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Editorial Message

The Journal of Engineering and Digital Technology (JEDT) has entered its eleventh year. | am very
pleased that the journal has attracted attention and recognition from many researchers, professors and
students who have continued to submit their articles for consideration. All submitted articles are reviewed
and evaluated by qualified experts to meet national and international standards so that articles published
in the JEDT are recognized both in terms of quality and content of the research.

The policy of the journal remains the same for accepting articles in both Thai and English languages
under the accreditation of TCl (Thai-Journal Citation Index Centre). Therefore, JEDT is also received
increasing attention from international researchers. Moreover, the accepted articles that be published in
this journal can be used for graduation and/or can be used to apply for academic position.

The editorial team hope that all articles that were published in this journal will be beneficial to all

readers for citation to their research and development.

Assoc.Prof. Dr.Ruttikorn Varakulsiripunth
Editor-in-Chief
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Abstract

Consider a simple undirected graph G = (V, E) with vertex setV and edge setE. Let G —u be a subgraph
induced by the vertex set V —u. The distance dg;(x,y) is defined as the length of the shortest path between
vertices x and y in G. The vertex u €V is a hinge vertex if there are two vertices x,y €V —u such
thatdg_,(x,y) > dg(x,y). Let U be a set consisting of all hinge vertices of G. The neighborhood of u, denoted
by N(w), is the set of all vertices adjacent to u. We define the detour degree of u as det(u) = max{d;_,(x,y) —
21dg_y(x,y) >dg(x,y),x,y € Nw)}foru € U. The detour hinge vertex problem aims to determine the hinge
vertex u that maximizes det(u) in G. In this study, we proposed an efficient algorithm for solving the detour hinge

vertex problem on circular-arc graphs that runs in 0(n?) time, where n is the number of vertices in the graph.

Keywords: Circular-arc graphs, Design and analysis of algorithms, Detour hinge vertex problem, Intersection graphs
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[. INTRODUCTION

Consider a simple undirected graph G = (V, E)
with vertex set V and edge set E. In this study, n is the
number of vertices in the graph. Let G —u be a
subgraph induced by the vertex set V — u. The distance
dg(x,y) is defined as the length (that is, the number
of edges) of the shortest path between vertices x and
vy in G. Chang et al. [1] defined u € V as a hinge vertex
if there are two vertices x,y €V —u such that
de—u(x,y) > dg(x,y).

Finding all hinge vertices of a given graph is
called the hinge vertex problem. This problem has
applications regarding the improvement of the stability
and robustness of commmunication network systems [2].
If a terminal in a network corresponding to a hinge
vertex stalls, the number of hops between a pair of
terminals will increase, resulting in the decreasing
efficiency of the communication across the network.
The set of hinge vertices in a graph can be used to
identify critical nodes, which can be useful in
constructing communication network systems with high
stability.

Let U be a set consisting of all hinge vertices of G.
The neighborhood of u, denoted by N(u), is the set of
all vertices adjacent to u. Honma et al. [3] defined the
detour degree of u as det(u) = max{d;_,(x,y)
=2 ldg_y(x,y) >de(x,¥),x,y e Nw)} for u eU .
That is, det(u) indicates the degree to which a path
between x and y becomes longer upon removal of a
hinge vertex u from G . The detour hinge vertex
problem aims to determine the hinge vertex u that
maximizes det(u) in G . Solving this problem can
promote practical applications such as network
stabilization at a limited cost [2].

An articulation vertex is a special case of a hinge
vertex; its removal changes the finite distance between

any pair of non-adjacent vertices x,y to infinity. Every

articulation vertex has a maximum detour degree. In

this study, we assume that a circular-arc graph does
not include any articulation vertices, that is, the graph
is biconnected.

Despite the existence of polynomial-time
algorithms for these problems, there are many
problems that are very computationally intensive for
large graphs. So far, we have restricted graphs to a class
of intersection graphs, and have researched and
developed optimal or efficient algorithms for them.

In this study, we proposed an efficient algorithm for
solving the detour hinge vertex problem on circular-arc
graphs. Circular-arc graphs are used to model problems
in periodic resource allocation found in the field of
operations research. They have applications in various
fields such as genetic research, traffic control, computer
compiler design, and statistics [4]. An O(n + m) time
algorithm has been used to recognize a circular-arc
graph [5]; these graphs have also been extensively
discussed in existing literature [6]. Circular-arc graphs
belong to the superclass of interval graphs, and have a
wider range of practical applications. This study
attempts to arrange an algorithm applicable to circular-
arc graphs without increasing the time complexity,
based on the algorithm for the detour hinge vertex
problem that has been developed for interval graphs.
Therefore, this study is an interesting theme from the
point of view of computational complexity theory in
the field of graph theory, and is significant both in terms
of practical  applications and advances in
computational theory.

The remainder of this paper is organized as follows.
In Section 2, we discuss previous research related to
hinge vertex problems on intersection graphs. Section
3 presents some definitions of circular-arc models and
graphs and the notations used. Section 4 describes the
lemmas useful for constructing the algorithm for solving

the detour hinge vertex problem. Section 5 describes

the steps and complexity of the proposed algorithm



used for solving this problem. Finally, Section 6

concludes the paper.

IIl. PREVIOUS WORKS

Lemma 1, proposed by Chang et al. [1], characterizes
the hinge vertices of a simple graph G. Using Lemma 1,
the problem of finding all hinge vertices in a simple
graph can be solved in 0(n?) time.

Lemma 1([1]): For a simple graph G, vertex u is a
hinge vertex of G if and only if there exist two non-
adjacent vertices x,y such that u is the only vertex
adjacent to both x and y in G.

Several studies on hinge vertices have been
conducted in recent years. Ho et al. [7] presented an
0(n) time algorithm to find all hinge vertices in
some minor in  their

permutation graphs; errors

approach have been corrected [8]. Hsu et al. [9]
presented an O(n) time algorithm for solving this
problem on interval graphs. Honma and Masuyama [10]
developed an 0(n) time algorithm for solving it on
circular-arc graphs. The class of trapezoid g¢raphs
contains both interval and permutation graphs. Bera et
al. [11] developed an O(nlogn) time algorithm for
solving the problem on such graphs. Recently, Honma
and Nakajima [12] presented an 0(n?) algorithm for
solving it in circular trapezoid graphs, a superclass of
trapezoid graphs.

For the detour hinge vertex problem, Honma and
Nakajima presented an 0(n?) time algorithm for
solving it in interval graphs [3] and permutation graphs
[13]. Recently, they also constructed an 0(n?) time
algorithm for solving the probrem of finding the
maximum influential hinge vertices in interval graphs

[14].

[Il. DEFINITIONS
Here, we introduced the terms and notations used

in the paper.
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A. Circular-arc Model and Graph

First, we shall define the circular-arc model before
defining the circular-arc graph. Consider a unit circle C
and a family A of n arcs Ay, A4y, ..., 4, along the
circumference of C. Each arc 4; has two endpoints,
namely the left endpoint a; and right endpoint b;, and
A; = [a;, b;]. The left endpoint a; (resp., right endpoint
b;) is the last point of 4; that is encountered when
walking counterclockwise along A4; (resp., clockwise).
Without loss of generality, the coordinates of all the
left and right endpoints are distinct and are assigned
clockwise positions with consecutive integer values
1,2,...,2n. The arc numbers i,j are assigned to each
arc in the increasing order of the right endpoints b;’s,
i.e., A; < A;if b; < b;. Note that an arc 4; with a; > b;
is called a feedback arc. AWl these geometric
representations comprise the definition of a circular-arc
model. Figure 1(a) illustrates a circular-arc model M,
which consists of 12 arcs (A; and A, are feedback arcs).
Table 1 lists the details of M.

This model is considered proper if any two arcs do
not cover the entire circumference C. In this study,
since we only considered proper circular-arc models
and graphs, the word “proper” shall be omitted
henceforth.

A graph 6 = (V, E) is called a circular-arc graph if
there exists a family of arcs 4 = {44, 45, ..., A,} such
that there is a one-to-one correspondence between
vertex i €V and the arc A; € 4 such that an edge
(i,j) EE if and only if A4; intersects with A; in M.
Figure 1(b) illustrates the circular-arc graph G
corresponding to M shown in Fig. 1(a). In this example,
the hinge vertices of G are vertices vy, v,, V5, and vq;.
The detour degree of each hinge vertex is det(v,) =
det(v,) = 2, det(vy1) = 1, and det(vs) = 3. If hinge
vertex vg is removed from G, the distance between

vertices v3 and v, lengthens from 2 to 5. Thus, the
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detour degree of vertex vy is det(vg) = 3; vertex vg is

the maximum detour hinge vertex in G.

(a) Circular-arc model M.

12 1 2 4
Q
C 1 f%
10 5 3
9 8 7

(b) Circular-arc graph G.

Figure 1: Circular-arc Model and Graph

Table 1: Details of Circular-arc Model M

i 1 2 3 4 5 6 i/ 8 9 10 11 12
ap | 20 24 5§ 2 3 8 9 12, 15 16 11 19
bi 1 4 6 7 100 713 14 17 18 21 22 23

B. Extended Circular-arc Model

Next, we shall introduce an extended circular-arc
model (EM) constructed from M. First, M is cut at
points between 1 and 2n. Then, it is unrolled onto the

real horizontal line. Each arc 4; = [a;, b;] in M is also

changed to interval I;. Hereafter, for clarity, the arcs in
M and EM are denoted as 4; and [;, respectively. For
each I;, 1 <i < n,copies I;;, and [;_, are created by
shifting 2n to the right and left, respectively. This
process can be executed in 0(n) time [10]. Figure 2
illustrates the EM constructed from M shown in Fig. 1.

» s

For simplicity, we use “arc,” “interval,” and “vertex”
are used interchangeably if no confusion arises.

The neighborhood of vertex i is the set of all the
vertices adjacent to i, and it is denoted by N(i).
Moreover, a neighbourhood in which i itself is included,
called the closed neighbourhood and denoted by NJi].
For aninterval I;, 1 £ i < n, in EM, we define [,(i) =
k , where a, =min{ a; |j € N[i]} and n,(0)) =k,
where b, = max{ b; | j € N[i]}. Table 2 lists the details
of EM illustrated in Fig. 2.

C. Shortest Circular Circuit

The shortest circular circuit (SCC) is a set of the
smallest number of arcs covering the entire
circumference € in M. In Fig. 1, the sample of SCC is
(AI'AZJASIA%All'Al)-

Let U be a set that consists of all hinge vertices of
the circular-arc graph G. Set U is classified into U; and
U, according to the following conditions: U; = {u | u €
SCC,ue U} and U, ={ulu &SCC,u € U}. Regarding
the example shown in Fig. 2, SCC is
(vq,V3,Vs,V7,V11,71) and a hinge vertex set U =

{v1, 2,5, V11}; Uy = {01, 02, V5,11 }; and U, = 0.

Figure 2: Extended Circular-arc Model EM
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Table 2: Details of arrays M), (i), and r,()

i 1 2 3 4 5 6 7 8 9 10 11 12
a; -4 0 5 2 3 8 9 12 15 16 11 19
b; 1 4 6 7 10 13 14 17 18 21 22 23
N(i) {2,10,11,12}  {1,4,5} {2,3.4,6,7} {5,6,8, 11} {1,6,7,8,9,10,11, 12}
la(i) A 1 2 2 5 5 6 11 11 6 1
rp(i) | --- 2 5 5 5 7 11 11 11 11 13 13 13

IV. PROPERTIES OF HINGE VERTICES OF
CIRCULAR-ARC GRAPH

We have described some lemmas that are useful for
constructing the algorithm for solving the detour hinge
vertex problem on a circular-arc graph G.

Lemma 2([10]): Let M be a circular-arc model and
G = (V, E) be a circular-arc graph with u,x,y (x <
y) € V corresponding to M. Let EM be an extended
circular-arc model constructed from M. A vertex u is a
hinge vertex for x and y of G if and only if at least one
of the following conditions holds in EM.

1. I, does not intersect I, I, () does not intersect I,
and I, is the only interval intersecting both I, and

I,
2. I, does not intersect Iy, I, () does not intersect

Iein, and I, is the only interval intersecting both I,

and Lyyp.

Lemma 2 was proposed by Honma et al. [10]. Using
this lemma, all the hinge vertices in a circular-arc graph
can be obtained in 0(n) time.

Lemma 3: Let SCC be the shortest circular circuit
of a circular-arc graph G. Then, any vertex in G is
adjacent to at most three vertices in SCC.

(Proof) Consider the shortest circular circuit SCC =
(vy,V,, V3,0, ..., v, V1) Of length L.

Suppose that vertex v', which is not included in
SCC, is adjacent to four vertices vy, v,, V3, and v, in
SCC . Here, there are cycles (v, vy, ..., v, vy, V") Of
length [ — 1 (Fig. 3). This contradicts the assumption
that SCC is the shortest circular cycle.

Figure 3: Illustration of Lemma 3.

Lemma 4: Let SCC be the shortest circular circuit of
a circular-arc graph G. If vertex u is a hinge vertex of G,
and it is not in SCC, then the detour degree of u is 1.
In other word, det(u) = 1 for u ¢ U,.

(Proof) Since vertex u is a hinge vertex of G,
according to Lemma 2, there exist intervals Iy, I,,, and
I, in EM such that I, does not intersect I, and I, is
the only interval intersecting both I, and I, (Fig. 4). For
simplicity, we assume that x = 1,(uw) and y = r,(w).
Based on this assumption, since u is not in SCC, there
is a need for two intervals v; and v, that intersect each
other (v; covers x and u, v, covers y and u). In this
case, the shortest path between v, and v, in a graph
G—uis (vx,vl,vz,vy, vx). Then, dG_u(vx, vy) =3;

det(u) = 1.

Vi Vs

Figure 4: Illustration of Lemma 4
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Hsu et al. [9] presented Lemma 5. By using this
lemma, the shortest length between two vertices in a
circular-arc graph G can be obtained in 0(n) time.

Lemma 5([9]): Let M be a circular-arc model and G
be a circular-arc graph corresponding to M. Any
shortest length query between two vertices in G can
be answered in 0(1) time (it requires a preprocessing

that runs in 0(n) time using 0(n) space data structure).

V. ALGORITHM AND ANALYSIS
In this section, we present the algorithm for solving
the detour hinge vertex problem on a circular-arc graph;
an outline of this algorithm is provided below.
First, we obtained a hinge vertex set U by applying
the algorithm introduced by Honma et al. [10]. Next,
we compute the shortest circular circuit SCC of G and

construct Uy ={ulueSCC,uelU}and U, ={ulu¢

SCC,u € U}. From Lemma 4, det(u) = 1foru ¢ U,.

We obtained det(u) for ue€U; by computing
de_y(x,y) — 2 for all pairs x,y € N(u) adjacent to u.
Finally, we obtained u as the maximum detour hinge

vertex such that det(u) has maximum value for u € U.

Algorithm 1: MDHYV algorithm
Input: Arcs A; = |a;, b;] of a circular-arc model M.
Output: Maximum detour hinge vertices of a circular-arc
graph G.

