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ABSTRACT

In Driving, drivers must develop and maintain a good situation awareness [3, 5]. Situation
awareness (SA) involves processing the available visual information (SA level 1:
perception), developing an understanding of the situation (SA level 2: comprehension) and
anticipating the future states of the environment (SA level 3: projection). However, the
updating of SA may be discontinuous. According to Rockwell (1988) [6] drivers tend to
not spend more than two seconds without taking information about the environment. When
it comes to automated driving, especially when a non-driving task is allowed, Rockwell’s
2-second rule does not apply. In level 3 automated vehicles (SAE level), Zeeb et al. (2015)
[7] reported that the participants looked at the central console without interruption from 2s
to 55 seconds during non-driving activities, which can significantly impair and SA. In
addition, many studies highlighted a deterioration of take-over quality when performing a
Non-Driving Task (NDT) [1, 2, 4, 8]. In the context of the development of the level 3
automated vehicles, it is essential to understand the extent to which a loss of SA can be
detrimental, especially in the event of a critical takeover request.

Objectives

The aim of the study was to evaluate the quality of takeover in a critical obstacle avoidance
situation requiring good situational awareness. The relative importance of two periods
preceding the takeover was focused:

e A period of 5 minutes preceding the TOR: The hypothesis was that being engaged
in a secondary task during this long time prevented the construction of a mental
model of the environment allowing the driver to anticipate the consequences of the
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obstacle's appearance (SA level 3).

e The last two seconds before the TOR: The hypothesis was that being engaged in a
secondary task during this short time prevented the perception of the immediate
environment just before having to deal with the critical situation (SA level 1 & 2).

Methods

96 subjects participated in this study on a fixed-base driving simulator. The driving
environment was displayed on three screens. A smaller screen was dedicated to the
dashboard. An 11”-tablet has been added where the center console of a real vehicle would
be. It provided information on the state of vehicle automation and allowed to manually
switch between manual and automated mode, or the other way around. It was also where
the non-driving task was presented. The different screens were divided into several areas of
interest to analyze the visual behavior of the participants.

After instructions on operation of level 3 automated vehicle and two 5-minutes training
courses, the participants performed one of four automated driving conditions (see Fig. 1):
e Full_SA: the participant was not distracted and was instructed to monitor the road
at all times
e SA NDT: The participant monitored the road at all times, except during the last 2 s
before the TOR when he had to read aloud a text scrolling on the tablet (non-
driving task, NDT).
e NDT_SA: The participant had to perform the NDT at all time, except during the
last 2 s before the TOR when he had to look at the road
e Full_NDT: The participant was distracted during the whole drive up to the TOR.

TOR Obstacle

Automated Driving Manual Driving
Full_SA.

SA_NDT.

NDT

NDT_SA.

NDT

2s
Full_NDT.

NDT

——
5 minutes 8 secondes

Fig 1. Automated driving conditions

The participant was driving on a 3-lane highway at 110km/h with moderate traffic. At
some point, a front vehicle was placed 3 seconds ahead from the participant’s vehicle.
About 38 seconds before the TOR, the participant’s vehicle began to overtake two slower
vehicles. The participant’s vehicle was then in the centre lane. Right before the TOR, two
faster vehicles, separated by 2 seconds, started to overtake the participant’s vehicle in order
to interfere with the takeover. Then, the front vehicle started an avoidance manoeuvre
because an obstacle vehicle blocked the right and centre lanes. At this moment, an auditory
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TOR was delivered. The non-driving task was interrupted if there was one, and a red
vehicle pictogram indicated the need to take over. To disable the automated mode, the
driver could press a button on the tablet or use the pedals or steering wheel. To
successfully intervene, the participant had to brake and fit between the two vehicles in the
left lane, or to change lane after the second vehicle. Another solution consisted to stop the
vehicle in the centre lane before reaching the obstacle. The time headway to the obstacle
vehicle at the moment of the TOR was 8 seconds.

After completing the drive, participants were asked to report the vehicles they were aware
of at the time of the TOR on a top view image of the situation. The participant’s vehicle
and the obstacle were already placed at the correct scale and the participants only had to
place the other vehicles.

Results

8 trials were rejected due to problems with eye-tracking data and the remaining 88 trials
are evenly distributed between conditions. 45 trials resulted in a collision with another
vehicle. 23 were with the first fast vehicle, 10 with the second one and 12 with the
obstacle. No collisions with vehicles in the right lane occurred.

Data showed an effect of conditions on the occurrence of collisions (Chi® = 8.504, p = <
.05). 72,73% of the participants in the Full_NDT condition had an accident, compared to
59.09% for NDT_SA and 36.36% for both Full_SA and SA_NDT. A significant effect of
the conditions was found on the awareness of the first fast vehicle before the TOR (Chi? =
32.267, p = < .05): 81.81% of participants were aware of this vehicle for Full_SA and
SA_NDT, 45.45% for NDT_SA and 9% for Full_NDT.

Another analysis was performed on the data between the time of the TOR and when the
first fast vehicle disappeared in the blind spot of the participant’s vehicle (about 2.5
seconds). This period will be referred as “critical phase”. It showed a significant effect of
the conditions on the number of participants looking at the left mirror and the central
mirror (Chi® = 13.149, p < 0.05). When the total time spent on specific areas of interest
was considered, there was a significant effect of the conditions on areas not related to
driving (Chi? = 14.83, p < 0.05) (see Fig. 2.A) and on the time spent in the left and / or
center mirror (Chi? = 17.35, p < 0.05) (see Fig. 2.B). There was no difference for the areas
that displayed the driving scene (Chi* = 1.17, p = 0.328). Participants in the conditions
Full_SA and NDT_SA spent more time looking at the left / center mirror and less time in
the non-driving area compared to Full_NDT and SA_NDT.
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Fig 2. Total fixation time by condition during the critical phase (A: on areas non-related
to driving, B: on the central and left mirrors)

Conclusions

The results suggest that monitoring the road at the time of the TOR facilitates adequate
visual strategies in the seconds following the TOR. However, this does not appear to be
decisive for the success of the takeover. If drivers have not had time to build up situational
awareness before the TOR, the risk of accidents was still high even if the vision of the
environment was restored 2 seconds before the TOR. Finally, it seemed more important to
have good situational awareness at the time of the TOR, even if drivers had just started a
non-driving task and only imperfectly checked their mirrors after the TOR. The conclusion
is that, in a critical case such as the one used here, helping drivers rebuild situation
awareness after the TOR does not appear to be sufficient. It may also be necessary to help
the driver maintain a good situation awareness well before the TOR to ensure safety.
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