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ABSTRACT

Background. Autonomous vehicle (AV) technology has been touted as a means to
reduce traffic accidents because computers always pay attention to road conditions
and are never intoxicated, which are responsible for most traffic accidents. However,
research has been mixed regarding whether AVs actually are involved in fewer
collisions than vehicles driven by human operators. Much research has shown that
most collisions involving AVs have been collisions in which they have been rear-ended
by other vehicles. While this research has suggested that such rear-end collisions are
caused by improper maneuvers by the AV or short following distances by the human
driver, there has been no research identifying the types of AV behaviors that may
result in rear-end collisions. Properly identifying such behaviors would be useful for
determining what measures may be most effective in mitigating risks of collisions.
Methods. To help identify AV behaviors that may contribute to rear-end collisions,
we examined incidents involving AV rideshare vehicles in San Francisco, California in
2023. Descriptions of these incidents were provided in an online database that had
been gathered from multiple media sources. Most of these media incident reports
were not of collisions, but of incidents that could cause collisions, and therefore could
be considered near-miss or potential incidents. Research has shown that evaluating
near-miss incidents can provide valuable information for how to reduce the risk of
injury incidents. There were 343 separate and verified incidents described in the
media. The latter included 18 collision incidents.
Results. The results indicated that most of the media-reported incidents (65%) involved
AVs that were stopped or stalled in intersections or travel lanes when they had the
right of way or exhibited other unexpected or erratic behavior such as sudden lane
changes. Such unexpected behavior can result in emergency responses from human
drivers, including emergency braking that may result in rear-end collisions. The media
reports also included descriptions of a substantial number of incidents (21%) in which
the AV committed the types of errors performed by human drivers such as illegal left
turns, failing to yield to pedestrians, blocking crosswalks, and running red lights. AV
manufacturers claim that AVs will reduce accidents by eliminating the type of human
behavior that causes accidents such as inattention and willingly violating traffic laws.
These incidents show that AV manufacturers have failed to prevent these human-type
behaviors.
Discussion. The results are discussed according to basic human factors principles that
must be followed to design AVs that may have the best chance of success in truly
reducing AV traffic accidents.
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INTRODUCTION

Autonomous vehicle (AV) technology has been touted as a means to reduce
traffic accidents because computers always pay attention to road conditions
and are never intoxicated, which are responsible for most traffic accidents
(Chougule et al., 2024; Novat et al., 2022; Petrovi’c, Mijailovi’c and
Peši’c, 2020). However, research has been mixed regarding whether AVs
actually are involved in fewer collisions than vehicles driven by human
operators (Goodall, 2021; Novat et al., 2022; Teoh and Kidd, 2017; Torok,
2023). Much research has shown that most collisions involving AVs have
been collisions in which they have been rear-ended by other vehicles (Boggs,
Wali and Khattak, 2020; Chougule, 2024; Goodall, 2021; Wang, 2020).
While this research has suggested that such rear-end collisions are caused by
improper maneuvers by the AV or short following distances by the human
driver (Lee et al., 2024; Petrovic et al., 2020), there has been little research
identifying the types of AV behaviors that may result in rear-end collisions.
Properly identifying such behaviors would be useful for determining what
measures may be most effective in mitigating risks of collisions such as by
improving the accuracy and reliability of the geo-positioning information
provided to the AV sensors, modifying the AVs’ heavy braking interventions,
and training AVs to recognize unusual conditions such as construction zones
and emergency vehicles.

While currently, most crashes involving AVs occur at low speeds and result
in minimal damage, there are efforts to create AV commercial trucks, which
are much larger vehicles and will eventually travel at freeway speeds (Bishop,
2023). It is imperative that AV technology becomes much more accurate and
reliable before we unleash it on the driving public.

METHODS

To help identify AV behaviors that may contribute to rear-end collisions,
we examined incidents involving AV vehicles in San Francisco, California
in 2023. These incident reports were provided in an online database that had
been gathered from multiple media sources and that included only incidents
in which the AV was operating autonomously and was considered at fault for
the incident (https://www.safestreetrebel.com/conesf/). Most of these media
incident reports were not of collisions, but of incidents that could cause
collisions, and therefore could be considered near-miss or potential collision
incidents. Evaluating near-miss incidents can provide valuable information
for how to reduce the risk of collisions and injury incidents (Dingus et al.,
2006; Larsson, Dekker and Tingvall, 2010; Park, Kim and Kim, 2023;
Sanders, 2015).

Our analyses included incidents involving Cruise (Figure 1;
https://www.getcruise.com/) and Waymo (https://waymo.com/waymo-one-
san-francisco/) driverless taxis because they constituted all of the incidents in
the San Francisco database, and a Cruise AV had been involved in a serious
pedestrian collision in San Francisco in October 2023 (Cano, 2024; Evers
and Bosa, 2023; Howland and Krishner, 2023). There were 343 separate
and verified incidents described in the media and in San Francisco Fire
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Department “Unusual Occurrences” reports. The San Francisco database
included 18 collision incidents.

Figure 1: Exemplar Cruise AV in San Francisco (Adapted from Evers and Bosa, 2023).

