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Background and Aim: In the coming years, human driven vehicles (HDVs) will increasingly
have to share the road space with automated vehicles (AVs). This time period of mixed traffic
condition, also known as the transition phase, will result in HDVs interacting with AVSs.
Potential behavioral differences between AVs and HDVs could result in HDVs adapting their
driving behavior when — and as a result of — interacting with AVs. This behavioral adaptation
could have implications for traffic performance. To investigate this, we adopted a case study of
a simple priority T-intersection.

Method: First, we investigated human drivers’ gap acceptance behavior in a driving simulator
experiment when merging from a minor road to a major road traffic stream. Scenarios in the
experiment varied in the recognizability and driving style of the AVs. Using the collected data,
we estimated gap acceptance models for certain traffic conditions. Next, we built the T-
intersection network in SUMO a microscopic traffic simulation platform and implemented the
estimated gap acceptance models. The simulation scenarios varied with respect to the AV
driving style (aggressive vs. defensive), AV recognisability (recognizable vs. non-
recognizable), AV penetration rate (0 - 75%, in steps of 25%), and whether behavioral
adaptation was considered or not for gap acceptance. We measured the delay per vehicle on the
minor road, delay per AV and per HDV on the major road, and the queue on the minor road.

Figure 1: The driving simulator used in this research.
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Results and Conclusions: Among other results, we found that the delay for minor road vehicles
increases with an increase in AV penetration rate on the major road. Moreover, aggressive AVs
on the major road result in increased delay for minor road vehicles when they are recognizable
compared to when being non-recognizable. Figure 2 (Left) presents the effect of penetration
rate and the effect of recognizability on the delay per vehicle on the minor road when AVs are
aggressive and when BA is considered. An increase in penetration rate appears to result in an
increase in delay both when the aggressive AVs are recognizable and non-recognizable. At all
penetration rates, the delay for the minor road vehicles is larger when the Aggressive AVs are
recognizable compared to when they are non-recognizable.
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Figure 2: (Left) Boxplot of delay per vehicle on the minor road for different penetration rates
of Aggressive AVs considering BA and when AVs are recognizable vs not-recognizable;
(Right) Boxplot of delay per vehicle on minor road for different penetration rates of
Aggressive AVs, with and without BA consideration and when AVs are recognizable.
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Figure 3 presents the effect of penetration rate and the effect of whether BA is considered or
not on the total delay per vehicle on the minor road, when AVs are aggressive and recognizable.
Again, an increase in penetration rate of Aggressive AVs leads to an increase in delay. This is
the case both when BA is not considered and when BA is considered. At the same penetration
rate, the change in delay between when BA is not considered and when BA is considered seems
noticeable (when aggressive AVs are recognizable). That is, the delay seems to be larger when
aggressive AVs are recognizable. Not considering behavioral adaptation results in an
underestimation of delay for the minor road vehicles by up to 75%.

In other results, we found that considering behavioral adaptation at a larger penetration rate, the
delay for minor road vehicles is larger when AVs are defensive as compared to when AVs are
recognizable and aggressive.

Our study finds that there is behavioral adaptation in gap acceptance behavior in mixed traffic
and this is affected by the recognizability and driving style of AVs. Also, behavioral adaptation
must be considered for an accurate assessment of traffic efficiency in mixed traffic.



