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CHAPTER VIII

DISCUSSION AND CONCLUSION \Y'

This chapter summarises the work conducted in this geseaRh 1(1\¢1®%'summary
“ 1& O

of the contributions and limitations of the architect nd rge ;ﬁd\?ﬂons for future

research. This chapter also examines the reSW%hzl:jeg‘nNnd @;‘Ch questions to

&
determine whether they have been met;& 1]y,\T &ko
N
< S
&
8.2 Discussion \ ¥ é
c,} v} N
s 4

In daily life, every indKl canl ‘é‘ nge of events, where most of the

activities have a ccrtucl ROTCQ 01'
Landmine accidmi%m}n‘ as ?t

humans. Thuﬁ. racking and E@S.ystems must have a high degree of reliability

and cfﬁcicnc?' d should anticipate the needs of a user.

Firstly, we discussed the concepts of Al technology, including FL, ANNs, GA and ES.

8.1 Introduction

§ tlg&;an positively or negatively affect lives.

y landmines are one of the greatest risks to

We found that ES offers the advantage of making rational decisions and increasing the
e

ertise of staff. It can also be used as a training aid to increase the expertise of staff.
expertis S
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However. this approach suffers from its incapability to cover a wide range of

knowledge.

By contrast, the fuzzy approach has the capability to represent imprecis@edge in
a simple and understandable manner for both users and specialist_‘&%;mmre, it is
suitable for uncertain or approximate reasoning, particularly ?. system whose
mathematical model is difficult to derive. However, FL faces a}\glem in defining the

MF parameters given that no systematic procedure 1i lable to define these

parameters. Therefore, the parameters must be predeteri®ned by, a®0wledge
lack’th c abllQ-}to learn and

Ty c&plam how they

S

A
N
0 ‘-o
GA is generally accepted as the bef ton for n;:,A‘%nety of complex problems.

It is also used as a problem- Zmech‘msx} nerates multiple results that are

the most appropriate. HKM G S Qdent sized population and numerous

S PROCESS
generations. Thudo S Pjog

considerably com )ble] wih
A
time to obtamA >sults. N

<

about the modelled system. In addition, fuzzy syst

cannot adjust themselves to a new cnvnonm@\:

arrive at a particular solution.

U

lag}xtxemely slow when it is solving a
]&’numbel of parameters and it may take long

m@hu capability to implicitly detect complex nonlinear relationships between

dependent and independent variables. It also has the capability to learn from input—

tput pairs and to adapt to such pairs in an interactive manner. However, ANNs adopt
ou S @

black box learning approach. It cannot interpret the relationship between input and
a A £
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output and cannot deal with uncertainties. Moreover, it cannot extrapolate the results.

ANNG s also have no capability to extract knowledge (weights in ANNs).

The analysis of the previous literature shows that many framework&ﬂe been
N
developed for tracking and ERA. However, most of these system % focused on
using a single Al technique, whereas others have been designed \w using Al tools,
which affects the effectiveness and efficiency of these frai rks. Furthermore,

several frameworks are more complicated their portable Kpa'ts due to the use of

complex hardware. Some previous frameworks lack the Owpab 1ty\fo4am€.ud cannot

N
adjust to a new environment. 5 ke
¥
To improve the effectiveness and efﬁc@f trachisadin @RA Lo i
overcome the limitations of using indQy | inte
(]
Seg, b

Quques in these systems, a
“ %— 4 .
new hybrid architecture was pm& 0% y tmg% ‘ee types of Al technique
\

(ANNSs FL and GA) into ty m%els, n'me S IN M and the safe path selection
) ‘gr f SR
model. The proposed hybr comep‘ (Hitec ﬁ& is described in detail in Chapter V.

