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Abstract—This paper proposes a mathematical model for the
traffic of metropolises, which can further be optimized to effi-
ciently control the traffic. This model takes into account all the
parameters that can have an effect on the traffic, e.g., escape
rates (ERs) of intersections and paths. Moreover, to optimize the
proposed model, the imperialist competitive algorithm (ICA) is
used. It will be shown that the optimization of the mathematical
model proposed in this paper for urban traffic not only reduces
the traffic but prevents any kind of traffic standstill in the city as
well. In addition, this method uniformly distributes the traffic in
the city so that the maximum potential of the city’s infrastructure
can be used. This model makes it possible to reduce the number of
cars in the under-construction streets through a manual change in
a coefficient called the ER. Finally, the mathematical model is sim-
ulated and analyzed for two cities with nine and 18 intersections
using non-real-time and real-time simulations. These simulations
are carried out on software developed in accordance with the
optimization presented in this paper (http://tinyurl.com/TSBVK).
The results obtained from the simulations demonstrate that the
model proposed is appropriate for traffic control and is flexible
enough to be expanded for all kinds of infrastructure.

Index Terms—Imperialist competitive algorithm, optimization,
transportation, urban traffic optimization.

I. INTRODUCTION

R ESEARCH in transportation is aimed at optimizing the
flow of people and products transported. Intelligent traffic

control will be an important subject in the future, because the
number of passengers on the road is constantly on the rise, and
roads are increasingly congested. Therefore, preventing traffic
jams brings about a several benefits to the environment and the
economy [1]. In some situations, the fact that the average speed
of cars is reduced to below 10 km/h (i.e., less than the speed of
a bicycle) increases environmental pollution, wastes time, and
wastes fuel [2].

Recently, modeling the traffic dynamics has been performed
using the microscopic and macroscopic bases [3], [4]. In these
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approaches, intelligent methods such as adaptive optimization
algorithms based on learning improvement [1], expert systems,
and fuzzy logic [5]–[8] have been used to control the traffic.
More recently, a mixture of mathematical models and opti-
mization techniques have been carried out to control the traffic,
one of which is the developing algorithm of particle swarm
optimization (PSO) for optimization [9]. Sanchez-Medina et al.
[10] used genetic algorithms (GAs) for traffic signal optimiza-
tion. Another model used as objective function is the queue-
length model [2].

Due to the weakness of these models in expressing the
parameters that affect the traffic, traffic control remains a local
1-D control. Moreover, these models neglect some significant
aspects of traffic. Therefore, they cannot be referred to as intel-
ligent models, although they can be optimized by the intelligent
algorithms. Note that real-time analyses require these models to
be optimized by faster evolutionary optimization algorithms.

This paper presents an expandable mathematical model for
a city, which considers important factors of traffic jam and
can be used for optimizing the traffic as an objective function.
This model can be expanded to cater to every kind of city
infrastructure. By optimizing this objective function, timings
of all the traffic lights in the city are efficiently obtained.
The proposed model not only optimizes the traffic in a part
of the city but predicts and consequently prevents the traffic
congestion in other sections of the city as well by implementing
necessary limitations. This intelligent model is optimized with
the imperialist competitive algorithm (ICA) [11], given its high
speed and suitability for real-time optimization.

II. IMPERIALIST COMPETITIVE ALGORITHM

Compared with other algorithms such as GA, the immuno-
genetic algorithm (IGA), and PSO, ICA is an optimization
algorithm that has recently emerged that is used to solve
continuous-optimization problems [12]–[15]. Given that the
model of traffic used in this paper is a continuous-optimization
problem, we found ICA to be a suitable choice in this regard.

ICA optimizes the objective function through the concept
of imperialistic competition. This algorithm uses the assim-
ilation policy that imperialistic countries have applied since
the 19th century. Based on this policy, the imperialists try to
improve the economy, culture, and political situation of their
colonies, thus winning the colony’s loyalty. In this theory, an
imperialist with its colonies is called an empire. The power
of an empire depends on the power of its imperialist and its
colonies. In imperialistic competitions, weaker imperialists lose
their colonies to more powerful empires. After a while, having
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