CHAPTER 11

LITERATURE REVIEW

2.1 Introduction Y.

This study has an interdisciplinary nature, and thus,

literagre sim@' with the
strategies of tracking techniques is reviewed .ch 1th\a¥‘focus on the
ch : rese:%\existing decision

support systems and Al that are used in a wilNyrangg of 'ro_n\ ntal decision support

and risk assessment systems. Some o?; m@sf‘ im’ortaxﬁ}kl approaches, including
]

advantages and limitations of each teclmiqlf.

2:2 Tracking Techn@m@onin@rategies
Since humans ha%kd trpM

looking for 1 ethods to help -@1\{1 find their location and direction. In the past,
delcnnin% position of stars is the only method used by humans to locate their
direcag. AT present, many approaches are used by systems to determine and track the
position of objects. Classification techniques can be mainly categorised into four
groups, namely, basic positioning methods, outdoor positioning systems, network-

based positioning technologies and indoor positioning systems.
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2.2.1 Basic Positioning Methods

This section provides an overview of the technologies used for basic positioning,

including dead reckoning, proximity sensing, Trilateration and Multilatiwz

A. Dead Reckoning Y.
$
|

Dead reckoning is the process of calculating the currer it190 oyf &in igglividual or an

L]
object by using a previously determined position fegd on prev uflyeggfem]med
positions, travel direction and time elapsed sincvg as% os@ﬁ. speed and
acceleration. Advances in navigational aidﬁcwrov : ura@formation about

position have made simple dead reckoning Terf hLl{QS obsolete for most

A

factors, such as spe

determine positions a@

;i NV
B. Prox@cnsmg: Slgnal'ﬁl{naturc Tracking
A moBNgbsition. which is frequently referred to as the target of the proximity sensor,
is derived from base station coordinates. Such coordinates have their own signal pattern,
which often emits a beam of electromagnetic radiation (e.g. infrared [IR]) and looks for

changes in the field or return signal. Signal signature-based technologies are typically

fe
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composed of mobile location analysis, neighbour list updating and signal signature

estimation (Munoz et al., 2009, Andersen A.C., 2013).

C. Trilateration \z
Trilateration is the one of the geometric techniques used to determ¥e the absolute or

Vtion of a circle and

relative locations of points by measuring distances using the ilv»

a series of triangles adjacent to one another that can be e t‘rw of reference

®

ee irtsc‘g&.t 18, two
A

Bure O Angles @1

', o
to Iﬁ} from Nato T.

chnique

reference point Na: R is the line between reference points Ny and No: ¢1is the angle

between lines d) and R; ¢2 is the angle between lines d>and R; (X, Y) are the coordinates
of target point T: (g, h) are the coordinates of reference point Ny and (a. b) are the

coordinates of reference point N2 (Munoz et al., 2009).
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D. Multilateration

Multilateration, also known as hyperbolic alteration, is a navigation technique that 1s
based on the positioning process by estimating the time difference of an'\a TDOA)
of a signal in 2D or 3D Euclidian space. This technique is similar tétin: of arrival

(TOA) estimation but does not need clock synchronisation (Andersw!(‘., 2013). The

multilateration technique uses three reference points to find sumed location of
objects, as shown in Figure 2.2. 1f the three points (N a N;iand the distances

£
object T is the intersection of the three circles (M‘i al., 2Q09 \/Y'

el

from the reference points (d1, d2 and d3) to object TS‘e knowfq, thgn th'ee])\Rc'ation of
(04 a

E S BN E— —
&
NIOR;
The distances Ad d») can be cslh@'cd by calculating the time of flight (TOF) of the

N

signal bas he radii of the first (d1) and second (d>) circles.

S
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2.2.2 Network-based Positioning Technologies

The network cell ID method (Cell ID), also called cell global identity (CGI) or cell of
origin (COO), is a network-based proximity-positioning method that is ly used
in Global System for Mobile Communications (GSM) (Brimicom% Li, 2009).

Locating a mobile phone based on Cell ID is considered the simplestild most common

method. However, this method does not provide useful OY" information to all
applications because of the high variability in cell sizes 4@ 1Css @m to 20 km).

L ]
The standardisation location systems have been gorisgd b f'tl‘li,, uropean
Telecommunications Standards Institute (ETSI) e % mm’.@; as follows

s
(Liu et al., 2007; Gu et al., 2009): $} 1 4\

1. . TOA % A\Y &k (network)
<= F

ii.  Assisted GPS A% (handset)

N

T3] S

iii.  Enhanced observed tinge diRgrence |0 (handset)
- LN

N, |
The TDOA and TOA @ dcp

P tl(g@'avel time information (equivalent to a

range) between a baghsidtion gnd ’ Bob@d4erminal. The former measures the time of

o

the signal an‘i\@ user using t{e‘:’w“fork of base stations that observe the apparent
N

arrival time N ®ences between pairs of sites, whereas the latter directly uses the transit

time @ he transmitter and the receiver to determine the distance between them

(Ciurana et al., 2006). TOA uses the points of intersection of circles or spheres whose

centres are located at fixed stations to determine the location of a target (Munoz et al.,

2009: Bensky A., 2016), whereas TDOA uses the intersections of hyperbolas or

hyperboloids that are generated with foci at cach fixed station of a pair. The TDOA
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method provides accuracy between 50 m and 200 m, with the commonly reported

accuracy being approximately 125 m (ITU, 2011b; ITU, 2011¢c; ITU, 2012).

The angle of arrival (AOA), also called the direction of arrival, is a g:—based

position-locating method that measures the AOA of a signal (i.e. the mken by radio

signals to arrive at several points) from a base station to a mobi@\z. or vice versa.

The AOA method has been widely used in vehicle navig io?ﬁems. surveying and

radar tracking. As shown in Figure 2.3, the locatio he d !re arget in two
.

L ]
dimensions can be found through the intersection p@wo lifie- s"g@ths. Each

path is formed by the circular radius from a base sw org begrdn sté{}; to a mobile

a nzL‘lgiple element array
in which the exact location of each AOt elenTen &Q

o >
are small and are capable ofrecewm%ratg siggak(Maudz et al., 2009; Bensky A.,

2016). S
X" | 7)s
s ¢ &
Figure 2.3: Basithdplwi\f‘h? OA,QS{itionmg method

\ {Q
.6 .
7
o ‘/ i , .’— e Q;OI v:/;t‘h. AR~
o= mobile device P>

«as

Base station
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2.2.3 Indoor Positioning System

During the past decade, research on indoor localisation has become a hot topic and
increasingly important to many companies and universities. Numero &;cations.
such as emergency. medical, military and logistics, can be found for 1 r ’ocalisation

(Liu et al., 2007). An indoor positioning system is considered an altglative solution to

Tbecause no line-of-
1€l m@al strength 1s
[

too low to penetrate most buildings (Maneerat & P1®. 2013 | @
J
T

R Eﬁl\ort wavelengths,

_m contrast to outdoor

low-cost location systems, such as GPS in indoor enviropm

sight path exists between indoor receivers and satellite

c

such as electromagnetic and mechanita

Most technologies that rely on high—accura@m ?c‘
S

positioning technologies, indoor pogkeing ogl re independent of any

‘external’ network. However, “ex n Lshtypiely use a set of technologies to
N
transmit wireless data in closed egiro sd‘chdls Wi-Fi (Baniukevic et al., 2011;

(RFID) (Ting et »@1') & g5 1 Maneerat & Prommak, 2011), wireless local
& ; N

area network\

(Ubisengg’ - Curran et al., 2011).

Context categories and inferred context information, which have been identified
previously, can be implemented in many fields, such as commerce, education, security,
military, civil engineering, emergency response, warchouses, exhibitions. libraries and

museums. Given their limited coverage range, context-aware systems are restricted to
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indoor applications. The requirements for deploying positioning systems in an indoor
environment are wireless networks that generate the referencing signal used to define
object location, such as the Institute of Electrical and Electronics Engineers (IEEE)

802.11 WLAN and the IEEE 802.15.4 wireless sensor networks (Maneer mmak,

Emergency services have been customised for individualg \\V’fe unaware of their

2011; Kuflik et al., 2011).

exact location in case of an emergency (injury or crin ttack t!» ugg their mobile
L ]
devices. These services can also determine the loca of thg usgr "n§of life-

threatening injuries by automatically using the?jhon&g&.\ cbili-t&f a mobile

{S'

el
/S

device. %V

Sho bk
r }ES,L oning technologies have
A\

suckNs a stadium, an exhibition or

Compared with outdoor positioning ‘%og

a set of constraints with a limite \ag i
'S

other confined spatial area. Theypdepe bwre—mstalled infrastructure makes

them unsustainable for A&la NICNQNV mnc@elndoor positioning technologies are

\ " : X : y
more complex than oii%‘ pOIlthl 1&6@10@@5 because of a variety of obstacles,
1t

N3
such as walls aiw iturd, VJ@ @ multipath effects on the wireless signal.

&
ality of the rece™wed signal can be poor because of human mobility

Funhcrmorc.%
and inte. %L from other wireless networks in the building (Rehman et al., 2009; Au,

2010).

—
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2.2.4 Outdoor Positioning Systems

The race to conquer outer space started during the Cold War between the USSR and the
USA, during which the first navigation satellite system, i.e. the GPS, w ped by
the US Department of Defence (DOD), whereas the Global Nawgahm&e lite System
(GLONASS), the equivalent system of the Soviet Union, immecReTf followed the

der development in

1iS Wdescribes the
current status and the foreseen improvements 0@ glotal n v’camgg.satelhtc

systems (GNSS).

European Galileo. Other systems are either already availaple

various parts of the world, such as in Japan, India and

(_}jz-

S

The GPS is the most well-known sat 1avi Ia QI §y eﬁl\hat is widely used in
\,
0 e

outdoor position determination t the NQcat) gg“'position of objects. This

\
technology is currently utiliged manyj mo 11F . The GPS was originally
, s
S for (i use of the US military (Yeh et al.,

developed by the US DOD\the car

-

am <‘\’fallable for civilian use in the 1980s

2009: Deak et al., 20 l@e

¢ 2 (.)
(Mama, 2008: Fig s X Fraftasp 29 1 .&M(modc 2011).
’
A y \3.
f—,
N
Loc )ased Service

S

Localisation and the possibility of providing location-based information are key
features that make mobility vivid and practical. The union among wireless
communication, the Internet, geographic information systems (GIS), location-finding

techniques and mobile devices has hastened the emergence of a new and dynamic field
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called location-based systems, which have a major effect on navigation and businesses.

Location-based Service (LBS) has rapidly evolved and its application is currently a hot

topic, thereby making it one of the fastest growing sectors in the cell phone industry

(Labrador, 2011). LBS can be divided into different components, as s@igure
A

(2. 4).

Y~
Y\.»'

