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ABSTRACT

The idea of traffic flow prediction for congestion management have been
proposed in order to improve traffic management. Machine learning and deep learning
algorithms have enabled this idea to grow, as it involves an excessive amount of traffic
data and variables. The usage and analysis of these data or variables are essential but
vary among studies hence producing different outputs and results. The different types
of traffic data may affect the accuracy of congestion calculations. This study proposes
a conceptual model known as the Speed Performance Index and Long Short-Term
Memory (SPI-LSTM) Approach for Enhancing Traffic Flow Prediction in Smart Cities
model based on speed variable analysis, which is common in most traffic datasets. This
study has explored the potential of adapting analysed traffic data, by calculating the
Speed Performance Index, into Long Short-Term memory machine learning and deep
learning algorithms in order to perform traffic prediction. To test the hypothesis of
whether traffic data influence prediction outcomes, an experiment was conducted
using the Python programme to generate the expected and predicted outcomes as well
as performing results analysis. The results were validated using evaluation metrics and
then, compared with other existing models in order to analyse the performance of the
proposed model. The validation and comparison results illustrated a positive
performance when compared with existing models, hence, showing the potential of the

proposed model to improve traffic prediction.



ABSTRAK

Idea ramalan aliran trafik telah dicadangkan untuk pengurusan kesesakan demi
menambah baik pengurusan lalu lintas. Pelbagai algoritma pembelajaran mesin
(machine learning) dan pembelajaran mendalam (deep learning) telah berjaya
mengembangkan idea ini kerana ia melibatkan jumlah data trafik dan pemboleh ubah
yang besar. Penggunaan dan analisis data atau pemboleh ubah begini adalah penting,
namun berbeza antara setiap kajian sekaligus menghasilkan keputusan yang berbeza.
Kepelbagaian jenis data trafik mungkin akan mempengaruhi tahap ketepatan
pengiraan kesesakan. Kajian ini mencadangkan model konseptual yang dikenali
sebagai Model Adaptasi Indeks Prestasi Kelajuan dan Ingatan Jangka Pendek yang
Panjang untuk Ramalan Aliran Trafik dalam Bandar Pintar (Speed Performance Index
and Long Short-Term Memory (SPI-LSTM) Approach for Enhancing Traffic Flow
Prediction in Smart Cities) berasaskan analisis pemboleh ubah kelajuan yang sering
digunakan dalam kebanyakan set data trafik. Kajian ini telah meneroka potensi
mengadaptasi data trafik yang dianalisis melalui pengiraan Indeks Prestasi Kelajuan
ke dalam algoritma pembelajaran mesin dan pembelajaran mendalam Ingatan Jangka
Pendek yang Panjang untuk membuat ramalan trafik. Untuk menguji hipotesis bahawa
data trafik mempengaruhi keputusan ramalan, satu eksperimen telah dijalankan
menggunakan program Python, untuk menjana hasil yang dijangka dan diramalkan.
Keputusan eksperimen ini disahkan menggunakan metrik penilaian dan kemudian
dibandingkan dengan model sedia ada lain untuk menganalisis prestasi model yang

dicadangkan. Keputusan pengesahan dan perbandingan menunjukkan prestasi yang



positif jika dibandingkan dengan model-model sedia ada, justeru menunjukkan potensi

model yang dicadangkan untuk mempertingkatkan ramalan trafik.
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CHAPTER 1

INTRODUCTION

1.1 Chapter Overview

This chapter explains the background of this study by focusing on the concept
of smart city, ITS, machine and deep learning technology for traffic prediction, the
problem statement, research objectives and questions, scope and limitations, the

definition of terms, and the thesis structure.

1.2 Background of Study

Technological advancements in the current era of digitalisation have produced
beneficial outcomes for society in various aspects of life. An example of such
advancements includes the introduction of the ‘Smart City’ concept where various
aspects, such as health, education, environment, safety, and transportation have seen

significant improvements due to the implementation of technological innovations.

The concept of ‘Smart Transportation’ was introduced as a branch of the Smart
City, which thrives on the application of the Internet of Things (loT) in the

transportation sector. The idea behind Smart Transportation was to solve urbanisation



issues that involve human mobility, with the aims of improving user experience, and

providing a safe and organised commute (An & Wu, 2020).

The Machine Learning (ML) and Deep Learning (DL) algorithms have led to
numerous opportunities for the implementation of an Intelligent Transportation
System (ITS). For example, fleet management, vehicle-to-everything (V2X)
communications, intelligent traffic management and monitoring, and various other
mobility solutions for roads, rails, air and sea transportation. This system can provide
better traffic management, solve traffic problems, enhance traffic efficiency, reduce

travel time, and provide comfort and safety to travellers (Karami & Kashef, 2020).

