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ABSTRACT

Ramp metering might be the most popular and effective strategy for
freeway traffic control. Thus, the researches and practices regarding
ramp metering have been conducted and implemented over thirty years.
Especially, due to the break-through development of fuzzy logic
controller (FLC), many researches explore the applicability and
performance of FLC ramp metering. However, most of these studies
developed the FLC ramp-metering strategy by subjectively setting the
membership functions of linguistic variables and selecting the inference
rules. As a result, the performance and applicability of these models is
negatively affected. Thus, hundreds of studies employed genetic
algorithms to design an adaptive fuzzy logic controller (FLC) by
learning from examples, namely genetic fuzzy logic controller (GFLRC).
GFLC models can not only avoid the subjective settings of membership
functions and inference rules, but also enhance the performance of
control. Based on that, this paper attempts to develop and validate a
genetic fuzzy logic ramp-metering controller (GFLRC).

The present paper proposes two GFLRC strategies: independent and
integrated. The independent GFLRC strategy uses mainline average
traveling speed and on-ramp queuing length as two state variables,
metering rate as control variable. For considering the effects of upstream
metering traffic, the integrated GFLRC strategy uses an additional state
variable, the metering rate of upstream ramp, based on the independent
strategy. The performance of the models is measured by the total travel
time of all users during the control period under given traffic flow rates.
Besides, the techniques of macroscopic traffic simulation and fluid
approximation are adopted to simulate and compute the performances.

For investigating the applicability and control performance of
proposed models, studies on an exemplified example with four
interchanges and field case with six interchanges (the northern network
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of the Taiwan first freeway) are conducted. Five-minute flow rates are
simulated for the exemplified example or collected for the field case,
respectively. In corresponding to the interval of traffic flow data, the
decision horizon of the models is also set as five minutes. The
performance of without ramp-metering, FLRC model and optimal single
ramp metering strategies are also conducted and analyzed for the
comparisons. The results of case study on exemplified example shows
that independent and integrated GFLRC can curtail the total travel time
by 6.93% and 7.80%, respectively; while the proposed optimal single
ramp metering strategy can reduce the total travel time by 4.81% and
7.22%, the FLRC model can reduce the total travel time only by 0.45% at
most, comparing with the strategy of without ramp-metering. The field
study also concludes the similar results. We also find that the GFLRC
models perform better in heavy traffic than in light traffic. At last, we
also analyze the unfairness of users caused by implementing these
ramp-metering strategies. The results shows FLRC model is rather
fairness, while the independent-GFLRC is the most unfairness.

Key Words: genetic fuzzy logic controller, ramp metering, fluid
approximation
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