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Abstract

Abstract

Nowadays, driving activity has become more important as this medium being
practical, faster and cheaper in connecting humans from one to another place. However,
driving activity can cause disaster or death to a human in daily life as they get fatigued
while driving. Driver fatigue is a top contributor to road crashes. The primary objective of
this research was to develop a decision support system framework for improving the
driving fatigue problem. The decision support system aims to provide systematic analysis
and solutions to minimize the risk and the number of accidents associated with driving
fatigue.

Four major stages involved as the pillar in the development of decision support
system; acquisition of knowledge, integration of knowledge, development of driving
fatigue strain index using fuzzy logic membership function, and development of
ergonomics vehicle model (EVM) and decision support system for driving fatigue
(DSSfDF) model. The development of the strain index is based on the six risk factors
associated with driving fatigue; muscle activity, heart rate, hand grip pressure force, seat
pressure distribution, whole-body vibration, and driving duration. The data is collected for
all the risk factors and consequently, the three conditions or risk levels are defined as
“safe”, “slightly unsafe”, and “unsafe”.

A membership function is defined for each fuzzy condition. IF-THEN rules were
used to define the input and output variables that correspond to physical measures. There
are six main components for the development of EVM and DSSfDF model; ergonomics
evaluation tools, graphical user interface (GUI), ergonomics database, working memory,
inference engine, and knowledge base. Both models are essential systems and reliable
advisory tools for providing analysis on risk factors that contribute significantly to driving
fatigue and providing solutions and recommendations to the problem related to driving
fatigue.

The graphical user interface was used to communicate the system with users. The
decision support system is an essential system to analyze the risk factors that would
contribute significantly to driving fatigue associated with the driving activity. Besides, the
decision support system provides solutions and recommendations to the users in order to

minimize the number of road accidents in Malaysia.



Contents

Contents

ACKNOWLEDGMENT
ABSTRACT
CONTENTS

LIST OF TABLES
LIST OF FIGURES

CHAPTER
1. INTRODUCTION
1.1 Significance of Research

1.2 Structure of the Dissertation

2. ACQUISITION OF KNOWLEDGE
2.1 Stage 1: Knowledge Acquisition

3. INTEGRATION OF KNOWLEDGE
3.1 Stage 2: Knowledge Integration
3.2 Integration of DSSfDF’s Components
3.2.1 Working Memory
3.2.2 Knowledge Base
3.2.3 Inference Engine

4. DEVELOPMENT OF DRIVING FATIGUE STRAIN INDEX
4.1 Stage 3: Development of DFSI using Fuzzy Logic
4.2 Build a Fuzzy Inference System
4.2.1 Fuzzification
4.2.2 Fuzzy Inference
4.2.3 Defuzzification
4.3 Results and Discussion: Testing and Demonstrating the DFSI
4.4 Summary

PAGE

15
16

18
18

23
23
25
26
28
29

31
31
32
34
37
42
43
49



Contents

5. DEVELOPMENT OF DECISION SUPPORT SYSTEM

5.1 Stage 4: Development of Decision Support System for Driving
Fatigue (DSSfDF)

5.2 Designing and Developing the Graphical User Interface using
Django
5.2.1 Running the Server
5.2.2 Database and Server Setup

5.3 Type and Function of GUI’s
5.3.1 Admin Interface
5.3.2 Superuser GUI
5.3.3  User Profile and Driving Information GUI
5.3.4 Regression Model GUI
5.3.5 Risk Factor GUI

5.4 Summary

6. CONCLUSION AND FUTURE PLAN
6.1 Future Plan

6.2 Contribution to Knowledge and Science

Bibliography

List of Publication

o1
o1

53

55
58
59
59
61
62
67
71
72

74
75
76

78
91



List of Tables

List of Tables

TABLE
11

1.2
1.3

1.4
1.5
3.1
3.2
4.1
4.2
4.3
5.1
5.2
5.3
5.4
5.5
5.6
5.7

TITLE
Total casualties and damages caused by road accidents in Malaysia
from 2008-2019
Crash contributing factors from 2007 through 2010 (MIROS, 2015)
Crash contributing factors in Malaysia from 2011 to 2013 (MIROS,
2015)
The indicators of fatigue development
Selected DSS and application in transportation
The previous studies and standard used as guidelines
The risk criteria and risk level for the driving condition
The rules set
The example of data sets
Result summarization
Evaluation of web application frameworks
Characteristic of user profile and driving information GUI of DSS
The regression model for muscle activity (MA)
The regression model for heart rate (HR)
The regression model for hand grip force (HGF)
The regression model for a seat pressure distribution (SPD)
The regression model for whole-body vibration (WBV)

PAGE
2

12
24
25
39
43
49
53
64
68
68
69
69
70

|iv



List of Figures

List of Figures

FIGURE
11
1.2

1.3

14
2.1
3.1
3.2
3.3
3.4
3.5

4.1
4.2
4.3

4.4

4.5
4.6
4.7
4.8
4.9

4.10

TITLE
Accident’s contributors (MIROS, 2015)
Road fatality rate among the ASEAN countries. Adapted from
Traffic Fatality Causes and Trends in Malaysia, by Abdelfatah. A,
2016.
Road fatality rate among the developed countries. Adapted from
Traffic Fatality Causes and Trends in Malaysia, by Abdelfatah. A,
2016.
The flow for the development of a decision support system
Process flow of the research
Human-machine-environment domain
The experimental apparatus and setup
The structure of DSS
The structure of working memories of the DSSfDF model
The rule sets contained in the knowledge base of the DSSfDF
model
Fuzzy Inference System (FIS) editor
The structure of a fuzzy logic system (Wang, 2001)
MF editor displaying the example of linguistic variable “WBV’ in
term of fuzzy sets.
MF editor displaying the example of linguistic variable ‘DFSI’ as
the output variable.
Triangular function
Trapezoidal function
Gaussian function
The rule editor for constructing and editing the rule statement.
The example of the roadmap for the whole fuzzy inference display
on the rule viewer
The value of linguistic variables are entered into the rule viewer;
(a) Set 1; (b) Set 2; (c) Set 3

17
19
23
24
26
28
29

33
33
34

34

35

36

36
38

44



List of Figures

411

4.12

5.1
5.2
5.3
5.4

5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18

6.1

The zoomed version of the rule viewer of FIS for; (a) Set 1; (b) Set
2; (c) Set 3

Membership function plots for the DFSI of; (a) Set 1; (b) Set 2; (c)
Set 3

Data flow through Django

Performing system checks for server

Local IP address of the server

The web-based system for DSS available on other computers or
mobile phones

The first system interface

Django admin interface

Entering the admin interface by clicking the “Admin” button
Superuser GUI of DSS

Database of the DSS

Deleting the user data

Confirmation for deleting the user’s data

User profile and driving information GUI of DSS

Confirmation of saving user data into database

“Help” button for users

Step by steps guidelines for users

Regression model GUI of DSS

Result’s interface from the regression model GUI of DSS

Risk factor analysis GUI shows the DFSI’s value and driving
condition of the user

Illustration diagram of future driver fatigue alert system

46

48

55
55
56
57

58
59
60
61
61
62
62
63
65
66
66
67
71
72

76

|vi



Chapter 1 Introduction

Chapter 1 Introduction

Malaysia, along with other countries are now in the exciting rate of urbanization
level. The report by Transformasi Nasional 2050, also known as TN50, estimated that
almost 60% of the world population will be staying in urban during 2025 (Land Public
Transport Commission, 2006). As the urbanization level increases, the human population
around the world has become more dependent on the transportation system. Indirectly, the
growth of a number of vehicles on roads has made the current transportation system face
several challenges and problems. One of the challenges and problems is road safety and
accident. Speeding and risky driving are the major cause of accidents in road transportation.
Many efforts have been made by the governments, researchers, road safety practitioners,
and road safety society and organizations regarding these two causes. However, the
number of road accidents still on the dangerous level. Hence, this study will focus on other

causes of road accidents that are driving fatigue.

Based on report from the Royal Malaysian Police (RMP) and Department of
Statistic Malaysia (DOS), 6,740 road fatalities and 548,598 road accidents have been
reported in 2018 as shown in Table 1.1 (Malaysia Institute of Road Safety Research, 2015;
Traffic Investigation and Enforcement Department, 2018; Department of Statistic Malaysia,
2019; Ministry of Transport, 2019). The data shows that the number of road accidents in
Malaysia increased year by year since 2008. Besides, the total average number of vehicles
involved in accidents from 2008 until 2018 is about 467,566. From this number of
accidents, some of the crashes were caused by the factor of fatigue (MIROS, 2015).

Driving fatigue causes the driver to be discomfort during driving, and reduction of motor
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control and strength capability, which leads to performance decrement and increased the

risk of accidents and human error (Yung, 2016).

Table 1.1: Total casualties and damages caused by road accidents in Malaysia from

2008-2019
Total Casualties
Year Number of Serious Minor Total
) Death
Accidents

2008 373,071 6,527 8,868 16,879 32,274

2009 397,330 6,745 8,849 15,823 31,417

2010 414,421 6,872 7,781 13,616 28,269

2011 449,040 6,877 6,328 12,365 25,570

2012 462,423 6,917 5,868 11,654 24.439

2013 477,204 6,915 4,597 8,388 19,900

2014 476,196 6,674 4,432 8,598 19,704

2015 489,606 6,706 4,120 7,432 18,258

2016 521,466 7,152 4,506 7,415 19,073

2017 533,875 6,740 3,310 6,539 16,589
2018 548,598 6,284 Undisclosed Undisclosed Undisclosed
2019 133,912 1’43?&861”- Undisclosed Undisclosed Undisclosed

Figure 1.1 shows the accident’s contributors according to MIROS (MIROS, 2015).
Based on the MIROS report, 80.6% of road accidents are caused by human error, 13.2%

caused by road conditions, and 6.2% are caused by the vehicle.

)
BO.6%
| 32% 62% |

Road
condition

Figure 1.1: Accident’s contributors (MIROS, 2015)
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The in-depth crash investigations on some crash cases carried out by MIROS

(2015), found that risky driving, speeding, and fatigue are main categories of human error.

Table 1.2 and Table 1.3 list the crash contributing factors based on MIROS’ in-depth crash

investigation, which found that risky driving, speeding, and fatigue are the main causes of

a traffic accident in Malaysia from 2007 to 2010. While from 2011 through 2013, it was

found that fatigue was the fifth cause of road accidents. There is no data reported for 2014

until 2016.

