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Merging at expressway is one of the most difficult use cases for automated driving
vehicles to control, as they must merge through gaps between main lane vehicles traveling at
high speeds. In particular, the length of merging area is short on urban expressways such as
the Metropolitan Expressway, so that the merging vehicles are required to accelerate to the
speed of main lane within the short merging area to merge into the gap between main lane
vehicles. To assist smooth merging on such short merging area lengths of expressways in
urban areas such as the Metropolitan Expressway, the “Merging Assistant System” is
considered for social implementation, which uses a road—to—vehicle communication system to
assist the merging process.

In this project, we construct the simulation environment to study the concept of this
merging assistance system and evaluate the feasibility. First, we construct a traffic flow
simulation environment for the Higashi ITkebukuro Entrance of the Metropolitan Expressway No.
5 Tkebukuro Line where the length of the merging area is particularly short and reproduce
the traffic flow from the actual traffic trajectory data. In addition, we add two merging
assistant systems to the simulation environment: ” Assistance for Merging Lane Automated
Driving Vehicles in Targeting Gaps between Main Lane Vehicles” (Day 2 system), which assists
merging by continuously acquiring vehicle information on the main lane and continuously
providing this information to merging automated driving vehicles through the infrastructure
and 7 Assistance for Main Lane Automated Driving Vehicles to Coordinate” (Day 3 system),
which assists merging by automated driving vehicles on the main lane to coordinate gaps
between vehicles from the roadside control. We verify the effectiveness of improvement of
the merging process and the feasibility of the concept, of the Day 2 and Day 3 systems above
using simulation.

To evaluate, we defined the evaluation score as an index to measure the level of leeway
and goodness of merging, which is defined by the time gap between vehicles and the relative
speeds of the vehicles in front and behind at the time of merging. The effectiveness of the
merging improvement is verified by comparing the evaluation scores of each scenario with and
without the system installation, and the feasibility of the concept is verified by comparing
the probability of merging events where the evaluation scores are below the standard value.
For the Day 2 system, we verify the feasibility of the concept, the effect of improvement of
changing the physical conditions of the merging assistant system, and the effect of the
changes of traffic flow. For the Day3 system, we verify the feasibility of the concept.

As a result, this project found that the Day 2 system improved the merging process and
thus met the criteria for concept feasibility, while the Day 3 system improved the merging
process but did not meet the criteria for concept feasibility. The Day2 system is confirmed
to be effective in avoiding merging traffic by providing main lane information in advance to
automated driving vehicles in the merging lane when they are side—-by-side with main lane
vehicles at the merging point. The Day3 system allows the merging vehicles to merge into a
relatively large gap on main lane. On the other hand, it is confirmed that the assistance
effect of the Day2 and Day3 systems is limited because there is no large gap to aim for in
situations where there is heavy traffic on the main lane.
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