(Step 1) /* Preparation */

1: Construct an EM from M

2: Find the hinge vertex set U of G by applying Honma’s
algorithm [10]:

3: Find a shortest circular circuit (SSC) of G:

4: Divide all hinge vertex set U to U; and U»:

(Step 2) /* Obtain det(u) for u € U, */
for u € U; do

det(u) := 1;
end

(Step 3) /* Obtain det(u) for u € Uy */
for x,y € N(u), u € Uy do

det(u) = max{dg_,(x, y) - 2}:
end
(Step 4) /* Obtain maximum detour hinge vertex */
The maximum detour hinge vertex is k such that
d(k) = max{ d(u) |ue U}

We described the MDHV algorithm and the analysis
of the complexity in each step. The inputs to the MDHV
algorithm are the left and right endpoints of the

circular-arc model M; the output is a vertex number
with the maximum detour degree.

Step 1 is the preprocessing step. EM is constructed
from input M, and all the hinge vertices of the circular-
arc graph G are obtained using the algorithm proposed
by Honma et al. [10]. Next, SCC of G is computed, and
the hinge vertex sets U; and U, are constructed. All
these processes can be executed in 0(n) time.

In Step 2, det(u) is obtained for u € U,. From

Lemma 4, det(u) =1 foru € U,. This step can be
completed in 0(n) time.

In Step 3, max{dg;_,(x,y) | x,y € Nw)} is
computed for u € U; to obtain the detour degree
det(u). According to Lemma 3, any vertex in G is
adjacent to at most three vertices in SCC. This implies
that the sum of the degrees of v; € SCC needs to be
less than 3n, ie., Yiesccp(v;) <3n, where p(v)
denotes the degree of vertex v. Therefore, 0(n?) time
is required to compute max{d;_,(x,y) | x,y € N(w)}.

Step 4 can be run in 0(n) time. Based on these
steps, we introduced the following theorem:

Theorem 1. Let G be a circular-arc graph
corresponding to a circular-arc model M. The proposed
algorithm solves the detour hinge vertex problem on G
in 0(n?) time when the input is a set of arcs of M
where the arcs are sorted with respect to the right
endpoints.

In the following, we discuss the efficiency and
contribution of the MDHV algorithm developed in this
study.

The MDHV algorithm first computes all hinge
vertices of a given circular-arc graph. for a given circular-
arc graph. This process can execute in 0(n?) time using
the properties of Lemma 1 in a naive way, but can
complete in 0(n) time by applying our algorithm [10].
Next, we compute the detour degree for each hinge

vertex extracted, which requires 0(n®) time in the

naive method.



We focused on shortest circular circuits included in
circular-arc graphs and showed their useful features in
Lemmas 2 and 3. The MDHV algorithm efficiently
derives the detour degree of each hinge vertex in
0(n?) time by applying Lemma 2 and 3, and the

shortest path algorithm on the circular-arc graph [9].

VI. CONCLUSION

In this study, we proposed an MDHV algorithm for
solving the detour hinge vertex problem on a circular-
arc graph in 0(n?) time. The algorithm uses the
algorithm proposed by Honma et al. to find the hinge
vertices and that proposed by Hsu et al. to determine
the shortest path across a circular-arc graph. We have
also developed an algorithm [3] that solves the same
problem in 0(n?) time for interval graphs, which are
subclasses of circular-arc graphs. We showed that it can
be realized for circular-arc graphs of a class larger than
interval graphs without increasing the time complexity.
For this reason, we think this study is also worthy. In
future studies, we shall consider reducing the
complexity of the algorithm and extending the results

to other graphs.
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Abstract

Thailand has entered an aging society as a result of its population's longevity; in 2020, there were 11.627 million
persons in Thailand who were 60 or older, or 17.57 percent of the country's overall population. By 2030, Thailand
will have a population that is 60 years of age or older, making up approximately 28% of the total population.
Everyone's body naturally deteriorates with age, and dementia, particularly Alzheimer's disease, is one of the more
common conditions. The number of individuals who have this disease increases with age, increasing by around
double every five years. Both treatment and prevention are not possible for this illness. Early detection of
Alzheimer's disease increases the likelihood that symptoms can be treated to improve or delay further decline. In
this study, simple data preparation techniques and magnetic resonance imaging (MRI) data were used to categorize
Alzheimer's disease using deep neural network (DNN). The 5,121 total images used in this study were composed
of 2,560 MRI images for the normal case and 2,561 MRI images for the Alzheimer case. According to the data

analysis, this model has an accuracy of 97.56%, a precision of 98.22%, a recall of 96.89%, and an F1Score of 97.54%.

Keywords: Alzheimer's disease, Deep neural network, Elderly, MRI
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Abstract

This research is aimed at developing a novel undersampling algorithm by combining the ideas of the whale
and binary whale optimization algorithms with K- nearest neighbor classification, in order to solve imbalanced data
problems. Twelve datasets of varying imbalance ratios ranging from 1.82 to 42.01 were selected from the
Knowledge Extraction based on Evolutionary Learning (KEEL) repository and also the imbalanced-learn repository,
to be used in the evaluation of the novel algorithm. This research work started by splitting each dataset into two
parts, the training set and the testing set. Whereas the minority class of each training set remained untouched, its
majority class was processed by the proposed algorithm with the parameter in K-nearest neighbor classification
fixed to K = 1, to obtain an optimal representative subset of the majority class. Then a support vector machine
classifier was trained with the new and reduced training set for performance assessment. It was found that the
proposed algorithm had best overall performance when compared with another three undersampling methods,
namely random undersampling, cluster centroid, and near-miss algorithms, showing average efficiency measurement
results as follows: Accuracy = 0.8596, F1 score = 0.6255, G-mean = 0.8941, AUROC = 0.9363, AUPRC = 0.6978,
Sensitivity = 0.9444, Precision = 0.5271, MCC = 0.6204, and Kappa = 0.5695.

Keywords: Binary whale optimization algorithm, Imbalanced data problem, K-nearest neighbor, Support vector

machine, Undersampling algorithm
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anvneagld x, Milsiileddu £ (x) Sawnniian iFetles
‘ﬁﬁjm)

ilosnnanionun m 1 asihaulnedaszainannd

151399 LA A1BS UNUEINSUIHLA BEAILASAINUA

o
Yo

nwallided W X, (¢) Wunnmesuendumiavesim

'
v a

il j o seunsIuen t (ue 7](0) = xﬂmaﬁj =1,
., m wazAmualiiumislunsuiudy ¢ = 0) 9zgn
a%wﬁumﬁwmsejmﬁaLaﬁzﬂ,uﬁi’wmuﬁﬂ) wag X7 (t) U
venfismumiswesnwiifidnianiivhlyiledduinguszasddl

ANNNTIEA (M30tpeian) FLALTINITIUGIAUIVTOUNNT
W
lunsusudsannwesvendunusesuluniaasing

FUsNd A LAAIAIANAIT 2

a(t) = 2 (1 - W) 2)

Tnedl ¢ Ao afamsrusevdlagiiu way Maxlter fio My
sz?quqqmaumwzmmiﬁwm Taven a(t) dazanasuuy
Fadudtaud 2 §3 0 Im&JSTTuaﬁjfTUﬂ%gamiauiaU{]%;ﬁu was
Wisuiaieusulsienliinunuwiaveanishunivie
209919 BaluTusnueInIsiumIg uazeanluldlng
wnusdl ofl sasiieaens wldlureannusadiin
913 waziflelridlaldied a(t) ssgnideunnusie a
3.3.1) gauvunrsUnasuuaslasg (Exploitation Phase)
Suguusnlunisannievenmmdreuienamiendinnu
wiarouvriinsdlulndeumie (Encircling method)
TAudNYUENYANTINAINITOTIADIMAZATIIAILUUNY

Adaransfaun1s (3) wag (4)
Dg = Dg(t,)) = |C - X*(6) = X; ()| (3)

X(t+1)=X(t)—A-Dg (@)
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Tagdt |- | Wunsmaiauysallusnavesddszney
(elementwise absolute), A = A(t,j) =a-(2r—1)
way C = C(t,j) = 2r dlor = r(t, j) Wududsuuy
duiifinisuanuasuuugdnesy (Uniform Distribution) o
Tuga [0,1] Kadudn A uay € Fefinsuanuasuuugiesu

o

Feaglur [a, —al wag [0,2] Mudeu way Dy Usuania

JLYENNANNINNBSUBNAMILINANEATIQNAMMIERILUT
du C BAINMDTUBNAWILRIT j 0 BUNTINGIN ¢

aun157 (4) 1 Juaun1sNwanInITenNLAALINLABS UBN

sunisvesnulitadeudlnanwdinilviavesilendu
TrgUszasanfign niatdnlndunaso1ms lngaziiudd
aun13n1suTulTnmesuenduiwuulndenssdusy

[

AUfUs A uag C uasngfinssunisUndeuniaay o nasa

3 ° 14 '

Lﬂﬁwmm?jaﬂgﬂmaaamamiamaaﬂuaqmwwwﬁl,maif a
dlermdsreurinistadouniedausesudnnmmas
Aonazyhmseuseumbendeuiuldosnesainidasnin
(bubble-net attacking method) lagaun15n15UTUUTS
L’mLm%’uaﬂ@TWLmﬂwaawqaﬂiimﬁf wansluaunsil (5) waz

(6)
Dy =Dy (t,)) = |X*(t) — X;(®)]

X;j(t + 1) = X*(t) + Dpe® cos(2nl)

5)
(6)
Tnefl Dy Usuendiasseenisainiannesuensuneiia
ﬁqmﬁmﬂLmaﬁ‘uaﬂ@hmmﬁﬁj a4 SOUNSIWET t uae
L=1(t])) LﬂuﬁaLLUiLLUUdmﬁﬁmiLmﬂLLNLquﬁWa%m
agluyas [-1,1] uae b ﬁammﬁﬁiﬁiﬂumﬁﬁwumgﬂi'wmi
NYUIUVBINN

3.3.2) dauvun1sa1saauudle (Exploration Phase)
ielinisAummienionisdunmnanasinnuvainvans
Faugiostinisuurasusundafiazlmdlum Ssannidy

a1

MuAzARITUUTIINmas vand iU AN

) a

lsiduingusrasdiafian Waswduliusuusannnes
veniunialunnudidu q Wevililduamasfifiany
vianvanewagilenafiaziadumisiifidivesileituing
Uszasdianinfuly Fsanunsaadrsfuuunsadinaans
fsaunsf (7) waz 8)

Dg = Dg(t,)) = |C * Krana(®) = X;(0)] (7)

Xj(t+1) =Xqna(t) —A- Dy ®8)
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lne¥ D UsUaniiesseen1anIninmasuensumiangngy

q

umilsaniomn m ¢ Tasgauieiudsdy ¢ fuanipes
VoNEUILIT j SOUNISIUT ¢ way Xrana(t) Ao
nnwoTUNMUswe By o Alilidfdigadey
gARDNUMUUEY Bl L3an t

3.3.3) N15WUF U (Switching Phase) 1l 84310l
VNMaTUBNALMLIYEIINKW (MFaralRaY) natefiluusay
seumyugn shldmausazddoaiinnsduidennginssad
sggnUuUannmesuendumisisannisle dunasinig
Wasuwlaazuansfaaunsi (9)

X'(t)—A-Dg ip < 0.5uez]A| < 1;

X;(t +1) = {X*(t) + Dye’' cos(2ml) §p = 0.5;10
X ana(t) —A-Dy $p < 0.5u]d| = 1
Tne?l p = p(t,j) Hududsiuuduisinsuanuasiuugd
9 Y

9

NasuuuY [0,1]

3.4) SunouFsmsmanmnzaigauuuluuITInT Binary
Whale Optimization Algorithm: BWOA)

BWOA lagniimuunain WOA [9] Faannsoruldly
msmeaaswuuluusnmes (binary vectors) lnglaim

vosilanduingUseasd fe USoH

d
X ={01}4 = ﬂ{o,n
i=1

ndulsEneuteanmesie 0 uay 1 fajuausanild
Usggndldfunanvansaudifeddnisinaulawuuluung
(binary)
ImaﬁiuwiazmﬁﬂimawaaL’mLm%U@ﬂﬁT%mm%gﬂ
UFuugs lnensiSeuiieusenineendulsduuazanves
flaidunisenelendinuess (sigmoid transfer function)

fandunisateloudnusenazuananad@inisi (10)
1
g(s) = 1 4 ¢~10(s-0.5)
1089 S WWUAIAIRTLALTUIIN -2 B9 2 Fedanaliilandy
1

1+e25 1+e~15 '
AUN13NITUTUUTIINADTUBNATUAUIILULARIAIANNTH

(11)

(10)

g(s) azdANNUTUIN ~ 004 ~ 1 oy

1-X(t0), ir < g(ADo(i))
. %60, &> g(ADy()
loe#l r \Juduwdsduiidniswanwassuugiinesuaglugaa

X(t+1,0)= 11)

a

[0,1] waz i Wuswivesinmes Dy neiinmes Dy 9wl
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Feulvlunadendsaunsi (12) Faaediuldinnisyulse
nnmesuenmuialuusiazedUsznauarafens

wWisuWeuiuavassiwsdy r

D—E) f1p <05ua|A| < 1;i
D, = Dy #p=>05;i (12)
m p<05uwzd|l=1

naunisf (12) azmiuldindeulalumsusuigaanees
YaNFLRUIva9 BWOA agtuiounu WOA Tuaunisi (9)
Wigawskana i unaun1sN1sUTuUTInmeasuansumiie

Ve MMYuneunnIYineILYe BWOA Uanssisguil 2

AmnArrLdauseIme

adaUsrungamadudi

. _ L e v e £l
XU = 1,2m) usiaxAa uasmAinign X

<

[é’wmmi'l a lngdeamnsaumsiudiii r]

(Budon j=1)

|

Swiand1 A € 118 p

SNLARALS
fuldaumsii 11
Tavldanwes Dg

SR ariaafus

Hagaumsd 11 Favaunadi 11

Tavldnnes Dy Tngldnned og

JUT 2 : Tumaun1391191uTas BWOA

3.5) AuUUNIsISYUTveunTod
= 1% - I I !
mMI3TeudveunTosansautteeny 3 Ussianlvg) q
Aa N1sieuswuulidaau (supervised leaming) MsiSeu3
wuuliidifaeu (unsupervised learning) kag N1S3EUIUUY
L@ ULSY (reinforcement learning) @ lusuideagldnis
SeudvenniesUssinvmassuiiuviiasuiarlddmiv

$UNNTILUNUTEAN (classification task) LiNeaunty



1

3.5.1) Amﬁéuvm?naﬂlﬁﬁﬁ) (K-nearest neighbors: K-
) uduneudafidfiugusnainnismszesnis Tneisu
ynmsigadeyalmiimenansgldeiudeyayeiinaeu
wé’qmﬂﬁ?umizEJz‘vmLﬁauﬁ’uqm‘ﬁaaﬂaﬁqmﬂﬂaaudwqm%’a;ﬂa
Tmidfndeyayaiinaoulndyateyalnifgn Tasfidwau
oiideuseugadeyalniazgnimuaduiusensiines
K (pedrusnnmnidudymasspanadnagimun K 1Ju
$1uaud) lutumeugareandunisseyingndeyalida
gnduunindunandlu lnegaingadeyayailnaeudlng

v

nugadeyalnduniigadiuiu K @1 uazgdtaaialadl
IUNNAgR AaatuIzgnAnaaniriugateyalilag
Viudi [14]