Table 1.2: Crash contributing factors from 2007 through 2010 (MIRQOS, 2015)

Main crash contributing factors out of 439 cases Number %
Risky Driving 121 28
Speeding 93 21

Fatigue 70 16

Safety, Health, and Environment 38 9
Road Defects 36 8

Driving Under the Influence 24 5
Brake Defects 20 5
Conspicuousness 18 4

Tyre Defects 14 3
Overloading 11 3

Table 1.3: Crash contributing factors in Malaysia from 2011 to 2013 (MIROS,

2015)
Main crash contributing factors out of 439 cases Number %
Risky Driving 75 29
Speeding 68 26
Conspicuousness 55 21
Road Defects 27 10
Fatigue 17 7

Brake Defects 6 2
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Many countries around the world including Malaysia facing a major problem with
road accidents and fatalities. The U.S. National Highway Traffic Safety Administration
(NHTSA) reported that every year, around 100,000 traffic accidents and 71,000 injuries
related to driver drowsiness, out of which more than 1,300 are fatal. NHTSA estimates that
between 2% and 23% of all vehicle crashes can be attributed to driver fatigue (Sacco and
Farrugia, 2012). Besides, the National Police Administration of France concludes that
20.6% of accidents causing death are fatigue-related (Bhardwaj et al., 2013). In fact, the
World Health Organization (WHO) has reported that road accidents are the ninth most
common cause of death and the prediction number of fatalities to be approximately 1.24
million (WHO, 2013). The data revealed by WHO shows that the fatality rate in Malaysia
is the highest among the Association of Southeast Asian Nations (ASEAN) countries and
developed countries in the world (WHO, 2013; Abdelfatah, 2016). The WHO’s data in
Figure 1.2 and Figure 1.3 prove that Malaysia has a significant traffic and driving problem
based on the high fatality rate. Besides, the accident costing report shows that the road
fatalities cost the nation roughly US Dollar 2.75 billion in 2011 based on a loss of MYR
1.2 million per fatality, which equivalent with almost 1% of the country’s gross domestic

product (GDP) (Yusoff et al., 2011).
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Figure 1.2: Road fatality rate among the ASEAN countries. Adapted from Traffic
Fatality Causes and Trends in Malaysia, by Abdelfatah. A, 2016
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Figure 1.3: Road fatality rate among the developed countries. Adapted from Traffic
Fatality Causes and Trends in Malaysia, by Abdelfatah. A, 2016

Driver fatigue is one of the key causes of road accidents for the driver in
transportation (San et al., 2016; Desmond et al., 2012). Driver fatigue can be classified as
one of the main areas of driver behavior that need to be addressed in order to reduce the

number of people killed and seriously injured in road accidents. Based on the previous
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research, fatigue can be dangerous as other road safety issues such as drink driving and
there are no laws regulating driver fatigue. As a driver, fatigue can cause and bring many
problems and effects including slowing the driver reactions and decisions, decreasing
driver tolerance for other road users, poor lane tracking, and maintenance of speed and

decreasing driver alertness.

Driving fatigue has been defined as a feeling of drowsiness due to extended driving
period, monotonous road condition, adverse climatologically environment or drivers’
individual characteristics are direct or contributing factors to road accidents. It also can be
defined as feeling tiredness and reduced alertness when driving which is associated with
drowsiness, and which impairs capability and willingness to perform the driving task (San
et al., 2016). According to Meletis and Baker (2004), subjective feeling of fatigue which
combined with negative effects on performance due to time spent on cognitively
demanding tasks can somehow affect the driving performance due to sleepiness,
monotonous driving environment condition and the length of driving period as previous
studies proved (Otmani et al., 2005; Papadelis et al., 2007; Seen et al., 2010). A study by
Muhammad et al. (2008) pointed out that 37.7 percent of commercial bus drivers in
Malaysia had encountered fatigue during driving where the long driving duration and
awkward working hours had a synergistic effect in inducing the onset fatigue (Norlen et al.,

2008).

There are some risk factors that play important roles in the occurrence of fatigued-
traffic accidents. The previous work by Dobbie (2002) determined that prolonged driving
without rest can increase the fatigue level and deteriorate the driving performance. The
long duration of driving, inadequate sleep, and other cumulative factors caused the sleep-

deprived drivers to make a higher number of right edge- line crossings and other errors
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(Otmani et al., 2005; Philip et al., 2003). Besides, studies have also shown that working
duration and sleep deprivation, as a result of disruption of an individual’s routine sleep
cycle (Philip et al., 2003; Philip, 2005; Tippayanate, 2006), clearly contributed to the

deterioration of driving performance.

There are several important cognitive characteristics are common measures in the
context of fatigue. According to Yung (2016), these characteristics include arousal,
alertness or attention, cognitive control, motivation, and stress. Arousal has usually been
used in transportation safety studies as its purpose to assess sleep deprivation which, the
main root cause of trucking accidents, especially at night. Philip et al., (2005) study the
sleep deprivation and they found that sleepiness combined with fatigue significantly
affected the reaction time (RT) and reduce the performance of the drivers. The arousal can
be measured based on the heart rate, electrodermal response, pupil dilation or eye blinking,
and self-reported questionnaires.

The alertness and attention translate the sensory and work-related inputs into
actionable items. The gaze direction and electroencephalography (EEG) are some of the
examples of methods that can be used to measure alertness and attention. While cognitive
control is the time taken to process information and can be evaluated or measured based on
reaction time (RT). The fourth characteristic, motivation is the most difficult characteristic
to measure and recognize as it cannot be assessed except via questionnaires and validated
scales. The fifth characteristic, stress can be evaluated through several measures such as
heart rate variability, blood pressure, and body postures (Yung, 2016).

The study by Yung (2016) quantified the mental fatigue by using the intrusive
monitoring systems, intrusive monitoring system, and subjective measures. Besides, the

study quantified the physical fatigue by detecting the chemical changes in the muscle.
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These chemical changes can be evaluate using Electromyography (EMG). The recent
study by Lu et al., (2017), quantified the fatigue by conducting the survey for the
manufacturing workers. Through the survey, the study found that changes in work postures
and sweating, and a slowing of work pace are the most common symptoms of fatigue
among the workers. Table 1.4 shows the summarization of the commonly used indicators
of fatigue development.

Table 1.4: The indicators of fatigue development

Measurement The direction of change with fatigue

Heart Rate Increases in physical fatigue

a. Reduce in root mean square of the
successive differences with mental

Heart rate variability (HRV) fatigue

b. Increase in low frequency or a high-
frequency ratio

a. Reduce in mean power frequency

Electromyography (EMG) b. Increase in root mean square amplitude

Strength Reduce in maximum exertion

Tremor Increase in physiological and postural
tremor

Pupil dilation Increase in mental fatigue and drowsiness

Increase in percentage eyelid closure over

Eyeblink rate the pupil over time

Reaction time Increase reaction time and lapses
Performance Increase in errors and task completion time
Force variability Increase in variability with physical fatigue
Subjective assessment Increase in ratings of discomfort and fatigue

In recent years, the development of fatigue prediction model has received
significant attention and focus from the researchers in the fields of aviation, driving,
mining, and professional athletics. The growing demand for this type of model is a direct
effect of the way modern humans live in the 21 century in industrialized societies. The
main objective of the fatigue prediction model is to specify the underlying relationships

between sleep regulation and circadian dynamics.
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Dinges (2004) present the model that underlying relationships among sleep and
circadian dynamics in the control of alertness and neurobehavioral performance capability.
This model aims to estimate the behavioral capability and any relative risk of adverse
events in a fatigued state. This study concluded that there is a need for the model to be
closer to the goal of accurately predicting human behavioral capability across many days

of changing sleep and wake schedules.

Wang et al., (2006) carried out a comprehensive survey of research on driver
fatigue detection and provide structural categories for the methods which have been
proposed. The study by Eriksson and Papanikolopoulos (1997) produce a system to locate
and track the eyes of the drivers by using the symmetry-based approach. The continuity of
this study proposes a non-intrusive vision-based system for the detection of driver fatigue
(Singh and Papanikolopoulos, 1999). The system uses a color video camera and deals with
skin color information and the driver’s eye. The same pattern recognition techniques are
used to determine the state of the eye. The system will draw the conclusion and issues a
warning signal if the eyes remain closed for an abnormal period of time (5-6 sec). Smith et
al., (2002, 2003) develop a model and system for analyzing human driver alertness. This
system predicts a motion and color statistics to robustly track a driver’s head and facial
features detect eye or mouth occlusion, detect eye blinking and closure, and recovers the

3D gaze of the eyes.

The development of fatigue prediction model have potential in this recent years, but
research must be carried out to clearly establish their basic scientific and ecological
validity relative to laboratory data, and relative to different real-world scenarios is essential.
The researchers have to ensure the models not to be used beyond their range of validity and

capability. Previous studies done had limited information on driving fatigue and focused
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only on commercial bus drivers through questionnaires and salivary cortisol (Muhammad
et al., 2008; Norlen et al., 2008). Besides, the study on the development of the regression
models of psychophysical and biomechanical factors was lacking and more focused on one

or other issues or problems.

Application of regression analysis in modeling and optimization has been proven in
various fields, from food products to electronic technology as it is being practicality,
economy and relative ease of use (Deshpande et al.,, 2008; Lotfy et al., 2007; and
Axelevitch and Golan, 2007). Published work of regression modeling on driver fatigue and
ergonomics study is lacking. A wide range of factors affecting fatigue is still not modeled
(Dinges, 2004) and psychophysical and biomechanical factors are one of them.

However, the study by the author has developed the regression models of driver
fatigue using response surface methodology by design expert software. (Ani, M.F, 2016).
The regression models are used to estimate the value of risk factors that contribute to
driver fatigue. In this study, six regression models in the form of polynomial equations
were successfully formulated. The validation analysis was carried out by the author, and
the results show that the models can be used and reliable for predicting the value of risk
factors. All the validation run results fall within the 90% prediction interval (PI) of the
developed models and their residual errors were less than 10%.

As this dissertation is the continuity from the author's Master’s thesis (Ani, M.F,
2016), all these regression models will be used in the development of driving fatigue strain
index (DFSI) and decision support system (DSS) for driving fatigue. However, there is no
details discussion about the development of the regression model that will be found in this

dissertation.
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In terms of the development of a decision support system (DSS) for transportation,
there are many previous studies that have been done. However, there is no study on the
development of a decision support system that focuses only on the causes of road accidents
especially driving fatigue. In the early stage, DSS was conceived as simple databases for
storing and retrieving information deemed useful to decision-makers (Silver, 1991). This
tool then has been improved and has become real support in complex human decision
making processes that help decision-makers to identify a possible solution that can

optimize choice (French, 2000; Dell’ Acqua et al., 2011).

The recent study by Fancello et al. (2013) developed the decision support system
for road safety analysis for supporting the public administration in planning safety
intervention on the road network. Besides, the study by Dell’ Acqua et al. (2011) developed
the road safety knowledge-based decision support system. These DSS identify and rank
hazardous sites on roadways in order to reduce the number of road accidents. Another
recent study is the development of DSS for analysis of vulnerable road users’ safety issues
called SAFEBRAIN (Tripodi et al., 2012). This DSS developed to select safety measures

to reduce the risk of accidents of vulnerable road users.

A tabulated in Table 1.5, the author summarized that the previous development of
DSS in transportation is more focus on road safety, routing and scheduling, maintenance,
material handling, and management. Hence, in realizing the need for solving the problem
mentioned in Chapter 1, the author proposes a new decision support system that more

focuses on driving fatigue as the contributing factor for road accidents.
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Table 1.5: Selected DSS and application in transportation

Author /
Developer

Objective and Application

Finding / Contribution

Suzuki (2009)

DSS for dynamic
optimization of fuel
purchases.

The DSS as the fuel
optimizer that defines
optimal moments of
refueling, corresponding to
the concrete point of
purchase (truck stop) and
optimal quantities of fuel to
be purchased for the truck.

The system can reduce fuel costs
by 2%. The author proves the
system out-performs standard
fuel-optimizers by more than
$100,000 and $1,000,000 in
annual fuel cost savings for
carriers with 500 and 10,000
trucks.