Figure 2.4: LBS architecture
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i. Mobile DeviNes
Mobi@"u& such as personal data assistants (PDAs), mobile phones and laptops,
can be defined as tools used by an individual to request the required information and to
retrieve results. Mobile devices are the most important part of the entire system. which
is composed of the subscriber identity module (SIM) and mobile equipment, because it

is used by the subscriber to communicate (Rwok & Lau, 2007).
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The majority of cell phones consist of a basic set of comparable features and
capabilities, such as a liquid crystal display (LCD), a camera, a random access memory,
a digital signal processor, a read-only memory, a variety of hardware keys and
interfaces, a microprocessor, a radio module, a microphone, Bluetootlg ction, a
speaker and GPS (Schmidt, 2011; ITU, 2012). ‘\
X
Y

Each device has different technical and physical charac eri?! such as processor
speed, memory capacity, size and Universal Serial Bu ) OWL Moreover,

: : : : R ™ X
most mobile phone manufacturers provide their cell nes With 1t}°e‘§§~ types of

expansion capabilities for increased functionality ?!an '?1', alvrsleS).

S

&

The increase in the number of operating grstems fou b?e ]}({)LCS has been considered
one of the principal reasons for the merfl of 110@15 for mobile devices. At

present, manufacturers of device.vele

——

‘qgnjan @‘whelming number of mobile
|
S

operating systems (approximately, t(4\?) ‘Q"{Q};heir product lines (Schmidt, 2011:

Google, 2012; Mlcrosoft&'\ora§2 )
¢

become of the most successful technological innovations in history, providing
mobile phone and data services to handheld devices. This technology includes second-
generation (2G) mobile systems, also known as GSM, and their evolutions, frequently

called 2.5G systems, I1S-136 and general packet radio service (GPRS) (Glisic &

Lorenzo, 2009; Raychaudhuri & Gerla, 2011).
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Cellular networks are ubiquitous in all parts of the world and cover most populated
areas. Furthermore, they are used by nearly 4 billion cell phones worldwide. Cellular

networks have evolved through several stages—starting from first-generation analogue

‘.cuch as

systems. such as the Advanced Mobile Phone System, to 2G digital sy3
GSM and code-division multiple access (CDMA), to third—gcnerati&
such as CDMA2000 and Universal Mobile Telecommunications ystem/wideband

Y

CDMA (Glisic & Lorenzo, 2009; Raychaudhuri & Gerla, 201 Y'

L ]
Given the failure of the first generation to meet all req@ems gnd t a'd:{%“zgapacity
shortfall, the development of GSM began in l‘)v i ‘ 1(13&13;'@(1 by ETSI

(Kwok & Lau, 2007; Mishra, 2010). GSM, ae) Wi ¢

2

ly used mobile

communication standard that has becomg.mor eneration analogue

@p
) P
O
o)

5 the following domains:

the network management system, bil'; agon, 1;“&;}5@ station subsystem and the

network subsystem (Kumar et ; 9 ,()()8;\M"

N
NE

¥ Agrawal & Zeng, 2011).

§
: 4 ol ?%} s : e
GSM experienced tre ous fcon ﬁs& cale for everything because it offered a
N3

rich selection ofdgng¥ilitiésys :1‘0'«1‘ s that provided incremental revenues for

4
operators, su% telligent functio®for the support of personal mobility. particularly

5 user identification and authentication, and for the localisation and

admin1Mebn of mobile users (Eberspicher et al., 2009; Sauter, 2011). Several billion
text messages are being sent via short message service (SMS) among mobile users each
month: SMS has become extremely popular among GSM users despite the fact that
GSM was used nearly exclusively for speech communication in the beginning

(Eberspicher et al., 2009; Mishra, 2010).
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GPRS is a non-voice value-added service provided to the GSM of 2G and 3G cellular
communication systems by overlaying a packet-based air interface on an existing
circuit-switched GSM network. GPRS has been implemented as 2.5G, that is, a
technology between 2G and 3G mobile telephony. GPRS was 01‘iginal%\ ardised
into the GSM specifications in Release 97, and its usability was fﬁ!&appmvcd n
Releases 98 and 99 by ETSI (ETSI, 2013: Zheng et al., 2010: Eb >rsmr et al., 2009).

\%

GPRS provides moderate-speed data transfer and offers dat: 1‘%11 plain GSM
L ]

by using unused time-division multiple access chann i ETPI (2 1p®eorctical

maximum speeds of up to 171.2 kbps can be ach?! witR G bv‘s%:ultaneousl_\'

using all eight time slots (ETSI, 2013). Such@ S aw

because GPRS is based on the combinuticl of S ot: NT
can aggregate all combinations of s\% . 4lh M network architecture

has been combined with two new pontms

fcrqi%y most operators

ot all mobile operators

/,

and serving GPRS support node, yhicl
\ ¢ | S
iii. Positioning Con t s O
. [))
] o
N

N)o\] ent (context) cambe defined as ‘any information that can be used to

—

& fMEPRS (Zheng et al., 2010).

conside’™#elevant to the interaction between a user and an application, including the

user and the application themselves’.



22

iv. Data and Content Provider

Content providers (e.g. mapping agencies, yellow pages and traffic companies) are

o

responsible for storing and collecting geographic base data, location ingk ion and
other related data. By contrast, service providers typically do not stoﬁ* maintain all

of the information requested by users.

v. Service and Application Provider \d
%
(N

Application is frequently software developed by ¢ 1CN vidaf:tgat is used as

ed Q{ﬂnstalled on the

commercial sector and emergencypsery ol o‘@sequem section describes current

types of LBS applicatim\&'lich TS catc@ sed according to several approaches

\ ‘ | QO
that have been adop@mal stga f'ue}l hers.

4

&) S
N
B. Track é\'iccs \‘?

w

At present, many services require real-time or continuous tracking of assets, such a
vehicle tracking, logistic systems, fleet management, workforce management and
finding people. The accuracy and coverage of GPS is well suited for most outdoor

navigation tasks. Therefore, GP'S is used by nearly all of the aforementioned systems
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for location estimation. The subsequent section describes some of these applications

and their characteristics.

i. Emergency Support Services c\:

The most immediate application of location-based services % aid 1n assisting

individuals who may be lost, hurt or in danger, i.e. their s LW S
1e ’hw occur in real

ey
time (e.g. when an individual is involved in a serj® trafffc lfic.f—) vhen an

ecurity are under
I

threat. Many events cannot be reported to an emergency

individual is being subjected to a criminal or tewm wh%ﬁ_}:e car of an
individual suddenly breaks down). At prcsel%w 1§their location by

using their mobile devices. Thus, emgegenci 5&7 &sed more efficiently;
consequently, more lives can be sawe f i

z N
Nandhini et al. (20106) prescw' /stq\ f iﬁ@) save the lives of fishermen at sea
'&@’rst' ble environment to avoid accidents

gned using GSM.

¢
O

‘.@1 s system has been desi
N
protect fishermen by notifying the country

a GPS receiver to find the current location of a

fishing _essel. The mechanism of the system is simple. The GPS receiver is used
to find t rrent location of a fishing boat or vessel. Then, the information will be sent

to the controller unit to find the current location by comparing the present latitude and
longitude values with the predefined values. In case the fishermen move further and
reach the warning zone, the LCD displays the warning zone. The GSM signal is used

by the system to connect to the Internet to access the database. Thus, covering all border
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areas within the sea using the GSM network is difficult and is considered a disadvantage

of this system.

A new system developed by Sivagnanam et al. (2015) aims to wal%%‘Y}:event
fishermen from crossing a sea border by allowing them to calculatef&act location
using an integrated GPS receiver and to transmit the infm@o the nearest
coastguard station via GSM communication. The system @ cOIp sed of three units:

l

GSM. GPS and a microcontroller unit. This system wa emented yifh the help of
L ]

GPS by integrating the code it provided and @de cff @the arm

microcontroller through a timer. The system wasWne QY_ a GPS unit

and GSM communication into the microcon%wﬂ 1

mobile phones to ensure that it exhibits le' MCifx

'Fb rman  Auto-boat presented by

termine the location and position of

coastgua™®. The GPS receiver is used by the system to receive signals from a satellite
and to provide the current position of a boat. The system can also be used to detect

icebergs in the sea via an ultrasonic sensor and to predict tsunamis through

microelectromechanical systems. Smartphones can be used as better alert and warning
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systems than complex hardwires; they can reduce complexity and enhance ease of

operation, thereby improving this system.

Kumar et al. (2015) presented a research that aims to prevent Indian f%xx:from

navigating beyond the borders of other countries. To achieve this objecfkthey created

a device that will prevent Indian fishermen from moving beyox%ui‘:diaf&'i Lanka

newg an alarm in case
l

fishermen cross the border. This system is compO¥g of f(Wts. namely,

'Y
transmission, control, processing and data collectio@l. whigdh ¢ Sﬁ‘@ocation—

detecting components, such as GPS, and other coantsN.Q ' to@é boat.

S XS

maritime border, as shown in Figure 2.5. This device

Borda

Poation

\ PELELALION Tian-nutte
Q% Source: Kumar et al. (2015)

The majority of Tamil Nadu fishermen face problems of being harassed. assaulted, shot
at and chased by the Sri Lankan navy. To address this problem, a new system of cloud
computing to protect the lives and properties of fishermen from the Sri Lankan navy

was proposed by Samuel et al. (2014). The system uses a new methodology. called
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cloud computing, as a service to save the lives of fishermen, which is the main purpose
of the system. The new methodology aims to reduce hardware cost and to avoid
hardware errors and problems in tracking vessels. Moreover, businesses will no longer
need to spend on advanced and expensive hardware. The system framewog X:ts of

three main phases, namely, tracking the boat, alerting the GNSS de\'ica&a erting the

PC using the cloud. \3

\9¥

An intelligent boundary alert system developed by Thar Shy anwzolz) aims
L ]

to help fishermen in maritime navigation. This system TTn@i.tlon of

a boat based on latitude and longitude data using e ; 1ic$ntinuously

receives signals from a satellite.

In the field of sports, a large number 0"@1

without their coaches or additiona mEl

‘ent ages practice alone,
heir boat, thereby placing

themselves at risk. To solve thisprojlem, agh

e
system, was developed b@cs l

Qy)- called the ZigBee/GPS tracking

01 Skﬁ'ith the main objective of real-time

N
monitoring of boats i1 grages a ilft‘gf evice. The system architecture Cconsists

N3
of mobile units (M#) catdll pats ﬁi 'Bee wireless module, an LCD interface
and a fixed unig(T ™. A point-to-mufypoint ZigBee wireless network was implemented

to facililénmunicauion between an FU and MUs located in boats.