3.5.2) SunasaInwesuvTy (Support Vector Machines:

A 9 o

SUM) Aefumouisiiendendnnisnisadrdlewedinau
(Hyperplane) Lﬁaﬁmmq‘ﬁa;&a’lﬁaaﬂﬁuﬂdu 5 9ENTALIY
Tngazdnsufuduusedns vosaunising Ussasd 1
wangay lefgyililewesimauaansoudsngudeyali

fifian [15]

3.6) msUszidlugauuy (Model Evaluation)
nasnimsaseduuulunsduunUssinndoyaue
Agfeainsinusednsamidinuuinenumangauuin
tHooufiodla Tnsirindseansnmlnvdiulvgazdfugu
NM5EF1NNUNI nGANAUEY (confusion matrix) [4]

WaRIagUN 3

waviune (Prediction)

Negative Positive
2
Lg“ §. TN FP
g 2
<
el
[{ad v
& =
S £ FN TP
o
a

’gﬂﬁ 3 : Confusion matrix

91n3UN 3 Positive, Negative, TN, FN, FP, uag TP i
ANUTENERwa LUl
- Positive fia Am1auIn Faaggnsvylituaananaula

NLVNUNHE
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Negative fio Amnaau deazgnszyliiuaanaiianle
599893

TN @9 Navhuignsanunaasslunisau

FN fio navihunedunmsauusnassadunsuan

FP Ao navhuedumeuinusnaasadunisau

TP A9 HaYNUI8ATINUNAIIIUNIIUIN

M InUsEanSnvasswuunluanuiTe s lull

AIANQNABA (Accuracy) WARIIEUNI5T (13)
TP +TN

= (13)
MRS = TP Y TN+ FP+FN
ANAINLLLLUEN (Precision) WARIAIANNITN (14)
TP
Precision = W (14)

AAula (Sensitivity) 138L38n8ne81931 AN

5¢8n (Recall) uanadsdun1si (15)

TP
Sensitivity(orRecau) = TP+—FN

AR ULEYAMATENINAIANNBL LT WazAIUL)

(15)

(F1 score) uanasisaun1s (16)
2 X (Precision X Recall)

. Precision + Recall
ANRAYLSVIANATENINAIANLTUNIZLALAIAIY

(16)

F1 score =

17 (G-mean) [22] uanssannsi (17)

G-mean = \/Sensitivity X Specificity (17)

Iawil Specificity Ao A1AINTUNIE ANUITOAIUIN

@ EunsT (18)
TN

TN + FP
A1 Matthew’s correlation coefficient (MCC) [23]

Specificity = (18)

Judrianliinnunmveslymifiaewara dadu

M InNaUAaUIvUIAYDIAAEILUANAIIU UaRS

Seaun1si (19)
_ (TN X TP) — (FP x FN)
= JTP + FP)(TP + FN)(TN + FP)(TN + FN)

A1 Cohen’s Kappa coefficient (kappa) [24] \Juen

mcc

(19)

LY o

Faian1eata senineiinnuiuaediendiaay
donndosiunnnifisdle WewSsudoutu wnsing
Anuduau dlinnuiudigusnife naass uay
;ﬂﬁmmﬁuﬂwﬁam o nan15vhune Jauanenis

AUIUAIENNTN (20)

Pa — Pe
kappa = ——=1———
1_pe 1_pe

g7l pgho AANgNADY wag

1 =P (20)
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_ (TN +FP)(TN +FN) + (FN + TP)(FP +TP)
Pe = (TP + TN + FP + FN)?
- AU lAnT I Receiver operating characteristic

curve (AUROC) n519 ROC [25] Aons1niingen
FELUINDATINAUINGSS (True Positive Rate : TPR)
WAy FMIINAUINLIA (False Positive Rate : FPR)

WaARaRagUN 4

ROC Curve

10

0.8

0.6

0.4

True Positive Rate

0.2

0.0

0.2 0.4 06 0.8 10

False Positive Rate (1-Specificity)

gﬂﬁ 4 : n37 ROC

[

197 TPR fa A1Auls wag FPR aunsamuialasadl
FP

o FP+TN
- AN UN LB NN Precision-Recall curve (AUPRC)

FPR =

N5 PR [26] AanT1Andanseninamiainuwiuen

WAZAIANTEAN Uanasagunl 5

PR Curve
1.0
0.8
506
‘B
‘o
g 0.4
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
Recall
U7 5: n3 I PR

3.7) Kfold Cross Validation
Huisideulunmsldnaaeuusz@nsnmaesdauuy @
fnagldsauiunstinasudinuunisseuiveaniod lnuay

wustoyatsinaeuesndu k dw Fusazdiuazdsiuy
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Foyafiiniu nasnntudeyanilsdiwazldidudmaasy
Usgdvzanvetlumauazyinuluiguiauasudnuiuinus

127

4) WANaUNITINY
4.1) ynveyaildluaniide

Turuideilidenlddoyadiuiu 12 yadeya Faduyns

¥ P

Joyafidudsauuvaduassnaid (Binary class) wazal
Sasrdrunuiliauga (R) derfunndneiu JeaziSoeyn
Foyanm IR Mndfeslusnndauandunsad 1 lnsyadeya
wianiianainguteya KEEL (28] way imbalanced-leam
291 Fadugudeyaiilduamuisunaziiniunindedogs

wsznuidelagdiulngtenideyaangudeyailuly
nageulsvaniamvesiuuunsetunewisilagnass
Fuulnyd Feanansed 1 szmiuldandeyaiis 12 yaiiden

v
= o £%

Y111l luwdTed IAUraINia18veanIen IUYBII LI

o

ANANYE YWt YuATayangutey YwIndeyangu

Y Y

1N wag Adnduanuliauna (R)

A3197 1: Meanduayndeyanldlunuidy

. IR | WUIN
31U . .
4 . wwn | Toya | TUoya
FOYAUDYA Ao- N . . IR
. veya | nau ngu
ANYY Y
usy N
glass1 9 214 76 138 1.82
IrisO 4 150 50 100 2.00
glass-0-1-2-
9 214 51 163 3.20
3 VS 4-5-6
ecoli2 7 336 52 284 5.46
glassé 9 214 29 185 6.38
ecoli 7 336 35 301 8.60
pen_digits 16 10,992 | 1,055 | 9,937 | 9.42
abalone 10 4,177 391 3,786 9.68
Libras_move 90 360 24 336 14.00
solar_flare_ m0 32 1,389 68 1,321 | 19.43
yeast me2 8 1,484 51 1,433 | 28.10
mammography 6 11,183 | 260 10,923 | 42.01




4.2) 35MIViNIYeTUnaN IS AU
e awen1sUsEENATINNITTINUYeITuRowITNIS

mAmIgaLianuuuluun3Im way Tuneudiadioutiu

'
=~

Inditgaiileustigmdoyaliauna Tnsduneuisiauet
9£8935n15dudI9819a0 F933nsvineuvestunouisi
iauoansnesuelddwielud

1% D \duwnvosdoyafinaeu anduutaen D een
W 2 1wn Ao D iduavesrananguuin way DYunu
WRYeIRa1aNauley wasli d = |D7| wnuTIuIUYDY
sreg1elumatanguun wag nt = |D*| uwnudiuiuves
meagalunaianguios
fngUszasduasiiidoiide dosnsduiesaantaya
Aananguun 1aglsrdosn1suenges Do,y © D™H4
|Droq| = |D*| IummzLﬁmﬁ’uwmsjaaﬁgmﬁaﬂﬁ%gﬂﬁ’]
wndudeyalunisasradauuy Femoud D, UD* Y
nanedudeyayrnaounds uazilaiduinguszasd Ao

f=fA):=1-r score)2 +(1- AUROC)2
+(1 — Sensitivity)® + f(n~ —n*)2

lael A € D™ Wuangegvasaaiang uuin, n”

(21)

n~(4) = |A| Wusnuvesnguiedaiieglu 4, B 10y
wdwesfilifinau deuseuaiioutual Penalty mn
Fonwngoefifisuinvesiiegnsldwinfusuiuresnana
nguies Auuald A1 F1 score, AUROC wag Sensitivity
1Bueiiléininn1svin 10-fold cross validation #ilddeya
Hnaou A U DT Seuiesudn
laituinguszasaiialdaiatundu sldidu
f:22 > [0,0)

femuuands 22 geqen D~ @udulenmavesnisiin
wmgosiamiiiuluanmadensndosanaaandusnn

uazdsluduan [0, ) Fasrdosnisnientoe vinli

'
1 o a

larudiiensiian
e TuingUszasAisfoinsideniendagaani
InNAAIENgUNIN wazisdl DT = {xy, ..., x4} \Dungquin
g 19veInaanguinn Inoisazivuniledduidaaaun
\Guilsrdunilaenilsio
¢:{0,1}4 - 2P~
Fedlomlog

dX)={x; €D X)) =1} (=1,...,d)
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TneReulvlunisidenwndes fe Weanuinesrusenaures
1 N S W ° =
X o avil i la o AdAwindu 1 aggnimualiluiden
g1 TuD ~widungosvesnananguuin wazay
laflendudseneu fe

fop:{01}¢ > [0,0)

Feaziduilsidudszneviisdesnisiasmeidign
osnnlamuvesiledtulsznoviifuuinfvesluuns
nnwed feauautRdvinliannsaihduneuisnismen
wnzaudigauuuluunimadundiemaniiniigaves

o

Hetuinguszasd f o ¢ wavduuuilaldlunisussidu
i LAY s & o v ' T v

Alsntuingussasdasilumuuundiladeuaslidudou
wupe wieutulndiian ddldmmunmsimes K = 1

DanANUT UL UYBINITYINNULAZLIA LN TATUIM

4.3) msnadauUsyanEn mYsetuneuE e

fupounmageutszavsnmifuioluid

1. Tuusdazgndoua (12 yadeya) avgnuusesnidu 2
YA Ap TayayARnaaY (training set) Wag Joyayn
VAADU (testing set) Tudns1dIu 80:20 F9n15uUs
Iuﬂ%ﬂﬂfé’msﬂdaummhiauﬂaiwdwamﬂmasum
Toyayarnasunazdoyayanagaudiniiiniig
IndiAsiudeyadualy

2. Yoyagsrnanuwsazynvzgnuusseniu 2 ngu Ao
AaNENguNIn D~ wagAanandquies DY

3. vinsdusiiegsantayana1anguuin Dypg tneld
FumeuAsite 4 38 1fun fumerAsitiaue msan
IUIUFIBYNTBYALUUEL ATANDIITUNTOUA UaY
losta luvasiiteyanananduiioedndl iindlowds
Tunselvestunoudsiithiaue isdesnism luuni
et X* e fo ﬁ'i"fﬂl,ﬁzjmsjaasumﬂmamjmmm
fo Dy = {x; € D™ :X* (i) = 1} ldrvua
T1uIURARagYIAY 20 Naleay (m = 20) uay

Avua B Wiy 100 wazdeulvlunisveganis

A o P

auYeunauiIsNiEys A
o ynewesilsiduinguszasiviiugud

o ynAvesilaiduingUssasdninfiantiinig

q

wWaguwlasngly 350 seunisIuagn
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N
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A15Y19ULAEAINTINVBINUITEN WAAIWHURINITVINIU

Aagun 6
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5) NAN1539Y
nIneRgesasraEnguun i us Uit say

o

fanaiedunauidsnuiaue aunsanantoanuntugunuy

voansmnisgiinvesileanduinguseasdvasudazyndaya
Faanansauanadaned 2 ol wnu X wag Y veans
fio A IngUIYANRUAYTOUNTINEN AuERU Frarnm e 2
wthildn uiazyndeyaaziirfledduingUssasdfiunnsing

v o
U o o

Ausenly Bnadalisounisiugivgarinauiiuanaieiy

£%

el
namsisenuinslevdoyaiilalldtiunsiaunadeya
uazdayafiunsinaunatoyafetureuifitiausuas
funeuAzdusn 3 33 1dun n1sandrunuiedstayanuy
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YOUANAADULMNAFDUKIUF ILUUTNNDSALINLH DS WUTTUN

Y
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= 1%

SeuTeeum HadnsvesirinUseansameing q Tuudazyn

v

foya (12 ypdeya) azgniummaadsiavndadsozuand
Famaed 3 uagldfmuaigeiieguuiansed 3 1l
Auneasia UL
- None vngfis Msladeyaduatuasiulnglifinig
haunatoya
- CCvnedis T/MIFUUUUARANRSIIUNTBLAR
- NM vsngfis TBilusiia
- RUS vungfis 3nsanduiuiiegadeyaluugy
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o
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6) @suuazanusuna

Tasunfugrdnusirdoyailiaunamarsianuurivi
i lildnadwsvesnsvinnedian Accuracy figannuay
dawalyi Precision gemulusie waluvazifeaiuaziiule
3961 Sensitivity SAngisauan Sumneauin fauuudn
wognnmesunedud gnadieaindoyaliaunadull
annsaviueaananguesldfivinfiads :nnadnsves
UseBnEnmnsvhanurestuneuiifitiausdisiy axdiu
¥y ndunevisfiaueiidindoveswiiaussaninmd
Aoudnagmansdain Inedrinfifaadegsgaundusudiu
wiie Ao G-mean, AUROC, AUPRC, Sensitivity Laz MCC

Arinniaaigaigaduduiiaes fie Accuracy, F1 score,

L. A = & aad o ~
Precision way kappa MUUBUUNIIZVUADUITNULAUDY
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HaansAe naudeyadestuazilvuinveinatateyansgs

9 Y

tosuazaanadeyanguunnlmiiifouadlngifssiuann 8n
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Abstract

Current cyber threats have a wide impact on security agencies. Therefore, it is absolutely necessary to have an
intrusion detection system. One of the factors that affect the efficiency of an intrusion detection is that the Royal
Thai Air Force (RTAF) must have his own cyber threat dataset used in training and develop the model. Therefore,
the purposes of this research were to present studying, collecting and analyzing of cyber threats within the RTAF
in order to respond to cyber threats and to develop a cyber threats model by using machine learning techniques
imported into the process of valuing accuracy of cyber threat detection within the RTAF by using RapidMiner Studio
to analyze with five models: Naive Bayes, Decision Tree, Random Forest, Gradient Boosted Trees and Support
Vector Machines. The researchers used the cyber threat data set which consists of attacks within the RTAF network
in which the main threats were caused by 7-type malicious softwares, totaling 38,642 attacks, each contains
computer traffic data (Traffic Log) used as the training data for the model. The Naive Bayes and Random Forest
models were chosen to increase efficiency. Both models gave the highest accuracy of 98.01% and a detailed
assessment of the mixed model (Hybrid) gave the accuracy of 98.01 %, the precision of 96.07%, the recall of

98.17 % and the mean (F1 Score) of 97.04 %.