NFRAM is based (@

=9

ar %&Ns. This model consists of 3 input variables:

o nal strength, gsWOn and lahdming1 tensity. A total of 20 rules were designed based
S1g1 S 5 \C°

Wyc of domain experts. These rules were used to determine the output

on the kno

ar e (risk) according to the 3 input values. For MF evaluation, the researcher
pat =

dopted the triangular membership function method. A neural network was used to fine-
adoptc g

tune the knowledge base and MFs of a fuzzy controller whilst keeping the semantics of
un E

FIS intact by using the BP algorithm.
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To validate NFRAM, the BP algorithm was used to train the model in 4D input—output
space. NFRAM was trained using the same training dataset used for FIS (Mamdani and

Sugeno models). The output result was compared with NFRAM. Each training pattern

was determined by 4 variables: 3 inputs (signal strength, locatloii\glandmme

intensity) and 1 output (r1sk). &

The comparison of the results of NFRAM with those of amdani and Sugeno

models is presented in Chapter VII, Table 7.1. Thy 1 SL@eS the results

L
achieved by the three models over the same dataset.fgme terfns u ei il@i table for

the input parameters are as follows: signal streng

iti% d Lagl'nme intensity

(Klm?). The comparison shows that NFR Vldvf er 1 ts than the other

models. The results derived by NFRAM\&C 1at

1e
among the Mamdani model, Sugeno mc¢ likﬁm oximately 0% = 10.8%.
RN A
; ma J

e ratio of difference

The role of DSS is to assistd kegf's 11 1p 1 stlategc decisions by presenting

formation and inter })m&; to@@ ah&@nves We have implemented a model
in

alled the safe path %\on nfd ! Lfs!)lg GA. The model aims to aid users in
c

/

lecting a safe thatghg/ '11®low to get out of landmine-affected areas
se c Y-

.thout ng ynt. The model p&h ides directions from the current location of the
wi

= u, mined area by updating the location of the user and generating a new
use

directi ce the previous one has been completed.
To efficiently evaluate the safe path selection model, we introduced two pruning
o€ )

|gorithms, i.e. Dijkstra’s algorithm and the Floyd—Warshall algorithm. We
alg T DAY g

mplemented these algorithms and compared their results with those of the proposed
i
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model. From the simulation, each algorithm was determined to have particular features
that eventually lead to differences in their properties and performance. A slight

difference was observed among the results, where Dijkstra’s algorithm = 150 ps, the

Floyd—Warshall algorithm = 184 us and GA (Safe Path Selection Mo%z(s s.

Despite its advantages, the ERAA architecture has limitati01¥~o1 example, the

architecture exhibits strong dependence on GPS services af coverage. Hence,
failure to receive GSM/GPRS signal stops the architegl or@w accuracy of
L ]

the architecture 1s affected by the accuracy of GPS, wih

) 1S opgrate ix’tK SA, where

15 % al‘QLly;ecture will be
X
adversely affected by this service. A Iesotwmsn’ain

achieved because of limitations on the lems a ail

the accuracy of GPS occasionally reaches up t

a 1MWt on what can be

0 .%Q:ve it. In this context,
&

the architecture faces a problem that is Smted b the&_ of equipment for mining

surveying and the lack of availa \wmr out @as affected by landmines.

<—>\.-,J.-'%

Table 8.1 presents a cq %on Hetwdpn E@\ and previous ERA frameworks in
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8.3 Meeting the Research Objectives

The research objectives mentioned in Chapter I are revisited and discussegas follows,

along with the extent to which these objectives have been fulfilled. \

A To design and develop an optimised environmental riskgasse®sment architecture

for landmine tracking and decision-making using R’L A dGA

This objective was achieved in Chapters II, IV and V: Schigv&(higghiective, many
| Ld
activities were conducted and discussed 1n this thesis) , >
i : P g X
geveral intelligent technologies and approaches, WMm Pr.G Q?hd N

presented (Section 2.3). The advantages cl\usa é:Ch R

le 2.2. \

O

summarised 1n Tab
"} &

SexeralTDom SStety SUCI’Y\'CO*CS?I pl‘@lems, demining, emergency

e

' S
management (disasters, healthcar ins% o

&ng uman navigation, along with their
limitations, were summ&m Ts@ &
\ ¢ i (3
Q? F O
N3
In Chapter Il w-cs nfe cralppproaches to perform risk analysis. These
n ,
V = . . 5
yroaches 4gre ‘lassified into T& categories: subjective models (i.e. fuzzy set
appr s \
tho ﬁ classical models (i.e. probabilistic methods). Several past studies that
me S
ddressfisk analysis were also presented. The limitations of each technique were
a SS : \
highlighted. A list of previous works on ERA using individual intelligent techniques,
highlig : S

