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This dissertation aims to develop a systematic tool designated for connected and au-
tonomous vehicles, integrating the simulation of traffic dynamics, traffic control strategies,
and impact analysis at the network level.

The first part of the dissertation is devoted to the traffic flow modeling of connected
vehicles. This task is the foundation step for transportation planning, optimized network
design, efficient traffic control strategies, etc, of the next generation transportation sys-
tem. Chapter 2 proposes a cell-based simulation approach to model the proactive driving
behavior of connected vehicles. Firstly, a state variable of connected vehicle is introduced
to track the trajectory of connected vehicles. Then the exit flow of cells containing con-
nected vehicles is adjusted to simulate the proactive driving behavior, such that the traffic
light is green when the connected vehicle arrives at the signalized intersection. Extensive
numerical simulation results consistently show that the presence of connected vehicles
contributes significantly to the smoothing of traffic flow and vehicular emission reduc-
tions in the network. Chapter 3 proposes an optimal estimation approach to calibrate
connected vehicles’ car-following behavior in a mixed traffic environment. Particularly,
the state-space system dynamics is captured by the simplified car-following model with
disturbances, where the trajectory of non-connected vehicles are considered as unknown
states and the trajectory of connected vehicles are considered as measurements with er-
rors. Objective of the reformulation is to obtain an optimal estimation of states and
model parameters simultaneously. It is shown that the customized state-space model is
identifiable with the mild assumption that the disturbance covariance of the state update
process is diagonal. Then a modified Expectation-Maximization (EM) algorithm based
on Kalman smoother is developed to solve the optimal estimation problem.

The second part of the dissertation is on traffic control strategies. This task drives
the next generation transportation system to a better performance state in terms of
safety, mobility, travel time saving, vehicular emission reduction, etc. Chapter 4 develops
a novel reinforcement learning algorithm for the challenging coordinated signal control
problem. Traffic signals are modeled as intelligent agents interacting with the stochastic
traffic environment. The model is built on the framework of coordinated reinforcement
learning. The Junction Tree Algorithm based reinforcement learning is proposed to obtain
an exact inference of the best joint actions for all the coordinated intersections. The
algorithm is implemented and tested with a network containing 18 signalized intersections
from a microscopic traffic simulator. Chapter 5 develops a novel linear programming
formulation for autonomous intersection control (LPAIC) accounting for traffic dynamics
within a connected vehicle environment. Firstly, a lane based bi-level optimization model
is introduced to propagate traffic flows in the network. Then the bi-level optimization
model is transformed to the linear programming formulation by relaxing the nonlinear
constraints with a set of linear inequalities. One special feature of the LPAIC formulation
is that the entries of the constraint matrix has only values in {-1, 0, 1}. Moreover, it is
proved that the constraint matrix is totally unimodular, the optimal solution exists and
contains only integer values. Further, it shows that traffic flows from different lanes pass
through the conflict points of the intersection safely and there are no holding flows in the
solution. Three numerical case studies are conducted to demonstrate the properties and
effectiveness of the LPAIC formulation to solve autonomous intersection control.
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The third part of the dissertation moves on to the impact analysis of connected vehicles
and autonomous vehicles at the network level. This task assesses the positive and negative
impacts of the system and provides guidance on transportation planning, traffic control,
transportation budget spending, etc. In this part, the impact of different penetration rates
of connected vehicle and autonomous vehicles is revealed on the network efficiency of a
transportation system. Chapter 6 sets out to model an efficient and fair transportation
system accounting for both departure time choice and route choice of a general multi OD
network within a dynamic traffic assignment environment. Firstly, a bi-level optimization
formulation is introduced based on the link-based traffic flow model. The upper level of
the formulation minimizes the total system travel time, whereas the lower level captures
traffic flow propagation and the user equilibrium constraint. Then the bi-level formulation
is relaxed to a linear programming formulation that produces a lower bound of an efficient
and fair system state. An efficient iterative algorithm is proposed to obtain the exact
solution. It is shown that the number of iterations is bounded, and the output traffic
flow solution is efficient and fair. Finally, two numerical cases (including a single OD
network and a multi-OD network) are conducted to demonstrate the performance of the
algorithm. The results consistently show that the travel time of different departure rates
of the same OD pair are identical and the algorithm converges within two iterations across
all test scenarios.
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