Keywords: Accuracy, Cyber threat, Intrusion detection systems, Machine learning

31



Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.1 January - June 2023

1) uni

Tugadagtuanuirmidmanalulagies evelagiang
Sumesida vinliAnfoanamsuuuulmiduie fognam
n1alaued (cyber threat) fitufuazniauguusady
gy vinlfmieauiifulassairsiugiuddgmnis
asauna (Critical Information Infrastructure : Cll) 52004
newinenie ldsunansenuaindeanaiunidleivesedn
vanidesldls msyngnszuuiaioristagtuiidiuiuia
1NTU ITIBN1IMAUABIN1TNTI9NINITYNTNIN
\3ostlenne 9 wazmnuvanvaneyesgULUUNIsIauAT
Fudouty Fednninanmsvenedieg1ssngdlunis
Uszenaldiasetieneuiamesuas dunesiinluasininie
NoWINDINIALLUNITYINGINTTUANN 9 19U FuN1TRY AU
as1sagdlne dunisdeans Ieiliszuuiiasgiiuas
s Sududosiamunnuludne Fedanudnduesieds
Afessimsvimsinnisteyadoanammalaiued iielally
Lﬁm{]zy‘mmmLﬁaqﬁéqmaﬂiswu%ﬁﬂLLiaLLasﬂmﬁumiQﬂ
lafndeanatumsleiues

nesiwenmaialalianuddey duanuiunUaende
leuas (cybersecurity) 1Wusgraunnlaganansaiulaain
LLmquﬁmam%ﬂmﬁwmmﬂ 20 U (W.A.2560 - 2579)
Tudiuveslidlaiues (cyber domain) nesinenelaias
wiudanaluladarsaunauaznisdeansduiniodionas
Sumesiiatiy ld¥unisimunegsinigs feanarumdle

weshldfintsimunluzuuuufinainnatsuazguusauin

'
a

89%u F9ldTinnsuirsruunIIngaamINIsyngn (ntrusion
Detection System: IDS) [1]-[7] #e szuulunisasivaeu
nsldunenfinnefuagszuuinietioiiionussasdie
(malicious information) TidwwalifAnANEBERDAY
gndesvesdaya AnwanIalunsiuinisvessyuy wie
Anutidoiievetesding sruuATIINIYNINEuLTIeen
Iduuseinn fil 1) ssuunmsnsadeumsyngnUssamn
TsadLua (Host-based IDS) Aaszuunsiadunisyngniign
Andsasuussuunesiamosiionsnaeudoyanadiuay
90NINABNANABS ATITMMTNNUIBINTZUIUNS Ll
winiounartuiindoyan13asnasnisneuiunes (traffic
log) [8] Wlotinnsyngn w3e Avanau 2) sEUUATIITY

N15YN3NLA38918 (Network-based IDS) Aps¥UUATITTY

32

nsyninnisluiaievginiinsldeuaiediemiunis
Uszasadreudeld Tnen1snsadunisyngnussianiae
nsafeyanisasesmansufinmeinielussuuiaiedied
ddluan lenmsreaeudumsULuUTithasds wasuiafou
Tunsssdumsyngniu
NNINTIINAIANAMNNILLLUBTHIUTFUUNITNTIIN
nsyngnnaletues naadeldigadeyailaainnis

swsmyateyadeanaunislaivainelunasineania

£%

wdnvindugadeya (dataset) Wiiotwvininsageum

Arpukiudanauntleues dunalulagnisseus

=< 2

U94LA309 (machine leaming) FaNABULUUNTIVBINTT

AATziteyananiunsieseiielueanisiieuives

Y

' a

LATRINAIBYUUTINGIURUIAATTIT FEUUdUAINTONY

U
Seusuariuduiusivyadeyasie q sauieaunsassy
o aAa X 1% ° ' o a
wagnswsUseanamiintuld waztludnsdnduls
waluladnisiSeuivenase (2], [4] TU awnIagnuus

sanluniaiseuslaidu 2 wuu Al 1) Msseuiuuuiidaeu

U

(supervised learning) Aan1siieus lasdlyatayanvinlv

a sy v Ao w 44' 5% v °
F’]E]NW']W]E]SE ﬂ%a%awu%mlﬂ LN@IﬁT@HaLGU’]VLURWWWﬂqi

wisyadoyasenidu 2 ya (split test) Ao yadayadiniy

q

Hnaeuvseteyayniious (training set) uazyadoyanaaey
(testing set) ielvinauinoshentezmIuUsELANTOYA
wasantwsifideyaunlineufiamesnsivaeu waalv
=] a (23 v 1
novvenifieesls Aeuiiumesinaandsenndeyaldly
19 wazawsadndinszuiunsinuiena (prediction)
soly 2) nMaiseuduuuliififaeu (unsupervised learning)

¥ % a ¥ a v = v =%
WATNVIUAUNTILIYUILUVUNADU ﬂaiuwuagamsmaau

o

wideawenuezdoyaiatlagliteyaneriuunldsmduaule

U

nadnseanu lumanlaiufe K Nearest Neighbour wag K

Mean

v
a

Tuaiseudl

a o

Welddenldussinnvainisiseuives

- .«:4 gy
LA UUNITLIYUILUUUNEDU

U

i
3 lnensasayadeyaninasy

1% o

waziyataya laguryateyanadauddInTEuIUNIT
VRPRERR LﬁamﬁhmmLLajuﬂﬁmawwﬁ’a@ﬂmwwiﬁzj
wesnelunssinerne tngldauadasdiedive RapidMiner
Studio Ttlama (model) Tun1sitasigst 5 luwma lown
Naive Bayes, Decision Tree, Random Forest, Gradient

Boosted Trees ey Support Vector Machines g [9],



[10] Tnelusunsa Rapid Miner lugnaoniduisdsagud
Anenngelunisuseyndldauiuinereansdeya (data
science) warannsalidmiunawioudoya msseusiaies
N33 U380 N13Vmilestany LagN1TIATIERNT

v A

e (predictive analysis) lnswaxadAgeideidenly

a

\n3estiedanan ieifunslalenalifufoRnudule
wasvesnaaineiniaaiusaunluldaulaviud wavan
Fesianavinue (skill sap) Tumswieuadesdiawfiosossu
foanarunsleveifiinduegesaniuasiinuneis

AABALIAN

2) TngusrasAveInITidy

Y o = @

1. WevNISAN®Y S2USI kazdlAs1ERAgAnNAILNIg

q

lotaindsanasinene
2. Wenaunlueasanatunisleiuasiunasineine

lnglHinalian1siSeuivounios

3) Wandunsidy
3.1) Aeanmunlavasnielunasing1n e
Aadulanniunisiin1s@nwisiusin uagiasiei
Uszinnvesieanatunislguasniglunaainen1arIung
navaeundngiunislaniiiied uainyadoyanisasas
nsreufiages danawineneldinsiiusiusudeya

v
a o

FIYNAARIVUATDIGN

Y

NYALeNALIT Deep Instinct [11]
Y1vesnesinerna Fanthiisusandoyasonnaiy lng
NANITIATIZANUD mﬂﬁﬁagams%wsmaﬂamﬁama%ﬁiﬂﬁ
svoganfiusvrndeyaluseu 1 T (w.a.2564) Tutudy
aTIInudeAnAmnaleues 31U 7 Ussan duandly
a5t 1 Usznaudng

- nMslauRAuszLnn Backdoor

- M3laNAUIZLAY Dropper

- MslanfuseLan Potentially Unwanted Applications
(PUA)

- nM3lauAUszLAn Ransomware

- MIlAuAYITLAN Spyware

- mMslauAuszLan Virus

- MstauAusELAN Worm

33

Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.1 January - June 2023

A15199 1 : wansussinuazuunsianiniluuesee
nesinenABegniiusiusindeyaniugeniuis Deep Instinct

Tua9U w./.2564

Uszinnnislaud 31U dnadau
Backdoors 2,083 5.39%
Dropper 11,870 30.72%
PUA 10,227 26.47%
Ransomware 2,297 5.94%
Spyware 3,821 9.89%
Virus 7,461 19.31%
Worm 882 2.28%
v 38,601 100.00%

v v
o o N

Fanslaudvianuatiy deidunislanffiegluussian

=

w25 (malware) M3awaNmLIsUSEEIAs1e (malicious

=

software) Gsoranoliinaudsniedudseduidndon
WU nebiinausIAgyseltd laudainaudenie
sEAuSeust nanafe ol dudemidunisidiunais
nysuteyaiifinnudfydeUssimand safadudeans
TunsTaufifieliAnaudemesioss uuanusugnsnis
UYBINDITIN

NHANTANWIRINE viTbinsuisdsennduanay

¥
= o

nileveindsensaineine uaziludeyaiugiuddaglu

nsiaulueadsanaunislsvesluneswinenalagly

walian1siseuivesasawaly

3.2) winnnluwaneanaiuniloweslunesinenalagly

WAdANITISYLveATEN

' '
S va v a

NRNTEITULTUAUIINNTANYITIUTIN UasATIen
Uszinnvesioanaunialeweimelunewinerniaiseuios
wé FuneudeluagBunmstihdeyaiilufiofmulunade
AnAunalgiueslunasineinie lagldinadansiSeus
vaaa3e Inef3deldinisnuniuissunssuiiiednw
mAfeAedesiunsussgndnisFeuiveandos Tuns
WAINITEUUATIININITUNTN [2]-[7] 52udansiasient
danesfiuuszlaneg 9 Ifived-vaidestisls [10], [12],
[13] wazdladelumsifiudszavsamuedlunangals Lile

deyaunasiiiasien uazesnuuuimulunauszian

q



Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.1 January - June 2023

Usudnudeanaunidleesldegisgnaeddasusznay

o '

sheduneusing q (3], [141-{16] uamasagudi 1

UM 1 : Tumpumsatiuniideuaymseenkuumsnaaes 5 Juneu [7]

mﬂgﬂ‘ﬁ 1 gans0esuItunounSAITuNSITY Lag
mseenuuuMsnasslaarolul

3.2.1) yavaya (Dataset) lumsiimuilunadennay
mﬂ%waﬂuﬂmﬁ’wmmﬁimai%LvmﬁﬂmsSauiﬁumLﬂ%ﬂ
ideldnndunsimanmsfnudeanaumisleeiaigly
nesmeIne tethuiwaulunadifinnumnzaulag

@

sudulunsieieugadeyaiiiornasulung Feluauided

De

Idnnssuyndeyadigui 2 Ineddunaunissiusiudall

v v v a

1) Andudayan139513sn1sAeufinees [8] 31ngunsal
aglunesine1na 2) dndeyanisasnasnereuiines
[8] Wi dnsziszuuaTIangunin iedudoyanssiuly

nsimssugadoya 3) innsdavindeyalinduninsgiu

@

(normalization) 4) a7kundauaneanmy (classification)

R q

d\ly v A o o

NNTUABUNNAIUIT19A UL Ayadoyatiat LN

Ll U

ARABUMAIANLIudBAnAumaleues (1], [12]

34

JUN 2 : amsamdawsengndeya

3.2.2) mam3eudeya (Data Preparation) dlodnwdeu
yateyatildainnissiunmgndeyassanaimnidloiues
aeglunasinennia $1uru 38,642 Yeya uansuaiitansi
thindnaangadeya [17) fansi 2 Tagldnulusunsy
RapidMiner Studio [18], [19] dm$utuneun1snsinaey
wazUsziuuszansnm Tnesuannnihdoyayaiinduidn
glsunslaeimuanudnvazidesnsiuieiduaain
w3ethe (label) Wiltldszyiduludndssinnveasonnam

malauesegluiliaesii¥e Deep Classification

M15199 2 : wansuafiaesdnsuynteyadeanaunislaeiniely

ABIVINDINA

Feature ‘ Usage ‘

Status



Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.1 January - June 2023

M13199 2 : wansuafiaesdmiuynteyadeanatunislaeiniely

NOIWBINA (9jv)

Feature ‘ Usage ‘

MAC Address

35



Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.1 January - June 2023

FwunUsELAN Decision Tree SNl NANANITLUININSIN
U5 uUTeANTANVDILAUEANSANAULD Lﬁmmﬂgmmq

lngldyansnsivaeuanugnies uaniagui 4 (5], [12]

[ Did the guest eat chicken? ‘

Yes No

‘ Non-Veg | ‘ Did the guest eat mutton? |

Yes No

| Non-Veg | | Did the guest eat sea-food? |

Yes No

|Non-\feg‘ ‘ Veg |

U 4 : M3v1N91uves Decision Tree [12]

3.2.4.3) Random Forest [21] Aaluinaiifidanasfiudi
Decision Tree %ang ¢ Tree 11 Train 921U (Waus 10 G
§9 1A 1000 du) lnediuray Tree azldsyu Feature
wag Data 1u Subset ¥a4 Feature uag Data ﬁy'wummu
Random m@uin Prediction Alksas Decision Tree %1
Prediction ¥89ufAagdy wagldanwa Final Prediction 310

A1 Prediction 7ilasun1stminunniigauanasaguil 5

Step 1:

By I'C.)r!gmal : | D I d I Create random
raining Data
I_‘_I vectors
Step 2:
Use random D, D, Dey Dy
vector to
build multiple Ty T, Te T,
decision trees
Step 3: L l l l
Combine

decision trees

3U#l 5: msvhauves Random Forest [21]

3.2.4.4) Gradlient Boosted Trees [14] fis lsnnafifidaneidiu
ﬁﬁﬁ”ugmmmﬂ Decision Tree Bafunsusulssuszavsnm
voslunalvifiA1geiu Tnsnisguasns Decision Tree wany
Fevluwna uavUsslunaudazlunaaunitagla Decision
Tree fiaysol

3.2.4.5) Support Vector Machines [4], [9] Aoluinadidl
gane3uldlunsiiaseideyauazduundeyalagonde

PANNSVBINITIAUUTLENTVDIAUNSHNDES 1A UL UL N

36

'
a

naudayangnleudndnszuiunsinduliszuuiteus lag

U U

wiludnduntmenuezngudoys wanedsgun 6

Introduction to SVM &
_~ . = [ ] ° %
.. ™ L ] ¥
[ ] @ / S ﬁ
e o.. . * &
¢ = 5 S * &
y * W% w *
L ] L * * * ]
Class1 Class 2

W

gﬂﬁ 6 : NM3119UVBY Support Vector Machine [12]

3.2.5) msusudusiluna (Model Evaluation) \ipa1u
JUABUNITAS 1 LULARLS IUSDE LA UINANITHIUIELTN
A5EUINNsUSEANUTE NS AU eI U UTAgNITUN NN
ANAULLY [13] A9FUNISA 2 A1ANULNYY F9ANNIST 3
' = o a ' a ' PN
ANANUTEAN AIAUNISA 4 WazALRAY F1 989 AIAIULALS

LAY AIAINUTTAN AIAUNIST 5 [15]

TN+TP

Accuracy = —————— 2)
TP + FP + TP+FN
.. TP
Precision = —— (3)
TP + FP
TP
Recall = (4)
TP+FN
Fl1=2x Precision * Recall (5)

Precision + Recall

lagfl TP Ao Yayailvihuiegneeadiaifisuiuiaay

U

FP fie doyaivinuneudilignieadieisuiuiaay

U

=]

FN fie Jeyafiegluiaasuslaifinisyiung (asedy
fiu FN)

