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Abstract

It is well-known that traffic system is a complex nonlinear large system. There are a great number
of factors to influence the evolutionary behavior of the system. It is a challenging job to propose a
mathematical model to accurately describe such a real system. In car following models of traffic
dynamics, there exists a finite time for human drivers to process stimuli of preceding vehicles and
make a decision. It is natural to give a detailed study of the mechanism about how time delays af-
fect the traffic flow patterns and their evolutions. In this paper, we are interested in rich dynami-
cal behavior in a class of nonlinear car-following models, including stability, Hopf bifurcations,
multistability and chaotic behavior etc. Numerical simulation gives a solid verification of our
findings.
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Figure 1. Critical values of losing stability by (double) Hopf bifurcations in system (2) as b varies and « is fixed
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Figure 2. Critical values of losing stability by (double) Hopf bifurcations in system (2) as 1 varies
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Figure 3. Transversality conditions
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Figure 4. Chaotic behavior in system (3) with a =6, b= 0.8, L; = 16, L, = 16, 7 = 0.99,k = 0.08 under the initial condition
y(t)=[16.7 0.01 179 0.01]T , te[-7,0]. (a) Time series; (b) Phase portrait
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Figure 5. Multistability in system (2) and (3) for a = 6, b = 0.8, L; = 16, L, = 26, = = 0.3 under the initial condition
y(t)=[167 001 17.9 0.01]', e[-7,0]. (a) System (3.2), k = 0; (b) System (3.3), k = 0.08
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