Most of the previously presented systems are similar in design and form. Moreover,
these systems are composed of four units, namely, transmission, control, processing and
data collection units. which consist of location-detecting components, such as GPS. The

main objective of the previously presented systems is to reduce the cost of advanced
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and expensive hardware to prevent fishermen from moving beyond a maritime border.
However, these systems are still more complicated than their portable counterparts.
The main characteristics shared by previous regimes are still more C(%\at >d than

their portable counterparts because of the complex technology and ®lectric parts

necessary for their operation. Thus, these systems can be inte g1 o mobile phones

to make them portable and easy to carry by modifying des scifl atlon\

Duri mng times of disaster, communication between ll\é

¢
:
=
=
s

important to reduce economic and human losses. W this 3
proposed the emergency management syst@). \ 11&8& smartphone-based
ad hoc communications over Wi-Fi to 3100 1N %f ,@rgenues EMS can be
N
o )

used by people in an emergency Sltl\] Or aRy 1N¢ fﬂuz&[ an emergency site where

the system works based on the 1'iw of ghe nt ‘er system. EMS consists of a
-‘

m R own in Figure 2.6.

Source: Jadhav et al. (2014)
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The server is implemented as a web-based Java application, whereas the client and
rescue applications are implemented as an Android application. Although the system
can help people during emergency, it cannot provide a street map, it cannggsubmit a
photo or video, it cannot share events by email or post links to Facebo% Twitter
and it cannot provide feedback regarding the credibility of a post to ﬁ&]t fraudulent

posts.

ii. Environmental Surveillance

Many applications that use LBS are considered use?ﬂ aPaL ¢ 1‘e'~§)""
lives are endangered. Even animals can be@ I v‘tc 101(&{)' during migration

season by monitoring their movement zue helpin ‘Ts Bées‘sary. Public concern
for wildlife has motivated many 1 c Agencyes 3 ange their management

approach to address issues such usvucr\” ' i ity and effects on wildlife
and their habitats. Since 1991, a \’)‘ ctv% ) zlf@)king systems have been designed

<

es o@mmals and to understand the complex

or

r

’ ' ﬁ
relationship betweenginiglals fan of w'oundings. Many examples of animal
Q’ 3

the s(u 58 81 BsgXdbent et al. (2010), Kim et al. (2010), Dopico

Q0
(2011) and 7%’cmi et al. (2012).ome of these previous works will be briefly

mentiond{ige subsequent section.

Anthony et al. (2012) presented a novel sensor platform for monitoring migratory birds,
called ‘CraneTracker’. The platform is designed to protect and monitor whooping crane,
which is one of the most endangered bird species native to North America. The aim of

CranceTracker is to obtain information on the movements and behaviour of these birds
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during their migration, which extends from Texas to Canada. This system has been
proven effective through component evaluations, controlled system experiments and

ongoing field experiments.

The common characteristics shared by the previously prese
GPS and a system tracker designed in the form of a collar, which }

the neck of an animal.

Malet et al. (2011) developed a methodology that usgs

real-time characterisation of displacements. In thL

4~

om'{z landslides. As a

J{&u’nl_\ used for repeated

have been installed on active landslide are % rai

complement to conventional geodetic me lOd s, G \h‘QY :
a > .
measurements. The aim of GPS re 15 26t %@amc type of kinematic,
hydrologic and seismic observatio lan@sh Th@d ata are disseminated by the
| O
collaborative structure of the Fy wh% Llf‘céjkg uncil (CNRS) to the scientific
community through releymngr: 7 ‘ma»&, ‘he proposed system offers certain
advantages in monitoy l{'a c)but suffers from its inability to support
?\
decision-making X
A &
l% lanagement System
GPS navigation auto tracker systems have become prevalent since the development of
satellite positioning technology and GPS. In recent years, controlling vehicles through

long-distance supervision has become possible with the development of wireless

communication technology.
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Dinkar et al. (2011) developed a vehicle monitoring system (VMS) that uses GPS, GIS
application technology and GPRS wireless communication to obtain an example of

VMS based on MapX. This system consists of a data terminal fixed on evgry vehicle,

which takes the signal transmitted by a GPS satellite, a GPRS commmc' N network
and a centre monitoring system at the command centre. Visual C +f‘%\'are platform
is adopted to establish the system software, whereas MapX 5.0 %Ked to display and

control the map. SQL Server 2000 is used as the bggkg\und database to save

information received from the data terminal.

Popa (2011) presented a system for tracking a twvf VORICIGFDY %O;Azl:ining digital

ice j}alstracking a vehicle

1
gleet ol e >4 .
and (3) localisation and positioning cs.q‘his yste characterised by a small
A |
i n@\»SD memory cards and high
BN
' $ &y
N | S| %0
&
\ i e
G) Fa)
@.d hjpt the 'm'&(ons imposed by GSM technology can be

Jog et al. (2011)
overcome by ad&'!l(:Mii'i‘crcnlial G’P Sahd mobile WiMAX. This integration achieves a
i

/5

high bandw ata rates from 3 Mbps to 50 Mbps). improves system accuracy and

cnables g dnsmission of live videos from inside and outside the vehicle.
Verma and Bhatia (2013) described a new vehicle tracking application that enables
users to track a target in any weather condition based on GPS and GSM technologies.

The system consists of two parts, nainely, the hardware part, which comprises GPS,
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GSM, Atmega microcontroller MAX232 and 16 x 2 LCD, and the software part, which
aims to transfer all the required modules. The system can be easily installed and
provides a platform for further enhancement. Although the applications are uyser friendly

and provide the exact location of a target, this project can be further enlen y using

Ws using the Google
uanomobilcs and

a camera and developing a mobile-based application.

The tracking system proposed in this study aims to trac

Earth application; it aims to assist corporations with al

has several other usage purposes. Hybrid tcclmiqu@

system. including embedded applications, gec

[
ch @;nem the

communication. The system can graphically%mc s @fth tl&ﬁcation on Google
Earth and users can view other rclcvaltinfn na 0‘ utomobile in the fleet.

> .
8N 1M ‘?Ol‘lng various parametcrs
A“'
,@i—l\'hcdher. 2012).
.
e&

11,@) use GSM technologies, have several

O

P

weweY, failure to receive GSM/GPRS signal causes
&

a system to .\Nr nother limitatiom®f these systems is related to the accuracy of GPS

o information. At present, the accuracy of GPS is approximately 10 m.

Occasiomly. it can reach up to 100 m when the GPS is operated by the US DOD

(Garmin, 2007).
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iv. Tracking People

Tracking patients with Alzheimer’s disease is a difficult task and a cgnsiderable
challenge faced by their relatives every day. Alzheimer’s disease is a ﬁ@ ementia
that affects 20% of people aged over 80 years and 5% of people agk\'er 65 years,
which prevents them from remembering where they live. In 16@5 this problem
has generated a growing interest on how sensor-based tec van be used to assist
patients with Alzheimer’s disease (AZ, 2009; Alzheim ASS W( 2).

D[S
’ T

Keeping constant watch over a dementia patient YﬂmN din(vﬂy an American

company has designed shoes with a built-in or (LLak
with Alzheimer’s disease and to provide h

of the shoes are equipped with GPS n, \Qhul

e dczlg{)to track patients

cace of mind. The heels

contains a battery, an antenna, a om cctignyand WSIM card slot, which indicates

h

that the shoes will be able to wog m &)Wlm The USB connection is used

to charge the shoes, \\'ﬁ&tak : xim&Qy 2 h, approximately every 2 days
K S

(Hodgekiss, 2012). ’

FE

>0
e

Another cxm&amllm to the afor

sntioned case is that reported by Dahl and Holbo

(20120 8R). who developed a system called ‘On-Sat Safecracker’ that aims to assist

patients 1 Alzheimer’s disease. The components of this system are similar to many
other GPS tracking systems, including a car and supported services, with regard to
hardware and user interfaces. On-Sat Safecracker is characterised by a small GPS

tracking unit that allows patients with Alzheimer’s disease to place it in their pocket.

The tracking unit has a red button that is used by patients to notify a predefined client



33

about their position, which can be visualised on a map in the web interface of tracking

systems.

Keeping an eye on children every day is a difficult task for parents. Mille' g r children
are reported missing annually across the US and in African countrieS? outh Africa,

these cases have inadequate statistics; however, the South frican Police Service

(NCIDP, 2011). \d
‘Y

ctevc.wx; threats that
ti@; two modules: the

s design is sufficiently

A tracking system devised by Jawad et al. (200

2]

surround children by using a specific scnsm@

51

parent and child modules. The propose child 1

small to be attached to a child and u%pl fentg am(zstzx\glc chip microcontroller.

A new system is proposed to assa sequit ”C‘ﬁé in Nigeria to identify the location

on-1 %ing capability of GPS. The system 1is

of kidnapped persons b'\u&n tl l

\‘.tas(tgmmvs. Firstly, a memory is used to store

composed of four 1 '%om ong
N
preloaded data t wH)ris{ cu$s. Secondly, the GPS moduleis used to obtain
N

<y

ly, the microconoller accesses memory location data from the GPS

location datg&lhir

modul -ompares them with the data stored in the memory. Finally, the GSM
modem ¥ #bles the transmission of location data through the GSM network. The system
keeps a record of the trajectory of a tracked person or device, and on demand. sends an
SMS message that contains the last five locations of the tracked object or person to the

monitor. The data will be used to enable rapid response in the location of the tracked

person or object. A panic button is provided by the system, which will result in the
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transmission of the location data to the monitor when activated by the tracked person

(Idachaba F.E., 2011).

Anand et al. (2012) proposed an employee tracking system that aHO\CN agers to
monitor the office cell phone of their employees with an Android . Managers

can access the history of their employees and determine their Ig caliaz. They can set up

hWones. The proposed
2y t(% and retrieve

'
information using the Simple Object Access Protok® howgver d']t‘@ss during

message transfer due to the use of SMS 1s possibl?’ \ N

Murat et al. (2009) proposed a web—basﬁhli NT S

ME! Framework, which converts %\/cl
information and then adds a 1?@1‘31 'inr sfon.
consists of the following compo’*m:' G aﬁta}gpllcction system, which contains a

software that runs on 11@1 @1(1‘01@2) a data mining subsystem, which

¢
at ¢ \'e‘rtdf)?—lcvcl location data units into high-level

alerts if their employees go beyond the approved geogr

system has additional features that use cloud tec

~

N3
. whtch provides a query definition interface to the
high-level afwlcation for cxccutin}'womplcx queries over mobility profiles and (4) a
locatio iction subsystem. Although this framework converts low-level location

data in igh-level mobility information, it still needs to extend its data collection

system from GPS-enabled cell phones.

The previously presented systems are characterised by strong dependence on GPS

services. ease of use and flexible mobile platforms, but lack intelligent technology to



35

support decision-making. Moreover, most of these systems use GSM modems to send
and receive data. GSM modems have a limitation of accessing 6 to 10 SMS per minute.

Thus. a GPRS modem is required for these systems to increase such capaciyy.

