125

CHAPTER V

PROPOSED HYBRID CONCEPTUAL ENVIRONMENTAL &x

ASSESSMENT ARCHITECTURE *

3.1 Overview

This chapter describes the proposed ERAA in dety

Support engine, a risk assessment engine, a kndwle

€ bnYe\

development of this architecture was based ¢ problenghnd S@tion discussed in

Chapter I, é% OA\T §

N

Introduction s f{y
Pl il

N
oy \ ’ | (')(J . .
Iefacts are considgg e nfaingc tcﬁnﬁj of DSR projects, and they play highly
% N
Cssential roles i %t 1at 1( Jtd fgen specified problem domain. These artefacts
N

ustbe iml’lw ¢d in an approprim% domain and must be described effectively. One

on
(5]

of the megt Wgportant factors for finding an effective design solution is to search for an

ctfectivd blem representation.

Solving a problem simply means representing it in such a way that the solution becomes

ransparent. Outcomes are classified into four types, as shown in Figure 5.1. Artefacts
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Cnable researchers to understand and address problems that are inherent in successfully
Implementing information systems within organisations. Artefacts can take several
forms, including solution representations, design algorithms, problems, ontologies,

Modelling formalisms and techniques, working prototypes, framewt gorithms,

oy

Mmethodologies, processes and user interfaces.

Figure 5.1: Outcomes of research desi
\/

A L =
Table 5.1 lists artefa types@?at have been produced in this study.

\(.3

b E Table 5.1 : Artefacts produced in this study

Artefact

Description Artefacts in This Study
—_Type

Constructs are conceptual vocabularies
and symbols of a domain that are
Constructs | typically  identified  during  the Null
processing of a problei and are refined
throughout the design cycle.
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Table 5.1 continued

Artefact

Type Description Artefacts in This Study
Models are a set of propositions or
statements that represent a general | Architecture:
Models description of the activities of a system | * NFRAM model
and describe the relationships among | « Safe path s'?mn
. constructs model

A method is a series of steps (an
algorithm or a guideline) that are used *
to perform a task and to build an

Methods ! 3 ull
artefact according to the constructs and

models that have been previously V

L identified.
An instantiation is a  physical '
Instantiations inmlcmcmanion of an artefact in 4 Wtype
environment. '

S

implementation challenges. The @Pwsed atsQitgbturaSatcerates traditional DSS. as
described in Chapter 11, withghe E;)m\'c ANNSs, GA and LBC, along with
~ o P ~ :
the use of smartphones io&ucmcu‘ \{'\ crs and ERAA.
I'he ERAA struct wal PIISES TguipcomPanents, namely, a decision support engine, a
'3

risk assessmen &ch. a knOw cd%busc and a user interface. The architecture in

Figure 5.

\ the mapping between each component and the relationship between

o)

user gnvgament and these components.
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Figure 5.2: Environmental Risk Assessment Architecture

User Interface (Mobile Clients)

GPS or ﬁ

Cell-based (/—f/ - Al
" 1 ————-
Location Internet \

Data 1

consists of the rule base and the database that are required to solve

The knowledge base

the landmine problem. The knowledge database includes the knowledge of managers

and experts in the field of demining. Stored facts are information or data in a landmine

field, whercas rules or heuristic rules explain reasoning procedures used to solve a
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landmine problem. A linguistic variable is represented in fuzzy sets that are used to
facilitate the expression of rules and facts. ‘IF-THEN’ rules are used in this context to

capture human knowledge, which are defined as a list about landmine risks.

N3
O

5.3.2 User Interface

he

The user interface is used as an accessible medium for j te&tl.n with the system. It

provides the user w ith information from the system Mg formgt /she can easily
.
>
understand; it then receives information from the d tr s't,é? the system.

