 2 6
Obstruction
Yes 18 12 13 5 9 10
Type of Obstruction
Moving/Stopped vehicles 10 6 2 2 4 8
Parked vehicles 5 0 3 1 2 1
Building 0 6 1 0 0 0
Vegetation (Trees & Hedges) 3 0 1 0 2 0
Sign posts, Fences 0 0 6 2 1 1

DISCUSSION AND LIMITATIONS

The results aimed first to provide a preliminary understanding of the frequency of different conflict situations in car-
to-pedestrian crashes and then to focus on the most relevant category with respect to frequency and injuries. Further
details observed from real-world data were then investigated.

The similarities observed between the German and Swedish datasets (Table 2) suggest that key patterns in
car-to-pedestrian conflict situations are consistent across national contexts. In particular, SCP scenarios dominate in
both datasets. This finding has also been reported in similar figures [43]. The third dataset, STA-F, focuses exclusively
on fatal crashes, but the figures for the three datasets are similar. Previous studies have already described the high
proportion of fatal crashes in vehicle-to-pedestrian crossing situations [44-45].

The results obtained from GIDAS display both weighted and unweighted values. The unweighted results are aligned
with those of previous studies using GIDAS unweighted data [46]; the weighted ones show that car-to-pedestrian
SCPs are overrepresented in the dataset while the reversing and other conflicts are underrepresented. The GIDAS
weighted data for SCP corresponds better with PAV data than the GIDAS unweighted data.

The SCP car-to-pedestrian crash results displayed in Table 3 indicate that crashes occurring outside intersections
represent the largest group for the GIDAS and PAV datasets, while crashes have a higher frequency around
intersections for the STA-F dataset. Additionally, crashes where the posted speed limit is 40-50 Kph are also common,
which supports findings from previous studies [47-48]. Among the factors for which differences were identified, the
presence of a designated crossing was particularly relevant for Swedish datasets; however, in GIDAS this factor
appeared to be less relevant. A previous study using GIDAS data has already shown that non-designated crossing
areas are more frequently associated with car-to-pedestrian crashes [46].

The analysis of descriptive crash statistics provides a useful overview of which car-to-pedestrian conflict situations
are more common, as well as which key factors are most relevant. However, additional details about the context of the
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crash are needed, which cannot be obtained in statistical databases but require in-depth analysis. Previous studies have
emphasized the fact that detailed analysis of crashes using in-depth data can support a better understanding of the
crash situation [49-50]. It has been suggested that national crash statistics should be complemented by in-depth
analysis [51]; following this approach, Section 2 focused on a smaller set of cases, which could provide more insights
into the crashes.

The descriptive statistics results revealed that designated crossings had a higher share in Swedish datasets, and
although they had a smaller presence in GIDAS, a relevant share of cases was still identified. This finding suggests
that there is a need to understand further what happens at designated crossings.

The analysis of case-by-case crash data helped identify how infrastructure elements can play a role in these car-to-
pedestrian SCP situations, where multiple poles were consistently present in the analyzed cases. Not only were traffic
light poles often present, but so was vertical signage used to inform drivers about pedestrian crossing areas. Previous
studies [52] suggested various measures such as increasing the number of signs or reinforcing existing ones, including
islands or refuges, to highlight the presence of infrastructure elements in designated crossing areas, which still
represent a big proportion for pedestrian crashes. Therefore, we suggest the inclusion of such elements in future test
protocols, which aim to cover real-world crash situations. Appendix 4 includes some examples of test protocol
proposals from the VERDAS project.

Additionally, as descriptive crash statistics showed the importance of obstruction elements in car-to-pedestrian
crashes. Further details about these elements could be identified from the case-by-case studies, which showed the
importance of moving and stopped vehicles as visual obstructions. This observation is hard to capture, as those
vehicles are not usually directly involved in the crash. Some of these stopped/parked vehicles are already captured by
existing protocols, such as the Euro NCAP CPNCO (Car-to-Pedestrian Nearside Child Obscured) scenario [53].
However, situations where the vehicles are on the opposite side, or where pedestrians appear between them, also seem
relevant, although existing protocols fail to capture them.

The Viscando on-site traffic measurement data from two locations analyzed in this article shows lower mean vehicle
speeds (24 and 16 kph for 50 kph and 30 kph locations respectively), which is presumably since all vehicles’ speeds
were considered - compared to only vehicles involved in critical events in GIDAS-PCM data. The measurement
shows (figure 3) also that a considerable number of pedestrians take shortcuts when crossing the road, leading to a
large spread of positions and angles, and that this behavior is tightly connected to the layout of sidewalks. Since the
measurements are from a limited number of locations. Additional measurements at different locations would limit the
influence of possible location- and situation-dependent dynamics and would support an increased understanding of
how different factors influence the speed, position, and angle variations.