A. Caputo, L.
Fratocchi, and P.
Pelagagge (2006)

DSS for optimal planning of
road, long haul, freight
transportation activities by
minimizing the total
transportation cost through
the proper aggregation of
customer orders in separate
full truckload (FTL) and
less than truckload (LTL)
shipments.

The study found that the system
can yield 35% higher savings
than traditional or manual
planning.

M. Zacharias, S.T.
Mehdi, and M.
Christos (2006)

Assist the daily activities of
Greek transportation firms
during the special event.
The system was known as
XENIOS.

XENIOS helps the decision-
maker to solved complex
routing and scheduling
problems such as economic
aspect, customer service
level, and driver working
conditions faced during the
Athens 2004 Olympic
Games.

The system solved the problems
and the final decision can be
made based on total delivery
time, cost of vehicle utilization
and violation level of the
customer’s hard time.

J. Selih, A. Kne, A.

Srdic, and M. Zura
(2008)

DSS for rational
management and
maintenance of the road
transportation infrastructure
by using the AHP method.

The DSS determines the set

After the DSS is tested on 27
MR&R projects for a highway
section, the authors found that
MR&R project indirect costs are
significant in comparison with
the MR&R project direct cost.
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of road maintenance, repair
and rehabilitation (MR&R)
project that produces
maximized overall benefit
subject to budget and
compatibility constraints.

M. Jakimavicius
and M. Burinskiene
(2007)

DSS corporate with GIS
facilities for accessibility
based road or automobile
transportation system
analysis, which evaluates
the different road
transportation system.

The expert’s knowledge was
used to assign weight
criteria and rank
transportation based on their
multiple criteria evaluation.

The DSS used as an advisor for
decision-makers on allocating
investment for the development
and expansion of the road
network and defining the
boundaries of the road network.
This system was applied in
Lithuania for real-life analysis of
transportation systems.

G. Zografos and N.
Androutsopoulos
(2005)

DSS for hazardous materials
transportation risk
management such as
hazardous materials
distribution and emergency
response decisions.

The DSS contributes to the
provision of alternative efficient
hazardous materials distribution
with  minimum cost and risk,
identification of the emergency
response unit’s location that
minimizes the incident response
time, routing of the emergency
response units, and optimize the
evacuation plans.

This DSS which is also
known as TrHaM quantified

V. Toretta, M. the total risks related to the This DSS helps the decision-
Raboni, S. Copelli, transport of hazardous maker to estimates the risk
and G. Urbini mate?ials along with distribution and planning
(2013) different type routes by transportation activities.

using GIS.

DSS for analysis of

vulnerable road user’s

safety. SaferBrain can be used by the
A. Tripodi, L. This DSS is called as decision-maker for taking a

Persia, and Paola
Di Mascio (2012)

SaferBrain used GIS-based
application. SaferBrain is
developed to select safety
measures to reduce the
accidents risk on vulnerable
road users.

decision in preventive or in a
corrective phase. SaferBrain has
been developed as a web
application accessible for free.
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e DSS for road safety analysis | This system proposes a modeling

G. Fancello, M. for supporting the public tool that incorporates  the
Carta, and P. Fadda administration in planning | different indicators to calculate
(2015) safety interventions on the | the safety conditions.

road network.

The system able to detect more
than 34 black spots on the
network that authors studied, and
the system has provided
important support for decision
making in order to reduce the
danger level of the most
hazardous black spot.

G. Dell’ Acqua, M. | ¢ DSS for identifying and
De Luca, and R. ranking the hazardous sites
Mauro (2011) (Black Spot) on roadways.

The system gives an early
warning and detection of fatigue
e DSS for driving fatigue to and gives better solutions and

provide systematic analysis | recommendations to the road

and propose a solution to users while driving, which
This study minimize the number of consider two factors between
road accidents and fatalities | human and road condition.
associated with driving Indirectly, it becomes one of the
fatigue. efforts in order to reduce the
number of road accidents and
fatalities.

Hence, due to above mentioned problem, this study counters this problem by
investigating the ergonomic factors and psychophysical experience that contribute for
driver fatigue among Malaysian while driving at the high risk accidental area, analyze the
biomechanical factors for driving fatigue through an actual experiment felt and to
formulate and validate the regression models using the ergonomic approach in solving the
driver fatigue. In addition, this study reviews the application decision support system
(DSS) on the vehicles related to driving fatigue. Furthermore, this study will develop the
decision support system (DSS) to assess and systematic analyze, draw a new conclusion,
and propose a solution and recommendation for reducing the number of road accidents in

Malaysia.
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However, for this dissertation the author will focus just on the development of
Driving Fatigue Strain Index (DFSI), and development of Decision Support System for
Driving Fatigue (DSSfDF) as this research is the continuation from the Master’s research
entitled “Developing Regression Models of Driver Fatigue Using an Ergonomics Approach”

(Ani, 2016).

1.1  Significance of Research

The outcomes of this research are expecting on bringing a benefit towards:
1. New findings/ New Knowledge

a. The industrial area and road safety practitioners can refer or use the outputs

of this research to improve driving fatigue problems.

b. Malaysian organizations such as the Road Transportation Department of
Malaysia can use the data and models to improve existing guidelines and

regulations for the Malaysian drive.

c. This research can offer new references and methods for future research.

2. Specific or Potential Applications / Contribution to Nation:

The outcomes of proposed study in example the database on Driving
Fatigue Strain Index (DFSI) and Decision Support System for Driving Fatigue
(DSSTDF) can be used by potential users such as road users, researchers, and
general population as guidelines and references when driving as driving becoming
importance medium in connecting human from one to another place in daily life.

This study will be providing a database to the potential users regarding the muscle
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activity, heart rate, whole-body vibration, hand grip pressure force, seat pressure
distribution, driving duration and as well as the risk level for the driving condition
during the driving activity. The road user or researchers in solving the problem
regarding driver fatigue can use the DSSfDF mode as they can obtain the
information through a system. Indirectly, helps the government or nation to reduce

the number of road accident and fatalities especially in Malaysia.

1.2  Structure of the Dissertation

The author has organized this dissertation into six main chapters, which consists of
four stages as the pillars for the development of a decision support system as shown in
Figure 1.4. The first chapter summarizes the background of the study which encompasses
the introduction of the study, problem statement, objectives of study, the significant of
research, and structure of the dissertation. In Chapter 2, the author explains the first stage
for the development of a decision support system (DSS) that is the acquisition of
knowledge. Chapter 3 describes the integration of knowledge by identifying the risk
factors which contribute to driving fatigue. This is the second stage for the development of
DSS. Chapter 4 presents and discussed the main findings of this study that is the
development of driving fatigue strain index (DFSI) using the fuzzy logic. Meanwhile,
Chapter 5 focused on the development of a decision support system for driving fatigue
(DSSTDF). This development is the final stage of this study. This chapter will explain the
method used for the system. Finally, Chapter 6 concludes the findings of this research
based on the objectives of this research. Besides, the author proposes some suggestions or
recommendations for future work in order to improve the driving fatigue strain index and

decision support system for driving fatigue.
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Stage 1: Knowledge Acquistion

Stage 2: Integration of Knowledge

N\

Stage 3: Development of Driving Fatigue Strain Index (DFSI) using Fuzzy
Logic to Analyze Risk Level of Driving Activity

Stage 4: Development of Ergonomic Vehicle Model (EVM) and Decision
Support System for Driving Fatigue (DSSfDF)

|
| |
|
|

Figure 1.4: The flow for the development of a decision support system
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Chapter 2 Acquisition of Knowledge

This chapter introduces the first stage for the development of a decision support

system for driving fatigue (DSSfDF).

2.1 Stage 1: Knowledge Acquisition

Knowledge is a brain to process the input data and information received by the
system (Halim et al., 2014; Turban, 1990). The knowledge can be acquired by extracting,
structuring, and organizing knowledge from one to more sources (Edwards, 1996). In this
study, the risk factors that contribute significantly to driver fatigue are determined by
performing the knowledge acquisition. Besides, the ergonomics evaluation tools also are
determined at this stage. This knowledge acquisition is achieved by gathering the
information from reliable sources such as conducting the pre-survey, performing the real
road test, reviewing the previous research and articles, referring the guidelines and
international standards from authorized organizations or bodies, and getting opinions from
the ergonomics expert to develop the knowledge base of the DFSI. In order to achieve
knowledge acquisition, the process flow of the research was constructed first. The process
flow is based on every objective in this research. Figure 2.1 shows the flow of the research

from the beginning until the end of the research.
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Figure 2.1: Process flow of the research

The pre-survey and the real road test experiment is conducted and performing
among Malaysia’s road users to examine and obtain information and data on each risk
factor; muscle activity (MA), heart rate (HR), hand grip force (HGF), whole-body
vibration (WBV), seat pressure distribution (SPD), and driving duration (DD). Besides, the

previous research, articles or journals, magazines, and online databases regarding the risk
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factors that affected the fatigue associated with driving are reviewed. In this study, the
subjects are consist of drivers that have at least two years of driving experiences and the
subject’s age is between 20-25 years old. The subjects are normal and have healthy bodies.
Besides that, all the subjects told that they are refrained from drinking coffee, tea or
alcohol, smoking, and free from taking any medicine. The health evaluation has been done
24 hours before the experiment to ensure they have enough habitual amount of sleep at
night before the experiment in order to avoid sleep deprivation (Wickens et al., 2003). The
subjects were given a brief interview and explanation, and blood pressure measurement
was performed to ensure that the subjects were fit and ready for the experiment. The
systolic blood pressure (SBP) and diastolic blood pressure (DBP) of all participants should
not exceed 120/80mmHg during the experiments (Zuraida et al., 2019).

Continue by that, this research involves the analysis of experimental results and
implementing the cognitive research to propose the regression model and table database.
The regression model and table database also will be validated to prove the usability of the
data and the degree of the applicability of this function.

The research continues with the analysis of data from the regression model in order
to develop the driver fatigue strain index (DFSI) by using the fuzzy membership function
(fuzzy logic). After that, this study will develop DSS for solving the fatigue problem
among Malaysian’s drivers. The graphical user interface (GUI) of this system is developed
by the Django framework based on Python programming language. Finally, report any
findings from this research.

However, this dissertation will focus just on the development of Driving Fatigue
Strain Index (DFSI) and Decision Support System for Driving Fatigue (DSSfDF) (refer

purple’s box in Figure 2.1) as this research is the continuation from the Master’s research
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entitled “Developing Regression Models of Driver Fatigue Using an Ergonomics Approach”
(Ani, 2016). Hence, there is no details discussion on red boxes in Figure 2.1, and only the
final results of the red box will be used in this research.

There are seven main areas (Angehrn and Luthi, 1990; Moore and Garg, 1995;;
Liao, 2005; Karwowski et al., 2006; Lee et al., 2008; Zak, 2010; Halim and Omar, 2012)
that the author reviewed and referring to the guidelines in the development of decision
support system. In this study, the author has referred the guidelines and standard from
authorized organization, society or bodies such as International Standard Organization
(ISO), Royal Malaysia Police (RMP), Perusahaan Otomobil Nasional (PROTON), and
Malaysian Institute of Road Safety Research (MIROS) to obtain information and data on

number of road accidents and fatigue associated with driving.