The user inter face of ERAA provides a Vallet

include maps, roads and multiple wme\K ree

p 0 AY >
A smartphone will be used by the @tu east ﬂse@erface component, thereby
\ AN

sta Tl

making the system easy to ndgr 1@11a1“[phone contains the ERAA
N
on

gd{& p!‘ rm, as presented in Chapter VI. The

application serv ice that mK
location of a user 1s IQ : N‘}lAAc;&'P using GPS in a cellular environment
c

and the currently nc ed ol ' (j')
N3
<</ roty D
A \T
9

5.3.3 Rlé\scssmcnt Engine

This engine is the most important part of the proposed architecture where NFRAM will

be built. Many engineering and science disciplines are focusing on developing

mathematical models of real systems, which can be used to analyse the behaviour,

simulations, design of new processes or design of controllers of systems. To build a
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usable model the nature an ehaviour
. db our of a system should b I
e understood and a suit
y able

mathematical treatment should be applied.

Many standard modelling approaches, s whi
o , such as white box ( i ¢ and
physical 19nisti
5 n
irst principle) modelling, black box m ' box m a
g, odelling and gray Od& eu
p 1 ng, ar
fi : sed to

ul’ldel Stand the n'dtUl'C 'dl]d bCh'd\’iOUr Of a Systelll }IOWever th
R p ave a

common drawback, i.c. they cannot effectively use additiongigméormatio
n represented
by the knowledge and experience of engineers and tors V\‘hiC f;
’ are frequently
imprecise and qualitative in nature. Human abilit mana e}ﬁé\ﬁk
sks under
uncertainty has supported the search for alternat O%‘bji %Y'.g:; 5
paradigms,

which has resulted in ‘intelligent’” mode 'Md c°<§nt mefRodologi
e 2‘ ologies, such as

semantic I]Ct\\’Ol'kS or qualitative modelqm a Q
N and na grage A
I & ge. NNs are typical

h 5

N

examples of techniques that cxhib@lgm pta CDiblife
q 1ties. By contrast,
fuzzy modelling includes tccls@ ﬂra‘y}l@‘x e
oe and deductive
N
P 4

processes.

S
/i

| )
A. Stages of dey C%\HYM%P!F&DZ)’ Risk Assessment Model
Q’ N
& Ly

The main 1\1 this section 15\&% development of NFRAM using FL and ANN
S

techni @is model can be used to check the 1
g mputs and outputs of
a system, to

analys tem behaviour and to calculate the degr
gree of danger th i i
g at a user 1s fa
cing as

he/she navigates places near landmine-affected areas

NFRAM will be developed through several stages. In
E . In the first stage, the S
, ugeno fuzzy

method will be used to develop the primary FIS. In th
: e second stage, a neur
: al network
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will be used to fine-tune the knowledge base and MFs of a fuzzy controller whilst

keeping the semantics of FIS intact by using the BP algorithm.

i.

First Stage: Development of Fuzzy inference system OJ\

The identification of the indicators of landmine risk factors (w;tic variable) is the

igami)ng these indicators

was determined through interviews with experts (DcMagaer -Mba%ieﬁne the
ccte | &
behaviour of the system were also collected.
rid X

b NS
>

first step in designing the inference system. The relati

Definition 1: Basic fuzzy linguistic vari@ O

NP/

) o
o S
A linguistic variable typically ca“l\worc%;d“o&&nbers- Each variable has a
d

. =

N : .
defined MF. and each linguiticw 1S :#SOC t a fuzzy set. FL begins with the
U 4 wiﬁ@t a clearly defined boundary. It can

concept of a fuzzy set. A%_\f Set N

(5 éﬁembersbip.

)
@]
14 21®1p16 (X, T, M, A), where

contain elements with&l& Hare
% .
A fuxzv% stic w%
N
i \numc of a fuzzy hguistic variable [signal strength (S), position (P),

X 3
@Einc intensity (L1), risk (RS)].

T 1s the term set of linguistic values (fuzzy variables), i.e. poor, average,

excellent.

M is the mapping rules that map every term of 7 to a fuzzy set at A.