<&

Infotainment services are used to meet user requests, sucl SWSIS on how to reach

a given destination, how to localise the current positioffgll a n Wost user, how
]

to find another mobile user and where to find a parti@sel‘\’i > (- ‘u@ated teller

machine, restaurant, parking lot or gas station). Y' \

:
S WS

Chandra et al. (2011) proposed an awar% Syst

v. Infotainment Services

with friends and family and view th

is implemented using |}

&y

) developed a Ment-server framework that is compliant with Free

provide™urist information on Cagliari City in Sardinia. The architecture of the system
includes the client application, which obtains its position from its integrated GPS

receiver and sends it to the LBS server, and the server that is used to answer with

information on interest points near the client. The Python 4 programming language was
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used to develop the server, whereas the open source GIS gvSIG was used to develop

the client side.

Another framework similar to the personalised location-based travellcth;nmender
system developed by Husain and Dih (2012) is used to provide pe&lised tourism

information to its users. The framework is composed of five cor )onZns. namely, LBS,

osRoﬁing information and
usage log. which tracks the interaction of a user with t

s .:Q
\
L 4

The personalised location-based restaurant recor daftepn em RRS) (Wen-
I

ying and Guo-ming, 2013) is another u\a@n

a user profile database, a tour information database, user.

]]C\’Ql whu,h can solve

the cold start problem, keep new user gtfort {o \m)\l? 'éd provide accurate and
: ) A N

qﬁ‘an vm% es cold data to reduce the

~

timely recommendation to users. T

complexity of the operation oYﬂmb' &
information, such as weather oa' '

itions®

TJ@ h amework includes context
sé@n and location. which can be used

)CQh@tﬂdation based on their short-term and

I ok
6-1")

1’ framework is divided into four files, as

to provide users with tl‘@ eff

«
o
b
o
5

long-term preferen

follows: (1) us %‘1 e znfd of' AR {:LL information; (2) contextual information,
N

Nl(,m context mtmhmon season. weather, time and location of users;

ey

including t

(3) resfagr information, including category, features and basic information of
restauram® and (4) user usage log records.

A new application, called G-Sense, which was developed by Perez et al. (2010), aims
to improve the quality of life of individuals and to address large-sc: ale societal problems.

The system integrates static wireless sensor networks in support of LBS, mobile,
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participatory sensing (PS) and human-centric sensing (HCS) applications into one

coherent environment. G-Sense is a hybrid architecture that is composed of a two-tier

client-server and peer-to-peer architecture among servers to scale the_system to

worldwide deployments. G-Sense supports the development of local

;(%g(al LBS,

PS and HCS applications. The characteristics of LBS applications ﬂ&mmarised n

Table 2

Table 2. 1 : Characterisation of LB

1 based on the preceding discussion of applications.

Service category

Author(s)

Infotainment
services

Finder applications: Chandf$
al. (2011)

Tourist information \ltlo 08
Deidda et al. ("01\

Restaurant rec
application: %n an@
(2012)

HCS Ztlons

(201

] ¥ uatlowtommnon 1S
1th mitted by

or assessed by
sc

J‘éull based model

(},Mobile user-initiated,

N query-based and

request-driven

‘rac \EI\ '1CES

o‘
E1 1mu
dan
0 My
pu (“’0 A
7012 j ' hé/
o

; Tracking n@mult system:
Dinkar et alN2011); Jog et al.

(2011); Popa (2011); Al-
Khedher (2012); Verma and
Bhatia (2013)

Tracking people: Murat et al.
(2009); Hodgekiss (2012); Dahl
and Holbo (2012a, 2012b);
Anand et al. (2012)

e Pull-based and push-
based

e Tracking requests are
frequently initiated by a
remote monitoring
entity and not by the
mobile entity as per the
state-based nature of
the application.
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Table 2. 1 Continued

Service category Author(s) Characteristics
Fishing boat: Vinothkumar and
Arunkumaran (2014); Samuel et
al. (2014); Nandhini et al. e Mobile user-initiated
o (201?); Kumar et al. (2015); ° Pull—bas§d
. Simaes et al. (2015); e Rely entn‘e& the
Sivagnanam et al. (2015) available gosNen-
locatinz&%logy
Natural disasters: Jadhav et al.
L (2014)

2.3 Artificial Intelligence

Although intelligence is one of the most imporagnt t:
mind, this concept is difficult to de’nlely Joh

‘artificial intelligence’ or “Al” when h 1e clmé?on‘rel ence at the campus

of Dartmouth College in the sunN 7 %j}us&ﬂn means ‘the science and

engineering of making intelliffg chineg, e h 1 ntelligent computer programs’
’ .‘wuj
(McCarthy, 2007). \ l \ éj
& {Q
\ ’ | O
e B
2.3.1 Artificial benfj ql\ﬁy
g
N

AT

Over the pas years, robots and computers have progressively assisted humans,

mma@m relatively simple computational and manipulation tasks, but recently, in

higher cognitive tasks that used to be the exclusive domain of the human brain,
including language, mathematics, probabilistic reasoning and decision-making.
Kalogirou (2007) reported that Al comprises several branches that can be classified into

the following categories: expert systems (ES), robotics and sensory systems, computer
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vision and scene recognition, intelligent computer-aided instruction, machine learning,
handwriting recognition, natural language processing and voice technology. neural
computing, FL, intelligent agents, problem solving and planning, non-monotonic

reasoning, logic programming, ANNs and various hybrid intelligent syﬁ\z

ES is considered one of the scientific applications of Al; it gims ¥ transfer human
intelligence to computer systems through design software anwﬂlputing devices that

mimic the behaviour and thinking of humans. Feigen (]983&&@ ES as ‘an

L ]
intelligent computer program that uses knowlcdgemélferel e wqa@ to solve

problems that are difficult enough and require Vﬁkdn@ 1 e@ise for their
solution’. CV °\ «é

A

N

a@‘clecting from a list of
&/

>

alternatives supplied by ES. Desxigpuits s S still does not approach the
complexity of human intclligena bv"{ ! Swith knowledge processing and

complex dccision—maki@c S

(0]

ir@%O(ﬁ). Many fields of human activity.
ma uiﬁc@g. education and training, engineering,
N

le ‘é.\succcssi‘ully use ES.

&

such as business a 1janc

medicine, scieng sprcultfrd

72,

Oncofé vantages of ES is providing knowledge of expert staff. Furthermore, ES
can be Yo as a training aid to increase the expertise of staff. to make rational decisions
without any emotional overhead and to obtain answers efficiently given that it does not
involve an additional help staff (Chiang et al., 2001). ES provides the advantage of

making rational decisions and increasing the expertise of staff. However, this approach

suffers from its inability to cover a wide range of knowledge. ES is difficult to develop
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and requires considerable time and effort from many experts. Most ES cannot deal

efficiently with ambiguous problems, cannot learn from mistakes and cannot experience

Yw

FL is one of the most talked-about technologies in the embedded conjg ﬁgd in recent

or adapt to new environments.

vears. This section provides insight into the structure of fuzzy syswﬁ for modelling

and control. Some basic vocabularies related to fuzzy system Ch are required for
the development of fuzzy systems in this study, are preg ; l
NY.

Q)
5 repéried M tlQWid—l%Os by

Dr. Lotfi Zadeh (1968); this concept has becwely Eflo d as«é}wthodology for
representing uncertain knowledge in man;%eew;% ca&(g in recent years. The

)

The first attempt to introduce the logic of fuzzy s

logic of fuzzy sets is used to deal wi 1g@istic 1'iab¢b;} associated with natural
Y <<,

languages by providing a mechan% ap’a tio@ng graded statements instead
. : !
of those that are strictly Boolh 2 )“. 400.

bk .
Humans have a natm%\de cyf tgedgrds Gmicertainty; thus, FL enables a person to
o . S . |
Interface more ea wth ag afedeVstem than in the conventional case. The fuzzy

&Y

approach cat sent imprecise wledge in a simple and understandable manner
g I

for users

@cialists (Lee C.C., 1990; Garg & Bansal, 2015; Khalifa & Frigui, 2016).

Furth this approach is suitable for uncertain or approximate reasoning,
particularly for a system whose mathematical model is difficult to derive (Munakata T..
1998). However, FL faces a problem in defining the MF parameters when no systematic

procedure is available to define such parameters; thus, FL must be predetermined by

expert knowledge about the modelled system (Sandhu & Rattan, 1997; Othman et al..
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2014: Khalifa & Frigui, 2016). Fuzzy systems lack the capability to learn and cannot

adjust themselves to a new environment, but they can explain how they arrive at a

Yw

GAs can be defined as a class of stochastic search algorithms b :; the basic

particular solution (Munakata T., 1998).

principles of biological evolution and natural selection: thesWorithms were

introduced by John Holland in the early 1970s (Negnevitsky, V}gcrucca. 2012).

1’1 s&l’lich the
A

nism& that have been

n&lQring. over the years.

GA uses a vocabulary borrowed from ndwre Ewneticy‘ calh@chrmnosomes. which are
Y %%
made of units (also features, chur,*' cteryNor ge S) angmeed in linear succession.
v &
GA is generally accepted mbut‘optl n fi 'sa\'ing a variety of complex problems.
¥

The GA technique ca%\se 8r

achieve an optimgl goNetiong S, dlsoedided as a problem-solving mechanism, which
can generate \Alc

—
o
=

- gn'!io nonlinear problems that cannot always

—

results that as@'{‘ most appropriate (Maali & Al-Jumaily, 2012:

W ()15). Furthermore, GA can optimise a wide variety of problems, such

ling salesman problem, which can be eventually link to circuit design,

scheduling and delivery problems (Kasabov & Nikola, 1996).

Although GA has many advantages, it also has limitations. One disadvantage of GA 1s

that it occasionally requires a decent-sized population and numerous generations;
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therefore, GA can be a slow process when it is solving a complex problem that has a
large number of parameters, and it may take a long time before it obtains good results
(Riko & Andreja, 2000; Ganatra et al., 2014). GA can also present incomprehemible
solutions because it communicates with the system through the fiti nctmn
Therefore, GA provides different results each time, which indfficient or

incomprehensible from an engineering point of view (Munakata T., Q o%).

