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Title
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Congestion by Mimicking an Ant Traffic Model

Abstract

To improve the safety of the transportation system and reduce environmental impact,
traffic congestion must be reduced as much as possible. Existing studies have shown
that ants, which are social creatures, can move without congestion in lines, adjusting
their speed based on pheromone concentrations and traffic information. Research is
being conducted to apply this characteristic to traffic systems.

To reduce traffic congestion on highways, the objective of this master's research is to
design a control system that mimics the ant traffic model. The control system will
monitor the traffic information in front of the vehicle and suggest a speed to the
following vehicle to reduce the traffic congestion. In other words, this master's research
defines the traffic information exchanged by the ant traffic model as traffic flow, traffic
density, and the number of cars ahead, and proposes a traffic model that can indirectly
exchange traffic information through the control system.

Specifically, the following scenario was considered to study a system model that
reduces traffic congestion. A group of N-I cars are traveling at a constant speed and
following each other at a constant interval, and at £, the lead car brakes for §seconds.
In response, the cars in the following group step on the brakes one after the other. At
this time, a bottleneck in the traffic flow, which is the root of the traffic jam, is created,
and this bottleneck moves in the opposite direction to the direction of travel. In this
scenario, the following vehicles are asked when they can get caught in the bottleneck
(#» and when they can escape (#).

Based on this scenario, a numerical analysis using Python was performed to obtain
the time variation of the speed and position of each car under various conditions by
varying the parameters (initial speed, initial interval, number of cars N, and braking
time ). & and 3 were obtained from this data set.

Furthermore, machine learning was used to obtain & and # for conditions beyond the
range of the prepared parameters. The difference between time # and time # for each
vehicle was used to determine whether the bottleneck in the traffic flow was expanding
or contracting, and the speed at which the bottleneck was contracting was determined.

A system that can propose the speed at which the traffic flow bottleneck shrinks was
studied using numerical analysis and machine learning, and its structure and
behavior were examined using the system modeling language SysML. And safety
requirements to avoid anticipated hazards extracted using HAZOP risk analysis were
obtained, and the behavior of the system was reexamined.

The scenario considered in this study is one in which the lead vehicle accelerates after
braking. By considering a new scenario in which the lead vehicle runs at a reduced
speed, assuming that it will run into the original traffic jam, it is possible to study how
a bottleneck in the traffic flow grows and becomes a traffic jam, and how the lead
vehicle moves as a group, leading to the design of a more practical system.
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