A is the universe of discourse.
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In fuzzy theory, fuzzy set 4 of universe X'is defined by function uA(x), which

is called the membership function of set 4.

pA(x) X = [0 1]

1,if x is totally in A
UA(X)= 0,if x isnotin A
€ (0,1),if x is partially in A

An extended fuzzy linguistic variable is a 5-tu

ca is a concept on the abstract level (signawa

),
@

The corresponding element of ca

CF is the set of fuzzy con%‘mt dc!cn’b s kl

element of CF1s 7 in D&Mon ll \,\av ¥
| N
R is the fuzzy rclutlcl MQONgG cpn slmc@?
’
Fis the setof nn &H‘hi; incylo @SJ
- gl 4

A has samc&ing as that in D‘c\'hJi.on 1l

To build ¥model. the input and output variables should first be defined. Then, fuzzy

rules and fuzzy sets can be constructed. We partition each input variable into three fuzzy

sets, which are defined using three membership functions (two trapezoidal and one

triangular).
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Our model has three input variables (signal, position, landmine intensity) to determine

the degree of danger and one output (risk of landmines).

Most modern mobile devices available i the market have a variety of N; that can

measure orientation, position and different environmental condit'ekThe NFRAM

model uses these sensors to obtain raw data (signal, posztzon“%h will be used as

Jinguistic variables to demonstrate the fuzzy operators in a,n V‘mzzy model. The first

input is a wireless network (signal strength) that origin om c 's. The second

input is the position of a user, which is provided by astly, the a'ui@’e intensity
: S o'

variable will be obtained from a database. Y— Y'

c\'.: i &

) )

Signal Strength: GSM is a widely 10 11 $ﬂt10n standard. It is also
ée

known as 2G, which had become ngre p %11 than the first-generation

*

analogue systems. GSM seryg IS Oﬂbld red ghgqm factor that affects the operation
? P 4 b 4
l

of the ERAA system. Ch&nﬂ < th; M signal is crucial for the ERAA
system. Falling the G@bn 1 llll (;)a@'se the system to stop, thereby posing a
threat to the life 9 ope, é&\&JERAA system is used to regularly monitor

the dyﬂamlu 0 reng t el 91"’1 e of the GSM signal to avoid such risk

S]()n ty plcally ranges from —113 dBm (poor) to =50 dBm (excellent).

Signal strength can be defined as Equation (5.3):

O (signal strength) = (ca = signal strength, CF = {poor, average, excellent}, R = {poor

< gverage = excellent}, F = {Froor (X), Faverage (x), Fexcetlent (X)}, A =[50, —113]) (5.3).
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The fuzzy sets of the signal strength variable are provided in Table 5.2, whe tl
25 reas the

MESs are shown in Figure 5.3.

Linguistic Variable Symbols I al
Poor m
Average ’
Excellent

T

model. GPS and &mm} ld};

4

most impm‘tz\QSl ioning mccha@; of our tracking system. The location will b
. 1 e

@ the distance between the user and the landmine-affected areas

g$~ 1at utilize a GSM cellular network are the

used to ¢

Equation (5.4) will be used to measure the distance between two locations, i.e. A (LonA
5 1.C. nA,

LatA) and B (LonB, LatB), which have been previously obtained:
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iy = acos[cos(latA) x cos(latB) X cos(lonB — lonA) + sin(latA) x

sin(latB)] X , (5.4)

where OF: is the distance in metre, is the radius of the Earth in kilomeKR,S r71 km),

JatA is the latitude of point A, lonA 1s the longitude of point A, /arﬁh‘ latitude of

point B and lonB is the longitude of point B. Y.

Location can be defined as Equation (5.5): T

Oy (location) = (ca = location, CF = {inside, beside, yi. S {igide < beside <
2 -

faraway} L= :Flnsidc (\) FBeside (X)w FFuruwuy (X)}, A= 700]) ' .3 (55)

’ ¢
NG

The fuzzy sets of the location variable are p‘Nﬂdd 11 ?\a 5.3<2/ ereas the MFs are

shown in Figure 5.4. c :\7 \‘(\
E o

Interval
{0, 0, 25, 45}
{30, 50, 70}
{55, 75,100, 100}

_)g

<:é’§¥he input variable of location

Beside Far-away
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Landmines Intensity:

Mine-affected areas differ from one region to another based on the types of landmine

buried in them. The Libyan Mine Action Centre reported that some aR%,-had an

N

estimated 728 km-> of land seeded with an estimated 10,000 1a11d111i11:§.: l,e ranges of

]landmine intensity have been determined based on expert judgmelvniners).