Precision e ArALLTiB L Ana1nn1sinal TP 1
Wigunu FP

Recall AnA1ANTEANANINNITUNAT TP 178U
fiu FN

F1 Score A® ANLRALYDY AIAIULTIBY LALAIAINY



o

4) Nan15398
o & v -tﬂl -tﬂl Y o =
ninguszasaden 1 Nlaviinsfinel s9usIL uae

Inseideananunslevesndenawinenmeiy §3dela

1% @

syusuyadauassanatunislauasnrelunasinennia

] U q

1% -

U 38,642 Toya ietundinsieniussansam lngld
w1 5 Tawaa TéuA Naive Bayes Tnedldaanuusu 26 % lne
Tdnanswlunisnaaeu 11 3undl, Decision Tree lagdian
AMULNY 55.3 % Lagldiarsinlunisnaasu 16 Ui,

Random Forest lagflAiAanumaiy 57.3 % Lagluaansiuly

Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.1 January - June 2023

ANSNAABU 2 W9 54 Jui, Gradient Boosted Trees Forest
Tnafiaraundu 54.8 % laglgiiaisinlunisneasu 7
W% 52 W9l wag Support Vector Machines Iaggia1aau
wily 30.8 % lagldnarsaulunismegeu 1 9alue 4 il
uanasagui 7 uandlsiiiiuinluna Naive Bayes fianiiffian
Ao Fastest Scoring Time Wag Fastest Total Time Tudu
lutaa Random Forest ﬁmﬁﬁﬁqmﬁa Best Performance

ey Best Gain

Overview Accuracy
70.00%
60.00% 55.30% 2730% 54.30%
50.00%
40.00%
30.80%
30.00% 26.40%
20.00%
10.00%
0.00%
Naive Bayes Decision Tree Random Forest Gradient Boosted Support Vector
Trees Machines
Runtimes (s)
4500
4000
3500
3000
2500
2000
1500
1000
500
5 .
Naive Bayes Decision Tree Random Forest  GradientBoosted Trees  Support Yector
Machines
Model Accuracy Standard deviation |Gains Total Time (s)
Naive Bayes A & |26.40% 0.6 944 11
Decision Tree 55.30% 0.2 5460 16
Random Forest 9 § |57.30% 0.5 5572 174
Gradient Boosted Trees 54.80% 0.6 5365 a7t
Support Vector Machines 30.80% 0.6 0 3840

JUN 7 : mansUssliunmsialssansnmesans 5 Tuea

37



Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.1 January - June 2023

—_—_————————— 1 r———————_—_—_— F——-————————— 1

v o v LY 3

vagauan (Input) ASEUIUNISHRIUNLULAR 1ewm (Output)

WauszliuUseansan .
@Rl AGNHEN
(Process)
Hudeyan133s1a5NIe Naive Bayes
ﬂamﬁama%mﬂ@ﬂmaﬁ Naive Bayes Decision Tree
y Random Forest
melunesinena
Random Forest

{

ASHANHATUAULIND

QERATP I HER T I HE)

Gradient Boosted Trees

WinUsEaNSnIN

dmsunsilnaeu

2

Support Vector Machines

Nan1susEluUsEansSa N

voslanagnuaLl

I
I
|
|
|
I
I
I
|
|
a—
I
I
|
|
|
I
I
I
|

JUT 8 : nszvaumsimnlumagnaas

uon9niu ningUsvasided 2 ieimulunade
Ananuvnslguesiunasimenalagldinafinnisiseuives
wndestiy {deldimunTuaagnuan (hybrid) [16] iitoLiy
UsganTnmlun1svmAIALLluNITRTIINIAEANAINNIG
Isiuesneluneswinernia 3UT 8 wansflanszuaunswaun
Tuagnuay Fsnsaguumdlumsiauilunadesznoy
# 3 Funeusznaudae dumeudl 1 matansteyaidl
FaAnaInnnsinsest uagmnfeanauiidsasonain
2INALALLAUTIVTINTBYaN1595195M19ABURAABS 1N
gunsalnelunesinernia uazinsiedeudeya wield
wioudmiunszuauntstinaouluiaa tuneud 2 dunis
fimulmnaiieUssfiuuszaniain Tnstunouilifunis
naaevlunstinaeulinadiuiu 5 Tuea Tududuainiy
naasvsULuunslivselovdarnlunadig q dausnnsld
Tueaifen (1 lnadenisusziiiy) waznisldlananuy
gnuaw (nsuauluiaa 2 Tuiea) iiesiinisiiasigsing
sUnuUiianumsnzaNandign Tngnanisnaaeunyuii

nnsnagey elunn 9 anudululd nudiguuuy

38

voslunaifianumunzan A nisldlunagnuansiuay
2 luina A9 Naive Bayes k@ ¥ Random Forest ?IIQIﬁ
UsenBAmMYeIN1snTIaTuNITYNINgIgAINNANITNAGed
FagUuuulimauuunaniana s Wuedwmiddninesvin
pnaaansad g dudunuuvesnisadaluna sl
mMafiudsyansnmueddumaldlueuian Inanisiauise
8ona1113091 15Uy nAlTEeNdLIS RapidMiner Studio
fiderwazan sang densimuling Sufantesing
ﬁmﬁwmm@"ﬁmmﬁlﬁﬁwLi‘]uﬁml,%m‘zmyé’miﬂsLmsm
ARLNILMBTLINYN ﬁaLLamgﬂ‘?‘I 9

Wil Lﬁaﬁmmamamﬁmwﬂugﬂmammﬁaaaﬂ,mLma
udhaznuiaansaiiaUssansnmanugndesligega o
98.01% ﬁmamiugﬂ‘ﬁ 10 wagiiswazidunuesnisuseidu
Tunagnuaudanandlaazidonlunisned 3 Auaniwalag
azldumru Confusion Matrix uaziieagunaluningay
WUNTLAAAINAMIENNTAAAIANULNULINGS 98.01% AN
AILTIEY 96.07% A1AINTEEN 98.17% WAy ALAAY F1

97.04% muaau agulinauanaliludwmnsned 4



Process

Process »
Retrieve RTAF_Data...

" e

Split Data

Multiply

BXd Y par

inp E' out

out

Journal of Engineering and Digital Technology (JEDT)

Random Forest

Haive Bayes
tra mad
L]

exa

PP

N I

res

res

res

res

Group Models Apply Model Performance
mod ) mod mod lab lab per
) wl " mod per exa
mad d J

Eﬂﬁl 9: lunagnuauves Naive Bayes wag Random Forest Tugavlsius RapidMiner Studio

120

100

80

60

40

20

26.4%

Maive Bayes

RTAF's dataset

57.3%

Random Forest

98.01%

Hybrid

U 10 : nsmluansUszansninvaslunagnias

A5199 3 : HaN1SLERaNsUsTEUNaaNSNSYINuNeR1Y Confusion Matrix

Vol.11 No.1 January - June 2023

Accuracy : 98.01%

True True True True True True True Class

Worm Backdoor PUA Virus Dropper Spyware Ransomware Precision
Pred. Worm 614 15 3 3 12 2 1 94.32%
Pred. Backdoor 1 1395 24 8 51 7 8 93.37%
Pred. PUA 1 2 7083 7 32 7 6 99.23%
Pred. Virus 0 0 28 5184 61 8 5 98.07%
Pred. Dropper 0 0 0 0 8002 0 0 100.00%
Pred. Spyware 0 3 10 18 42 2647 3 97.21%
Pred. 1 43 11 3 108 4 1585 90.31%
Ransomware
Class recall 99.51% 95.68% 98.94% | 99.25% 96.31% 98.95% 98.57%
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Abstract

Development of mask classification and wearing detection program with image processing technology which is
purpose to classify and detect wearing masks. There are three steps 1) data set preparation 2) model training and
3) mask classification and wearing. Our research collected datasets with 4 classes; class 1: non-wearing mask, class
2: surgical mask, class 3: cloth mask, and class 4: N95 mask. Our mask classification and wearing detection
experiment, two algorithms which are YOLOv4 on Tensorflow and YOLOvV5 on Pytorch are compared with 2,311
datasets. We found that the average of accuracy (mAP) of the YOLOV5S (0.9943) is better than the YOLOv4 (0.9057)
while the YOLOV5 can classify the cloth mask with the maximum F1-score at 0.9995. Twelve persons are set in the

real situation with webcam. The result shown that the YOLOvV5 model can correctly detect the 11 persons (0.91%)).

Keywords: Image processing technology, Mask classification, Mask detection
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Abstract

This research aimed to design the layout of the fabrication laboratory. The study applied the principles of
Systematic Layout Planning (SLP) and Process Layout (PL), which focus on the relationship between work stations,
flow processes, and groups of machines. The layouts were designed and simulated using the computer program.
Criteria were used for minimizing the total moving distance and the total moving time to consider the suitable
design. The results showed that the SLP gave a total moving distance of 565.84 meters per person and a total
moving time of 609.64 minutes per person, while the PL provided a total moving distance of 609.31 meters per
person and a total moving time of 646.25 minutes per person. In conclusion, the plant layout obtained from the

SLP was better than the PL in terms of shorter total moving distance (7.13%) and less total moving time (5.66%).

Keywords: Process layout, Simulation, Systematic layout planning
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Abstract

This research proposes a framework for prioritizing overcoming organizational barriers in implementing electronic
document management systems (EDMS) by applying multi-criteria decision-making approach. Twelve barriers and
ten overcoming solutions are identified through extensive relevant literature review. In this study, the combination
weights by integrating subjective weights and objective weights are used to calculate the importance weights of
barriers factors. Subjective weights are computed by “Decision making trial and evaluation laboratory (DEMATEL)”,
while objective weights are computed by “Coefficient of Variation (COV)”. “Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS)” approach is utilized to prioritize the overcoming solutions. A sensitivity analysis
is conducted to verify the reliability of the proposed framework. One of the autonomous universities is uses as a
case study to collect the required data. Furthermore, others organizations that aim to implement EDMS system

can similarly apply the propose framework in this study to prioritize their overcoming solutions.

Keywords: Barriers factors, Electronic Document Management Systems: EDMS, Multi-criteria decision making,

Overcoming solutions
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5 N R Y W me Coefficient
DEMATEL Phase IV: Auaumumindndse Phase V: Auiaumnumitinnaide
of Variation
v 5 v

Phase VI: Auasvuniinuseay

v

TOPSIS

Phase VII: M3dadiauanudrfguuInievuzguassa

v

Phase VIIi: m3iaszianulivanisinduduiumnemsionsuzguassa

sUft
Y

Phase VIIl: n1531A5129%A210 119990159 AT UA UL
MansieyurgUaTIa Wienageudniladnsildsuuas
vosutdnuszanludaesng 9 szl uduuuInienis

w1vuzgUassadsulunialiegnals

5) WA9IUITY
NAUAIULEAIRINTTEZANSA LT YU 8 Phases Lagdl

eazden aemalul

1: NITUIUNTIVY

5.1) Phase I: 155y T9989Uassauazuan19nIsio1vue
oUassAN ISR STUY EDMS

MmN ssiiAvdesilulasssusema
ilesausamaduguassn (barriers) LaziuamnanIsiewus
gUassn (solutions) 18I FHAUITLUY EDMS T9anunsa
seydladeguassaiiddy Sruau 12 Jade uazuumians
1©1vUzgUaTTA 17U 10 UM Fanandlumsned 3 uas

A o w
AN 4 fUaIny

M1397 3 : Yadeguassaresnisimunsyuy EDMS

s1atady Uaduauassn 81484
(Code) (Barriers) (Reference)
B1 ASTUIUNIIVNUTEUVAISUTSUBLENNTTINE agtuiinsheuuendiu 11ANsYsan1g [17], [18]
B2 qﬂmniﬁummmﬁmmﬁﬂaLﬁﬂaﬁ’uswumimimﬁL?ﬁﬂmaﬁné [17], [19]
B3 PIANINTFIUNTTUIUNTIEUVASUTIAUBLEmseiing vildmsinuvesithenumes liduldlumadieiu [2], [19]
B4 mﬁm'aﬁwuﬁumwﬁmwﬂuﬂwsLuﬁaupiwumTwa“iizwmimmﬁLﬁﬂmaiﬂﬁlm [17], [20]
B5 aleuensiuedeuansyuuaisussadidnnseiind ﬁm:iﬁmsaﬂﬁﬂsﬁ%’mau wavedeaLien [2], [3]

B6 PInANEINT luNTUSMSIATINNIANSIAIL ST UUENSUSSUBIEnNTeind vy [21]

B7 A TAIUTITUBIANTATUAITA [2], [19], [20]
B8 YIANTTAINUTINTDTENIN MU IUT A8 [19], [22]
B9 A sidus e mTnnuAAs e samelun AN ST UUasUSTB SN se tindln [2], [17]
BLO | wwmnujuiumnduimsitieadedunsiuedeulasins [19], [22]
B11 ansTnassnsnenslunsiundeulasinisiiiiemenazinzay [3], [18], [22]
B12 mﬂimqa%nﬁugmﬁmﬁzwLwﬂiu‘laﬁﬁaﬁuaqu [2], [18]
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A15197 4 : LLu’JM'Nﬂ’]ﬁL@’WJu%QiJﬁSiﬂ

swatade wuIMSBULgUHTIA 81984
(Code) (Overcomes) (Reference)
S1 ﬂﬁa%wdamwﬂ7'ﬁﬁamnﬁa‘Lﬁ’ﬁm%é’aﬁﬂﬁ’:ﬁ'wﬁiﬂumsLU?EJwhulﬂgimiﬁmmiwwulmi (23], [24]
S2 Folusunsumstineusumiinaumnautazynseiuiiedesiunszuumsiasuudasgnsianm [23], [24]
syuvulul
S3 Sovthvaneszozdu nans uaven w%auﬁqﬁwuw%wmﬂiﬁﬁwLﬁuLLazﬁ"ﬂaiimuﬁwﬁummﬁwﬁm [3], [24]
S4 duddunsiidusunardnefunelaswinauynau uasynssfuiiiAsatestunssuiumsdsuuag [25]
gnsiannszuvanuln
S5 duasuinussalunssensuuinnssunazivaluladini 9 [25], [26]
S6 nsfaddasaiesdnauuuamindlumsuimslasinsmauisuagmaiauszusnulml [25], [26]
S7 miaﬁ‘mtﬁmmﬂmdﬂ7317'1'ﬁU'ﬁ:aUﬂﬁﬂiLLazﬁwﬁwﬁﬂmamiﬁaaW%W (3], [24]
S8 mﬁmm?&mLLNumsU%msmmﬁmLLéTamiLU?&JuLLUaafcjmﬁﬁGumszwmuTwJ [21], [23],
[25]
S9 ﬂﬂi‘ﬂvﬂmgamLLNUMS‘U%‘VI'WM"IMLgﬂﬂﬂ"ﬁL‘UsauLLUa@éﬂﬁﬁWUW%UUMﬂWj [25], [27]
510 msliminauiiiistesddiusaulunsimussuunulng [22], [24]

5.2) Phase ll: n15Waukvvaaun I (Questionnaire
Development)

ihiladuguassauazuuamianisuile #ldain Phase |
umunuvasuay udadligidesngfiu EDMS veq
uAnendelufifuvesiguimis Wunsdfne Sruau 3
A ilevnuasUANgNdeY Asudaiuuasunuiiaiiudoya