Furthermore, expert opinion such as ergonomics practitioners, road safety
practitioners, and academician gives a huge benefit in the development of the knowledge
base of the system. All these risk factors, then are classified into three areas or domains;

human or driver (MA, HR, SPD), machine or vehicle (WBV), and environment (DD).
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Chapter 3 Integration of Knowledge

This chapter introduces the second stage for the development of a decision support

system for driving fatigue (DSSfDF).

3.1 Stage 2: Knowledge Integration

In this stage, the risk factors and ergonomics evaluation tools are processed to
integrate them. The risk factors of driving fatigue and the evaluation tools are matched
together to quantify the risk levels and directly developed the DFSI. The six risk factors
are identified as the vital factor contributing to the driving fatigue and have been assigned
to the human-machine-environment domain as shown in Figure 3.1.

Whole-body

3 T = —
Machine/ Vehicle Vibration

—  Muscle Activity

— Heart Rate

Human —
Seat Pressure
Distribution

— Hand Grip Force

Environment —— Dmving Duration

Figure 3.1: Human-machine-environment domain

The risk factors are selected based on the real road test experiment (as shown in
Figure 3.2) and a previous study that has proven all these factors give a significant effect

on fatigue while driving (Rahayu et al., 2015; Rahayu et al., 2015; Rahayu et al., 2016; Ani,
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2016; Firdaus et al., 2017; Firdaus et al., 2017; Ani et al., 2017; Ani et al., 2017; Ani et al.,
2017; Ani et al., 2018). Besides, some of the previous studies have been used as the

guideline to quantify the risk levels of each risk factor as reflected in Table 3.1.

Tri-axial seat pad

accelerometer

TEKSCAN CONFORMat = 3
Pressure Map TEKSCAN tactile grip force
and pressure measurement
Wl The strap
W (transmitter)

Polar watch

(receiver) Hand grip pressure force and -
pressure distribution displayed n
on laptop screen

Figure 3.2: The experimental apparatus and setup

Table 3.1: The previous studies and standard used as guidelines

Muscle Activity (MA) De Luca (1997); Rodgers (1992)

Heart Rate (HR) NLM (2015); Jasiulewics-Kaczmarek and
Drozyner (2013)

Hand Grip Force (HGF) Chieh et al. (2003); Eksioglu and Kizilaslan
(2008)

Seat Pressure Distribution (SPD) De Looze et al. (2003)

Whole-Body Vibration (WBV) ISO 2631-1 (1997)

Driving Duration (DD) Mansfield et al. (2015)

Analysis of each risk factor produces a risk level which represents the effects of

analyzed risk factors to the driver. Table 3.2 summarizes the risk criteria for each factor to
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indicate risk levels due to driving fatigue. These rating criteria and risk levels are based on

the previous studies and standard mentioned in Table 2. The risk criteria and risk level

will be used in stage 3 of development for DSSfDF.

Table 3.2: The risk criteria and risk level for the driving condition

MA (nV) HR (bpm) HGF (N) WBV (m/s?)  SPD (kPa) DD (min)
Little fatigue:  Very fit: Non-fatigue: Comfort: Comfort: Non-fatigue:
52>129 <84 > 189.60 <0.315 <5.80 <40
Moderate Fit: Mild Fatigue: Little Discomfort: Fatigue:
fatigue: 84 — 105 57.80 > 189.60 comfort: >5.80 >40
130 >300 0.315>0.63
Fatigue: Average: Fatigue: Fairly
301 > 600 106 — 122 <57.80 comfort:
0.50>1.0
Very fatigue: Unfit: Discomfort:
601> 1100 >122 0.8>1.6
Very
discomfort:
1.25-25

3.2 Integration of DSSfDF’s Components

Figure 3.3 shows the structure of the Decision Support System for Driving Fatigue

(DSSfDF) model which consists of three main components; working memory, knowledge

base, and inference engine (Ani et al., 2018). These three components have to be integrated

into DSS to provide the systematic and rapid analysis of risk factors associated with

driving fatigue. In this system, the ergonomics database (refer Chapter 5) was created for

the Ergonomics Vehicle Model (EVM) and the working memory for the DSSfDF model.

The system will obtain the data and information on the user and vehicle profile, and risk

factors, which entered by the users through the Graphical User Interface (GUI) (refer
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Chapter 5) and stores them into the ergonomics database. This data and information have
then been retrieved by the inference engine before it will send to the working memory.
Then, the inference engine will examine and matches the data in the working memory with
the available rule sets in the knowledge base to generate results and draw a new conclusion

and solution. This section will be discussed how these components integrated together in

DSSfDF.

EVM

Ergonomicz Databaze

DSS{DF Model

N G °'~, A .
om’ Pl seecs

Working Inference Knowledge
Memory

Engine Baze

Results

Figure 3.3: The structure of DSS

3.2.1 Working Memory

Working memory temporarily stores the data and the results of the analysis. The
DSSTDF is provided with eight working memories for each of the risk factors and a driving

fatigue strain index (DFSI). DFSI was developed using the fuzzy inference system (FIS) by
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MATLAB software capability. The FIS consist of the membership function of inputs,
fuzzy linguistic rules, and output membership function, which will be discussed in detail in

Chapter 4. Figure 3.4 shows the structure of the working memories of the DSSfDF model.

All the working memories consist of the following classes:

1. Driver Memory: Collects data and information on driver’s profile; type of
vehicle, vehicle category, vehicle model, model year, driver name, age, gender,
weight and height, health status, driving experience, and frequency of driving

per day.

2. Muscle Activity (MA) Memory: Save data and information, and results of

muscle activity analysis

3. Whole-body vibration (WBV) Memory: Save data and information, and results

of whole-body vibration analysis.

4. Hand Grip Force (HGF) Memory: Save data and information, and results of

hand grip pressure force analysis.

5. Heart Rate (HR) Memory: Save data and information, and results of heart rate

analysis.

6. Seat Pressure Distribution (SPD) Memory: Save data and information, and

results of seat pressure distribution analysis.

7. Driving Duration (DD) Memory: Save data and information, and results of

driving duration analysis.

8. Driving Fatigue Strain Index (DFSI) Memory: Save results of DFSI and

solutions.
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Figure 3.4: The structure of working memories of the DSSfDF model

3.2.2 Knowledge Base

The knowledge base contains the rule sets for the analysis such as muscle activity
rule, hand grip force rule, whole-body vibration rule, heart rate rule, seat pressure rule,
driving duration rule and driving fatigue strain index rule as shown in Figure 3.5. This is

done using fuzzy logic.
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Figure 3.5: The rule sets contained in the knowledge base of the DSSfDF model

In this study, the Mamdani-type model (Tadic et al., 2014; Azadeh et al., 2008;
Gentile et al., 2003; Aluclu et al., 2007) is used as the inference method, which uses the IF-
THEN rules. The rule sets consist of a list of IF statements and a list of THEN conditions
to process any input data and provide a set of alternative solutions and conclusions. The

FIS by MATLAB is used to create the rule sets as explained by the author in Chapter 4.

3.2.3 Inference Engine

The inference engine is used to obtain the results and draw the new conclusion by
matching the rule sets in the knowledge base and the data available in the working memory.
The working process is done using fuzzy logic by applying the forward chaining method.
The forward-chaining works by processing the data first and continuously using the rules
in the knowledge base to draws new conclusions given by those data (Abraham, 2005; Lee

et al., 2008).

The forward-chaining operates through a top-down approach which takes data

available in the working memory before the results being generating based on satisfying
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conditions of rules in the knowledge base. The values of each linguistic variables are
entered into the FIS’s rule viewer to get the defuzzification value that shows a measure of
the degree of DFSI. The results obtained will be saved in the working memory or directly

displayed to the users through GUI.
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Chapter 4 Development of Driving Fatigue
Strain Index

This chapter introduces the third stage for the development of a decision support
system for driving fatigue (DSSfDF) that is the development of driving fatigue strain index

(DFSI).

4.1 Stage 3: Development of DFSI using Fuzzy Logic

Fuzzy logic is based on the concept of partial membership function (MF) in a set
described by the MF(pA), which is a curve that defines how each point in the input space
is mapped to a membership value described by real values 0 < [uA(X)] < 1. Fuzzy logic is
highly demanded in an industrial application to model nonlinear input-output relations as
fuzzy provides a constructive way of turning qualities into mathematics (Klir and Yuan,
1996; Aluclu et al., 2008). Besides, the fuzzy logic for pattern recognition and approximate
information processing and artificial neural networks have been used in a variety of areas,
including process control, engineering management, business, medical diagnosis,
biomechanics, human factors, and cognitive simulations (Karwowski and Ayoub, 1984,
Karwowski et al., 1984; Karwowski, 1985; Karwowski et al., 1987; Karwowski et al.,
1999; Karwowski et al., 2006; Karwowski and Mital, 2014).

However, based on reviewing the previous study, fuzzy logic has limited
applications on the ergonomics aspect and approach such as analyzing the risk level of
driving activity. The previous study and reported references should be consulted for
additional information, guidelines, and examples on fuzzy logic (Baas and Kwakemaak,

1977; Karwowski and Ayoub, 1984; Karwowski et al.,, 1984; Karwowski, 1985;
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Karwowski et al., 1987; Mayne, 1990; Klir and Yuan, 1995; Klir and Yuan, 1996; Berkan
and Trubatch, 1997; Jang et al., 1997; Tanaka, 1997; Yen and Langri, 1998; Karwowski et
al., 1999; Gentile et al., 2003; Tadic et al., 2003; Karwowski et al., 2006; Aluclu et al.,
2008; Azadeh et al.,, 2008; Lee at al., 2008; Zimmermann, 2011; Lootsma, 2013;
Karwowski and Mital, 2014). This chapter has presented the development of the DFSI
using fuzzy logic to quantify the risk levels of fatigue associated with driving activity and
propose a solution to minimize the risk of driving fatigue to reduce the number of road

accidents and fatalities in Malaysia.

4.2 Build a Fuzzy Inference System

The DFSI was developed based on the fuzzy logic, which based on the concept of
partial membership in a set described by the membership function (MF). MF is a curve that
defines how each point in the input space is mapped to a membership value between 0 and
1. In this stage, the fuzzy inference system (FIS) was built. FIS is the process of
formulating the mapping from a given input to an output using fuzzy logic. In order to
build the FIS, the fuzzy logic toolbox graphical user interface (GUI) by the MATLAB
software was used. There are five primary GUI tools for building, editing, and observing
the FIS in the toolbox; FIS editor, MF editor, rule editor, rule editor, and surface viewer.

FIS editor displays information about an FIS such as input and output, and FIS type

as shown in Figure 4.1.
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Figure 4.1: Fuzzy Inference System (FIS) editor

This section will discuss in detail the structure of the fuzzy logic system as shown

in Figure 4.2.