Landmine intensity can be defined as Equation (5.6): T

- RTINS e _ : . .
Or> (landmine intensity) = (ca = landmine intensity, 110w,lqleyn, high}, R =

L]

{low = medium < high}. F={F Low (X), F Medium (x@, e R 0' @ . (5.6)
s

L 4

in Tap¥ 5.4.

A )
& mbo 6&: Interval
__igp {0, 0, 142, 400}
Ly {218, 496, 800!
Tt

[Low
Medium
High

{597, 813, 1000, 1000}

N =

' ¢ 1=d$g del : .
Risk: Risk is consid M]C[ub?’l“t) zy model. The ranges of the risk of
landmines can be Qﬂmc‘c‘il

seg o epﬁ(t Judgment (Deminers). That is, we can ask

an expert to RIOYIC

s
numbers bct\}:;&. 0 and 100% to represent the safe distance
N

between ausSyihid landmine-affected areas.

S

Risk can be defined as Equation (5.7):
Oy; (risk) = (ca = risk. CF = {low, medium, high}, R = {low < medium < high}, F =
’«‘» h

fFLow (x) FMedium (%), Flhgh(x):. A= [0 100]) (57)
. OW bl i
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The fuzzy sets of the risk variable are provided in Table 5.5, whereas the MFs are shown

in Figure 5.5

Table 5.5: Fuzzy sets of the output variable of risk \E

e T [P
Linguistic Variable Symbols
Very low VL

Low Lo
Moderate Mo
High Hi
Very high VH

- EQ’(I ’ v).' S
Fuzzy inferencqsyytem processeseay)

FIS rgfers the internal mechanism for producing output values for a given value

through fuzzy rules. The basic structure of the fuzzy inference process for NFRAM

model is shown in Figure 5.0.
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Figure 5.6: Fuzzy inference system

A3

zy rqgase inferencing

S

A typical FIS consists of three processes;

and defuzzification using a weighted gm

a) Determining fuzzy rules

To design a fuzzy mod@an $xporyide shQuId be integrated into a set of rules,

linguistic variables H@zz %l}ft u&l’ be fed to a fuzzy logic system by
@,
- terviewing expghts 'cm],h Ving tl cn@consultants.
N
S o

We hav éﬂin fuzzy rules in this stage. Fuzzy rules operate using a series of ‘if-

then’ .ats. Before we develop the rules, we should determine how we can solve

the problem by asking experts several questions related to the previously defined fuzzy
Jinguistic variables. We establish the following fuzzy rules that constitute the basis of
1 ~ e S .~

FIS according to the Sugeno models based on the investigation and analysis of landmine

features and the consultation with the experts.
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The relations between the input parameters §* P* LI* and the output parameter RS*

can be presented in the form of “if-then’ rules.

RE :if S* is pk. and P" is Wy, and LI" is uf;., then R* is s, X (5.8)

where pi‘;’ : p;}', 3 u'L",, and u',‘és‘ denote S*, P*, LI* and RS*, respecti ?2,(

A B K is the ku rule in the rule base. T

The “if° part is called the antecedent or premise, w h \a & Tl odithe
L ]
consequent or conclusion. | .i.)
N
The mapping between the input parameters S Y\d @Can e

ut“
CG) A,
o S
Q:
The fuzzy intersection (1111111111!11% ati ed t nnect the three parts in the
€

I . R IR
premise. The implication of u% fu Piz n (mlmmum) operation 1s given

SEEle

77

by

3) @b k=2 e (5.9)

where X1 ({AC X2, x3 € X3, X * Xox Xz andy e U. X1, Xo, X3 and U denote

£ §* P* LI* and output RS*, respectively.

the 6
.6 presents the fuzzy rules that constitute the basis of FIS.

