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Phase Transition of Vehicular Traffic Flow Induced by Driver Response
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Abstract

Microscopic dynamical properties of traffic flow are studied from the aspects of both
individual vehicle and driver response in order to construct microscopic traffic flow models that
exhibit phase transitions originating from human driving behavior. Several time series of single-
vehicle data in real urban traffic were measured with an onboard apparatus. We found that the
probability density function calculated from the time series of variation of velocity is
transformed at the phase transition, where a Gaussian distribution changes into a Levy stable
symmetrical distribution. The power-law tail in the Levy distribution indicates that the time
series of variation of velocity exhibits critical fluctuations. We demonstrated the mathematical
relationship between the driver's response to perceptual variables and a power-law probability
density distribution. Furthermore, human driving behavior during deceleration in a car-
following situation was measured using a wide-view driving simulator. The empirical data
indicated a large dispersion of perceptual quantities about the relations with a preceding vehicle
during operation of the brake pedal. These results suggest that the brake pedal operation is
closely related to the power-law probability density distribution observed in the phase transition.
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Fig. 1 Time series of successive variation of velocity: (a)
stable states and (b) unstable one
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Fig. 2 Semilogarithmic plot of the probability density function
of the successive variation of velocity obtained for
stable states (a) and for unstable states (b)
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Fig. 3 Time headway averaged over all subjects at two
operation points (accelerator and brake) for 6 different
deceleration rates of the preceding vehicle.
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