When adding these elements to future test protocols, it must be understood how challenging the perception of these
elements is for current vehicle systems, which need to predict the behavior of pedestrians continuously; these
obstructions or infrastructure elements pose a perception challenge that can limit the time available for the system to
be triggered.

Limitations

Wide variety of data sources

The datasets in this paper range from detailed case-by-case analyses to descriptive statistics.

The descriptive statistics are based on crash data from Germany and Sweden, providing a solid basis for these two
national contexts, but no data from other parts of Europe were included.

The case study was not designed to be representative. Rather, its purpose was to enable an in-depth examination of
real-world crash locations and to document context-specific infrastructural and situational details that are typically not
captured in aggregate analyses. The cases were chosen to ensure sufficient variability and richness in the observed
features. This approach supports hypothesis generation and the identification of potentially relevant parameters. The
overall relevance and generalizability should be systematically assessed in future studies. The in-depth case analyses
are based on German and Sweden case data except for the VCC-Fleet case data that also include other countries,
mainly from Europe.

Using multiple datasets brought additional challenges, since they are generally coded using their own definitions,
which makes it hard to find commonalities. For example, in GIDAS the conflict situation is defined from the variable
UTYP, and where PAV and STA use the Conflict Situation classification system [39-40].
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Technical feasibility of implementing the identified elements

Testing limitations

The elements identified from the case studies include a wide variety of infrastructure/clutter elements. Incorporating
these elements and layouts from real traffic environment would support bringing more realism to a test protocol,
thereby more accurately identifying the ADAS’ actual performance in the real world. However, performing physical
testing with all the identified elements would considerably increase the test effort, which raises the possibility of
virtual testing. However, since the identified elements could challenge the perception performance of the evaluated
systems, sophisticated physical sensor models that can replicate the performance of actual sensors would be required
(including combinations such as fusion systems). This approach is still under development, but there are already
world-wide initiatives aiming to tackle this challenge, e.g. [54]. While virtual methods are being developed, physical
testing remains an intermediate solution; some of the identified elements, such as the ones related to infrastructure and
obstruction shown in Table 6, can be realized in test-track environments. Although this approach results in a more
simplified definition of real-world traffic environment, it will still contribute more realism to the tested scenarios.

Stepwise approach

Beyond this aspect, the identified elements, alongside other elements not evaluated in this article, such as weather
conditions, could be considered. However, the implementation of such elements in a test protocol would require a
stepwise approach to quantify the effect of individual elements and make the testing and assessment more efficient.

Evaluation of false vs. true positive activations
Another aspect which needs to be considered with the implementation of the identified elements in a test environment
is the expected vehicle performance vs. the driver's intention.

CONCLUSION

This paper presents an analysis of SCP car-to-pedestrian crashes, using datasets with different level of granularity,
from two different countries, Germany and Sweden, with the scope to identify enhanced future test scenarios which
are closer to real world crashes. While the representativeness among datasets varies, the relevance is first the
identification of the relevant conflict situation as well as environmental factors, from the descriptive statistics,
ensuring that those situations and elements are representative of real-world crashes in those countries, according to
their sampling methods. The usage of case-by-case analysis allows us to understand practical examples of how these
environmental factors are like in real-world crashes.

The analysis revealed that car-to-pedestrian straight crossing path situations were the most common in the analyzed
datasets. In the German dataset, the crashes most often occurred at non designated pedestrian crossings, with a high
proportion of crashes occurring outside defined intersections and a similar distribution of cases regardless of whether
an obstruction was present. In the Swedish datasets, crashes were more prone to occur at a designated pedestrian
crossing and for the fatal accidents often in or around defined intersections/round-abouts. These findings highlight the
need for a deeper investigation into the circumstances of such events. Where case-by-case analysis first provided
insights into the kinematics of the participants involved, supported with on-site traffic measurement data about
pedestrian behavior. Lastly, a more detailed case-by-case analysis of in-depth datasets allowed to identify relevant
infrastructure elements—such as light posts—as well as contextual factors like the presence of multiple pedestrians
and types of obstructions, including vehicles, either moving, stopped, or parked.

While this work provides relevant insights, it should be considered that the proposals of test scenarios must always be
based on elaborated justification from descriptive statistics and their relevance to real-world, rather than biased by
case-by-case selection, that lack significant representation in crash statistics and in the associated injuries.