Table 5



Table 5.6: ‘If—then’ rules for RS*
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For example,

R5: If the signal 1s u\'crugcwg
(H), then risk is high (Hi&

Rule If
1 (S* = Av) " (P* = In) " (LI* = H) - he;?”({RS*)
2 (S*:p)/\(])*:]n)/\(LI*ZH)
3 (S*=Ex) 2(P*=lIn) “(LI*=H)
i A (S* =p) ~(P*=Be) "(LI* = H) &
e (S*=Av)*(P*=Be) " (LI*=H) .bHi
6 (S* = Ex) " (P* = Be) " (LI* = H) Hi
,,_7,# (S* =p) " (P* =Farw) ~ (LI* = H) T o
T . . (S* = Av) ~(P* = Farw) " (LI* = H) w Lo
9 (S*=Fy) (B =FHanw) 2 (LIt =H
10 (S\:1\)/\(P*:B(3)/\(L]*:M)) A w ]I‘_‘I?
11 (S* =p) ~ (P*=Be) " (LI* = M) f VH
12 (S* = Ex) N (P* = Be) " (LI* = M) i
13 (S*=p) " (P*=Be) " (LI*=F
14 (S* =p) " (P*=Be) " (LI* = H
15 (S*=p) " (P*=1In) " (LI* 7 X
16 (S*=n) o (Pr=Be) (Ll = \\ f‘g \I/{H
1Y) (S* =p) N (P* = Farw) 4%\ L(l)
18 (S*=p) " (P*=1In - ==
19 Er-plod =1 VH
20 (S* =p) N(P*= ,\‘Sv T

R8: If the signal 1S aViGak Al)-‘P‘ : ‘ﬂl le'%ﬁ‘away (Farw) and landmine intensity is

high (H). then risk @Lo)
2§

b) A

ion of the outputs

The truncated fuzzy MFs that represent the implication outputs of each rule can be

WR (x,y) = VAR )

aggregated using the fuzzy union (maximum) operation, which can be denoted by

(5.10)
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where HR (x,y) is the output fuzzy MF after aggregation.

Given input RP*, which represents $*, P* and LI*, output RS* is given by

RM* = RP"°R(x,y), \Y~(5.11)
O

where symbol “°” denotes the compositional operations of fuzzvg

c) Defuzzification i l

g
af > aggregate output fuzz4&Et) and MFs Yre ! Eg?o calculat
The input of a tuzzy sct (the aggregate outpu L u% a =

N

\Nsio@'ﬂ)e fuzzy result
enéﬂlsing FIS. The most

(énulais considered as

a single output numerical value. Defuzzificatjon 1 theﬁ

into a matching numerical value that can b@a’tely
common method used for dcl‘uzziﬁcat:%the @‘35%

RS = (214 YiuRS*()'i))/(Z?% vo) (5.12)
where y; indicates the c@lh < !th set of RS*, and pgg. (4, indicates
l

A% J \q,\z'

s Secon aoe: Applying a Neural Network to Develop Neuro-Fuzzy Risk
ii. %l 5 :

6 1ent Model

O the work of the fuzzy system is completed, the next step is the application of a
nce J )

| network. One of the causes of errors is the poor selection of MFs. As mentioned
neura :

in the problem statement. fuzzy systems face the problem of defining MF parameters
n the s g i

pecause of the lack of a systematic procedure for defining such parameters, which
eca
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results in the failure of fuzzy systems to adjust to a new environment. This step can be
viewed as an optimisation problem that can be solved by neural networks. Neural

network learning techniques are used to tune MFs via the FIS controller whilst keeping

the semantics of FIS intact. \q

A neuro-fuzzy system is actually a neural network that is functio1mquivalent to FIS.

To develop a neuro-fuzzy system, we will use the FIS that w?eloped in the previous

S s!em onsists of input

z
.  J
and output layers and three hidden layers, which $d to gepr t@-and fuzzy
- z ’ v

1
rules, as shown in Figure 5.7. \ R
Van N
&) &
Firstly, the MFs that represent the Iin rummk&f ilﬁgﬁc inference rules are

3 el 7ot o 11c 1 ‘,-(7 al \n(r[h’ )()Sl.[l.()n’ /anchnine
determined. This system uses tl 4 é/ﬁ’ < ;

stage and then add a neural network. In general, a ne

intensity), where the linear rel Eh@ can be presented as Equation

N
(G213): %

if (x1s A;) AND (\% ND (g en (fi = pix+ q1x + s1x + 1y);

(5.13)

4

where, X, )

@ are the numem '\rinputs, whereas 4, B and C are the numerical

i AqTwill be identified by the MFs. Moreover, p, g, s and r are the parameters
varia & i )

that Line the relation between input and output.
h

1 is the input layer with the risk factors of mine-contaminated areas (signal
Layer § 3

it ndmine intensity). The factor landmine intensity was determined
strength, postion, lanc

by experts (Deminers), and the data have already been saved into a database. By
y €
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contrast, signal strength and position are obtained from the sensor of a smartphone. This

layer aims to transmit external crisp signals (risk factors) directly to the next layer.