2N

FReld g UNNINAWITY Lo VReYlRIsE5IIUNIS

@

g
WeluAuanaAuenssunis93esssunsidelunugnnales

WnIngIaeuna (MU Central-IRB) Wananntiuwuudauany

Farudumednualdnusideyadiuuanauas Aneuriamn

vosrmovazgniivilumnuduuasldiietnguszasdnia
sty sudsdeyalzasuuazsenulagsin dely

annsaaeunauludgneuiuuaeuniula

5.3) Phase Ill: n75AmEong1Tea91g (Experts) Tilidoya
UAYARULUUABYO WA IMTUIINITE
nsddengidemglunuisedfnsanananug
Audeamey warUszaunsallunswaunseuy EDMS
ypauvmIngduluiifuresisunianis nsddnwt Tngd

TUIUATLIVIYNMUA 7 AU T18AZIBEARINITIN 5

M5 5 1 1ALBYAKLTEIYEY

sWaideavgy AU Uszaunisal @) AuLTEavIRy
(Code) (Position)
El HYI8AanTI58 6 MIuImslasanIsmMsiaLIsEUY EDMS
E2 Whauuimsienans (Eugyng) 28 Hl¥auszuy EDMS
E3 Undymsansaumne Egnynis) 21 Al¥uszuy EDMS
E4 Wnthiiuimsauily Ewngynns) 27 Alfauszuy EDMS
E5 Undvnismeuitimes 10 HWawITEUY EDMS
E6 dndnnismeniiames (§Eugyng) 30 HWWITEUY EDMS
E7 Wnthilssuunueeniiames 9 EuNsSEUY EDMS
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v a o

5.4) Phase IV: aaunmimingaias (Subjective Weights)
Y091/9989UaT5A

filemnie 7 au velineunuvasuniuyadl 11ile
WisuiguauldnsnaseninegUadeguassa (pairwise
comparison) Ingldssuvinasewinadaudsly msed 1
#ado 3.1 nBusuTIILUUAB UM RN U ML
thassinanayateua Weduumiimindnideves
Uadgguassaurazlade (w) lagldisnis DEMATE i
wandlilusiade 3.1

5.4.1) Sumouii 1: AruammInFiasy o (Aggregate
Matrix) ToganisiuTeuiiisuauddnsnasenineg dade

guassmunUszaianalagldaunisi (1) wagaunisi (2)

ATV ndlaie sy (agerecate matrix) #19
wanslum1eit 6

5.4.2) Fumouii 2- g¥1vuesuealagiumsnd (Construct
Normalized Matrix) ¥99A27uaUs se1I19Tade9UaTsA
uesusalagiuning (construct normalized matrix) V84
ANudNRussynInadadeguassa awnsoadielaenisld
aun157i (3)-(8) Fauanaualunnsned 7

5.4.3) Supeuii 3 aSruunsngAINSTIS T (Total
Relation Matrix) \Un3 ngANNEUNUSIIN (total relation
matrix) a1u150a39laensldaunsi (5)47) fauananaly

A15719% 8

AN5197 6 : luiENDlaausIu (aggregate matrix)

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
B1 1.00 2.43 3.00 1.86 2.57 2.29 2.00 2.29 1.71 2.57 2.57 2.43
B2 3.00 1.00 2.29 3.14 2.57 2.71 2.86 2.29 2.57 2.29 1.29 1.29
B3 3.00 3.29 1.00 1.86 2.57 2.71 2.43 2.29 2.86 1.71 2.14 2.57
B10 2.43 2.29 2.57 2.14 3.86 3.00 2.71 2.14 2.29 0.86 3.00 3.14
B11 2.00 1.86 2.14 1.71 2.14 2.43 2.00 1.57 1.86 2.29 1.00 3.57
B12 1.71 1.71 2.43 1.71 2.43 2.57 2.14 1.86 2.14 2.29 3.14 1.00

sl 7 : uesuealaduming

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
B1 0.03 0.07 0.08 0.05 0.07 0.06 0.06 0.06 0.05 0.07 0.07 0.07
B2 0.08 0.03 0.06 0.09 0.07 0.07 0.08 0.06 0.07 0.06 0.04 0.04
B3 0.08 0.09 0.03 0.05 0.07 0.07 0.07 0.06 0.08 0.05 0.06 0.07
B10 0.07 0.06 0.07 0.06 0.11 0.08 0.07 0.06 0.06 0.02 0.08 0.09
B11 0.06 0.05 0.06 0.05 0.06 0.07 0.06 0.04 0.05 0.06 0.03 0.10
B12 0.05 0.05 0.07 0.05 0.07 0.07 0.06 0.05 0.06 0.06 0.09 0.03

ST 8 : wvIndanuduiussan (total relation matrix)

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
B1 0.27 0.30 0.33 0.27 0.32 0.32 0.29 0.29 0.29 0.30 0.30 0.31
B2 0.33 0.27 0.32 0.31 0.33 0.34 0.32 0.30 0.32 0.30 0.27 0.28
B3 0.34 0.34 0.30 0.28 0.33 0.34 0.31 0.30 0.33 0.29 0.30 0.32
B10 0.35 0.33 0.36 0.31 0.39 0.37 0.34 0.32 0.33 0.28 0.35 0.36
B11 0.28 0.27 0.29 0.25 0.29 0.30 0.27 0.25 0.27 0.27 0.24 0.31
B12 0.28 0.27 0.30 0.25 0.30 0.31 0.28 0.26 0.28 0.28 0.30 0.25
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5.4.4) Sumauil 4: s mingm3ay (subjective
Weight) IngATUIMNATINVOWNANNTALULUILD (1;) Uay
HaTIMYeI AN BnlulwIanus (c;) vauuniIngady
Fuussan (1) Taeldaunisit (8) wazaunisii (9) sesrniiu
ﬁwmmmﬁ’mﬁﬂé’m%ﬁwmLLﬁazﬂa%’aqﬂaiiﬂ (Subjective
weight: wf) Taeldfannisfi (10)(11) wan1siuinuandly

f1519% 9

5.5) Phase V: @aninimiinaaist (Objective Weights)
Y091/9989UaT5A

FTenmate 7 Au neuuuuasUmIail 2 ioUssiliy
WUINNIIYULQUETIA (Overcoming barriers) Tusnsnsdl 4
auudavinueidaduguassa lagldmseasuuulseiiiy
LumnsruggUasin lunisned 2 Auwade 3.2) daun
Uszananayadayaifiomuinmiminnide veadade
guassAwsiazady (w?) Tngldiamsduuseavismnuuysiu

v
v o

(Coefficient of Variation: COV/) #14il uneusolUl [28]
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5.5.1) Fupoudl 1: wuINTITATOYANITUTATULLIN
yurgUassn {ivimguaasyiuUssfluuuInianisyue
guassa Ingldmanedl 2 vdsandu deyavesdierngy
favan 7 gadldannuuuaunuvionun danauIngli
1 yateya Tagldaunsi (12)13) uaznadnduansds
AN51971 10

5.5.2) Tunauii 2: AR TE T SUUUNIA T

(Standard Deviation) ¥a3Uadgauassa nteyalumnsn

'
P

#1 10 YinAuAE@ulenUunggIu (SD;) Yadus

o

azdaduguasan lneldaunsi (13) uas wanswanuma
7l 11

5.5.3) Sunouil 3: MRS ENEA MY
(Coefficient of Variation: COV;) ¥@4{/99¢/9Uassa AU
yendudsyansanuulsiu (o) vesdedvguassa Tny

T9auns (14) LasnadnSwandnanis1en 11

M5 9 : uansAnivtngnIduveusiazUaduauassn (Subjective weight: w;)

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
N 3.58 3.69 3.79 4.03 4.79 3.88 3.98 4.13 3.60 4.08 3.28 3.37
Gy 3.98 3.84 4.10 3.54 4.05 4.11 3.75 3.68 3.87 3.68 3.75 3.86
1+ ¢ 7.56 7.53 7.89 7.58 8.85 8.00 772 7.80 .47 7.75 7.04 7.23
T — ¢ -0.39 -0.15 -0.31 0.49 0.74 -0.23 0.23 0.45 -0.26 0.40 -0.47 -0.49
19]'3 7.32 7.28 7.64 7.34 8.59 T.74 7.47 7.56 7.23 7.54 6.81 7.00
st 0.082 0.081 0.085 0.082 0.096 0.086 0.083 0.084 0.081 0.084 0.076 0.078
M 10 : wanamswnTINYedeLansUsEliuuIM Uz gUaTsA

HUINPULRUATIA Uadwgudssa (Barriers)
(Overcomes) B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
S1 5.00 4.14 4.86 4.71 4.29 3.43 4.57 5.00 5.29 471 4.43 4.86
S2 5.00 5.43 4.71 571 3.29 4.00 5.14 4.71 4.57 3.57 3.29 3.43
S3 4.43 5.00 5.29 4.86 5.29 4.86 4.71 5.14 4.57 4.57 5.86 5.14
S8 4.43 4.57 4.57 571 4.57 4.86 4.43 5.29 5.14 4.86 4.43 4.57
S9 4.00 4.00 4.86 4.57 4.57 471 4.29 4.86 5.14 471 4.43 5.14
S10 6.14 5.00 5.86 5.86 4.14 4.14 5.43 5.43 5.86 471 4.71 4.43
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M157 11 : dmidnavidevesladuguassa

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12

SD; 0.63 066 | 048 | 053 | 059 | 068 | 051 | 029 | 054 0.48 0.72 0.64
Hj 4.79 487 | 514 | 533 | 426 | 449 | 470 | 514 | 520 4.43 4.56 4.53
coy; 0.13 0.14 | 0.09 0.10 | 014 | 015 | 0.1 0.06 | 0.10 0.11 0.16 0.14
wy 0.093 | 0.095 | 0.065 | 0.069 | 0.097 | 0.106 | 0.077 | 0.039 | 0072 | 0076 | 0.111 0.100

5.5.4) Tupaud] 4: A1 minniidevesdady
gUassA nAdNUsEAvEANNYSTY (COV) A
i wtinnidevestadeguasin w? ) 1neld aun1si (15)

LATHAANSLANININITIN 11

5.6) Phase Vi ruaammimihusyan (Combine Weights)

v09{f9v89UasTsn
Mnethingnide w?) waztminaEe w?)
el

pimualA a = 0.5 way B =

danAnuamdnUsvan  vestaduguassa
aunsi (16)-(17) lagand
0.5 lngransiwinhvtinlszay (o)) vestdaduglassa

LAAIHNATWEAIANT 1N 12

PR 12 nuinansadasuiuanuddyvestiade
guassamuuinANdAgyUsvay lansil B5=B6>B11>
B12>B2>B1>B7=B10>B4=B9>B3>B8

5.7) Phase VII: n1159Aa1AUAINE 1AM 9T 9UaTsA

dwiumsinanuanudiRyuuInsvusgUassa (S1,

£
av

$2,..,510) MuiTeiilauseandiznis TOPSIS Puandlily
¥te 3.4 ffiswazBunduieluil (28]

5.7.1) Sumeuii 1: s¥raumsnduasuealad (Normalized
Matrix) MNNUINTINYAToRaN1sUsHI LN 1YL UassA
finandlunised 10 dranadraandndussuealad lagld

AUNTN (16) LATNATWSHANIAINITIN 13

P15°99 12 : wanantinUszanvesladuguassa

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
W]S 0.082 0.081 0.085 0.082 0.096 0.086 0.083 0.084 0.081 0.084 0.076 0.078
W;-) 0.093 0.095 0.065 0.069 0.097 0.106 0.077 0.039 0.072 0.076 0.111 0.100
(1)] 0.087 0.088 0.075 0.076 0.096 0.096 0.080 0.062 0.076 0.080 0.094 0.089
JuAU 5 4 8 7 1 1 6 9 7 6 2 3
597 13 : wanadnduesuealad (normalized matrix)
UUINUY Uaduguessa (Barriers)
‘qﬂﬁiiﬂ B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
(Overcomes)
S1 0.53 0.94 0.80 0.91 0.50 1.00 0.70 0.67 0.58 0.11 0.56 0.17
S2 0.53 0.38 0.90 0.27 1.00 0.76 0.30 1.00 1.00 1.00 1.00 1.00
S3 0.80 0.56 0.50 0.82 0.00 0.41 0.60 0.50 1.00 0.22 0.00 0.00
S8 0.80 0.75 1.00 0.27 0.36 0.41 0.80 0.33 0.67 0.00 0.56 0.33
S9 1.00 1.00 0.80 1.00 0.36 0.47 0.90 0.83 0.67 0.11 0.56 0.00
S10 0.00 0.56 0.10 0.18 0.57 0.71 0.10 0.17 0.25 0.11 0.44 0.42
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A15197 14 ; wanaAuvsnduasuealadaluivin

WWINNTUL Uadwauassa (Barriers)
qudssA B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
(Overcomes)
s1 0.05 0.08 006 | 007 | 005 | 010 | 006 | 004 | 004 | 001 005 | 001
52 0.05 0.03 007 | 002 | 010 | 007 | 002 | 006 | 008 | 008 | 009 | 0.09
s3 0.07 0.05 004 | 006 | 000 | 004 | 005 | 003 | 008 | 002 | 000 | 0.00
S8 0.07 0.07 008 | 002 | 003 | 004 | 006 | 002 | 005 | 000 | 005 | 003
59 0.09 0.09 006 | 008 | 003 | 005 | 007 | 005 | 005 | 001 005 | 0.00
510 0.00 0.05 001 | 001 006 | 007 | 001 0.01 002 | 001 004 | 0.04

5.7.2) dunouil 2: airuuminduesuealadarsimin
(Weighted Normalized Matrix) 31nuesuoalagiunsnglu
91971 13 iy sa (w;) AlFanmsait 12 vesus
aztiafvguassmnmsiminiiearauvinduesuoalad
dsthuiin Tneldaunsil (17) Fauadwsuanafomsail 14

5.7.3) Sunoud 3: dmuauuINeTUzgUaTIAlUeANAT
(Ideal Solutions) INANTIA 14 ANUTARIMUALLING
%uzaﬁﬂmmiuqmmaﬁmwm (positive ideal solution: %)
LazNn19au (negative ideal solution: A~) ¥ auaunsd

(18) kA @UNISN (19) MUAIRU NAGNSLARNININNTITN 15

5.7.4) SunouTl 4 FIUIISLHENNTEMINUUIN TS
guassaduLuanunlvluenued NMIMIzsEn1eTEninun
MIBUrgUaTIAN UL Il UEALARLTIUIN LaghuIng
uilvlugeuaRiBisay anusadaldanaunisi (20) uas
aunnsf (21) auansu wadwsuanslunisneii 16-17

5.7.5) Sunoudl 5: Aaaidinlszansnanlnddadining
A5 ENUSEENS Aulnd T adunimivousias
WUINDIYULYUATIA annsadunildainaunsi (22)
LarHasNSLEnITIn15197 18 TnenuiansosasusuLLn
yransvuzgUaTaa TR $2>56>51>59>58>54555557>

