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ABSTRACT
This paper describes the main findings of a coordinated study performed by INSIA-UPM
aimed to assess the potential influence of several autonomous emergency braking systems
(AEB) in vehicle-pedestrian collisions through reconstruction of real-world accidents
occurred in the city of Madrid (Spain).
A total number of 43 vehicle-pedestrian collisions have been in-depth investigated following
a common methodology, including on the spot data collection, analysis and reconstruction to
estimate the collision speed and the pedestrian kinematics. Every single case has been
virtual simulated six times using PC-Crash® software: the first is a reconstruction of the real
accident and the following times are simulations in which the operation of AEB systems are
emulated. The AEB systems emulated in this paper through computer simulations are based
on commercial solutions.
The benefit is assessed in terms of both collision speed and Injury Severity Probability (ISP)
by comparing the reduction of their values from the real conditions to the virtual simulations.
The pedestrian ISP was estimated, depending on the collision speed and the head impact
point, using a specific application to calculate its value based on the results of head form
impact laboratory tests. The findings show that a part of the collisions could have been
avoided by implementing this systems (around 20% of cases, for Systems 1, 2, 3 and 5; 70%
of cases, for System 4); and in most of other cases their consequences would have been
reduced in terms of the estimated ISP (these systems reduce the ISP more than 60% in at least
41% of cases). It was also found that in few cases a low reduction of the collision speed
would increase the head injury severity.
Further research should include injury information and/or estimation (HIC). Other limitations
are the sample size (only one city and frontal collisions) and no unhurt accidents have been
included. The injury severity assessment within this study only considers head impacts to the
front surface of the vehicle, injuries provoked by subsequent impacts were not taken into
account. Hence it can be an interesting subject for further research.
Multi-disciplinary approaches such as this study make the identification of critical
parameters easier and simplify the development of practical solutions by quantifying their
potential impact on future actions to improve pedestrian safety. The autonomous emergency
braking pedestrian systems have a potential benefit in real conditions. It also has limitations
so
AEB is actually not intended to fully rely on. It has to act together with other passive
features and the driver has to keep aware.
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ACCIDENT INVESTIGATION AND RECONSTRUCTION
A total number of 43 vehicle-pedestrian collisions, occurred in Madrid (Spain), was in-depth
investigated by the INSIA-UPM road accidents investigation unit. A multidisciplinary team
was created with the support of local police forces, emergency services and hospitals. On the
spot accident investigation and data collection was the first step of the process. The INSIAUPM investigation team in collaboration with the police forces attended the scene to collect
all the available information about the scenario, geometry of the roads, visibility, visual
evidence such as skid marks and traces, and also vehicle damages, dents and marks.
Information about the injuries was obtained from paramedics and hospital data and used in the
analysis phase for determining the injury mechanisms.
The sampling was based in three main criteria: first, according to the road characteristics, the
selected accidents should occur in urban areas; the second criterion is about the vehicle type,
considering only accidents in which the striking vehicle was a passenger car, a SUV or a
minivan; the third is related to the accident configuration, only frontal collisions were
considered. No restrictions about pedestrian characteristics such us gender, age, height or
weight were imposed.
Once the investigation and data compilation phases were finished, the available information
was analysed, revised and prepared to be used in the reconstruction using the PC-Crash®
software. Next the corresponding vehicle was selected in each case and loaded from the
vehicle database available in the computer program; its characteristics were set up according
to the real vehicle. The frontal shapes of real vehicles were accurately measured for this
purpose.
Finally, the virtual simulations of the accidents were performed using the reconstruction
software. Many parameters such as approaching speed (V0), collision speed (Vk), path,
position, pedestrian motion, driver manoeuvres and sequences are slightly modified and tested
in different combinations in an iterative process that leads to a reliable reconstruction (Figure
2), matching both the impact points with the visual evidence such as dents or marks and with
the injury locations and mechanisms, and the vehicle and pedestrian rest positions.
Some simplifying hypotheses were established so all the simulations were performed from a
common approach: 1) the reaction time of the driver was considered to be one second for all
cases; 2) the lag for a conventional brake system was 0.25s; 3) the Possible Perception Point
(PPP) of the driver was the instant in which the pedestrian stepped onto the pavement and no
obstacle covered the driver’s field of vision; 4) three intensity levels were established for the
pre-collision brake force: no brakes when the evidence show that the driver had no time to
react or was completely unaware of the pedestrian presence on the vehicle path, a default
medium intensity brake for most accidents and a full brake when evidence such as skid marks
leaded to it.
CHARACTERISTICS OF PEDESTRIAN DETECTION SYSTEMS
The systems analysed are based on commercial AEB systems (Hamdane, H. et al, [3]). The
field of view of their systems can be larger or smaller depending on the applied technology. It
has been considered that the lag time of each braking system is 0.1 seconds and all of them
are equipped with ABS. Another assumption is that if the driver is braking and pedestrian
enters into the braking area, the system increases brake pressure up to the maximum.

The analysed systems proved to be efficient for reducing severity of pedestrian accidents in
most of the studied cases, especially the System 4. The findings show that a part of the
collisions could have been avoided by implementing this systems (around 20% of cases, for
Systems 1, 2, 3 and 5; 70% of cases, for System 4); and in most of other cases their
consequences would have been reduced in terms of the estimated ISP (these systems reduce
the ISP more than 60% in at least 41% of cases).
In some cases a low reduction of the collision speed due to the simulated systems would
increase the estimated ISP. The interaction between collision speed, vehicle frontal design and
pedestrian parameters –height, weight, speed – is more relevant for the severity of the
pedestrian head impact than the speed by itself, because it determines the head trajectory,
acceleration and impact point. Thus, these primary safety systems should be combined with
other secondary safety devices, such as the pop-up bonnet or the windscreen airbag.
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