Linguistic Variables | Fuzzy lnferenc:e> Linguistic Variables

Fuzzification
Defuzzification

Crisp Variables Crisp Variables

Figure 4.2: The structure of a fuzzy logic system (Wang, 2001)
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4.2.1 Fuzzification

The inputs or also known as the linguistic variable of this study consists of the six
risk factors; MA, HR, WBV, HGF, SPD, and DD. While the linguistic variable DFSI is the
output variables of this study. The linguistic variables and its universe of discourse (i.e.
range) are divided into fuzzy sets defined by the MF, which indicates the degree of

membership in that set as shown in Figure 4.3 and Figure 4.4.
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Figure 4.3: MF editor displaying the example of linguistic variable ‘WBV” in term of
fuzzy sets
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Figure 4.4: MF editor displaying the example of linguistic variable ‘DFSI’ as the output
variable
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The fuzzy sets represent the linguistic value of the linguistic variables for a specific
input value x. For example, the variable ‘WBV’ is divided into five fuzzy sets; ‘low
acceleration’, ‘slightly acceleration’, ‘moderate acceleration’, ‘high acceleration’, and
‘very high acceleration’. The input value of each fuzzy set is based on the risk criteria and
risk levels of the risk factor as discussed in the previous chapter and reflected in Table 3.2.
For example, the input WBV of x = < 0.315 m/s? belongs partially to the fuzzy set ‘low
acceleration’. The input value of fuzzy sets is real numbers. The author uses the typical and
simplest membership function that is triangular, trapezoidal and Gaussian membership

function.

A simple membership function allows the author to graphically represent a fuzzy
set. Besides, using more complex functions does not add more precision. The triangular
function was defined by a lower limit a, an upper limit b, and value m, where a <m < b as
shown in Figure 4.5. While the trapezoidal function was defined by a lower limit a, an
upper limit d, a lower support limit b, and an upper support limit ¢, wherea<b <c <d as

shown in Figure 4.6.
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Figure 4.5: Triangular function
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Figure 4.6: Trapezoidal function

Another function used in this study is Gaussian function, which defined as central
value m and standard deviation k > 0. The smaller the k is, the narrower the “bell” is as

shown in Figure 4.7.
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Figure 4.7: Gaussian function
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4.2.2 Fuzzy Inference

In the FIS, the fuzzy inferences rules are required for fuzzy reasoning that
determines the outputs corresponding to fuzzified inputs. The IF-THEN rules statement
format is used to express the inference rule. IF-THEN rules are used to define the
relationships between variables based on defined logic and membership functions. An IF-
THEN rule is written in the form:

If xis Atheny is B.

A and B are linguistic values defined by fuzzy sets on the ranges (universes of
discourse) X and Y, respectively. The IF-part of the rule is called the antecedent (or
premise), whereas the THEN-part of the rule (y is B) is called the consequent (or
conclusion). In order to create the final consequent function or set, the implication method
was used. In some cases, the IF-THEN rule is often not appropriate enough and more rules
may be necessary to create a satisfying result. This can be done by considering an

extension to this rule, which written in the form:
IfxXisSAORyisBthenzisC

This extension IF-THEN statement now has two rules involved that are controlled
by the logical operation in Boolean known as AND, OR, and NOT. Implication becomes

the means by which the consequent is created from this rule, which is the "z is C" part.

The Mamdani-type, which is based on a simple structure of max and min operation,
was used as the inference method. This method is usually used for inferencing, which
truncating the consequent membership function of each discarded rule (at the minimum

membership value of all the antecedents) and determining the final aggregated membership
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function. The rule editor GUI was used to edit the list of inference rules that define the

behavior of the system as shown in Figure 4.8.
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Figure 4.8: The rule editor for constructing and editing the rule statement

The rule editor allows the authors to construct the rule statement automatically. The

example of the Mamdani-type model uses IF-THEN rules:

Rule 1 IF MA is Low AND HR is Very Low AND HGF is High Force AND WBV
is Low Acceleration AND SPD is Low AND DD is Short THEN DFSI is
Safe

Rule 2 IF MA is High AND HR is Average AND HGF is Low Force AND WBYV is

High Acceleration AND SPD is High AND DD is Long THEN DFSI is

Unsafe
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Where ‘Very Low’, ‘Low’, ‘Average’, ‘High’, ‘Very High’, ‘Safe’, and ‘Unsafe’
are fuzzy sets; MA, HR, HGF, WBV, SPD, DD, and DFSI are linguistic variables. The
linguistic variables MA, HR, HGF, WBV, SPD, and DD are the input variables, while the
linguistic variable DFSI is the output. In the rules, the connector AND can be replaced by
OR and they are evaluated respectively by the operation of intersection and union. There

are 20 rules stated in this study were constructed by the author as shown in Table 4.1.

Table 4.1: The rules set

If (MA is Low) and (HR is Very Low) and (HGF is High Force) and (WBV is
Low Acceleration) and (SPD is Low) and (Driving Duration is Short Distance)
then (DFSI is Safe)

If (MA is Low) and (HR is Low) and (HGF is High Force) and (WBV is Low
Acceleration) and (SPD is Low) and (DD is Short Distance) then (DFSI is
Safe)

If (MA is Low) and (HR is Low) and (HGF is High Force) and (WBYV is
Slightly Acceleration) and (SPD is Low) and (DD is Short Distance) then
(DFSl is Safe)

If (MA is Moderate) and (HR is Very Low) and (HGF is High Force) and
(WBYV is Low Acceleration) and (SPD is Low) and (DD is Short Distance)
then (DFSI is Safe)

If (MA is Moderate) and (HR is Low) and (HGF is High Force) and (WBV is
Slightly Acceleration) and (SPD is Low) and (DD is Short Distance) then
(DFSI is Safe)

If (MA is Moderate) and (HR is Low) and (HGF is Medium Force) and (WBV
is Slightly Acceleration) and (SPD is Low) and (DD is Short Distance) then
(DFSl is Slightly Unsafe)
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If (MA is Moderate) and (HR is Low) and (HGF is Medium Force) and (WBV
is Moderate Acceleration) and (SPD is Low) and (DD is Short Distance) then
(DFSI is Slightly Unsafe)

If (MA is Moderate) and (HR is Average) and (HGF is Medium Force) and
(WBV is Slightly Acceleration) and (SPD is Low) and (DD is Short Distance)
then (DFSI is Slightly Unsafe)

If (MA is Moderate) and (HR is Average) and (HGF is Medium Force) and
(WBV is Moderate Acceleration) and (SPD is Low) and (DD is Short
Distance) then (DFSI is Slightly Unsafe)

If (MA is High) and (HR is Average) and (HGF is Low Force) and (WBYV is
High Acceleration) and (SPD is High) and (DD is Long Distance) then (DFSI

is Unsafe)

If (MA is High) and (HR is Very High) and (HGF is Low Force) and (WBV is
Very High Acceleration) and (SPD is High) and (DD is Long Distance) then
(DFSI is Unsafe)

If (MA is Very High) and (HR is Very High) and (HGF is Low Force) and
(WBV is Very High Acceleration) and (SPD is High) and (DD is Long
Distance) then (DFSI is Unsafe)

If (MA is Very High) and (HR is Average) and (HGF is Low Force) and
(WBYV is High Acceleration) and (SPD is High) and (DD is Long Distance)
then (DFSI is Unsafe)

If (MA is Very High) and (HR is Very High) and (HGF is Low Force) and
(WBV is Very High Acceleration) and (SPD is High) and (DD is Long
Distance) then (DFSI is Unsafe)

If (MA is Very High) and (HR is Very High) and (HGF is Low Force) and
(WBV is Very High Acceleration) and (SPD is Low) and (DD is Short
Distance) then (DFSI is Unsafe)

If (MA is Very High) and (HR is Very High) and (HGF is Low Force) and
(WBV is Very High Acceleration) and (SPD is High) and (DD is Short
Distance) then (DFSI is Unsafe)




Chapter 4 Development of Driving Fatigue Strain Index | 41

If (MA is Very High) and (HR is Very High) and (HGF is Low Force) and
(WBV is Very High Acceleration) and (SPD is Low) and (DD is Long
Distance) then (DFSI is Unsafe)

If (MA is Very High) or (HR is Very High) or (HGF is Low Force) or (WBV
is Very High Acceleration) or (SPD is High) or (DD is Long Distance) then
(DFSI is Unsafe)

If (MA is High) or (HR is Very High) or (HGF is Low Force) or (WBV is
Very High Acceleration) or (SPD is High) or (DD is Long Distance) then
(DFSI is Unsafe)

If (MA is High) or (HR is Average) or (HGF is Low Force) or (WBYV is High
Acceleration) or (SPD is High) or (DD is Long Distance) then (DFSI is
Unsafe)

After constructing the rule statement, a road map of the whole fuzzy inference
system for a system formed by six linguistic variables, ‘MA’, ‘HR’, ‘HGF’, ‘WBV”, ‘SPD’,
and ‘DD’, each described by respective fuzzy was displayed on the rule viewer as shown in
Figure 4.9. The output is represented by the linguistic variable ‘DFSI’ described by three
fuzzy sets; ‘safe’, ‘slightly unsafe’, and ‘unsafe’. The rule viewer interpreted the entire
fuzzy inference process and shows how the shape of certain membership function
influences the overall result.

The knowledge available on the DFSI produced by the interaction of six variables
is described by 20 fuzzy rules. The color regions represent the fuzzy set obtained by the
evaluation of each rule for the six inputs. The final aggregated output is obtained by
combining the color regions, and the defuzzification value represents a measure of the

degree of DFSI derived from the combination of the input values.
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Figure 4.9: The example of the road map for the whole fuzzy inference display on the rule
viewer.

4.2.3 Defuzzification

For data defuzzification which is the process of making a quantifiable result in
fuzzy logic, this study uses a centroid average (CA) method. Defuzzification is the process
of obtaining a single number from the output of the fuzzy set, which transfers the fuzzy
inference results into a crisp output. In simple words, this process is realized by a decision
making algorithm that chooses the best crisp value based on a fuzzy set (Wang, 2001,
Masoum et al., 2002). Figure 4.2 shows the structure of a fuzzy system. Instead of the CA
method, other methods that can be used for the defuzzification process are the center of
gravity (COG) and the mean of maximum (MOM). However, for this research, the CA
method was used as these approaches provide a better solution than other methods (Azadeh
et al., 2008). The CA method decides the center of the area of the fuzzy set and returns the

corresponding crisp value.
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4.3  Results and Discussion: Testing and Demonstrating the DFSI

The DFSI methodology is tested and demonstrated by the authors using a data set
available from the previously performed (Rahayu et al., 2015; Rahayu et al., 2015; Rahayu
et al., 2016; Ani, 2016; Firdaus et al., 2017; Firdaus et al., 2017; Ani etal., 2017; Ani et al.,
2018). Table 4.2 presents the example data set available from the previous studies. The
author presented three examples, which represented three driving conditions; safe, slightly
unsafe, and unsafe.

Table 4.2: The example of data sets

50.0000 iV 150.0000 uV  50.0000 pV
100.0000 bpm  100.0000 bpm  70.0000 bpm
200.0000N  125.0000N  50.0000 N
0.2000m/s2  0.2000 m/s2  0.3987 m/s2
50000kPa  5.0000kPa  5.0000 kPa
10.0000 min  10.0000 min  30.0000 min

By using the FIS, the values of each linguistic variable are entered into the rule
viewer to get the defuzzification value represents a measure of the degree of DFSI. Figure
4.10 (a), Figure 4.10 (b), and Figure 4.10 (c) shows the rule viewer, which reflected the

results of the analysis.
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Figure 4.10: The value of linguistic variables are entered into the rule viewer; (a) Set 1; (b)
Set 2; (c) Set 3

A zoomed version of the rule viewer for the fuzzy inference process based on the
Mamdani-type is shown in Figure 4.11 (a), Figure 4.11 (b), and Figure 4.11 (c). As the
input value entered into the system, the rule viewer will show the value of DFSI that is

0.242, 0.5, and 0.796.
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Figure 4.11: The zoomed version of the rule viewer of FIS for; (a) Set 1; (b) Set 2; (c) Set
3

The final DFST’s output is obtained by combining the color regions fuzzy sets, and
the defuzzification value that is 0.242, 0.5, and 0.796, represents a measure of the degree
of DFSI derived from the combination of the input values of linguistic variables. Figure
4.12 (a), Figure 4.12 (b), and Figure 4.12 (c) show the membership function plot for the
linguistic variable ‘DFSI’, which gives a clear picture of getting the safe, slightly unsafe,
and unsafe condition. As explained earlier, the DFSI has three fuzzy sets; safe, slightly

unsafe, and unsafe. Table 4.3 summarizes the results of the demonstration.
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Table 4.3: Result summarization

0.242  The driving conditions are considered safe and these conditions

are the best and need to be maintained to ensure a driver is
comfortable and safe

0.5 The driving conditions are considered slightly unsafe and that
condition can harm the driver and the possibility to involve in
accidents.

