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Weaving sections are critical, recurrent bottlenecks that negatively affect the efficiency and
safety of expressways. Merging and diverging manoeuvres in proximity require vehicles to
change lanes frequently at expressway weaving sections, leading to a drastic reduction in traffic
capacity and a significant increase in the risk of collisions. Investigating drivers’ merging and
diverging manoeuvres at expressway weaving sections is of profound significance for
identifying the influencing factors associated with traffic delays and conflicts with relevant
studies attracting a lot of attention from researchers. Driving simulators have been widely used
to investigate a range of driving behaviours because they have many advantages including
safety, controllability, reproducibility, and ease of data collection. However, the validity and
reliability of driving simulators, and whether they can accurately and consistently emulate
real-world driving performance, remains to be considered. To date, no study has made a
comprehensive and direct comparison between drivers’ merging and diverging manoeuvres as
observed in the field and driving simulation experiments at expressway weaving sections.

The aim of this study was the behavioural validation at expressway weaving sections of the
fixed-base driving simulator of the Road Safety and Driving Simulation Laboratory (RSDS) at
Politecnico di Torino (Italy). The driving simulator has already been validated for longitudinal
and transversal behaviour, and the passing manoeuvre. In this study, field data will be used to
validate the driving simulator for merging and diverging manoeuvres.

Twenty-five minutes of video at one weaving section in Changsha Airport Expressway, China
were captured by three drones, and the vehicle trajectory data were derived using computer
vision technology. The test track was designed to feature two weaving sections that were exactly
consistent with the geometric features of the real weaving section mentioned above. A 3D road
model and the surrounding environment were realized from field data. Traffic conditions were
reproduced by regulating operating efficiency indexes (e.g., volume, density, speed, and time
headway) observed in the field. Forty-two participants (sixteen Chinese and twenty-six Italians)
were recruited to drive in this experiment. The experimental protocol consisted of (i) a
demographic questionnaire, (ii) an explanation of indicating arrows in driving scenarios, (iii) a
test drive on a trial track, (iv) the completion of a motion sickness assessment questionnaire
after the trial track drive, (v) the experimental test track, and (vi) a motion sickness assessment
questionnaire after the experimental test track drive. During the experimental driving session,
the participants followed the indicating arrows to perform merging and diverging manoeuvres.
It is worth pointing out that the same indicating arrows were also used in the trial track to help
the participants familiarize themselves with their meaning. Each test driver performed three
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merging and three diverging manoeuvres at the expressway weaving section. The
corresponding driving behaviour data were collected to calculate important traffic efficiency
and safety indexes (speed, acceleration, standard deviation of lateral position, duration time,
and time to collision, etc.). Statistical comparison methods were applied to investigate the
significance of the differences between traffic efficiency and safety indexes observed in the
field and in the driving simulation experiment.

The results of this study indicated that the driving simulator achieved absolute and relative
validation of merging and diverging manoeuvres at expressway weaving sections. This implies
that the outcomes for driving behaviour at the expressway weaving section observed with the
driving simulator are representative of real-world performance.

Figure 2. Frames of three different indicating arrows. (a) diverging, (b) merging, and (c) from
ramp to ramp.



