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ABSTRACT

A new revolution of the automotive industry is hitting the industry with the need for an
autonomous vehicle. This is in line with the Mega Science 3.0 Roadmap 2020-2050,
which requires the industry to provide safer and more efficient driver-free driving.
However, the acceptance level of the autonomous car is still minimal due to lack of trust
in the autonomous technology. In this case, the challenging task for automakers are to
gain user acceptance in using these highly technology cars. Although much effort has
been made to gain users’ acceptance such as improving the safety features of the car, yet
there have been very limited works to elicit trustable requirements of the cars before the
development of an autonomous car. In this case, eliciting accurate functional
requirements is challenging, especially for automotive engineers who are not well with
the business process and the vocabulary used in the autonomous domain. Motivated by
these problems, the objective of this thesis are three-folds; Firstly, to analyze trust
requirements comprising trust attributes and trust properties, secondly to propose a new
trust requirements approach in eliciting autonomous requirements, and thirdly to evaluate
the usability of the proposed trust requirements approach. This thesis proposes a new
automated approach to assist the automotive engineer and client-stakeholders to elicit
trust requirements of the autonomous car. For this, we started with an analysis of the
significant trust attributes and trust properties of autonomous. Next, we have developed a
trust requirements autonomous car (TReAC) pattern library in order to store all the input
and significant trust attributes and trust properties of the autonomous car. Then, we
embed the TReAC pattern library to the elicitation process to elicit requirements of the
autonomous car. Here, an automated tool support called Autocarreq.MEReq is also
developed to realize the approach. Finally, a comprehensive evaluation of the approach,
through usability test, was conducted. In summary, the finding of the evaluations show
that our approach is useful and abie eliciting trust requirements at the early stage of
autonomous car development. It is believed that the proposed approach could help to
increase the acceptance of users towards autonomous car. This is because the
developments approach able to elicit and validate the trust level of the car requirements.
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ABSTRAK

Revolusi  baru industri automotif memukul industri dengan keperluan kenderaan
berautonomi. Ini adalah sejajar dengan Roadmap 2020-2050 Mega Science 3.0, yvang
memerlukan industri untuk menyediakan pemanduan tanpa pemandu yang lebih selamat
dan lebih cekap. Walau bagaimanapun, tahap penerimaan kereta autonomi masih
minima kerana kekurangan kepercayaan pada teknologi berautonomi. Dalam kes ini,
lebih banyak tugas yang mencabar bagi pembuat kereta adalah untuk mendapatkan
penerimaan pengguna menggunakan kereta teknologi tinggi ini. Walaupun banyak usaha
telah dibuat untuk mendapatkan penerimaan pengguna seperti meningkatkan ciri
keselamatan kereta, namun terdapat kerja yang sangat terhad untuk menangkap dan
mencungkil keperluan kepercayaan sebelum membuat kereta berautonomi. Dalam hal ini,
mencungkil keperluan fungsi yang tepat adalah mencabar, terutama bagi jurutera
automotif yang tidak mahir dengan proses perniagaan dan perbendaharaan kata yang
digunakan dalam domain otonom. Motivasi kepada masalah ini, objektif tesis ini terdiri
daripada tiga bahagian; yang pertama adalah untuk menganalisis keperluan
kepercayaan yang terdiri daripada sifat amanah dan sifat amanah, yang kedua adalah
memberi pendekatan kepercayaan yang baru dalam menimbulkan keperluan autonomi,
dan yang ketiga adalah menilai kebolehgunaan pendekatan keperluan amanah yang
dicadangkan. Tesis ini mencadangkan pendekatan automatik baru untuk membantu
Jurutera Automotif dan pihak pelanggan-pemegang kepentingan untuk mendapatkan
keperluan kepercayaan kereta autonomi. Untuk ini, kami memulakan dengan
menganalisis atribut amanah yang penting dan sifat kepercayvaan yang autonomi.
Seterusnya, kami telah membangunkan kepercayaan keperluan kereta automotif (TReAC)
perpustakaan corak untuk menyimpan semua input dan sifat amanah yang penting dan
sifat kepercayaan kereta autonomi. Kemudian, kami memasukkan perpustakaan corak
TReAC kepada proses pencungkilan untuk memenuhi keperluan kereta autonomi. Di sini,
sokongan alat automatik yang dipanggil Autocarreq. MEReq juga dibangunkan untuk
merealisasikan pendekatan tersebut. Akhirnya, penilaian komprehensif mengenai
pendekatan melalui  ujian kebolehgunaan telah dijalankan. Ringkasnya, dapatan
penilaian pendekatan menunjukkan bahawa pendekatan kami berguna dan mampu
mencungkil keperluan kepercayaan pada peringkat awal dalam pembangunan kereta
autonomi. Dengan ini yakin, bahawa pendekatan yang dicadangkan ini dapat membantu
meningkatkan penerimaan pengguna terhadap kereta autonomi. Ini adalah kerana
pendekatan pembangunan dapat mampu mencungkilkan dan mengesahkan tahap
kepercayaan terhadap keperluan kereta.
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CHAPTER 1

INTRODUCTION

| | Introduction

Eliciting requirements has become crucial in any product development as they
contribute significantly to the satisfaction of the needs of client-stakeholders.
Requirements can be divided into two categories: (1) functional and (2) non-functional.
Among the common techniques to elicit requirements are such as interview,
brainstorming, survey, observation and survey questionnaire. Although eliciting
requirements has been increasingly recognised as important, the elicitations of trust
requirements, particularly for autonomous cars have been largely ignored.