0.796  The driving conditions are considered unsafe and the driver is
not allowed to drive the car as the condition can lead to road

accidents

4.4  Summary

The present chapter introduces a novel approach based on fuzzy logic for the
development of DFSI. The use of fuzzy set theory and fuzzy set inference system presents
advantages over a traditional mathematical approach due to its ability to model uncertainty
derived from fuzziness and subjectivity. Besides, fuzzy logic is capable to combine
quantitative data with qualitative information in a systematic way by using fuzzy IF-THEN
rules.

In the development of DFSI for the driving condition evaluation, the most
significant variables that affect the driving fatigue are identified, their relation is analyzed,
and the linguistic variables, fuzzy sets, and fuzzy IF-THEN rules are determined to

describe the behavior of the factors. The DFSI is expected to be useful for the risk
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assessment methodology to quantify the driving condition level associated with the driving
activity. The DFSI based on fuzzy logic introduced here is just the first step, and additional

work is required, which will be discussed in the next chapter of this dissertation.
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Chapter 5 Development of Decision Support
System

This chapter introduces the fourth stage for the development of a decision support
system for driving fatigue (DSSfDF). The chapter presents the continuity study from the
previous work, which designing the graphical user interface (GUI) for a decision support
system (DSS) of driving fatigue. As driving fatigue has been recognized as one of the
significant contributory factors to road accidents and fatalities in Malaysia, the author
developed the decision support system that providing analysis, and proving solutions and
recommendations to the road users. In other words, the decision support system acts as the
advisory and decision-maker tool. In designing the GUI for a DSS, the Django based on
Python programming language was used by the authors. There are five main GUI has been
designed in this study; Admin GUI User Profile and Driving Information GUI, Regression

Model GUI, Risk Factor Analysis GUI, and Superuser GUI

5.1 Stage 4: Development of Decision Support System for Driving
Fatigue (DSSfDF)

Due to Chapter 1-mentioned points, much work has been made to develop
advanced decision aiding methodologies that offer reliable decision-making procedures,
efficient optimization, and algorithms as well as user-friendly computer tools for
transportation. Besides, computer technology nowadays becomes increasingly being used
to support the development process of decision support system (DSS). The decision
support system (DSS) has expanded over the past four decades from theoretical concepts

into real-world computerized applications.
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A DSS can be defined as the ability to make the right decision and the reliable
advisory tool using the computer-based system, which helps the decision-maker in solving
complex and unstructured transportation decision problems and provides the systematic
analysis and solution in the shortest time. In terms of the development of a decision
support system (DSS) for transportation, there are many previous studies that have been
done. However, there is no study on the development of a decision support system that
focuses only on the causes of road accidents especially driving fatigue. The previous
development of DSS in transportation is more focus on road safety (Fancello et al., 2015),
routing and scheduling (Toretta et al., 2013), maintenance and management (Selih et al.,
2008), and material handling (Dell’ Acqua et al., 2011).

This study presents the continuity of the author’s previous study (Ani et al., 2019;
Ani et al., 2018; Firdaus et al. 2018). The previous study by Ani et al. (2018), discussed
the components for developing the ergonomic vehicle mode (EVM) and decision support
system for driving fatigue (DSSfDF). While the previous study by Ani et al. (2019)
discussed the development of the Driving Fatigue Strain Index (DFSI). All these studies
are much related to this chapter. One of the components is a graphical user interface (GUI).
Hence, this study will discuss the component of DSS that is a user interface or GUI. The
designing of the GUI is essential in the development of DSS as the interface is used to
gather the important data and risk factors in the real situation of driving by separately them
into more systematic modules that are easy to understand for further analysis

This chapter is prepared to design the graphical user interface (GUI) for a decision
support system of driving fatigue that assists the road users to make a decision on the
driving condition in order to minimize the risk of driving fatigue and directly reduced the

number of road accidents in Malaysia.
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5.2 Designing and Developing the Graphical User Interface using

Django

The Django framework based on Python programming language is used to develop
the GUI for the web-based system of decision support system. The Django is a full-stack
Python web framework, which promotes rapid development and clean, pragmatic design
(Dauzon et al., 2016). Django is based on Python, which is a very popular programming
language and offers powerful support for integration with other languages and tools and
comes with wide standard libraries. Besides, the author used Django as it provides a high-
level framework that enables the author to build a web application that is DSS with
relatively few lines of codes. In addition, using Python in this framework allows the author
to have benefited from all Python libraries and assures very good readability. Instead of
Django, other web application frameworks are Ruby on Rails and CakePHP. The previous
study by Plekhanova (2009) claimed that Django received the highest weighted score of
4.05, Ruby on Rails is second with 3.85, and CakePHP got 2.95 based on her study on

evaluating the web development frameworks. Table 5.1 summarized the results of the

study.
Table 5.1: Evaluation of web application frameworks

Evaluation Weight | Rating | Weighted Rat- Weighted Rating Weighted
Criteria Score ing Score Score
User interface 0.2 4 0.8 3 0.6 3 0.6
development
Maintainability [ 0.15 4 0.6 3 0.45 3 0.45
Data 0.2 4 0.8 5 1 2 0.4
management
and migration
Testability 0.15 3 0.45 4 0.6 2 0.3
Popularity 0.1 5 0.5 3 0.3 5 0.5
Community and | 0.1 5 0.5 5 0.5 3 03
Maturity
Marketability 0.1 4 0.4 4 0.4 4 0.4
Total: 1 4.05 3.85 295
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As the DSS provides the user interfaces (Ul), the Movie-View-Controller (MVC)
pattern and Model-View-Template (MVT) pattern were normally used. Basically, the
MVC pattern is based on three components; model, view, and controller.
e Model: Model represents data organization in a database. Each model defines a
table in the database and the relations between other models.
e View: The view handle generating what the user will see. In the web
application world, this usually means generating HTML.
e Controllers: The controller check whether the user is authenticated or can
generate the HTML code from the template. In other words, the controller
handles a user’s interaction with the author’s web application by deciding

which single view and set of models to use to satisfy the request.

The Django will take care of the controller part which acts as code that controls the
interaction between the model and view. As the user requests for a resource, Django acts
as a controller and check if it is available. The Django uses the user-defined URL paths for
picking which view to be used. The view wills decide which models are needed and pass
them off to the template, which the template is an HTML file mixed with Django Template
Language (DTL). The template function is to create the pages HTML. The generated
HTML is passed back to the user’s browser. Figure 5.1 visualized the data flow through

Django at a high level.
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Figure 5.1: Data flow through Django

5.2.1 Running the Server

The system starts by running the server using the command prompt (cmd.exe). The
command will be called the system to search the python programming file from the saving
folder. The command python manage.py run server will start the server and performing
the system checks. This system check is required for validating the Django projects as it
detects common problems or errors regarding the programming. Serious errors will prevent
Django commands from running the server. Figure 5.2 shows the command prompt for
performing the system checks. Command prompt also is used to monitor any activities in

the system.

=X Command Prompt - python manage.py runserver
"Microsoft Windows [Uersion 6.3.968081]
(c> 2813 Microsoft Corporation. All r»ights reserved.

:\Users\fahmi>cd desktop
:\Users\fahmi\Desktop>cd fatigue

:\Users\fahmi\Desktop\fatigue>python manage.py runserver
BPerforming system checks...

ISystem check identified no issues (B silenced).
15, 2819 — 28:59:5

’fatigue.settings’
.0.6.1:8680/

PQuit the server with CTRL BREAK.

Figure 5.2: Performing system checks for server
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The commands are written as follows:

1%t command : cd desktop

2" command : cd fatigue

3" command : python manage.py runserver
or python manage.py

runserver 0.0.0.0:80

Support System | 56

- the location of programming file

- name of programming file

- to perform the system check and start the
server.

e The runserver parameter starts the development server.

e 0.0.0.0:80 is the internal IP address to the network adapter, which means this

server will listen and respond only to the computer on which it is launched

(server). If the system in a local network and wanted to make this web-based

system available on other computers, just enter the local IP address of the server

instead of 0.0.0.0:80. For example, by entering the local

IP address

10.132.7.153 as shown in Figure 5.3, this web-based system can be connected

to other computers or mobile phones as shown in Figure 5.4.

& UTeM-X

Set a data mit to help control data usage on this network

IP settings

IP assignment:

Edit

Automatic (DHCP)

Properties

SsSID UTeM-X

Protocol: Wi-Fi 4 (802.11n)

Security type: Open

Network band: 24 GHz

Network channel: 6

Link-local IPv6 address:

IPv4 address: 10.13

IPv4 DNS servers: 101
10.1.3.84

Manufacturer Broadcom

Description: Bro

Driver version:
Physical address (MAC): 3C

Copy

7353330

5-C2-DF-99-E0

Figure 5.3: Local IP address of the server
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Figure 5.4: The web-based system for DSS available on other computers or mobile phones

e If the command executed correctly, the window should show the message,

system checked identified no issue as shown in Figure 5.2.

To prove the result, just open the browser and enter the following URL.:

http://localhost:8000.

Django confirms that the system already run by displaying the system interface as shown

in Figure 5.5.
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& C @ localhost:5000/profile;

User Profile - Driving Fatigue Strain Index (DFSI)

Age (Years)

Weight (Kg):

Height (cm):

Marital status

Health status:

Type of license

Driving Experience

Driving frequency:

Car classification:

Car model

[Next|

(Year:

s):

Male 7

Menu

New Profile

Help

ing License (LDL)

Lessthan1hour ¥

Compact T

National/Local ¥

Figure 5.5: The first system interface

5.2.2 Database and Server Setup

| 58

For the database, the author used the SQLite database. The system has the

db.sqlite3 database file and has the extension .sqglite3. The SQLite database was choose by

the author for this system as it implements a small, fast, self-contained, high-reliability,

and full-featured. Besides, the SQLite database is a commonly used database engine.

Instead of the SQL.ite database, Django also supports several major database engines such

as MySQL, PostgreSQL, Oracle, MongoDB, and GoogleAppEngine Datastore. The

selection of the server database is important as this server will store all the data on the

website.

For the web server, the Django has its own web server. The Django itself is

equipped with a lightweight web server for developing and testing applications. The

advantage of using the web server is the server can be restarted whenever there is a

modification on the code.
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5.3 Type and Function of GUI’s

Five main GUIs have been designed in this study to perform various functions; the
admin interface, superuser GUI, the user profile and driving information GUI, regression
model GUI, and risk factor analysis GUI. This section will discuss the result form the

development of GUI for DSS.