ANNSs are computational techniques that have been des @sn n‘latc he low-level

operations of the human brain. They are compose ~ollectipn o 1 u that are
interconnected to form a network. Y' \3'
ANNs are non-parametric models, whereas )st%‘ Qods are parametric

models that require a higher statistice Nosy with the BP learning

algorithm 1s widely used to sol
(Uraikul et al., 2007; Shang %‘Lll 13 4 whave interesting properties that

made this family of mad m@ tlm@pcaling when dealing with difficult

\
discovery tasks. AI\I\ 'L, a nfinfb a res, such as the capability to implicitly
detect wmplu n r u}‘ 0 1ps vu.n dependent and independent variables

(Dumitru & Mh&()l s Garg & Bs.&ml 2015). ANNSs also have the capability to learn

\

from inp 1 vairs and adapt to them in an interactive manner. However, ANNs
are a )X learning approach, which cannot interpret the relationship between input

and output and cannot deal with uncertainties (Tu J.V., 1996; Sandhu & Rattan, 1997;
Cordon O., 2011; Srivastava, 2014). Moreover, ANNs cannot extrapolate results and
are incapable of extracting knowledge (weights in ANNs). Table 2.2 summarises the

advantages and disadvantages of Al technology.
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2.3.2 Decision Support System

Decision Support System (DSS) can be defined as a computer technology solution that
can be used by a decision maker to provide support for complex decisioﬂgring and
problem solving (Turban et al., 2005; Sauter, 2010; Burstein et al., 203{ ; )

The area of DSS and executive information systems is loca@ween management

information systems and ES. Both types of systems air heli decision makers

determine and obtain information, which may be usefghin addr sMﬂ;@ﬂ‘uctured
search spaces, and to select what they want in sulstar andjobji Reviding tools
\ V

ems@Eld the flexible
44
@)

that help obtain possible solutions and und

mechanisms for analysing and retrieving da

Ley

A. Decision Support System CN nrN

Decision Support Systen@) con‘si§f ﬂlqé‘ﬂowing components (Stanciu, 2009:

&
Jao, 2010; Sauter, 20 IQN "l (')b

¢
4
i. DatabasefAlNagement Systekr.,\g.
N
S

DataMgge Janagement System (DBMS) is a computer software application that
interacts with the user, other applications and the database itself to capture and analyse
data. It provides access to data, which include the database that contains relevant data
for the problem, such as facts about market research or intelligence, internal processes.

generally available information and all software necessary to obtain those data in a form
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that is suitable for analysis under consideration without exerting considerable effort on

user programming. A general-purpose DBMS is designed to allow the definition,

¥

Well-known DBMSs include MySQL, PostgreSQL, Microsoft S&en‘er. Oracle,

creation, querying, updating and administration of databases.

Sybase, SAP HANA and IBM DB2. A database is generally noni;‘ansferable across
different DBMS, but different DBMS can interoperate by ust ndards such as SQL

and ODBC or JDBC to allow a single application to \\@ 111@1 one DBMS.

1S

hat 'Y;upports. The

most well-known database systems since tEW()s h: E‘s%?ted the relational
model as represented by the SQL langue <:ve\

ii. Model Base Management S@ ,¥

Model Base Managcmc@m@& @ set of computer programs integrated
into DSS that pcribm%\ni

update, edit and/ gcete adh

User interface is a set of commands or menus used to input information into the system
and output it from the system. User interface includes control sequences (such as

keystrokes with the computer keyboard, movements of the computer mouse and
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selections with the touch screen) and software ‘logical’ components (such as graphical,

textual and auditory information presented by the program to the user).

B. Intelligent Decision Support System c\:
s, GAs, natural

The inclusion of Al techniques, such as knowledge basgs, X‘N..

language, multi-agent systems and FL, has recently adged Vp'rovemems to the DSS

field (Phillips-Wren, 2007), which is regarded as an It to (¢ omputu -based
systems that mimic human qualities, such as appro ationfre ntumon and
common sense. Consequently, a new common mm:.\ al nel]wem DSS’

6‘

NS
,gaa

*IDSS’, has emerged (Ribeiro, 20006). %N 0‘

o8 al @)mputu based systems that

11 (@\10“ makers in or Qamsallom n

H-s{ruf s cﬁ ihlems (Turban et al., 2005; Ribeiro,

exper vledge. Thus, ES can be used to assist human experts in their routine tasks.
ES has a limited capacity to mimic the decision capability of humans; hence, FL can be

used i conjunction with ES for this purpose to improve the quality of decisions and to

increase ES reasoning capability (Kildisas, 2000).
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A neural network is a set of interconnected neurons created by computer programs,
which have the capability to perform brain-like functions, such as forecasting,
classification and pattern matching. GAs can be defined as a class of stochastic search
algorithms based on the basic principles of biological evolution and 1&) selection
(Scrucca, 2012), which can be used in a wide range of applicaﬂ& such as job

scheduling and control. water networks, robotics, image proccs%zm medicine.

\%

N \»Y' S,
) )ccns@fﬁ's (Sibai et al.,

@ Melin et al., 2012:

. Connolly et al., 2013;

- Youssef & Asari, 2013;

<§} s

Organising \‘lcuring operations in a controlled and effective manner is extremely
importan ountries affected by landmines. The reduction of suspected hazardous
arcas (SHA) is an expensive process that takes a long time and that requires collecting
additional information from the depths of SHA. Therefore, the need for a new tool

designed to assist experts and managers in their decisions is evident. Although airborne

and space-borne remote sensing have been used in several research and development
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projects for mine action, advanced IDSS is the first mine action technology regarded as
a successful system by combining remote sensing with an advanced intelligence
methodology. This system aims to improve hazardous risk assessment to achieve high
efficiency in land cancellation and release. This section describes the co p ;ts
Al DSS system, where Al and DSS have been used in the mine cle ﬂ&omam.
X
Y
dY’ntre for Testing and

Several organisations, such as Development and Training

Faculty of Geodesy of the University of Zagreb, have ope lemented Al
DSS. The result is a system called space and a@ mingd \ctlon tool
(SMART) that improves hazardous risk asscsbm ac L ency in land

cancellation and release. The first opuatlm ucmé %uspected mine

area and performing risk assessment wach od 0 }&\gemote sensing, spatial

imagery and Al DSS, where the afoyg on&] p

A‘O

Croatia (BiH Bajic, 2010; ITF & 2D 1 l)%\
Q) j S

P 2

\ 40

SMART provides addlm 011 dtio 1al be used to reinforce the suspicion of

several places and ILdL m S )%& rga 1 other places. The SMART project aims
to provide a GIS s\'st&vvb)gnt tm&, dedicated tools, designed methods and
radar data I«)\Ahum‘m anal vst’&?} interpreting a mined scene. The approach of

ﬁ\ wed on (1) the extracted indicators of mine presence and mine absence,

breted and fused multi-sensor imagery, (3) the combined contextual data,
(4) the spatial data, (5) the data contained in other information systems and (6) the

formalised expert knowledge.
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The SMART project has used the system to acquire aerial hyperspectral data on a blimp,
which was designed and constructed for such purpose. SMART allows an operator to

transform maps that are gathered into ‘danger maps’ to show how dangeroys each area

1s according to the location of known indicators. c\

A fusion method was developed based on fuzzy inference to detget bzlbd objects using
ground-penetrating radar data (Karem & Frigui, 2011; Khaljfa 10u1, 2014a; Khalifa

& Frigui, 2014b). The proposed method is capable of 12 1] nn l and simple
O

‘a&@'yc.l\ ground

fuzzy rules for different regions of input space and yning pddy

£
information. Several steps are followed in the le aw pm@ mt INocal contexts

were identified through the partitioning oflnw 301 s 11 g\MFS are learned.

Thirdly, output MFs are generated. Finaly, input NQLTJ %Es are combined into a
t ) o

1u@ase adapted to different
NG

contexts 1s the output of the learnt %\
N
$ 4 40

Schiebel Technology desf™wgd an@act mall and low-cost versions of an

unmanned remote LOI]%\/'I onoREoWs @Lal take-off and landing aerial platform

called ‘CAMC kwlnﬁlros&

support L]Ul@ During test a?:l) evaluation flights, CAMCOPTER has been

Mamdani-type fuzzy inference syst " A fu

d of an aerial vehicle, a ground station and

particul uuxful in detecting, identifying, mapping and marking landmines. The
main co 1ents of CAMCOPTER are an electro-optical/IR sensor. The features of
this technology still have limitations and weaknesses; for example, several unmanned
aerial vehicles do not have the capability to resist high wind speed whilst undergoing

demining operations, thereby yielding erroncous results. Moreover, this technology
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requires further training and experts to deal with its limitations and weaknesses

(Schiebel, 2015).

Tran et al. (2010) developed a new approach called ‘an automated deci@}:stem for
landmine detection and discrimination’. The authors used several techMgues, such as
the generic majority voting scheme, fuzzy ARTMAP, wav%{ansfonns and a

gradient-based peak isolation method, to develop this systga. Respite the good results

achieved by this technique, focus has been on a single olog W)
L
.S

L 4 ;
A new Windows phone application is the ‘sensow}i éd{ eptic&x_ or explosives

recognition” (SAPER). “SAPER’ came fr n%woh 161 foaannesweeper’_ This

application can be a good approach for 160510 ivﬁ\a@? 1 }éeines to avoid the risks

: ]

of landmines and UXO, as shown in

Source: Belezina J. (2012)
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The application uses magnetometer technology within all smartphones to detect minute
disturbances in the magnetic field around an explosive material by reading the

background magnetic field of an area (CBRNE-Terrorism Newsletter, 2012).

ii. Traffic Management *

Many examples for real-time traffic situation, prognosis an?ﬂhulation have been
reported (Abdalla et al., 2011; Bieker, 2012; Pillac, 201% 1.Q0134Ramya et al.,

L]
2014). The subsequent section presents existing DSS ang™yl that fre c’t&@&te traftic
congestion and control problems. g \3.

S

Runyoro (2013) proposed a real-time g hfo 101 systam to solve the traffic
b

Ty

N

Atfic congestion, namely,

Arusha, Mwanza and Dares Sala \ hqlping Road Asers make decisions based on
. raif 'S

ground information. This system 1 base\ ~ e&l@ysis of road traffic data provided

by organisations that are g L}ibl lfor gad trgifrc management and road users. FL 1s

N
. \ 9. | (O . i :
used by the system for imefgratti web ection and decision-making. The system
consists of three @ntf ta (Bilection, (2) data processing and storage and
ool \’
(3) miormutm\

emination, as shb{al in Figure 2.8.

congestion problem in three cities thajguasmwehl aff
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Figure 2.8: Architecture of a proposed real-time road information system
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a ugy mobile phones by

The data collection unit was used to CO“CN; traffic

\I
developing software that was installe %ll tl%} S e)@ participated as traffic
]

% ¥ o

probes. FL was used to formulate tN p)iNa A%n input to an output using
N

fuzzy inference processing toffia csz traffif da pm§ssing. Then, 2 available inputs

E'b 2%
(i.e. speed range and densit&lge), ‘ (1.ead@ngestion level range) and 25 fuzzy
rules were used in fux’/’% erel ce,p

real-time road stat Qrcoll ot
4; ‘v’

GSM signal cugsﬁ th€ system to stopsagtd yield incorrect results.
~N

spil@lthough the use of mobile phones for
’

angnitrol traffic congestion, failure to receive

Pilluc@im) proposed a framework called JMSA to address the dynamic vehicle

routing problem with stochastic demands that can anticipate unknown changes in
problem information. JMSA has been designed to be easily embeddable into DSS that
copes with a wide range of contexts and side constraints. The framework is composed

of two layers. namely, a problem layer, which has problem-specitic components, and a
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kernel layer, which is common to all dynamic combinatorial optimisation problems.
The kernel layer is composed of the measurement system analysis procedure, which
contains the logic of the algorithm and instantiates all other components. The problem
layer provides ready-to-use functionalities for common dynamicc) inatorial
optimisation problems. Although the system has attempted to ad the dynamic
vehicle routing problem, the system and the cost/benefits of @mse techniques

should be examined further. Moreover, the system requir inemem in real-time

LBS using new algorithms based on Al \d
]