53>510

M50 15 1 UWIN1NTULUaTIALUEANARTNIUINLAENINaY

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
At 0.087 0.088 0.075 0.076 0.096 0.096 0.080 0.062 0.076 0.080 0.094 0.089
A” 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
M 16 : szEEmesETaLUIMITUEgUassafiuuumad e lugaua@ideuan
HSRFFIRIGE Uadwaudassa (Barriers)
uassA B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
(Overcomes)
S1 0.002 0.000 0.000 0.000 0.002 0.000 0.001 0.000 0.001 0.005 0.002 0.005
S2 0.002 0.003 0.000 0.003 0.000 0.001 0.003 0.000 0.000 0.000 0.000 0.000
S3 0.000 0.001 0.001 0.000 0.009 0.003 0.001 0.001 0.000 0.004 0.009 0.008
S8 0.000 0.000 0.000 0.003 0.004 0.003 0.000 0.002 0.001 0.006 0.002 0.004
S9 0.000 0.000 0.000 0.000 0.004 0.003 0.000 0.000 0.001 0.005 0.002 0.008
S10 0.008 0.001 0.005 0.004 0.002 0.001 0.005 0.003 0.003 0.005 0.003 0.003
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ANT9N 17 © szpgmesenImssuzgUasTaiuwuimnllugauafiday

UMY Uadugudassa (Barriers)
CLLREl B1 B2 B3 B4 B5 B6 B7 B8 B9 B1O | B11 | B12
(Overcomes)
S1 0.002 0.007 0.004 0.005 0.002 0.009 0.003 0.002 0.002 0.000 0.003 0.000
S2 0.002 0.001 0.005 0.000 0.009 0.005 0.001 0.004 0.006 0.006 0.009 0.008
S3 0.005 0.002 0.001 0.004 0.000 0.002 0.002 0.001 0.006 0.000 0.000 0.000
S8 0.005 0.004 0.006 0.000 0.001 0.002 0.004 0.000 0.003 0.000 0.003 0.001
S9 0.008 0.008 0.004 0.006 0.001 0.002 0.005 0.003 0.003 0.000 0.003 0.000
S10 0.000 0.002 0.000 0.000 0.003 0.005 0.000 0.000 0.000 0.000 0.002 0.001
M 18 : dudsyAvsemnulndTndiivdusasuuimaesurguasse
S1 52 S3 54 S5 S6 S7 S8 S9 S10
S 0.136 0.107 0.196 0.182 0.169 0.130 0.187 0.159 0.149 0.204
Si 0.197 0.237 0.154 0.183 0.158 0.189 0.165 0.170 0.203 0.119
S +S7 0.333 0.344 0.350 0.365 0.327 0.320 0.352 0.328 0.352 0.323
Ci 0.591 0.689 0.439 0.501 0.484 0.593 0.470 0.517 0.577 0.368
Rank 3 1 9 6 7 2 8 5 4 10

5.8) Phase Vill: n11531A512%A2317 (Sensitivity Analysis)
Y991 15IASUA UL INNNITIO UL gUATIA
mAwTziedll Wunsiessiindetminvestady

guassAdeuly Msdndudiuvetiimanisienvurguassa

[

Wasulunseld nsaifinsiudsuniain1sindusuwuy

o
o

R

Tuuinaesitauainnuliseundnves

o w '

HlvdAny waned
Jaduguassn uidnsdndusulsifinauasuuiasnnin
Wane1 wuuaesiiaveiianuunde (reliability) sonns
YU dmduanudsel azinsnedniuls lnewdeuudas
A1 o way B 999U mnUsT AN (w)) ERGRIRERERPER
an1un1sel 19 9 @a1un1sal LagyiINISATUINNTINOUAUY

YOI 1WUTEUATIALMAIAETS TOPSIS Tnyl Famadns

wandlum1sneil 19 uwagguil 2 Mnuadnsaziulddn “da
TUsunsunisEnausundnunaAuLasnseauiiNgIdas
funseuIuMsAsuLUasdnsimussuunulul” (52) 69

v W

UAUAU

o
by

Hanudrdmdusuduusn ludrudusvasaua
adufiusein “nmaassenmsdeasiiieliAndeiag
S0 1uﬂ13LU?{auchthejmiﬁ’mmizuwﬂmi” (S1)
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Abstract

This paper presents the sensitivity analysis using standardized regression coefficients (SRC) to enumerate an
important factor of each suspension parameter on the critical velocity of a bogie. Due to uncertain parameters,
the semi-global sensitivity analysis benefits both designers and maintenance engineers in controlling the risk levels
of the screened components. The bogie represents a two-axle railway truck of the State Railway of Thailand (SRT).
Six-degree-of-freedom motion equations describe its dynamic behaviors traveling on a tangent track. In a stochastic
model, the stiffness and damping coefficients of suspension components are considered random variables with
presumed Gaussian distribution. A probability distribution obtained, where the SRCs were derived, shows that the
speed strongly correlates with the longitudinal yaw stiffness value of the primary suspension system. The secondary
suspension system’s lateral and longitudinal yaw damping coefficients appear equally influential on the critical

speed.

Keywords: Monte Carlo method, Probability safety assessment, Railway bogie, Reliability analysis, Vehicle dynamics
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. INTRODUCTION

Recently, the railway industry has faced the challenges
of reducing manufacturing costs while maintaining
marginal engineering safety. Operators first provide
conceptual requirements to engineering teams to
design the vehicles with constructed infrastructures
expected to be in service for predefined service life
against relevant damage mechanisms. After the vehicle
is fabricated, it must pass safety requirements according
to applicable railway safety standards. However, critical
items deteriorate at different rates, and the defects that
occur further degrade operating performance. Monitoring
the key performance indicators can help maintenance
engineers identify the parts to be inspected and keep
the damage within a safe range. This defect-tolerance
design strategy partly leaves the safety issues to
maintenance departments to inspect based on time or
risk measurements. In either method, knowledge
management along the engineering design process on
the sensitive parts is inevitable. To ensure safe
operation, railway engineers must understand the rank
of the influential parameters of the railway vehicles on
the critical speed to set railway operating windows of
the vehicles. Overlooking the life-critical components
may lead to a severe accident that could cost human
lives.

A railway system’s safe and economic operation
depends on the railway vehicles’ running performance
in service. The acceptable conditions of the vehicles
are described in EN14363 [1] and UIC 518 [2]. One of
the safety issues is the safety against derailment as
quantified by a limiting ratio of the lateral to vertical
forces at a flange contact due to lateral oscillation
motion. The hunting motion, arising from non-
conservative forces, causes vehicle instability beyond a
critical velocity. The further the operation speed, the
more violent the oscillation and eventually causes

severe flange wear, wheel climbing, and derailment.
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Since stability is essential to the safe operation of
railway vehicles, the oscillation motion on tangent
tracks has been the subject of intense investigations
using four, six, or ten degrees of freedom models.
Wheelsets’ lateral displacement and yaw angle are the
state variables in 4-DOF systems [3]-[7]. When the
bogie’s lateral displacement and yaw angle are
considered, the 6-DOF models were investigated in
different aspects [8]-[13]. Up to 10 DOF systems
consider more on each wheelset’s vertical and roll
angle [14], [15]. The works relied on linearizing a system
of governing differential equations to study the bogie’s
dynamic behaviors traveling on a straight track. In
particular, the suspension parameters and wheel
conicity are two categories of parameters in consideration.
Wickens [6] showed that a model required at least 6-
DOF for realistic stability analysis. Flexibility between
the wheelset and the frame and wheel/rail profile
should be considered in the design of high-speed
railway vehicles. More flexible damped or stiffer
suspension is preferable [10], [11]. The effect of nonlinear
yaw dampers on the behavior was studied by Mehdi
and Shaopu [10] using the Bogoliubov averaging
method. A local sensitivity, as a result, suggests the
influence of the secondary suspension parameters. Due
to existing nonlinear creep forces at the interface, two-
axle trucks indicate subcritical Hopf bifurcation dynamic
behaviors [3], [5], [8], [16], [17]. They found that the
critical velocity on a tangent track strongly depended
on characteristics of the wheel/rail interface expressed
as conicity.

A central point of the present study is to determine
the critical velocity and the sensitivity of each
parameter on the velocity of a railway bogie of SRT.
The physical parameters of primary and secondary
suspension, including conicity, are provided with a
predetermined probability distribution. The sensitivity

analysis method is a hybrid local-global scheme on the
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linearized model. The Monte Carlo method [18] is
implemented to generate the parameters as random
variables to be distributed normally about their specific
operative means with a standard deviation of 10% of
the means. The condition for critical velocity data
acquirement is when the real part of each root of the
characteristic equation derived from the six-DOF bogie
truck system is recognized as positive at which the
bifurcation points are located. The distribution of the
obtained critical velocity is assessed as an influence
measure by the normalized factor’s standard deviation
compared to those influenced by other parameters.
Classification of these parameters benefits designers
and service engineers in discriminating between critical
and less critical parameters. Delaying damage
mechanisms that compromise the elements relevant
to the vital parameters will then prolong the safe
operating lifetime of the system. Keeping the part fitted
in service with a risk-based maintenance strategy needs
a quick calculation of the sensitivity of the parameters.
Less distributed measurements of the parameter can
mitigate risk. The standardized regression coefficients
(SRC) conducted is the method that includes both the

effect of physical behavior and the uncertainty of the

measured parameters.

Il. METHODOLOGY

A. Equations of Motion of a Wheelset on a Tangent
Track

A wheelset is a crucial component that governs the
dynamic behaviors of railway vehicles. This study employs
wheelset motion equations based on an equilibrium
track coordinate system to specify a bogie mathematical
model [10], [14]. The wheelset dynamic equation
describes the system when the bogie travels on a
tangent track at a constant speed. Figure 1 illustrates
the free-body diagram of the wheelset in which F;, and
F, are creep forces in the longitudinal and lateral
direction on the left (i = L) and right (i = R) wheel/rail
contact points. M;, is the creep moments about the
vertical direction Equations for lateral and vertical

motions in the equilibrium axes derived from Newton’s

law are:
my:FLy+FRy+NRy+NLy+E€y_FT (1)
mzZ=F,,+Fg, + Npy + N, + F, — W, (2)
L= (I, = 1,)0 iy = Rpy(Fp; + Ngs)
_RRZ(FR]/ + NRy) + RLy(FLz + NLz) (3)

—Ry;(Fiy + Npy)
Iy — (wa - Iwy)¢9. = RRx(FRy + NRy) - RRyFRx
+ Ry (Fy + Nyy) — Ry Fry
+M;, + Mg, + M,
in which N, = Nycos(8, + @)+ Ny sin(6, + ¢)j, N =

(@)

Ngrcos(6g — @i — Ngsin(6g — @)j . N; is the normal
contact force and §; is contact angle. ¢ and  are roll

angle and yaw angle, respectively.
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7 o My
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Figure 1: The free-body diagram of a wheelset
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For small perturbation from the wheelset’s equilibrium

position, the magnitude of normal contact forces are

Nycos(8, + ) ~ 5 Wy — Fyy)

(5)
—(Q2a) " (rgFgy + 1,F1y)

1
Nrcos(6g — ) = E(WA — Fsz)
+(2a)_1(rRFRy + T‘LFLy)
According to Kalker’s linear creep theory, creep

(6)

forces as functions of creepages are:

Longitudinal creep force:

F, = —f338, (7)

Lateral creep force:
Fy = =fii, — fizb, (8)

Spin creep moment:
M, = fi28, = f228, 9)

in which &_,x,&_,y,asp are longitudinal, lateral, and spin
creepages in Table 1[14]. £, fy, fsp are creep coefficients
as provided in [10].

The determination of the lateral suspension forces
and the vertical suspension moment are presented in
Eq. (10). Moreover, Eq. (11) applied to the 6-DOF model
(Figure 2) in terms of lateral and longitudinal stiffness
(K,,) and damp coefficient (C,,).

Longitudinal creep force:

Fyy = —2Kyyy — 2Cyyy (10)
Vertical suspension moment:
M, = —2Kyxb? — 2C,,. b3 (11)

Table 1: Creepage at the Left/Right Wheel/Rail Contact Points [14]

Left Wheel/Rail Contact Point

1 T, .
tu=y(v-y-ai)

o

1 .
& =5 (0 +nd=Vy)cos(8, + 9)

1
Sopr = LW cos(Bu + @) — 2sin(5,)}

Right Wheel/Rail Contact Point

1 TR .
Sxk = V(V_Z”"’)
1 .
byr =7 (0 + 1ad—Vy)cos(®, — §)

1
Sopr = 77 L cos(8r — @) + 2sin(8r)}
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Figure 2: Two-axle bogie configuration

To prevent derailment of the vehicle operating at a
velocity higher than a critical speed, a nonlinear flange

contact force is

K. (y - 6) y>4
Fr = 0 -§<y<$§ (12)
K(y+6) y<-6

in which K, is the wheel/rail contact lateral stiffness. §
is the flange clearance determined when the first
abrupt change of rolling radius difference values occurs,
as indicated in Figure 3, using the semi-analytical
method [1]. The wheelset is shifted laterally to create
a contact locus to determine a yaw-angle that satisfies
the criteria of an equi-vertical distance between each
pair of left/right wheel and rail profiles. The wheel
profile is Vidura provided by SRT, while the 54E1 rail
profile refers to EN13674-1 [2].

30
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Figure 3: Determination of flange clearance
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By substituting Eq. (5) and (6) into Eq. (1) and Eq. (4)
for normal contact force, the motion equations of the
wheelset become Eq. (13) and Eq. (14), respectively,
when further using Eqg. (15) and neglecting high-order
terms.

my, + 22 (y + 8 — vy ) + 2f5 (1 -

TLH+TR 6L Sr 5.8
2R, )+2f12(__ 2R, )+mwg( +¢)_ (13)
Fs,y - FT
Tz 4 (hay = h) o+ 228 2’;“ (y+
TL+TR¢ % ) 2a? f33w Zfzz = (14)
amyg 6L+6R Y+ == Zfzz =M,
1
8§, =0r =M% (TL R):xy!E(TLJ"TR) =Tg,¢=7»§ (15)

The Lmeanzed differential equations of wheelsets
when i =1 represents the front axle and i =2

represents the rear axle are Eq. (16) and (17).

2f, A\ . 2fia . A
mw}’t""% <1+Taa)}’i—vwi +%‘VL+WAE.VL (16)
_FsyL FTi
2f1, M 2d%fs3
7[(1"'7"0;)371' V‘VL-]"' T aWhy, (17)
2fi .
+7‘Vi Mszt

The governing differential equations of the motion
of the bogie frame for lateral and yaw movement are

myy, = —Fsy1 — Foyo — 2Ky Yy — 2Ctyyt (18)

—2Kyylyr —ye + l1\l’t]l1
+2Kwy[YZ — YVt — llll/t]l1
—2Cuy[y1 —ye + lzli/t]lz
+2Cwy[372 — YVt — lz\ift]lz
—2K b3y, — 2Ce b3y,
+2K,xb? (w, + v, — 2y,)
+2€wxb22(\|/1 ty, - Z\VL-)
Eq. (16)-(19) complete the 6-DOF system of motion for

Iwz\TIt =

(19)

the two-axle bogie on a straight track considered in this
paper. Table 2 provides the nomenclatures and operative

values of system parameters.

