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ABSTRACT

A large number of studies have been carried out to represent the traffic flow on homogeneous
car following traffic environment using macroscopic continuum models. These models are
either phenomenological in nature or derived from car following theories. The main assumption
behind these theories is that the vehicles strictly travel at the centre of the lane and they assign
leadership fully to the front vehicle. The follower vehicle response strictly depends on relative
distance and a relative speed between the leader and follower vehicles and lane changing is
strictly prohibited. However, in developing countries such as India, vehicles do not follow lane
discipline, and they always deviate from its centre- line positions. Moreover, each vehicle has
multiple leaders ahead, and disruptive lane changing can also be observed. Further, complexity
increases due to the presence of slow and fast moving vehicles and their wide range of physical
and dynamical characteristics. Therefore continuum models developed from the lane based car
following models will poorly represent the dynamics of non-lane heterogeneous traffic (NLHT)
and cannot be applied directly. Even though few researchers attempted to model the traffic in
NLHT environment, they are successful only to some extent. The drawbacks of the existing
modelling methodologies such as: independent conservation of vehicle momentum of each
vehicle class; absence of effect of vehicles off-centeredness; interaction between slow moving
and fast moving vehicles motivated the present research. A comprehensive modelling
methodology has been proposed to represent the traffic behaviour in non-lane based

heterogeneous traffic environment.

As an initial step, the research focuses on evaluating existing single regime models using two
criteria. One is fitting empirical speed-density data and the other is about properties of

fundamental diagrams. Limitations of the existing speed-density models in satisfying all the
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mathematical properties of fundamental diagrams encouraged us to develop new speed-density
functional forms. The new speed-density functional form along with the developed
conservation of momentum equation will be helped in predicting the traffic flow patterns in

non-lane heterogeneous traffic stream more accurately.

An improved two-sided lateral gap car following theory and statistical inferences from field
data are used in developing a new non-lane based heterogeneous continuum model. To capture
the complex vehicular interactions, the proposed model considers class specific lateral
separation distance factor, frictional clearance term and density dependent disturbance
propagation speed which are absent in other non-lane continuum models. The lateral separation
distance factor represents the overtaking behaviour of vehicles on both sides of the leader,
frictional clearance term represents the effect of slow moving vehicles on traffic stream. The
proposed model is able to replicate complex traffic phenomenon such as local clusters,
phantom traffic jams and dissipation of queues etc. Further, the proposed model is effective in
supressing traffic jams even at high density conditions compared to other continuum models.
Analytical results proved that new model improves the stability region of traffic flow thereby
increases the throughput of traffic stream. The current research presented two classical and
evolutionary optimization algorithms such as hybrid search and generalised pattern search to
find model parameters for non-lane based heterogeneous traffic present on urban arterials in
India. Performance of these algorithms have been compared with other commonly used global
search algorithms such as genetic algorithm and simulated annealing. The robustness of
proposed model in representing the real traffic behaviour is validated using traffic accident
evaluation and platoon dispersion characteristics of vehicles. Finally, the proposed model is
applied to evaluate the effect of alternative transport policy measures i.e. odd-even car rule. It
is anticipated that the new model provides the basis for evaluating alternative transport policy

measures and helps in analyzing the system performance in the future.
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