Interest in the use of DSS to analyse systems aw % legbis increasing

because of the data requirements and t@]p

transportation problems. Santos et al. % Qe t

&Lm@r—fﬁendly web-based
o

spatial decision support system (w% to %en optthised vehicle routes for

multiple vehicle routing probler iB)

(cartography and network dala;. E’lcuns\ :
to generate routes and de@di&@ehic@ute maps. The system only requires

N
‘ Pt L )
the use of an Internet ser fhat alf6Ws yemdote access to cartography, network data
\J
and algorithms \'i% eb. 4t ,fﬂill&_ to receive GSM signal causes the system to

R
stop. \
<

The ned introduce advanced technology and equipment to solve the problem of
traffic congestion is urgent because of the increasing number of vehicles and the limited
resources available with the current infrastructure. To solve this problem, Mittal and
Singh (2013) designed an intelligent system for solving the problem of road traffic

congestion in high congestion hotspots in developing regions. The system uses CCTV
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camera feeds to obtain video, which will be used by an image processing algorithm
(image mosaicking techniques) to estimate traffic density at a hotspot. Most
conventional control systems face major problems. For example, if the position of a
vehicle does not align with the IR rays, then the response given by the IRQ‘T\VHI be
inaccurate. To solve this problem, the proposed system can use multi aferas instead
of a sensor. multiple sensors or a single camera, where the data ﬁw7arious cameras
are collected and integrated to match two images using the im saicking technique.
Although the system can be used to improve the a y ot‘{af? it faces the

. 5 = 5 . : 4 *
previously mentioned problem because of their high irfégllation ind a'ntee’&.ce COSts.

2 %
? Sl . |
S llp 11 lly countries to

<§
S appy
i

i ects online traffic
measurements with a real-time traftic &1.411 this cox@, Wismans et al. (2014)

(o

better utilise the existing road netmen

2

presented a framework for a rcam ty oc?lat can be used to deliver
predictions and is applied to % ' ‘?ity, the Netherlands. Although

current traffic. < k
\z>

in co@tumions among ships, which was implemented onboard the research and

Lazarowslsg conducted a study that aimed to design and achieve computer DSS
training ship HORYZONT II. The system uses radar to collect input data for
determining the safe trajectory of a ship through a dynamic programming algorithm.
The system aids the deck officer in selecting an anti-collision manoeuvre. It is

composed of two subsystems, namely, a system that determines safe trajectory and a
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navigational situation display system. The former is used to collect input data from the
automatic radar plotting aid system and to display the current navigational situation,
Whereas the latter is used to evaluate the performance of anti-collision calculations.
Although the system provides different methods for determining safe sh& ectory in
a collision situation, it needs further research to make it independen@ MATLAB

environment, e.g. it can be implemented in C programming lantho constitute a

stand-alone application. V

iii. Emergency Management

>dicg} facilities to support
~acilities use manually

et al. (2009) developed a

t\h‘ Fiéey for managing real-time remote

IO, “%

S on of dispersed nursing care. MIMS

adopts a web platigey @mtbrmation, nursing processes and care

information. It g 1e JE sf:tenz-p an RFID system and a wireless network

&

environmen wppon real-time chhmunication between patients and medical staff.

Mobile > use RFID readers to obtain data and integrated software to manage vital

nursing OPrations. The mobile nursing care system uses RFID technology to track the
vital signs of patients. However, RFID technology is definitely more expensive than

other systems. It also requires more parts, hardware and software. Furthermore,

architectural management increases the cost of the system.
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Rural healthcare in Nigeria faces numerous challenges. For example, healthcare
Institutions are lacking, staff members are few or have no educational background,
roads are poorly constructed and social development is minimal or even nonexistent.
To overcome these difficulties, Aworinde et al. (2014) developed an ID mims to
aid medical practitioners in rural communities in making more aedurafe decisions
rapidly and with less stress. This system can help decision—makin&_\’automating the

manual method. thereby making the process faster and more emsdic.

The efficiency of road and rail transportation systefwgface nfany $h llqhxs during
forge$ to ensure the
p%i&. In this context,

m_{Qnodal transportation

ABENE++ system and the

l?% M to enable decision support information

regarding traffic % aispt LA ma@gement at major accidents and disasters.
Nevertheless. Aslcm still rcquim@’{mhcr technical details, more realistic scenarios

N

and the d 1ent of interfaces and operational applicability in terms of technical

simulation software SUM

functions were added I%\’

12 information systems for emergency forces.
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iv. Human Navigation Systems

Several examples that can help the elderly and the visually impaired to navigate
unfamiliar indoor environments have been reported (Dharani et al., 2012 &;et al.,
2012; Liao C.F., 2012; Jain, 2014; Dong, 2014; Apostolopoulos et al.ISOl), Liao CE..

2014; Rodriguez-Sanchez, 2014; Chaccour et al., 2015). Y'

Y

TAO (2015) developed an indoor navigation system {-m c' to jielp visually
ed ti)lﬁegtﬁlly by a

Th 'stem was
\,&%3

sacl@tts in Ambherst.

1@01} and maintenance

impaired and blind people obtain navigation instructi

navigation generation algorithm using an An

‘
-
v
(@]
-

S
gg

deployed and tested at the campus of the

N

Older adults frequently cncou% blcn}:,an (‘11 ties in wayfinding outdoors and

in large indoor environm@nMyand larc\pical% ess likely to use digital services
N
compared with _\'oun‘:emlt hee ‘g' lt&41a
technologies. On t C%IS 0}1 1sn il]&uchsberger et al. (2012) presented a study
Q ) a4

that aimed to @1 older adults iIK(kfyﬁnding outdoors and indoors by developing a

—
2

e less experience with interactive

home platf ‘\m can be used for trip planning and navigation and as a mobile
nuvig@l. To achieve this project, the authors conducted surveys to identify the
requirements of users regarding travelling and navigation (e.g. end user interviews,
workshops and a survey). The results indicated that the development of a navigation aid
should use navigation and orientation strategies that are already applied to support

recognition rather than recall.
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The most common problem faced by visually impaired individuals is navigation in
indoor environments, particularly in spaces they are visiting for the first time. Although
several solutions have been proposed to deal with this challenge, they involve an
important deployment effort or use artefacts that are unnatural for blind U\R% solve
this problem, Guerrero et al. (2012) designed an indoor navigation s$lat regards

usability and suitability for deployment in several built areas as q:ﬁlt)’ requirements,

as shown in Figure 2.9, Yy

Figure 2.9: Components of the designed

Audio
(text to speec

VY.
\‘" Source: Guerrero et al. (2012)

The sT&llows anyone to calculate the velocity and direction of the movement of a
person. It can be used by visually impaired individuals to determine trajectory, locate
possible obstacles in a route and obtain navigation information. The system i1s composed
of two IR cameras, a white cane, a smartphone that delivers navigation information to

the user through voice messages and a computer that runs a software application that
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coordinates the entire system. The main disadvantage of this system is that it will fail
when a piece of furniture (e.g. a sofa) is moved because the system depends on the map
for locating possible obstacles in a route. Therefore, when an object in the environment

1s moved, the map should be refreshed. Table 2.3 presents a summary 01’*\i ing DSS

and Al used in traffic management and human navigation. *J
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2.3.3 Risk Management

In normal everyday life, each person can face a wide range of events where most
activities have a certain degree of threat that can positively or negatively 4{fc§ his/her
life. Risk management has been defined as “a formal orderly process £ scy?ematically
identifying, analysing and responding to risk events throughout thWOf a project to

obtain the optimum or acceptable degree of risk eliminationvaiggontrol” (Al-Bahar &

‘ntifyé?k events as early

as possible and to quantify their effects, WIN iclude 1 tifyi@activities. assessin

risks and monitoring and reducing thei Q s BusIess. @hm theory states that risk

(04}

management is a process that consiSNg T

(risk monitoring and corrccti%;n pla i
estimation (idcmiﬁcutim@sisgoritis@n) (Hojjati & Noudehi, 2015).

(—} .? | ;)b
4 S
A, Risk Di@ :Jg\z{

A wid g n%c‘ of perspectives and approaches have defined the term ‘risk’. Risk has

L

many neanings and interpretations, which differ from one context to another
(Moskowitz & Bunn, 1987). CIOCA (2010) defined risk as ‘the probable level of

deaths. injuries. damages produced by a certain natural phenomenon or group of

phenomena, in a certain place and time’. Al-Bahar and Crandall (1990) defined risk as
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‘the exposure to the chance of occurrences of events adversely or favourably affecting
project objectives as a consequence of uncertainty’. Liu (1998) referred to risk as ‘the
volatility of the outcome’, which can be measured by ‘the deviation from expected
values’. Risk can also be defined as the intentional interaction wit\&“’tainty.
Uncertainty is a potential, unpredictable and uncontrollable o@ risk 1s a
consequence of action taken in spite of uncertainty (Antunes & Walez, 2015). To

date, however, no consensus about an exclusive definition of Minty and risk exists.

B.  Risk versus Uncertainty \Y'
.é\ |5
’ b &

Risk management is important in the develophgny'of dﬂy ject@ﬁch involves the

3

use of basic concepts, such as ‘risk’ an

d'@mgmsh between risk and

LV

uncertainty was made by Knight (7 ep n be differentiated based on

their quantifiability, where 11%( d(}f ‘glidgmab]e and quantifiable possible
events or factors, w hum&gtam‘},

—

frequently confused with each other. stﬁ m}

'S o (\{nown and unforeseeable events or

Y

factors (Schwarz & Nlb }' 'llbg(ctore, the two concepts should be
differentiated. ms ae g ay&nu\pected and/or unquantifiable, whereas
risks are possi 1c1ult1t\f and w@i Many sources of uncertainty and risk, such as

project my '\cm skills and experience, environment, technology. complexity,
contragg and®weather, have been cited in the literature and are frequently considered

critical risk factors for any project life cycle.
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C. Environmental Risk Assessment

ERA generally focuses on environmental changes that result from human activities,

O

including impacts on biophysical environments, biodiversity and otherixzes. The

applications of technology, such as nuclear bombs and landmines, ently result in

J

unavoidable and unexpected environmental impacts. The environmdtal impact of war

Y

and its costs to human life and society are significant. Scorcl?umh methods during

or after wars have been used for a considerable part of; rdld 1 'Jorv With modemn
]

technology, however, war can cause greater devastatiogegg the epvirofu e:\ XOs can

it da11vws (% \3-

render land unusable or make access acro

w
2]

X

£
o S

e 4 &
During the 1970s, risk analysis hy ‘x\m 1¢ Qf th& st significant subjects and a

(
major stimulus of research U\%witz é}% kz ). Cooper and Chapman (1987)
N @

noted that many approa&\w’ l)em sed & deal with the problems created by

D.  Artificial Intelligence Techniqueg for ,;Qn\ al_ﬁg( Assessment

Several tcchniqu% to R }risk Talysis were classified by Kangari and Riggs
(1989) undcr&ﬁcgorics: subjesf¥e models (i.e. fuzzy set methods) and classical

models

] abilistic methods).

