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ABSTRACT Collisions between vehicles and pedestrians crossing the road often result in severe injuries, highlighting the
importance of accurate avoidability analyses in traffic accident reconstructions. Traditional assessments focus predominantly on the
spatial relationship—comparing braking distance with the initial vehicle-pedestrian distance—while overlooking crucial temporal
factors such as pedestrian walking speed. This brief study proposes a spatiotemporal approach that integrates both spatial and temporal
variables to provide a more realistic evaluation of collision avoidability. Incorporating the pedestrian’s crossing time and the vehicle’s
reaction and braking intervals enables a comprehensive analysis, potentially yielding more precise conclusions regarding accident
responsibility.
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Safety

Collisions between vehicles and pedestrians occur frequently
in road traffic accidents, often leading to severe injuries to
pedestrians. In the analysis of vehicle-pedestrian collisions,
conclusions drawn from avoidability assessments carry
significant weight when determining responsibility for an
accident.

Most existing avoidability analyses of collisions between a
vehicle and a pedestrian crossing a roadway focus on whether,
given the vehicle’s speed at the time of the incident and the
distance between the vehicle and the pedestrian (L), the
vehicle could have braked to a stop before reaching the
crossing point. In other words, if the vehicle’s braking distance
(s) exceeds the distance between the vehicle and the pedestrian
(L), the collision is considered unavoidable (Scenario A).
Conversely, if the vehicle’ s braking distance (s) is less than
L, the collision is deemed avoidable (Scenario B).

However, this approach predominantly accounts for only
the spatial relationship between the vehicle and the pedestrian,
with little consideration of temporal factors. In reality, the
pedestrian’s walking speed must also be taken into account.
For instance, in Scenario A, if the temporal relationship shows

that the pedestrian, walking at a sufficiently fast pace, has

already crossed beyond the left or right side of the vehicle by
the time the vehicle reaches the point of contact, then the
collision could in fact have been avoided. This yields a more
accurate conclusion. Compared with the earlier approach, an
both

relationships is more reasonable.

analysis that incorporates spatial and temporal
The specific method is illustrated as follows:

s =L—(t, +t)v
(2v — aty)t; = 25,
a=kug
t,=t +t,+t;
where:
- s, 1is the effective braking distance (m) before the vehicle
reaches the point of contact with the pedestrian;
- L is the vehicle-pedestrian distance (m) within the driver’s
line of sight;
- v is the vehicle’s initial speed (m/s);
- t, is the driver’s reaction time (s);
- t, is the brake coordination time (s);
- t, is the effective braking time (s) from the point where the
vehicle first sees the pedestrian to the contact point;
- a is the vehicle’s deceleration (m/s?);

- u is the friction coefficient between the vehicle and the
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road surface;

- k is the correction factor for the friction coefficient
between the vehicle and the road surface;

- t, is the total time (s) from sight distance to the point of
contact.

Let the time interval in which the pedestrian crosses the left
or right side of the vehicle be ¢,.

Then:

If {t, nt, =2, the collision can be avoided.

If {t, nt, # 2, the collision cannot be avoided.

Hence, in analyzing such traffic accidents, it is
recommended to incorporate temporal considerations of both
the vehicle and pedestrian, assessing avoidability from a
comprehensive spatiotemporal perspective in order to derive

more meaningful conclusions.
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