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A Method for Ease of Traffic Congestion
Using Traffic Congestion Reducer

KENTO YOROZUYAT! and TOSHIHARU SUGAWARAT!

In this paper, we introduce traffic congestion reducer (TCR) that is mod-
eled by the car agent taking sufficient distance from the front car, in order
to ease traffic congestion in highways. Even if the traffic density in a high-
way reaches the state in which congestion can happen, we sometimes observe
the phenomenon that the traffic flow still keep growing. This state is called the
metastable phase. The metastable phase corresponds to the state that the high-
way’s flow is maximum. If we can shift an early congested phase to a metastable
phase, we could ease traffic congestion and/or delay the incidence of traffic con-
gestion. By adding a number of TCRs to the extended Nagel-Schreckenberg
model that can reproduce the metastable phase, we experimentally shows, by
using our multi-agent simulation environment, that the appropriate placement

of TCRs can shift a congested phase to a metastable phase. We also modify the
abilities of TCRs, such as the scope (the size of visible front) and cautiousness
(reducing the speeds earlier). The results indicate that placing more than two
TCRs straight before the congesting location significantly improves the proba-
bilities of shifting congested phase to a metastable phase. We also find that the
average speed in the state with TCRs is higher than that in the state without
TCRs.
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Fig.1 Three phases in traffic flows.
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Table 1 List of parameters.
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Fig.2 Car densities and traffic flow rates in the extended Nagel-Schreckenberg model.
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Fig.3 Appearance ratios of metastable phase.
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Fig.4 The number of traffic congestion reducers and time for resolving the congestions.
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Fig.5 A successful case of shifting a congested phase to a metastable one.
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Fig.6 A failed case of shifting a congested phase to a metastable one.
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Table 2 List of the numbers of traffic congestion reducers and flow rates (in the case of failures of
phase shifting).
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Fig.7 Locations of traffic congestion reducers.
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Table 3 Relative locations of traffic congestion reducers and average required time for phase

shifting.
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2 11 135.7
2 101 oo
3 111 103.5
3 1011 109.2
3 1101 107.4
3 10101 oo
5 11111 75.2
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Table 4 Table of relative locations of traffic congestion reducers and success ratios of and required
time for phase shifting.
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1000 100 7 0.0 oo
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Table 5 Road length and the required time for phase shifting.
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Table 6 Relationship between parameter H and the success ratios.

S | H | Oooooooo [%]
2000 7 1 100
20000 7 1 0.0
2000 20 1 100
20000 | 20 | 1 26.7
2000 7 2 100
20000 7 2 0.0
2000 20 | 2 100
20000 | 20 | 2 53.3
2000 7 3 100
20000 7 3 0.0
2000 20 | 3 100
20000 20 3 83.3
2000 7 4 100
20000 7 4 10.0
2000 20 4 100
20000 | 20 | 4 90.0
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Fig.8 Flow transitions when H = 4.
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Table 7 Average speeds of traffic congestion reducers and normal cars.
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