Based on this analysis, proposals for enhanced test scenarios of car-to-pedestrian crossing situations which reflect the
findings from real-world crashes have been elaborated. The proposals have supported Euro NCAP in the creation of
Euro NCAP's Technical Bulletin CA002 Verification Condition for Robustness Layers [29]. Contributing to the goal
of reflecting a more realistic environment in real-world crash situations more accurately than in existing test protocols.
Euro NCAP will continue the development of updating the test scenarios to better mirror real-world conditions for the
European market. For the Chinese market CATARC will do a similar update 2027 to its China-NCAP and other
NCAPs is likely to follow. Since each NCAPs need to base the updates on the relevant field data, infrastructure, traffic
rules etc. for their specific market. The question is how much might be possibly used globally.
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Further work on the technical feasibility of implementing the proposed test scenarios is preferably done in a stepwise
approach. To better understand the effect of individual environmental elements on ADAS performance, as well as a
necessary consideration of test limitations and evaluation of false versus true positive activations.
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APPENDIX 1.

This Appendix describes how each conflict situation for the used datasets under Table 1 has been categorized. The
pictograms correspond to the definitions of UTYP under [39] and for PAV-STA under [37]-[38].

Table Al. Categorization of conflict situations in the datasets.
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APPENDIX 2. Illustration of in-depth information collection for crashes in PAV for 2.2, using a fictive crash
case.

For each case analysis, the aim was
twofold; 1) to anonymize case
descriptions and 2) to express details of
the infrastructure and surrounding
environment as datapoints, in relation
to the paths of both vehicles and
pedestrians.

Photographs of the accident site and
information in insurance files were
revisited.

5 Building

Building
Fence
-3
Parking lot
[
VRU
Path

Building

Building

Figure A1. Photo and outline sketch from accident location.

Measurements were taken of

a) the road layout, and T

b) distances from the collision point to allgmsan a gy
nearby objects such as obstacles,
buildings, parking areas, and
vegetation.

This approach provided a clear
overview of traffic elements and
potential view visual obstructions. ‘ . S

252332 322335

Open Area

Bike path Sidewsik Low Vegetation Street Parking Road » Retuge

Figure A2. Drawing of the road layout and infrastructure at the
accident location.
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APPENDIX 3. VEHICLE AND PEDESTRIAN SPEED PROFILE GRAPHS.

In this appendix, instead of the nomenclature of SCP-right and SCP-left, the terms Far-side and Near-side are used, as
one of the datasets, containing data from both left hand and right-hand drive vehicles.

Far-side would correspond to SCP-left for left hand driven vehicles and SCP-right for right hand drive vehicles

Near side would correspond to SCP-right for left hand driven vehicles and SCP-left for right hand drive vehicles.

GIDAS-PCM data: Vehicle Mean Speed Profile, Far-side and Near-side.

Mean, Standard Deviation, and Quartiles of Car.v_km/h vs Relative Time around Collision
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Figure A3. Far-side mean speed profiles from GIDAS-PCM (n=168).

Mean, Standard Deviation, and Quartiles of Car.v_km/h vs Relative Time around Collision

Relative Time (s)

Figure A4. Near-side mean speed profiles from GIDAS-PCM (n=363).
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GIDAS-PCM data, Vehicle Mean Deceleration Profile, Far-side and Near-side.

Mean and Standard Deviation of Car.ax_m/s*2 vs Relative Time around Collision
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Figure AS. Far-side mean deceleration profiles from GIDAS-PCM (n=168).
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Figure A6. Near-side mean deceleration profiles from GIDAS-PCM (n=363).
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APPENDIX 4. EXAMPLES OF TEST SCENARIO PROPOSALS.

Below are two examples of proposals for test scenarios with a robustness layer. Each adds one element to the Euro
NCAP 2023 standard test scenario. Figure A8 shows the 2023 Euro NCAP standard CPNA 25% test scenario, and
Figure A9 shows the proposal to add a row of bollards according to their normal position in a real traffic environment.
Figure A10 shows the Euro NCAP 2023 standard CPFA 50% test scenario, and Figure A11 shows the second
proposal: adding a traffic signpost with traffic signs positioned according to their normal positions in real traffic
environment.

Proposal 1: Row of bollards in front of pedestrian path

»(Wﬂ

Figure A7. Base scenario Euro NCAP 2023 Car-to-Pedestrian Near-side Adult (CPNA) 25% impact location.

Figure A8. Proposal for a row of four bollards added in front of the pedestrian path.
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Proposal 2: Traffic signpost in front of pedestrian path

Figure A9. Base scenario Euro NCAP 2023 Car-to-Pedestrian Far-side Adult (CPFA) 50% impact location.

Figure A10. Proposal for a traffic signpost on refuge added in front of the pedestrian path. Post diameter 7 cm,
with two traffic signs mounted at two heights.
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