The subsequent sections outline major Al techniques that use risk assessment and then
provide specific examples. This study focuses on the first category (i.e. subjective

models). in which the most common techniques are FL and ANNs techniques.
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i. Artificial Neural Networks

ANNSs are considered one of the new Al methods used in risk analysis. ANNs consists

of a set of one or more neurons, which are the basic processing element ferent
N

sections of layers, typically the middle layers, are called hidden 1g¥¥S) A neuron

consists of multiple inputs and a single output. Each input is mogh by a weight,

which is multiplied with the input value. A neural network h bnificant features,

which can be utilised to develop predictive models in envi zntal risk applications.

3

E

 J
q N
ANNSs are characterised by several advantages t nake it §n gkce k%"}_h technique.
V

pectiv hereby making

: F@ﬁem}ore, the entire

~Nevertheless, one of the

ANNs learns by experience by defining inputs%ztp

(7}
major criticisms of ANNs are theix& blachpoxes. 1&3{0\7@_ ANNSs are limited by

overfitting and constrained ghen\gmall gpts @F datpre used for training during the
o

learning process. &\ D

ii. Fuzzy Logi

b 4
Vv
9
The first att\? to introduce the logic of fuzzy sets was made in 1965 by Dr. Lotfi

Zadal (1 ). Since then, the logic of fuzzy sets has been used in many applications.

5

This technique is characterised by providing a mechanism for approximation using
graded statements instead of strictly Boolean ones. FL can be used to solve complex
problems, in which no simple mathematical solution exists to accommodate the

problem.
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Probability models play a key role in risk quantification and assessment; consequently,
they have become the main base for informed decision-making related to risk in many
areas. Risk assessment is a complex process that requires considerige diverse

parameters, which are frequently difficult to quantify. C\

FL has been successfully adopted in many applications t@ss complex risk

assessment processes. The subsequent section presen s¥zl studies that were

conducted to support risk assessment in emergency o Ons.

E.  Use of Artificial Intelligence in Envirole 'N\ é@lt
S 19
S

gi;‘c increasingly being

Risk assessment and Al approaches foi‘ en

have a wide range of

@ , landslides, tsunamis, air

used at all policy and regulation ley

applications, including dctcclin@’mi
pollution. water pollution ;m(% drow.a L dy "pri.v

2
&

e
Deepa et al. (2012) dgs a%o, 1Jbzl:£® on swarm intelligence (SI) for defusing
&

bombs in army f1gSNThe £ .fullc ETECTOR, uses a technique that involves

Y

: N d
acoustic dete nd a metal detew@r and is deactivated through its intelligence. The

S1 uppma\%rcl;m'\'cl_\' new paradigm that aims to improve control of large numbers
of in@g entities and the management of satellite constellations and computer and
sensor network communications, which can be classified into positive feedback,
negative feedback and random. Although the proposed robot is effective in increasing
safety in demining, its high cost and sophisticated technology require highly trained

experts to operate it.
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Achkar and Owayjan (2012) developed an autonomous robot system for landmine
localisation using ANNs and digital image processing; this robot can identify and

classify an object. e.g. a landmine, particularly an AT mine, a cluster bomb or an UXO.

A landmine-detecting robot uses different sensing techniques, \ua\i 1mage
processing, recognition and classification techniques, in which a cuscraas used to
capture real-time images of the scanned area and signal processing T‘hincs whether

Nural network for

its tapabilit_\f to learn

a mine exists. Then. the processed images are inputted in

classification. One of the main advantages of a neural netw
from experience. Consequently, the system is trained t
objects (i.e. landmines). The system suffers from sev
the output at the neuron is always calculated W

inputs. In addition, changes in brightncs@ consi
representation of a certain colour, thcré%.\sa o

classify an object.

Hasanzadeh and Li (201 rent (ArSport systems that aim to learn and
Y
predict the behaviour g ¢ svi&lne&kun be useful for predicting the actions

: T&n‘oposcd approach for this purpose consists
of three majorgli€ses: learning, mm\iQMHg and predicting. An ANNSs are used for the
learning Sﬂu\LNcn. the output of the learning phase (i.e. the learned parameters) is
utilisek to ¥merate a fuzzy model for the behaviour of the driver. The output of the
modelling phase can be used as the basis for the predicting phase.

Rafican and Aliei (2013) developed a fuzzy model, called adaptive neuro-FIS (ANFIS),
and a multilayer perceptron (MLP) to predict variations in sea levels for the next month

in a case study. Statistical analysis was conducted by the researcher to select the most
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appropriate predictors as prediction model iputs and to explore the relationship
between predictors and sea level rise. Although both models have performed efficiently
in predicting sea level and its changing patterns, the ANFIS model requires more

parameters for estimation and is more complicated than the MLP mm&i!

using MLP to predict sea level for the next month is better. 5
Singh and Banga (2013) proposed a vehicle driver drowsiness \" Mg system based on

facial image analysis to warn drivers of drowsiness or i1 101] and thus, prevent

gN‘t Q\Yi'etcnmm
| O

wawas the driver
o

VSO thy Tstun The first
stage is pre-processing, which includes iNg eye de @i normalisation. The

& c,on é 1
]
adaptive lighting filtering. The tl\ age_g tes RCLOS from eye closure

\
information. The system wa ted a

L()liil !1 n outdoor database. and several

than h of driving. Although the results
A

'Ctltl\'cg.vh increasing safety during driving, the
'

traffic accidents. The system uses a neural netwogk 1
fatigue level by measuring eye opening and c I

accordingly. The researchers followed three aagg¥ t

second stage performs pupil position

7}

1

experiments were condu &\unn*
indicated that the pch 4s

system cannot de t&(xhd g of;

111$va 1en the driver is drunk.

X
>
\‘°

Vedadi et a .\l 3) presented an ANNs model for ranking the risks of a project in the
Natiggal nian Oil Products Distribution Company. A total of 3 layers were used to
obtain a network that is capable of demonstrating connections among the inputs, which
are 16 neurons in 1 hidden layer, 42 neurons in the input layer and 5 neurons in the

output layer. Although the model provides a complete list of the risks that may affect

the project. it does not support decision-making under uncertainty.
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Umoh and Nyoho (2015) presented a new FL model to address the vagueness.
incompleteness and uncertainty of information used in predicting pregnancy risks. The
model was developed based on expert knowledge, medical diagnoses and clinical
observations. The studies and observed results were computed fron%N egnant
patients who participated in the survey. The model can be used as fkgnanc_\' risk
factor by researchers, physicians and other healthcare prnctitiwzn obstetrics to
provide a decision support platform. Furthermore, women sthbc educated about

pregnancy risk factors and encouraged to start antenatal g earlylyn pygbnancy. The
L ]

FL model uses 3 input variables: existing health con@;oudi 101 ( "r@ncy and
lifestyle factors. By contrast, 3 output pal-amctcrv (iw.& - noo‘sxzc and high

N
3 ipe values. The FIS

1

pregnancy risks) are determined using 27 rulegacwding

1erent in healthcare

£0

5t

ood performance, the

more efficient human

diagnoses and monitoring results. ¢ 1e proposed system can also be
improved in the future by hlil ith pggcle swarm optimisation tools.

q .

Nawrocki and K¢
operational TRk Tessment fuzzy del using fuzzy methodology with financial
indicato, ¢ authors used a resource approach and considered human, material and
financia ources when establishing the basic assumptions of the model. The model
depends on operational risks in the surroundings and considers relational and

organisational resources. The model for operational risk assessment is characterised by

certain advantages, such as combining analytic and synthetic operational risk
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assessments, using assessment process data and providing reliability and flexibility

Simultaneously given the use of quantitative and qualitative data.

Bibi et al. (2016) presented a paper that discussed the effectiveness of th mloach
for landslide susceptibility mapping in Mansehra District, Paklstalil'e)uzzv MFs
Were assessed for each class. The factor maps were modified for 1anmsuqceptibility.
The results indicated that 17% of the study area is classmcd 11<’ susceptibility,
52% under moderate susceptibility and 51% under low bi tl s, the fuzzy

model can be effectively integrated with various sffwgal datq for ardﬁ hazard

Mapping
o V

Bertuccio and Moraleda (2012) plcsum n{ u&@gy for evaluating

Uncertainty in risk assessment bdsud on awess tl A s LOI’I osion in natural gas
Pipelines. The proposed methodolgey Wens
Variables of pipelines and allc qti

that change the values of' t Nrial‘lcs 1) the 1} result.
NN S
.55
Das and Dutta (2 ()% DgtMl 3) i@mtigatcd several fuzzy models to represent

Cpistemic- lvp ‘tainty and to at&&mpt fusing with triangular fuzzy numbers. They

also umdq%\ assessment under a fuzzy environment. These studies have been

applm@th risk assessment. The risk assessment model aims to assess the lifetime

ne l al mechanical and design

daily dose of exposure as provided by the Environmental Protection Agency via the
Cconsumption of contaminated drinking water. The FL model uses the following
Parameters as input variables: IR 1s the intake of water (L/day), EF is the exposure

frequency (days/year), ED is the exposure duration (years), BW is the body weight (kg).
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AT is the average time (days) and CDI is the concentration of 1.1,2-trichloroethene in
water (mg/L). The model was tested according to two scenarios. In Scenario 1. the
uncertainty involved in the output risk was 0.0045. In Scenario 2, the output risk was

obtained in the form of a fuzzy number of approximately 1.102¢-02,

N g from
0.597¢-02 to 1.762e-02. Consequently, the uncertainty involved in %L;pul risk 1s
0.0054. z

Narasimhan and Malathi (2014) proposed a new m fo riwmcmion of

. . .'

h diabptes eilng’&.r have a
{ S odf\l;‘?e age, body

n&lé}on. whereas the

outputs are predicted as low, intermediatg 1gh: JOD "DQZZ)’ rules were used

A

i-type FIS. Then, 1t was

coronary artery heart disease (CAHD) among females

(¢]

mass index. diastolic blood pressure and plgsi 08¢ COC

4,

implemented through MATLAB wQi2 ‘ sh&d that the model is accurate

. T’,L oS N é
(
for classifying CAHD risks. % :bl‘ Q,Q
N
ve

g : . ;
Hptd pzzblggrcgutmn modelling approach for the
Q- &
cumulative risk % entd Ll (o Juagdh based on multiple air pollution factors and