The introduction of smart or connected vehicles requires a medium for wireless
communication among these vehicles in order to share valuable information regarding
mobility and safety during commute (D. G. Yang et al., 2018). This concept is
beneficial for managing and solving traffic problems, taking congestion as one of the

main problems faced by travellers all around the world (Makino et al., 2018).

Thus, a technique that can make highly accurate predictions of congestion or
traffic flow can be beneficial for traffic management in smart cities. However,
currently in Malaysia, only a few studies have focused on traffic flow prediction

techniques, which if implemented, could enhance travel experiences and management.



1.2.1 Congestion Problems in Smart Transportation Environment

According to Kozlak, Weisbrod and others, traffic congestion is associated and
defined as a situation where the volume of vehicles surpasses the capacity of the road,
causing decrease in speed, mutual obstruction, and prohibition of free movement
(Kozlak & Wach, 2018; Weisbrod et al., 2003). Traffic congestion has always been
related to the travel demands, and the supply of the transport system. The growth of
the supply of vehicles on the road, particularly in urban cities have contributed to a

long recurring traffic congestion problem.

Various governments (Afrin & Yodo, 2020; Mohan Rao & Ramachandra Rao,
2012; Shamsher & Abdullah, 2013; Ukpata & Etika, 2012) in different countries have
come up with various measures but to no avail. Congestion problems have caused an
inconvenience for most road users such as the unreliable travel time, higher cost spent
during transportation through high fuel consumption, as well as environmental noise
and air pollution have all degraded the transportation experience of all road users

(Ukpata & Etika, 2012).

1.2.2 Causes of Traffic Congestion

Traffic congestion originates from various reasons and factors. These factors
can both be classed as avoidable and unavoidable, but the scenarios of these factors
occurring will always result in traffic congestion. Listed down below are some of the
main causes and factors of congestion based on the findings of other researchers
(Kozlak & Wach, 2018; Litman, 2013; Sarda et al., 2018; Suresh et al., 2018; Ukpata

& Etika, 2012).



One of the main causes of traffic congestion is accidents. Accidents can be
caused by various factors such as excess speed, vehicular malfunction, driver’s
condition and tiredness and many more reasons. When an accident occurs, the
situation requires attention and cannot be moved at an instance due to the condition of

the victims involved and these will cause congestion.

Besides, the condition of the road also contributes to the cause of congestion.
Potholes, uneven road surfaces, slippery surfaces, all are possible to cause the driver

to lose control of their vehicle which causes congestion.

Furthermore, congestion also mostly occurs due to the driving behaviour and
habit of drivers, such as excessive speed and brakes, sudden lane change, no direction
change indication, and road rage. This causes other drivers to be alerted and aware,

which causes them to slow down and causes congestion.

Next, the weather conditions, such as rain or seasons such as winter, affects
the state of the road being slippery and icy, which causes drivers to easily lose control
of their vehicle. As drivers are usually more careful during these conditions,

congestion occurs due to vehicles slowing down due to carefulness and visibility.

Moreover, a sudden car stopping by the roadside to park inappropriately and

illegally can cause congestion, as it interferes with the fluidity of other cars' movement.

Likewise, the increase of the number of vehicles on the road also contributes
to congestion. With a lot more vehicles on the road due to an increasing population of
people, congestion is almost certain to occur. This is due to the volume of vehicles
overwhelming the road capacity, hence causing an abundance of vehicles during a

time which the road could not occupy.



Next, during rush hour times in the morning and evening where people
commute to and from their workplace, as well as during festive seasons, where people
commute to their hometowns causes congestion as the volume of vehicles on the road

increases and causes congestion.

Lastly, heavy vehicles such as lorries, trucks, trailers, and buses are able to
cause congestion due to the driving capability of their vehicles. Take an example of a
lorry driving through a narrow road, and causing other vehicles behind unable to

overtake due to the narrow road.

1.2.3 Measures Taken to Prevent Congestion

Multiple initiatives and measures have been taken by governments and
organisations to tackle and help solve the ongoing traffic congestion problems.
Although congestion is a temporary situation, it has been a concurrent event which
causes inconvenience every time it occurs. Addition to the growth of the number of
vehicles on the road, initiatives and efforts on traffic congestion management are

highly appreciated.

Several studies have listed down solutions and remedies which are suggested
to assist in handling traffic congestion (AKYUZ, 2015; Kozlak & Wach, 2018;
Lindley, 1987; Popoola et al., 2013; Shamsher & Abdullah, 2013; Ukpata & Etika,
2012). For example, proper and strict lane management, encourage use of public
transportation, public education and awareness campaign, road widening, surveillance
and control system, increase of provisional parking space and higher penalty for traffic

law infringement.