5.3.1 Admin Interface

The first GUI for the DSS is an admin interface that can perform CRUD (Create,
Read, Update, and Delete) operations on the system. The admin interface is a ready-to-use
user interface for administrative activities provided by the Django. Figure 5.6 shows the

Django admin interface for administrative activities.

& C O localhost:8000/admin/login/?next=/admin o % [ . 0

Driving Fatigue Strain Index (DFSI)

Username:

administrator

Password:

Figure 5.6: Django admin interface

This interface depends on the django.countrib module. In order to enable it, ensure
that some modules are imported in the INSTALLED_APPS and
MIDDLEWARE_CLASSES tuples of the myproject/settings.py file.  For

INSTALLED_APPS should have:



Chapter 5 Development of Decision Support System | 60

INSTALLED APPS = (
'django.
'django.
'django.
'django.
'django.
'django.

'myapp’

~

contrib.
contrib.
contrib.
contrib.

contrib

.messages',
contrib.

admin',

auth',
contenttypes',
sessions',

staticfiles',

While for MIDDLEWARE_CLASSES should have:

MIDDLEWARE CLASSES
'django.

'django
'django

'django.
'django.

'django

contrib.
.middleware.common.CommonMiddleware',
.middleware.csrf.CsrfViewMiddleware',
contrib.
contrib.
.middleware.clickjacking.XFrameOptionsMiddleware',

=

sessions.middleware.SessionMiddleware',

auth.middleware.AuthenticationMiddleware',
messages.middleware.MessageMiddleware',

Then, search this interface by typing the localhost:8000/admin/ at the search toolbar

of the web browser or click on the “Admin” button on the toolbar of the interface as shown

in Figure 5.7 in order to access the admin interface as represented in Figure 5.6.

User Profile - Driving Fatigue Strain Index (DFSI) NEWPROFIL / ADMN  HELP

Name:

Gender:

Age (Years):

Wininks Wn\:

Male 7

Menu

New Profile

Help

Figure 5.7: Entering the admin interface by clicking the “Admin” button
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5.3.2 Superuser GUI

Once the admin has logged in into the system, the superuser GUI was displayed as
shown in Figure 5.8. This superuser GUI enables the admin to perform the CRUD (Create,

Read, Update, Delete) operations.

¢« C  ® localhost8000/zdmin/ * J @0

[)I'ivil]g Fatlgue Strain Index (DFS” WELCOME, ADMINISTRATOR. VIEW SITE / CHANGE PASSWORD / LOG OUT

Site administration

AUTHENTICATION AND AUTHORIZATION

Recent actions
Groups + Add Change
Users + Add Change My actions

% admin

user

DFSI
Fatigues + Add Change

Figure 5.8: Superuser GUI of DSS

The admin can monitor any activities in the system such as create, read, update, and
delete the information and input entered by the user by clicking on “Fatigues” option
button in the superuser GUI of DSS. The new interface will display on the screen as shown

in Figure 5.9, which shows the database of the users.

Df'i\fm_q F.:mLJLIL‘ Strain Index (L)FS\) WELCOME, ADMINISTRATOR. VIEW SITE / CHANGE PASS

Home » Dfsi » Fatigues
Select fatique to change

Q [ | Search

......... v|| Go | 0of3selected

J NAME GENDER AGE MUSCLE HEART GRIP VIBRATION PRESSURE DURATION DFSI
L Ahmad male 24 55.0 87.0 56.80 0.4987 5.0 300 0.896
0 Azlan male 23 51.85 1086458 294.0862 27323 13.6062 100 08305
0 Daud male 24 98.275 104.2499 291.4347 0317 365 150 0.3050
3 fatigues

Figure 5.9: Database of the DSS

Apart from that, the admin can update or delete the data of the users, which is no

longer needed as shown in Figure 5.10
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D !'i'\-"il'h’,] Faligur_'- S[l.’jm Index [[)F‘SH WELCOME, ADMINISTRATOR. VIEW SITE / CHANG

Home > Dfsi » Fatigues

Select fatigue t ange
Q "(l ] Search
Action: Delete selected fatigues ¥ Go 1 0f 3 selected
O NAME GENDER AGE MUSCLE HEART GRIP VIBRATION PRESSURE DURATION DFsI
#  Ahmad male 24 55.0 87.0 56.80 0.4987 5.0 300 0.896
—  Azlan male 23 51.85 108.6458 294.0862 2.7323 13,6062 100 0.8305
Daud male 24 98.275 104.2499 291.4347 0317 3.65 15.0 0.3050
3 fatigues

Figure 5.10: Deleting the user data

By selecting Delete selected fatigues on the “Action” option button, the interface of
confirmation for deleting the data will be displayed on the screen as shown in Figure 5.11.
The superuser GUI only can be accessed by the admin of this system as the username and

password are needed.

Driving Fatigue Strain Index (DFSI) WELCOME, ADMINISTRATOR. VIEW SITE

Home » Dfsi » Fatigues » Delete multiple objects

Are you sure?
Are you sure you want to delete the selected fatigue? All of the following objects and their related items will be deleted

Summary

= Fatigues: 1

Objects

= Fatigue: Ahmad

No’ i

Figure 5.11: Confirmation for deleting the user’s data

5.3.3 User Profile and Driving Information GUI

The main GUI for users consists of two classes; user’s profile, and driving
information. The user profile and driving information GUI is designed and used to enable

the user to record the details of the user and driving such as name, gender, age, weight,
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height, marital status, health status, type of license, driving experience, driving frequency,

car classification, and car model as shown in Figure 5.12.

¢ C @ localhostB000/profile/ * 8 @0
User Profile - Driving Fatigue Strain Index (DFSI) NEW PROFILE  ADMIN | HELP
teme Menu
e Male T New Profile
Age (Years): Help
Weight (Kg)

Height (cm):
Marital status: Single ¥

Health status:
Normal

Type of license: Learner Driving License (LDL)

Driving Experience (Years):
Driving frequency:

Lessthan1hour ¥

Car classification:
Compact 7

Car model National/Local ¥

| Next |

Figure 5.12: User profile and driving information GUI of DSS

The entry box was equipped with the name, age, weight, height, and driving
experience’s class for the user to enter the information and data. For gender, marital status,
health status, type of license, driving frequency, car classification, and car model was
equipped with a combo box for each class to assist the user to select appropriate

information and data. Table 5.2 summarized the character of the main GUI of DSS.
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Table 5.2: Characteristic of user profile and driving information GUI of DSS

Name

Entry

Enter / key in

| 64

Gender

Combo

Male
Female

Selection

Age

Entry

Enter / key in

Weight

Entry

Enter / key in

Height

Entry

Enter / key in

Marital Status

Combo

Single
Married

Selection

Health Status

Combo

Normal

Obesity

Low back pain
Asthma

High blood pressure
Chronic pain
Depression
Anrthritis

Others

Selection

Type of Licence

Combo

Learner Driving
Licence (LDL)
Probationary Driving
Licence (PDL)
Competent Driving
Licence (CDL)
Vocational/Commercial
Driving Licence
International Driving
Permit (IDP)

Selection

Driving Experience

Entry

Enter / key in

Driving Frequency

Combo

Less than 1 hour
1 hour

2 hours

More than 2 hours

Selection

Car Classification

Combo

Compact
Sedan
MPV

Van

SuUv
City / Kei
Hatchback
Crossover
Coupe
Others

Selection

Car Model

Combo

National / Local
Import

Selection
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After the information and data required in the interface have been entered and
selected, the user should click the “Next” button in GUI for saving the information into the
database of the DSS and continue for the next GUI as shown in Figure 5.13. All the
information entered and given by the user will be saved in the SQLite database as has been

explained earlier.

Want to save your data to database?

Abdul W nu

Gender. Male v

New Profile
Age (Years): 27

Weight (Kg): 65

Height (cm) 165

Marital status: Married ¥

Health status:
Normal

Typa of licansa: Learner Driving License (LDL)

Driving Experience (Years): 5

Driving frequency:

More than 2 hours ¥

Car classification: MPY

Car model: National/Local ¥

Next

Figure 5.13: Confirmation of saving user data into database

Besides, the “Help” button also provided for the user in the user profile and driving
information GUI as shown in Figure 5.14. This “Help” button gives the guidelines to the
users on how to use this system properly. The system will give a step by steps on how to

use this system as shown in Figure 5.15.
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& C @ localhost:8000/profile/ % o . (4]

User Profile - Driving Fatigue Strain Index (DFSI)

Name: Yeqw

e Male T New Profile

Age (Years): Help (Cg = |
Weight (Kg).

Figure 5.14: “Help” button for users

Profile - Driving Fatigu 1 Index (DFSI) Step 2:
You will be asked whether to save the detail to the database or not. Press Ok to confirm saving
the detail.
Step 1:
Clik new profile button on your right hand side and start to key in your prafile and driving 0
detail. Press Next button to continue _
PR ye— « e s - =n -
T - - ~
— — s r—
e - . [ .
- e "
L = -
. B Ty o beanan
[———
Sy [rerro
bt -
Step 4. Step 3:
The detail of risk factor will be calculated and displayed by the system. Press Save & Submit Key in the regression model's details and press Next button to continue

button to start calculating DFSI membership function.

Step 5.

The system will display the DFS| value and the result for the calculation.

U — N
I

D

PR

———

N .

- oo

i et

Figure 5.15: Step by steps guidelines for users
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5.3.4 Regression Model GUI

The next interfaces are for the regression model as shown in Figure 5.16. The
purposes of this interface to get the user’s result and data on the risk factors without doing
the real road test experiment. The regression model in the form of a polynomial equation is
used in defining the relationship between the input parameters and output responses. This
is done by substituting the real experiment with the regression model. The six groups of the
regression model, which represented six risk factor of driving fatigue; muscle fatigue, heart
rate, hand grip force, whole-body vibration, seat pressure distribution, and duration were
developed in the author’s previous studies (Ani, 2016; Ani et al., 2017; Ani et al., 2017;
Firdaus et al., 2017; Firdaus et al., 2017; Ani et al., 2018). The development of regression
models is not been discussed in this dissertation. However, the author provides all

regression models as shown in Table 5.3 until Table 5.7.