0; = Ha,(x) ; i=12;
0; = HUB,(y); i=3
01 = Mey(); i=56

Y-

where Ha, (). Mg,y and ey are the MFs for the f‘%ts of A, B and C,

respectively. (d
N

| .5
Laver 2 is the input membership or fuzzificati I % de.i&‘nis layer is a
: 3

fixed neuron that represents fuzzy sets USCch ant@ﬁed ts ofzzy rules. A crisp

input is received by a fuzzification neuron, ichdete hes tg degree to which this

input belongs to the fuzzy set of the nCH : Nﬁne" nebuons ﬁ%assigmed to Layer 2.

The outputs of w can be calculat "dwq NS)é
- I

O =gl — UA,(.\’)-“BA.\')-P% =1, .I' )r$ (5.15)
Ol s

. T aver. B

Layer 3 1s the fuzzy 1@_\ I t p (—)

one fuzzy rule. W’Qfscl fzzyjrupes phthe first stage according to the investigation

o et

and analysis of !u ine features m}—ggpert consultation.

ron@ this layer is a rule node that represents

(5.16).

Layer 4 has the same inputs as the first layer. The neurons in this layer represent fuzzy

sets used 1n the consequent fuzzy rules. This layer receives inputs from the
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corresponding fuzzy rule neurons and combines them with the algebraic sum. The

involvement of each rule for calculating the model output is computed by Equation
(5l

0,=—fi=—(x+ qy+qz+n);i=12.

Wi wi \i
Layer 5 is the fuzzy aggregation layer. The risk level of the input ]x;eters inside this
Jayer is calculated via normalised aggregation with the o pu??the consequent layer
result. The outputs of this layer can be calculated by n (5_%

| ]

¥
Q)
wa fLiwe f2 ’ \s
w xy)+wo f2(xy) — wy f1+w, f2 % b
f(x‘ :Y) = luf;]l LL,\’:V)-:WZ xy) = Wy +Wo 5 T? T ( )

iy
'] é?
In this state, the network leart 5 A R
. <t values for a training each value of ¢, b, ¢, p,
Finally, the best values

fayer 1 % - : by layer S
{ = = - e - > 4- e ———— ._: A

Risk
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iii Third Stage: Training Neuro-Fuzzy Risk Assessment Model

The first step in training a neuro-fuzzy assessment model is collecting the dataset that

defines the behaviour of the system through consultation with experts (]{ﬁiers). The
BP algorithm is used to generate the adjustments of the input and ouSLl% DIFS, thereby
further reducing the rules that tend to take control away from thsired path. The

ioN the system output

n, t'ﬁe error (difference)

mechanism of the BP algorithm is represented in the calculat

and compared with the desired output of the training sampl

is propagated backwards through the network from tge ou®ut aye\'ghe\tpput layer.
)

This algorithm is based on the philosophy of rewar: the ?11 S. iguv$'.8 shows the

N N
steps applied to landmine risk assessment using a ul‘Q‘ tecl@&e.
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5.3.4 Decision Support Engine

A Developing the Safe Path Selection Model Based on GA

\Y"