N ;
cvaluation Qe 1IN a GlS—base&&hn‘ quality management system. The ordered—

Wang and Chen (20

weight @cl (OWP) approach was used to identify the relative importance of each
pollutl ctor. Meanwhile, fuzzy MFs were used to quantify these uncertainties and
complexities. The researchers described the steps necessary to implement the model,
including the definition of input and output variables, the construction of fuzzy rules
and fuzzy sets, the construction of fuzzy MFs, the calculation of the relative importance

of each air pollution factor, the construction of fuzzy aggregation-OWP modelling and
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the assessment of the air pollution cumulative risk. This model was tested in case studies

conducted in California. Reasonable results, which are useful for the decision-making

As

Yan et al. (2010) presented a new model, called neuro-FIS, which is&(o classify the

process of the California air quality management, were generated.

water quality status of rivers by applying several physical gnd rganic chemical

indicators. such as ammonia nitrogen, chemical oxygen dg nmd dissolved oxygen.
The performance of the model was then compar h nhe\ﬁeight models
T Y
constructed with different MFs and trained using A metljods. v’eﬁ% sample
points of various rivers were verified. The perfor ¢ ofNghie / mdd.&' is better than

that of the ANNs model and it can generate '%M Lt}:{ous form, thereby

making water quality assessment morec‘ mpreh

Tayal and Prema (2014a, 2014bYﬁ
of tsunamis based on certaihors
Fuzzy Logic Toolbox 1\5
index, earthquake %)uc
characteristics w;mis;

used were £&\c d from \\'cll-kmﬁ organisations, such as the UNESCO International

Tsune ormation Centre, the NOAA Pacific Tsunami Warning Centre and the
Japan corological Agency. The system generates three types of alerts: rare tsunami

alert. in which a tsunami will not occur; advisory tsunami alert, in which a tsunami may

occur and major tsunami warning, in which a tsunami will definitely occur.
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To avoid road accidents, Lin et al. (2012) proposed a generalised EEG-based fuzzy
System to predict the drowsiness of drivers. They discussed the reasons that lead to

drowsiness, the sensors used and their advantages and limitations. Two drowsiness

Prediction models were investigated in this study to analyse syst fommnc,e
During the development process, the system faced difficulties. su tife interference

Of complicated noise in a realistic and dynamic driving environnﬁﬂ and the lack of a

Significant index for detecting the drowsy state of drivers ir 1me. Four models for
drowsiness prediction, namely, SVR, MLPNN, RBFN N vaere adopted in
this study. The structure of the models was describefagor eachfpre trl

Aras et al. (2014) proposed a new model ca L no\

Considered the human factor. In this m%ﬁ L ¢

Method for risk assessment. The Ld@/ prograt wa‘%dopu,d to develop the risk
M

assessment interface, which was dcWene ife @t combinations and options to

f
—

I P
Provide an opportunity for ($ 21‘1' r a wide range of consequences.

The model is LOITlpOS \o 1|1ain sse \@lt units, namely, hazard and human
sl )
Factors. Each unit in S lhl efn §as own in Figure 2.10.

%
ISt \$ of FL Risk Assessment

l(’lll(.‘
é" g

NP e e
y
: v
e HRN F*»‘ x )
jl = \,
([ FAD Y ES ‘ v
— ///XX — C H1 J——»[ x J—> THRN
R \\ 11 J-— Fuzzy Block |
'\ ‘

Source: Aras et al. (2014)
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Khazaeni et al. (2012) presented a study that aimed to develop a fuzzy adaptive
decision-making model for selecting balanced risk allocation based on the concept of
competence-tendency trade-off using FL. This model transforms linguistic principles
and experiential expert knowledge into a more usable and systematic qua\igi:e—based
analysis by integrating the adaptive capabilities of the FL qualitatiy (?mch and the
analytic hierarchy process to evaluate the allocation of project riskWidentify the best

party to bear each risk. To develop this model, the authors ed several steps: (1)

1dentification and classification of criteria, (2) conversj Ing, istic erms into MFs

(this operation is called fuzzification), (3) eval

jon of fallo tioﬁd,ggl'teria. 4)
S

fuzzy value.

Occupational safety is important for D 19@\ ang hnm@ial reasons. This situation
é u

has motivated researchers to study ™ tigl

Consideration of diverse par;%‘;lh a¥e {1

at
s
Of authors who has conty M

random access mcm@l? /M1
Safety climate (@( s;?'c y

Support con; 0N companies i@‘fcrforming their responsibilities. Academic and
cmpiricz@cdgc regarding safety risks in the construction industry were used to

dcsi@l(:\?ﬂ model. This model is based on four dimensions: SBs, SC, possibility
f

,
)
/9

w
o
Q
=
=

s
=
o
-
o
5
&l
-
o

R
c
£
-
a
w
~—
=
o

actors and severity factors. The QRAM model provided results, which indicated that
Nine gecident modes are responsible for 98% of occupational accidents that occur in the
Congtruction industry. Furthermore, the model highlights risk factors that contribute the

Most o the risk level.
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Alshbatat (2013) designed and developed an intelligent controller, which can be used
to control and enable a robot in detecting landmines. This intelligent controller uses
sensors, including an IR distance sensor, a metal detector, an ultrasonic range finder
and an accelerometer sensor, to guide soldiers when passing landmines, NY_.;em is
capable of planning the path of soldiers across known landmines ar (:\211 the local
path for real-time obstacle avoidance. The system is composed of tNO parts: hardware

and software. The most important part is software, where the }ved fuzzy controller

based on mine detection and sensor data is implemente 1tel 'Ljem ontroller was

designed based on creating fuzzy rules that refle

e bellavio "of{%&:iiers n

the structure

to generate a weighting factor (w) that I?JSC
) s s
- ropél fuzzy controller

B e d : Fuzzy # 4 Ly

Source: Alshbatat (2013)
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Li et al. (2010) developed a new fuzzy human error risk assessment methodology that
aimed to determine human error risk importance. The modelling technique was
designed according to the concept of FL in the form of IF-THEN rules, which provide
a convenient method for representing the relationships between the in&d- outputs
of a risk assessment system. The model was tested using the MATb&toolbox based
on Mamdani techniques, and the results showed that the method 1%more realistic than
traditional methods. The fuzzy risk assessment model of 1UIV1TOI‘ has three stages:
(1) the preliminary phase, (2) the measurement phase sk 11 di@man error and

(3) the fuzzy inference phase. Although the fuzzy ris

L ]
sessmaht m d'l f@&-man error

—

has been successfully tested. it still has limitati

@ : the{‘)gerval of input
¢ =
and output variables leads to a set of discr N Morkoygt. exposts who are familiar

with the underlying problems can v alidate th d 1 S-'\
n ‘-')

Cherian et al. (2010) proposed anglg gc S nt es the fuzzy type of reasoning
I
to predict tsunamis on areal %d\l% & programming interface was used
to implement the syster h( uz@mllc@cmnposed of the fuzzifier, where real
\ fue! &al
word inputs are cony to fralu ftw 0 and 1, and the fuzzy interface engine,
which consists % AF st 1 u&]d output variables, as shown in Figure 2.12.
\» : :
The FIS out U 1e alert level, w h{'@ is divided into rare, average, probable and certain

rangey

%u for the system were framed by experts. Smartphones can be used as

better and warning systems than complex hardwires. They can reduce complexity

and enhance case of operation, thereby improving the system.
[e
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Figure 2.12: Block diagram of the proposed system

Earthquake mtensity

Fuzzv controller

—

sunar

AL B e
| 1 ave cht
Submarmne Pressure Wave height 1

Sensor |

-—_

Sharma and Banga (2010a, 2010b) discussed wYﬂg:r ifidl ec@methods for

detecting driver’s drowsiness based on f Nnaoe sis ‘é\warn M eratof

._@s used to determine

faticue level via an image ploussm ) nique. 1! waﬁ%h y given to the driver is

based on the measurement 01 bling lin§ g frequency. The system uses
i fe QW’Q
- AN

drowsiness or inattention, and thus, plwult ffigacc

piezo-film movement \LIISOI iy at at, seat belt and steering wheel.

The system faces ploblo&\ t“! dit UIty nerctecting the eyes of drivers who are
wearing spcctaclu a \la ?yu(]) it after sunset, which can cause problems

$
in reading the 11 ’ ?

*()()9 signe d dLl for evaluating the risk of water main failure

Fares and 7\

mhal fuzzy ES. A total of 16 deterioration factors that represent the

V-

using

proba of failure and the negative consequenc s of failure are categorised into 4

main risk-of-failure factors. The hierarchal fuzzy ES was used to build the model, which

considered the uncertainty of water main attributes. . In the future, GIS can be

incorporated to ensure a more efficient use of resources allocated for the rehabilitation
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of the water main network. Table 2.4 provides a list of previous works on ERA using

individual intelligence techniques with their advantages and disadvantages.
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2.4 Summary

Several challenges hinder the efficiency of tracking and ERA systems; these systems
are necessary to ensure safety during accidents and disasters. From the %Esis of the
previous literature review, the majority of tracking and ERA SyStCI& ua individual

intelligence techniques, and the most common technique used 1s FY‘

N

1 ;ivi‘lual Al techniques,

ystpms gh ﬁ‘s@he fuzzy

From the results of the comparison study conducted amo
as listed in Table (2.2). and the previous literature [eW,

e e 1111 Sty knowlellgef in simple and
approach are capable of representing impreci ‘?1 g Y' I

understandable manner for users and specialj ’VC\IYI, se s;éex.s face problems
when defining MF parameters, givent hat1 tematic ced@can be used to define

such parameters. Thus, these sy

nD cax%d?us@ a new environment;

consequently, MF parameters muh T wicd fg&f‘{expelt knowledge regarding
lac He

the modelled system. Fuzz) >;% alsa

@ablllty to learn. Systems that use

4 &

ANNs cannot L\plllﬂ p\ that to sion-making. Moreover, ANNs are
& | .

ambiguous to the u@au cdhg ng t explain how learning from input data

o
was pcrfonnud ¥ g f é

5
~

Althou mus systems use different individual intelligence techniques, they still
exl ¥ itations. To address these limitations, intelligence techniques should be

combined to improve the performance and operational effectiveness of tracking and

ERA systems. The development ofa comprehensive tracking and risk assessment model

is recommended. This model should be sufficiently explicit by providing the capability

to predict and support decision-making. In many real-world applications, knowledge
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from various sources should be acquired and different intelligence technologies that are

capable of reasoning and learning in an uncertain and imprecise environment should be

\Y"

A more powerful and effective ES can be established and thc‘*omlance and

combined.

operational effectiveness of tracking and ERA systems can be in%Zed by combining

the advantages of intelligence techniques, which suppogt tWeviously mentioned

problem statement. \d
s

é\ 1S
b 4 \JY'
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