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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 [1].

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[Fig.1]. The computer
processes this information and adjusts traffic signals accordingly to optimize flow and reduce
congestion [2].

.

Fig.1 Virtual diagram of Traffic Signal
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3. Properties of Traffic

Three fundamental properties 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

Fig.2

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[Fig.2]. In traffic control [3], graph theory is used to model
intersections and traffic flows as a network of nodes and edges, where:

Nodes represent intersections or traffic signals[Fig.3].

Edges represent the connectivity between signals or the paths vehicles can take.
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4.1 Control at Crossroads Using Graph Theory

At traffic intersections, graph theory can be applied to develop a compatibility graph. In this graph:

Vertices represent different traffic flows.

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 [4].

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, 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:

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 [Fig.6]. 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.





© 2024 ADYPJIET, Volume 1(1), Online ISSN: XXXX-XXXX, September 2024, pp. 1-7

References:

1. Budayasa, I. K. (2007). Teori Graf dan Aplikasinya (Graph Theory and Its Applications).
Surabaya: University Press of Universitas Negeri Surabaya.

2. Dinas Perhubungan Kota Surabaya. (2015). Laporan Survey Kinerja Lalu Lintas Tahun (2015)
Tahap 2 (Survey Report of Traffic Light). Surabaya: Pemerintah Kota Surabaya.

3. Hosseini, S. M., & Orooji, H. (2009). Phasing of Traffic Light at Road Junction. Applied
Mathematical Science, 3(30), 1487-1492.

4. Wang, Q., Wang, L., & Wei, G. (2011). Research on Traffic Light Adjustment Based on
Compatibility Graph of Traffic Flow. University of Science and Technology, Qingdao, China.

5. UU no 22 tahun (2009) tentang lalu lintas dan angkutan jalan (Law in Traffic and Roads).