Good decision-making is crucial for saving lives and reducing loss 'Q)ynamic and
dangerous environment such as a landmine-affected area. In suc\?wironment, users
are typically susceptible to risk if they wander near mine—affecteMaS. Therefore, new

methods that will help people pass landmine-affected gwitllout accidents are

imperative. \d' \

N
.i.)
s: \j('
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The role of DSS is to assis WSIOIlll S 1n makang strategic decisions by presenting
\'tgi(n* o Qus @rnatives. Thus, the model that will be
¢
’
; plemcnlCd aims wer 2 us@r injcl (&'a safe route that he/she can follow to pass
im & ?
v . .
through landmi z\yfcc\ed areas \L&’@;ut accidents. In this context, the safe path
T
~N
Jection m(\ix‘ implemented using GA. This model provides directions from the
selec :
@ion of the user to outside the mined area by updating the location of the
curre
and generating a new direction once the previous one has been completed.
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The next section presents the design and realisation of the safe path selection model in
1e next ¢ S £

as with risk of landmines. GA, GPS and Google Maps will be adopted in this model.
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Google Maps: Google Maps are free sources that have been developed and

designed by Google LLC. To use and adopt Google Maps in our model, we should

get the API key that will allow us to monitor our application in Google Maps.

Google Maps will be used to show the safety of a road that was ge@by GA:
g

GPS technology: Many navigation and tracking appro are becoming

increasingly popular with the emergence and spread%l. ile devices. Such

approaches can be used to locate the position of a ugeM™ mobile system already

.9

in real time. In our model, we need to pinpoint posipion offthe oger in real time

V
(latitude and longitude) to determine tl\%ﬁihlat be used later by
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has location information, which will be used tédete minge thegyp s?t@'of a user
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GA: Several algorithms are\ to shor_éﬁf path problems. The most

famous of these problog IS zle travlllil Slal@lan problem, which aims to find
v’ f &
the shortest route tl&Mnect‘s I\VGH citdps. This algorithm is used to encode a
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1% fine a number of nodes that can produce an optimal itinerary. These nodes
1d

longitude) must be determined by experts (deminers) using special devices

/4

g

d into a database. In our case, the sequence number will be used as the

ing identity, which can be expressed as a matrix.
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b. Initialisation of parent population

We will assign a numerical name for each node. The chromosome will be used to

represent a route through the nodes. By contrast, we use appropriate ge‘\ti operators

to create new routes. Safe path representation can be presented mgfNemdttically via a

complete graph G = (V. E), where Vis a set of nodes = {1, 2, .... it T ko
of its links (edges), with each edge e; € i V
111

Cjj is a cost associated with each link (i,/), which can@ dlby 1e cost matrix
s

The starting and ending nodes are denoted by S avﬂ. re&%
J.: is the link connection indicator between twk w',l\ic an Q‘
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C. Fitness function

This step aims to evaluate the goodness of each chromosome by using a fitness function.

P, is set of individual adaptation values in the initial population f'(P,). l&g model, a

set of training data 1s used to calculate the fitness of each chromo e;ased on the

following function (Zhou et al., 2012): T

F(B) = Shaldi+ weei — wscs]. '\d (5.21)

e g}{ which can be

presents nodes that

Figure 5.10 presents an example of the safe rout&usi
followed by a user to avoid mine—affecte@ch
have been identified by experts (Dem@. The&rg’}o?v
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5.4 Summary

The integration of Al techniques can provide numerous improvements in tracking
environmental risks and in helping decision makers during different pll&@CiSiOll—
making. Several improvements were made to enhance the perfory& of previous
frameworks on ERA. In this context, a new conceptual architectureYj? constructed and
its function was designed. The architecture was developed toggigdve the restriction of

integration among Al techniques and to support the h Cl@?‘istics of ERA

systems, such as responsiveness, security requirem@ggs, shorf se o'n Q%&ltles .

variability of user interfaces.
) 4*

\ \ -\
The architecture comprises four majq, %pon Xe 180 support engi i
E ne, a
' C;él pp g risk
1 N

rfa&‘%FRAM and the safe path

assessment engine, a knowledge

selection model are among tlcmog 1mp0‘ant om@nts of the architecture.

\""éo

NFRAM was dev Lloptwa ’h't

FL was used in tag
Re Ao

algorithm wagu: train the nctvxac’@. The last stage involved training the model.
\ \
<
The )@ selection model was presented based on GA, GPS and Google Maps. This
model can be used to help people avoid mine-affected areas by using a smartphone. It
provides directions from the current location of a user to outside the mined area by
ocation of the user and generating a new direction once the previous one

updating the 1

has been completed.
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