Table 2: Nomenclature and system parameters used for numerical analysis [10]

Parameter Symbol [10] SRT Unit
Half of the track gauge a 0.7176 0.5000 m
Lateral rail stiffness K, 1.617E7 1.617E7 N/m
Flange clearance 1) 0.00923 0.00740 m
Wheel radius I 0.5330 0.4255 m
Wheel conicity A 0.0500 0.0536 -
Wheelset mass my, 1800 1542 kg
Moment of inertia of the wheelset - roll component Lyx 625.7 2722 kg- m?
Moment of inertia of the wheelset - pitch component Ly 133.90 7315 kg -m?
Moment of inertia of the wheelset — yaw component ) . 625.7 2722  kg- m?
Total bogie mass m - 5500 kg
Axle load Wy 38492 42620 N
Mass of bogie frame m; 4255.6 2439.0 kg
Moment of inertia of bogie frame in yaw I, 10314 1998 kg - m?
Primary suspension - Lateral stiffness Ky 8.67E4 1.87E5 N/m
Primary suspension - Lateral damping coefficient Cuy 2.10E4 - N-s/m
Primary suspension — Longitudinal yaw spring stiffness Ky 8.67E4 1.87E5 N/m
Primary suspension - Longitudinal yaw damping coefficient Cux 1.92E4 - N-s/m
Secondary suspension - Lateral stiffness Kty 1.532E5 8.0E5 N/m
Secondary suspension - Lateral damping coefficient Cty 5.254E4 254  N-s/m
Secondary suspension - Longitudinal yaw spring stiffness Ky 2.189E5 8.0E5 N/m
Secondary suspension - Longitudinal yaw damping coefficient Cex 6.129E5 2565 N-s/m
Half of the primary longitudinal yaw spring arm b, 1.0000 0.7875 m
Half of the primary longitudinal yaw damper arm b, 1.2700 0.7875 m
Half of the secondary longitudinal yaw spring arm b, 0.7940 0.7875 m
Half of the secondary longitudinal yaw damper arm b, 0.889 1.095 m
Half of the longitudinal distance of the lateral secondary spring L 1.295 1.15 m
Half of the longitudinal distance of the lateral secondary dampers l, 1.295 1.15 m

92



B. Sensitivity Analysis Using Standardized Regression
Coefficient (SRC) [3]

Sensitivity analysis is typically implemented to
assess model input factor’s relative importance. To the
first intuition, sensitivity can be evaluated by computing
partial derivatives of an output variable concerning
other dependent parameters. A parameter giving a
higher value of the derivative shows more the extent
of output change per unit change of the input when
other variables are constant. The principle represents
local sensitivity that is independent of the factor’s
uncertainty. The sensitivity analysis can be performed
in a deterministic or probabilistic way. A type of
sensitivity analysis performed in the context of
stochastic analysis provides information regarding the
distribution of random variables. A better measure for
such an analysis is considering the factor’s standard
deviation according to Eq. (20). Due to the calculation,
assumptions must be made about the range of
variation of the element; thus, Eq. (20) is a hybrid local-

global measure.

s = z—zg—z (20)
where S7 is the sensitivity of output y to the factor
parameter x, o; is the standard deviation of the
parameter. The suspension parameters of interest are
those mentioned in the last sections. To express their
sensitivity to critical velocity, we assume a normal
distribution of each parameter with a standard
deviation of 10% of its operating design value. Also, to
consider the influence of uncertainty, the standard
deviation of K, varies at 5%, 10% and 20%. Normally,
Eq. (20) is commonly not used for sensitivity analysis
because the coefficients, g_Z’ are dimensioned. As a
result, the practice is to compute the standardized

regression coefficients, SRC (B,), defined in a regression

model as:
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y—y X—X
O-y - .Bx oy ’
in which ¥ is the vector of regression model prediction.

y= (21)
Eqg. (21) insinuates that B, = Sy under the linear model

assumption.

Il RESULTS AND DISCUSSION
A. Numerical Analysis of the Critical Speed of the Two-
axle Bogie
We solved the eigenvalue problems numerically to
determine the critical velocity of the bogie. The state-
space equations of the motion are transformed in the

form of Eq. (22)-(23) below

X=AWMX+FX) (22)

in which A(V)X represents the linear term and F(X)
represent the nonlinear term. X(t) is a 12-column
matrix of state variables describing the lateral and yaw
motion of the wheelsets and bogie frame.
X = (Y10, 90, Wy Vg, Vo T2 W Wy Ve Ve W W) (23)

At different velocities, an eigenvalue and eigenvector
problem of A(V) is solved repeatedly. The system
becomes unstable when at least one resolved
eigenvalue is a positive real number. However, it is
undetermined when a pair of the eigenvalues is
imaginary. Consequently, the critical velocity (V) is the
highest velocity at which all the eigenvalues associated
with the matrix are negative real numbers. The
numerical method results in Figure 4, in which the dot
marker represents the critical velocity at 43.3 m/s with
the contact conicity of 0.0536. The conicity was
calculated from the contact pair profile configuration
of the Vidura wheel profile and 54E1 rail profile. When
using the same parameters presented by Mehdi and
Shaopu [4], we obtain the same critical velocity of the
bogie is 32.8 m/s at a conicity of 0.05.

For demonstrating the hunting phenomena of the

vehicle, Eq. (16)-(19) are solved numerically using the
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4™ order Runge-Kutta integration scheme [5]. Lateral
displacements of each wheelset (y;,y,) and of the
truck (y,) oscillating with time are presented in Figure 5a)
at the velocity of 40 m/s located in undamped regime
and in Figure 5b) at the velocity of 45 m/s located on
the other side. Initial lateral displacement of the front
wheelset (y,) is set to be 5 mm, while all other initial

values are zeros.
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Critical velocity, V. (m/s)
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Figure 4: Numerical calculation of I versus A

At velocities less than V., the amplitudes of lateral
displacements asymptotically vanish in the absence of
track irregularity. The dynamic behavior is an underdamped
system where the magnitude of the negative real part
of system eigenvalues specifies the decay rate. Upon
increasing the velocities above V7, the vehicle vibrates
as an undamped system but is limited by the wheel
flange constraint with the rail. The amplitude of
wheelset displacement is greater than 7.4 mm possessing
a risk of a flange climb. Preventing a flange climb that
leads to derailment is paramount for safe operations.
Consequently, a derailment ratio is denoted as Y/Q in
which Y and Q are the lateral and vertical forces in the
flange contact, respectively. According to Nadal’s
theory in UIC 518 regulation, Y/Q is limited to 0.8 when

the flange angle is 65° when using the coefficient of

friction of 0.5.
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Figure 5: Time response of lateral displacement
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B. The Relationship of Each Suspension System Parameter
on the Critical Velocity

Suspension systems of the two-axle bogie usually
consist of two-stage primary and secondary suspension.
The main components are springs and dampers arranged
to secure a stable running behavior and safety. Springs
and dampers between the bogie frame and the
wheelset are of primary suspension. The lateral motion
of the wheelset is controlled by two pairs of springs
and dampers on both sides. The other two pairs,
oriented in a longitudinal direction, assist in securing
the yaw motion of the wheelset. The car body is
connected to the bogie via the secondary suspension
system, in which two pairs of springs and dampers
orient in the lateral and longitudinal directions.

Figure 6 exhibits stability diagrams for spring stiffness
and the damping coefficient of springs and dampers in
the primary suspension. Two regions separated by the
resulting curves are typically recognized. When operating
in the left region of the curve, the vehicle is in subcritical
bifurcation phenomena with vanishing displacement
amplitude with time. However, when operating in the

right area, the vehicle exhibits supercritical Hopf



bifurcation and oscillates till constrained by flange
contact forces. K,,, and K,,,, increase with the critical
velocity about the operating stiffness. If the spring
stiffness is greater than 4.5E5 N/m, the critical velocity
decreases with increasing K,,. It should be noted that
our range of consideration may be unrealistically wide
but just for an intuitive point. For comparison, each
figure has a filled dot representing the operating physical
parameter (Table 2) and its corresponding critical velocity.

Figure 7 demonstrates the monotonic relationship
of the secondary suspension parameters with critical
velocity. Increasing Kiy, Cty, Ky, Cry increases the critical
velocity. However, the correlations become obscure in

the comparative aspects of the parameters.
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C. Sensitivity Analysis of Two-axle Bogie’s Stability

To classify the relative importance, we perform a
Monte Carlo experiment on the model for sensitivity
analysis to create scatter plots of the normalized
critical velocity versus normalized physical parameters
of each component in Figure 8-Figure 10. The model
parameters are generated in a column matrix for 10000
data sets according to their distribution before being
substituted into the mathematical model to compute
critical velocity. The number of data sets is large enough
to provide meaningful statistical results without too
much loading on our computational resources. The
normal distribution of calculated critical velocity
obtained after substituting the random parameter
matrix into the dynamic model is shown in Figure 11.
Averaged critical velocity is 43.44 m/s with a standard
deviation of 2.28.

K, is recognized immediately in Figure 8a as the
most influential factor when compared to ﬁwy in Figure
8b and Ky, Cty, Kix, Cyx in Figure 9. The aggregated data
in circular-like bounded shapes on the x-y plane
characterize weak correlations in contrast to the case
in which the scattered data are bound in the tilted
band. Nevertheless, the local dependency of K, in
Figure 6b and Ky, Cty, K¢y, Cpye in Figure 7 are smeared
out due to the variation of the measured data. The
other strong influence similar to K, is also observed
for the conicity in Figure 10, but in negative correlation,
i.e., the increase of the conicity reduces the critical
velocity. This qualitative recognition is invaluable for
understanding the system but hard to be implemented
as an input to commercial probability safety
assessment programs if numeric values are required.
When the quantitative sense is necessary, the stiffness
value should be paid to control vehicle safety and

performance. The important factor of both primary and

secondary suspension elements, including conicity, are
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determined quantitatively using the linear regression

method of the distributed data according to Eq. (20).

Normalized critical velocity, V,
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5 4 3-2-1012 3 45
Normalized K.,
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5 4 3 2101 2 3 45
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Figure 8: Scatter plot of ¥ versus V. using g,, = 10%
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Error! Reference source not found. 3 summarizes
the results from the SRC sensitivity analysis method.
The sign in front of the SRC indicates each element
positive or negative influences. According to the table,
primary suspension - longitudinal yaw stiffness (K.)
appears to have the most substantial on increasing the
critical speed. Bigoni et al. [6] indicated the same result,
while Gao et al. [7] suggested the importance of the
secondary lateral damper of a Chinese railway bogie.
Global sensitivity analysis showed that the rear
wheelset’s stiffness is more significant than that of the
front wheelset. Unfortunately, the primary suspension
parameters are not considered variables in the work of
Mehdi and Shaopu (1998) [4]. Of primary suspension

parameters are K,,,, that have more impact than K.

Table 3: SRC of each suspension parameter and conicity

Parameter K, K, . K, Cey
SRC(By) 006311 060140 001177  0.06703
Parameter A Ky Cex
SRC (By) - 0.76400 003967 021501




The variation of K, in the secondary suspension is
insignificant to the system’s dynamic behaviors. We

found a strong influence of longitudinal dampers over

the lateral damper in the secondary suspension system.

The impact is also recognized by Mehdi and Shaopu [4].
The knowledge that the yaw dampers stabilize the
vehicles is common to railway engineers. We enlist
them as our significant parameters. However, the
parameter is not considered essential [8] due to the
selected probability distribution. The uncertainty is
significant to both hybrid-global and global analysis. At

different standard deviation values of 5%, 10%, and 20%

on K, alone, the calculated SRC increases with
uncertainty. The SRC values of K,,, are 0.3219, 0.60140,
and 0.8213, respectively. More precise measurements
can dramatically change the result. This concept allows
maintenance engineers to mitigate the sensitive
components’ risk values by measuring their parameters
more precisely and accurately.

In addition to the above analysis, we examine SRC
of the equivalent conicity. Its highest value substantiates

railway engineers’ recognition of the limited value of

the conicity when considering safety issues.

IV. CONCLUSION

This study presents the effect of suspension
parameters and conicity on the critical velocity for a
linearized model of a two-axle bogie. The numerical
method in solving the derived eigenvalue problem
indicates that the velocity locates at the bifurcation
point, beyond which lateral displacement of the
vehicle rigorously oscillates until limited by flange
contact forces. The hybrid-global sensitivity analysis
using SRC is implemented to screen for the essential
parameters. Specifying the significance of the parameter
will assist involved engineers in improving the hunting

behaviors of the vehicle. Longitudinal yaw stiffness of
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the primary suspension is critical to preventing

excessive flange contact on a tangent track leading to
flange wear and derailment. Other less important
parameters are K, of primary suspension and Ky, Cty,
K:y , Cy of secondary suspension. In addition to
suspension parameters, we found the most decisive
influence of conicity on the value of critical velocity.
These findings guided us to design suspension systems
and rail systems better when the right-most attention
was paid only to the essential parameters that matter

to safety and maintenance issues.
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Abstract

The research aims to investicate the potential for hot water production of vapor compression heat pump
together with photovoltaic/thermal (PV/T). The heat pump with a maximum heating capacity of 3,000 W extracted
heat from each PV/T module of 1.326 m” in parallel connection that generated a maximum heating capacity of
200 Wp. This study was considered the suitable sizes of PV/T module and cool water tank for hot water production
volumes of 350, 500, and 700 liters at 60 °C every day. The amount of heat and electrical energy generated with
various PV/T modules, and cool water sizing including the saving of electrical energy from transmission line
compare with that from electrical coil for hot water production were investicated under Chiang Mai, Khon Kaen,
Bangkok, and Songkhla climates. The result showed that the presented unit could save electrical energy over 90,
90, 70% of the transmission line, respectively. In term of economic analysis, the suitable numbers of PV/T modules
with 300, 300, 50 L of cool water tank, respectively, were found and the payback periods were 5.70, 3.95, 4.83

years, respectively.

Keywords: Energy saving, Heat pump, Photovoltaic/thermal module, Solar hot water
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Abstract

This research aims to study the coating thicknesses on specimen effecting to the magnetic particle testing. The
main studies variables are the coating thickness which study the three coating types, 1. White contrast coating, 2.
Color coating, and 3. Lacquer coating. The research testes with the NA - 16 notch defect test bar of the wide size,
the length size and the depth size 0.0060-inch, 0.0625-inch, and 0.0200-inch respectively. The experiment was
conducted for indications on both uncoated test specimen and coated test specimen. The experiment tests the
coated test specimen that has a low thickness until the thickness where a clear indication cannot be displayed.
This research uses a ac — yoke for magnetizing the coated test specimen while spraying the fluorescent magnetic
powder on the desired location to inspect. The images are recorded via a microscope at 30X magnification under
UV — A light in a dark room.

The experimental results found that the thickness of the 3 types of coatings affected the amount of magnetic
field intensity generated on the specimens of different coating thicknesses. The thickness of the coating that has
the greatest and the least effect on the magnetic field strength are the white coating., the lacquer and the color
coating respectively. The values of three coated types thickness affect the magnetic field strength are 61.19 um,
73.63 um, and 83.56 pm respectively. The coating thickness is acceptable when the length of the indication on
the coated surface is at least 50% of the length of the corresponding indication prior to coating according to the

Section V of ASME Code.

Keywords: Coating thickness, Coating types, Indication, Magnetic particle testing
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