¢ G O localhost3000/regression/T/ * g ®0
Regression Model - Driving Fatigue Strain Index (DFSI) NEW PROFILE  ADMIN  HELP
pender Male ¥ Menu
fpectrat swaight ¥ New Profile
Time exposure (Minutes): 5 Help
=

Figure 5.16: Regression model GUI of DSS
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Table 5.3: The regression model for muscle activity (MA)

Type of Road Straight
Gender Female
Muscle Fatigue = -16.15000+4.64500* Time Exposure
Type of Road Straight
Gender Male
Muscle Fatigue = -41.00000+9.28500* Time Exposure
Type of Road Winding
Gender Female
Muscle Fatigue = +102.65000+14.94000* Time Exposure
Type of Road Winding
Gender Male
Muscle Fatigue = +845.85000+6.66167* Time Exposure
Type of Road Uphill
Gender Female
Muscle Fatigue = -104.15000 +14.01167* Time Exposure
Type of Road Uphill
Gender Male
Muscle Fatigue = +24.22500+19.43417* Time Exposure
Type of Road Downhill
Gender Female
Muscle Fatigue = +213.35000+4.75833* Time Exposure
Type of Road Downhill
Gender Male

Muscle Fatigue = +533.07500+3.39583* Time Exposure

Table 5.4: The regression model for heart rate (HR)

Type of Road Straight
Gender Female
Heart Rate = +120.62500 - 0.87917 * Time Exposure
Type of Road Straight
Gender Male
Heart Rate = +117.43750 - 0.87917 * Time Exposure
Type of Road Winding
Gender Female
Heart Rate = +146.12500 - 0.87917 * Time Exposure
Type of Road Winding
Gender Male
Heart Rate = +142.93750 - 0.87917 * Time Exposure
Type of Road Uphill
Gender Female
Heart Rate = +139.12500 - 0.87917 * Time Exposure
Type of Road Uphill
Gender Male

Heart Rate = +135.93750 - 0.87917 * Time Exposure
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Type of Road Downhill
Gender Female
Heart Rate = +131.50000 - 0.87917 * Time Exposure
Type of Road Downhill
Gender Male

Heart Rate = +128.31250 - 0.87917 * Time Exposure

Table 5.5: The regression model for hand grip force (HGF)

Type of Road Straight
Gender Female
Hand Grip Force =+98.47094 - 0.89138 * Time Exposure
Type of Road Straight
Gender Male
Hand Grip Force = +299.38906 - 0.53029 * Time Exposure
Type of Road Winding
Gender Female
Hand Grip Force = +46.84844 + 2.33129 * Time Exposure
Type of Road Winding
Gender Male
Hand Grip Force = +298.62656 + 2.69237 * Time Exposure
Type of Road Uphill
Gender Female
Hand Grip Force = +90.08844 - 0.59304 * Time Exposure
Type of Road Uphill
Gender Male
Hand Grip Force = +348.12156 - 0.23196 * Time Exposure
Type of Road Downhill
Gender Female
Hand Grip Force = +60.99719 + 0.79146 * Time Exposure
Type of Road Downhill
Gender Male

Hand Grip Force = +292.50781 + 1.15254 * Time Exposure

Table 5.6: The regression model for a seat pressure distribution (SPD)

Type of Road Straight

Gender Female
Pressure Distribution = +11.19875 + 0.026533 * Time Exposure
Type of Road Straight

Gender Male

Pressure Distribution = +13.51225 + 9.40000E-003 * Time
Exposure

Type of Road Winding

Gender Female

Pressure Distribution = +11.31325 + 0.032400 * Time Exposure

| 69
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Type of Road Winding
Gender Male
Pressure Distribution = +13.97275 + 0.015267 * Time Exposure
Type of Road Uphill
Gender Female
Pressure Distribution = +11.99900 + 0.023000 * Time Exposure
Type of Road Uphill
Gender Male
Pressure Distribution = +13.43450 + 5.86667E-003 * Time
Exposure
Type of Road Downhill
Gender Female
Pressure Distribution = +11.94450 + 0.025800 * Time Exposure
Type of Road Downhill
Gender Male
Pressure Distribution = +14.10500 + 8.66667E-003 * Time
Exposure

Table 5.7: The regression model for whole-body vibration (WBV)

Type of Road Straight

Gender Female

Vibration (R.M.S) = +2.77078 - 0.010513 * Time Exposure
Type of Road Straight

Gender Male
Vibration (R.M.S) = +2.77322 - 4.08750E-003 * Time Exposure
Type of Road Winding

Gender Female
Vibration (R.M.S) = +3.15853 + 3.42083E-003 * Time Exposure
Type of Road Winding

Gender Male
Vibration (R.M.S) = +3.17247 + 9.84583E-003 * Time Exposure
Type of Road Uphill

Gender Female
Vibration (R.M.S) = +2.91703 - 9.71250E-003 * Time Exposure
Type of Road Uphill

Gender Male
Vibration (R.M.S) = +2.84547 - 3.28750E-003 * Time Exposure
Type of Road Downhill

Gender Female
Vibration (R.M.S) = +3.05716 - 6.79583E-003 * Time Exposure
Type of Road Downhill

Gender Male

Vibration (R.M.S) = +2.98834 - 3.70833E-004 * Time Exposure
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All these regressions then will program or writing in Django. For this interface, the
user required to select and enter the gender, type of road, and time exposure of driving.
The system will calculate the results based on the appropriate regression models. Figure
5.17 shows the interface for the result from the regression model. The interface will display
the results for each risk factors; muscle fatigue, heart rate, hand grip force, whole-body
vibration, and seat pressure distribution. These results then will save and submitted to a

fuzzy inference system (FIS).

& C @ localhost:8000/risk/7/ % O . [+

Risk Factor - Driving Fatigue Strain Index (DFSI) NEW PROFILE / ADMIN / HELP

Muscle Fatigue (uV): 23755
Menu

Heart Rate (bpm): 91.0624

New Profile

Hand Grip Force (N): 283.4804 Help

Whole-body Vibration (m/s): 26506

Seat Pressure Distribution (kPa) 137942

Duration (Minutes): 200

Save & Submit

Figure 5.17: Result’s interface from the regression model GUI of DSS

5.3.5 Risk Factor GUI

The final GUI for the DSS is risk factor analysis GUI. This interface consists of
driving fatigue strain index (DFSI), which has been developed using the fuzzy inference
system by MATLAB software and SciKit-Fuzzy by Python. SciKit-Fuzzy is a fuzzy logic
toolbox for python that implements many useful tools and functions for computation and
projects involving fuzzy logic. The development of DFSI has been discussed in a previous

study (Ani et al., 2018; Ani et al., 2019).
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From the result of the regression model, the system will analyze the result through

SciKit-Fuzzy. The system will calculate the value of DFSI. The driving condition of the

user is identified based on the DFSI’s value, which has three fuzzy sets; safe, slightly

unsafe, and unsafe. Figure 5.18 shows the risk factor analysis GUI.

& C @ localhost:8000/result/7/ -G . [}
Result - Driving Fatigue Strain Index (DFSI) NEW PROFILE / ADMIN / HELP
Muscle F V)
uscle Fatigue (uV) 23755 Menu
Heart Rate (bpm): 91.0624
New Profile
Hand Grip Force (N): 283.4804 Help

Whole-body Vibration (m/s): 26506

Seat Pressure Distribution (kPa). 137042

Duration (Minutes): 200

Driving Fatigue Strain Index

(DFSI) Value: 08305

Driving Condition: Unsafe - The driver are note allowed to drive the car. A driver
shall take a rest.

Figure 5.18: Risk factor analysis GUI shows the DFSI’s value and driving condition of the
user

54 Summary

Through this study, the decision support system for driving fatigue (DSSfDF) was
successfully designed and developed by the author. There are five main GUIs; admin
interface, superuser GUI, user profile and driving information GUI, regression model GUI,
and risk factor analysis GUI have been successfully developed using Django. These entire
GUI can perform various tasks and analysis for the user. The author believes that the
development of DSS for driving fatigue using the Python programming language is a new

contribution to the body of knowledge and novelty of this study. Besides, this system will
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successfully provide the driving condition’s risk level for road users. Indirectly, give an

early warning and detection of fatigue while driving.
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Chapter 6 Conclusion and Future Plan

This study successfully developed the decision support system for driving fatigue,
also known as DSSfDF, which is very important system to provide systematic and rapid
analysis of the risk factors that contribute significantly to driving fatigue. Besides, this
system will successfully provide the driving condition’s risk level, give initially warning
and detection of fatigue, and give a better solution and recommendation to the users while
driving. Indirectly, it becomes one of the efforts in order to reduce the number of road

accidents and fatalities, especially in Malaysia.

In Chapter 1, the author explained the background of the study which covered the
introduction of the study, problem statement, objectives of study, the significant of
research, and structure of the dissertation. In this chapter, an increase in the number of road
accidents especially in Malaysia becomes the main reason for the author interested in
conducting this study. In order to reduce the number of road accidents, the author comes
up with the solution by developed a Decision Support System for Driving Fatigue namely

as DSSfDF.

In Chapter 2 and 3, the first and second stages for the development of DSS were
successfully executed by the author. Both stages are very essential to this development as
these stages explained how the knowledge been acquired and integrated into this DSS.
Both stages explained the important methodology, guidelines, and components in the

DSSfDF model that will be used in the next stage.

Chapter 4 is the most important part of this dissertation, and of course a main

finding and stage in the development of DSS. In Chapter 4, the driving fatigue strain index
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(DFSI) was successfully created by the author. The DFSI was developed using a fuzzy
inference system by MATLAB software and SciKit-Fuzzy by Python. This development is
expected to be useful for the risk assessment methodology to quantify the driving condition

level associated with the driving activity.

Chapter 5 discussed the continuity study from the previous chapter. In this chapter,
the graphical user interface (GUI) for a Decision Support System for Driving Fatigue
(DSSfDF) was successfully designed. Five main GUIs; Admin GUI User Profile and
Driving Information GUI, Regression Model GUI, Risk Factor Analysis GUI, and
Superuser GUI has been designed by using Django based on Python programming

language.

In Chapter 6, the author concludes this study as the main objectives are successfully
achieved. The author believes that the development of DSSfDF is a new contribution to the
body of knowledge and novelty of this study as this system will successfully provide the
driving condition’s risk level for road users. Some recommendations have also been

suggested by the author through this chapter.

6.1 Future Plan

Currently, the DSSfDF will be an inactive driving system as the system built and
conduct using the web-based system. The users or researchers have to enter the data of the
drivers before getting the driving risk levels and driving conditions. Hence, in the future,
the author plans to develop the system as an active driving safety system that will be
placed in the vehicle for real-time fatigue detection. Figure 6.1 shows an illustration of

how the system works.
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1. Once the driver starts driving, G .
the sensor and camera start A
collecting and capturing data i (\@ 2

\\/

2. Captured frame and data is sent to
processing/computational unit for
feature extraction. Algorithm analyse
and computes the features.

3. Warning system alerts the driver
that fatigue is detected.

4. Results is stored in database

Data Analysis

Figure 6.1: Illustration diagram of future driver fatigue alert system

The system consists of driver fatigue detection. It starts right away when the driver
starts driving, and the sensor and camera start collecting and capturing data. The captured
frame and data is sent to the processing or computational unit for feature extraction. The
algorithm analyzes and computes the features. Once the feature is analyzed, warning sound
in the form of an audible sound will be triggered to alert the drivers. The detection result

will be stored in the database for future usage.

6.2 Contributions to Knowledge and Science

Science advances in small steps. Every piece added to knowledge helps to progress

the understanding of the area bit by bit. This project and the resulting thesis and
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publications have made a small contribution to the general understanding of the decision
support system and driving fatigue problem which, though essential to everyone’s life, is

taken for granted.

Although there has been published work by other researchers in the general area of
decision support system, most publications of necessity have addressed one or the other
issues such as decision support system for transportation which is focused on material
handling, scheduling, and transportation maintenance. These publications are scattered far
and wide and the circumstances in which these studies were done are as diverse as the

researchers themselves.

None of the publications provide either a comprehensive or critical perspective on
this field. The previous study regarding this research was very limited and the scope of the
study was narrowed and focuses on a certain area. Besides, the majority of previous
research was performed in the simulator (simulation study) and model. The author believes
that the development of a decision support system for the driving fatigue problem among

Malaysian is a new contribution to the body of knowledge.
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