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Abstract— In this paper, the design of a traffic
controller at a crossroads is explored using graph
theory. The controller aims to minimize the
waiting time for public transportation by
optimizing traffic flow. The paper outlines the
model for a selected traffic crossing,
demonstrates its application through examples,
and presents results showing the effectiveness of
the control algorithm. The work presented is part
of a small project aimed at providing traffic
engineers with tools to optimize traffic light
control.
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1. Introduction

Traffic congestion is a growing concern in large
cities, leading to significant social, economic,
and environmental impacts. As urban areas
expand due to rapid urbanization, the strain on
transportation systems increases, necessitating
the development of smart city initiatives. These
initiatives aim to improve citizens' lives by
integrating advanced technologies into various
aspects of urban life, including transportation.
Traffic  signalling systems are critical
components of urban infrastructure, designed to
manage the flow of vehicles and pedestrians,
ensuring safety and efficiency on the roads. The
primary goal of traffic control is to regulate
traffic flow, minimize delays, and reduce the
likelihood of accidents. Given the increasing
Complexity of traffic systems, there is a pressing
need to optimize existing road networks rather
than solely expanding them. Graph theory offers
a robust framework for modelling and solving
problems related to traffic control. By
representing traffic flows as a compatible graph,
traffic engineers can analyse and optimize traffic

signal timings at intersections to reduce
congestion and improve overall traffic
efficiency.

2. Elements of Traffic Control

A computerized traffic control system comprises
four key elements:

1. Computer: Central processing unit for
the system, which manages data and
executes control algorithms.

2. Communication Devices: Facilitate
data transmission between various
components of the traffic control
system.

3. Traffic Signals and Associated
Equipment: Control the flow of
vehicles and pedestrians at intersections.

4. Detectors for Sensing Vehicles: Gather
real-time data on traffic conditions,
which is then processed by the computer
system.

These elements work together to monitor and
manage traffic flow. Detectors capture data on
vehicle presence and movement, which is
transmitted to the central computer. The
computer processes this information and adjusts
traffic signals accordingly to optimize flow and
reduce congestion.

Fig.1
3. Properties of Traffic
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Three fundamental
characterize road traffic:

1. Ambiguity: Variability in traffic
patterns due to unpredictable factors
such as weather, accidents, and human
behaviour.

2. Finiteness: Traffic systems operate
within finite boundaries, such as road
networks and signal timings.

3. Time-Space: Traffic flow is inherently
linked to both time and spatial
dimensions, requiring models that can
accommodate dynamic changes in both.

These properties must be considered when
designing traffic control systems to ensure they
can adapt to varying conditions and maintain
efficiency.

4. Applications of Graph Theory in Traffic
Control

properties

Fig.3

Graph theory has emerged as a powerful tool in
the design and optimization of traffic control
systems. Modern applications of graph theory
include traffic networks, navigable networks,
and optimal routing for emergency response. In
traffic control, graph theory is used to model
intersections and traffic flows as a network of
nodes and edges, where:

o Nodes represent intersections or traffic
signals.

e Edges represent the connectivity
between signals or the paths wvehicles
can take.

This network model allows for the identification
of optimal routes, the coordination of traffic
signals, and the prediction of traffic behaviour
under different conditions.
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One of the classical problems in graph theory,
The Konigsberg Bridge Problem,exemplifies
how graph theory can solve complex network
problems, including traffic control. By applying
similar principles, traffic engineers can design
systems that minimize congestion and enhance
the efficiency of traffic flow.
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Fig.6
4.1 Control at Crossroads Using Graph
Theory
At traffic intersections, graph theory can be
applied to develop a compatibility graph. In this
graph:

e Vertices represent different traffic
flows.

e Edges connect two vertices if the
corresponding traffic flows can occur
simultaneously  without causing a
collision.

This model enables the optimization of traffic
light cycles, ensuring that green lights are given
in a manner that maximizes flow while
minimizing the likelihood of accidents.

5. Traffic Control Algorithm

One of the algorithms used in traffic control is
the fuzzy logic algorithm based on the
Mamdani method. This algorithm determines the
duration of green lights at intersections based on
the number of vehicles arriving during each
cycle. By adjusting the length of green lights
dynamically, the algorithm can reduce waiting
times and improve traffic flow.

5.1 Traffic Models

Traffic models are mathematical representations
of real-world traffic systems. These models
often incorporate network theory and principles
from physics, such as the kinematic wave model,
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to simulate and predict traffic behaviour. By
integrating graph theory into these models,
engineers can develop more accurate and
efficient traffic control systems.

5.2 Compatibility graph: definition

In graph theory, a comparability graph is an
undirected graph that connects pairs of elements
that are comparable to each other in a partial
order. Comparability graphs have also been
called transitively orient able graphs, partially
orderable graphs, containment graphs, and
divisor graphs. In graph theory, a comparability
graph is an undirected graph that connects pairs
of elements that are comparable to each other in
a partial order. Compatibility Graph

In graph theory, a compatibility graph is an
undirected graph where pairs of vertices are
connected if the corresponding elements are
comparable in a partial order. In traffic control,
this concept is used to model the compatibility
of traffic flows at intersections. By analysing the
compatibility graph, engineers can determine the
most efficient signal timings and reduce the
likelihood of traffic conflicts.

e

Fig.7
6. Best Solutions for Traffic Management
Several strategies can be implemented to
improve traffic management:

1. Multimodal Streets: Designing streets
for multiple modes of transportation,
including  vehicles, bicycles, and
pedestrians.

2. Congestion Pricing and Limited
Traffic Zones: Implementing policies to
reduce traffic in high-congestion areas.
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3. Eliminating Street Parking: Reducing
the space available for parking to
encourage the wuse of alternative
transportation methods.

4. Adding Transit Options: Expanding
public transportation networks to reduce
reliance on personal vehicles.

5. Reclaiming Public Spaces:
Redesigning urban spaces to prioritize
pedestrians and public transport over
vehicles.

These solutions aim to reduce congestion by

optimizing the use of existing road networks and

promoting alternative transportation methods.

7. Conclusion

The application of graph theory in traffic control

systems  offers significant potential for

optimizing traffic flow and improving safety at

intersections. By modelling traffic flows as a

compatibility graph, engineers can design more

efficient traffic light cycles and reduce
congestion. However, the complexity of traffic
systems means that no single model can address
all challenges. Future research should focus on
developing more sophisticated models that can
adapt to a wider range of traffic conditions and
incorporate emerging technologies such as the

Internet of Things (loT) to further enhance

traffic management.
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