ith their advantages and disadvantages, was presented in Table 2.4.
wi g
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In this study. too much emphasis was placed on overcoming the main drawback of using
individual intelligence techniques in systems for assessing and tracking environmental
risks, as well as on improving effectiveness and efficiency. Thus, a new hybrid
architecture was proposed by integrating three Al techniques (ANNSs, F ) into two
models (NFRAM and the safe path selection model). The propose@d conceptual

architecture that was used to achieve the objective of this study wmlly described in
Chapter V. \'
1 rM’ \Y'

B. To implement the proposed architecture in a nggbile’er
é N
L 4
Ry

This objective was achieved in Chapter VI. Thqpr Otyﬂe he F%Xapplication i
‘? &
developed in Chapter V1. The approach N design de@opment of the ERAA

application follows three steps: : , " Q‘?\

i ERAA development plzm S
11. ERAA user iIlICI‘f“%‘z'gn .., “l 0,
v’ &
iil. ERAA install M l \ QO

The development of, NR Ay

Q,

adopted to dcvcl@f]{ﬁ apid:
: 4 \,Y'

)

N

C T@mlc the performance of the proposed architecture and prototype

This objective was achieved in Chapter VII. In the evaluation stage, two evaluation

methods were used: an analytical method and an experimental method. The analytical

method was used to validate the neuro-fuzzy architecture for landmine tracking and risk

assessment, whereas the experimental method was used to evaluate the ERAA
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prototype. The prototype was examined using a heuristic evaluation strategy to

determine whether it is suitable for assisting users avoid the risk of landmines.

8.4 Research Limitations \i

The limitations can be summarised according to geographical, fir ikt s

issues as follows. \'

A The application has been tested using a local ser th (,nly test data due to

the lack of equipment for mining surveying and the lgck ab\lgﬂ,l@i e
| &
areas affected by landmines. Thus, this app needs@%est@ sigh reapdata.
V N
B Several studies have asserted that dev@lopi mﬁb\ppli B e

&

ser(dye to the limitations of

complicated than developing pages for a dafd web

i e R e e rcstrictig% th %reen space and internal
mobile devices, such b p

L]
memory. &
C In terms of size, Lil‘a I:lKS 4th ;l-lfgl C@%‘ies in Africa and 17th among

4 &
countries in the woﬂd&a:t i \egnno‘éd fully covered by communication

networks. Consequeng VNJC naio? of “&."gl}' e

wireless network %g& Tie
f v/t

' A  uSer: therefore, fg ﬂu: e to receive signal causes the system to stop.
location of g uSer; there
the &

e

[T]

A 1cation relies entirely on signal strength and

D A application was developed using Java language. Thus, this

The
ppli@m be run only on mobile phones that support the Android platform.
a T b
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8.5 Contributions of the Study

This study intends to propose solutions that contribute generally to improving the
quality of ERA systems and enhancing the performance of these systei 1e Speciﬁc

contributions of this study can be categorised into theoretical, fun nd practical.

8.5.1 Practical Contributions ‘

A Environmental Risk Assessment Ar chltecture \d
o ]
N3
O
F
Risk prediction is considered one of the uu ané Xtk management

framework. Reliance on individual qua@ techn é{A such as FL and

neural network. leads to the lack of cdgallity to Py ?j @Ccurate estimate of risk

o )
events. Thus, the adoption of m al intelige t'&ﬁlogy creates more need to
establish more hybrid mtclt ?ystcn’: @bmes at least two intelligent
technologies, to achieve tl 1 5cd@"ERA systems. A hybrid intelligent

is a combinatic o& oth techi™fues from Al
system \ : | &S
’
g AP §
This study pms%RA hlgh k}mndes the possibility of combining three well-

known tec Ns namely, ANNs, FL and GAs in one coherent environment. The

10})@ itecture is implemented in the form of two models (NFRAM and the safe

path selection model).
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i. Neuro-Fuzzy Risk Assessment Model