RESULTS

The results shown in Figure 2 indicated that most of the media-reported
incidents (71%) involved AVs that were stopped or stalled in intersections
or travel lanes or crosswalks when they had the right of way. Another 12%
if incidents involved interference with fire department emergency tasks and
construction sites. And 16% of incidents involved other unexpected or erratic
behavior such as sudden lane changes, failure to yield to pedestrians, illegal
turns, sudden braking and running red lights. Such unexpected behavior
can result in emergency responses from human drivers, including emergency
braking that may result in rear-end collisions. Note that the media reports
included descriptions of a substantial number of incidents (16%) in which
the AV committed the types of errors performed by human drivers such as
illegal left turns, failing to yield to pedestrians, and running red lights. AV
manufacturers claim that AVs will reduce accidents by eliminating the type
of human behavior that causes accidents such as inattention and willingly
violating traffic laws. These incidents show that AV manufacturers have
failed to prevent these human-type behaviors.



2188 Nemire

Figure 2: Number of incident in each category of hazardous AV behavior.

DISCUSSION

The most numerous risky behaviors (83%) exhibited by AVs were stopping
and stalling in intersections, travel lanes, crosswalks and fire department
emergency scenes. This behavior in road traffic can certainly result in rear-end
and other types of collisions like broadside collisions. Stalling and stopping
appear to be a result of at least several issues including communication errors,
failure to recognize and adapt to unusual conditions, and programming that
dictates what actions the AV will take if they do not know what to do such
as stopping (Bindman, 2023).

Communication Errors. AV stalling and stopping can be due to
communication errors and failures (Neelakandan and Cano, 2023;
Templeton, 2022). For example, if Cruise cloud servers fail to communicate
with an AV, the AV is programmed to stop. Clearly this behavior can cause
rear-end collisions. The media reports also indicated that with some stalls,
a human is required to travel to the AV and correct the problem or drive it
away. Such a solution can leave the stalled AV in traffic for a longer time
and increase the chances for a collision. Another fail-safe behavior besides
stopping in traffic is required that does not rely on cloud communication and
removes the AV from traffic. One option is to provide localized control to the
AV when communications have failed, and allow the vehicle to complete its
current task before safely parking or before returning to base.

Unusual Conditions. AVs may have difficulty detecting unusual road
hazards such as emergency scenes or construction sites, which can cause the
vehicle to stall or crash. Current AV technology needs to improve to allow
more robust object and scene recognition in chaotic urban environments.
Consequently, more sophisticated object and scene recognition algorithms
need to be developed that can accurately and reliably identify objects, people
and vehicles in complex scenes.
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Programming.Another category of risky AV behaviors that was associated
with AV incidents in San Francisco was erratic behavior (16%) like illegal
turns, failure to yield to pedestrians, sudden braking, and running red lights.
These are all behaviors often exhibited by human drivers as well. Fortunately,
this category of risky behaviors represents a small percentage of incidents in
our study, which suggests that AV companies have made great improvements
in this area. However, this category still represents a substantial percentage
of incidents. One of the purported benefits of AVs are that they can reduce
traffic accidents because they do not suffer from human problems such as
inattention and intoxication, which are responsible for most traffic accidents
(Chougule et al., 2024; Novat et al., 2022; Petrovic et al., 2020).

AVs do not Eliminate Human-Type Driving Errors. Mueller et al., 2020
identified five categories of human driver-related causal factors of crashes:

“(1) sensing/perceiving (i.e., not recognizing hazards);
“(2) predicting (i.e., misjudging behavior of other vehicles);
“(3) planning/deciding (i.e., poor decision-making behind traffic law

adherence and defensive driving);
“(4) execution/performance (i.e., inappropriate vehicle control); and
“(5) incapacitation (i.e., alcohol-impaired or otherwise incapacitated

driver).”
The AV industry claims that AVs will not suffer from such problems.

However, as indicated above, one of the reasons AVs can stall and stop
in traffic and in unusual situations is because they are confused by the
visual scene (“sensing/perceiving), fail to recognize road hazards, and do not
know how to respond. So they stop. More sophisticated object and scene
recognition algorithms need to be developed that can accurately and reliably
identify objects, people and vehicles in complex scenes.

AVs also appear to have difficulty predicting the behavior of other
vehicles as well as pedestrians, with the latter resulting risky behaviors
such as failure to yield to pedestrians, and in some cases running over
their dogs (an object perception problem). One way to do this is to
provide alternate communication systems. For example, Shetty et al. (2021)
discuss how information gaps created by occlusions, traffic violations and
behavior prediction uncertainty can increase the chances of collisions and
that alternate communication strategies can help resolve the issues by using
infrastructure-to-vehicle (I2V) and vehicle-to-vehicle (V2V) communication.
For example, I2V communication could complete information gaps by
helping AVs communicate with other when occlusions or traffic violations
occur at intersections.

Poor decision-making (“planning/deciding) and execution and
performance problems also are evident in these AV risky behaviors such
as making sudden lane changes and executing sudden stopping.

While presumably AVs cannot be incapacitated by drug or alcohol
consumption, they can be incapacitated in other ways, such as the
communication problems described above.

Identifying the specific risky AV behaviors should be useful for determining
what measures may be most effective in mitigating risks of collisions such as
by improving the accuracy and reliability of the geo-positioning information
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provided to the AV sensors, modifying the AVs’ heavy braking interventions,
and training AVs to recognize unusual conditions such as construction zones
and emergency vehicles.
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