This research aims to propose a new trust requirement approach for eliciting
requirements that captures accurate functional requirements for autonomous car. It
focuses on identifying the trust requirements approach for developing autonomous car. It
is believed that the identification of the trust requirements for autonomous cars enhances
the user’s acceptance to drive autonomous car, thus addresses the issues of lacking of

trust among autonomous car users.

versiti Teknikal Malaysia Melaka



This chapter introduces this research project by first presenting the background
information of this study. The next section provides the main concepts that frame this
research, which are the trust requirements and the elicitation of requirements for
autonomous car. Additionally, the motivation of study is presented, followed by the
statements of the research questions and the research objectives. The contribution of this

research is provided next, and this chapter ends with the organization of the thesis.

1.2 Research background

A new revolution of automotive industry is hitting the industry with the needs of
having an autonomous vehicle. This is also in line with the Mega Science 3.0 Roadmap
2020-2050 that requires the industry to provide safer and more efficient driver-free
driving. However, the acceptance level of autonomous car is still minimum due to the
lack of trust on the autonomous technology. Further, the current practices of car
manufacturers do not consider trust requirements when designing the car. Therefore, this
study proposed a new trust requirements approach to assist the elicitation of trust

requirements before the designing process of autonomous car.



1.2.1 Requirements engineering

Requirements are the needs or expectations of customers regarding the product
developed in a particular industry. In the context of this research, the product developed
by the industry is the autonomous car. There are two main reasons why requirements are
necessary for a particular product. Firstly, specific product demands certain functions or
qualities, and secondly, customer wants requirements to be part of the development of the
product (Abraham et al., 2016). Therefore, requirements based on user’s needs are
essential for the creation and development of the autonomous car.

Requirements consist of two classifications: functional requirements and non-
functional requirements. Functional requirements are an action that the product must take
if it is to be useful to its user. It relates to any actions, such as calculation, technical
details or other specific functionality that define what a system is supposed to
accomplish.

Non-functional requirements specify how the product should work and the
qualities the product must have. The non-functional requirements for autonomous car
describes properties, such as the look and feel of safety, security and privacy, which are
critical to the product’s success based on the user’s expectations and demand. In this case,
correct non-functional requirements are important to ensure the developed autonomous

car looks secure and safe. In the next section, we describe the trust requirement.



1.2.2 Trust requirements

Trust requirements is defined as the needs to address the issues of safety,
reliability and comfort of drivers or users (Schoettle and Sivak, 2014).The trust
preference is based on three aspects: 1) Customer’s satisfaction with the technology
provided, 11) Willingness of learning and using the automated features in the current
autonomous technology in a car, and iii) Preferable method for learning to use the
automated features (Pettersson and Karlsson, 2015).

The importance of trust in the autonomous car is related to the factors for creating
willingness to use an autonomous car system and ensuring its correct usage (Pettersson
and Karlsson, 2015). Currently, most studies focus on user’s expectations or acceptance
of the system, ignoring the trust aspect of the autonomous system. It is identified that trust
plays an important role in enhancing the acceptance of autonomous cars. Trust
contributes to the confidence level of the drivers, especially when they achieve
knowledge-drive and emotion drive (Wagner and Koopman, 2015; John and Kristen,
2019).

In summary, this reseach advocates the importance of developing an autonomous
car based on user’s need and expectations. Further, considering the the trust factors in the
development of the autonomous cars enhances the acceptance of the autonomous
technology. However, most of the existing works such as Saffarian et al. (2012) and
Pettersson and Karlsson (2015) tend to focus on human-machine interaction rather than

user’s acceptance.
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1.2.3 Autonomous car

Autonomous cars (ACs) are driverless car and involve in control function without
direct driver input. The National Highway Traffic Safety Administration (NHTSA,2013)
explained that autonomous cars have some aspects of safety-critical control function such
as steering, brake assist, self-parking and other function occur without direct driver input.
According to Fitch et al. (2014), driving ACs greatly improves safety as it reduces
crashes that result from human error and human distraction . The NHSTSA (2016)
differentiates five level of AC, as described in Table 1.1.

With respect to the development of autonomous cars in Malaysia, the Deputy
Minister of International (2017) mentioned that Malaysia is making headways in the
development of autonomous car and its related technologies. There have been an increase
interests in the research and development of autonomous technology in Malaysia. For
example, the Universiti Teknologi Malaysia (UTM) has conducted research and
development (R&D) activities on developing a fully automated vehicle since 2017. An
autonomous car prototype was developed through the collaboration between UTM and
Moovita Pte.Ltd. The prototype is based on 7-seater vehicle and after just six months of
extensive development and testing, the vehicle made its debut to the public in January
2018.

As the world moves towards the adoption of industry 4.0, the government is
making a lot of efforts for the transformation of the industry players towards the adoption
of automation and smart manufacturing concepts and technologies. Nowadays, Malaysia
companies are taking the opportunities and re-strategizing their plans and actions to

ensure greater value for their business, industry and Malaysia at large.