This model was developed through several stages. In the first stage, the Sugeno fuzzy
method was developed using the primary FIS. In the second stage, a ne $01-k was
used to fine-tune the knowledge base and MFs of a fuzzy controlles %t keeping the
semantics of FIS intact using the BP algorithm. The appm was designed,
implemented and successfully evaluated on a benchmalvﬂaset, which showed
improved accuracy in risk classification compared wi ne fu@de]s_ The level
of risks was classified as points between 0 and 100, wiwgh indigated 1? li@x-ofdanger

% F@\/I was trained
o devton
using the BP algorithm in the last stage. wtho logy us or developing the

that the user is facing near areas affected by lar

&
model was presented in Chapters 11 andm \?

L}
ii. Safe Path Selection Mod.ii\ ,Aj $

A good decision during &x_nc kitopons cial given that an early and accurate

decision can reduce%\os
S h% POTRIRS }mon& of the hybrid architecture. It was developed
| b 4

N
of ’e('fgﬁ/es. The safe path selection model is

with GA tha A be used to supp@’decision—making. The objective of this model is

to assis .%l making decisions during emergency situations (inside mined areas). It
O asSIs ST &

ovi ers with tips on how to spot minefields and how to avoid them if he/she
pr §

ters a minefield. It also provides directions (safe roads) to the user from his/her
enters '

urrent location to outside the mined area by updating the location of the user and
C C

enerating a new direction once the previous one has been completed.
g



220

In this context, GA was used to encode a path in a graph into a chromosome. The

methodology used to develop the safe path selection model was identified as presented

in Chapters 11l and V.
iii. Prototype of the ERAA System A

The prototype of the ERAA application was successfully e\Wd The Java language

Vllt& ogjle Maps
Y-

was used to create all the components of the ERAA catipr ] 1crosoft SQL
Server 2008 database was used for database hosting sewf

embedded. Y. V\J
N >

-
/7}

8.5.2 Theoretical and Functional Ccmx

0 U &
A Different Al tools are in e ijng " FL, GA and ANNs. The
] N
echnigyte . mmarised.

advantages and disad\'amuge of gbl

B. Existing DSS dﬂw‘]twi] .
&
'S

ing and environmental DSS are also

presented. £

C Different s on y es nt and risk analysis are presented. Previous
tudies that a d <st1xl\ analysis 1 0 reviewed. The advantages and disadvantages

studies

of each tuh\? are summaxmd
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8.6 Future Works

Future extensions can be summarised in the following points.

A. This study focused on Libyan citizens to help them avoid the ri%ﬁandmines.

To receive more benefits from this study, it can be expanded to ingludglall countries

affected by landmines. A

B. Although the ERAA application was applied to the Mms of humanitarian
demining, it has wider potential and can be applied to : ;risif situations, such as
estimating risk-associated areas contaminated by nyclear¥ad tM&({vc areas of
uch.as ogds a —\andslides.
@é &

le g@‘fes that use 10S
&
@)

communicable diseases and areas of natural disas

C. A new version of the ERAA appligatiq fcu"

S e

o
- &
8.7 Conclusion A%

$
'S

This study has looked intot{ 1ening tracking and environmental
risk systems that depengomwadiw ce technologies. It intends to overcome
the limitations of _pq]:tahni : enhance the performance of such systems

by combining t wll-kno -éliabfry engineering techniques: neural networks, FL

and GAS. E\

N

This research has produced and proposed ERAA that consists of two main models

(NFRAM and the safe path selection model), including various theories and approaches,

such as tracking techniques, positioning strategies, LBS architecture, Al techniques and

IDSS for ERA.



222

The proposed architecture presents many aspects that should be considered to develop
good applications for tracking and ERA systems. Although considerable work remains

in the future, this thesis demonstrates the applicability of a systematic approach using a

neuro-fuzzy model to improve the development of tracking and ERA sgezs

The findings of this study indicate that the proposed ERAA is al€Nfapplicable to other

developers and can be adopted in their application proce reby providing their
product with a good application for tracking and E ,
NY.

&
systems. \ O
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